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Preface

Head, Neck, and Orofacial Infections: An 
Interdisciplinary Approach

Head, neck, and orofacial infections are commonly seen 
in medical and dental offices, and, in severe cases, in hos-
pital emergency departments. Head and neck anatomy is 
complex, with many contiguous spaces, and thus infections 
in one anatomic region may easily spread to other regions, 
including the pharynx, eye, and brain. This can lead to dev-
astating results, including airway obstruction, blindness, 
and altered mental status with cranial neuropathies. Early 
recognition and correct management of severe infections 
can be life-saving, especially in medically compromised 
patients and in those who present late in the infectious dis-
ease process. Knowledge of the surgical anatomy and the 
path of spread of infections in the head and neck is funda-
mental in correct diagnosis and treatment.

Head, Neck, and Orofacial Infections: An Interdisciplinary 
Approach is the first book of its kind to present this level 
of in-depth information for those diagnosing and manag-
ing pathology due to infections of the head and neck and 
orofacial complex. This comprehensive resource provides 
both time-tested and cutting-edge approaches to patient 
management.

This book is designed to be of value to a wide range of 
health professionals:
 •  Physicians including family physicians, infectious dis-

ease specialists, anesthesiologists, internists, hospitalists, 
 critical care physicians, pediatricians, radiologists, and 
clinical pathologists

 •  Surgeons including general surgeons, head and neck 
surgeons, otolaryngologists, oral-maxillofacial surgeons, 
plastic surgeons, neurosurgeons, ophthalmologists, der-
matologists, pediatric surgeons, and trauma surgeons

 •  Dental professionals including general dentists, periodon-
tists, endodontists, pediatric dentists, oral- maxillofacial 
pathologists, and oral-maxillofacial radiologists

 •  Nursing professionals including midlevel providers, 
those working in hospital infection control, and nurses 
in emergency care facilities and operating rooms

Key Features

 •  Over 500 images (including photographs, radiographs, 
and illustrations) clearly demonstrate pathologies, proce-
dures, and outcomes.

 •  Experts in the field provide authoritative, state-of-the art 
guidance.

 •  A variety of topics are covered such as the evolving prin-
ciples of antibiotic therapy; odontogenic infections; the 
pathophysiology and management of nasal and paranasal 
sinus infections; acute ear infections; orbital infections; 
the infection issues surrounding dental implants; anes-
thetic management of the patient with a head and neck 
infection; and much more!
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1
Immunobiology of 
Infectious Disease
JOSEPH V. CALIFANO AND PHILIP M. PRESHAW

Introduction

The human immune system is a biologic marvel designed 
to identify and destroy or alter pathogens, foreign material, 
and abnormal cells that threaten an individual. This chapter 
presents a detailed discussion of the immune system as it 
relates to infectious pathogens.

Throughout our lives we are constantly encountering 
microorganisms capable of causing infectious disease. We 
have, through the evolutionary processes of natural selec-
tion, developed a complex and highly organized immune 
system composed of molecules, cells, and tissues that protect 
us from agents of infection. Although infections clearly do 
occur, most interactions with potentially pathogenic bacte-
ria, viruses, or fungi do not result in a productive infection. 
For infection to occur, the inoculum and virulence of the 
organism must be of a magnitude sufficient to overwhelm 
the immune system.

Our immune system has been divided, based on our 
understanding of function, into innate immunity and 
adaptive immunity (Figure 1-1). It is important to note 
that these aspects of immune functioning do not operate 
in isolation; indeed, there is close functional integration 
between the innate and adaptive arms of the immune 
response.1 Innate immunity serves to provide the first 
line of defense in preventing infection. It includes physi-
cal barriers such as the skin and mucosa, phagocytic cells 
(e.g., neutrophils, macrophages), specialized receptors 
that bind and detect classes of macromolecules associ-
ated with pathogens not found in eukaryotic cells (e.g., 
lipopolysaccharide, lipoteichoic acid, single-stranded 
DNA, double-stranded RNA [dsRNA]), and molecules 
that promote inflammation, chemotaxis, and opsoniza-
tion (e.g., cytokines, complement, acute phase proteins, 
arachidonic acid metabolites). In most cases, infectious 
agents are eliminated by innate immunity. When the 
innate immunity is not sufficient to prevent infection, 
the invading microorganism is successful in replicating 

within the host, and a productive infection ensues. Once 
this occurs, many of the elements of innate immunity are 
still active, but an adaptive immune response occurs over 
time.2 This response may be dominated by a humoral 
response in which opsonizing antibody specific to the 
pathogenic organism facilitates phagocytosis and clear-
ance of the microorganism and its toxins (typical for 
extracellular pathogens such as bacteria), or it may be 
dominated by a cellular response in which cytokines, 
phagocytes, or cytolytic T cells eliminate infected host 
cells to clear the pathogen (typical response for intracel-
lular pathogens like viruses and some bacteria, such as 
Mycobacterium tuberculosis). Innate immunity is consti-
tutive; it does not require prior exposure to the micro-
organism to respond to it. Adaptive immunity, on initial 
exposure to a pathogen, requires 3 to 7 days for a response 
to occur. With multiple exposures to the pathogen over 
time, either naturally or through immunization, there is 
a decrease in the lag time and an increase in the magni-
tude and efficacy of the adaptive immune response.

Cells of the Immune System

The cells of the immune system are derived from pluripo-
tent stem cells in the bone marrow. The stem cells then dif-
ferentiate into lymphoid and myeloid progenitors.

The lymphoid progenitor ultimately differentiates into B 
lymphocytes (produced in the bone marrow), T lympho-
cytes (produced in the thymus), and natural killer (NK) 
cells. NK cells are involved in early immune responses, and 
they recognize virally infected cells and neoplastic cells. 
B lymphocytes, when activated further, differentiate into 
memory B cells and antibody-secreting plasma cells. T lym-
phocytes further differentiate into helper T cells, cytotoxic T 
cells, and regulatory T cells. These different subpopulations 
of T cells are distinguished from each other by the types of 
cytokines they produce and by the surface molecules that 
they display (Figure 1-2).
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The myeloid precursor further differentiates into 
neutrophils (polymorphonuclear leukocytes), macro-
phage-monocytes, basophils, eosinophils, mast cells, and 
dendritic cells. It also can differentiate into an erythroblast 
from which red blood cells are derived, and a megakaryo-
cyte from which platelets are derived (see Figure 1-2).

Polymorphonuclear leukocytes comprise the majority 
of the granulocytes circulating in the blood. Macrophages 
are also phagocytic cells, are derived from circulating 
monocytes, and are located in the tissues in readiness to 
encounter pathogens. Polymorphonuclear leukocytes and 
macrophages are the primary phagocytic cells of the body; 
they kill pathogens by ingesting them and exposing them to 
an array of enzymes, reactive oxygen species, and antimicro-
bial peptides contained within lysosomes.

Mast cells are granulocytes that contain granules con-
taining histamine and heparin. They are located throughout 
the body, being particularly present in tissues surrounding 
blood vessels and in close proximity to epithelial surfaces 
(skin and mucosa). They play a key role in allergic responses 
and anaphylaxis, and in immune responses to pathogens. 
Mast cells and basophils are functionally similar to each 
other, the difference being that mast cells are located in the 
tissues, whereas basophils are found in the circulation. Acti-
vation, and subsequent release of histamine by degranula-
tion, results from binding with IgE and with complement 
proteins.

Dendritic cells are antigen-presenting cells that are 
located in the tissues. These phagocytic cells ingest microbes 
and then process (break up) antigen and present it to T cells 
as part of the immune response.

Primary and Secondary Lymphoid Tissues

The cells described in the previous section can be found 
in many locations throughout the body. Among these are 
the primary and secondary lymphoid tissues (Figure 1-3). 
The primary lymphoid tissues are the bone marrow and 
thymus. All cells involved in immunity are derived from 
the bone marrow. In addition, T lymphocyte develop-
ment is completed in the thymus, where positive and 
negative selection allow T cells to be selected that can 
recognize antigen presented to them in association with 
self-major histocompatibility molecules with high affin-
ity, but not recognize self-major histocompatibility mol-
ecules alone with high affinity. This allows them to be 
functional but not autoreactive, which could result in 
autoimmune disease. The secondary lymphoid tissues 
include lymph nodes in many locations throughout the 
body; spleen, tonsils, adenoids, and Peyer patches in the 
small intestine. All the secondary lymphoid tissues have 
T cell–rich zones where antigen presentation can occur 
and B cell–rich zones where B cells are part of lymphoid 
follicles. B cells in lymphoid follicles exhibit rapid pro-
liferation and differentiation into antibody-secreting 
plasma cells in response to antigen and T cell-derived 
growth factors.

Sites in the body that are likely to encounter pathogenic 
organisms through ingestion or respiration have a higher 
concentration of secondary lymphoid tissue. Therefore, 
the head and neck have substantial lymph drainage of the 
oral cavity, pharynx, nose, nasal cavity, paranasal sinuses, 
nasal pharynx, and pharynx to help prevent infection as 

1 4 7

Days

INNATE IMMUNITY ADAPTIVE IMMUNITY

Epithelial
barriers

Microbe

Phagocytes Dendritic cells

NK cells, ILCs

Hours

0 6 12

Complement

B lymphocytes Antibodies

T lymphocytes

Dendritic cell

Effector
T cells

Time after infection

• Figure 1-1 Components and kinetics of innate and adaptive immunity. The mechanisms of innate immu-
nity provide the initial defense against infections. Adaptive immune responses develop later and require the 
activation of lymphocytes. The kinetics of the innate and adaptive immune responses are approximations 
and vary in different infections. ILC, Innate lymphoid cell; NK, natural killer. (From Kumar V, Abbas AK, Aster 
JC: Robbins and Cotran pathologic basis of disease, ed 9, Philadelphia, 2015, Saunders.)
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a result of exposure through ingestion of food, mastica-
tion, and respiration. Secondary lymphoid tissues in the 
head and neck include many lymph nodes, palatine ton-
sils, lingual tonsils, and adenoids. It is interesting to note 
that surgery in the oral cavity performed under aseptic 
but nonsterile conditions typically does not result in a 
postsurgical infection. Surgery under the same condi-
tions in sterile tissue sites would likely result in such an 
infection. The relative resistance to postsurgical infection 
may result from the greater proportion of lymphoid tis-
sue in this anatomic region.

Innate Immunity

Innate immunity includes barriers to infection (see  
Figure 1-1). Examples are skin, mucosa, saliva, mucus, tears, 
acid pH in the stomach, and ciliated respiratory epithelium. 
The importance of innate immunity becomes clear when 
one considers the risk of infection that follows severe burns 
in which the connective tissue is directly exposed to the 
environment. Infection is a significant cause of morbidity 
and mortality in patients with severe burns involving large 
areas of the body. Intact skin and mucosa thus are physical 

• Figure 1-2 Cells of the immune system. NK, Natural killer. (From Murphy K, et al: Janeway’s immunobi-
ology, ed 7, 2008. Reproduced by permission of Garland Science/Taylor & Francis Group LLC.)
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barriers to infection. The epithelium of skin and mucosa is 
constantly sloughing or exfoliating. This impedes the attach-
ment of pathogenic organisms as they are shed along with 
the dead cells to which they are attached. Secretions in the 
respiratory tract, gastrointestinal tract, and eyes serve to 
flush the epithelial surfaces and further cleanse them. In the 
respiratory tract, this action is enhanced as ciliated respira-
tory epithelial cells “sweep” mucus and any potential patho-
gens out of the lungs, nasal cavity, and paranasal sinuses,  
and from there into the esophagus to be swallowed and join 
the gastric contents in conditions of very low pH. Acidity  
of the stomach acts to inactivate and kill pathogens that 
enter the gastrointestinal tract.

Antimicrobial molecules are additional barriers to infec-
tion; among them are lysozyme, phospholipase A2, anti-
microbial peptides, and acute phase proteins. Lysozyme is 
secreted by neutrophils and macrophages; it is present in 
tissues and most secretions, including saliva, and catalyzes 
hydrolysis of peptidoglycan. Breakdown of bacterial pepti-
doglycan disrupts the cell wall, especially in gram-positive 
bacteria. Phospholipase A2 is produced by neutrophils and 
epithelial cells. It digests fatty acids in the cell wall and leads 
to bacterial lysis. Phagocytes, epithelial cells, and salivary 
glands are all sources of antimicrobial peptides (e.g., defen-
sins, cathelicidins). These molecules form pores or otherwise 
affect the permeability of the cell membrane, resulting in 
cellular lysis. Acute phase proteins (e.g., C-reactive protein 
[CRP], mannose-binding protein [MBP; also known as 

mannose-binding lectin]) are produced by the liver. They 
bind to surface carbohydrates of dead or dying host cells 
(i.e., CRP) or microbial carbohydrate (CRP and MBP) and 
in turn activate complement through the lectin pathway. 
Once complement is activated, the pathogen is opsonized 
by C3b.3

If the barriers and antimicrobial molecules fail to 
eliminate the pathogen, it will gain access to the subcu-
taneous tissues. As this occurs, cells of the immune sys-
tem such as fibroblasts, epithelial cells, and endothelial 
cells begin to recognize broad classes of macromolecules 
associated with pathogenic organisms that are not found 
in humans (e.g., lipopolysaccharide, lipoteichoic acid, 
flagellin, hypomethylated CpG-rich DNA, dsRNA, N- 
formylmethionyl-leucyl-phenylalanine [FMLP]). These 
macromolecules are termed pathogen-associated molecu-
lar patterns (PAMPs). Similarly, the same cells recognize 
molecules from damaged host tissues that are elaborated 
as a result of infection. The receptors that recognize 
these pathogen-derived molecules are termed pattern 
recognition receptors (PRRs). Examples of PRRs include 
Toll-like receptors (TLRs) and nucleotide-binding oligo-
merization domain–like receptors (NLRs), retinoic acid-
inducible gene 1–like receptors (RLRs), and the FMLP 
receptor (Figure 1-4).3

There are as many as 13 different TLRs. Each recognizes 
particular macromolecules and molecular patterns. The pat-
terns recognized by some of the key TLRs are summarized 
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• Figure 1-3 Primary and secondary lymphoid tissue. Primary lymphoid tissues are the bone marrow and 
thymus. Secondary lymphoid tissues include lymph nodes in many locations throughout the body; spleen, 
tonsils, adenoids, and Peyer’s patches in the small intestine. (From Murphy K, et al: Janeway’s immunobi-
ology, ed 7, 2008. Reproduced by permission of Garland Science/Taylor & Francis Group LLC.)
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in Figure 1-5. TLRs are found on macrophage–monocytes, 
neutrophils, fibroblasts, epithelial cells, endothelial cells, 
and dendritic cells. TLRs are transmembrane proteins, some 
of which are located on the surfaces of cells (e.g., TLR1, 
TLR2, TLR4, TLR5, TLR6, TLR11), whereas others are 
located within cells at the endosomal–lysosomal compart-
ment (TLR3, TLR7, TLR8, TLR9). When a pathogen-
derived molecule engages the TLR, intracellular second 
messengers in turn result in expression of genes for proin-
flammatory cytokines.4,5

The process by which interactions between PAMPs and 
TLRs lead to activation of expression of genes for proinflam-
matory cytokines is highly complex, and it is referred to as 
signaling. The process of signal transduction results from 
recruitment of adaptor proteins that are present within the 
cytoplasm as the means by which to transfer the signal from 
the surface-bound TLR to the nucleus, where gene expres-
sion will occur.6,7 Adaptor proteins include myeloid dif-
ferentiation primary response protein 88 (MYD88), TIR 
domain-containing adaptor protein inducing IFN-β (TRIF), 
TRIF-related adaptor molecule (TRAM), and TIR domain-
containing adaptor protein (TIRAP). The adaptor proteins 
associate (by structural or conformational changes) with the 
cytoplasmic domains of TLRs via interactions between the 
Toll/IL-1 (TIR) domains present in each TLR and each adap-
tor. The MYD88 adaptor is used by all TLR family members 

except TLR3, which signals via the TRIF adaptor. TLR4 sig-
nals via both MYD88 and TRIF (Figure 1-6).5

The recruitment of adaptor proteins leads to a cas-
cade of downstream signaling events that differ according 
to the adaptor molecule concerned. However, in broad 
terms, the outcome of each signaling pathway results in 
activation of transcription factors such as nuclear factor-
κB (NF-κB) and interferon regulatory factors that control 
the transcription of DNA. TLR signaling leads to expres-
sion of proinflammatory cytokines including tumor necro-
sis factor-alpha (TNF-α), type I interferons, interleukin 
(IL) 1 (IL-1), IL-6, IL-8, and IL-12. These cytokines acti-
vate phagocytes, recruit phagocytes to sites of infection, 
increase the resistance of cells to viral infection, activate 
NK cells, and support the development of adaptive immu-
nity for the pathogen (see Figure 1-6).

NLRs are another family of pattern recognition receptors. 
They are located intracellularly and, like TLRs, recognize 
the presence of molecular patterns uniquely associated with 
pathogens. Once engaged, they also result in the expression 
of genes for proinflammatory cytokines.

RLRs recognize dsRNA, which is unique to some RNA 
viruses and when present is indicative of a viral infection. 
Engagement of RLR by viral dsRNA also increases the 
expression of proinflammatory cytokines.

Neutrophils also have a receptor for FMLP. Every bacte-
rial protein is synthesized beginning with these three amino 
acids, the first of which is unique to prokaryotes. Once 
protein synthesis is complete, this tripeptide is cleaved off. 
Where bacteria are present, so is FMLP; therefore, FMLP 
induces neutrophil chemotaxis toward increasing concen-
trations of this molecule.

As cells begin to encounter a pathogen and their PRRs 
are engaged, they will secrete proinflammatory cytokines. 
These proinflammatory molecules play a significant role 
in innate immunity. They help in activating phagocytes 
(neutrophils and macrophages) and NK cells, and they 
help in recruitment of these cells to sites of infection. In 
addition, complement and cellular adhesion molecules 
participate in innate immunity and the inflammatory 
process.

As mentioned previously, some of the key proinflam-
matory cytokines that are released when PRRs (i.e., TLRs 
and NLRs) are engaged include TNF-α, type I interferons, 
IL-1, IL-6, IL-8, IL-12, and lipid mediators. The source of 
TNF-α in innate immunity is principally the macrophage. 
It stimulates endothelial cells to express intercellular adhe-
sion molecule 1. Immune cells, especially neutrophils and 
monocytes, express leukocyte function–associated antigen 1 
on their surface that binds to intercellular adhesion mol-
ecule 1 and allows these cells to exit the circulation at sites 
of inflammation, trauma, and infection. Neutrophils and 
macrophages are also activated by TNF-α. This cytokine 
also stimulates the liver to release acute phase proteins that 
activate complement, thereby promoting chemotaxis, opso-
nization, bacterial lysis, vasodilation, and increased vascular 
permeability.
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• Figure 1-4 Pattern recognition receptors. Engagement results in 
production of proinflammatory cytokines and promotes an antiviral 
state in cells. CDS, Cytosolic DNA sensor; NLR, nucleotide-binding 
domain–like receptor; RLR, retinoic acid–inducible gene 1–like recep-
tor; TLR, Toll-like receptor. (From Kumar V, Abbas AK, Aster JC: Rob-
bins and Cotran pathologic basis of disease, ed 9, Philadelphia, 2015, 
Saunders.)
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Macrophages and fibroblasts release type I interferons. 
Type I interferons activate NK cells and increase cellu-
lar resistance to viral infection. NK cells are important 
in the initial defense against viral infection. They recog-
nize cells infected with a wide variety of viruses and then 
kill the infected cell. Macrophages and endothelial cells 
release IL-1, IL-6, and IL-8. The effects of IL-1 in innate 
immunity are similar to TNF-α. IL-6 stimulates the pro-
duction of acute phase proteins in the liver and supports 
proliferation of B cells as an adaptive immunity is devel-
oping. Chemokines, including IL-8, are chemotactic 

for immune cells, especially neutrophils. They help to 
direct these cells to sites of infection. Macrophages and 
dendritic cells secrete IL-12. This cytokine stimulates 
NK cells to produce high levels of interferon (IFN)-γ, 
which in turn stimulates many cells, especially the mac-
rophages. When activated, macrophages also release lipid 
mediators that have proinflammatory activity, includ-
ing the metabolites of arachidonic acid, prostaglandins, 
and leukotrienes. Prostaglandins (e.g., prostaglandin 
E2 [PGE2]) increase vascular permeability and result in 
vasodilation, as well as have positive feedback effects on 
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• Figure 1-5 Toll-like receptors (TLR) 1 through 9 and their specificity. LPS, Lipopolysaccharide. (From 
Abbas AK, Lichtman AHH, Pillai S: Cellular and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)
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• Figure 1-6 Toll-like receptors (TLR) signal transduction and inflammatory gene expression. TLRs 1, 2, 5, 
and 6 use adaptor protein MYD88 and activate transcription factors NK-κB and AP-1. TLR3 uses adaptor 
protein TRIF and activates the IRF3 and IRF7 transcription. TLR4 can activate both pathways. TLR 7 and 
9 in the endosome use MYD88 and activate both NK-κB and IRF7. dsRNA, Double-stranded RNA; IFN, 
interferon; IL, interleukin; LPS, lipopolysaccharide; NF-κB, nuclear factor-κB; TNF, tumor necrosis factor; 
TRIF, TIR domain-containing adaptor protein inducing IFN-β. (From Abbas AK, Lichtman AHH, Pillai S: 
Cellular and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)
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cytokine and prostaglandin secretion. Leukotrienes are 
chemotactic for neutrophils and support the vascular 
effects of prostaglandins.

In addition to the proinflammatory cytokines, com-
plement proteins are also an important component of 
innate immunity (Figure 1-7). As indicated previously, 
acute phase proteins can activate complement through 
the lectin pathway. In addition, many bacterially 
derived molecules (especially lipopolysaccharide) can 

activate complement through the alternate pathway. 
Once activated, several important complement proteins 
are generated. Among them are C3a, C3b, and C5a. 
Phagocytes have receptors for C3b on their surface. As 
the complement cascade is activated, C3b is deposited 
on the surface of the pathogen, and it serves as an opso-
nin and facilitates phagocytosis. The complement pro-
tein C3a increases vascular permeability and results in 
vasodilation. A gradient of C5a emanating from sites 
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• Figure 1-7 Complement activation. The activation of the complement system may be initiated by three 
distinct pathways, all of which lead to the production of C3b (the early steps). C3b initiates the late steps 
of complement activation, culminating in the production of peptides that stimulate inflammation (C5a) and 
polymerized C9, which forms the membrane attack complex, so called because it creates holes in plasma 
membranes. The principal functions of major proteins produced at different steps are shown. (From Abbas 
AK, Lichtman AH, Pillai S: Basic immunology: functions and disorders of the immune system, ed 4, Phila-
delphia, 2014, Saunders.)
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• Figure 1-8 Complement-mediated opsonization, chemotaxis, and osmotic lysis. The major functions of 
the complement system in host defense are shown. Cell-bound C3b is an opsonin that promotes phago-
cytosis of coated cells (A); the proteolytic products C5a, C3a, and C4a stimulate leukocyte recruitment 
and inflammation (B); and the MAC lyses cells (C). (From Abbas AK, Lichtman AH, Pillai S: Basic immunol-
ogy: functions and disorders of the immune system, ed 4, Philadelphia, 2014, Saunders.)

of infection serves as a potent chemotactic agent, par-
ticularly for neutrophils and monocytes. Finally, the 
terminal sequence of the complement cascade forms 
the membrane attack complex that creates a pore in the 
pathogen, disturbs osmotic balance, and thus results in 
cell lysis (Figure 1-8).3

Adaptive Immunity

Once the barriers are breached, the pathogenic organism 
gains access to subcutaneous tissues. Immune cells release 
proinflammatory cytokines as part of innate immunity, 
and these molecules, as well as antigen from the pathogen, 
stimulate development of an adaptive immune response. If 
innate immunity quickly clears the pathogen locally, then 
an adaptive immune response will not occur. If instead the 
pathogen is successful in replicating within the host tis-
sues and disseminates widely throughout the body, then an 
adaptive immune response occurs.

Antigens, Epitopes, and Antigen Receptors

The adaptive immune response differs from innate immu-
nity in that it recognizes specific antigens from a patho-
gen. Rather than responding through receptors with the 
ability to recognize broad classes of pathogen-associated 
macromolecules, the receptors in adaptive immunity rec-
ognize macromolecules (i.e., proteins, carbohydrates, lip-
ids, nucleic acids) that derive from the particular invading 
organism at the species and strain level. In fact, if we exam-
ine a particular protein derived by the infecting pathogen, 
several receptors will recognize different sites or epitopes on 
the protein (an epitope is that part of an antigen that is 
recognized by the immune system, and typically constitutes 
five to seven amino acids of a protein). The receptors (anti-
body molecules and the T cell receptor) recognize epitopes 
in a specific “lock-and-key” manner (Figures 1-9 and 1-10). 
Therefore, if the secondary or tertiary conformation of the 
protein is affected by denaturing the protein (e.g., after heat 
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denaturation), then the epitope may no longer be present 
because the three-dimensional configuration of the epitope’s 
amino acids may have been lost (Figure 1-11).

Adaptive immunity can be thought of as having two 
general types: (1) cellular, which is primarily focused on 
defense from intracellular pathogens (e.g., viruses, certain 
bacteria such as M. tuberculosis, malignant tumor cells), and 
(2) humoral, which is primarily focused on defense from 
extracellular pathogens (e.g., bacteria, fungi, parasites). 

The former involves cytokines from T helper (Th) cells and 
effector cells, such as cytolytic T (TCTL) cells, macrophage-
monocytes, and NK cells. The latter involves B lymphocytes 
that differentiate into antibody-secreting plasma cells and B 
memory cells. They do so with the help of cytokines from 
helper T cells.

The antigen receptor for the B cell is the surface anti-
body molecule. It recognizes soluble or free native antigen 
(i.e., not denatured or processed). The antigen-combining  
sites on the antibody molecule recognize the epitope in 
a specific lock-and-key fashion. The antigen receptor for 
the T cell is the T cell receptor (Figure 1-12). The T cell 
receptor recognizes only processed antigen that must be 
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• Figure 1-9 Antigen receptors: antibody and the T cell receptor. (From Murphy K, et al: Janeway’s 
immunobiology, ed 7, 2008. Reproduced by permission of Garland Science/Taylor & Francis Group LLC.)
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• Figure 1-10 Antibody, antigen, and epitope. A protein antigen has a 
five- to seven-amino acid epitope that is recognized by the antibody’s 
antigen-combining site. The amino acids are often not adjacent on the 
protein polypeptide chain, but are located near each other by virtue of 
the secondary structure. (From Murphy K, et al: Janeway’s immuno-
biology, ed 7, 2008. Reproduced by permission of Garland Science/
Taylor & Francis Group LLC.)
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• Figure 1-11 Denaturation loss of epitope. When a protein is dena-
tured by heat and loses its secondary structure, the epitope/antigenic 
determinant recognized by the antibody’s antigen-combining site is no 
longer present, and the antibody no longer recognizes the antigen. 
(From Rich RR, Fleisher TA, Shearer WT, et al: Clinical immunology: 
principles and practice, ed 4, London, 2013, Saunders.)
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presented to the T cell (i.e., it is not a native antigen 
and is not free or soluble antigen). Antigen presenta-
tion involves internalizing of the native molecule by an 
antigen-presenting cell (e.g., a dendritic cell), digestion 
of the molecule into small pieces, association of the frag-
ments with a special cleft on the major histocompatibil-
ity complex (MHC) molecules, and expression of the 
same on the cell surface. The T cell and its T cell receptor 
then recognize the processed antigen in association with 
self-MHC molecules in a specific lock-and-key fashion 
(see Figure 1-12).

The T cell and B cell antigen receptors and, in par-
ticular, their antigen-combining sites are unique to the 
particular cell clone and relate to its antigen specificity. 
Immature lymphocytes have germ line DNA sequences 
in the genes responsible for their antigen receptors. Once 
the cell is mature, these genes eventually encode for two 
glycoprotein transmembrane proteins that compose the 
α and β chains of the T cell receptor or the two heavy-
chain transmembrane glycoproteins and two associated 
light chains that compose the surface antibody molecule 
that is the B cell receptor. These genes are composed of a 
large number of DNA segments separated by noncoding 
DNA (Figures 1-13 and 1-14). There are constant region 
gene segments that do not vary among different cell 
clones and are present for each chain (four for antibody 
and two for the T cell receptor). There are also variable 
region (V), diversity (D), and joining (J) gene segments. 
There are many different V, D, and J segments. For anti-
body molecules, the variable portions of the heavy chains 
are composed of V, D, and J gene segments and the light 
chains only V and J. For the T cell receptor, the variable 
region of the α chain is composed of V and J gene seg-
ments, and the β chain is composed of V, D, and J seg-
ments. As the lymphocyte develops into a mature B or T 
cell, the germ line DNA is subjected to recombination 
and mutation among the gene segments and deletion of 
many of the V, D, and J genes, so that a particular set of 

V and J or V, D, and J genes are directly joined to one 
another. This process occurs on each of the heavy and 
light chains of the antibody genes and the α and β chains 
of the T cell receptor. There are also some inaccuracies 
in the splicing of these gene segments and insertions of 
a small number of nucleotides at the joints, resulting in 
additional diversity. This genetic recombination and rear-
rangement in the germ line DNA allows for an extremely 
high level of variation in the final DNA sequence in the 
antigen-combining sites of the antigen receptors; this is 
referred to as generation of diversity. It allows, through 
this random process, the production of unique antigen-
combining sites in the B cell surface antibody or T cell 
receptor that allows an immune response to essentially 
any possible antigen in the environment.

Antigen Presentation and the Major 
Histocompatibility Complex

T lymphocytes have several subsets: Th cells, which can be 
further subdivided into Th1, Th2, Th17, TfH cells; TCTL cells, 
which are the primary effector cells in cellular immunity; 
and regulatory T (Treg) cells, which help in regulation of 
immunity. They encounter and recognize antigen that is 
processed and presented to them. T cells require processing 
and presentation of antigens rather than responding directly 
to antigen, as this permits them to be active against intracel-
lular pathogens, rather than responding to soluble antigen 
that might be present in the circulation. Thus, Th and Treg 
cells are CD4+, which indicates that they recognize antigen 
presented in association with MHC class II molecules (i.e., 
they recognize antigen together with components of self that 
are involved in the presentation of pieces of the antigen). Not 
all cells possess class II MHC; therefore, only certain cells 
can present antigen to CD4+ cells. Antigen-presenting cells 
with high levels of MHC class II molecules on their surface 
include dendritic cells, macrophage-monocytes, Langerhans 

• Figure 1-12 Antibody recognizes native antigen, whereas the T cell receptor (TCR) recognizes pro-
cessed and presented antigen. MHC, Major histocompatibility complex. (From Murphy K, et al: Janeway’s 
immunobiology, ed 7, 2008. Reproduced by permission of Garland Science/Taylor & Francis Group LLC.)
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• Figure 1-13 A and B Generation of diversity T cell receptor (TCR). As the lymphocyte develops into a 
mature T cell, the germ line DNA is subjected to recombination and mutation among the gene segments 
and deletion of many of the V, D, and J genes, so that a particular set of V and J or V, D, and J genes are 
directly joined to one another. This process occurs on each of the α and β chains of the T cell receptor. 
This genetic recombination and rearrangement in the germ line DNA allows for an extremely high level of 
variation in the final DNA sequence in the antigen-combining sites of the antigen receptors. (From Abbas 
AK, Lichtman AHH, Pillai S: Cellular and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)

cells, and B cells. They all have the ability to present antigen 
to CD4+ Th and Treg cells. TCTL cells are CD8+, which indi-
cates that they recognize antigen in the context of MHC 
class I. MHC class I molecules are expressed on all nucle-
ated cells. When a cell is infected with a virus, the TCTL 
cells can then recognize viral antigens that are presented by 
the infected cell in association with class I MHC molecules 
(Figures 1-15 and 1-16). The T cell receptors in each case 

recognize the combination of the fragment of the foreign 
antigen and the self-MHC molecule. It is important to note 
that T cells can only recognize antigen that is processed and 
presented to them in association with self-MHC molecules. 
Therefore, antigen-presenting cells from one person cannot 
present antigen to another person’s T cells, unless they are 
monozygotic twins, because they will not share the same 
MHC molecules. As an aside, MHC molecules are also the 
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in the antigen-combining sites of the antigen receptors. (From Abbas AK, Lichtman AHH, Pillai S: Cellular 
and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)



15CHAPTER 1 Immunobiology of Infectious Disease

α2 α2

Peptide-binding
cleft

Peptide

Class I MHC

S

SS

C

α1 α1

β2m

β2m

Peptide

N N

S

S
S

S S

S
S

S
S

Disulfide bond

Ig domain

S S

α1
α1

Peptide-binding
cleft

Class II MHC

S
S

α3

α3

NN

β1 β1

C C

α2 β2

β2
α2

• Figure 1-15 The schematic diagrams illustrate the different regions of the MHC class I (left) and class II 
(right) molecules (not drawn to scale). (From Abbas AK, Lichtman AH, Pillai S: Basic immunology: func-
tions and disorders of the immune system, ed 4, Philadelphia, 2014, Saunders. Crystal structures courtesy  
Dr. P. Bjorkman, California Institute of Technology, Pasadena, CA.)

transmembrane glycoproteins involved with tissue typing 
and responsible for graft rejection in tissue transplantation 
(see Figures 1-15 and 1-16).

Clonal Selection

At any given time, the large numbers of T and B lympho-
cytes we have are composed of many clones, with each 
clone comprising only a small number of cells, all of which 
share the same receptor and specificity (Figures 1-17 and 
1-18). When we have an infection (or receive a vaccine 
immunization), almost all the lymphocytes lack reactiv-
ity with the antigens from the pathogen. Lymphocytes 
that have receptors with affinity for specific antigen of the 
invading organism will be activated by engagement of their 
receptor by the antigen along with costimulatory signals. 
When this occurs, these cells will undergo rapid cell divi-
sion and, through the resulting proliferation, temporarily 
represent a large proportion of the circulating T and B cells  

in the body. This will remain so until the pathogen is 
cleared by the resulting immune response. It usually takes 
3 to 7 days of lag time for this response to occur on ini-
tial exposure. Once that pathogen is cleared, the number 
of lymphocytes will return to normal. Some of the cells 
that are reactive with the pathogen will persist as B and T 
memory cells in secondary lymphoid tissues. If the same 
pathogen is encountered again in the future, the lag time 
will be shorter (Figure 1-19). In addition, each time there 
is an exposure to antigens of a particular pathogen, there 
is competition for antigen among the memory cells. As a 
result, the cells with higher affinity (i.e., antigen receptors 
that bind the antigen more tightly and effectively) will be 
more likely to be stimulated. This process of “natural selec-
tion” of cells with the most avid and effective receptors 
results in the phenomenon of affinity maturation. Thus, 
multiple exposures not only decrease the lag time, but also 
increase the efficacy and efficiency of the adaptive immune 
response.
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T Cell Maturation in the Thymus

B cells mature in the bone marrow, and essentially all  
B cells that effectively rearrange their germ line DNA 
to a functional surface antibody receptor become part  
of the B cell repertoire. This can result in B cells that  
generate antibody molecules that recognize self antigens 
(i.e., autoantibody), and this sets up the potential for auto-
immune disease. For most people, autoimmunity is pre-
vented by the T cell maturation process that occurs in the 
thymus. Immature T cells generated in the bone marrow 
mature and rearrange their germ line DNA and express T 
cell receptors in the thymus. As the T cells mature, thy-
mic stromal cells assess the level of affinity of the T cell 
receptor for the self-MHC molecules on their surface. T 
cells with receptors that have low affinity for self-MHC 
are positively selected because they have good potential 
to recognize processed foreign antigen in association with 
self-MHC with high affinity. Those without affinity for 
self-MHC are not selected. T cells that have high affin-
ity for self-MHC are deleted because they would likely 
be autoreactive and promote autoimmune disease. This 
process prevents cell-mediated autoimmune disease and 
prevents autoimmune disease mediated by autoantibody, 
because autoreactive B cells will not have T cells reactive 

with autoantigens to provide the required T cell help in 
the form of cytokine growth factors.

Cellular Immunity

Once CD4+ Th cells leave the thymus, they circulate 
throughout the body. As they move through T cell–rich 
zones in the secondary lymphoid tissue, they sample foreign 
antigen presented by dendritic cells. If they encounter anti-
gen that their T cell receptor recognizes, they are stimulated. 
They exchange stimulatory signals in the form of cytokines 
and reciprocal receptor engagement. The T cell then prolif-
erates and expands so that many clones of the pathogen- or 
antigen-specific T cell are produced and circulate through-
out all the secondary lymphoid tissues to help eliminate the 
pathogenic organism.

Depending on the type of interaction and signals 
received from the antigen-presenting cell, the Th cell is 
further differentiated into one of several Th subsets.8 Each 
produces a different set of growth factors that support an 
immune response that is tailored to the particular patho-
gen (e.g., bacteria/extracellular versus virus/intracellu-
lar). The T cell subsets are Th1, Th2, Th17, and TfH cells. 
Th1 cells secrete IL-2, IFN-γ, and TNF-α and especially 
support cellular immune responses to viral infections.  
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• Figure 1-16 Antigen processing and presentation. Antigen presentation to CD8+ T cells (upper panel): 
Protein antigens for viral or tumor-specific antigens present in the cytosol of any nucleated cell are broken 
up into peptides by a proteasome. They are then associated with class I major histocompatibility complex 
(MHC) molecules on the surface of the cell and recognized by the T cell receptor on the CD8+ cell. Antigen 
presentation to CD4+ T cells (lower panel): Protein antigens are taken up by endocytosis or phagocytosis 
and are then within a lysosome of an antigen-presenting cell. Once in the lysosome, they are broken up 
into peptides by hydrolytic enzymes, associated with class II MHC molecules on the surface of the cell, and 
recognized by the T cell receptor on the CD4+ cell. (From Abbas AK, Lichtman AH, Pillai S: Basic immunol-
ogy: functions and disorders of the immune system, ed 4, Philadelphia, 2014, Saunders.)
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These cytokines are important in stimulating macro-
phage–monocytes, TCTL cells, and NK cells. Th2 cells 
secrete IL-4, IL-5, IL-10, and transforming growth factor 
(TGF)-β, which support B cell growth and differentiation 
and, therefore, antibody responses important for extracel-
lular bacterial infections. Th17 cells secrete IL-6, IL-17, 
IL-22, and TNF-α, which support innate immunity and 
antibody responses (Figure 1-20).9 TfH cells are unique 
helper cells that reside in the B cell–rich zone of second-
ary lymphoid tissue where lymphoid follicles are located. 
They help support and regulate B cell growth and mat-
uration within the lymphoid follicle (Figure 1-21).10,11 
Treg cells secrete IL-10 and TGF-β, which regulate and 
dampen the adaptive immune response. These cytokines 
especially inhibit Th1 cytokines. It is important to note 
that during an adaptive immune response to an infection, 
no one particular T helper subset is exclusively active. 
Rather, all or many are active, and some predominate 
as appropriate to the particular type of infection. For 
example, one may have both Th1 and Th2 helper cells sup-
porting antibody production in response to a bacterial 
infection. The T helper cell functions to provide growth 
factors to stimulate and support the proliferation and 

differentiation of the appropriate effector cells to control 
the infection (see Figures 1-17, 1-20, 1-22, and 1-23).

When the infection is intracellular and demands a 
cellular immune response, Th1 cytokines (IL-2, IFN-
γ, TNF-α) predominate. Phagocytes, TCTL cells, and 
NK cells are activated and kill virally infected cells to 
clear the pathogen. In the case of TCTL, viral antigens 
expressed on the surface of infected cells are presented 
in the context of MHC class I molecules. The cytolytic 
T cell then kills the infected cell by releasing perforin 
(cytolytic proteins located in the granules of TCTL that, 
upon degranulation, insert into the plasma membrane 
of the target cell, forming a pore) to assist in deliver-
ing granzymes that are also released to the cytoplasm, 
where they induce apoptosis or programmed cell death. 
NK cells also kill virally infected cells. Rather than the 
specific way in which TCTL cells recognize viral antigen, 
NK cells can recognize a wide variety of virally infected 
cells and kill them by inducing apoptosis similarly to 
TCTL cells. In addition, NK cells have Fc receptors that 
can bind the constant region of opsonizing antibody. 
If antibody is produced that binds to viral antigens on 
the surface of a virally infected cell, the NK cell can use 
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• Figure 1-17 Clonal selection T cells. Processed antigen is presented to CD4+ and CD8+ T cells that have 
receptors specific for the antigen (i.e., there is clonal selection of these particular T cells). There is then acti-
vation and clonal expansion followed by effector helper and cytolytic function. (From Abbas AK, Lichtman 
AHH, Pillai S: Cellular and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)
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antibody-dependent cellular cytotoxicity to identify and 
then kill the cell (see Figures 1-22 to 1-26).

Humoral Immunity

When an infection involves an extracellular pathogen such 
as a bacterial species, antibody production becomes impor-
tant for antigen-specific opsonization and toxin neutraliza-
tion and clearance (see Figures 1-18, 1-19, 1-23, and 1-27). 
Th2 (and sometimes Th1 and Th17) cells provide the cytokine 
growth factors that support proliferation and differentiation 
of antigen-specific B cells. B cells express antibodies, all with 
the same specificity (i.e., the same hypervariable region) on a 
particular B cell, on their cell surface to function as their anti-
gen receptors. Upon activation, these B cells then further dif-
ferentiate into B memory cells and antibody-secreting plasma 
cells that produce the same antibody that bound to the anti-
gen.12 Antibody then binds to the surface of the pathogen, 
opsonizing it. The antibody may also fix complement through 
the classical pathway that can further opsonize the bacterium 
by depositing C3b on its surface. Phagocytes have Fc recep-
tors that bind the constant region of antibody molecules that 
have bound to the surface of a pathogen or toxin. They also 
have C3 receptors that allow them to utilize the opsonin C3b. 
Furthermore, the bacteria can be lysed by the complement 
membrane attack complex (see Figure 1-27).

Antibody molecules have a characteristic Y-shaped 
structure comprising two heavy and two light polypep-
tide chains, each containing hypervariable regions (frac-
tion antibody binding, F(ab)2), which account for the 
specificity of the molecule in binding to antigen, and 

constant regions (fraction crystallizable [Fc]), which result 
in biological activity such as binding to Fc receptors on 
phagocytic cells. Antibody can be of different functional 
classes (immunoglobulin [Ig] M, IgG, IgA, IgE, and IgD) 
and subclasses (IgG1, IgG2, IgG3, IgG4, IgA1, and IgA2). 
Functions of antibodies include activation of complement, 
prevention of attachment of microbes, opsonization, and 
agglutination and immobilization of pathogens.

In the primary antibody response, IgM is usually pro-
duced. It forms a structure of five basic IgM units (a pen-
tamer) bound together by small polypeptide chains, resulting 
in a large molecule in the circulation that is highly effective 
in activating complement and in immobilizing bacteria by 
binding to flagella. Monomeric IgM (single unit) is found on 
the surface of B cells, where it functions as an antigen recep-
tor. With continued exposure to antigen or infection, class 
switching can occur and is under the control of Th cells based 
on the cytokines being produced. Antibodies of the IgM and 
IgG classes are typically found circulating in serum. Similar 
to IgM, IgG also activates complement, and being a smaller 
molecule existing as a single unit (a monomer), it can leave 
the circulation and enter the tissues of the body. IgG performs 
a unique role in pregnancy, crossing the placenta to enter the 
fetal circulation and thus provide immune protection to the 
fetus while its immune system is still developing.

Antibody of the IgA class is typically found in secre-
tions, including saliva, tears, and mucus. It is found as a 
monomer and a dimer, and the dimeric form is transported 
across mucosal surfaces to enter the lumen of the gastroin-
testinal, genitourinary, and respiratory tracts. This secreted 
form of IgA (S-IgA) provides the main form of antibody 
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Lichtman AHH, Pillai S: Cellular and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)



19CHAPTER 1 Immunobiology of Infectious Disease

Low-level
antibody
production

A
m

ou
nt

 o
f a

nt
ib

od
y Activated

B cells

Plasma
cells

Days after antigen exposure Days after antigen exposure

IgG

IgG

Primary response Secondary response

Induced
by

Peak 
response

Antibody 
isotype

Antibody 
affinity

All immunogens

Smaller

Usually IgM>IgG

Lower average affinity,
more variable

Mainly protein antigens

Larger

Relative increase in IgG and, under 
certain situations, in IgA or IgE 
(heavy-chain isotype switching)

Higher average affinity
(affinity maturation)

IgM

First 
infection

Repeat 
infection

A

B

0 5 10 >30 0 5 10 >30

Plasma cells
in peripheral
lymphoid tissues

Memory
B cell

Plasma 
cells in 
bone 
marrow

Memory
B cellPlasma cells 

in bone marrow

Primary
antibody response

Secondary
antibody response

Naive B cell
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there is a long lag time before the B cell differentiates into a plasma cell and secretes antibody. This anti-
body is mostly IgM and of lower affinity. With subsequent exposure in the secondary response, B memory 
cells compete for antigen. Cells with surface antibody receptors with the highest affinity will more readily 
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with each exposure to antigen. During the secondary response, class switch usually occurs and the lag 
time is shorter. (From Abbas AK, Lichtman AH, Pillai S: Basic immunology: functions and disorders of the 
immune system, ed 4, Philadelphia, 2014, Saunders.)

protection for mucosal surfaces. S-IgA therefore plays a key 
role in defense against infection by blocking the attachment 
of microorganisms to the mucosa.

IgD is mainly located on the surface of B cells and, along 
with monomeric IgM, functions as an antigen receptor.

Antibody of the IgE class is typically found free in only 
minute amounts, and it has an important role in anaphy-
laxis. Almost all the IgE produced by plasma cells is rapidly 
bound by mast cells, basophils, and eosinophils that have 
very high affinity Fcε receptors on their surface that bind 
IgE. When multiple IgE molecules bound by Fcε receptors 

on the cell surface bind antigen and are therefore cross-
linked, mast cell, basophil, or eosinophil degranulation 
occurs. This can result in immediate type I hypersensitivity. 
These cells appear to be important in the immune response 
to parasitic infections (see Figures 1-24 and 1-28).

Regulation of the Immune Response

The immune response is heavily regulated at every level. 
Every cell and cytokine feeds back in some fashion to 
prevent an excessive response to the invading pathogen.  
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Activation of B cells 
and migration

into germinal center

Somatic mutation and
affinity maturation;
isotype switching

B cell proliferation

Exit of high-affinity 
antibody-secreting

memory and B cells

Memory
B cell

Plasma 
cell

Helper 
T cell

TFH cell

B cell

Dark
zone

Light
zone

Germinal
center

Follicular 
dendritic
cell

• Figure 1-21 TfH helper cells and B cell growth and differentiation. TfH cells are unique helper cells that 
reside in the B cell–rich zone of secondary lymphoid tissue where lymphoid follicles are located. They help 
support and regulate B cell growth and maturation within the lymphoid follicle. (From Abbas AK, Lichtman 
AHH, Pillai S: Cellular and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)



21CHAPTER 1 Immunobiology of Infectious Disease

Infected cell with 
microbes in cytoplasm

Killing of
infected cell

Phagocyte with
ingested microbes in vesicles

Inflammation,
killing of
microbes

Macrophage 
activation   
killing of 
ingested 
microbes

CD4+ 
effector
T cells 
(TH1
cells)

CD4+ 
effector
T cells 
(TH17 
cells)

CD8+ 
T cells 
(CTLs)

Cytokine
secretion

A B

• Figure 1-22 T cells and killing of extracellular and intracellular pathogens.Th1 and Th17 cells secrete 
cytokines that support clearance of extracellular pathogens (A); TCTL cells that are stimulated by cytokines 
identify host cells with intracellular infection and kill those cells (B). (From Abbas AK, Lichtman AH, Pillai S: 
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• Figure 1-24 Th2 cells and the response to parasitic infection.Th2 cytokines induce inflammation, sup-
port production of IgG4 and IgE, and activate mast cells and eosinophils in response to parasitic infection. 
APC, Antigen-presenting cell. (From Abbas AK, Lichtman AH, Pillai S: Basic immunology: functions and 
disorders of the immune system, ed 4, Philadelphia, 2014, Saunders.)

An inflammatory response that is excessive, especially if it 
is not directed specifically toward the pathogen, has the 
potential to cause tissue damage and harm the host (which 
can be recognized as the signs and symptoms of specific 
chronic diseases). This text does not allow for a compre-
hensive and complete review of every regulatory process in 
the immune response. What follows are some examples of 
immunoregulation.

One such example involves the pathogenic condition 
Papillon-Lefèvre syndrome. In this condition, a defective 
enzyme prevents normal immunoregulation and results in a 
systemic disease that includes severe periodontitis. Affected 
individuals have a defective cathepsin C gene. As bacterial 
dental plaque (biofilm) accumulates on the teeth, bacterial 
macromolecules induce cells of the periodontal tissues to 
release the chemokine macrophage inflammatory protein-
1α (MIP-1α). This chemokine (also known as chemokine 
[C-C motif ] ligand 3 [CCL3]) is then chemotactic for 

phagocytes, especially neutrophils. As neutrophils accu-
mulate at the site, they release inactive serine proteases. In 
systemically healthy individuals, the serine proteases are 
activated when they are cleaved by the protease cathepsin 
C. When activated, the serine proteases digest the MIP-1α 
and thus prevent excessive accumulation of neutrophils. In 
patients with Papillon-Lefèvre syndrome, the cathepsin C 
gene has a mutation rendering the enzyme inactive. The ser-
ine proteases from the neutrophils are therefore also inactive 
and unable to digest and limit the local concentration of 
MIP-1α. As a result, neutrophils accumulate at high levels 
in the periodontal tissues and are activated by bacteria-spe-
cific macromolecules and inflammatory cytokines present in 
the local environment. The resulting high numbers of acti-
vated neutrophils in the connective tissues release hydrolytic 
enzymes that destroy the connective tissue and bone that 
normally support the teeth. This typically results in early-
onset and rapidly progressive periodontitis, typically leading 
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• Figure 1-25 Th17 cells and the response to bacterial infection.Th17 
cytokines induce inflammation and support innate immunity in addition 
to antibody production. APC, Antigen-presenting cell; CSF, colony-
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• Figure 1-26 Natural killer (NK) cell killing of intracellular pathogen 
through antibody-dependent cellular cytotoxicity. NK cells utilize their 
Fc receptor to recognize host cells that are infected with an intracellular 
pathogen (e.g., virus, Mycobacterium tuberculosis) and also bound by 
pathogen-specific antibody. NK cells kill infected cells once they are 
recognized. (From Abbas AK, Lichtman AH, Pillai S: Basic immunol-
ogy: functions and disorders of the immune system, ed 4, Philadelphia, 
2014, Saunders.)
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• Figure 1-27 Antibody and the response to infection. Antibody molecules function in the defense against 
infection in several ways. They neutralize toxins, opsonize microbes to facilitate phagocytosis (either 
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tions and disorders of the immune system, ed 4, Philadelphia, 2014, Saunders.)

eventually to loss of all teeth. An additional symptom of this 
disease is palmar-plantar keratosis.

Th cells, especially CD4+ cells, are central to regulation of 
immunity. In a Th1-dominated response to an intracellular 
pathogen, high levels of IL-2 and IFN-γ are released. This 
promotes the activation of macrophage–monocytes and the 
release of additional cytokines that support cellular immu-
nity including TNF-α, IL-1, IL-12, and IL-18. In addition 
to supporting cellular immunity, IFN-γ downregulates 
the activity of Th2 cells and their cytokines, which would 
dampen B cell activation and the production of antibody. 
Conversely, when there is an infection with an extracellular 
pathogen, Th2 cells and their cytokines predominate; these 
include IL-4, IL-5, IL-6, IL-10, and IL-13, which support 
the development of B cells that eventually differentiate into 
antibody-secreting plasma cells. In addition, IL-10 limits 
the release of IFN-γ by Th1 cells. The Th2 cytokines IL-4, 

IL-5, IL-6, and IL-13 also limit the release of cytokines by 
the macrophage–monocytes.

Treg cells (also CD4+) are important cells in immuno-
regulation. They recognize antigen presented to them and, 
as they are activated, release IL-4, IL-10, and TGF-β. These 
cytokines reduce the activity of dendritic cells so that anti-
gen presentation is dampened. These cytokines also directly 
inhibit the release of IL-2, IL-5, and TNF-α, thereby reduc-
ing the activity of Th and TCTL cells.

The activity of the immune system is also subject to the 
effects of the emotional state of the individual. Psycho-
logical stress, especially if chronic, induces the release of 
cortisol and catecholamines. Cells involved with immu-
nity have receptors for circulating cortisol and catechol-
amines, both of which are immunosuppressive. In fact, 
chronic stress can lead to an increased susceptibility to 
infection.
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• Figure 1-28 Mast cells and eosinophils and the response to parasitic infection. Mast cells and baso-
phil mediators include biogenic amines and lipid mediators stored preformed in granules as well as lipid 
mediators, which are largely newly synthesized on cell activation. The biogenic amines and lipid mediators 
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probably contribute to tissue damage in chronic allergic diseases. LTC4, Leukotriene C4; PAF, platelet acti-
vating factor; PGD2, prostaglandin D2; TNF, tumor necrosis factor. (From Abbas AK, Lichtman AHH, Pillai 
S: Cellular and molecular immunology, ed 8, Philadelphia, 2015, Saunders.)
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The head and neck regions of the human body are home 
to a wide variety of bacteria that inhabit both the skin and 
mucosal surfaces. Traditionally, the clinical microbiology 
laboratory has used various nutrient-rich culture media to 
grow and identify bacteria from patient specimens. Phe-
notypic and biochemical properties of the isolated bac-
teria distinguish pathogens from commensal organisms. 
Although these methods remain the cornerstone of work in 
the microbiology laboratory, the introduction of molecu-
lar techniques to identify bacteria that both colonize and 
infect the human body is changing our understanding of 
the important role bacteria play in both causing disease and 
maintaining health.

The human microbiome is the microbial population, 
numbering in the trillions, that inhabits the human body. 
The vast majority of these bacteria are not recovered with 
standard growth techniques in the clinical microbiology 
laboratory. A recent revolution has occurred in our under-
standing of the interaction between humans and bacte-
ria, a result of deep sequencing DNA technology that has 
expanded our knowledge of the microbes that constitute 
this diverse, complex population.1 This technology allows 
for the sequencing of hundreds of thousands of bacterial 
DNA sequences from a single specimen to identify all bac-
teria present in the sample. Generally, samples from a spe-
cific location or niche of the human body (e.g., oral cavity, 
sinuses, skin, adenoids) are collected and the microbial DNA 
from the sample is extracted. Next, a variable region of the 
bacterial gene encoding the 16s ribosomal RNA is amplified 
and sequenced, and compared with a reference database for 
bacterial identification. Major advantages of this technol-
ogy are the ability to identify organisms that are not readily 
recovered by bacterial culture and the ability to gather infor-
mation on large numbers of different bacteria from a single 
specimen.2 The final result is a detailed population profile of 
bacteria for specific regions of the body, including different 
anatomic sites of the head and neck (Table 2-1).3-8

The National Institutes of Health recently established 
the Human Microbiome Project to document the differ-
ent populations of bacteria that colonize the human body, 
including areas of the head and neck, to explore how dif-
ferences in colonizing bacterial flora impact human health. 
Data produced from this project have led to a paradigm 
shift with renewed thinking about how infectious processes 
are likely due to the complex interactions between the host 
immune system, pathogenic bacteria, and the resident com-
mensal microbes.1 Literature is emerging specifically exam-
ining these relationships as they relate to infections of the 
head and neck, confirming the important role of commen-
sal organisms and the host immune response in the clinical 
presentation of these infections.

Commensal Flora of the Head, Neck,  
and Oral Cavity

The application of deep sequencing to the human micro-
biome suggests that we are possibly colonized in utero and 
are certainly colonized with bacteria immediately at birth. A 
number of factors influence the evolution and development 
of the bacterial populations that colonize the skin, oral cav-
ity, and gut. These factors include, but are not limited to, 
the type of delivery (vaginal versus cesarean section), breast 
feeding or formula, length of time in the hospital, expo-
sure to antibiotics, transition to solid food, and the presence 
or absence of teeth.9 The local environment also plays an 
important role in the kinds of bacteria present in a given 
location of the body. Environmental factors that will deter-
mine the bacterial population include, but are not limited 
to, the available nutrients, pH, moisture levels, other com-
petitive bacteria occupying the same niche, and exposure 
to the host immune system. The microbiome is unstable 
early in life. A more mature, stable bacterial population that 
resembles those of adults emerges by 2 to 3 years of age.9

2
Bacteriology of the Head 
and Neck Regions
THOMAS S. MURRAY AND TODD CASSESE
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However, for a given individual, the microbiome can 
change over time with changes in overall health. In addi-
tion, there is significant variation across different individuals 
examining bacterial populations at the same anatomic site. 
Different physiologic states and behaviors have profound 
effects on the commensal flora of the individual presum-
ably by altering the microenvironment for bacterial growth 
in favor of certain organisms at the expense of others. For 
example, smoking alters the microflora of the oral cavity, 
with increased numbers of potentially pathogenic bacteria 
present compared with the oral flora of nonsmokers.10 In 
one study, patients with squamous cell carcinoma of the 
larynx had vastly different microbial populations compared 
with control patients with vocal cord polyps.11 Changes to 
the mucosal surfaces because of chemotherapy can alter the 
microbial populations present. Through these studies and 
others, bacterial populations of different regions of the head 
and neck are currently being characterized for both healthy 
and diseased populations (see Table 2-1).

Given that laboratory cultivation techniques recover a 
limited number of organisms, it is not surprising that cul-
ture-independent techniques have identified previously 
unrecognized commensal flora, especially among the anaer-
obic bacteria. The increased sensitivity of these molecular 
techniques compared with culture-based approaches has also 
revealed large numbers of bacterial populations in healthy 
subjects at sites not previously thought to be colonized. For 
example, DNA-based studies of healthy adults have identi-
fied bacterial populations in the middle meatus of the sinus 
that include Staphylococcus aureus, Staphylococcus epidermi-
dis, Propionibacterium acnes, and anaerobic Cyanobacterium 
sp.12,13 While the diversity and populations of bacteria vary 
between individuals and studies, the common conclusion 
is that the sinuses of healthy asymptomatic individuals are 
colonized with bacterial populations, including potential 
pathogens such as S. aureus. It also raises the possibility that 
there are as yet unrecognized organisms contributing to clini-
cal disease that do not grow under routine laboratory growth 
conditions.

In many cases bacterial infections of the head and neck 
are caused by bacterial flora that often colonize the skin, oral 
cavity, or respiratory tract and contiguous spaces without 
causing disease. When there is disruption of this homeo-
stasis between host and microbes because of a change in 
the host or bacterial population, certain bacteria (e.g., S. 
aureus, Streptococcus pneumoniae) behave as pathogens that 
cause invasive infection and clinical symptoms. Surgically 
removed adenoids and tonsils contain common patho-
gens that cause acute otitis media, and these organisms can 
migrate from the posterior airway to the inner ear to cause 
infection when homeostasis is disrupted.14,15

Pathogenesis of Acute and Chronic  
Bacterial Infections
Acute Infection
Acute infections occur when a change in the host envi-
ronment or the bacterial population in a region permits 

  Bacteria Flora Identified in Selected Niches of 
the Head and Neck from Children and Adults

Location (Reference) Bacteria*

Outer ear (3) Alloiococcus otitis
Corynebacterium otitidis
Staphylococcus auricularis

Inner ear† (4) Moraxella
Viridans streptococcus
Pasteurella
Staphylococcus
Corynebacteria
Flavobacterium
Carnobacterium
Comamonada

Sinuses, middle  
meatus (12, 13)

Cyanobacteria
Propionibacterium
Staphylococcus
Corynebacteria

Esophagus (5) Viridans streptococcus
Fusobacterium
Neisseria
Haemophilus
Prevotella

Larynx (11) Streptococcus
Fusobacterium
Prevotella
Neisseria
Gemella
Parvimonas

Tonsils, hyperplasia (7) Streptococcus
Neisseria
Prevotella
Haemophilus
Porphyromonas
Gemella
Fusobacterium

Adenoids (14) Streptococcus
Staphylococcus
Haemophilus
Fusobacterium
Moraxella
Prevotella
Gemella
Neisseria

Nose (6) Staphylococcus
Haemophilus
Neisseria
Moraxella
Streptococcus

Oral cavity, saliva, and  
plaque (8)

Streptococcus
Veillonella
Corynebacterium
Actinomyces
Fusobacterium
Rothia
Prevotella
Neisseria
Haemophilus
Porphyromonas

*More common genera of bacteria have been selected. This is not a 
comprehensive list.
†These bacteria were recovered from healthy infants.

TABLE 
2-1
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invasion of a pathogenic bacteria, resulting in clinical signs 
and symptoms consistent with infection. Acute infec-
tion initially requires that bacteria express surface mol-
ecules that facilitate adhesion to an epithelial, mucosal, or 
artificial surface. Attached bacteria then secrete a variety 
of virulence factors that interact with host tissue and the 
immune response to produce inflammation consistent with 
symptomatic infection. If the bacteria are able to penetrate 
the host surface into a previously sterile site and replicate, 
effectively dealing with host defenses, then invasive disease 
occurs. These general principles of acute infection are appli-
cable to multiple pathogens discussed below.

Surface Adhesion
The first step in acute infection is adhesion to a surface, 
typically a mucosal surface for head and neck infections. 
Bacteria may possess one or more multiple surface struc-
tures or surface-exposed proteins that facilitate adhesion to 
the epithelial cell layer. For example, both S. pneumoniae 
and Haemophilus influenzae, pathogens of the upper respi-
ratory tract and contiguous spaces, express the surface 
phosphorylcholine ChoP, which in pneumococcus binds 
the platelet-activating factor receptor found on epithelial 
cells of the nasopharynx. Multiple pathogens—includ-
ing Pseudomonas aeruginosa, a common cause of otitis 
externa—display fimbriae on the cell surface, thin struc-
tures that extend and retract, attaching the bacteria to sur-
faces such as epithelial cells. P. aeruginosa also expresses 
a single flagellum used for motility to get the bacterium 
to the host surface and attachment once it makes contact 
with the surface (Figure 2-1).

Virulence Factor Production
In many cases, bacteria successfully colonize the mucosal 
cell layer without causing clinical symptoms and disease. 
However, when bacteria invade a sterile space or secrete 
virulence factors, the ensuing tissue damage and inflam-
matory response results in clinical signs and symptoms. 

Bacteria have evolved an incredible variety of surface-
associated and secreted virulence factors to cause cellular 
damage and inactivate host defenses. For example, gram-
negative pathogens have lipopolysaccharide (LPS) on the 
cell surface that interacts with Toll-like receptor (TLR) 4 
of the innate immune system to generate a robust proin-
flammatory response. Although this response can lead to 
bacterial death and resolution of infection, it can also cause 
tissue damage that facilitates bacterial invasion across sur-
faces into sterile sites. Several different pathogens of the 
head and neck secrete proteins that form pores in host cell 
membranes, disrupting the host cell and resulting in lysis. 
Common examples discussed later in more detail include 
streptolysin produced by S. pneumoniae and the S. aureus 
Panton-Valentine leukocidin (PVL) toxin. In addition to 
secreting virulence factors directly into the environment, 
several bacteria possess needlelike structures that insert 
into host cell membranes. These structures allow bacte-
ria to pump virulence factors directly into the cytosol of 
host cells, resulting in cell death and facilitating bacterial 
invasion. P. aeruginosa has a type 3 secretion system that 
injects molecules into host cells including ExoU, a phos-
pholipase expressed by some strains that causes rapid cell 
necrosis.

Surviving the Host Response to Infection
Given the vast array of defenses the body has to protect 
against infection, bacteria are armed with multiple mecha-
nisms to survive within a dangerous host environment. 
Pathogenic bacteria avoid phagocytosis by neutrophils 
and macrophages through a variety of means. Many gram-
negative and gram-positive bacteria possess a polysaccha-
ride capsule that is antiphagocytic and offers a competitive 
advantage compared with unencapsulated strains. In addi-
tion to the extrapolysaccharide (EPS) capsule, surface pro-
teins such as the M-protein of Streptococcus pyogenes (group 
A streptococcus) also prevent engulfment by host cells. A 
variety of secreted proteins disrupt opsonization by averting 
deposition of complement on the bacterial surface. Another 
important immune defense mechanism that bacteria must 
deal with is the neutrophil extracellular trap (NET), extra-
cellular fibrils that engulf and destroy bacteria. Respiratory 
pathogens have developed numerous ways to protect them-
selves from NETs. Some secrete enzymes that degrade the 
DNA component of NETs (e.g., the DNAse of S. pyogenes), 
whereas others exhibit surface molecules that allow for sur-
vival within the NET after engulfment. In addition, many 
of the cytolytic pore-forming toxins described previously 
target immune cells. For example, PVL and pneumolysin 
can both lyse white blood cells recruited to the site of infec-
tion. Additional secreted proteins cleave antibody or com-
plement or inactivate host defensin molecules to survive the 
host response.

Chronic Infection and Biofilm Formation
Under certain circumstances, an acute infection is not com-
pletely resolved despite an aggressive immune response with 
or without antimicrobial therapy, and chronic infection 

• Figure 2-1 Bacterial flagellum. Electron micrograph showing Pseu-
domonas aeruginosa with a single, unipolar flagellum important for 
interaction with the host innate immune system (via Toll-like receptor 5) 
and bacterial adhesion to host surfaces.
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results. A number of chronic infections of the head and 
neck, such as chronic otitis media and chronic rhinosinus-
itis, are challenging to treat with antibiotic therapy alone. 
The bacterial strategy for long-term survival in the host now 
known to be an important component of most chronic 
infections is the formation of surface-associated bacterial 
biofilms. Virtually all the pathogens of the head and neck 
described in this chapter form biofilms, which are organized 
communities of bacteria that colonize a surface and are 
resistant to antibiotic therapy.

There is an inverse relationship comparing the bac-
terial lifestyle of tissue destruction, invasion, and acute 
infection with that of surface colonization, biofilm for-
mation, and chronic disease. When the process of bio-
film formation is initiated, genes encoding proteins 
required for biofilm formation are upregulated, whereas 
genes encoding proteins that are virulence factors during 
acute infection are downregulated. Alternatively, dur-
ing acute infection when virulence factors for invasion 
are upregulated, genes encoding proteins required for 
biofilm formation are turned off. This paradigm argues 
that the same bacterial strain may display an acute or 
chronic phenotype, depending on the environment and 
host response, and may serve to explain how initial acute 
infections become chronic and more difficult to treat 
over time with the same strain of bacteria.

Biofilm formation follows a series of organized steps and 
is initiated with surface contact and adhesion (Figure 2-2). 
The presence of a foreign body provides an ideal surface for 
bacterial colonization, chronic infection, and biofilm for-
mation. Biofilms form on teeth and contribute to dental 
caries, and they allow for bacterial colonization of mucosal 
and epithelial surfaces. Attachment to a foreign or host sur-
face requires many of the same factors mentioned for acute 
infection, such as flagella, pili, or surface adhesins. Next, 
the bacteria aggregate into microcolonies followed by cell 
division and the formation of a mature biofilm with chan-
nels that allow for gas exchange and nutrient acquisition. 
Bacteria at the base of the biofilm exhibit decreased metabo-
lism compared with bacteria closer to the surface; therefore, 
antibiotics that require metabolic activity, such as protein 
or cell wall synthesis, are less active if the drugs do pen-
etrate the biofilm. The biofilm is protected by an extracel-
lular matrix consisting of both bacterial and host material 
that inhibits both phagocytosis and antibiotic penetration. 
Some bacterial strains produce a mucoid phenotype because 
of an increase in the production of EPS (Figure 2-3). These 
mucoid strains are particularly difficult to eradicate and 
commonly cause chronic infection. Importantly, biofilms 
are not static, and bacteria released from the biofilm are 
capable of colonizing nearby surfaces, spreading infection 
within the host.

While the list of potential pathogens of the head and 
neck region is extensive (Table 2-2), several pathogens that 
more commonly cause invasive disease in multiple locations 
of the head and neck and those that cause disease in the oral 
cavity are discussed here in more detail.

Common Bacterial Pathogens of the Ear, 
Sinuses, and Contiguous Regions
Streptococcus pneumoniae
Pneumococcus is a gram-positive, catalase-negative, faculta-
tive anaerobic bacterium that typically produces α-hemolysis 
(partial hemolysis) on blood agar plates (Figure 2-4). Gram 
stain classically reveals lancet-shaped diplococci. Pneumo-
cocci are susceptible to optochin, which is used for presump-
tive identification and distinguishes it from other pathogenic 
streptococci. The introduction of routine pneumococcal vac-
cination for all children in the United States to reduce inva-
sive pneumococcal disease has also reduced the rates of acute 
otitis media in children caused by vaccine containing S. pneu-
moniae serotypes; however, it has not eliminated pneumococ-
cus as a pathogen of the inner ear and upper respiratory tract, 
as 90 serotypes exist and the current protein conjugate vac-
cine formulation in routine use covers only 13 serotypes.

• Figure 2-2 Bacterial surface colonization. The initial step in both 
colonization and biofilm formation is attachment to a surface. In this 
example, Pseudomonas aeruginosa expressing green fluorescent pro-
tein adhere to the surface, colonizing a glass slide.

• Figure 2-3 Exopolysaccharide, a bacterial virulence factor. Mucoid 
Klebsiella pneumoniae grown on MacConkey agar plates secrete an 
abundance of exopolysaccharide that in  vivo prevents phagocytosis 
and antibiotic penetration.
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S. pneumoniae has a complex array of surface-associated 
and secreted factors that facilitate mucosal surface coloni-
zation, mitigate the host immune response, and promote 
invasion of the host.16 The negatively charged polysaccha-
ride capsule is required for virulence and protects against 

upper respiratory secretions and phagocytosis. However, the 
capsule does not promote binding to epithelial cells, and its 
size is decreased when the bacteria interacts with host epi-
thelial cells. Additional surface adhesions bind components 
of the extracellular matrix, such as fibronectin, as well as 
epithelial cell receptors. S. pneumoniae strains secrete anti-
microbial peptides, including those that target other pneu-
mococcal serotypes to colonize a mucosal surface already 
crowded with other commensal flora.16

The immune system is also the target of several secreted 
virulence factors. Pneumolysin is a cytotoxic protein that 
targets the cholesterol-containing membranes of host mem-
branes for pore formation and cell lysis. Pneumolysin is 
important for pneumococcal respiratory infections and inva-
sion into the bloodstream. In addition to lysing cells, it also 
activates the immune response with proinflammatory cyto-
kines leading to the recruitment of CD4+ T cells.16 Examples 
of pneumococcal mitigation of the host immune response 
include a secreted metalloprotease that cleaves immunoglob-
ulin A1 (IgA1) to degrade antibody in the respiratory tract 
and surface expression of PsPA, a protein that prevents C3 
complement fixation on the bacterial surface.16

In recent years, S. pneumoniae has developed resistance 
mechanisms to many commonly used antipneumococcal 
antimicrobial agents. For example, resistance to penicillin 
resulting from mutations in penicillin-binding proteins 
required for cell wall synthesis has been described. Resis-
tance to other drugs such as the macrolides and quinolones 

  Infections Caused by Bacteria Commonly Found in the Head and Neck

Bacteria Common Infections of Head and Neck Systemic Infectious Complications

Actinomyces species Dental plaque, caries Actinomycosis

Aggregatibacter  
actinomycetemcomitans

Periodontitis Association with increased risk for CAD

Capnocytophaga species Periodontitis (particularly juvenile periodontitis) Endocarditis, fulminant sepsis in asplenic 
patients

Fusobacterium species Periodontitis, pharyngitis, tonsillitis, peritonsillar 
abscess

Lemierre syndrome (septic thrombophlebitis of 
the internal jugular vein), sepsis

Haemophilus influenzae Epiglottitis, rhinosinusitis, otitis media Meningitis, septic arthritis, osteomyelitis, cel-
lulitis, pneumonia, bronchitis

Moraxella catarrhalis Otitis media, rhinosinusitis COPD exacerbation, pneumonia

Prevotella intermedia Dental plaque, caries, periodontitis Brain or lung abscess

Staphylococcus aureus Peritonsillar abscess,
cervical lymphadenitis, rhinosinusitis

Pneumonia, endocarditis, skin and soft tissue 
infection, sepsis, toxic shock syndrome, 
osteomyelitis, septic arthritis, pneumonia

Streptococcus pneumoniae Otitis media, rhinosinusitis Pneumonia, sepsis, meningitis

Streptococcus pyogenes Pharyngitis, peritonsillar abscess, cervical  
lymphadenitis

Rheumatic fever, post-streptococcal glomeru-
lonephritis, skin and soft tissue infection, 
toxic shock syndrome

Viridans streptococci Dental plaque, caries Endocarditis, sepsis

CAD, Coronary artery disease; COPD, chronic obstructive pulmonary disease.

TABLE 
2-2

• Figure 2-4 α-Hemolysis of Streptococcus pneumoniae. The green 
around each pneumococcal colony is due to the conversion of hemo-
globin to methemoglobin in the blood agar plate. Viridans streptococci 
colonies are similar in appearance and distinguished from pneumococ-
cus by optochin susceptibility.
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is also increasing. Thus, antibiotic susceptibility testing is 
recommended to guide therapy when pneumococcus is iso-
lated from an invasive head and neck infection.

Moraxella catarrhalis
Moraxella catarrhalis is an oxidase-positive, catalase-posi-
tive, gram-negative diplococci that exhibits γ-hemolysis (no 
hemolysis) when grown on blood agar plates (Figure 2-5). 
M. catarrhalis specifically binds the respiratory epithelium 
and the extracellular matrix of the human upper respiratory 
tract, and it has been recovered from the biofilms of children 
with chronic otitis media.17,18 Although M. catarrhalis does 
not possess a polysaccharide capsule, it does have a num-
ber of surface adhesins. Examples of important adhesins 
include the outer membrane proteins, lipooligosaccharide, 
and ubiquitous surface protein A (UspA) proteins. UspA1 
binds both epithelial cells and extracellular matrix to facili-
tate colonization. UspA2 functions to bind and inactivate 
complement and lipooligosaccharide and outer membrane 
proteins function in reducing serum-dependent bacterial 
killing.17 Similar to P. aeruginosa, M. catarrhalis also pos-
sesses surface fimbriae called type IV pili, which are impor-
tant for epithelial cell binding and biofilm formation. After 
mucosal colonization, M. catarrhalis is capable of invading 
epithelial cells, although the exact mechanisms remain to 
be elucidated.18 This has also been observed in vivo, as M. 
catarrhalis has been identified in adenoid and tonsillar spec-
imens from patients.14

The vast majority of M. catarrhalis secrete a β-lactamase 
that confers resistance to therapy with ampicillin alone. 
Successful treatment requires either the addition of a 
β-lactamase inhibitor to a penicillin, or a cephalosporin if 
a β-lactam antibiotic is preferred, or an antibiotic from an 
alternative class.

Haemophilus influenzae
Haemophilus influenzae is a fastidious, thin, gram-negative 
rod that is oxidase positive and that requires both factors 
V (nicotinamide adenine dinucleotide) and X (hemin) for 
growth. It does not typically grow well on sheep blood agar 
plates, but it does grow well on chocolate agar that contains 
lysed red blood cells (Figure 2-6). Six encapsulated serotypes 
(a-f ) exist, and historically H. influenzae type B (Hib) was 
the cause of most invasive disease. The introduction of rou-
tine childhood vaccination against Hib has virtually elimi-
nated invasive disease with this strain in the United States. 
The majority of infections caused by H. influenzae, such as 
acute otitis media, are due to unencapsulated, nontypeable 
strains.19 Nontypeable H. influenzae has a number of viru-
lence factors that are similar to M. catarrhalis, a competi-
tor for mucosal colonization of the upper airway. Surface 
pili bind both host cells and extracellular matrix compo-
nents. The outer membrane protein P2 displays antigenic 
variation to avoid recognition by antibody, allowing for the 
persistence of chronic infection despite the host immune 
response.20 Another well-studied group of adhesins are the 
autotransporters.20,21 An example is HapA, a protein that 
promotes bacterial aggregation and adherence to respiratory 
epithelial cells.21

H. influenzae invasion of epithelial cells is postulated to 
occur by multiple endocytic pathways and requires actin. H. 
influenzae can also penetrate epithelial cell layers between 
cells, disrupting tight junctions, without causing cell death. 
In addition to causing invasive disease, strong evidence from 
animal models and human patients demonstrate that certain 
nontypeable strains of H. influenzae exist in biofilms, often 
coexisting with other bacteria.22 The aggregation of bacteria 
promoted by HapA on the epithelial cell surface contributes 
to the initial stages of biofilm formation. These biofilms are 
stabilized by extracellular DNA and can even survive within 
NETs produced by activated neutrophils.22 Nontypeable 
H. influenzae has been recovered from surgically removed 

• Figure 2-5 Moraxella catarrhalis growth on blood agar plate. Note 
the complete absence of hemolysis (γ-hemolysis) around the colonies.

• Figure 2-6 Haemophilus influenzae growth on chocolate agar plate. 
Haemophilus influenzae is fastidious and requires factor V and factor X 
for growth. These factors are available to the bacteria in chocolate agar 
composed of lysed erythrocytes.
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human tonsils, demonstrating the long-term viability of 
these strains in vivo.15 Interestingly, low concentrations of 
antibiotics promote H. influenzae biofilm formation, and 
the clinical implications of this observation require careful 
consideration.

Streptococcus pyogenes
Group A streptococcus is a catalase-negative, gram-positive 
coccus that is seen in long chains when visualized using 
Gram stain. It is β-hemolytic (complete hemolysis) when 
grown on blood agar plates and is distinguished from other 
β-hemolytic streptococci in that it is bacitracin susceptible. 
S. pyogenes is a human pathogen that causes pharyngitis 
and invasive soft tissue disease, and can both colonize and 
invade the skin and throat (see Table 2-2). The capacity of 
S. pyogenes to cause infection has been well studied, and just 
a few of the best-known virulence factors will be described.

Among the most recognized virulence factors that deter-
mine the serotype is the surface M protein. M1 is among 
the most prevalent serotypes and a frequent cause of inva-
sive disease. M protein has multiple functions: It acts as 
an adhesin, binds fibrinogen to prevent phagocytosis and, 
along with the DNase SDA1 and a hyaluronidase capsule, 
prevents killing by NETS, enhancing survival during the 
initial neutrophil response.23 The neutrophil response is also 
muted by SpyCEP, a protease that cleaves interleukin-8, a 
potent chemokine that attracts neutrophils to the infection 
site.24 Phagocytosis is also inhibited by the IgG peptidase 
IdeS, which cleaves the heavy chain of S. pyogenes’ surface-
associated IgG, disrupting opsonization.23 Streptolysin O 
is a pore-forming cytolysin familiar to clinicians because 
antibodies to it are used to document recent S. pyogenes 
infection. Streptolysin O also induces apoptosis in immune 
cells and facilitates invasion into sterile sites. Strains of S. 
pyogenes also produce a variety of superantigens, which are 
molecules that bind T cells outside of the MHC pocket, 
eliciting a profound immune response that can lead to clini-
cal syndromes such as toxic shock syndrome.24

S. pyogenes has been a model system to understand the 
regulation of virulence factors that promote acute infec-
tion and those that favor biofilm formation.23,24 The major 
regulator of S. pyogenes virulence is the CovS/CovR two-
component response regulator system. Two-component sys-
tems used by most pathogenic bacteria have one protein—a 
sensor kinase that senses signals from the environment and 
responds by phosphorylating a paired response regulator 
that alters the transcription of a specific set of genes. The 
CovS/CovR proteins control the majority of S. pyogenes 
virulence factors discussed previously, and they serve as a 
switch regulating genes encoding proteins that favor either 
colonization and biofilm formation or virulence factor pro-
duction and acute invasive infection.

As an example, CovS/CovR upregulates the cysteine pro-
tease SpeB that degrades both host immune factors such as 
antibody, antimicrobial peptides, and precytokines while also 
degrading bacterial virulence factors. The activity of SpeB 
dampens both the immune response and bacterial invasiveness, 

favoring colonization of the upper airway. When SpeB activ-
ity is decreased, bacterial virulence factor production and 
the host inflammatory response are upregulated, promoting 
invasive disease. This inverse relationship has held up when 
comparing SpeB activity from clinical isolates that caused 
more severe disease (low SpeB, increased virulence factors) 
with those causing less severe disease (high SpeB, decreased 
virulence factor production).23 It follows that CovR/CovS 
mutants should express less SpeB and demonstrate increased 
virulence, but with more difficulty colonizing the mucosal 
surface. In fact, this is true of clinical isolates. CovR also sup-
presses capsule production so that CovR mutants have larger 
capsules and demonstrate increased capacity for invasive dis-
ease. These large capsules do not bind the mucosal surface 
well such that upper airway colonization and biofilm forma-
tion are diminished and the bacteria are cleared more easily 
from the surface.23 This example highlights how bacteria can 
tightly regulate gene expression to survive changing envi-
ronments. The bacterial proteins required for initial surface 
adhesion are often of little value later in the infectious process 
when invasion requires tissue destruction.

Staphylococcus aureus
Staphylococcus aureus is a gram-positive catalase and coagu-
lase-positive organism that classically forms clusters when 
visualized with Gram stain. Importantly, when recovered 
from primary clinical specimens such as abscesses, S. aureus 
may appear as pairs of cocci or as a single bacterium. The 
absence of clusters when examining a Gram stain with gram-
positive cocci does not rule out S. aureus, especially within 
the context of an active immune response. It is β-hemolytic 
(complete hemolysis) on blood agar, and many colonies 
have a gold or tan appearance (Figure 2-7), in contrast to 
coagulase-negative staphylococci, which generally exhibit 
no hemolysis (γ-hemolysis).

Both methicillin-susceptible S. aureus (MSSA) and 
methicillin-resistant S. aureus (MRSA) can colonize the 

• Figure 2-7 β-Hemolysis of Staphylococcus aureus. Staphylococ-
cus aureus produces hemolysins that lyse red blood cells and produce 
complete clearing (β-hemolysis) around the bacterial colonies when 
grown on blood agar plates.
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skin and nasal mucosa and cause invasive disease. Methi-
cillin resistance occurs when S. aureus expresses the mecA 
gene encoding penicillin-binding protein PBP2a that is not 
present in MSSA strains. MecA is found on a chromosomal 
cassette, often with other antimicrobial resistance genes, 
that can move to other S. aureus strains via horizontal gene 
transfer. MRSA and MSSA have large numbers of virulence 
factors that contribute to both colonization and disease, and 
a selection of these is highlighted below.

S. aureus has a number of microbial surface components 
recognizing adhesive matrix molecules (MSCRAMMs) that 
bind extracellular matrix components such as fibronectin 
and collagen to enable adhesion to the host. Protein A is 
a MSCRAMM that is intimately involved in interactions 
with the immune response, binding IgG to prevent opso-
nization, C3 of the complement pathway, and a receptor for 
tumor necrosis factor-α. A variety of superantigens func-
tion to impair neutrophil migration to the site of infection, 
and several molecules inactivate complement by inhibiting 
convertases.25

In addition to adhesins, S. aureus also expresses multiple 
toxins that contribute to pathogenesis. One of the best stud-
ied is the PVL toxin, a pore-forming toxin consisting of the 
LukS and LukF proteins that requires interaction with a host 
receptor for the lysis of white blood cells. Although many 
studies associate PVL-positive S. aureus with more severe and 
invasive disease, other studies reach different conclusions.26 
The results may depend on the animal model being stud-
ied, the location of infection, and the presence or absence of 
other virulence factors in the strain.26 S. aureus also expresses 
α and δ hemolysins that lyse red blood cells. δ-Toxin is a 
phenol-soluble modulin peptide, one of a family of phenol-
soluble modulin peptides with cytolytic properties secreted 
by S. aureus.27 The coagulase activity of S. aureus is due to 
two enzymes that promote fibrin clots, binding prothrom-
bin and converting fibrinogen to fibrin. These fibrin clots 
enhance abscess formation and promote biofilm formation 
when bacteria are attached to surfaces such as catheters. This 
activity is counterbalanced by staphylokinase, which converts 
plasminogen to plasmin, resulting in the breakdown of fibrin 
clots. This allows the escape of the bacteria from the clot.27

In addition to MRSA, S. aureus can be resistant to a 
variety of other commonly used antistaphylococcal agents 
such as clindamycin and trimethoprim–sulfamethoxazole. 
Fortunately, high-level resistance to vancomycin has been 
described only rarely for S. aureus. When S. aureus infection 
is suspected, knowledge of the local antimicrobial resistance 
patterns is critical in choosing empiric therapy. The initial 
antibiotic choice can be adjusted once the organism is con-
firmed and antimicrobial susceptibilities are known.

Common Bacterial Pathogens of the Teeth, 
Mouth, and Pharynx
Viridans Group Streptococci
These streptococcal species are gram positive and display 
α−hemolysis, resulting in a green color around the colonies 

that gives rise to the name (viridis is Latin for “green”). 
Rarely, these species can be nonhemolytic (γ-hemolysis), or 
β-hemolytic in the case of the Streptococcus anginosus. Com-
mon viridans streptococci include S. mitis, S. anginosus, S. 
mutans group, S. salivarius, and S. bovis. Unlike pneumococ-
cus, the growth of viridans streptococci is not inhibited by 
optochin, and the colonies are not soluble in deoxycholate 
(bile). Viridans streptococci are the most prevalent coloniz-
ers of the healthy human mouth (see Table 2-1).28 Viridans 
streptococci are implicated in the formation of dental caries 
and are pathogenic when introduced into fascial planes of 
the head and neck forming abscesses. In addition, viridans 
streptococci bacteremia is a known cause of subacute native 
and prosthetic valve endocarditis.

Virulence factors of the viridans streptococci are not well 
elucidated, but several of the known factors are included 
here. For initial colonization of oral mucosal surfaces, viri-
dans streptococci produce a series of adhesins similar to 
those found in pneumococcus. Interestingly, IgA antibod-
ies appear to be strain specific, and as one strain is cleared, 
another strain takes its place through clonal and antigenic 
diversity via genetic recombination among different strepto-
coccal species. In addition, several species within this group 
also possess IgA1 protease.29 Viridans streptococci are fierce 
competitors in the colonization of the mucosal surface of 
the mouth, producing bacteriocidins that have bactericidal 
activity against other organisms, killing more virulent spe-
cies of streptococci and staphylococci.

Current literature has not fully elucidated the features 
that enable viridans streptococcus to behave as a commensal 
pathogen in some hosts and host locations (mouth) and as a 
pathogen in other hosts or locations. However, the different 
virulence factors of S. mutans help to explain its diversity as 
a pathogen. In the mouth, the polysaccharides produced by 
exoenzymes from S. mutans are the main constituents of the 
insoluble matrix on which plaque biofilms form and dental 
caries develop.30 In the blood stream, S. mutans expresses 
two bacteriophage-encoded proteins (PblA and PblB) that 
bind directly to platelets and contribute to the pathogenesis 
of subacute endocarditis.29 Type k S. mutans produces a col-
lagen-binding protein that interacts with damaged cerebral 
blood vessels to convert ischemic to hemorrhagic stroke.31

Actinomyces Species
Actinomyces species are facultative, anaerobic, non–spore-
forming, filamentous, gram-positive rods that commonly 
inhabit the oropharynx. Although individual bacteria are 
filamentous, colonies form fungus-like branched networks 
of hyphae. Actinomyces grow slowly in culture and are not 
acid-fast, distinguishing them from Nocardia species. Acti-
nomyces species are pathogenic locally in the oral cavity or 
through direct extension into fascial planes as abscesses. Of 
the myriad species of Actinomyces identified, the most com-
mon pathogens include A. israelii, A. viscosus, A. naeslundii, 
A. turicensis, and A. radingae. Systemic disease can also result 
through exposure of Actinomyces species to the bloodstream 
or through aspiration of organisms into pulmonary tissue. 
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Local infection with Actinomyces species occurs at the level 
of the teeth and gingiva. Actinomyces species are isolated 
from supragingival plaques and root surface caries, and they 
are implicated in the development of gingivitis.32

Infection can spread when normal mucosal barriers are 
disrupted, leading to abscesses with connecting sinus tracts. 
These abscesses are most commonly found in the face and 
neck as cervicofacial actinomycosis, but they can also occur 
throughout the thorax, abdomen, pelvis, and central ner-
vous system. Understanding of the virulence factors used 
by Actinomyces species is limited. One hypothesis is that cell 
wall lipoproteins induce an overzealous immune response 
through TLR2, leading to extension of disease beyond 
mucosal surfaces.32 In addition, cell wall peptidoglycan has 
recently been shown to induce alveolar bone resorption and 
osteoclastogenesis, in addition to recruitment of inflamma-
tory cytokines.33

Prevotella Species
Prevotella species are small anaerobic gram-negative rods fre-
quently identified when the microbiome of different regions 
of the head and neck are determined with deep sequencing 
(see Table 2-1). The species of Prevotella most linked with 
human disease are: P. intermedia, P. melaninogenica, P. bivia, 
P. nigrescens, and P. disiens. P. intermedia is implicated in 
periodontal disease, usually in association with Porphyromo-
nas gingivalis and Aggregatibacter actinomycetemcomitans.34 
Prevotella species are also implicated in chronic sinusitis, 
middle ear infections, brain abscesses, and intraabdomi-
nal abscesses. Virulence mechanisms for Prevotella species 
include attachment to the mucosa, immune system evasion, 
and increased production of virulence factors when the 
organism transitions from commensal to pathogen. P. inter-
media uses proteases to interfere with complement-mediated 
bacterial killing.34 Interestingly, one study demonstrated an 
increased level of proteolytic activity in pathologic P. inter-
media clinical isolates versus those recovered from healthy 
mouths.35

Another important virulence factor in Prevotella species 
is the EPS. As discussed previously, EPS provides scaffold-
ing for biofilm formation, a critical step in the development 
of dental caries and periodontal disease. In addition, EPS 
serves as a capsule that facilitates mucosal adherence and 
resistance to phagocytosis.36 Interestingly, P. intermedia has 
a mechanism, as yet unexplained, to disable and kill neutro-
phils that is not found in other endodontic pathogens such 
as Fusobacterium nucleatum, Staphylococcus intermedius, Par-
vimonas micra, and P. intermedia.37

Fusobacterium Species
Fusobacterium species are anaerobic, elongated, gram-neg-
ative rods. There are multiple species of Fusobacterium, but 
the one most associated with human disease is F. necropho-
rum, a cause of periodontal disease, tonsillitis, peritonsillar 
abscess, and thrombophlebitis of the jugular vein (Lemierre 
syndrome). Although, many Fusobacterium species com-
prise normal human oral flora, it remains unclear whether  

F. necrophorum is a commensal organism or is present only 
as a pathogen.38 Virulence factors for F. necrophorum are 
well known as they relate to zoonotic infections, but their 
relationship to human disease is not clear. Adhesins and 
fimbriae play a critical role in host cell attachment.38 Leu-
kotoxin is a known virulence factor of F. necrophorum that 
likely facilitates abscess formation.38 Endotoxin and hemo-
lysin also appear to be important virulence factors in the 
formation of abscesses and for increased necrosis of locally 
infected tissue.38 Hemagglutinin and a not yet identified fac-
tor leading to platelet aggregation are most associated with 
the thrombotic consequences found in Lemierre syndrome.

Capnocytophaga Species
Capnocytophaga species are filamentous, thin, gram-negative 
rods with a tapered end (fusiform) that are capnophilic, 
requiring increased levels of carbon dioxide for ideal growth 
that often takes 48 hours on blood agar plates. Capnocyto-
phaga species colonize the human oropharynx and are asso-
ciated with periodontitis, septicemia in patients with splenic 
or liver dysfunction, and rarely endocarditis. Virulence 
mechanisms are not well understood; however, some species 
produce EPS that suppresses host complement. In addition, 
some strains produce β-lactamases; therefore, empiric ther-
apy for Capnocytophaga species should include a β-lactamase 
inhibitor if a β-lactam antibiotic is considered.39

Conclusions

It is increasingly apparent that the commensal bacteria of the 
head, neck, and oral cavity play a critical role in maintain-
ing human health. New DNA sequencing techniques have 
shown commensal organisms to be ubiquitous throughout 
the oral cavity and contiguous spaces. These commensals can 
become infective when host defenses, including the protec-
tive epithelial barrier of the surface, are damaged. Pathogenic 
bacteria have evolved similar strategies to successfully colo-
nize mucosal surfaces, evade the host immune response, and 
invade soft tissue. For bacteria of the head and neck, the viru-
lence factors expressed during colonization differ from those 
expressed during acute infection and this tight regulation, 
along with interaction with the host immune system and 
inflammatory response, tip the balance in favor of either col-
onization or infection with signs and symptoms of disease.

The most common infections of this region are dental 
caries and periodontal disease that develop after a prolif-
eration of bacterial commensals and subsequent upregula-
tion of virulence factors or exchange of genetic information 
between more pathogenic species and these commensals. 
Local oral cavity infections, such as caries, gingivitis, peri-
odontitis, or abscess (periapical or periodontal), wreak havoc 
in the mouth, potentially affecting patient comfort and 
socialization. These infections can extend to surrounding 
structures, leading to life-threatening necrotizing infections, 
severe abscess formation, or local vascular complications, 
such as Lemierre syndrome, resulting in significant morbid-
ity and occasional mortality.
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However, the emerging literature on this topic strongly 
suggests that there are additional consequences of dental 
caries and periodontal disease beyond the oral cavity with 
profound implications for human health. Examples include 
cardiovascular disease, diabetes mellitus, preterm birth, and 
low birth weight. These links are currently poorly under-
stood, with many studies demonstrating an association 
between specific bacteria in the oral cavity and pathogenic 
lesions outside the head, neck, and mouth. For example, 
periodontal pathogen burden in subgingival biofilm sam-
ples is associated with carotid intima-media thickness and 
risk for nonfatal myocardial infarction.40 In addition, both 
the DNA of periodontal pathogens and the culture viable 
bacteria themselves have been isolated from atherosclerotic 
plaques. In one of the most convincing association studies, 
A. actinomycetemcomitans identified in high concentrations 
in saliva increases the risk of coronary artery disease com-
pared with hosts with lower concentrations of A. actinomy-
cetemcomitans.40 Current areas of active investigation are 
aimed at identifying whether it is the pathogen itself, the 
pathogen plus the associate immune response, or a solely 
immune system–mediated process that is leading to the 
pathologic lesion (i.e., atherosclerotic plaque).

A review of the history of the last century reveals a nota-
bly similar struggle to connect an organism associated with 
the head and neck region to a systemic disorder, S. pyogenes, 
group A streptococcus, and rheumatic heart disease. In the 
case of rheumatic fever, investigators in the early 1900s were 
able to identify a link between S. pyogenes pharyngitis and the 
subsequent development of systemic symptoms defined as 
rheumatic fever. Despite a century of understanding of this 
important link, uncovering the pathogenesis of rheumatic 
fever continues to this day, moving from direct bacterial inva-
sion of affected systemic organs, to toxin-mediated disease, 
and to the currently favored theory of an autoimmune process 
brought on by molecular mimicry in genetically susceptible 
individuals.41 Similar links associating head and neck bacte-
ria with systemic diseases are intriguing. Future work, with 
the help of deep sequencing technology, will aim to elucidate 
these relationships. It may turn out that therapies that alter 
the bacterial population of the oral cavity modify the risk for 
common systemic diseases, such as coronary artery disease.
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3
Nonbacterial Microbiology 
of the Head, Neck, and 
Orofacial Region
LYDIA AOUN BARAKAT AND MARICAR MALINIS

Various infectious diseases can involve the head and neck. 
Nonbacterial etiologies include viruses, fungi, and parasites. 
This chapter describes the clinical manifestation, diagnosis, 
and treatment of a variety of nonbacterial infections of the 
head and neck.

Viral Infections

Viral and virally related diseases have a variety of head and 
neck manifestations that can range from an inflammatory 
presentation to malignancy.

Herpesviruses

Herpesviruses are double-stranded DNA viruses that have 
the ability to establish latent infection and reactivation in a 
net state of immunosuppression. Disease can be limited or 
disseminated depending on the state of immunosuppression. 
The latter is more common among patients with HIV/AIDS, 
solid organ transplantation, and stem cell transplantation.

Among the herpesviruses, five viruses have signifi-
cant clinical and pathologic head and neck presentations. 
These viruses include herpes simplex viruses (HSV-1 and  
HSV-2), varicella zoster virus (VZV), Epstein-Barr virus 
(EBV), cytomegalovirus (CMV), and the Kaposi sarcoma–
associated virus, human herpesvirus-8 (HHV-8).

Herpes Simplex Virus

Humans are the natural host for HSV-1 and 2. HSV-1 is 
more commonly associated with oral, labial, and ocular 
infections, whereas HSV-2 is more closely associated with 
genital infections. There is a frequent overlap in the presen-
tation of both viruses.

Transmission is by person-to-person contact through 
infected secretions and infected mucocutaneous surfaces. 

After primary infection, the virus becomes latent in neu-
ral tissue, particularly the dorsal root ganglion. Disease 
manifestations are more likely from reactivation of disease 
secondary to stress, trauma, and immunosuppression. Cell-
mediated immunity contains infection in their lytic state 
or active replication, whereas HSV-specific antibody modu-
lates latent HSV infection at the neurons. In patients with 
cell-mediated immunosuppression (e.g., AIDS, solid organ 
or hematopoietic stem cell transplant recipients), dissemi-
nated disease could occur.

Clinical Manifestations
Primary HSV-1 infection can manifest as gingivostomatitis, 
which is characterized by painful ulceration and vesicular 
lesion involving the tongue, buccal, and sublingual mucosa 
and palate (Figure 3-1). Infrequently, it can be associated 
with pharyngitis. Primary HSV infection is more often asso-
ciated with constitutional symptoms, prolonged symptom 
duration, and prolonged viral shedding compared with dis-
ease reactivation.

Reactivation of prior HSV-1 infection may lead to cuta-
neous and mucocutaneous disease. Herpes labialis (i.e., cold 
sore) is a vesicle or ulceration limited to the lips. Cutaneous 
lesions may be limited to a dermatome segment similar to 
herpes zoster (shingles). Herpes gladiatorum is cutaneous 
manifestation of HSV-1 infection that can involve the face, 
neck, and arms; it is seen more commonly in wrestlers and 
rugby players.1

HSV-1 and, infrequently, HSV-2 (in neonates) can 
inoculate the eye and manifest as conjunctivitis, blepha-
ritis, or keratitis (corneal ulceration). Blepharitis occurs as 
the result of vesicles along the lid margin and periorbital 
skin. Corneal ulceration and scarring can lead to a poten-
tial loss of vision. Although rare, acute retinal necrosis is 
a potentially blinding disease that can complicate HSV 
infection.
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Diagnosis
Diagnostic techniques include Tzanck smear, viral culture, 
serology, immunofluorescence staining, and polymerase 
chain reaction (PCR).2 A Tzanck smear can be performed 
on a scraped sample to assess for cytopathic effect. However, 
this test will not be able to differentiate HSV-1, HSV-2,  
and VZV because these viruses have similar cytologic 
changes. Viral cultures will be able to determine the differ-
ence between the herpesviruses. Scrapings can be examined 
for herpes antigen via immunofluorescence. Serology can 
be helpful in distinguishing HSV-1 and HSV-2. Real-time 
HSV PCR is a sensitive method to confirm HSV infection 
in clinical specimens.

Treatment
Antiviral treatment includes acyclovir, valacyclovir, and 
famciclovir. These antiviral treatments interfere with DNA 
viral synthesis. Valacyclovir and famciclovir have better bio-
availability compared with acyclovir and less frequent dos-
ing. Chronic suppression to reduce the number of HSV 
clinical episodes can be offered to patients with frequent 
recurrent lesions. Resistance to acyclovir and its analogues 
can occur, but infrequently. Resistance testing to acyclovir 
and other anti-HSV agents, such as foscarnet and cidofovir, 
should be considered if a patient fails to improve on stan-
dard treatment.

Varicella-Zoster Virus

Varicella-zoster virus (VZV) is a herpesvirus with two dis-
tinct clinical presentations: varicella (chickenpox) and her-
pes zoster (shingles). Varicella is a primary infection that is 
more common in children; it can be acquired by inhalation 
of infectious respiratory secretion or by direct contact with a 
mucocutaneous lesion. Herpes zoster is the recurrent infec-
tion in individuals who had the primary infection. After the 

primary infection, VZV enters the dorsal root ganglia and 
spinal cord, where it remains latent until it reactivates, simi-
lar to HSV.

Clinical Manifestations
Primary infection appears as a rash that starts as an ery-
thematous papule that evolves into vesicles or bullae. 
Lesions become pustular in 3 to 4 days and crusted in 7 
to 10 days. Scarring can persist for months to years after 
primary infection. Reactivation of the disease is often lim-
ited to dermatomal distribution. Reactivation of latent virus 
in the geniculate ganglion can manifest as Ramsay Hunt 
syndrome, which is characterized by facial palsy, ear and 
facial pain, and ear canal vesicular lesions. Reactivation of 
the latent virus involving the trigeminal nerve’s ophthalmic 
division can result in herpes ophthalmicus, which appears as 
conjunctivitis or a corneal ulcer that can lead to vision loss. 
Acute retinal necrosis, similar to HSV, can occur with VZV. 
The ophthalmic manifestation of VZV requires urgent 
evaluation and treatment because both are sight-threatening 
conditions. Postherpetic neuralgia is a complication of her-
pes zoster in 10 to 15% of all patients; it can persist months 
after the initial onset of the rash. Postherpetic neuralgia 
can manifest as pain, numbness, dysesthesia, and allodynia 
along the affected dermatome (Figure 3-2).

Diagnosis
The diagnosis is based solely on clinical presentation. Labo-
ratory tests, such as direct immunofluorescence testing and 
PCR of tissue or swabbed unroofed vesicles, are helpful to 
differentiate between HSV and VZV, which might have 
similar clinical presentations.

• Figure 3-2 Herpes zoster involving the face. (From Neville BW, 
Damm DD, Allen CM, et al: Oral and maxillofacial pathology, ed 4,  
St Louis, 2016, Saunders.)

• Figure 3-1 Herpes simplex involving the lips and tongue. (From 
Regezi JA, Sciubba JJ, Jordan RCK: Oral pathology: clinical patho-
logic correlations, ed 6, St Louis, 2012, Saunders.)
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Treatment
Supportive care is the cornerstone of management of pri-
mary infection. Antiviral treatment with acyclovir, valacy-
clovir, or famciclovir should be considered in a patient who 
developed herpes zoster within 72 hours of clinical symp-
toms. Early institution of treatment can decrease the dura-
tion of symptom and the risk of developing postherpetic 
neuralgia.

Epstein-Barr Virus

The Epstein-Barr virus (EBV) is another ubiquitous herpes-
virus with seroprevalence approaching 90% in adults. EBV 
acquired during childhood is largely subclinical. Transmis-
sion is by direct contact with salivary secretion because 
oral viral shedding persists for a prolonged period. After 
primary infection, the virus achieves latency in the B cell 
compartment.

Clinical Manifestation
Infectious mononucleosis is most commonly associated with 
EBV primary infection. It is characterized by fever, fatigue, 
tonsillopharyngitis, lymphadenopathy, and the presence 
of atypical lymphocytes in a peripheral smear. Lymphade-
nopathy often involves the posterior cervical chain and is 
frequently symmetric in presentation. It is a self-limited 
syndrome. A generalized maculopapular rash can occur after  
antibiotic exposure, more commonly with amoxicillin or 
ampicillin. The presence of heterophile antibodies (immu-
noglobulin [Ig] M reacting with sheep or horse red blood 
cells) and symptoms compatible with infectious mononu-
cleosis establishes the diagnosis of EBV. If the heterophile 
antibody is negative, a serologic assay can confirm the diag-
nosis of acute infection with presence of IgM viral capsid 
antigen antibody.

Oral hairy leukoplakia is a result of EBV infection of 
oral squamous epithelial cells and can be seen in immuno-
suppressed patients, including those with HIV infection  
(Figure 3-3). It appears as white, shaggy, plaque and painless 
lesions commonly seen on the lateral border of the tongue, 

but can also involve the buccal mucosa and gingiva. It can-
not be scraped, in contrast to candida. The diagnosis is made 
clinically, but occasionally a biopsy is performed to rule out 
other causes of leukoplakia. EBV has been associated with 
malignancies such as Burkitt lymphoma, Hodgkin lym-
phoma, T cell lymphoma, and nasopharyngeal carcinoma.

Treatment
The treatment of mononucleosis is primarily supportive 
care. There is no proven benefit of antiviral treatment. The 
incidence of oral hairy leukoplakia has been reduced with 
initiation of antiretroviral treatment among patients with 
HIV.

Cytomegalovirus

The cytomegalovirus is a pervasive herpesvirus. It is esti-
mated that the seroprevalence of CMV is 60% by 6 years of 
age and it increases with age, approaching 90% by the age of 
80 years.3 Primary infection can be transmitted via exposure 
to saliva, genital secretions, blood or tissue, and perinatally. 
After primary infection, it establishes latency in the host 
after the acute infection. The virus establishes its latency in 
most cells or tissues, including polymorphonuclear cells, T 
lymphocytes, endothelial vascular tissue, fibroblasts salivary 
glands, and renal epithelial cells. Reactivation from latent 
infection can occur with immunosuppression, such as HIV 
infection, transplantation, or acute illness.

Clinical Manifestations and Diagnosis
Clinically, primary infection with CMV in immunocom-
petent individuals may manifest as asymptomatic illness or 
benign CMV mononucleosis. The latter is characterized by 
fever, malaise, lymphadenopathy, and laboratory findings 
of lymphocytosis and atypical lymphocytes. The heterophil 
agglutinin test is negative in CMV mononucleosis and posi-
tive in EBV mononucleosis. In contrast with EBV, CMV 
mononucleosis is not typically associated with exudative 
tonsillopharyngitis. A maculopapular rash can also occur 
after antibiotic exposure.

• Figure 3-3 Oral hairy leukoplakia associated with EBV. (From Regezi JA, Sciubba JJ, Jordan RCK: Oral 
pathology: clinical pathologic correlations, ed 6, St Louis, 2012, Saunders.)
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CMV esophagitis can present as odynophagia and dys-
phagia. The diagnosis is established by detection of intranu-
clear inclusion body in tissue (Figure 3-4). CMV detected 
by PCR supports the diagnosis.

CMV retinitis is more commonly seen in patients with 
advanced immunosuppression, such as with HIV/AIDS. 
HIV-infected patients with CD4 fewer than 50 cells/mm3 
are at risk for CMV retinitis. Retinal disease can occur, but 
rarely among solid organ or bone marrow transplant recipi-
ents. The diagnosis is made by clinical appearance. White 
fluffy retinal infiltrate with hemorrhage can be appreciated 
on funduscopic examination (Figure 3-5). A high quantity 
of CMV detected in plasma by PCR assay correlates with 
disease activity in patients with AIDS.4

Treatment
CMV mononucleosis is self-limited and is managed by 
supportive care. On the other hand, CMV disease, such 
as CMV esophagitis and CMV retinitis, requires antiviral 
treatment with either intravenous ganciclovir or oral valgan-
ciclovir. An induction dose is given for 21 days followed 
by a maintenance regimen. In patients with HIV/AIDS, 
initiation of anti-retroviral treatment will allow recovery of 
CMV-specific, T cell–mediated immunity.

Human Herpesvirus-8

Human herpesvirus-8 (HHV-8), or Kaposi sarcoma–associ-
ated herpesvirus, is a γ herpesvirus that has been associated 
with malignancies, including Kaposi sarcoma (KS), pri-
mary effusion lymphoma, and Castleman disease. HHV-8 
infects various cell types, including B cells, macrophages, 
endothelial cells, and epithelial cells. After primary infec-
tion, it establishes latency in B cells and glandular epithelial 
cells. Seroprevalence rates differ among different geographic 
regions. Prevalence appears to be higher among homosexual 
males, and it correlates with number of homosexual part-
ners. The possibility of HHV-8 transmission by saliva has 
been suggested in the current literature.

Clinical Manifestations, Diagnosis, and Treatment
The primary infection that occurs in immunocompetent 
children can be characterized by a febrile maculopapular 
skin rash.5 Otherwise, it can be asymptomatic. In an immu-
nocompromised state, reactivation of disease can lead to 
malignancy such as KS.

KS is a vascular neoplasm that is classified into four types: 
classic (occurs in middle or old age), endemic (described 
in sub-Saharan Africa before AIDS), iatrogenic (associated 
with immunosuppressive drug therapy including transplant 
recipients), and AIDS associated (epidemic).

KS occurred more commonly in patients with AIDS 
than in the general population before the era of highly 
active antiretroviral treatment.6 KS could have cutaneous 
and visceral involvement. Cutaneous lesions of KS can 
involve the face, oral mucosa, lower extremity, and genitalia. 
It is a nonpainful, nonpruritic, and papule or plaque-like 
lesion. The color varies depending on vascularity and can 
appear as pink, red, violet, and brown. The oral cavity can 
be involved in one third of patients with KS (Figure 3-6).  

• Figure 3-4 Cytomegalovirus inclusion bodies in esophageal tissue 
biopsy. (From Gilbert-Barnes E: Potter’s pathology of the fetus, infant 
and child, ed 2, St Louis, 2007, Mosby.)

• Figure 3-5 Cytomegalovirus retinitis. (From Goldman L, Schafer AI: 
Goldman’s Cecil medicine, ed 24, Philadelphia, 2012, Saunders.)

• Figure 3-6 Kaposi sarcoma of the hard palate. (From Daniel SJ, 
Harfst SA, Wilder R: Mosby’s dental hygiene: concepts, cases, and 
competencies, ed 2, St Louis, 2008, Mosby.)
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Palate and gingiva are the common sites involved. Biopsy of 
the lesion is needed to confirm the diagnosis. The treatment 
of AIDS-related KS involves reversal of immunosuppression 
by highly active antiretroviral treatment initiation.7 On rare 
occasions, local or systemic chemotherapy is indicated.

Human Immunodeficiency Virus

HIV is a retrovirus that infects T helper cells (CD4+), mac-
rophages, and dendritic cells. CD4+ count declines because 
of direct viral killing and by cytotoxic-mediated cell (CD8+) 
killing of infected cells.

HIV can be transmitted by sexual contact, blood expo-
sure, needle-stick injuries, and maternal to fetal transmis-
sion. Acute retroviral syndrome or acute HIV infection 
can manifest with fever, malaise, cervical lymphadenopa-
thy, and pharyngitis similar to infectious mononucleosis. 
Patients with these symptoms should be screened for HIV. 
The Centers for Disease Control and Prevention (CDC) 
guidelines as of 2013 recommend universal screening 
with a fourth-generation combined antigen/antibody 
immunoassay with confirmatory HIV-1/HIV-2 antibody 
differentiation assay and a RNA test to resolve reactive 

immunoassay with a negative confirmatory test result 
(Figure 3-7).8

Because of CD4+ T cell count decline, infected patients 
are susceptible to opportunistic infections. Oral condi-
tions including candidiasis, KS, and hairy leukoplakia 
are often indicative of the degree of immunosuppression. 
Other common head and neck lesions include aphthous  
stomatitis, periodontal disease, non-Hodgkin lymphoma, 
and lymphadenopathy. Reactivation of herpesviruses such 
as CMV or EBV can occur depending on the degree of 
immunosuppression.

Treatment

The mainstay of HIV treatment is antiretroviral therapy. 
Current guidelines from the U.S. Department of Health 
and Human Services (DHHS) and the International Antivi-
ral Society–USA Panel recommend treatment in all patients 
with HIV infection, regardless of CD4 cell count. Guide-
lines for selection of medication, laboratory monitoring, 
and patient evaluation is beyond the scope of this book, but 
resources are found at the following websites: http://www 
ias-usa.org and http://www.aidsinfo.nih.gov.

• Figure 3-7 Detection of acute HIV infection in two evaluations of a new HIV diagnostic testing algorithm, 
United States, 2011-2013. (Reproduced from Centers for Disease Control and Prevention: Detection of 
acute HIV infection in two evaluations of a new HIV diagnostic testing algorithm - United States, 2011-
2013. MMWR Morb Mortal Wkly Rep 62:489, 2013.)

http://www
http://ias-usa.org
http://www.aidsinfo.nih.gov
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Human Papilloma Virus

Human papilloma virus (HPV) is a double-stranded DNA 
virus that infects squamous stratified epithelia of the body 
and can cause benign or malignant tumors. At least 184 
types have been identified to date. Certain HPV types have 
a predilection for skin or mucosa.

Clinical Manifestation, Diagnosis,  
and Treatment

Cutaneous HPV infection, or more commonly known as 
warts, is the most common manifestation. Close personal 
contact is likely the mode of transmission in cutaneous 
warts. Verrucae plana (Figure 3-8) is the type most com-
monly found in distribution of face, neck, and hands. It 
can appear as multiple, slightly elevated papules with irregu-
lar contours and smooth surfaces. The diagnosis of warts 
is essentially based on physical examination. Treatment 
includes the use of keratolytic agents (e.g., salicylic acid), 
cryotherapy, or laser surgery.

Mucosal HPV can cause oral lesions of several types. 
HPV type 6, 11, and 16 infections cause squamous papil-
loma; HPV types 2, 4, and 57 cause verrucae vulgaris; and 
HPV types 3 and 13 cause focal epithelial hyperplasia.9,10

Recurrent respiratory papillomatosis is an HPV infec-
tion of the upper aerodigestive tract, but more commonly 
has laryngeal involvement during early childhood or early 
adult life. In young children, acquisition is likely via the 
passage through an infected birth canal, because HPV types 

are similar to those of anogenital warts.11 Among adults, 
the risk of recurrent respiratory papillomatosis is associated 
with an increased number of sexual partners and oral-gen-
ital contact.

HPV virus has been strongly associated with malignancy. 
HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 
and 66 are considered high risk for oncogenesis.12 Oro-
pharyngeal cancer has been associated with HPV among 
the younger population and those with high-risk sexual 
behavior.

Coxsackie Virus

Coxsackie viruses belong to the Enterovirus genus, and 
they are further divided into Coxsackie A and Coxsackie 
B. These viruses can be transmitted easily by direct contact 
or the oral route. Infection can occur all year in temperate 
climates, but peaks during summer and fall. Coxsackie A 
virus is an important head and neck pathogen because it is 
a common cause of herpangina and hand, foot, and mouth 
disease (HFMD).

Clinical Manifestation

Herpangina (Figure 3-9) is a clinical syndrome character-
ized by fever, sore throat, painful swallowing, and a papu-
lovesicular enanthem with surrounding erythema involving 
the fauces and soft palate.2 The lesions can progress to ulcer-
ations. Enanthems persist 5 to 7 days and resolve sponta-
neously. Herpangina is commonly caused by Coxsackie A 
serotypes 1 to 10, 16, and 22, and Coxsackie B serotypes 1 
to 5.13,14

HFMD is a clinical syndrome characterized by fever, 
enanthem (mucosal membrane lesion), and exanthem. 
Exanthem appears 1 or 2 days after the enanthem. Exan-
them involving the hands, feet, buttocks, upper thighs and 
arms, or feet is characterized by nonpainful, nonpruritic and 
macular, maculopapular, or vesicular rash (Figure 3-10).15 
The enanthem has a vesiculoulcerative appearance with sur-
rounding erythema involving the tongue, palate, and buccal 

• Figure 3-8 Verruca plana on hand. (From Habif T: Clinical dermatol-
ogy: a color guide to diagnosis and therapy, ed 6 Philadelphia, 2016, 
Saunders.)

• Figure 3-9 Herpangina. (From Neville BW, Damm DD, Allen CM, et al:  
Oral and maxillofacial pathology, ed 4, St Louis, 2016, Saunders.)
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and gingival mucosa, but sparing the oropharynx (Figure 
3-11).2 Spontaneous resolution can occur within 7 to 10 
days. Several enteroviruses are associated with HFMD, but 
Coxsackie A serotype 16 has been more frequently associ-
ated with large outbreaks.16,17

Diagnosis and Treatment

The diagnosis for herpangina and HFMD is made clinically 
based on the typical appearance of the lesions. Confirmation 
by cell culture or nucleic acid amplification (e.g., PCR) may 
be warranted if diagnosis is uncertain or in patients with com-
plications that can include rhombencephalitis, acute flaccid 
paralysis, aseptic meningitis, or myocarditis.18 Samples from 
the throat, stool, or vesicular fluid of an exanthema or enan-
them are appropriate for testing. HFMD and herpangina are 
self-limiting diseases, and therapeutic options are limited to 
symptomatic relief and supportive care. Children who are 
unable to tolerate solid food and liquids by mouth because 

of painful oral lesions will require hospitalization for intra-
venous fluids to maintain hydration. Spread of infection can 
be prevented by hand hygiene. In a hospital setting, contact 
precautions in addition to standard precautions should be 
implemented for the duration of the illness.

Mumps

Mumps virus is a single-stranded RNA virus that belongs 
to the genus Paramyxovirus. Only one serotype exists, but 
there are 13 genotypes.19 Humans are the natural host of 
this virus. Mumps is highly infectious; it is transmitted by 
direct contact, respiratory droplets and fomites, and inocu-
lates through nose or mouth. Incubation period is 16 to 
18 days from exposure to onset of symptoms. An infected 
patient is typically contagious 1 to 2 days before the onset of 
symptoms, which continue for a few more days.

Clinical Manifestation

Prodromal symptoms include low-grade fever, malaise, 
anorexia, and headache. Within 48 to 72 hours, parotid 
gland enlargement and tenderness could be appreciated. 
Occasional earache can precede the parotid enlargement. 
On examination, the enlarged parotid gland obscures the 
angle of the mandible. Contralateral parotid gland enlarge-
ment occurs in 90% of patients, but this may be delayed 
by several days.19 Patients may experience trismus and diffi-
culty with mastication. The parotid gland returns to normal 
size within 7 days. Complications are rare, but meningitis, 
encephalitis, orchitis, and pancreatitis can occur.

Diagnosis and Treatment

Clinical diagnosis is made by history of exposure and physical 
findings. Diagnosis is confirmed by detection of one of the fol-
lowing: mumps-specific IgM antibodies, a fourfold rise in IgG 
mumps-specific antibody in serum or detection of mumps 
virus, or viral nucleic acid in clinical specimen (saliva, urine, 
seminal fluid, or cerebrospinal fluid).20 The disease is self-lim-
iting, and therapy is mainly symptomatic and supportive.

Mumps can be prevented by administering a vaccine, 
which is often given in combination with other vaccines, 
such as the measles-mumps-rubella (MMR) combination. 
Per the Advisory Committee on Immunization Practices 
guidelines, the first dose of the MMR vaccine is recom-
mended at 12 to 15 months old, and a second dose is given 
at 4 to 6 years old.

Fungal Infections

Mycoses represent infection by fungal organisms. With rare 
exception, mycoses are not transmissible from patient to 
patient, and contact isolation in the health care setting is 
not indicated. Mycoses are divided into yeast or yeast-like 
and molds. Table 3-1 summarizes the most common myco-
ses involving the orofacial region.

• Figure 3-10 Hand, foot, and mouth disease. Vesicles of the skin of 
the toe. (From Neville BW, Damm DD, Allen CM, et al: Oral and maxil-
lofacial pathology, ed 4, St Louis, Saunders, 2016.)

• Figure 3-11 Oral lesions in a patient with hand, foot, and mouth 
disease. (From Ferri FF: Ferri’s color atlas and text of clinical medicine, 
Philadelphia, 2009, Saunders.)
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Yeast

Candida Species

Candida organisms are yeast because they are fungi that are 
present in a unicellular form. They are small (4 to 6 μm), 
thin-walled, ovoid cells that reproduce by budding. They are 
recovered from soil, animals, the hospital environment, and 
food. They are normal commensals of humans and are com-
monly found on the skin, in the gastrointestinal and female 
genital tracts, and in the urine of patients with indwelling 
Foley catheters.

Clinical Manifestations
The most common candida involving the head and neck is 
Candida albicans. The defense mechanism of intact integu-
ment is of importance in maintaining resistance to cutane-
ous candidiasis.

Pseudomembranous Candidiasis
Oral thrush was first described at the time of Hippocrates 
and Galen. Berg in 1841 established the fungal cause of 
thrush in newborn (Figure 3-12). Candida species form 
smooth, creamy white patches on the tongue and soft or 
hard palate. The patches are a pseudomembrane consisting 

of Candida, epithelial cells, leukocytes, bacteria, and focal 
debris. The patches are removable by scraping and leaving 
a raw, bleeding, and painful surface. Patients with chronic 
mucocutaneous candidiasis commonly have a dysfunction 
of the lymphocytic system that places the patient at risk 
of Candida infection. Patients with AIDS are also highly 

  Summary of Common Fungal Infections Involving the Head and Neck

Fungal Type Infection site Diagnosis Treatment

Candida Budding 
yeast

Pseudomembranous angular cheilitis
Leukoplakia
Atrophic candidiasis

KOH, routine culture Topical, systemic azole

Histoplasma  
capsulatum

Yeast Ulcerative lesions on the tongue GMS stain on biopsy,  
histoplasma antigen

Itraconazole, IV amphotericin

Cryptococcus  
neoformans

Yeast Gingivitis
Sinusitis
Salivary gland

GMS stain on biopsy,  
culture, cryptococcal 
antigen

Fluconazole, IV amphotericin 
+/- flucytosine

Coccidioides  
immitis

Yeast Cervical lymphadenopathy
Nodular lesion of the nasolabial fold

GMS stain of tissue,  
anticoccidioidal antibodies

Self-limited, fluconazole, IV 
amphotericin

Paracoccidioides 
brasiliensis

Yeast Ulcerative/granulomatous lesions  
of the mouth, larynx, and pharynx

GMS stain of tissue Sulfonamide, IV amphotericin, 
ketoconazole, itraconazole, 
posaconazole

Penicillium  
marneffei

Yeast Ulcerative or nodular lesions on skin, 
larynx, and pharynx

Identification of organism IV amphotericin ± flucytosine

Fusarium spp. Yeast Sinusitis GMS stain of tissue,  
culture of tissue

IV amphotericin, caspofungin, 
voriconazole, posaconazole

Aspergillus spp. Mold Allergic sinusitis
Fungus ball
Mycetoma
Invasive sinusitis
Otitis
Oral

GMS stain of tissue,  
culture of tissue

Supportive, surgery, voricon-
azole, IV amphotericin, 
echinocandin

Mucor spp. Mold Rhinocerebral
Oral

GMS stain of tissue,  
culture of tissue

Surgery, IV amphotericin, 
posaconazole

GMS, Gomori methenamine silver; IV, intravenous; KOH, potassium hydroxide.

TABLE 
3-1

• Figure 3-12 Oral thrush. (From Goldman L, Schafer AI: Goldman’s 
Cecil medicine, ed 24, Philadelphia, 2012, Saunders.)
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susceptible to oral thrush because of lymphopenia and the 
role of T helper cells, which are essential for regulation of 
phagocytosis.21 Other risk factors are diabetes, steroid use, 
antibiotic use, neutropenia, and other immunosuppressive 
conditions.

Other oral manifestations of Candida infection are the 
following:
 •  Angular cheilitis, which represents a nonspecific inflam-

matory reaction to the corners of the mouth because of 
candida (Figure 3-13).

 •  Candida leukoplakia, which consists of a raised firm 
white plaque of the oral mucosa that cannot be removed 
by scraping, is usually found on the side of the tongue, 
and can affect the cheeks (Figure 3-14).

 •  Acute atrophic candidiasis, chronic atrophic candidiasis, or 
“denture sore mouth,” which is described as erythematous 
tongue, or thinning of the mucous membrane.

Diagnosis
The yeast form, pseudohyphae, and hyphae stain positive 
with a Gram stain. Identification is also facilitated by 10% 
potassium hydroxide. Candida grows well in routine blood 
culture bottles and on agar plates, and they do not require 
special fungal media for cultivation (Figure 3-15).

Treatment
The treatment of oral candidiasis includes topical agents, 
such as mycostatin or clotrimazole, or systemic azole agents, 
such as fluconazole, ketoconazole, or itraconazole. If there is 
no response to treatment in an immunocompromised host, 
the possibility of Candida glabrata infection should be con-
sidered because it may not be susceptible to fluconazole.

Histoplasma capsulatum

Histoplasma capsulatum is a dimorphic fungus, first identi-
fied by Darling in 1905 in Panama.22 It exists as a mold in 
soil and as a yeast in humans (Figure 3-16). It causes infec-
tions commonly in the Midwestern and Southeastern United 
States, specifically from the Ohio and Mississippi rivers into 
the Canadian provinces of Québec and Ontario. Histoplas-
mosis is acquired by inhalation of mycelial fragments and 
microconidia from the soil. It remains a frequent cause of 
opportunistic infection in immunocompromised hosts.

Clinical Manifestations
Most oral lesions are ulcerative (Figure 3-17) or nodular and 
can involve the skin, tongue, palate, or buccal mucosa. They 
can mimic squamous oral cancer.

Diagnosis
The diagnosis of histoplasmosis requires isolation of the 
organism from body fluid or tissue. The antigen detec-
tion and PCR analysis assay, which detects polysaccha-
ride antigen in the serum or the urine by enzyme-linked 
immunosorbent assay, are the mainstays of the diagnosis of 
histoplasmosis.

• Figure 3-13 Angular cheilitis. (From Neville BW, Damm DD, Allen CM,  
et al: Oral and maxillofacial pathology, ed 4, St Louis, 2016, Saun-
ders.)

• Figure 3-14 Candidal leukoplakia. (From Ibsen O, Phelan J: Oral 
pathology for the dental hygienist, ed 6, St Louis, 2014, Saunders.)

• Figure 3-15 Candida in yeast form and pseudohyphae. (From Zitelli 
BJ, McIntire SC, Nowalk AJ: Zitelli and Davis’ atlas of pediatric physical 
diagnosis, ed 6, Philadelphia, 2012, Saunders.)
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Histopathologic analysis shows macrophages with bud-
ding yeast organisms. Special stains include periodic acid–
Schiff stain, Gomori methenamine silver (GMS) stain, or 
Grocott silver stain.

Treatment
Oral itraconazole and intravenous amphotericin B are treat-
ment options.

Cryptococcus neoformans

Cryptococcus comprises 19 species. Cryptococcus neoformans 
is an encapsulated oval yeast (4 to 6 μm) surrounded by 
a capsule that can measure up to 30 μm. It is a common 
opportunistic pathogen worldwide in the immunosup-
pressed host. C. neoformans serotype A is the most common 
serotype infecting patients with AIDS. It is mainly found in 
the southwest United States and Central and South Amer-
ica. The mode of transmission is from inhalation of the yeast 
from the environment, mainly from soil contaminated by 
guano from birds; it is also associated with trees and rotting 
wood.

Clinical Manifestations
Cryptococcus species can rarely cause gingivitis, sinusitis, and 
salivary gland enlargement. The oral lesions are craterlike, 
nonhealing ulcers that are tender to palpation or are friable 
plaques.

Diagnosis
Characteristic of C. neoformans is the presence of the spheri-
cal budding yeast and the organism capsule on India ink 
stain (Figure 3-18). C. neoformans grows on laboratory agar 
media in 48 to 72 hours. Cryptococcal antigen in the serum 
is elevated in cases of disseminated infection.

• Figure 3-16 Biology of histoplasmosis. (From Centers for Disease Control and Prevention, Atlanta, Ga.)

• Figure 3-17 Oral lesions of histoplasmosis. (From Regezi JA,  
Sciubba JJ, Jordan RCK: Oral pathology: clinical pathologic correla-
tions, ed 6, St Louis, 2012, Saunders.)
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Treatment
The treatment of localized disease can be established with 
fluconazole. Disseminated disease should be treated with 
amphotericin B with or without flucytosine.

Coccidioides immitis

Coccidioides species is endemic to the soils of certain regions 
of the western United States. Coccidioides immitis is a dimor-
phic fungus that appears as either a mycelium or a spher-
ule.23 Both forms of growth are asexual. Infection occurs 
after inhalation of arthroconidia (Figure 3-19).

Clinical Manifestations

Extrapulmonary dissemination occurs in immunocompro-
mised patients by hematogenous spread, and can result in 
cervical lymphadenopathy or ulcerative nodular skin lesions 
of the face with predilection to the nasolabial fold.24

Diagnosis

Identifying spherules in clinical specimen (Figure 
3-20), detecting serum-specific anticoccidioidal anti-
bodies, or dermal delayed-type hypersensitivity to coc-
cidioidal antigens by skin testing make the diagnosis of 
coccidioidomycosis.

Treatment

The disease is usually self-limited. Treatment option includes 
fluconazole or amphotericin B.

Paracoccidioides brasiliensis

Paracoccidioidomycosis is the most important endemic fun-
gal disease; it is reported only in Latin America from Mexico 
to Argentina. Brazil constitutes the center of the endemic 
area. Paracoccidioides brasiliensis is a thermally dimorphic 
fungus. It appears as an oval-to-round yeast with a size of 
4 to 40 μm, and surrounded by a translucent double-con-
toured cell wall. It resembles a mariner’s wheel.

Clinical Manifestations

Paracoccidioidomycosis is a polymorphic, progressive dis-
ease. Extrapulmonary manifestations involve the skin, 
mucosa, and lymph nodes (mainly cervical nodes). Painful, 
mulberry-like ulcerations and granulomatous lesions with 
raised border are seen in the mouth, lips, gingiva, tongue, 
and palate. On occasion, lesions can be seen in the nose 
(Figure 3-21), larynx, and pharynx.25,26

Diagnosis

Direct microscopy of specimen can identify the fungus on a 
wet mount. GMS stain is used to identify fungus on a tissue 

• Figure 3-18 India ink demonstrating Cryptococcus neoformans. 
(From Murray P: Medical microbiology, ed 5, Philadelphia, 2005, 
Mosby.)

• Figure 3-19 Skin lesions of coccidiomycosis. (From Fitzpatrick JE: 
Dermatology secrets plus, ed 4, Philadelphia, 2011, Mosby. Courtesy 
James E. Fitzpatrick.)

• Figure 3-20 Spherules with thick capsule and filled with endospores 
of Coccidioides spp. by hematoxylin-eosin stain seen in tissue. (From 
Kradin RL: Diagnostic pathology of infectious disease, Philadelphia, 
2010, Saunders.)
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biopsy specimen (Figure 3-22). PCR can also be used on 
both exudate and tissue. Serology detection is helpful for 
diagnosis and follow-up. Skin testing has not been clinically 
reliable for diagnosis.

Treatment

Treatment with sulfonamides, amphotericin B, or both is 
not always successful. Ketoconazole shows some treatment 
success. Other options include itraconazole or posaconazole.

Penicillium marneffei

Penicillium marneffei is a thermally dimorphic fungus that 
causes life-threatening disseminated infection. The rapid 
expansion of the AIDS epidemic in Thailand has led to a 
marked increase in the rate of penicilliosis, but the disease has 
been described in both HIV-infected and uninfected individ-
uals. The mode of transmission is inhalation of the conidia.

Clinical Manifestations

Skin lesions, such as papules, pustules, nodules, ulcers, or 
abscess, can occur on the face (Figure 3-23). In patients with 
AIDS, lesions can also be seen on the palate and pharynx. 
It can be associated with purulent discharge, granuloma, or 
necrosis.

Diagnosis

Clinical suspicion is raised based on presentation and epi-
demiologic exposure. The diagnosis is based on identifica-
tion of the organism on smear, histopathology, or culture of 
tissue (Figure 3-24). Microscopic examination reveals yeast 
forms measuring 2 to 3 × 2 to 6 μm, both within phagocyte 

• Figure 3-21 Paracoccidioidomycosis involving the nose. (From 
Marques SA: Paracoccidioidomycosis. Clin Dermatol 30(6): 610-615, 
2012.)

• Figure 3-22 Paracoccidioides seen in tissue by Gomori methena-
mine silver stain. (From Kradin RL: Diagnostic pathology of infectious 
disease, Philadelphia, 2010, Saunders.)

• Figure 3-23 Skin lesions on the face caused by Penicillium marnef-
fei. (From Guerrant RL, Walker DH, Weller PF: Tropical infectious dis-
eases, ed 3, Edinburgh, 2011, Saunders.)

• Figure 3-24 Penicillium marneffei in yeast form by Gomori methena-
mine silver stain. (From Tille P: Bailey and Scott’s diagnostic microbiol-
ogy, ed 13, St Louis, 2014, Mosby.)
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and extracellular. The extracellular forms may appear in a 
“sausage form” consisting of three cells divided by two trans-
verse septa.

Treatment

The recommended treatment is intravenous amphotericin 
B, with or without flucytosine, followed by itraconazole.27

Fusarium Species

Fusarium species is common in soil. Disease in humans is 
rare. The modes of entry are inhalation, ingestion, or follow-
ing a traumatic inoculation of the organism. Fusariosis has 
been increasingly described in the bone marrow transplant 
patients or prolonged neutropenia, and it is associated with 
a high mortality rate. Sinusitis can precede dissemination.28

Diagnosis

The diagnosis is made by identification of the organism in 
the blood or tissue culture growth. Histopathologic analysis 
shows septated hyphae of Fusarium species on GMS stain or 
periodic acid–Schiff stains (Figure 3-25).

Treatment

Treatment can be established with amphotericin B, caspo-
fungin, voriconazole, or posaconazole.

Other Yeasts

Orofacial infections caused by Pneumocystis jiroveci, Spo-
rothrix schenckii, fungi causing chromoblastomycosis, and 
Blastomyces dermatitidis are uncommon and will not be dis-
cussed in this chapter.

Molds

Human exposure to fungal elements is inevitable, with nor-
mal respiration routinely depositing fungal hyphae within 
the nose and paranasal sinuses. Fungal species can cause 
sinonasal disease, with clinical outcomes ranging from mild 
symptoms to intracranial invasion and death. There has 
been much debate regarding the precise role of fungal spe-
cies in sinonasal disease and optimal treatment strategies.29

Noninvasive disease includes asymptomatic fungal colo-
nization, fungus balls, and allergic fungal rhinosinusitis. 
Invasive disease includes indolent chronic rhinosinusitis, 
granulomatous fungal sinusitis, and acute fulminant fungal 
rhinosinusitis.30 A differentiation of these somewhat over-
lapping syndromes and the disparate treatment regimens 
required for effective management are the focus of this review.

Aspergillus Species

The genus Aspergillus was first recognized in 1729 by 
Micheli, who associated the shape of the sporulating head 
of the mold with an aspergillum used to sprinkle holy water. 
Aspergillus species are widespread in nature and ubiquitous, 
found in soil, in decaying vegetation, in the air, and in the 
water supply. There are more than 180 Aspergillus species, 
most of which reproduce asexually. The most common spe-
cies causing invasive disease is Aspergillus fumigatus (66%). 
Aspergillus flavus (14%), Aspergillus terreus (5%), and Asper-
gillus niger (5%) are less common.31 The usual route of 
infection for invasive aspergillosis is inhalation of Aspergillus 
conidia. On occasion, infection follows local tissue invasion 
after surgery or contaminated devices.32

Clinical Manifestations

The variety of clinical syndromes associated with aspergillo-
sis range from colonization, to allergic response to the fun-
gus, to invasive disease.

Aspergillus species can be a colonizer of the sinuses and 
the ear canal. Aspergillus species occasionally cause allergic 
fungal sinusitis in patients with chronic allergic sinusitis and 
nasal polyps. In all mycetoma cases, the active agent was an 
Aspergillus organism.33

Aspergillus species can also be accompanied by fungus ball 
of the sinuses without tissue invasion. Maxillary sinuses are 
the most commonly involved in sinus aspergilloma because 
of A. fumigatus or A. flavus.34

Otomycosis is a condition of otitis externa with evi-
dence of mold growth clinically. It is usually caused by A. 
niger forming a black tuft or A. fumigatus with a greenish 
mold.35

Prolonged and profound neutropenia, solid organ or 
bone marrow transplant, and steroid and TNF-α medica-
tions increase the risk for invasive aspergillosis.36 It com-
monly manifests as acute invasive rhinosinusitis. The 
presence of epistaxis and an ulcer or eschar should be the 
clue to invasive fungal disease. The infection can spread 

• Figure 3-25 Fusarium species shown by Gomori methenamine sil-
ver stain. (From Kradin RL: Diagnostic pathology of infectious disease, 
Philadelphia, 2010, Saunders. Courtesy Mirian Sotto, Department 
of Dermatology, Hospital das Clinicas, University of São Paulo, São 
Paulo, Brazil.)
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to the paranasal sinuses, palate, orbit, or brain with a high 
mortality rate.

Other presentations can manifest as an oral aspergillo-
sis after an endodontic procedure, especially in the maxil-
lary segment. It presents as swelling, pain, and violaceous 
discoloration of the oral mucosa that can progress to a 
necrotic ulcer.

Diagnosis

Aspergillus species are easily cultured. A distinguishing char-
acteristic is their ability to grow at 37° C. Most strains of A. 
fumigatus grow at a temperature of 45° C and above, which 
can be used to identify the species.

A. fumigatus hyphae are hyaline, septated, and usually 
branched at an acute angle. The conidial head (Figure 3-26) 
is columnar with conidiophores that are smooth-walled and 
uncolored, or darkened in the upper portion near the ves-
icle. Conidia can appear smooth to rough, measuring 2 to 
3.5 μm in diameter.

Computed tomographic (CT) scanning of the sinuses 
can be used to confirm fungus ball (Figure 3-27). CT scan-
ning is also helpful in determining the extent of the infec-
tion in invasive disease. The identification of Aspergillus 
species in tissue pathology and not just culture is needed to 
confirm the diagnosis.

Treatment

The treatment consists of voriconazole or amphotericin B. 
Surgical debridement might be required.

Mucormycosis

Mucormycoses are a group of invasive infections caused by 
filamentous fungi of the Mucoraceae family, first described 

by Paltauf in 1885. The Mucorales order is a subset of the 
Zygomycetes (formerly Phycomycetes) class and contains 
the order Mucorales, the family Mucoraceae, and the genera 
Absidia, Mucor, and Rhizopus.37

Clinical Manifestations

Mucormycosis refers to several different diseases caused 
by infection with fungi in the order of Mucorales. Rhi-
zopus species are the most common causative organisms 
(Figure 3-28). In descending order, the other genera 
with mucormycosis-causing species include Mucor, Cun-
ninghamella, Apophysomyces, Absidia, Saksenaea, and 
Rhizomucor.38,39

Mucormycosis is a rare fungal infection that affects 
immunocompromised patients, and the rhinoorbitocerebral 
presentation is the most common clinical form of the dis-
ease, often associated with diabetes mellitus.

Various forms of the disease have been described, with 
the rhinocerebral manifestation being considered the most 
common in large case series. The rhinocerebral form of 
the disease can present in two distinct patterns: a rapidly 
progressive form with a high mortality rate40,41 or the rarer 
slowly progressive chronic form of the disease.

Acute rhinocerebral mucormycosis (ARM) is a well-
described fungal infection that typically develops in a 
rapidly fulminant manner with fever, headache, lethargy, 
mucosal necrosis, and ophthalmologic findings such as pro-
ptosis, ptosis, ophthalmoplegia, and visual changes (Figure 
3-29). Cranial nerve involvement is often present. Maxil-
lary sinusitis and oral involvement have been described. 
Oral lesions are ulcerative with a black necrotic surface. 

• Figure 3-26 Conidial head of Aspergillus fumigatus by Gomori 
methenamine silver stain. (From Murray PR: Medical microbiology,  
ed 7, Philadelphia, Saunders, 2013.)

• Figure 3-27 Fungus ball on computed tomographic scan of the 
sinuses. (From Flint PW, Haughey BH, Robbins KT, et al: Cummings 
otolaryngology: head and neck surgery, ed 6, Philadelphia, 2015, 
Saunders.)
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Massive tissue destruction can occur if there is a delay in 
treatment.

ARM usually develops in critically ill patients with dia-
betic ketoacidosis or immunodeficiency. The incidence of 
ARM has risen in the past several decades, possibly because 
of the increased use of steroids, cytotoxic drugs, and other 
immunosuppressive medical therapies (e.g., bone marrow 
transplant), or simply because of increased recognition 

of the disease. The prognosis of the disease has not been 
thoroughly evaluated in the relevant literature, overshad-
owed by the more aggressive acute form of the disease. 
The largest series available report an overall survival rate 
of 83%.42,43

Diagnosis

Chronic rhinocerebral mucormycosis is a rare representa-
tion of the mucormycoses group of infections. The disease 
can present with atypical symptoms, and the clinician can 
be further misled by coexisting infections. Correct diagnosis 
requires a high degree of clinical suspicion, and the presence 
of predisposing factors should motivate the clinician toward 
the possibility of this disease. Histopathologic finding of 
broad nonseptate hyphae confirms the clinical diagnosis 
(Figure 3-30).44

Treatment

Appropriate treatment should be started promptly, and 
underlying conditions should be controlled for a better 
outcome. The treatment is complex, and it involves surgical 
debridement and systemic intravenous amphotericin B fol-
lowed by posaconazole.42

Parasitic Infections

Myiasis

Myiasis is an infestation by the larvae of dipterous flies. 
Myiasis is induced by flies of the superfamily Oestridae. 
The most common species of botflies are Dermatobia hom-
inis and the New World screw-worm Cochliomyia hom-
inivorax. The disease most commonly occurs in tropical 
areas like Mexico, South America, Central America, and 
the Caribbean.

Eggs are laid in the soil or on sand floors. When the larvae 
hatch at night, they seek a blood meal from sleeping human 

• Figure 3-28 Rhizopus species sporangiospores. (From Jennessen J,  
Schnürer J, Olsson J, et al: Morphological characteristics of sporangio-
spores of the tempe fungus Rhizopus oligosporus differentiate it from 
other taxa of the R. microsporus group, Mycol Res 112(Pt 5):547-563, 
2008.)

• Figure 3-29 Fungal sinusitis caused by Mucor species. (From 
Requena L, Sitthinamsuwan P, Santonia C, et  al: Cutaneous and 
mucosal mucormycosis mimicking pancreatic panniculitis and gouty 
panniculitis, J Am Acad Dermatol 66:975-984, 2011.)

• Figure 3-30 Broad, nonseptate hyphae seen on tissue is charac-
teristic of Mucor species. (From Klatt EC: Robbins and Cotran atlas of 
pathology, ed 3, Philadelphia, 2015, Saunders.)



53CHAPTER 3 Nonbacterial Microbiology of the Head, Neck, and Orofacial Region

hosts (Figure 3-31).45 The bite may be slightly painful and 
can cause local edema. Cutaneous myiasis is the most com-
mon, but nasopharyngeal myiasis has been reported and 
describes infestation of the nose, mouth, sinuses, and ear 
(Figure 3-32). The treatment consists of removal of the lar-
vae manually or surgically.

Encephalitozoon hellem

Encephalitozoon hellem is a microsporidia and intracellular 
parasite mainly in mammals and birds. It has been associ-
ated with sinusitis and disseminated disease, specifically in 
an immunocompromised host and in patients with AIDS.

Clinical Manifestations
E. hellem can cause rhinitis, sinusitis, and nasal polyposis. 
Encephalitozoon cuniculi has been associated with tongue 
ulcers and sinusitis.

Diagnosis
Visualization of the organism is accomplished using Chro-
motrope 2R, Giemsa, Brow-Hopps Gram stain, acid-fast 
staining, in aspirate, epithelial cells on tissue biopsy.

Treatment
Albendazole can be effective. Fumagillin has activity against 
microsporidia and can be a treatment option.

Trypanosoma cruzi

Trypanosoma cruzi is a protozoan flagellate that causes the 
American trypanosomiasis or Chagas disease. It is trans-
mitted by various species of bloodsucking insects or kiss-
ing bugs.46 T. cruzi are found in the southern Americas 
from the southern half of the United States to Argentina  
(Figure 3-33).

Illness occurs 1 week after the invasion by the organism 
through the skin. An indurated lesion of the skin (called a 
chagoma) occurs with erythema and swelling. It is accompa-
nied by local lymph node involvement. Both hypersaliva-
tion and salivary gland hypertrophy have been described.

Diagnosis
The diagnosis of acute infection is made by history of expo-
sure (travel or living in endemic area, prior blood transfu-
sion or perinatal acquisition) and detection of the parasites 
on Giemsa-stained smear of blood, aspirate, or tissue. The 
diagnosis of chronic infection is made by detection of anti-
body to the parasite by serology. Enzyme-linked immuno-
sorbent assay and immunofluorescent antibody test are the 
two most commonly used techniques.

Treatment
Treatment is recommended by the CDC for people with 
acute infection, congenital infection, immunosuppressed 
hosts, children (up to age 18) with chronic infection, and 

• Figure 3-31 Biology of myiasis. (Courtesy Centers for Disease Control and Prevention, Atlanta, Ga.)

• Figure 3-32 Myiasis involving the oral cavity. (From Gealh WC, 
Ferreira GM, Farah GJ, et  al: Treatment of oral myiasis caused by 
Cochliomyia hominivorax: two cases treated with ivermectin, Br J Oral 
Maxillofac Surg 47:23-26, 2009.)
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adults up to 50 years old who do not have Chagas cardio-
myopathy. Available therapy includes nifurtimox and ben-
znidazole, which are both not approved by the U.S. Food 
and Drug Administration and can be obtained only from 
the CDC under investigational protocols.

Toxoplasmosis

Toxoplasmosis is caused by an intracellular protozoan para-
site, Toxoplasma gondii, which infects most warm-blooded 
animals, including humans. It is estimated that 22.5% of 
the U.S. population 12 years and older are infected with T. 
gondii. Humans can become infected by ingestion of under-
cooked or contaminated meat that harbors tissue cysts, 
consumption of food or water contaminated with cat feces, 
mother to child (congenital), and rarely by organ transplant 
or blood transfusion. Domestic cats belonging to the family 
Felidae are considered definitive hosts for toxoplasma. The 
life cycle of toxoplasma is illustrated in Figure 3-34.47

Acute infection in 80 to 90% of immunocompetent indi-
viduals is usually asymptomatic.48 When symptomatic, the 
most common manifestation is bilateral, symmetrical, non-
tender, and nonfluctuant cervical lymphadenopathy, but 
some individuals can develop generalized lymphadenopa-
thy. Fever, chills, sweats, myalgias, pharyngitis, and diffuse 
maculopapular rash may be present. The course of infection 
is often self-limited and generally does not require treatment 
unless symptoms are severe. The diagnosis can be made by 
direct detection of the parasite or serologic testing.49 The 
demonstration of positive IgM and negative IgG during 
acute infection and both positive IgM and IgG 2 weeks 
later makes diagnosis more likely. IgG antibody avidity 
testing can help to determine whether infection is acute or 

chronic.50 IgG antibody early during infection binds to anti-
gen less avidly compared with antibodies of prior infection.

Chorioretinitis can occur congenitally or postnatally 
(Figure 3-35). Symptoms include eye pain, photophobia, 
tearing, and blurred vision. Characteristic eye lesions, clini-
cal symptoms, and serologic testing can make the diagnosis.

Treatment is given for 2 to 4 weeks. First-line regimens 
include pyrimethamine plus sulfadiazine and pyrimeth-
amine plus clindamycin. Leucovorin (folinic acid) should 
be given when taking pyrimethamine. For chorioretinitis, 
an ophthalmologist should be involved with the treatment. 
Treatment duration is 4 to 6 weeks or longer depending on 
the patient’s response.

Leishmaniasis

Leishmaniasis is a tropical disease caused by a heterogeneous 
group of protozoa belonging to the genus Leishmania is 
transmitted via sand fly vector and is found in every con-
tinent except for Australia and Antarctica. The life cycle of 
Leishmania species is illustrated in Figure 3-36.51

Clinical Manifestations
In the Old World (Eastern Hemisphere), leishmaniasis is 
found in parts of Asia, the Middle East, Africa, and south-
ern Europe. In the New World (Western Hemisphere), it 
is found in parts of Mexico, Central America, and South 
America except Chile and Uruguay. It can manifest as an 
asymptomatic infection or have cutaneous, mucocutaneous, 
or visceral involvement depending on the species involved. 
Discussion in this chapter will be limited to cutaneous man-
ifestation in immunocompetent hosts and its complications 
relevant to head and neck infection.

• Figure 3-33 Life cycle of Trypanosoma cruzi. (Courtesy Centers for Disease Control and Prevention, 
Atlanta, Ga.)
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Cutaneous leishmaniasis can have a range of clinical 
manifestations depending on the parasite virulence and host 
immune response. Manifestations include localized cutane-
ous leishmaniasis, diffuse cutaneous leishmaniasis, or muco-
sal leishmaniasis.

Localized cutaneous leishmaniasis occurs on exposed 
areas of the skin, including the face. It begins as a pink-
colored papule that enlarges into a nodule or plaque-like 
lesion and progresses to a painless ulcer with an indurated 
border. Manifestations can differ depending on the species, 
as listed in Table 3-2.

Diffuse cutaneous leishmaniasis caused by Leishmania 
(L.) aethiopica, Leishmania (L.) mexicana, and Leishmania 
(L.) amazonensis is uncommon. This infection occurs mainly 
in individuals with cell-mediated immune deficiency (e.g., 
AIDS). The disease begins as a nonulcerating localized lesion 
(nodule or plaque) and then disseminates into other skin areas.

Mucosal leishmaniasis is caused primarily by the Vian-
nia subgenus including Leishmania (Viannia) braziliensis, 
Leishmania (Viannia) Guyanensis, and Leishmania (Viannia) 
panamensis. Mucosal involvement occurs from hematoge-
nous or lymphatic spread from cutaneous lesions and can 
manifest any time from a few months to decades after infec-
tion.56 Mucosal destruction and erosion usually involve the 
nose, mouth, or nasal septum. Cheek, palate, pharynx, epi-
glottis, larynx, and trachea can also be affected. Facial or 
upper airway destruction can lead to aspiration, respiratory 
compromise, even death. Vocal cord and pharyngeal exami-
nation is required if the patient is infected with New World 
cutaneous leishmaniasis or if symptoms suggestive of nasal, 
oral, or hypopharyngeal involvement are present.

Diagnosis
The diagnosis of cutaneous leishmaniasis should be con-
sidered in any patient with skin lesions who has had expo-
sure to an endemic area. The definitive diagnosis involves 
visualization of parasite in the specimen, positive culture, 
or molecular analysis by PCR. A reference laboratory, such 
as the CDC, should be contacted to obtain appropriate 
instructions before biopsy and handling of a specimen.

• Figure 3-34 Life cycle of Toxoplasmosis species. (From Centers for Disease Control and Prevention, 
Atlanta, Ga.)

• Figure 3-35 Toxoplasmic chorioretinitis. (From Swartz MH: Text-
book of physical diagnosis, ed 7, Philadelphia, 2014, Saunders.)
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Treatment
The treatment of cutaneous leishmaniasis requires expert 
consultation with an infectious disease specialist. Treat-
ment should be individualized because certain regimens 
can only be effective against certain Leishmania species. 
Typical agents that have been used in the United States 
for treatment include pentavalent antimonial compound, 
liposomal amphotericin, and miltefosine.53 Amphotericin 
B deoxycholate, pentamidine, and azoles (ketoconazole, 
itraconazole, fluconazole) have been used in select cases of 
leishmaniasis (Figures 3-37 and 3-38).

Echinococcus granulosus

Echinococcus granulosus is a tapeworm (Figure 3-39) that is 
endemic in Mediterranean countries, South America, Aus-
tralia, New Zealand, and East Africa. Infections in humans 

• Figure 3-36 Life cycle of Leishmania species. (Courtesy Centers for Disease Control and Prevention, Atlanta, Ga.)

  Summary of Leishmania Species with 
Localized Cutaneous Leishmaniasis

Subgenus Complex Cutaneous manifestation

Old World (Eastern Hemisphere)
Leishmania 

spp.
L.L. major
(moist or rural 

oriental sore)

Multiple lesions
Has thick crust
Size can expand to ≥ 6 cm in 

diameter
Resolve within 2-4 months52

L.L. tropica
(dry or urban 

oriental sore)

Few lesions typically 1-2 cm, 
but facial lesions can be 
larger

Dry and crusted
May persist from 6-15 months53

L.L. aethiopica Solitary lesion with or without 
satellite papules

May involve mucocutaneous 
margins excluding oral or 
nasal mucosa

L.L. infantum-
chagasi

Slow growing nodules
May or may not have visceral 

involvement

New World
Leishmania 

spp.
L.L. mexicana
(Chiclero ulcer)

Chronic small ulcers
Limited to one or few lesions
Spontaneously heal ∼14 

weeks54

Viannia spp. L.V. braziliensis Multiple ulcers or nodules
Lymphocutaneous involvement
Fever, malaise, or lymphade-

nopathy may be present 
prior to skin lesion55

Can last 6-12 months
May be associated with 

mucosal leishmaniasis

TABLE 
3-2

• Figure 3-37 Mucosal leishmaniasis affecting the nares. (From Virgilio 
GR, Hale BR: A case of mucocutaneous leishmaniasis, Otolaryngol 
Head Neck Surg 132:800-801, 2005.)
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occur after direct contact with infected dogs or ingestion of 
food contaminated by stool containing ova. The life cycle is 
illustrated in Figure 3-40.57

Hydatid cyst in the neck region has been reported but 
is rare.58 Cysts are typically slow growing, fluctuant, and 
painless masses. The diagnosis of hydatid cyst depends on 
history of exposure, clinical presentation, laboratory evalu-
ation, and radiographic findings. The value of serologic 
testing is controversial because of false-positive and false-
negative results. Ultrasonography is considered the most 
sensitive radiographic modality in detecting membrane, 
septa, and hydatid sand within the cyst. Other modalities 
also include CT and magnetic resonance imaging. Evalu-
ation for extracervical involvement should also be consid-
ered. Fine-needle aspiration should be considered carefully 
because of the risk of spillage of cyst content, which could 
cause an anaphylactic reaction and disseminated disease. 
Treatment of hydatid cyst involves surgical removal with 
the goal of total removal of cyst with avoidance of content 
spillage. More recently, puncture, aspiration, injection of 
protoscolicidal agent (95% ethanol or hypertonic saline), 
and reaspiration have been used more increasingly as the 
preferred treatment.59 Medical management with albenda-
zole should only be offered in select cases when surgery is 
not an option. Treatment duration is uncertain.

• Figure 3-38 Mucosal leishmaniasis involving the palate. (From  
Virgilio GR, Hale BR: A case of mucocutaneous leishmaniasis,  
Otolaryngol Head Neck Surg 132:800-801, 2005.)

• Figure 3-39 Echinococcus granulosus. (Courtesy Centers for Dis-
ease Control and Prevention, Atlanta, Ga.)

• Figure 3-40 Life cycle of Echinococcus species. (Courtesy Centers for Disease Control and Prevention, 
Atlanta, Ga.)
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4
Anatomy Relevant to Head, Neck,  
and Orofacial Infections
STEVAN H. THOMPSON AND ALISON Y. YEUNG

The anatomy of the head and neck is complex because it is 
composed of varied tissues and anatomic structures, as well 
as being contained in a compact space. This chapter is a 
succinct overview to be used in concert with the remaining 
chapters of this text to assist in the visualization of impor-
tant aspects related to clinical assessment and surgical inter-
ventions concerning head, neck, and orofacial infections. 
In the 1930s, Grodinsky and Holyoke described the fascial 
layers and the concepts related to the spread of infection 
through contiguous potential anatomic spaces. Knowledge 
of these compartments and interfascial spaces is fundamen-
tal to understanding the spread of head and neck space 
infections. Because of the compactness of the anatomic 
structures, once an infection violates its initial immunologic 
barriers, the potential to involve a much larger number of 
important anatomic structures becomes imminent in the 
clinical timeline.

A thorough knowledge of the anatomy and the most 
common scenarios related to the varied infections that can 
occur allow the clinician to treat a patient more effectively. 
This knowledge, harnessed together with the patient’s clini-
cal information and contemporary imaging modalities, has 
the ability to more clearly define the anatomic extent of a 
patient’s pathology.

Epithelial Surfaces

Scalp

The scalp is composed of five layers consisting of the over-
lying skin, dense connective tissue, the fibrous sheet of 
aponeurosis epicranialis (galea aponeurotica), the subapo-
neurotic space, and the pericranium.

There are anatomic boundaries that affect the spread of 
infection in the scalp, because of various muscle attach-
ments to the cranial bones. The occipitofrontalis muscle 
attaches to the occiput and mastoid part of the temporal 
bone, the epicranial aponeurosis, and the temporal fascia 

attachment to the zygomatic arch. These attachments limit 
potential posterior and lateral spread of infections from the 
scalp. However, the frontalis muscle attaches to the skin and 
subcutaneous tissue anteriorly, and not the frontal bone or 
nasal root. As a result, there is no muscle attachment limit-
ing the anterior spread of infection.

The subaponeurotic space is considered the “danger 
space” because it is composed of loose connective tissue and 
the emissary veins (Figure 4-1). Localized infection within 
this layer can spread through the calvaria via the emissary 
veins to the intracranial dural venous sinuses. These emissary 
veins provide a connection to intracranial structures, such as 
the superior sagittal sinus, sigmoid sinus, and suboccipital 
venous plexus. Involvement of these vascular structures can 
result in severe systemic disease or neurologic dysfunction.

Skin

The skin is composed of the epidermis, the dermis, and the 
hypodermis (Figure 4-2). The dermis contains adnexal skin 
structures, such as hair follicles and sebaceous glands, which 
can succumb to infections that can spread to the adjacent 
structures. Subcutaneous nerves, vessels, and lymphat-
ics travel in the hypodermis, which is a fatty layer of loose 
connective tissue. In the head and neck, the hypodermis 
can contain muscle, such as the platysma. The platysma is 
a remnant of more extensive mammalian skin-associated 
musculature. A deep subdermal plexus of vessels exists in 
the hypodermis. Infections can involve the epidermis, der-
mis, or hypodermal tissues; however, rapid spread occurs 
most readily within the loose connective tissue layer that 
composes the hypodermis.

Internal Lining Mucosa

The internal lining mucosa is composed of an epithelial 
layer that is keratinized or nonkeratinized (Figure 4-3). 
In some areas, the lining epithelial layer may consist of 
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• Figure 4-1 Depiction of the scalp, skull, and an emissary vein. (From FitzGerald MJT, Gruener G, Mtui E:  
Clinical neuroanatomy and neuroscience, ed 6, Edinburgh, 2012, Saunders.)
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specialized structures such as olfactory, respiratory, or taste 
(Figure 4-4).

The underlying layer is composed of the lamina propria. 
Specialized tissues such as minor salivary glands, mucous 
glands, or taste buds may be present in this layer (Figure 
4-5). Infections can involve the surface epithelial or lam-
ina propria layers of the lining mucosa. Differing patholo-
gies can cause distinct tissue changes with specific clinical 
appearances, and have differing propensities to affect the 
deeper contiguous structures.

Spatial Boundaries and Fascial  
and Clinical Anatomic Considerations

Fascial Layers, Boundaries, and Anatomic 
Compartments and Spaces

Fascia is an enveloping sheet of dense fibrous connective tissue 
beneath the skin (Figures 4-6 and 4-7). Separate layers invest 
deeper muscle tissue. The superficial fascia is a loose connec-
tive tissue layer immediately deep to the skin. It contains 

fat, blood vessels, lymphatics, glands, and nerves. The deep 
fascia, also known as the investing fascia, envelops muscles 
and serves to support the tissues like an elastic sheath. It can 
provide fibrous sheaths for tendons, muscle origins and inser-
tions, and the formation of retinacula (Figure 4-8).

The superficial cervical fascia is contiguous with the 
superficial musculoaponeurotic system and the temporopa-
rietal fascia. It invests the platysma, cutaneous nerves, ves-
sels, and fat.

The deep cervical fascia (DCF; Box 4-1) is composed of 
three layers: superficial, middle, and deep (Figure 4-9).

The superficial (investing) layer of the DCF envelops 
the trapezius muscle, sternocleidomastoid muscle, subman-
dibular gland, and parotid gland. Superiorly, this layer is 
contiguous with the deep temporal fascia and parotideo-
masseteric fascia. The temporal space is between the tem-
poralis fascia and the temporal bone periosteum. It contains 
the internal maxillary artery and mandibular nerve. The 
temporalis muscle divides the temporal space into super-
ficial and deep compartments. A suprasternal split allows 
encasement of the anterior and posterior borders of the 
manubrium, and the inferior suprasternal space of Burns. 
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• Figure 4-2 A and B, Microscopic anatomy of the skin. (From Patton KT, Thibodeau GA: Anatomy and 
physiology, ed 8, St Louis, 2013, Mosby.)
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• Figure 4-3 Microscopic anatomy of the oral mucosa. (From Nanci 
A: Ten Cate’s oral histology, ed 8, St Louis, 2013, Mosby.)

Ln

• Figure 4-4 Histology showing normal ciliated respiratory mucosa. 
Ln, Lymph node. (From Gartner LP: Color textbook of histology, ed 3, 
Philadelphia, 2007, Saunders.)
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• Figure 4-6 Depiction of primary odontogenic periapical infection routes and adjacent anatomic spaces. 
(A, From Standring S: Gray’s anatomy: the anatomical basis of clinical practice, ed 41, Philadelphia, 2016, 
Churchill Livingstone. B and C, Redrawn from Berkovitz BKB, Holland GR, Moxham BJ: Oral anatomy, 
histology, and embryology, ed 4, Edinburgh, 2009, Mosby.)
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• Figure 4-7 Red arrows indicate the contiguous anatomic structures that can be affected by an odon-
togenic periapical infection. 1, Vestibule; 2, buccal space; 3, palate; 4, floor of mouth/sublingual; 5, sub-
mandibular; 6, maxillary sinus. (Adapted from Flint PW Haughey BH, Lund VJ, et al, editors: Cummings 
otolaryngology: Head and neck surgery, ed 5, Philadelphia, 2010, Mosby.)
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It folds to become the stylomandibular ligament. Within or 
deep to the superficial layer of the DCF, superficial to the 
facial artery and vein, the marginal mandibular branch of 
the facial nerve can be found. Severe infections of this layer 
can result in decreased function of the marginal mandibular 
branch, resulting in an asymmetry of the ipsilateral lower lip 
commissure upon smiling or pursing of the lips.

The middle layer consists of fascia surrounding the infra-
hyoid muscles, and has two layers that envelop the sterno-
hyoid/omohyoid and sternothyroid/thyrohyoid structures. 

The visceral fascia envelops the thyroid, trachea, larynx, 
esophagus, and pharynx. The buccopharyngeal fascia cov-
ers the buccinator muscle and the pharynx to blend with 
the pretracheal fascia. The pretracheal fascia invests the thy-
roid gland, trachea, and larynx and fuses inferiorly with the 
fibrous pericardium. There is no deep fascia in the face. The 
pharyngobasilar fascia at the skull base is the tissue that con-
nects and suspends the pharyngeal musculature and ensures 
that the nasopharynx does not collapse.

The deep layer consists of the alar and prevertebral fas-
cia. The alar fascia splits from the prevertebral fascia to run 
between the vertebral transverse processes, and joins the 
carotid sheath laterally. The prevertebral fascia is a sheath 
that encloses the vertebral column and its muscles. It con-
tains axillary vessels, the brachial plexus, and sympathetic 
trunks. The soft tissue width in the adult at C2-C3 is 3 
to 7 mm and at C6-C7 is less than 20 mm. Lateral plain 
film radiography can show infection-related abnormalities 
within these anatomic measurements. The prevertebral fas-
cia extends laterally as the axillary sheath, and fuses with 
the anterior longitudinal ligament at the T3 vertebral level. 
Between the alar and prevertebral fascia lies the “danger 
space” that extends from the skull base to the diaphragm 
and is contiguous with the posterior mediastinum (Figure 
4-10). Infections have the ability to involve the mediasti-
num structures from the retropharyngeal, pretracheal, and 
prevertebral spaces (Figure 4-11).

Pharynx

Superficial layer of
deep cervical fascia

Fascia of infrahyoid muscles

Subcutaneous tissue

Thyroid gland

Pretracheal fascia

Suprasternal space of Burns

Manubrium of sternum

Aorta

Pericardium

Buccopharyngeal
fascia

Alar fascia

Prevertebral
fascia

Esophagus

Trachea

• Figure 4-8 Axial plane depiction of the cervical fascia. (From Bagheri SC, Bell RB, Khan HA: Current 
therapy in oral and maxillofacial surgery, St Louis, 2012, Saunders. Copyright Donn Johnson at Atlanta VA 
Medical Center Art Department.)

 A.  Investing/Superficial/Anterior
 1.  Investing layer
 2.  Temporal
 3.  Parotideomasseteric
 B.  Middle layer divisions
 1.  Sterno-omohyoid
 2.  Sternothyroid-thyrohyoid
 3.  Visceral
 a.  Buccopharyngeal
 b.  Pretracheal
 c.  Retropharyngeal
 C.  Posterior/Deep divisions
 1.  Alar
 2.  Prevertebral

 •BOX 4-1   Deep Cervical Fascia Components
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A B

• Figure 4-9 A and B, Axial plane depiction of the deep cervical fascial layers (blue) at two different levels 
of the neck. (From Ellis H, Mahadevan V: The anterior triangle of the neck, Surgery (Oxford) 32(Supp 2):e28-
e40, 2014.)

Alar fascia

Prevertebral 
fascia

Retropharyngeal
space

Danger
space

Buccopharyngeal
fascia

Mediastinum

• Figure 4-10 Sagittal plane depiction of fascial spaces communication with the mediastinum. (From 
Hupp JR, Ellis E, Tucker MR: Contemporary oral and maxillofacial surgery, ed 6, St Louis, 2014, Mosby.)
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Pharynx
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Soft palate
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Vestibular and vocal folds

Cricoid cartilage, arch
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• Figure 4-11 A, Sagittal plane depiction of fascial spaces. B, Corresponding MRI also includes the pos-
terior cranial fossa, cerebellum, and cervical spinal cord. 1. Dens of axis. 2. Lamina of cricoid cartilage.  
3. Esophagus. 4. Hard palate. 5. Soft palate. 6. Uvula. 7. Pharyngeal part of tongue. 8. Epiglottis. 9. Hyoid 
bone. (From Standring S: Gray’s anatomy: the anatomical basis of clinical practice, ed 41, Philadelphia, 
2016, Churchill Livingstone. Courtesy Dr. Roger JS Chinn.)
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The carotid sheath is a tubular structure composed of all 
three layers of the deep cervical fascia; it contains the vagus 
nerve, internal jugular vein, and common and internal 
carotid arteries. Eleven “spaces” created by the fascial layers 
are present in the deep neck. They should be considered 
both real and potential spaces.

The hyoid bone is an important anatomic structure that 
limits the spread of infection. Spaces can be described in 
relation to the hyoid bone as suprahyoid, infrahyoid, or tra-
versing the length of the neck, to potentially extend from 
the skull base and involve the mediastinum as the caudal 
extension.

Dentition and Dentoalveolar Complex: 
Primary Odontogenic Space Infections

The primary odontogenic space infections involve fascial 
spaces that are in direct association with the dentoalveolar 
complex (see Figure 4-7). The dentoalveolar complex is com-
posed of the teeth and surrounding gingival and bony tissues.

Dentoalveolar infections that increase in the inoculum 
volume and propagate from the dentition generally travel 
through the alveolar medullary bone that exhibits the least 
amount of structural resistance (Figure 4-12). There are 
predictable patterns of extension of these infections based 
on the anatomy and architecture of the surrounding bone 
and associated muscle attachments to the facial bones 
( Figure 4-13). The extragnathic soft tissue clinical presenta-
tion depends on how the pathogenic inoculum spreads in 
relation to the position of the muscle attachments.

The mandibular incisors and canines often show labial 
extension in the vestibule. Lingual extension involving the 
incisors can occur (Figure 4-14). The mandibular premolars 
and molars often show buccal extension. The maxillary inci-
sors, canines, and buccal root of the first premolars often 
show labial extension. Infections of the premolar palatal 
root more often spread to the palate.

The maxillary second premolar and molars frequently 
show a buccal extension with the exception of infections 
involving the palatal root of the molars. The attachments 
of the buccinator, mylohyoid, and other facial muscles can 
affect the extension of infection from the apical regions of 
the root systems. For example, in the maxilla if the apex 
of the root is superior to the attachment of the buccina-
tor muscle, then the infection will occupy the buccal space. 
If the apex of the root is inferior to the attachment of the 
buccinator muscle, the infection will occupy the vestibu-
lar space. A similar association exists in the mandible based 
on the location of the root apex to the muscle attachment. 
If it is superior to the buccinator muscle attachment, the 
infection will occupy the vestibular space; if it is inferior to 
the attachment, it will occupy the buccal space. Plain film 
intraoral (Figure 4-15) and panoramic radiography of the 
tooth root system apex region are frequently used as part of 
the initial diagnostic assessment of a tooth-related infection 
(pulpal, periodontal, or both).

The palatine tonsils and peritonsillar area in children 
(Figure 4-16), and odontogenic structures (see Figure 4-12) 
in adults are the most prevalent initial anatomic origins of 
deep neck space infections for these two age groups.

The deep spaces associated with infections arising from 
the dentition (odontogenic) can be divided based on their 
association with an initial occurrence in the maxilla or man-
dible. A primary odontogenic fascial space is directly con-
tiguous with the source of the dentoalveolar odontogenic 
infection (see Figure 4-6). A secondary odontogenic fas-
cial space is in close proximity to a primary space, and can 
become involved because of the anatomic association (see 
Figure 4-7 and Box 4-2).

Table 4-1 lists the various spaces with identifying bor-
ders. Table 4-2 is a synopsis of the predominant clinical 
findings when certain fascial spaces are involved with a bac-
terial infection.

Masticator Space
The masticator space is a secondary odontogenic fascial 
space, and it encompasses the submasseteric, pterygoman-
dibular, temporal, and deep temporal (infratemporal) fascial 
spaces. Given the contents of this space, and the proxim-
ity to the airway, infections within the masticator space are 
important to recognize and treat early in the clinical time-
line (Figure 4-17). Various muscles of mastication, includ-
ing the medial pterygoid, lateral pterygoid, masseter, and 
temporalis muscles, can be involved, resulting in difficulty 
opening the mouth (trismus). With significant trismus, 
adequate intraoral evaluation becomes difficult, as does 
airway management. For this reason, early signs of trismus 
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crown

Gingiva

Clinical crown

Dentin

Pulp

Cementum

Bone

PDL

• Figure 4-12 Depiction of the dentition and dentoalveolar complex. 
(From Nanci A: Ten Cate’s oral histology: development, structure, and 
function, ed 8, St Louis, 2013, Mosby.)



69CHAPTER 4 Anatomy Relevant to Head, Neck, and Orofacial Infections

A

C 

E

D 

F

Temporalis

Temporalis

Superior constrictor

Geniohyoid

Genioglossus

Depressor
anguli oris Platysma

(part)

Buccinator
Masseter

Digastric,
 anterior bellyMylohyoid

Medial
 pterygoid

Lateral
pterygoid

Depressor
labii inferioris

Mentalis

Lingula

Ramus

Mylohyoid
groove

Condylar
 processHead

Mandibular
 foramen

Angle

Mylohyoid
 line

Mandibular symphysis

Digastric fossa
Mental spine

Sublingual fossa

Submandibular
fossa

Neck

B

Coronoid
 process

Angle

Mental
protruberance

Body

Condylar
process

Oblique line

Mental
tubercle

Mental foramen

Alveolar arch

Body

Coronoid process
Condylar
 process

Pterygoid
 fovea

Mandibular notch

Angle

Ramus

Mental 
protruberance

Head

Mandibular notch

Mental
 foramen

Coronoid
 process

Condylar process

Ramus

Mandibular
foramen

Mylohyoid groove

Angle
Submandibular fossa

Mylohyoid line
Mental
 spine

Body

Sublingual fossa

Lingula

• Figure 4-13 Mandible bony muscle attachments. The soft tissue extension of a periapical infection is 
guided by the apical root system–bone muscle attachment relationship. (Redrawn with permission from 
Putz R, Pabst R: Sobotta atlas of human anatomy, ed 14, Vol. 1: Head, neck, upper limb, Munich, Ger-
many, 2008, Elsevier GmbH.)

should immediately raise concern. Rapid spread to contigu-
ous areas, including the parapharyngeal, parotid, and ret-
ropharyngeal spaces, can occur, posing imminent risk to 
airway patency. For this reason, aggressive surgical drainage 
is required with maintenance of a protected airway in the 
immediate postoperative setting. Surgical drainage is best 
achieved from combined intraoral and extraoral approaches.

Vestibular Space
The vestibule is an oral mucosa–lined trough immediately 
adjacent to the alveolar bone of the mandible both lingually 
and buccally, and lateral to the maxillary alveolar bone. The 
attachment of musculature to the lateral aspects of both  
the maxilla and mandible determine the relative depth of the 
vestibular mucosal fold. The lingual mandibular vestibule is 
contiguous with the floor of the mouth. The major struc-
tures forming the boundaries of the floor of the mouth are 
the mylohyoid and genioglossus muscles. The attachments 

of the buccinator muscle bilaterally onto the lateral aspects 
of the maxilla and mandible form the major boundary for 
the buccal vestibular spaces. Posteriorly, the buccinator 
muscle connects with the pterygomandibular raphe and 
superior constrictor muscle. Isolated vestibular space infec-
tions can be treated locally with removal of the source.

Buccal Space
The buccal space occupies the area between the buccina-
tor muscle medially and overlying facial skin. The anterior 
boundary is the modiolus, which is composed of the inter-
section of the following muscles: orbicularis oris, buccinator, 
levator anguli oris, depressor anguli oris, zygomaticus major, 
risorius, platysma, and levator labii superioris. These struc-
tures together form the commissure of the mouth. The buc-
cinator muscle separates the vestibular space from the buccal 
space. Entry of infections into the buccal space is dependent 
on their relationship to the attachment of the buccinator 
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• Figure 4-14 A to C, Dentoalveolar complex showing the relationship of the root system structure and 
the alveolar bone support. The root system morphology, three-dimensional intraosseous root system posi-
tion, and medullary cortical bone architecture and density all contribute to how a periapical infectious pro-
cess can involve the buccal or lingual cortex. Muscle bony attachment position affects further soft tissue 
extension. Plain film radiography requires approximately 60% bone mineral loss before pathology changes 
become evident. (From Nanci A: Ten Cate’s oral histology: development, structure, and function, ed 8, St 
Louis, 2013, Mosby. A, Courtesy T. Tambasco de Oliveira.)

• Figure 4-15 Left side, Periapical inflammation and infection of pulpal etiology. The arrow indicates the 
nonvital tooth pulpal etiology. Right side, Solitary bone cavity. Not related to pathology of the dentition 
pulp tissue or periodontium. (From Neville BW, Damm DD, Allen CM, et al, editors: Oral and maxillofacial 
pathology, ed 4, St Louis, 2016, Elsevier.)
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muscle. Infections confined to the buccal space are limited by 
the attachments of the investing fascia to the zygomatic arch 
and inferior border of the mandible. Therefore, these bony 
landmarks should remain easily palpable upon clinical exami-
nation. If these structures are not readily palpable, there must 
be concern for involvement of adjacent fascial spaces. The 
approach for surgical drainage is best achieved intraorally.

Palatal Space
The palatal space is composed of the soft tissue lingual to the 
maxillary dentition, including the hard palate, and extending 
to the soft palate tissue border. It forms the roof of the oral 
cavity together with the soft palate–uvula structures. Infec-
tions entering the palatal space are commonly associated 
with pathology of the palatal roots of maxillary multi-rooted 
teeth. Effective surgical drainage can be obtained intraorally.

Canine Space
The canine space is the area at the apex of the maxillary 
canine root system (canine fossa), bordered by the zygomati-
cus minor, orbicularis oris, levator labii superioris, levator labii 
superioris alaeque nasi, and levator anguli oris muscles. Infec-
tions in this space will obliterate the nasolabial fold on clinical 
examination. The canine space lies inferior to the infraorbital 
space, which allows for local anesthesia to be given at the site 
of the infraorbital foramen before surgical drainage. Effective 
surgical drainage can be achieved using an intraoral approach.

Mental Space
The mental space occupies the soft tissue region anterior to 
the mandibular symphysis and is limited by the attachments 
of the mentalis muscle. It lies inferior to the mandibular 
labial vestibule.
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of the pharynx
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glossopharyngeal

nerve

Tonsillar branches
of ascending palatine
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Tonsillar branch of the lesser palatine nerve

Tonsillar branches
of ascending pharyngeal

artery

Pharyngeal branch 
of descending palatine
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Glossopharyngeal
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Dorsal lingual branches
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• Figure 4-16 Palatine tonsil region of the pharynx. (From Standring S: Gray’s anatomy: the anatomical 
basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)

Primary Mandibular Association
 •  Submandibular (POFS)
 •  Mental (POFS)
 •  Submental (POFS)
 •  Sublingual (POFS)
 •  Masticator (SOFS) (submasseteric/pterygomandibular/

superficial temporal/deep temporal-infratemporal)
 •  Lateral pharyngeal (SOFS)
 •  Retropharyngeal (SOFS)
 •  Pretracheal (SOFS)
 •  Prevertebral (SOFS)
 •  Peri-mandibular body (subperiosteal) (POFS)
 •  Parotid space
 •  Carotid sheath
 •  Mediastinum
 •  Danger space

Primary Maxillary Association
 •  Infraorbital
 •  Canine (POFS)
 •  Palatal (POFS)
 •  Periorbital
 •  Orbital
 •  Cavernous sinus (venous plexus)
 •  Peritonsillar

Mandible or Maxilla Association
 •  Buccal (POFS)
 •  Vestibular (POFS)

POFS, Primary odontogenic fascial space; SOFS, secondary odontogenic 
fascial space.

 •BOX 4-2   Head and Neck Spaces
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  Borders of the Fascial Spaces of the Head and Neck

Space Anterior Posterior Superior Inferior Superficial or Medial* Deep or Lateral†

Buccal Modiolus Pterygomandibular raphe, 
pterygomandibular space

Zygomatic arch
Maxilla

Mandible Subcutaneous tissue and 
skin

Buccinator muscle

Infratemporal 
space

Posterior surface  
of the maxilla

Styloid process Greater wing of the 
sphenoid bone

Infratemporal crest

Lateral pterygoid muscle
Pterygomandibular 

space

Lateral pterygoid plate* Mandibular ramus
Coronoid process†

Infraorbital Nasal cartilages Buccal space Quadratus labii 
superioris muscle

Oral mucosa Quadratus labii superioris 
muscle

Levator anguli oris
Maxilla

Submandibular Anterior belly digastric 
muscle

Posterior belly digastric 
muscle

Stylohyoid muscle
Stylopharyngeus muscle

Inferior and medial 
surfaces of the 
mandible

Mylohyoid muscle

Digastric tendon Platysma
Investing fascia

Mylohyoid muscle
Hyoglossus muscle
Superior constrictor 

muscle

Submental Inferior mandibular 
border

Hyoid bone Mylohyoid muscle Investing fascia Investing fascia Anterior bellies of digastric 
muscle†

Sublingual Lingual mandible Submandibular space
Tongue base

Oral mucosa Mylohyoid muscle Muscles of the tongue* Lingual mandible†

Pterygomandib-
ular space

Buccal space Parotid gland Lateral pterygoid 
muscle

Inferior border of the 
mandible

Medial pterygoid muscle* Ascending ramus
Medial mandible†

Submasseteric Buccal space Parotid gland Zygomatic arch Inferior border of the 
mandible

Lateral ascending ramus* Masseter muscle†

Lateral pharyn-
geal

Superior and middle 
constrictor muscles

Carotid sheath
Scalene muscle fascia

Superior skull base Hyoid bone Pharyngeal constrictor 
muscles and retropha-
ryngeal space*

Medial pterygoid muscle†

Retropharyngeal Superior and middle 
constrictor muscles

Alar fascia Skull base Fusion of alar and prever-
tebral fasciae at C6-T4

Carotid sheath and lateral 
pharyngeal space†

Pretracheal Fasciae of the sterno-
thyroid-thyrohyoid 
muscles

Retropharyngeal space Thyroid cartilage Superior mediastinum Fasciae of the 
 sternothyroid- 
thyrohyoid muscles

Visceral fascia (DCF) over 
trachea and thyroid 
gland

Parotid‡ Mandibular ramus Mastoid process and ster-
nocleidomastoid muscle

Parotideomasse-
teric fascia

Stylomandibular tunnel 
and submandibular 
space

Stylomandibular ligament 
and lateral pharyngeal 
space*

Parotideomasseteric fascia

Carotid sheath Sternocleidomastoid 
muscle and lateral 
pharyngeal space

Lateral extension of the 
retropharyngeal space

Skull base Connective tissue of the 
aortic arch

Peritonsillar 
space

Palatoglossus muscle Palatopharyngeus muscle Soft palate Base of the tongue Oropharyngeal mucosa 
and palatine tonsil*

Superior constrictor 
muscle and buccopha-
ryngeal fascia †

*Medial border.
†Lateral border.
‡The parotid space is partially encased by the parotideomasseteric fascia and can encroach upon the other adjacent fascial spaces.
Modified from Hupp JR, Ellis E, Tucker MR: Contemporary oral and maxillofacial surgery, ed 6, St. Louis, 2014, Mosby.

TABLE 
4-1



7
3

C
H

A
P

T
E

R
 4 

A
natom

y Relevant to H
ead, N

eck, and O
rofacial Infections

  Clinical Findings Relevant to Fascial Space Anatomy

Space Probable Originating Site Contents
Signs and Symptoms (In Addition  
to Pain, Swelling, Erythema)

Surgical Approach for

I&D

Buccal Maxillary molars and premolars
Mandibular premolars

Facial A/V/N, deep facial A/V, buccal A/V, 
parotid duct, buccal fat pad, transverse facial

A/V

Zygomatic arch and inferior border of 
the mandible readily palpable, trismus

Intraoral or extraoral

Infraorbital Maxillary canine Infraorbital nerve and vessels May see lower eyelid involvement Intraoral or extraoral

Submandibular Mandibular molars Submandibular gland, facial A/V, lymph nodes Odynophagia or dysphagia, inferior 
border of the mandible difficult to pal-
pate, concern for airway obstruction

Extraoral

Submental Mandibular anterior teeth
Fracture of the symphysis

Anterior jugular vein, lymphatics Floor of mouth elevation Extraoral

Sublingual Mandibular premolars and molars
Direct trauma

Hypoglossal nerve, lingual A/V/N, sublingual 
gland and ducts, submandibular ducts

Floor of mouth elevation, odynophagia/
dysphagia, altered tongue mobility, 
concern for airway obstruction

Pterygomandibular Mandibular third molars
Fracture of the angle of the mandible

Mandibular nerve, inferior alveolar A/V, spheno-
mandibular ligament

Trismus, concern for airway obstruction, 
odynophagia/dysphagia

Intraoral and extraoral

Submasseteric Mandibular third molars, fracture of 
the angle of the mandible

Masseteric A/V Trismus Intraoral

Lateral pharyngeal Mandibular third molars
Tonsils
Infection of adjacent fascial spaces

Maxillary A, ascending pharyngeal A, internal 
carotid A, internal jugular V, cranial nerves IX, 
X, XI, XII, sympathetic trunk, superior cervical 
ganglion, deep cervical lymph nodes

Concern for airway obstruction, odyno-
phagia, dysphagia, trismus, soft pal-
ate and uvula displacement/deviation

Intraoral

Retropharyngeal Adjacent fascial spaces Lymphatics Dysphagia, odynophagia, concern for 
airway obstruction

Intraoral

Pretracheal Adjacent fascial spaces Trachea and esophagus Dysphagia, odynophagia, stridor, 
hoarseness

Extraoral

Parotid Parotid gland Parotid gland and duct, cranial VII, facial nerve 
V, external carotid A

Trismus Extraoral

Carotid sheath Adjacent fascial spaces Carotid artery, internal jugular vein, vagus nerve, 
sympathetic post-ganglionic fibers

Pharyngitis, Horner syndrome (possible 
late event)

Extraoral

Infratemporal 
space

Maxillary molars Pterygoid muscles, pterygoid venous plexus, 
branch of the mandibular nerve, otic ganglion, 
chorda tympani, br. of maxillary artery

Trismus Intraoral or extraoral

Peritonsillar Tonsils Palatine tonsils, glossopharyngeal nerve, tonsil-
lar and palatine branch of ascending pharyn-
geal and maxillary arteries, peritonsillar veins

Trismus, odynophagia, dysphagia, uvu-
lar deviation, “hot potato voice”

Intraoral

Adapted and modified from Flynn TR: Anatomy of oral and maxillofacial infections. In Topazian RG, Goldberg MH, Hupp JR, editors: Oral and maxillofacial infections, ed 4, Philadelphia, 2002, WB Saunders. With permission.
I&D, Incision and drainage; A/V, artery/vein; A/V/N. artery/vein/nerve.

TABLE 
4-2
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Posterior deep temporal
artery; deep temporal nerve

Anterior deep temporal artery

Supraorbital nerve, lateral branch
Supraorbital nerve, medial branch

Facial artery

Infraorbital nerve
Supratrochlear nerve
Supratrochlear artery

Angular artery

Infraorbital artery
Infratrochlear nerve

Superficial temporal artery, 
parietal branch

Masseteric nerve; masseteric artery

Temporomandibular joint,
lateral ligament

Transverse facial artery

Facial nerve
Stylomastoid artery

Occipital artery
Anterior tympanic artery

Maxillary artery

Middle meningeal artery

Lingual nerve

Mylohyoid nerve

Infraorbital nerve

Posterior superior
alveolar artery

Buccal nerve

Buccal artery

Mental nerve

Auriculotemporal nerve

Vagus nerve
auricular branch

Deep auricular artery

Zygomatico-orbital artery

Middle temporal artery

External nasal branch of
anterior ethmoidal nerve

• Figure 4-17 Region deep to the ramus–zygomatic arch. (From Putz R, Pabst R: Sobotta atlas of human 
anatomy, ed 14, Vol. 1: Head, neck, upper limb, Munich, Germany, 2006, Elsevier GmbH.)

Submandibular Space
The submandibular space is of particular anatomic interest 
because the progression of infections into this space can read-
ily spread to contiguous areas. Clinically, once an infection 
has progressed from the buccal space to the submandibular 
space, the inferior border of the mandible becomes obscured. 
Posteriorly, the submandibular space freely communicates 
with the pterygomandibular, sublingual, lateral pharyngeal, 
and retropharyngeal spaces; therefore, treatment should 
occur as early as possible to prevent airway compromise. 
In the setting of pan-space infections, Ludwig’s angina is  
commonly described. This infection has been described 
classically as bilateral involvement of the sublingual, sub-
mental, and submandibular spaces. Because the location of 
these spaces is inferior to the tongue base, infections here 
can result in elevation of the floor of the mouth and pos-
terior displacement of the tongue base into the airway (see 
Figure 4-39).

Cavernous Sinus
The cavernous sinuses are positioned on either side of the 
sella turcica and sphenoid bone body. They are between the 
meningeal and periosteal layers of the dura mater. The ante-
rior boundary is the superior orbital fissure, and the posterior 
boundary is the petrous part of the temporal bone. They con-
nect with the pterygoid venous plexus (see Figure 4-29) by 
emissary veins, the superior and inferior ophthalmic veins, 
middle cerebral vein, and sphenoparietal sinus. They are con-
nected with each other by an intercavernous sinus (reticu-
lated venous plexus) situated between the optic chiasm and 
sphenoid sinuses. The internal carotid artery and abducens 

nerve (VI) are medially situated within each sinus. The ocu-
lomotor (III), trochlear (IV), ophthalmic (V1), and maxil-
lary (V2) nerves are positioned near the lateral sinus wall 
from a superior to inferior location (Figures 4-18 and 4-19).

The superior ophthalmic vein receives blood from the 
orbital roof and scalp, and the inferior ophthalmic vein 
receives blood from the orbital floor. The superior and 
inferior ophthalmic veins drain into the pterygoid venous 
plexus and cavernous sinus. The cavernous sinus drains 
posteriorly into the petrosal sinuses (superior and infe-
rior). The superior petrosal sinus connects to the transverse 
and sigmoid sinus. The inferior petrosal sinus connects to 
the sigmoid sinus–internal jugular vein (IJV), and basilar 
plexus–internal vertebral venous plexus. Signs and symp-
toms of infection can include papilledema, exophthal-
mos-proptosis, diplopia, ophthalmoplegia, eyelid edema, 
chemosis, sluggish pupillary response (autonomic nervous 
system damage), upper eyelid ptosis (cranial nerve III dam-
age and sympathetic plexus damage on the internal carotid 
artery), and vision loss (optic nerve and central retinal artery 
and vein damage). Spread of infection or emboli can occur 
from the upper lip or paranasal face area (e.g., anterior facial 
vein, ophthalmic veins) and from the pterygoid space via 
the pterygoid venous plexus that connects directly via the 
foramen ovale.

Orbit and Surrounding Spaces

The orbital space lies posterior to the orbital septum and 
includes the contents of the bony orbit, the globe, extra-
ocular muscles, and fat. The bony orbit is formed by the 
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confluence of the frontal, maxillary, zygomatic, sphenoid, 
lacrimal, palatine, and ethmoid bones. Within the bony 
orbit lie the superior and inferior orbital fissures. The 
structures that pass through the superior orbital fissure 
include the superior ophthalmic vein and the lacrimal, 
frontal, trochlear, oculomotor, nasociliary, and abducens 
nerves. The infraorbital nerve and vein, zygomatic nerve, 
and inferior ophthalmic vein pass through the inferior 
orbital fissure. The optic canal connects the orbit and the 
middle cranial fossa; therefore, infections within the bony 
orbit can spread to the brain. Communication with the 
nasal apparatus can occur via the nasolacrimal system, and 
extension to the maxillary sinus and maxilla can occur via 
the inferior orbital fissure (Figures 4-20 and 4-21).

The periorbital space includes the area overlying the 
orbicularis oculi muscle, the eyelid tissue superficial to the 
orbital septum and tarsal plate (preseptal), and including 
the overlying skin of the eyelid (Figure 4-22).

The infraorbital space lies below the inferior orbital rim 
between the canine fossa and involving the lower inferior 
edge of the orbicularis oculi muscle. This space contains 
the infraorbital nerve and vessels as they exit the infraor-
bital foramen on the anterior surface of the maxillary bones. 
Contiguous spaces include the buccal, canine, and perior-
bital pre-septal areas.

Ear

Auricle (Pinna)

The parts of the external ear most often affected by infec-
tions are the perichondrium, ear cartilage and overlying 
skin (Figure 4-23), and the skin lining the external acoustic 
meatus (EAM). The external third of the external acoustic 
meatus is composed of cartilage, and the remainder is bone 
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• Figure 4-19 Axial depiction of the intracranial cavernous sinus struc-
tures and venous connections. (From Standring S: Gray’s anatomy: 
the anatomical basis of clinical practice, ed 41, Philadelphia, 2016, 
Churchill Livingstone.)
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• Figure 4-18 Coronal depiction of the cavernous sinus anatomy and contents. (From FitzGerald MJT, 
Gruener G, Mtui E: Clinical neuroanatomy and neuroscience, ed 6, Edinburgh, 2012, Saunders.)
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• Figure 4-20 Coronal depiction of the nasal cavity, paranasal sinuses, 
and orbit regions. (From Standring S: Gray’s anatomy: the anatomical 
basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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• Figure 4-21 Sagittal depiction of the periorbital anatomy and orbital contents. (From Moy RL, Fincher 
EF: Procedures in cosmetic dermatology series: blepharoplasty, St Louis, 2006, Mosby.)
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• Figure 4-22 Sagittal depiction of the periorbital upper eyelid anatomy. (From Standring S: Gray’s anat-
omy: the anatomical basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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• Figure 4-23 Photo depicting the auricle anatomic subunits.  
1, Tragus; 2, antitragus; 3, lobe; 4, helix; 5, scapha; 6, antihelix;  
7, superior crus; 8, anterior crus; 9, fossa triangularis; 10, cymba 
concha; 11, cavum concha; 12, helical radix; 13, helical crus;  
14, intertragal incisure. (From Niamtu J: Cosmetic facial surgery,  
St Louis, 2011, Mosby.)
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• Figure 4-24 A and B, Auditory apparatus. (From LaFleur Brooks M, LaFleur Brooks D: Exploring 
 medical language, ed 9, St Louis, 2014, Mosby.)

(tympanic, squamous, and petrous part of the temporal 
bone). Specialized cerumen and sebaceous glands are pres-
ent. The lateral and superior portions of the auricle drain 
to the superficial parotid lymph nodes. The medial surface 
drains to the mastoid and deep cervical lymph nodes. The 
remaining tissues of the auricle drain to the superficial cervi-
cal lymph nodes. The auricle receives its arterial blood sup-
ply from the superficial temporal, posterior auricular, deep 
auricular, and anterior tympanic branches of the maxillary 
artery. The venous drainage is as follows: the superficial tem-
poral vein to the maxillary and retromandibular veins, the 
posterior auricular vein to the posterior retromandibular 
and external jugular veins, the maxillary vein to the superfi-
cial temporal and retromandibular vein, and draining veins 
(external acoustic meatus) to the pterygoid plexus.

Middle Ear (Tympanic Cavity)

The middle ear is located in the petrous portion of the tem-
poral bone; it has a mucous membrane lining (Figure 4-24). 
The boundaries are the tegmen tympani (roof), jugular fossa 
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(floor), membranous lateral wall, labyrinthine (medial) wall, 
and carotid canal/internal carotid artery (anterior). The middle 
ear connects with the nasopharynx via the pharyngotympanic 
tube in an anteromedial position. It connects posteriorly with 
the mastoid air cells and mastoid antrum, via the aditus (inlet). 
Other adjacent anatomic structures include the floor of the 
middle cranial fossa, the temporal lobe of the brain, the supe-
rior bulb of the internal jugular vein, posterior cranial fossa and 
sigmoid sinus, and the canal of the facial nerve. The arterial 
supply of the middle ear is from the stylomastoid branch of the 
posterior auricular artery, the anterior tympanic branch of the 
maxillary artery, the inferior tympanic branch of the ascend-
ing pharyngeal artery, and the caroticotympanic branch of 
the internal carotid artery. Venous drainage is to the pterygoid 
venous plexus and superior petrosal sinus. Lymphatic drainage 
is to the deep cervical lymph nodes. The pharyngotympanic 
tube venous drainage is to the pterygoid venous plexus. Lym-
phatic drainage is also to the deep cervical lymph nodes.

Inner Ear

The inner (internal) ear is contained in the petrous portion 
of the temporal bone. Adjacent structures are the middle 
ear, facial nerve, vestibulocochlear nerve, pharyngotym-
panic tube, chorda tympani nerve, internal carotid artery, 
and the contents of the cranial fossa (Figure 4-25).

Mastoid Air Cells

The mastoid air cells communicate with the middle cranial 
fossa via the petrosquamous fissure and the tympanic cavity 
(middle ear), as described previously (Figure 4-26).

Nose and Paranasal Structures

Pterygoid Venous Plexus

The pterygoid venous plexus is an extensive valveless 
plexus of veins that parallels the medial two thirds of the 

maxillary artery on the lateral aspect of the medial ptery-
goid muscle, within the infratemporal fossa. It communi-
cates with the facial vein (Figure 4-27) via the deep facial 
vein, inferior ophthalmic vein, maxillary vein, pharyngeal 
venous plexus, and cavernous sinus. Given the extensive 
communication between the various venous structures, the 
spread of infection via venous drainage is readily apparent 
(Figures 4-28, 4-29, and 4-30).

Nasolacrimal Apparatus

The nasolacrimal apparatus is composed of the lacrimal 
gland and ducts, punctum, caruncle, papilla, canaliculi, sac, 
and nasolacrimal duct. The duct opens into the nasal cav-
ity via the inferior meatus, which lies beneath the inferior 
turbinate. This relationship between the lacrimal system 
and the nose allows for the spread of nasal infections to the 
orbit, and vice versa (Figure 4-31).

Nasal Cavity and Paranasal Sinuses

The nasal cavity (Figure 4-32) is lined by mucosa 
attached to the underlying perichondrium and perios-
teum (Figures 4-33 and 4-34). The mucosa is continu-
ous with adjacent structures including the nasopharynx 
posteriorly, the superior and lateral paranasal sinuses, and 
the lacrimal sac and conjunctiva superiorly. The superior 
one third serves an olfactory function, and the lower 
two thirds serve a respiratory function. All the parana-
sal sinuses drain into the lateral walls of the nasal cavity. 
The nasal cavity communicates with the pterygopalatine 
fossa through the sphenopalatine foramen. A deviated 
nasal septum or inflamed and swollen mucosa may block 
the openings of the paranasal sinuses. A paranasal sinus 
infection can involve or originate in the nasal cavity and 
nasopharynx areas.

The anterior cranial fossa, orbits, anterior ethmoidal air 
cells, and nasal cavity surround the frontal sinus, which 
communicates with the hiatus semilunaris (middle nasal 
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• Figure 4-25 Temporal bone auditory apparatus. (From Standring S: Gray’s anatomy: the anatomical 
basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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• Figure 4-26 Depiction of the mastoid air cells. (From Standring S: Gray’s anatomy: the anatomical basis 
of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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• Figure 4-27 Facial vein that indirectly communicates with the cavernous sinus. (From Standring S: 
Gray’s anatomy: the anatomical basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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• Figure 4-28 Pterygoid venous plexus and deep veins of the head and neck. (From Standring S: Gray’s 
anatomy: the anatomical basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)

meatus) via the frontonasal duct. The posterior bony wall 
of the frontal sinus is thin, and infections can erode into 
the anterior cranial fossa.

The ethmoidal air cells or ethmoid sinuses are subdi-
vided and surrounded by the anterior cranial fossa, nasal 
cavity, and orbits. The posterior cells drain directly into 
the superior nasal meatus, the middle cells drain into the 
summit of the ethmoidal bulla (middle nasal meatus), 
and the anterior cells drain into the anterior aspect of the 
hiatus semilunaris. Ethmoid sinus infections can erode 
through the thin medial orbital wall into the orbit and 
potentially extend into the cranial cavity. Lymphatic 
drainage of the anterior and middle cells is to the sub-
mandibular lymph nodes, and the posterior cells drain to 
the retropharyngeal lymph nodes.

The larger maxillary sinuses lie below the orbital floor 
and drain into the posterior aspect of the hiatus semiluna-
ris (see Figure 4-33; Figures 4-35 and 4-36). They are sur-
rounded by the orbit, infraorbital canal and its contents, 
maxillary teeth, nasal cavity, overlying soft tissue structures 
of the cheek, infratemporal fossa, and pterygopalatine fossa. 
Infections of the maxillary sinus may originate in the max-
illary dentition or arise de novo within the sinus cavity. 
Because of this association, infections within the maxillary 
sinuses can manifest with odontogenic symptomatology 
and vice versa. The lymphatic drainage is to the subman-
dibular lymph nodes.

The sphenoidal sinus is between the hypophysis and 
the sphenoethmoidal recess. It is surrounded by the 

hypophyseal fossa and hypophysis, optic chiasm, naso-
pharynx, pterygoid canal, cavernous sinus, internal carotid 
artery, cranial nerves (III, IV, V1, V2, and VI), and the 
nasal cavity. The lymphatic drainage is to the retropharyn-
geal lymph nodes.

The health of the paranasal sinuses depends on immu-
nity, mucociliary clearance, and aeration of the sinuses. The 
middle meatus forms the common drainage pathway for 
the anterior ethmoidal, frontal, and maxillary sinuses, and 
it can be readily examined with a fiberoptic endoscope. The 
posterior ethmoidal and sphenoidal sinuses drain into the 
superior meatus and sphenoethmoidal recess. Endoscopic 
examination will usually show infected mucus draining from 
these areas. Maxillary sinus infection can also spread from 
infected teeth. Although the sinus cavities are all intimately 
associated, infections originating in any of the sinuses can 
readily transform into pansinus disease.

Pharynx

The pharynx is a 5-inch-long muscular tube whose pos-
terior wall borders the prevertebral fascia (Figure 4-37).  
It extends from the skull base to the inferior border of the 
cricoid cartilage at the sixth cervical vertebra (C6). It lies 
posterior to the larynx and oral and nasal cavities, and it 
is divided into three areas: nasopharynx, oropharynx, and 
laryngopharynx.

The nasopharynx is posterior to the nasal cavity and 
superior to the soft palate. The posterior nasal aperture 
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• Figure 4-29 Pterygoid venous plexus and internal maxillary artery anatomic variability in the infratempo-
ral fossa. (From Putz R, Pabst R: Sobotta atlas of human anatomy, ed 14, Vol. 1: Head, neck, upper limb, 
Munich, Germany, 2008, Elsevier GmbH.)
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• Figure 4-30 Depiction of the pterygoid venous plexus with venous connections. (From Standring S: 
Gray’s anatomy: the anatomical basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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• Figure 4-31 Depiction of the nasolacrimal apparatus. (From Patton KT, Thibodeau GA: Anatomy and 
physiology, ed 8, St Louis, 2013, Mosby.)
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• Figure 4-32 Depiction of the nasal cavity and external nasal region. (From Standring S: Gray’s anatomy: 
the anatomical basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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• Figure 4-34 Venous drainage of the nasal cavity. (From Drake RL, Vogl AW, Mitchell AWM: Gray’s 
anatomy for students, ed 3, Philadelphia, 2015, Churchill Livingstone.)
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• Figure 4-33 Lateral nasal wall openings of the sinuses and nasolacrimal duct ostia. (From Drake RL, 
Vogl AW, Mitchell AWM: Gray’s anatomy for students, ed 3, Philadelphia, 2015, Churchill Livingstone.)
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• Figure 4-35 Coronal computed tomography of the osteomeatal complex and the depiction of mucocili-
ary flow (white arrows). (From Patton KT, Thibodeau GA: Anatomy and physiology, ed 8, St Louis, 2013, 
Mosby.)
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• Figure 4-36 A and B, Sagittal section computed tomography of paranasal sinuses. (A, From Dym RJ, 
Masri D, Shfteh K: Imaging of the paranasal sinuses, Oral Maxillofac Surg Clin North Am 24(2):175-189, 
2012; B, From Standring S: Gray’s anatomy: the anatomical basis of clinical practice, ed 41, Philadelphia, 
2016, Churchill Livingstone.)
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• Figure 4-37 Pharynx interior with the lining mucosa removed. (From Standring S: Gray’s anatomy: the 
anatomical basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)

transitions to the nasopharynx. The pharyngeal tonsil is 
housed by the mucosa above the pharyngeal recess. The 
pharyngotympanic tube opening connects the middle ear 
to the nasopharynx, anterior to the salpingopharyngeal fold.

The oropharynx is posterior to the oral cavity extending 
from the soft palate to the epiglottis. The palatoglossal fold 
divides the oral cavity and oropharynx. Waldeyer’s ring is 
composed of the pharyngeal tonsils, the lingual tonsil, and 
the palatine tonsils. The lateral tonsillar region drains into 
the nodes that lie at the junction of the internal jugular and 
common facial veins.

The laryngopharynx is posterior to the larynx. It extends 
from the hyoid bone to the inferior border of cricoid carti-
lage, with the epiglottis and the aditus of the larynx found 
in the midline. The larynx, thyroid cartilage, and the infe-
rior pharyngeal constrictor muscle border the lateral piriform 
recess. The overlapping constrictor muscles create four poten-
tial channels (gaps) in the pharyngeal muscles, through which 
varying structures traverse (Figure 4-38 and Box 4-3).

Venous drainage is via the pharyngeal plexus in the buc-
copharyngeal fascia. The pharyngeal vein drains into the 
internal jugular vein and communicates with the pterygoid 
venous plexus in the infratemporal fossa lateral to the lateral 
pterygoid muscle.

Infections within the pharynx can involve an isolated area 
or spread to involve all three regions and their structures. 
Infections in this area pose a direct threat to the patency of 
the airway and should be treated urgently and aggressively 
(Figure 4-39).

Salivary Glands

Parotid

The parotid gland is entirely serous and pyramidal in shape, 
with a relatively thick capsule arising from the investing layer 
of deep cervical fascia, and the superficial layer of investing 
fascia (Figure 4-40, A). The majority (75%) of the gland 
overlies the masseter muscle, with the remainder occupy-
ing a retromandibular location. The facial nerve enters the 
gland by coursing between the posterior belly of the digas-
tric muscle and the stylohyoid muscle. The carotid sheath 
contents lie posteromedial to these muscles. The posterome-
dial border is composed of the stylohyoid muscle and the 
posterior belly of the digastric muscle. The nerve splits the 
gland into the superficial and deep lobe with a connecting 
isthmus. The buccal and zygomatic branches form an anas-
tomosing loop superficial to the parotid duct (i.e., Stensen’s 
duct). Bacterial parotitis may initially be contained by the 
parotid capsule, but eventually a fistula from the gland or 
duct may extend into the oral cavity or skin with or without 
sialocele formation.

The lymph node groupings for the parotid gland are 
superficial and deep. The superficial nodes lie external to 
the gland capsule, and the deep nodes are intraglandular. 
They receive drainage from the external ear, eyelids, fore-
head, and temporal scalp area. The efferent drainage goes 
to the deep cervical nodes below the mandibular angle. The 
deep nodes receive drainage from the middle ear, pharyngo-
tympanic tube, hard and soft palate, nose, pterygopalatine 
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fossa, external ear, and parotid parenchyma. Efferent drain-
age goes to the deep cervical nodes adjacent to the inter-
nal jugular vein, where it is crossed by the accessory nerve. 
Nodes in the deep retromandibular space drain to the deep 
fossa of the face, and to the deep vertical chain of cervical 
nodes crossing the omohyoid muscle.

Submandibular

The submandibular gland is in the submandibular triangle 
with an extension that wraps around the posterior mylo-
hyoid muscle border to enter the oral cavity floor and lie 
between the hyoglossus muscle and the mandible (see 
 Figure 4-40, B). It is surrounded by the investing layer of 
deep cervical fascia. The facial artery courses between the 
gland and the mandible, and the vein usually lies superficial 
to the gland. The submental artery usually branches from 
the facial artery anterior to the gland.

The submandibular lymph nodes are arranged in three 
main groupings: extracapsular nodes (superficial and lat-
eral), subcapsular nodes, and intraglandular nodes. They 
receive lymph drainage from the submental nodes and 
higher drainage system; the mouth floor; the mandibular 
teeth, gingiva, and mucosa; mouth commissure; superficial 
parotid nodes; lateral upper and lower lips; the cheek; and 
the tongue tip. The deep posterior cervical lymph nodes 
are in close proximity to the bifurcation nodes around the 
common facial vein trunk, and submandibular nodes.

Skull Base-Superior Constrictor M: Pharyngotympanic tube-
Levator veli palatini m-Ascending pharyngeal a-Ascending 
palatine a

Superior and Middle Constrictor Muscles: Stylopharyngeus 
m-Glossopharyngeal m-Ascending palatine artery tonsillar 
br-Stylohyoid lig

Middle and Inferior Constrictor M: Internal laryngeal 
n-Superior laryngeal a and v

Inferior border of the Inferior Constrictor M: Recurrent 
laryngeal n-Inferior laryngeal a and v

a, Artery; m, muscle; v, vein.

 •BOX 4-3   Pharyngeal Muscle Gap Regions  
and Contents:

Pharyngobasilar
fascia

Styloid
process

Stylohyoid ligament

Stylohyoid (cut)

Stylopharyngeus
Styloglossus

Fibres of middle
constrictor from

stylohyoid ligament

Stylohyoid (cut)

Inferior constrictor
(cricopharyngeus) Inferior constrictor

(cricopharyngeal part)

Esophagus

Killian’s triangle

Fundiform part
(cricopharyngeal sphincter,
Killian’s sling)

Laimer’s triangle

Trachea

Inferior constrictor
(thyropharyngeus) Inferior constrictor

(thyropharyngeal part)

Pharyngeal raphe

Greater cornu
of hyoid bone

Middle
constrictor

Superior
constrictor

Tensor veli palatini

Levator veli palatini

Attachment of
pharyngeal raphe to
pharyngeal tubercle (occipital bone)

• Figure 4-38 Posterior view of the pharynx and the overlapping constrictor muscles. The pharyngobasi-
lar fascia suspends the nasopharynx. (From Standring S: Gray’s anatomy: the anatomical basis of clinical 
practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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Sublingual

The sublingual gland is located in the floor of the anterior 
oral cavity between the mucosa and the mylohyoid muscle, 
and the mandible sublingual fossa and the genioglossus 
muscle (see Figure 4-40, C). Drainage from the sublingual 
area is to the submental and submandibular group of supra-
hyoid nodes. Drainage from these nodes goes to the supe-
rior deep cervical chain.

Neck

Larynx

The larynx is a complex organ that connects the orophar-
ynx with the trachea. The superior laryngeal vein drains 
into the internal jugular vein. The inferior laryngeal vein 
drains into the left brachiocephalic vein via the inferior 
thyroid vein or the anterior tracheal venous plexus. The 
lymphatic vessels superior to the vocal folds drain into the 
superior deep cervical lymph nodes. The lymphatic vessels 
inferior to the vocal folds drain into the inferior deep cervi-
cal lymph nodes via the paratracheal or pretracheal lymph 
nodes.

Thyroid

The thyroid gland is positioned below the cricoid carti-
lage, anterior to the trachea, and surrounded by fibrous 
tissue that fuses with the visceral portion of the pretra-
cheal layer of the DCF. It wraps around the trachea to 

border the carotid sheath and buccopharyngeal fascia. 
The thyroid and parathyroid nodes drain into paratra-
cheal nodes.

Lymphatic System

Regional lymph nodes that are associated with particu-
lar organs or anatomic areas serve a primary filtering 
function, as compared with collecting lymph nodes that 
receive lymph fluid from multiple regional lymph node 
groups (Figure 4-41). In the head and neck, lymph drain-
ing to scattered regional nodes flows through the deep 
cervical collecting lymph nodes (Figure 4-42). The two 
main areas where lymphatic pathways intersect are the 
jugulofacial venous junction and the jugulosubclavian 
venous junction. There are no lymphatic structures in 
the cranial cavity.

Superficial nodes surround the neck from the inferior 
border of the mandible on one side and extend around the 
back of the neck to the corresponding location on the con-
tralateral side. Deep nodes are positioned along the deep 
vessels of the head and neck. They constitute submental 
and submandibular nodes, nodes along the internal jugular 
vein, posterior cervical triangle nodes, and anterior cervical 
nodes.

Lymphatic vessels of the head drain to the superficial ring 
of nodes, and then to the superior deep cervical nodes. Facial 
nodes drain to the submandibular group before draining to 
the superior deep cervical nodes. Eight lymph node groups 
drain the head (Figure 4-43 and Table 4-3).

Lymph fluid from the occipital, retroauricular, preau-
ricular, facial, and deep parotid nodes travels to the superior 
deep cervical nodes. The neck nodal groups, including the 
superficial cervical, retropharyngeal, submandibular, sub-
mental, deep facial, and jugulodigastric nodes, all drain to 
the superior deep cervical nodes. Tongue drainage is to the 
submandibular, suprahyoid, superior deep cervical, inferior 
deep cervical, and jugulo-omohyoid nodal groups (Figure 
4-44). The anterior cervical nodes, both superficial and deep 
(prelaryngeal–pretracheal), drain to the superior deep cer-
vical nodes. Lymph drainage from the tongue is via four 
major lymph channels. The apical draining the tongue tip 
is to the submental and submandibular nodes, and to the 
deep cervical chain supraomohyoid nodes. Marginal chan-
nels drain the lateral tongue to submandibular and then 
to deep cervical nodes. Central channels drain the central 
raphe area downward between the genioglossus muscles to 
affect the deep cervical chains. Basal channels drain the pos-
terior tongue to enter the deep cervical nodes that mainly 
lay between the posterior digastric belly and the omohyoid 
muscle.

The laryngeal pharynx and upper esophagus drain to the 
inferior deep cervical nodes. The jugulo-omohyoid nodes 
drain to the jugular trunk. The jugular trunk on the right 
side ends at the internal jugular and subclavian junction, 
or right lymphatic duct. The left side ends in the thoracic 
duct.

Trachea

Oral
cavity

Pharynx:

Uvula

Mandible

Tongue
Soft

palate

Hard
palate

Epiglottis

Hyoid bone

Thyroid cartilage
of larynx

Thyroid gland

Larynx

Laryngopharynx

Oropharynx

Nasopharynx

Nasal
cavity

Esophagus

Area of spinal cord

• Figure 4-39 Depiction of the pharyngeal regions of the upper 
aerodigestive tract. (From Bontrager k, Lampignano J: Textbook of 
radiographic positioning and related anatomy, ed 8, St Louis, 2014, 
Mosby.)



89CHAPTER 4 Anatomy Relevant to Head, Neck, and Orofacial Infections

Parotid salivary gland

Stensen duct

Facial nerve

Buccinator muscle

Masseter muscle

A

Submandibular duct

Submandibular salivary
gland (deep lobe)

Mylohyoid muscle

Anterior belly of
digastric muscle

Submandibular salivary
gland (superficial lobe)

Posterior belly of
digastric muscle

B

Lingual nerve

Mylohyoid nerve

Submandibular ganglion

Submandibular salivary gland

Mylohoid
muscle

Sublingual
salivary gland

Wharton's
duct

Branches to
tongue

Ducts of
Rivinus

C

• Figure 4-40 Depiction of the major salivary glands. A, Parotid gland. B, Submandibular gland. C, Sub-
lingual gland. (Modified from Fehrenbach MF, Herring SW: Illustrated anatomy of the head and neck, ed 4, 
St Louis, 2012, Saunders.)
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      Omohyoid

Sternohyoid

Carotid sinus

Thyroid cartilage
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Retropharyngeal
group
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2. Medial

Anterior cervical
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1. Superficial anterior jugular chain
2. Prelaryngeal
3. Pretracheal

Facial group 1. Malar
2. Infraorbital
3. Buccinator
4. Inferior maxillary

Parotid group 1. Subfacial, extraglandular
2. Deep intraglandular
3. Suprafacial

• Figure 4-41 Head and neck lymph node groups. (From Standring S: Gray’s anatomy: the anatomical 
basis of clinical practice, ed 41, Philadelphia, 2016, Churchill Livingstone.)
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Submental nodes

Submandibular nodes

Jugulo-omohyoid node

Omohyoid muscle

Deep cervical nodes

Internal jugular vein

External jugular vein

Jugulodigastric node

Occipital nodes

Direction of
lymph flow

Postauricular nodes

Preauricular/
parotid nodes

• Figure 4-42 Lymphatic drainage of the head and neck. (Redrawn from Robinson JK: Basic cutaneous 
surgery concepts. In Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, editors: Atlas of cutaneous surgery, 
Philadelphia, 1996, Saunders.)
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Occipital 
nodes

Posterior 
auricular 
nodes

Preauricular and
parotid nodes

Facial 
nodes

Submental nodes

Submandibular nodes

• Figure 4-43 Face and scalp lymphatic drainage. Arrows indicate 
drainage to the upper cervical nodes. (From Nouri K, Leal-Khouri S, 
Khouri R: Techniques in dermatologic surgery, St Louis, 2003, Mosby.)

  Lymphatic Drainage of Head and Neck

Structure Position Nodes

Face and scalp Anterior
Lateral

Facial → Submandibular → Deep cervical
Parotid → Deep cervical

Scalp Posterior Occipital → Deep cervical

Eyelids Medial
Lateral

Submandibular → Deep cervical
Parotid → Deep cervical

Chin Submental → Submandibular → Deep cervical

External ear Anterior
Posterior

Parotid → Deep cervical
Post-aurical → Deep cervical

Middle ear Parotid → Deep cervical

Neck Superficial
Deep

Superficial cervical (ant, lat, and post) → Deep cervical
Deep cervical

Floor of mouth Anterior, lower incisors
Lateral, teeth except incisors

Submental → Submandibular → Deep cervical or
Submental → Deep cervical

Palatine tonsil
Pharyngeal tonsil

Nasopharynx
Paranasal sinuses
Soft palate
Nasal cavity

Anterior

Posterior

Jugulodigastric → Deep cervical
Retropharyngeal → Deep cervical

Submandibular → Deep cervical
Retropharyngeal → Deep cervical

Larynx Above cords
Below cords

Superior deep cervical
Laryngeal and tracheal → Inferior deep cervical

Oropharynx Deep cervical

Cervical esophagus C6-Superior posterior mediastinum Tracheal plexus/deep cervical LN in this area if connections exist

Thyroid Upper part
Lower part

Laryngeal → Deep cervical
Tracheal or superior mediastinal

Tongue Tip bilateral Submental → Submandibular → Deep cervical and
jugulo-omohyoid

Lateral borders Submandibular → Deep cervical and Jugulo-omohyoid

From McMinn’s color atlas of head and neck anatomy, ed 3, p 103.

TABLE 
4-3

Jugulodigastric
node

Upper deep
cervical nodes

Lower deep
cervical nodes

Jugulo-omohyoid
node

Submental nodes
Submandibular

nodes
Infrahyoid node

Prelaryngeal node

Pretracheal node

Anterior cervical
node (in

suprasternal
space)

• Figure 4-44 Lymphatic drainage of tongue. (From Standring S: 
Gray’s anatomy: the anatomical basis of clinical practice, ed 41, Phila-
delphia, 2016, Churchill Livingstone.)
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Mucosa-associated lymphoid tissue is distributed along 
the internal mucosal linings, and it constitutes the most 
extensive component of human lymphoreticular tissue. 
These specialized tissues protect the body from an enor-
mous plethora of antigens. The tonsils, Peyer patches of the 
small intestine, and the vermiform appendix are examples of 
mucosa-associated lymphoid tissue.
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5
Introduction to the 
Laboratory Diagnosis of 
Infectious Diseases
THOMAS S. MURRAY, NEIL HAYCOCKS, AND SUSAN L. FINK

The accurate diagnosis of an infectious etiology of diseases 
of the head and neck relies in part on appropriate specimen 
collection, rapid transportation to the medical microbiology 
laboratory, and effective communication between the clinical 
care team and laboratory personnel (Figure 5-1).1 A number of 
different modalities are used in microbial diagnostics, requir-
ing the use of a number of different laboratories, including 
immunology for serologic testing, the pathology laboratory 
for direct visualization of histopathology and microorganisms 
in primary tissue, and the clinical microbiology laboratory 
for the detection, via nucleic acid or antigen testing, and cul-
tivation of microorganisms. This chapter reviews the various 
tools available for determining the microbiology of infectious 
diseases affecting the head, neck, and orofacial regions.

In 2013, the Infectious Disease Society of America and 
the American Society for Microbiology jointly published 
recommendations for the laboratory diagnosis of infectious 
diseases organized via organ systems.1 This publication is an 
excellent reference for clinicians and laboratorians to help 
with ordering the appropriate diagnostic tests when evaluat-
ing a patient with a possible infection.1,2

Anatomic pathology is the discipline that relies on direct 
visualization of human tissue, both grossly and microscopically, 
to render appropriate diagnoses. Many so-called special stains 
have been developed, some dating back to the 1800s, for the 
purpose of identifying and classifying microorganisms in biopsy 
or excisional specimens. Gram stain and various acid-fast stains 
still have broad usage for detecting bacteria and mycobacteria, 
respectively. Periodic acid–Schiff is a common stain capable of 
elucidating viable fungal elements (Figure 5-2) and certain bac-
teria (e.g., Tropheryma whipplei). Grocott methenamine silver 
is also commonly used and will highlight viable and nonviable 
fungal cells. Immunohistochemistry, which relies on the appli-
cation of labeled antibodies to histologic specimens, has become 
more prevalent as a diagnostic tool for infectious agents. Com-
mercially available immunohistochemistry stains that target 

bacteria (e.g., Bartonella henselae, Mycobacterium tuberculosis), 
viruses (e.g., Epstein-Barr virus, herpes simplex virus 1 and 
2), and parasites (e.g., Toxoplasma gondii) are readily available 
(Figure 5-3). In some instances, these stains have essentially 
replaced older, silver-based stains, such as Warthin-Starry, 
for the visualization of specific microbes. In situ hybridization 
using nucleic acid probes has become more common as well, 
with the detection of Epstein-Barr virus-encoded small RNA 
being a prototypical example (Figure 5-4).

Serologic testing identifies pathogen-specific antibodies 
produced during an immune response, as a diagnostic 
indicator of either acute infection, prior infection, or vac-
cination. Serology is typically most useful in the diagnosis 
of infections involving organisms that are difficult to culture 
or detect by other means. Immunoglobulin (Ig) M is the 
first class of antibodies produced during an initial immune 
response and the presence of pathogen-specific IgM often 
indicates acute or recent infection. IgM antibodies are often 
limited in their specificity and may be cross-reactive, producing 
false-positive results. IgG responses take longer to develop 
and may reflect prior infection or vaccination.

Clinical microbiology laboratories use a number of rapid 
tests to detect specific microbial antigens or nucleic acids 
in primary nontissue specimens. For example, Cryptococcus 
antigen testing can be performed on cerebral spinal fluid 
(CSF), and antigen testing for respiratory viruses can be 
performed on nasopharyngeal specimens. Molecular tech-
niques are being used increasingly in clinical laboratories 
to detect pathogen-specific nucleic acids and have most 
notably been applied to virologic diagnosis, as discussed 
later. The introduction and rapid expansion of molecular 
techniques, especially nucleic acid detection methods such 
as polymerase chain reaction (PCR)/DNA amplification, to 
the detection of infectious agents requires clinicians to be 
familiar with the properties of new diagnostic tests as they 
enter common use.
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In addition, the clinical microbiology laboratory is 
responsible for growing microorganisms from primary 
specimens and identifying those most likely to be pathogenic. 
In the virology laboratory, this requires the use of specific 
mammalian cell lines necessary for viral replication, whereas 
in the bacteriology and mycology laboratory a variety of 
culture media with different nutritional components and 
different growth conditions (aerobic and anaerobic) are 
used to maximize the recovery of viable organisms. An 
advantage of cultivation over molecular techniques is that 
in most cases the susceptibility of a pathogen to a panel 
of antimicrobials can be determined by examining growth 
inhibition in the presence of a drug.

Specimen Collection and Test Ordering

Regardless of the specimen type, the first step toward the 
correct diagnosis involves ordering the proper diagnos-
tic tests (see Figure 5-1). Initially, the likely organisms 
responsible for the presenting clinical syndrome are identi-
fied to determine the most sensitive and specific tests for 
those pathogens. An organism that is difficult to grow in the 

• Figure 5-2 Periodic acid–Schiff stain for viable fungal hyphae. Posi-
tive special staining for viable fungal elements, which contrast sharply 
with the background of inflammatory exudate.

• Figure 5-3 Immunohistochemistry bacterial staining. Positive immu-
nohistochemical staining for Bartonella henselae, the etiologic agent 
of cat scratch disease. This preparation used a red chromophore 
directed against a B. henselae antigen.

• Figure 5-4 Epstein-Barr virus (EBV) diagnosed with in situ hybrid-
ization. In situ hybridization for EBV-encoded small RNA (EBER). This 
patient was positive for HIV and had persistent fever and lymphadenop-
athy, which was ultimately found to be EBV-positive Hodgkin lymphoma.

Suspect
infection

Identify likely
pathogens

Identify
proper

diagnostic
tests

• Appropriate
  order sets
• Communication
  with laboratory
  personnel

Specimen
handling

• Appropriate
  specimen collection
• Correct specimen
  transport medium

Diagnostic
follow up

• Specimen
  receipt
• Turn around
  time

• Figure 5-1 Initial approach to diagnostics for infectious diseases. Proper ordering, collection, and trans-
port of primary specimens offer the best chance at recovering the etiologic agent.
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microbiology laboratory can be best diagnosed by serology 
in the immunology laboratory or by molecular techniques 
if available. The treating provider must be aware of which 
organisms will be identified from the specimen based on the 
type of laboratory order. For example, ordering a routine 
bacterial culture and susceptibility on a specimen typically 
does not result in an attempt to identify and grow myco-
bacteria; an order for a separate test specific for mycobac-
teria is required. Bordetella pertussis is another example of 
a respiratory pathogen that requires unique growth condi-
tions; therefore, it will not be recovered from routine bacte-
rial cultures. In addition, if the patient has an underlying 
condition that puts him or her at increased risk for certain 
infectious agents, this information should also be conveyed 
to the clinical laboratory through either the order set or the 
label. For example, many laboratories have unique order 
sets for respiratory specimens from patients with cystic 
fibrosis that optimize the recovery of known cystic fibrosis 
pathogens such as Burkholderia cepacia. If this information 
is not conveyed to the laboratory, the specimen might not 
be plated to selective media for growth of these organisms.

Having a list of the potential pathogens is also important 
in determining the appropriate transport media as samples 
tested for viruses are transported under different conditions 
than samples sent for bacterial isolation (discussed later). 
Because many microorganisms are fastidious and may die 
rapidly when exposed to oxygen, rapid transport to the 
microbiology laboratory is of critical importance in giving 
the microbiology laboratory the best opportunity to recover 
viable organisms for identification and antimicrobial sus-
ceptibility testing. If the clinical team is unsure about either 
the appropriate tests to order or the best method to collect 
and transport the specimen, a direct consultation with the 
staff members at the clinical laboratory can ensure that the 
patient samples are handled optimally. If unusual organisms 
are suspected, communication with laboratory personnel is 
critical before specimen collection to ensure optimal collec-
tion, transport, and growth conditions in the microbiology 
laboratory to maximize the chances of recovering viable 
organisms.

After the appropriate tests have been ordered, the next 
step is the proper collection of the sample (see Figure 5-1). 
The recovery of viable pathogens is optimized if sample 
collection occurs before initiating antimicrobial therapy. 
If collection of the material requires incision and drainage, 
sterilization of the skin with chlorhexidine is the preferred 
method.1 In many cases, to get to the infected area, the cli-
nician must either sample from or pass through a site that 
is not normally sterile, such as the oral cavity. If the sample 
is not collected in a sterile manner, this important informa-
tion should be conveyed to the clinical laboratory to assist 
in the interpretation of the growth of microorganisms from 
the sample.

As a general rule for patient samples when bacteria or 
fungi are the suspected cause of the pathologic process, pus 
or tissue is highly preferred to a swab of the infected area. 
While flocked swabs demonstrate improved recovery of 

organisms compared with conventional swabs, swabs tend 
to absorb small amounts of sample, and bacteria and fungi 
may cling to the swab when plated for growth. When a viral 
etiology is suspected and molecular diagnostic approaches 
will be used, in many cases a swab of the appropriate patient 
material is sufficient to make the diagnosis. Another general 
rule is that the more volume of sample that is collected, 
the increased likelihood of recovering an organism from the 
sample.

Once the sample has been collected into the appropriate 
transport media, the sample should be labeled appropriately 
(see Figure 5-1). In addition to the correct patient informa-
tion, specimen information should include the location of 
the lesion, the specimen type (e.g., pus, tissue, prosthetic 
material), and how it was collected (e.g., needle aspiration, 
open incision, biopsy, swab). If there are multiple lesions 
or specimens collected differently, labeling which specimen 
came from each lesion is critical to ensure the reporting of 
accurate results. For example, superficial drainage from an 
open wound cultured at the beginning of a surgical proce-
dure (potentially contaminated with skin flora) may yield 
organisms that are different from those in an intraoperative 
deep biopsy specimen from what should be a sterile site. The 
labels of these specimens should reflect these differences in 
collection, even from the same lesion.

Specimens sent to anatomic pathology are often sub-
mitted in formalin, which fixes and preserves the tissue 
for processing and examination. Other options include 
submitting tissue fresh, in sterile saline, or in a defined cell 
growth medium, such as Roswell Park Memorial Institute 
medium (RPMI-1640). These latter options enable the 
anatomic laboratory staff member to reserve some viable 
tissue for ancillary studies, which may include flow cytomet-
ric analysis, fluorescent in situ hybridization analysis, or 
cytogenetic analysis. This can be particularly helpful if the 
specimen is a lymph node, as lymphoma is often in the 
differential diagnosis of a possible infection. In general, it is 
advisable to send some or all collected lymph node tissue in 
RPMI, with the clinical suspicion clearly explained on the 
requisition form. If the tissue is collected during off hours or 
in an office setting and is at risk being processed the following 
day, the submitting clinician should contact the laboratory 
and arrange for appropriate handling of the specimen.

Virology

Laboratory diagnosis of viral infection relies on four prin-
cipal modalities: culture, antigen detection, nucleic acid 
detection, and serology. Each method has particular 
advantages and limitations, and recent improvements in 
technology have led to increasing dominance of nucleic 
acid–based testing.

As viruses are obligate intracellular pathogens, their 
detection with culture-based techniques requires inocula-
tion of viable virions into susceptible host cells. Growth of 
specific viruses produces characteristic cytopathic changes 
or can be detected by staining the cell monolayer for specific 
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viral antigens using fluorescently labeled antibodies. Although 
detection of viral pathogens by tissue culture methods 
has been the traditional means of diagnosis, viral culture 
requires technical proficiency, is labor intensive, generally 
has a longer turnaround time than newer methods do, and 
is frequently less sensitive than nucleic acid–based detection 
methods. An advantage of culture is that it can sometimes 
identify viruses that may not have been clinically suspected 
and can provide a somewhat unbiased approach to viral 
diagnosis. Shell vial culture is a modification of traditional 
culture techniques that allows detection after a shortened 
incubation period (1 to 3 days) and is most commonly used 
for cytomegalovirus.

Many viruses can be rapidly identified directly from 
patient samples using antibody reagents specific for viral 
antigens. The most common antigen detection test is 
the direct fluorescent antibody (DFA) test in which the 
patient’s primary specimen is stained with specific fluo-
rescently labeled antibodies and examined microscopi-
cally (Figure 5-5). DFA tests are commonly performed 
on mucosal and skin lesions for herpes simplex virus and 
varicella-zoster virus, as well as on ocular specimens for 
identification of herpes simplex virus and adenovirus. 
Respiratory DFA panels have been used to detect multiple 
common viral respiratory pathogens, including influenza 
A and B, respiratory syncytial virus, adenovirus, parainflu-
enza viruses, and metapneumovirus. DFA procedures can 
be labor intensive and require a certain level of technical 
expertise for accurate interpretation, but they are more 
rapid than culture and can be highly sensitive.3

Nucleic acid–based testing is routinely available for sen-
sitive and specific detection of viral DNA and RNA and 
has become the dominant method of testing for many viral 
pathogens.4 Detection of small quantities of viral nucleic 
acid is accomplished by target amplification methods 
including PCR or signal amplification technologies such 
as hybrid capture. Nucleic acid–based methods do not rely 
on propagation of viable infectious virions, which allows 
greater latitude in specimen collection and transport and 
has expanded testing to viruses that have been difficult to 
grow in culture. These tests can generally be performed rap-
idly, often with results in 1 day or less. Automation and the 
ability to combine several viral nucleic acid tests in a single 
multiplex assay has greatly accelerated throughput. Real-time 
PCR permits not only detection, but also accurate quan-
titation, and it is used to monitor viral loads and to provide 
assessment of therapeutic response. Nucleic acid–based 
methods are also increasingly available to detect mutations 
associated with antiviral resistance.

Viral serology involves detecting pathogen-specific 
antibodies produced by infected patients; it can be useful 
for diagnosing recent infection and determining immunity. 
Serology is most often used for diagnosis when nucleic acid–
based or other methods are not available or for infections in 
which viral titer decreases before clinical symptoms develop.

Epstein-Barr virus (EBV) infection induces not only virus 
specific antibodies, but also non-EBV heterophile antibodies. 
These broadly reactive antibodies agglutinate horse red blood 
cells, which is the basis of the monospot test. Other viruses 
for which serology is often the preferred diagnostic method 
include cytomegalovirus, HIV, hepatitis viruses, measles, 
mumps, rubella, West Nile virus, and other arboviruses.

Bacteriology

As discussed previously, a wide variety of bacterial species are 
present at diverse anatomic sites as normal flora, and these 
may be recovered in clinical specimens. These organisms 
may be present along with pathogens, and some members of 
the normal flora are themselves capable of causing disease. 
Specimen collection that minimizes contamination of normal 
flora is optimal, but many sites are inherently nonsterile and 
appropriate interpretation of the clinical significance of 
bacteria recovered from specimens is essential.

The first test for the majority of laboratory specimens 
sent to the microbiology laboratory for bacterial culture and 
susceptibility is the Gram stain. This rapid test is used for 
primary specimens and to help direct empiric antimicrobial 
coverage when infection is suspected. Although the genus 
and species are not identified from the Gram stain, the type 
of staining (gram positive is purple, gram negative is pink) 
and the morphology of the organisms, cocci or rod-shaped, 
in pairs, clusters, or chains provide the first information about 
possible pathogens (Figure 5-6). The value of the Gram stain 
is in directing empiric antibiotic therapy specifically against 
either gram-positive or gram-negative organisms while await-
ing final bacterial identification and susceptibility testing.

• Figure 5-5 Direct fluorescent antibody (DFA) testing for respiratory 
viruses. In this example, the DFA test detects parainfluenza infection of 
respiratory epithelial cells from a nasal swab specimen. A fluorescent 
labeled antibody that recognizes a parainfluenza antigen is detected 
using fluorescent microscopy.
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In addition to the Gram stain, bacteria are primarily 
detected in clinical specimens by growth in culture. Media 
for culturing a given specimen type are chosen to optimize 
growth of the pathogens commonly encountered at a partic-
ular site and with consideration for the need to identify 
pathogenic bacteria within a mixed population of normal 
flora. In most cases, specimens are simultaneously inocu-
lated on multiple types of media to maximize recovery and 
differentiation of organisms. Agar plates supplemented with 
blood allow growth of most medically significant bacteria 
and reveal patterns of hemolysis that aid in the identification 
of organisms. Chocolate agar contains blood that has been 
heated to release factors that aid in the growth of fastidious 
bacteria, most notably Haemophilus and Neisseria species. 
Selective media inhibit the growth of certain organisms, 
while allowing growth of others. An example is 5% sheep 
blood agar plates with colistin and nalidixic acid, which 
inhibits the growth of gram-negative bacilli while permitting 
gram-positive bacteria to grow. Differential media have 
properties that allow certain organisms to produce charac-
teristic changes or growth patterns that aid in identification. 
Strictly anaerobic bacteria such as Clostridium species are 
killed by normal atmospheric concentrations of oxygen and 
are cultured under anaerobic conditions.

Bacterial cultures generally require 18 to 24 hours of 
incubation for growth to be visible, with longer incubations 
being needed for some fastidious organisms and anaerobes. 
Agar plates are carefully examined not only for the presence 

of growth, but to distinguish normal flora from potential 
pathogens (Figure 5-7). Accurate and precise knowledge of 
the anatomic site sampled is critical for laboratory staff to 
appropriately interpret bacterial culture results. The specimen 
type, as identified by the order and label, determines in part 
how the microbiology laboratory interprets the recovery of 
viable bacteria. For sites considered sterile, such as the CSF, 
the growth of any organism in any amount is reported, and 
antimicrobial susceptibility testing is performed. In many 
ENT infections, the site of infection connects either directly 
or indirectly to a nonsterile location with commensal flora 
(e.g., the oral cavity). For these specimens, there is an a 
priori expectation that bacteria will grow from the specimen, 
even in the absence of a known infectious process. In these 
cases, the microbiology laboratory must attempt to determine 
whether the growth is mixed normal flora or a pathogen 
is growing among the normal bacteria (see Figure 5-7). 
An example of a bacterial characteristic laboratories use to 
identify pathogens is the presence of β-hemolysis around 
a colony. Staphylococcus aureus, Streptococcus pyogenes, and 
Pseudomonas aeruginosa are examples of pathogens that 
produce hemolysins that allow their identification from 
mixed growth (see Figure 5-7). Bacterial colonies can be 
identified to the species level using biochemical tests in rapid 
simple benchtop procedures, in automated systems that 
recognize the pattern of multiple biochemical reactions, or 
more recently by sequencing specific bacterial genes or mass 
spectrometry as discussed later.

Empiric antimicrobial therapy can be refined based on 
Gram stain results and the identification of pathogenic bac-
teria. For some bacteria, antimicrobial susceptibility is highly 
predictable and susceptibility testing is not performed. For 
others, variable resistance necessitates laboratory antimicro-
bial susceptibility testing, which is most often performed 
with agar diffusion tests and broth dilution tests. Agar dif-
fusion tests involve growing a standardized inoculum of 
bacteria on agar plates in the presence of disks or strips 
impregnated with antibiotics. Inhibited growth surround-
ing the antibiotic correlates with susceptibility, and clinical 
guidelines are used to correlate in vitro susceptibility to clin-
ical response. Broth dilution tests are most often performed 
in automated systems and similarly rely on growth of a stan-
dardized bacterial inoculum in liquid medium with varying 

• Figure 5-6 Mixed flora from a respiratory specimen labeled with 
Gram stain. The black arrows show both gram-positive (dark, purple) 
and gram-negative (light, pink) bacteria of varying morphologies. The 
white arrow shows a neutrophil consistent with an ongoing inflamma-
tory process in the host, consistent with infection.

• Figure 5-7 Growth of mixed flora from a primary specimen. Multiple 
colony morphologies are present after growth on a blood agar plate. 
The presence of β-hemolysis (complete lysis of red cells producing 
transparency) is used to distinguish pathogenic bacteria from com-
mensal flora.
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concentrations of antibiotic. The antibiotic concentration 
required to inhibit growth is referred to as the minimum 
inhibitory concentration. As with agar diffusion tests, results 
of broth dilution tests must be interpreted using clinical 
guidelines to predict responsiveness to treatment. In a few 
instances, antibiotic resistance is due to a single gene, and 
molecular tests have been developed to rapidly identify resis-
tance without the need for bacterial growth required for phe-
notypic tests. Molecular tests to detect methicillin-resistant  
S. aureus (MRSA) are the most common example. For many 
organisms, particularly gram-negative rods, antibiotic resis-
tance can be conferred with numerous mechanisms and may 
be less amenable to molecular testing.

For a few clinical syndromes, specific bacterial antigen 
testing has been developed for common pathogens. For 
example, rapid diagnosis of S. pyogenes pharyngitis can be easily 
established by simple antigen tests. However, these tests have 
imperfect sensitivity, and negative rapid antigen tests should 
be confirmed by culture in populations with a high incidence 
of S. pyogenes pharyngitis.5 Unlike most bacteria, the 
Chlamydia species are obligate intracellular pathogens, and 
they cannot replicate in standard bacterial culture. Like viral 
pathogens, direct fluorescent antibody or nucleic acid–based 
tests are most commonly used for these organisms.

Mycobacteria have a unique cell wall rich in mycolic 
acids, which causes resistance to decolorization by acids 
during special staining procedures (i.e., Ziehl-Neelsen stain) 
and leads to their characterization as acid-fast bacilli. Many 
medically important mycobacteria are also slow growing, 
often requiring weeks of incubation rather than days, and 
require special techniques for growth in the microbiology labo-
ratory, necessitating separate culture orders. Specimens for 
mycobacterial culture from sites containing normal flora are 
processed with a decontamination step before inoculation 
of media to prevent normal flora from overgrowing, and 
cultures are held for extended periods to allow detection of 
slow-growing organisms. Nucleic acid amplification tech-
niques have enabled rapid detection of M. tuberculosis from 
primary specimens, most notably from sputum. In addition 
to testing for the presence of mycobacterial organisms, 
diagnosis of exposure to mycobacterial antigens, as occurs 
in patients with latent tuberculosis, can be performed using 
the tuberculin skin test. Newer interferon-γ release assays 
can also be used for diagnosis of latent tuberculosis infec-
tion; they are particularly useful in the setting of bacillus 
Calmette-Guérin vaccination to prevent active tuberculo-
sis. Bacillus Calmette-Guérin vaccine administration can 
result in a positive tuberculin skin test result, but there is 
less cross-reactivity with the interferon-γ release assays, 
reducing the chance of false-positive results.

Mycology

If fungal pathogens are suggested based on the clinical 
presentation, a separate order is required for mycology pro-
cessing. Most yeasts, such as Candida species and some 
fungi, will grow on a standard blood agar plate; however, 

best practice is to include additional diagnostic testing to 
isolate fungi that grow as molds. This is particularly impor-
tant for patients with immune system dysfunction, such as 
those receiving bone marrow transplants and patients with 
chronic diseases, such as diabetes. As many important 
fungal pathogens cause invasive disease in regions of the 
head and neck, biopsied tissue is often the specimen of 
choice, and swabs are discouraged because they might not 
accurately capture the deeper infectious process. Tissue 
specimens should be placed in a properly labeled, sealed, 
sterile aerobic container and transported to the microbiol-
ogy laboratory at room temperature. Drying or freezing 
of the specimen should be avoided, because it will pre-
vent recovery of viable organisms. If a delay in transport is 
expected or the tissue sample is small, as in a fine-needle 
biopsy specimen, sterile gauze moistened with sterile nor-
mal saline should be included in the container to prevent 
dehydration. Ideally, tissue should be sent to both the 
anatomic pathology lab for evidence of invasive fungal 
disease in fixed tissue and to the microbiology laboratory 
for recovery and identification of the organism. If limited 
tissue is available and the index of suspicion for infection 
is high, then material should be sent to the microbiology 
laboratory for recovery and identification of the offending 
organism. Although the pathology laboratory can often 
identify fungal elements when staining tissue that suggest 
the etiology of infection (see Figure 5-2), confirmation 
and definitive diagnosis require growth and identification 
of the organism. When Aspergillus species is suggested in 
sinus disease, an aspirate from an antral puncture can be 
collected and transported with a vacuum aspirator.1

Common yeasts such as Candida species are readily vis-
ible with a standard bacterial Gram stain. An exception is 
Cryptococcus neoformans, which stains poorly with Gram 
stain and is better seen with traditional stains used for 
fungi. C. neoformans is also urease positive when grown 
and has a thick capsule when visualized with India ink 
stain. Identification of fungal elements in primary speci-
mens requires additional stains, two of the most com-
mon being the Calcofluor-KOH that binds the chitin of 
fungal cell walls and the previously described periodic 
acid–Schiff stain that colors the organisms pink because 
of the presence of hexose.

Ideally, specimens for fungal culture are not ground 
with pestle and mortar, as this may destroy hyphal ele-
ments making fungi nonviable. If a single, small speci-
men is sent for both bacterial and fungal culture, then 
it may be unavoidable to enhance recovery of bacterial 
pathogens. Ideally, primary tissue sent for mycology 
culture should be cut into tiny pieces with scissors or a 
scalpel to preserve hyphae and viability. Specimens are 
inoculated to several different media to optimize the 
recovery of pathogenic fungi. Examples include Sab-
ouraud dextrose with and without chloramphenicol and 
cycloheximide. The latter antimicrobials are added to 
prevent growth of bacteria and environmental fungi less 
likely to be pathogenic. Specimens are also added to a 
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rich brain-heart infusion broth that promotes growth of 
fastidious fungi. Plates and broth inoculated for fungal 
growth are incubated at 30° C. Dimorphic fungi such 
as Histoplasma capsulatum grow as a mold at lower tem-
peratures, room temperature to 30° C, and as yeast at 
higher temperatures similar to body temperature (37° C). 
When a dimorphic fungus is suspected, increasing the 
incubation temperature will convert growth from a mold 
to a yeast form. Because fungal growth rates are gener-
ally much slower than bacterial rates, the plates are kept 
in the laboratory much longer than for bacterial growth, 
usually up to 28 days before a final determination of no 
growth.6

When growth occurs, the rate of growth and phe-
notype of the colony provide initial clues to identifica-
tion. The colony is examined for its color and texture. 
For example, the colonies of many zygomycetes have a 
white cotton appearance on the plate. When the colony 
matures, the morphology of the mold and its fruiting 
bodies are used for the final identification. To preserve 
the fungal structures, Scotch tape is lightly pressed on the 
colony and removed to a drop of lactophenol cotton blue 
for examination under the light microscope (Figure 5-8). 
Characteristics of filamentous fungi that aid in identifi-
cation include the presence or absence of septa, the thick-
ness and angle of hyphal branching, and the morphology 
of conidia and spores. Two classes of medically important 
fungi that must be contrasted are the Aspergillus species 
and the zygomycetes (see Figure 5-8). Aspergillus spe-
cies typically produce septated hyphae with branching 
at 45-degree angles with distinctive macroconidia. In 
contrast, zygomycetes, such as Mucor and Rhizopus spe-
cies, are generally aseptate with 90-degree branching of 
hyphal structures. The vast majority of pathogenic fungi 
can be identified based on the morphology of both the 
colony and the fungal elements. Yeast can be identified 
by commercial identification systems based on biochemi-
cal properties. A rapid germ tube test is often used to 
distinguish Candida albicans from other Candida species, 
which are germ tube negative. Briefly, yeast are placed in 
rabbit serum at 35° C for two hours and examined under 
microscopy for the presence of a hyphal extension that 
represents a positive test and the presumptive identifica-
tion of C. albicans. The morphology of yeast grown on 
corn meal agar can also be used to identify yeast and dif-
ferentiate among Candida species.

More recently, molecular methods have been applied 
in the mycology laboratory with DNA sequencing of 
rRNA ribosomal genes of the patient isolate compared 
with a known database of fungal sequences to identify the 
pathogen.6 This technique has been successful in identi-
fying the majority of important pathogenic molds. On 
occasion, a mold grown from a primary specimen cannot 
be identified based on morphology because of the lack 
of distinctive morphology. Some of these unusual organ-
isms can be identified using these molecular techniques, 
assuming they are represented in the reference database. 

Given the ubiquitous presence of a diverse population of 
fungal spores in the environment, it can be difficult to 
assess whether more unusual fungi are true pathogens. 
This requires clinical correlation and communication 
with the mycology laboratory.

As mycology laboratories have improved in identify-
ing both the genus and species of fungi, unusual, envi-
ronmental fungi are reported in the literature as causing 
human disease. These reports emphasize that communi-
cation between the clinical laboratory and patient care 
team becomes even more important in determining 
whether an identified organism is a true pathogen. If the 
clinician is unfamiliar with the identified mold or yeast 
or is unsure of the pathogenic potential in the clinical 
setting, the mycology laboratory can be a resource to 
provide additional information about the taxonomy of 
the fungus.

Although the vast majority of invasive fungal diseases 
are diagnosed based on culture, other tools are also used 
in the diagnosis of invasive molds and yeasts. Serology 
from both the serum and CSF aids in the diagnosis of 
C. neoformans and several of the dimorphic fungi such as 
H. capsulatum and Coccidioides immitis. More recently, 
antigen tests for the presence of fungal cell wall compo-
nents shed into the serum have been used for the detec-
tion of invasive fungal disease in immunosuppressed 
patients. Galactomannan is a polysaccharide shed by 
Aspergillus species during invasive growth and can be a 
marker for both the presence of Aspergillus species and 
patient response to antifungal therapy, particularly after 
bone marrow transplant. The sensitivity and specificity 
of this test varies depending on the population studied, 
and false-positive (with antibiotic use) and false-negative 
results are well documented. Another antigen detected in 
serum, β-D-glucan, is shed by fungi including but not 
limited to Candida species, Aspergillus species, H. capsu-
latum, and C. immitis and is used as a diagnostic aid for 
invasive fungal disease. Importantly, zygomycetes are not 
detected with either of the above antigen tests.

Advances in Diagnostics

Recent advances in technology have led to significant 
changes in the laboratory diagnosis of microbial infec-
tions, and continued advances in the coming years are 
likely to further change and improve diagnostic test-
ing.4,7 As mentioned previously, nucleic acid–based 
testing of primary specimens revolutionized clinical viro-
logic testing as traditional viral culture was slow, insen-
sitive, and limited to certain culturable pathogens. As 
technologies for nucleic acid–based testing are numerous 
and constantly improving, these tests are becoming more 
widespread, easier for smaller laboratories to implement, 
and more widely applied to bacterial, fungal, and para-
sitic infections that are difficult to culture. Furthermore, 
nucleic acid–based tests require only knowledge of con-
served sequences characteristic of given pathogens and 
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not laborious development of specialized reagents, such 
as antibodies. For this reason, they are readily applicable 
to emerging infections. Because of the presence of nor-
mal flora, nucleic acid–based testing of primary speci-
mens relies on identification of sequences specific for a 
given pathogen. Although multiplex assays enable testing 

for multiple organisms, unlike culture, nucleic acid iden-
tification is limited to the specific sequence sought.

Nucleic acid–based tests are increasingly used not only on 
primary specimens, but also to identify bacteria and fungi 
once they have grown in culture. For example, the bacterial 
16S rRNA gene contains highly conserved sequences for which 

B

A

• Figure 5-8 Morphology and the identification of pathogenic fungi. Fungi stained with lactophenol cotton 
blue after a Scotch tape preparation from colonies growing on agar plates. A, Aspergillus fumigatus. Note 
the circular conidia at the top of the stalk (conidiophore). B, The zygomycetes, Mucor species. Note the 
lack of septa and 90-degree branching. Conidia are also absent, which is consistent with a zygomycetes. 
(Images courtesy Mark Lewis, Yale New Haven Hospital.)
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PCR primers have been designed. Sequencing of the interven-
ing hypervariable regions can reveal species-specific signatures 
that are characteristic of otherwise difficult to identify organ-
isms. Similar principles are being applied for the identification 
of fungi as previously mentioned. However, organism identifi-
cation using sequencing requires significant technical resources, 
has not been readily automated, and is thus not currently avail-
able in most small clinical laboratories.

Proteomic tools, such as mass spectrometry, have the 
potential to further revolutionize clinical microbiology. 
Matrix-assisted laser desorption ionization time of flight 
(MALDI-TOF) mass spectrometry is increasingly being 
used by clinical microbiology laboratories for the iden-
tification of bacteria and fungi isolated in culture.8 This 
technique involves generating a proteomic spectrum from 
abundant peptides and proteins in the sample, particularly 
ribosomal proteins. Software is used to compare this spec-
trum to those in a database to identify the organism. Initial 
databases were focused on medically important bacteria, 
but with expansion and improvement of databases, iden-
tification is also being extended to mycology. This technol-
ogy allows for fast and inexpensive organism identification. 
In many large hospital laboratories and academic centers, 
MALDI-TOF has replaced conventional phenotypic meth-
ods for pathogen identification. At this time, the equipment 
cost is prohibitively high for smaller laboratories. Studies 
are beginning to investigate the potential for MALDI-TOF 
identification directly from positive blood cultures, as well 
as its ability to detect markers of antimicrobial resistance.
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6
Imaging for Head, Neck, 
and Orofacial Infections
MATTHEW E. LAWLER AND ZACHARY PEACOCK

Imaging has become an essential component of the practice 
of head and neck and orofacial surgery. Since the advent 
of radiology at the end of the seventeenth century, plain 
films, and later tomograms, were used to visualize the hard 
and soft tissues throughout the body.1 In the 1970s, com-
puted tomography (CT) and magnetic resonance imaging 
(MRI) became available, allowing the surgeon to use cross-
sectional images. In recent years, improvements in imaging 
techniques, speed, resolution, and cost have resulted in a 
wide range of applications, decreased radiation exposure, 
real-time imaging, and assessment of specific physiologic 
processes.

Imaging is currently used for diagnosis, treatment plan-
ning, intraoperative guidance, and posttreatment evalua-
tion of a variety of infections affecting the head, neck, and 
orofacial region.1,2 Various modalities of imaging ranging 
from plain films, CT, MRI, ultrasound (US), and nuclear 
medicine techniques have roles in infectious processes of the 
head and neck.3 This chapter describes the various imaging 
techniques used today, and provides the practitioner with 
a framework for choosing the appropriate study for each 
infectious disease process.

Imaging Modalities

To determine appropriate imaging for a clinical situation, 
a basic understanding of each technique is necessary. The 
ordering clinician should understand the utility of each 
modality, the benefits, and the relative risk to the patient.

Plain Film and Tomography

A plain film refers to a single exposure from an x-ray source, 
which passes through the object of interest and is absorbed 
by a detector or film. A variety of plain films are used for 
assessment of maxillofacial infections, including dental 
radiographs (bitewing, periapical, occlusal), cephalograms 
(anteroposterior, lateral), and others (Waters, Townes, 
Caldwell, and submentovertex views). A related type of 

image is the tomogram, which is a two-dimensional image 
created by serial radiographs at different angles. The most 
common tomogram used in maxillofacial surgery is the 
orthopantogram, or panoramic radiograph. Plain films and 
orthopantograms are fast, readily available, and require min-
imal equipment. These films are especially helpful for deter-
mining the source of an odontogenic infection, providing 
supporting evidence to rule in or out specific diseases over 
the course of an office visit (e.g., mandibular, maxillary, or 
sinus pathology). Lateral and anteroposterior cephalograms 
can quickly provide an objective determinant of the severity 
of airway compromise in suspected deep space infections or 
in patients with stridor (Figure 6-1).3

Computed Tomography

Maxillofacial CT scans have become the most commonly 
used imaging modality for many maxillofacial infections.1-3 
The CT scan was created by Hounsfield and Cormack, and 
it earned them the Nobel Prize in Physiology and Medicine 
in 1979. CT images are a computer-generated digitization 
of multiple radiographs obtained as the source and detec-
tor rotates around the patient.1 The data are then processed 
using complex formulas, and the attenuation of x-ray radia-
tion is calculated for individual three-dimensional cubes 
known as voxels. The relative radiodensity of each voxel is 
given a numerical value known as a Hounsfield unit (HU), 
where the relative uptake of x-ray energy is quantified in 
comparison with water. Some common HU values for ref-
erence are air (–1000 HU), fat (–100 to –80 HU), water 
(0 HU), blood (60 to 110 HU) and bone (1000 HU). 
The axial images that are obtained can be reformatted into 
other sequences (e.g., coronal, sagittal, three-dimensional). 
Manipulation of windows (the range of HUs that are dis-
played) can allow for greater contrast between structures 
within the chosen range of HUs (e.g., bone or soft tissue 
windows).

The use of iodinated intravenous (IV) contrast agents 
provides another way to differentiate vascular structures and 
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enhance areas of inflammation, acute bleeding, or abscess 
walls (Figure 6-2). The disadvantage of IV contrast is the 
risk of contrast-induced nephropathy, defined by a 25% 
rise in serum creatinine 2 to 7 days after contrast expo-
sure.4 Risk factors include preexisting renal impairment 

(creatinine >1.3 or 1.0 in men and women, respectively), 
hypertension, hemodynamic instability, age greater than 
75 years, congestive heart failure, and high contrast load.5 
In at-risk patients, one must determine the relative benefit 
of contrast for the clinical scenario. The risk of nephropathy 

A B C

• Figure 6-1 Lateral neck view (A) with windowing to highlight soft tissue pathology from a patient who 
ingested a plastic foreign body (large arrow) 5 days before clinical presentation. There is significant thicken-
ing of the prevertebral soft tissue with retrotracheal and retrolaryngeal air (arrowheads) causing significant 
narrowing and anterior displacement of the airway. Anteroposterior (B) and lateral neck (C) films of a patient 
with an abscess involving the submandibular, parapharyngeal, and retropharyngeal deep neck spaces. Note 
the displacement of the airway column to the left in the anteroposterior view as well as significant narrowing 
with increased prevertebral and retroglossal soft tissue in the lateral view. (From DelBalso AM, Hall RE: Diag-
nostic imaging of maxillofacial and fascial space infections. In Oral and maxillofacial infections, ed 4, 2002.)

A B

• Figure 6-2 Axial computed tomographic images at the same level (A) before and (B) after intravenously 
administered contrast that is used to enhance structures with high vascularity. In B, note the prominence 
of venous and arterial structures, salivary glands, and lymph nodes. The white arrow shows an enhancing 
left neck mass consistent with lymphadenitis.
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can be limited by minimizing contrast load, discontinuing 
nephrotoxic drugs, pre-imaging hydration, and treatment 
with vitamin C, sodium bicarbonate, or N-acetylcysteine.6,7 
Antihistamines and corticosteroids can be used in patients 
requiring contrast who have had previous minor allergic 
reactions to IV contrast (i.e., rash or pruritus).8

Initially, CT scans required several minutes to obtain, 
resulting in a relatively large radiation exposure.1-3 With 
increased detector sensitivity, optimization of beam charac-
teristics (i.e., helical or spiral CTs), and enhanced software, 
the speed of acquisition and radiation dose has decreased 
significantly.3 This is especially important in children and 
patients who require multiple scans, are medically unstable, 
or cannot tolerate prolonged periods in a scanner.

Cone-Beam Computed Tomography

Cone-beam CT, synonymous with digital volume tomogra-
phy, is an imaging modality similar to spiral or helical CT. 
It has gained popularity with dentists and oral and maxil-
lofacial surgeons because of the ability to obtain scans in 
the ambulatory office setting.3,9 The technique relies on a 
cone-shaped, divergent x-ray beam and multidimensional 
detectors.2,3 Scanners are relatively inexpensive and small, 
and images are obtained at a faster rate and with less radia-
tion compared with standard CT scans.10 Cone-beam CT 
has been shown most useful for diagnosis of high-contrast 
tissues (i.e., bone or teeth). It is less helpful for assessment 
of soft tissue pathology of infectious processes because the 
wide collimation of the x-ray beam causes increased scat-
ter radiation and subsequent loss of contrast required for 
detailed soft tissue analysis.9,11

Radiation Safety

A topic of growing interest is the risk of radiation exposure 
caused by ionizing radiation in medical imaging. Recent 
data from several studies have shown that the use of CT 
scans has more than doubled since 1996.12 More than 75% 
of CTs are obtained in the acute care setting, including 
maxillofacial CT scans for infections.12,13 Medical imaging 
now accounts for approximately half of the radiation expo-
sure experienced by the U.S. population.14 Ionizing radia-
tion causes free radical production leading to destruction of 
enzymes and damage to DNA structure. This damage has 
been linked to harmful effects, including radiation-induced 
malignancy, cataract formation, shortened lifespan, and 
damage to gametes with hereditary consequences.12,14-16 
The amount of cell turnover and level of differentiation 
within tissue types directly correlates with the susceptibil-
ity to radiation damage. In the maxillofacial region, areas 
of high susceptibility include lymphatic tissue, skin, the 
lens or cornea of the eye, thyroid, salivary glands, and oral 
mucosa.14,17 Less susceptible tissue includes muscle, bone, 
and the brain and spinal cord.14,17

Determining the real-time risk of radiation in individual 
patients is challenging because a variety of environmental 

and genetic factors contribute, and the outcomes can be 
delayed for decades following the exposure.14 There have 
been many different models attempting to quantify the risk 
of radiation exposure from medical imaging, most of which 
use extrapolated data from survivors of nuclear warfare. The 
theory most widely accepted assumes a linear relationship 
between exposure and probability of malignancy without 
a threshold level of exposure.15 Several groups including 
the American Society of Radiologic Technologists have 
developed risk calculators that clinicians and patients can 
use to calculate the risk for a particular study.16,18 Caution 
must be used as the effective radiation dose varies greatly 
between different scanners and is dependent on the weight 
of the patient, among other factors. The risk for develop-
ing a malignancy from individual studies is low, but likely 
increases significantly in children and those subjected to 
multiple high-radiation dose studies.19 It is important that 
clinicians weigh the risks and benefits of a particular study 
and use as little ionizing radiation as possible. The  American 
College of Radiology provides appropriateness guidelines 
for ordering imaging for a variety of clinical scenarios; how-
ever, no guidelines exist for the majority of maxillofacial 
infections.20

Magnetic Resonance Imaging

The first MRI was described by Lauterbur in 1973 and was 
further developed by Mansfield.21,22 MRI has been used in 
clinical practice since the 1980s, and Mansfield and Lauter-
bur earned the Nobel Prize for their work in 2003.22 MRI 
has a major advantage of not relying on ionizing radiation, 
but instead uses strong magnetic fields and radio waves.2 
The MRI scanner creates a constant magnetic field that 
causes protons within the patient to align with the field. 
Next, radiofrequency (RF) pulses are broadcasted to the 
patient, causing a transient change in the magnetic field 
because of absorption of the RF pulse by the protons. When 
the RF pulse is stopped, the protons again realign with the 
constant magnetic field, and this transition produces energy 
that is detected by the magnetic resonance receiver coil and 
translated into an image. The MRI signal intensity is depen-
dent on the concentration of protons and their freedom of 
movement. This means that tissues with high concentra-
tions of loosely bound protons (fat) have a much higher sig-
nal than tissue with tightly bound hydrogen atoms (bone). 
Relaxation of protons to a lower energy state occurs through 
two different mechanisms: T1 relaxation, which is defined 
as transfer of energy from the protons (spin) to the other 
surrounding atoms (lattice), and T2 relaxation, which is the 
interference of signal between adjacent protons. T1 and T2 
relaxation times occur in a predictable fashion in individual 
tissue types.

Imaging sequences are generated by varying the time 
between the RF pulse and the point where the signal is read. 
T1-weighted images are generated by short repetition times 
and short echo times to emphasize differences between T1 
values in tissue. In these images, tissue with short T1 decay 



106 PART 1  General Topics Related to Head, Neck, and Orofacial Infections

constants will appear bright (fat), and those with long T1 
constants will appear dark (high water content [e.g., fluid 
or cerebrospinal fluid (CSF)]). T2-weighted images are 
produced with long repetition and echo times. In these 
images, tissue with long T2 constants will appear bright 
(fluid or CSF) and those with short T2 constants will be 
dark (fat). T2-weighted images highlight inflammatory or 
pathologic changes. Other more complex sequences, such 
as fat suppression and diffusion-weighted imaging, can also 
be obtained. Additional tissue contrast can be obtained by 
intravenous gadolinium administration, which shortens 
the T1 relaxation times of tissue where it is absorbed (e.g., 
tumors or sites of hyperemia).

The advantages of MRI come from increased soft tis-
sue resolution and contrast. T1 and T2 relaxation times 
between soft tissues vary more than x-ray attenuation coef-
ficients in CT. Images can be obtained in multiple planes 
without moving the patient, but image acquisition time is 
much longer than CT. Absolute contraindications to MRI 
include implanted ferromagnetic metals (e.g., pacemakers, 
vascular clips, or foreign bodies in the eye). Gadolinium is 
often considered safer than iodinated contrast used in CT, 
but it can rarely result in nephrogenic systemic fibrosis in 
patients with existing severe renal disease.23,24

Ultrasound

As with MRI, ultrasonography has gained popularity 
because it does not rely on ionizing radiation. US waves are 
pressure waves of a greater frequency than can be heard by 
the human ear (>20 KHz).21 The US transducer produces 
electrical current that is passed through piezoelectric crys-
tals, causing them to rhythmically change shape, creating 
pressure waves. As the transducer is held against a patient’s 
skin, some of the sound waves reflect back toward the trans-
ducer, causing an additional change in the size of the piezo-
electric crystals. This generates an electric signal that can be 
amplified and displayed as an image on a monitor. Contrast 
between tissue types is derived from varied acoustic imped-
ance patterns in different tissue types. High-density tissue 
reflects more sound waves than low-density tissue does.

US is used extensively in obstetrics and for imaging 
of the liver, heart, and abdomen. Its use for head and 
neck infections has been limited largely to visualization 
of superficial infections and surgical guidance for abscess 
drainage.2,25 Use of US in the maxillofacial region is lim-
ited because of a lack of familiarity with the technique, 
wide availability of CT scanners, limited studies compar-
ing outcomes with other techniques, and the inability to 
assess areas deep to structures of high acoustic impedance, 
such as bone or the airway.2 US provides excellent soft 
tissue contrast to distinguish fluid-filled cavities, such as 
abscesses. Because images can be obtained in real time at 
the bedside, US is an ideal modality for assessing acute 
thoracoabdominal injuries in trauma patients in unstable 
condition. A technique known as the focused assessment 
with sonography for trauma (FAST) has been used since 

the 1980s in the United States and is the preferred imaging 
modality in the Advanced Trauma Life Support protocol 
developed by the American College of Surgeons.26 The 
traditional FAST examination has been used to examine 
for intraabdominal and middle mediastinal bleeding, and 
has now been expanded to evaluate the thoracic cavity for 
pneumothorax or hemothorax.27

Similarly, several groups have assessed the use of US 
to evaluate and treat the upper airway and deep anatomic 
structures of the neck.25,28-37 Bedside US has the potential 
to be an important imaging modality to diagnose and treat 
many of the infectious and inflammatory conditions of the 
head and neck without added radiation.

Nuclear Techniques

CT, MRI, and US provide macroscopic images for ana-
tomic and pathologic diagnoses; however, they cannot 
provide molecular or biochemical information. Nuclear 
imaging encompasses multiple different techniques using 
radionuclides (unstable molecules that emit γ-radiation).38 
Molecular or biochemical abnormalities often occur before 
morphologic change, allowing earlier detection of disease 
processes. This type of imaging is used extensively to detect 
malignancies throughout the body, pathologic processes of 
the thyroid or brain, and several maxillofacial inflammatory 
conditions.38 After uptake of the radionuclide by tissue, 
photons emitted from decay are captured by a γ-scintillation 
(Anger) camera. The energy captured is converted to light, 
and subsequently a voltage signal, that is amplified and 
displayed. Imaging can be obtained in a planar fashion or 
with tomographic views using cameras rotated around the 
patient (i.e., single photon emission CT).

Two of the most commonly used tracers are iodine-131 
(131I) and technetium-99m (99mTc). 99mTc can be attached 
to various carrier molecules and injected intravenously.38 
99mTc is a metastable intermediate formed from the transi-
tion of molybdenum-99 to 99mTc, and is used in approx-
imately 85% of nuclear medicine scans today.39 99mTc is 
used extensively because of its short (6-hour) half-life, ease 
of production, and excellent tissue penetration of emitted 
photons that can be collimated for visualization.39 It can 
be combined with various molecules to image almost every 
organ in the body.40

Several head and neck imaging applications include 
99mTc. The pertechnetate form allows imaging of the thy-
roid, salivary glands, and gastric mucosa by substituting for 
iodine in the Na/I symporter.2,21,41 99mTc bound to phos-
phate compounds (e.g., methylene diphosphonate) can be 
administered intravenously and absorbed in areas of high 
metabolic activity. It is used to image skeletal growth cen-
ters, neoplasms, and inflammatory processes (e.g., osteomy-
elitis) in the maxillofacial region (Figure 6-3).21,42-44

Head and neck images using methylene diphosphonate 
are obtained in the following phases. Phase 1 consists of 
flow and blood pool images shortly after injection (60 to 
90 seconds) of the radiotracer commonly referred to as the 
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radionuclide angiogram. Phase 2, or the scintigraphy phase, 
images are obtained after absorption of the tracer into the 
skeleton 2 to 3 hours after injection. Phase 3 occurs 5 hours 
after injection and shows abnormal persistent metabolic 
activity. Uptake persists in osteomyelitis in phase 3, allow-
ing differentiation from surrounding healthy bone where 
tracer activity has decreased. Phase 4 images can be obtained 
24 hours after injection, and osteomyelitis will show persis-
tent activity.

99mTc scintigraphy has the potential for early detection 
of inflammatory conditions of the maxillofacial skeleton, 
but high ionizing radiation and lack of diagnostic specificity 
limit its use.45 Increased phase 1 signal is seen in soft tis-
sue trauma, infections, and vascular abnormalities because 
of increased blood flow. High uptake in later phases is seen 
after bone fractures, neoplasms, tooth extractions, and other 
diseases with altered bone turnover (e.g., hyperthyroidism, 
Paget disease, fibrous dysplasia).45,46 Additional radiotracers 
that have been used to enhance the specificity for inflam-
matory conditions include gallium scanning, tagged white 
cells (with indium or hexamethylpropyleneamine oxime), 
and 99mTc tagged nanocolloids.46 These types of scans are 
rarely used in clinical practice, but are potentially useful for 
detecting infected hardware in patients with a contraindica-
tion for MRI.

Positron emission tomography (PET) is a related nuclear 
imaging modality that relies on positron-emitting radio-
nuclides (13N, 15O, 18F), which are combined with car-
rier molecules (e.g., glucose). When the emitted positron 

interacts with free electrons, the positron and electron are 
annihilated, producing two photons emitted at 180 degrees 
and detected by the PET scanner. PET is more sensitive 
than other nuclear images (100-fold more sensitive than 
single photon emission CT) and can be combined with CT 
scans for localization of metastatic tumors and lymph node 
infiltration.21

Imaging for Common Inflammatory 
Disease Processes

The purpose of this section is to guide the clinician in pre-
scribing the correct imaging modality based on the disease 
process in question. Multiple factors must be considered 
when choosing an imaging modality. Although it is not pos-
sible to include all clinical scenarios, several principles will 
help to guide the clinician to use appropriate imaging.

The surgeon should only obtain imaging when the infor-
mation obtained from the study will directly affect clinical 
care. For example, a vestibular abscess apical to a carious 
maxillary canine would require plain films to determine the 
tooth of origin, but a CT scan or other advanced imaging 
technique would not change the decision to perform an 
incision and drainage followed by extraction or root treat-
ment. Alternatively, if periorbital inflammation or vision 
changes are present, a CT scan with contrast may determine 
whether emergent incision and drainage of an orbital infec-
tion is necessary. The ease, availability, and rapidity of CT 
scans have led to a massive increase in their use. CT imaging 
overuse may also result from “defensive medicine.” The risks 
of radiation may outweigh the benefits in many cases.

Imaging can be used for complex maxillofacial infections 
to qualify and quantify the progression of disease. Ideally, 
the same imaging modality that was used initially would be 
implemented for follow-up for comparison. This requires 
the clinician to determine a priori the follow-up required 
for a particular diagnosis. In patients who will require serial 
images, the clinician should use a modality that is cost effec-
tive, is readily available, is easy to interpret, and produces as 
little ionizing radiation as possible. For inflammatory pro-
cesses in many other areas of the body, ultrasound is used, 
but, as discussed earlier, its application is limited in head 
and neck infections. If plain films are helpful, it is often war-
ranted to obtain appropriate plain films as a baseline before 
treatment, even if a CT scan was also obtained. This can 
allow follow-up comparison during and after treatment in 
lieu of serial CT scans.

Local Odontogenic Infections

As many as 90 to 95% of oral cavity infections are odon-
togenic in origin.47 These infections can range from caries, 
periodontal disease, and periapical periodontitis to more 
advanced lesions, including deep space infections, sinus 
infections, and osteomyelitis. These infections are often 
polymicrobial in origin, and the source can typically be 

• Figure 6-3 Anteroposterior image of a 99mTc radionuclide bone scan 
(bone phase) showing an area of increased uptake in the right mandibu-
lar body–symphyseal region (arrowhead) in a patient who later received 
a diagnosis of osteomyelitis. (From Koorbusch GF, Deatherage JR: How 
can we diagnose and treat osteomyelitis of the jaws as early as pos-
sible? Oral Maxillofacial Surg Clin North Am 23:557-567, 2011.)



108 PART 1  General Topics Related to Head, Neck, and Orofacial Infections

identified with clinical and radiologic examination. The 
most useful imaging techniques to detect dental caries 
and periodontal disease are intraoral radiographs includ-
ing bitewings and periapical films (Figure 6-4). These films 
are readily obtained, are inexpensive, and clearly identify 
both tooth and bone demineralization. They do, how-
ever, require patient cooperation, cannot be obtained in 
patients with limited mouth opening or floor of mouth 
swelling, and are not often available in emergency depart-
ments. Extraoral plain films, such as the mandibular 
series and panoramic radiographs, are helpful because 
they are easy to acquire, especially in patients who can-
not tolerate intraoral imaging. Panoramic radiographs are 
used to screen for pathology of the mandible, including 

the temporomandibular joints, maxilla (e.g., maxillary 
sinuses), and teeth. The main disadvantage is that the reso-
lution is not as high as intraoral radiographs, and therefore 
might not detect small carious or osseous lesions.48

Osteomyelitis

Osteomyelitis is an infection of the medullary bone; it usu-
ally occurs in the maxillofacial skeleton through contigu-
ous spread of an odontogenic infection into the medullary 
cavity. Other inciting factors of osteomyelitis include frac-
ture, tooth extractions, or adjacent soft tissue infection. 
Bacteria can enter the medullary space through the peri-
odontal ligament or by hematogenous dissementation.2 

A B

C

• Figure 6-4 A, Intraoral bitewing radiograph showing extensive interproximal (white arrowheads) and 
severe decay (white arrows). B, Maxillary periapical radiograph of the same patient again shows extensive 
decay (white arrows) and associated periapical rarefying osteitis (white arrowhead). C, Periapical radio-
graph of an endodontically treated lateral incisor, demonstrating a well-defined radiolucent lesion deter-
mined to be a periapical cyst (white arrow).
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Although rare in the maxillofacial region, osteomyeli-
tis most commonly affects the mandible. The maxilla is 
almost never affected because of its high vascularity and 
thin cortical bone.45,49,50 Osteomyelitis is described as 
being either suppurative (pus forming) or nonsuppurative, 
and is defined as acute (<1 month duration) or chronic 
(>1 month).49,50 There are several other maxillofacial dis-
ease processes that can include an element of classic osteo-
myelitis including osteoradionecrosis, medication-related 
osteonecrosis, Garré osteomyelitis, and chronic sclerosing 
osteomyelitis.45,46,48-50

The choice of imaging modality can be challenging in 
the diagnosis and treatment of osteomyelitis. It is recog-
nized that early diagnosis (shorter duration of pretreat-
ment symptoms) is associated with higher cure rates.45,51 
The imaging protocol preferred by the authors is listed 
in Figure 6-5. Because osteomyelitis of the maxillofa-
cial skeleton is often odontogenic in origin, intraoral or 
extraoral plain films should be obtained first to identify 
potential sources (i.e., odontogenic or fracture).2 Early 
radiographic signs of dental disease include caries, peri-
odontal disease, pulpal disease, or the outline of a recent 
extraction site. When dental infection has spread to the 
surrounding bone, there is usually loss of adjacent tra-
beculae or radiolucency, widening of the periodontal 
ligament space, loss of the lamina dura, and loss of con-
trast between bone and normal structures, including the 
mandibular canal, maxillary sinuses, and nasal cavities.51 
These findings are often subtle, making it imperative to 
compare the area in question with the contralateral side. 
In later stages of osteomyelitis, plain films can demon-
strate a mixed radiolucent or radiopaque pattern, bony 
sequestration, and periosteal reaction (Figure 6-6).51 The 
disadvantage of plain films is that detection of disease 

occurs only after approximately 50% bone demineraliza-
tion, which can take as long as 3 weeks after symptom 
onset.45 As a result, advanced imaging techniques are 
used for suspected osteomyelitis.

CT and MRI are the most commonly used advanced 
imaging techniques for osteomyelitis. CT scans are often 
obtained for diagnosis, but can also be used for presurgical 
planning. CT is more sensitive than plain radiographs in 
the detection of demineralization, and CT is able to dem-
onstrate cortical perforation, abscesses, sinus tract forma-
tion, soft tissue edema, and associated lymphadenopathy 
 (Figure  6-7). Findings suggestive of chronic osteomyelitis 
are medullary sclerosis, periosteal bone formation, and 
sequestrum formation (Figure 6-8).

MRI is even more sensitive than CT for osteomyelitis. 
It often demonstrates much larger areas of disease than CT 
scans do, because inflammation within the marrow alters 
MRI signals.45 MRI is less specific than CT, and operative 
planning based on altered signal could lead to overtreatment. 
Bone affected by acute osteomyelitis has a decreased mar-
row signal on T1 sequences, as the normally fatty marrow 
(bright on T1) is altered by inflammation (Figure  6-9).45 
Additional MRI sequences, including contrast-enhanced 
T1 and short tau inversion recovery, allow detection of 
vascularity and water content, respectively (Figure 6-10). 
Changes in marrow signal on MRI can take as long as 
6 months to resolve after treatment; therefore, MRI is not an 
ideal modality to determine response to treatment. It can be 
useful for surveillance beyond 6 months given its increased 
sensitivity in detection of disease recurrence as compared  
with CT.45

Nuclear medicine imaging, including triphasic 99mTc 
scans, can show evidence of osteomyelitis as soon as 3 days 
after symptom onset (Figure 6-11). As with MRI, these scans 

Potential osteomyelitis? Intra-oral & extra-oral plain films

CECT

<6 Months after debridement: CECT

>6 Months after debridement: MRI

Recent extractions/surgery: CECT

Unclear diagnosis on CECT: MRI or Tc99 SPECT

Suspected maxillary involvement: CECT or Tc99 SPECT

Unexplained clinical findings & negative CECT/MRI: PET

Adjacent hardware: CECT or bone scan

Definitive diagnosis & presurgical 
treatment planning

Surveillance imaging

Special situations

• Figure 6-5 Schematic representation of the authors preferred method for imaging maxillofacial osteo-
myelitis. The decision to obtain plain films, contrast-enhanced computed tomography (CECT), magnetic 
resonance imaging (MRI), or positron emission tomography (PET), is often multifactorial and requires care-
ful consideration. The clinical scenarios and subsequent imaging recommendations are provided to aid 
the clinician in obtaining adequate imaging for both common and challenging situations encountered in 
the workup of osteomyelitis.
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A
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• Figure 6-6 Subacute suppurative osteomyelitis. Patient with persistent pain and swelling following 
extraction of right mandibular molars. A Orthopantogram demonstrating extraction sites with ill-defined 
borders (white arrowheads), loss of definition of the mandibular canal (red arrow), and mixed radiolucent–
radiopaque appearance of the surrounding bone in comparison with the contralateral hemimandible. B, A 
follow-up orthopantogram 3 weeks later after intraoral debridement and antibiotic therapy shows a post-
surgical decrease in alveolar bone height, increase extension of mixed radiolucent–radiopaque appear-
ance to the inferior border with extension in the anteroposterior dimension, further loss of definition of the 
mandibular canal and inferior cortical margin (white arrow), and periosteal new bone formation (red arrow).

A B

• Figure 6-7 Contrast-enhanced computed tomographic scan obtained in a patient with acute on chronic 
suppurative osteomyelitis. A, Axial contrast-enhanced image with soft tissue windowing demonstrating a 
masticator space phlegmon (arrow) and masseter and medial pterygoid myositis. B, Axial image in bone 
window demonstrating mottled-appearing bone surrounding the extraction site (arrow) and thinning and 
perforation (arrowheads) of the bone cortex.
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A B

• Figure 6-8 A, Noncontrast maxillofacial computed tomographic (CT) axial view bone window of a 
patient with chronic suppurative osteomyelitis demonstrating bony sequestrum (solid white arrowhead), 
involucrum (arrows), and erosion of the lingual cortex (outlined arrowhead). B, Noncontrast maxillofacial 
CT axial view bone window of a child with osteomyelitis caused by actinomycosis and demonstrating buc-
cal periosteal new bone formation in a lamellar pattern (arrowheads). (From Koorbusch GF, Deatherage 
JR: How can we diagnose and treat osteomyelitis of the jaws as early as possible? Oral Maxillofacial Surg 
Clin North Am 23:557-567, 2011.)

A B

• Figure 6-9 Noncontrast magnetic resonance image in a patient with chronic left mandibular osteomy-
elitis. A, T1-weighted axial image showing enlarged left hemimandible with decreased bone marrow signal. 
B, On this axial T2–fat suppressed image, there is hyperintense signal in the soft tissue surrounding the 
mandible (arrowheads), indicating an edematous inflammatory reaction.

lack specificity and the spatial localization required for opera-
tive planning.46,52 Skeletal scintigraphy is useful in patients 
with contraindications to MRI or CT scans or with hardware 
that distorts CT and MRI image quality, and it provides a 
sensitive means for following the progression of treatment.45

Currently, there is no single evidence-based imag-
ing approach for maxillofacial osteomyelitis; however, the 
modality preferred by the authors is panoramic imaging and 
contrast-enhanced CT. CT provides a high sensitivity and 
specificity, and it is an excellent tool for planning resection 
margins when indicated.

Deep Space Neck Infections

In the era of modern medicine with rapid diagnosis and 
surgical/antibiotic treatment of local infections, deep 
space neck infections (DSNIs) have become less com-
mon.53 However, when they do occur, the risk of life-
threatening complications is as high as 10 to 20%.54-57 
DSNIs are a source of significant morbidity and a 
financial burden.53-57 The neck has an innate ability 
to obstruct the spread of infection, because it is com-
posed of anatomic compartments separated by cervical 
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fascia (see Chapter 4).55,58 When these planes are vio-
lated, infection can spread easily within newly infected 
compartments, leading to rapid clinical decline via com-
promise of the airway, mediastinum, or vascular or neu-
rological structures.55

There are multiple causes of DSNIs, and the demo-
graphic characteristics vary with patient age, socioeconomic 
status, and immune status.55,59 They most commonly 
result from contiguous or lymphatic spread from the den-
tition, salivary glands, sinuses, or middle ear.2,55 Despite 
imaging advances, a source may not be identifiable in up 
to 67% of cases.55,60 DSNIs often begin as an isolated cel-
lulitis from a local infection or lymph node perforation 
spreading into adjacent tissues. In many cases, the host 
reacts to the infection by forming an abscess, walling off 
and limiting the spread of the infection. If left untreated, 
the infection continues to spread, initially within the con-
fines of the fascial space of origin. Further spread to adja-
cent or communicating compartments then occurs, the 

• Figure 6-10 Serial contrast-enhanced magnetic resonance images 
and short tau inversion recovery sequence coronal images in a patient 
with right mandibular osteomyelitis at initial presentation, 2 months 
later, and 1 year follow-up (from right to left, respectively). Initial images 
demonstrate edema within the masseter and medullary bone of the 
right mandible (arrowheads). Two-month follow-up images show sig-
nificant improvement of the soft tissue edema, but with persistent 
hyperintense signal in the subperiosteal region (arrow) and medullary 
bone (arrowhead). At 1-year follow-up, there is complete resolution of 
the radiographic abnormalities. (From Koorbusch GF, Deatherage JR: 
How can we diagnose and treat osteomyelitis of the jaws as early as 
possible? Oral Maxillofacial Surg Clin North Am 23:557-567, 2011.)
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• Figure 6-11 Triphasic 99mTc methylene diphosphonate single photon emission computed tomographic 
scan. The patient had a biopsy-proven osteomyelitis that was treated conservatively with debridement 
and long-term intravenous antibiotics during pregnancy. The patient’s symptoms stabilized, and antibiotics 
were stopped after magnetic resonance imaging showed no increased marrow signal indicating quiescent 
disease. She then had a recurrence of symptoms that prompted the team to obtain a bone scan. A, A 
nuclear angiography series obtained at 3-second intervals from left to right shows a minimally increased 
flow to the left mandible and surrounding soft tissues. In the immediate bone scan images (B) and delayed 
images (C), there is increased radiotracer activity identified within the left mandible extending from the 
angle of the mandible to the condyle with no additional foci, consistent with active osteomyelitis.
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most significant of which are the vertically oriented spaces 
(parapharyngeal, retropharyngeal, carotid, danger, prever-
tebral) that are in close proximity to or contain the critical 
structures, including the aerodigestive tract, cranial nerves, 
and large vessels.55,59

Patients with DSNIs have a varied clinical presenta-
tion ranging from findings that are common to superficial 
infections (i.e., pain, lethargy, fever, elevated inflammatory 
markers) to more worrisome presentations such as trismus, 
limited neck mobility, dysphagia, voice changes, and men-
tal status changes. Because of the multitude of potential 
sources and clinical presentations, a detailed physical exami-
nation to identify possible sources and potential for rapid 
compromise should be relayed to the entire treatment team, 
including the radiologist. The clinician must maintain a 
high index of suspicion for these infections, and a detailed 
understanding of anatomic spaces and potential sources is 
crucial to understanding the likely path of spread.

The purpose of imaging in DSNIs includes differenti-
ating cellulitis from abscess, determining the extent of the 
disease, determining complicating factors, planning surgi-
cal treatment, and monitoring disease progression. A variety 
of modalities are used, including plain films, ultrasound, 
CT, and MRI. Plain films, which provide limited soft tissue 
resolution, remain helpful in diagnosis and management of 
DSNIs.

Plain films allow for a quick assessment of the severity of 
airway obstruction and, in some cases, identification of the 
infection source (e.g., the dentition or maxillary sinuses). 
Anteroposterior and lateral neck films allow examination 
of bony structures, localization of foreign bodies, and soft 
tissues surrounding the airway, particularly in children (see 
Figure 6-1). Findings associated with deep space infections 
include narrowing or displacement of the airway, thickening 
of the retropharyngeal soft tissues, and soft tissue emphy-
sema. The lateral neck film is most useful in evaluating 

airway patency and the prevertebral soft tissue. The maxi-
mal thickness of the prevertebral soft tissue on a lateral neck 
film in neutral position should not exceed 10 mm at C1, 7 
mm at C3, and 20 mm at C7 in adults, and 6 mm at C2 
and 15 mm at C6 in adolescents. On anteroposterior films, 
the clinician should evaluate for airway symmetry and nar-
rowing, especially in the subglottic region.

After plain film examination, advanced imaging should 
be obtained to further characterize the source, severity, and 
extent of the DSNI. Further imaging should be obtained in 
patients with a high pretest probability of disease, even in 
those with negative findings on plain films. For example, 
plain films have a sensitivity of 83% in detection of ret-
ropharyngeal abscesses compared with nearly 100% with 
contrast-enhanced CT scans.61

US has been increasingly implemented in facilities where 
it is available, and it is becoming a standard for diagnosis of 
superficial neck abscesses25,32-34,55 (Figure 6-12). It may be 
preferable in children as the primary examination to mini-
mize radiation. In addition, smaller neck size allows for bet-
ter visualization of deeper structures and often can be done 
without sedation. The limitations of US for DSNIs were 
discussed earlier.33 With increased familiarity and develop-
ment of alternative views (e.g., intraoral, sublingual), the 
use of US for diagnosis will likely increase. Recently, US-
guided drainage and catheter placement has been imple-
mented in select patients with unilocular DSNIs as an 
alternative to incision and drainage.25,30,61 In these stud-
ies following clinical diagnosis of a stable airway and CT 
diagnosis of a well-defined deep space abscess, patients were 
treated with US-guided drainage and catheter placement 
with success rates between 73 and 100%.25,30,61 The poten-
tial benefits of US-guided treatment include avoidance of 
general anesthesia and intubation, decreased risk of damage 
to major neurovascular structures, decreased hospital stay, 
and lower cost.25

A B

• Figure 6-12 Ultrasound images obtained in a patient with an odontogenic abscess. A, Pretreatment 
image shows a hypoechoic abscess cavity (abs) and masseter muscle (mm). B, Aspiration image of the 
same abscess shows hyperechoic needle (along arrows) within the abscess cavity. (From Maroldi R, Farina 
D, Ravanelli M, et al: Emergency imaging assessment of deep neck space infections, Semin Ultrasound 
CT MRI 33:432-442, 2012.)
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CT scans are the most widely used modality for evalu-
ation of DSNIs.62,63 CT scans provide the clinician with 
detailed information on the source of the infection, the 
location of infection, and the effect on the airway.25 This is 
especially critical when considering cellulitis versus abscess 
formation, as cellulitis may respond to antibiotic treat-
ment alone, whereas abscess formation requires surgical 
drainage.64,65 The use of IV contrast serves to aid in the 
differentiation of abscess cavities versus cellulitis, and can 
determine any compromise of the surrounding vasculature 
(see Figure 6-2).55 The recommended protocol is a fine-
cut CT scan (1-mm slice thickness) with IV contrast, and 
both coronal and sagittal reformats. Contrast-enhanced 
CT has a reported sensitivity of 80 to 90% and specific-
ity of 75% in the detection of drainable abscess collec-
tions.55,65-67 The specificity of CT in abscess detection is 
increased in adults, in whom cavities are larger than 3.5 
cm, and when gas formation is detected.55,61,67,68 When 
contrast is not used, sensitivity for detecting inflamma-
tory conditions is reduced. MRI may be recommended for 
equivocal findings.

Typical CT findings with DSNIs include cellulitis, fas-
ciitis, myositis, abscess formation, airway deformation, 
and lymphadenopathy.69 Cellulitis is characterized by fat 
stranding, edema, and loss of normal tissue architecture 
that is seen in early DSNIs. With progression, a phlegmon 
forms with contrast enhancement. Abscesses are charac-
terized by an exterior rim-enhancing and a central area of 

low attenuation (Figure 6-13). More severe disease may 
demonstrate airway deviation, deformation, or narrowing; 
mediastinal involvement; internal jugular vein thrombosis; 
or carotid artery erosions (Figure 6-14). Intraoperative CT 
imaging can allow location of abscess cavities for drainage or 
cannulation of areas that are difficult to access (i.e., paraver-
tebral or prevertebral abscesses). Real-time imaging can also 
be useful for drainage of residual infection or multilocular 
disease.

The use of MRI in DSNIs may allow for more pre-
cise diagnosis; however, its use has been limited because 
of decreased availability in emergency settings and long 
acquisition times requiring patient cooperation.55,70 
MRI may be indicated in patients with stable airways and 
a contraindication to CT contrast agents or in patients 
with possible intracranial or intraspinal involvement 
(Figure 6-15).

Infections of the Salivary Glands

Salivary gland pathology is divided into neoplastic versus 
nonneoplastic disease. Nonneoplastic disease can be further 
divided into infectious or inflammatory conditions and 
sialolithiasis. Nonneoplastic diseases of the salivary glands 
most frequently occur in the major salivary glands (i.e., 
parotid, submandibular, sublingual) and will be the focus 
of this section. Various imaging modalities can be used to 
assess swelling around the major salivary glands.70 The sali-
vary glands can be imaged with sialography, US, CT, MRI, 
or PET scanning, depending on the clinical situation and 
the gland in question.70

Acute sialadenitis is caused most commonly by sialolithi-
asis, or bacterial or viral infections. Imaging is not typically 
needed in the first presentation of acute sialadenitis, when a 
stone is readily palpable, or viral etiology is suspected. How-
ever, imaging is useful in the case of recurrent disease, if 
sialolithiasis is suspected without palpable stones, or if an 
abscess requiring drainage is suspected.

Chronic salivary gland inflammation occurs with 
chronic untreated sialolithiasis, strictures, autoimmune 
disorders, granulomatous disease from fungal or acid-fast 
bacterial infections, syphilis, sarcoidosis, or granulomatosis 
with polyangiitis.70 These conditions are best imaged with 
contrast-enhanced CT or MRI.

Sialolithiasis is characterized by salivary stones 
obstructing the duct, or strictures within the duct.70 
Nearly 1% of the population has salivary stones, but 
few cause symptomatic disease.71 Plain films were for-
merly the first imaging technique implemented to assess 
for the presence of salivary stones (Figure 6-16). They 
are now rarely used because of the inability to exclude 
stones that are near bone, and the inability to exclude 
the presence of an abscess or other neoplastic disease.72,73 
Noncontrast CT scans are typically implemented if a sali-
vary stone is thought to be the cause of the obstruction, 
because contrast can obscure detection or mimic smaller 
stones (Figure 6-17). Stones are readily visualized as high 

• Figure 6-13 Contrast-enhanced maxillofacial computed tomo-
graphic scan of a 38-year-old patient with deep space neck infec-
tion arising from a right mandibular third molar. Axial soft tissue image 
shows a multiloculated abscess (black arrows) involving the masse-
teric, pterygoid, and retropharyngeal spaces with myositis of the mas-
seter (asterisk), airway deviation away to the left (white arrow), and fat 
stranding (white arrowhead) indicating cellulitis.
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attenuating masses within salivary ducts or glands. Other 
associated findings include enlargement of the gland 
parenchyma and, in cases of sialoadenitis, fat stranding 
and abscess formation can be visualized on noncontrast 
CT because of the high fat content, particularly in the 
parotid gland (Figure 6-18).70

In many institutions, high-resolution US has become the 
first-line modality to assess superficial parotid and subman-
dibular gland obstruction. The sensitivity for detecting sali-
vary stones (>2 mm), abscesses, and masses is approximately 
90%.70,74,75 If deep parotid pathology or airway obstruction 
is suspected, a CT scan should be obtained (Figure 6-19). 
Contrast should be added if an abscess or neoplasm is also 
suspected. Previously, digital subtraction sialography was 
implemented to evaluate salivary ducts in suspected cases 
of stricture, but newer techniques including magnetic res-
onance sialography are less invasive and provide adequate 
sensitivity and specificity.76

Pathology of the Paranasal Sinuses

Sinusitis and other pathology of the maxillofacial sinuses 
represent a common cause of facial pain. The paranasal 
sinuses consist of four paired, air-filled cavities that are 
named after the bones in which they are located: max-
illary, sphenoid, ethmoid, and frontal. The sinuses are 
lined by respiratory epithelium, and they communicate 
with the nasal cavity through narrow osteomeatal com-
plexes. Inflammatory conditions most commonly occur 
with swelling and subsequent blockage of the osteome-
atal complexes, leading to stasis of secretions and micro-
bial flora and subsequent infection. Infection can also 
occur through direct spread from an adjacent infection 
in the dentition or other structures. The most common 
inflammatory condition of the sinuses is acute rhinosi-
nusitis, which affects more than 30 million adults (1 in 7)  
in the United States each year.77 The etiology of acute 
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• Figure 6-14 Noncontrast computed tomographic scan of a patient with an acute deep space neck infec-
tion of odontogenic origin caused by gas-forming organisms. A, Axial images show skin thickening and cel-
lulitis (arrow) and soft tissue emphysema (white arrowheads) in the submandibular, carotid, parapharyngeal, 
and retropharyngeal spaces. B, Sagittal image shows thickened prevertebral soft tissue and emphysema 
(white arrowhead) tracking along the prevertebral space. C, Axial image through the mediastinum shows 
emphysema within the posterior mediastinum (arrow) adjacent to the aortic arch (asterisk).
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• Figure 6-15 Magnetic resonance image with contrast obtained for a patient with a possible complicated 
deep space neck infection following a pharyngolaryngectomy. A sagittal reconstruction of an isotropic volu-
metric interpolated breath hold examination sequence. There is collapse of the C5-C6 vertebral bodies, 
enhancing discitis, and air within the C4 body (arrowheads). In addition, there is dural thickening and enhance-
ment (arrow) suggestive of a prevertebral abscess. (From Maroldi R, Farina D, Ravanelli M, et al: Emergency 
imaging assessment of deep neck space infections, Semin Ultrasound CT MRI 33:432-442, 2012.)
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• Figure 6-16 Right submandibular sialolith in a patient with a 
history of intermittent right facial swelling. A, An orthopantogram 
shows a well-defined radiolucent sialolith below the inferior bor-
der of the mandible (arrow). B, Three-dimensional localization was 
obtained with a follow-up occlusal film showing the sialolith (arrow) 
on the lingual side of the mandible adjacent to the second molar.
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rhinosinusitis is overwhelmingly viral infection (over 
98%), by way of direct or systemic spread.78 Less com-
mon causes include bacterial and fungal infections, which 
often occur in patients with predisposing conditions such 
as a previous viral sinusitis, allergic rhinitis, odontogenic 
infections, cocaine use, or immunodeficiency. Bacterial 
or fungal sinusitis is also seen in patients with impaired 

clearance of secretions, such as those with cystic fibrosis 
and ciliary dyskinesia.79

Imaging is often ordered for suspected rhinosinusitis, 
but is not indicated for patients with uncomplicated dis-
ease. Imaging is warranted with vision changes, perior-
bital swelling, neurologic deficits, mental status changes, 
or recurrent or treatment-resistant disease.77-80 Imaging is 
important to determine whether there is anatomic block-
age of the osteomeatal complex, which would benefit from 
operative intervention.80 Imaging in these situations is best 
accomplished with a noncontrast CT scan for anatomic 
considerations and a contrast-enhanced CT scan to evalu-
ate for infectious complications. Plain films of the midface 
(e.g., Water or Caldwell view) are of limited utility because 
of significant overlap in midfacial structures and poor sen-
sitivity (76%) and specificity (79%) in the detection of 
mucosal disease.2,81 These images usually demonstrate 
sinus opacification, mucosal thickening, periosteal reac-
tion, air fluid levels, and bony destruction (Figure 6-20). 
Plain films are unable to provide the detailed anatomy nec-
essary for planning sinus surgery, and false-positive results 
arise from benign entities such as mucoceles and nasal pol-
yps.32 Plain films are most useful as a quick way to identify 
sinus opacity with a questionable clinical diagnosis before 
a trial of antibiotics.32

MRI is also used for imaging of the sinuses and is indi-
cated to rule out neoplastic soft tissue conditions. It is also 
used for detailed examination of the orbits and intracranial 
structures in complicated sinus disease.32

• Figure 6-17 Noncontrast maxillofacial computed tomographic scan 
for a patient with left submandibular sialolithiasis and mild sialoadenitis. 
On axial view, there is a 4 × 8-mm sialolith at the anterior aspect of the 
right submandibular gland (arrow) with mild associated fat stranding 
(arrowhead).

A B

• Figure 6-18 Contrast-enhanced computed tomographic image obtained for a patient with acute right-
sided facial swelling. A, Axial image with soft tissue window showing a 4 × 4-mm stone within the parotid 
duct (arrowhead), with significant ductal dilatation (white arrow) with associated soft tissue edema and fat 
stranding (red arrow). B, Coronal image soft tissue window, showing enlarged lymph node (red arrow-
head), ductal dilatation (white arrow), fat stranding (red arrow), and significant enlargement of the parotid 
gland (blue arrow).



A B

• Figure 6-20 Noncontrast computed tomographic scan obtained for a patient with recurrent right maxil-
lary pain. A, In the axial image, there is a periapical abscess (arrow) with loss of the buccal cortex. B, In 
the coronal view, there is an air fluid level within the right maxillary sinus (arrow) indicating sinus disease.

A B
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• Figure 6-19 Contrast-enhanced maxillofacial computed tomo-
graphic image showing a submandibular abscess secondary to left 
submandibular gland sialoadenitis from superior (A) to inferior (C). In 
the superior cut (A), there is an abscess cavity within the masseter 
muscle (mm) and sublingual space (arrows), with cellulitis in the retro-
pharyngeal space (black arrowheads A to C). B, There is cellulitis in the 
preglottic space (black arrows), thickened platysma, and fat stranding 
(white arrows in B and C). C, An enlarged submandibular gland (smg) 
with both intracapsular and extracapsular fluid collections. (From 
Maroldi R, Farina D,  Ravanelli M, et al: Emergency imaging assess-
ment of deep neck space infections, Semin Ultrasound CT MRI 33: 
432-442, 2012.)
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7
Principles of Antimicrobial and Surgical 
Infection Management
RABIE M. SHANTI AND THOMAS R. FLYNN

In the modern era of antibiotics, the incidence of infections of 
the head and neck region has been greatly reduced. Nonethe-
less, infections of the head and neck region are still routinely 
encountered, and they pose a significant burden to the health 
care system.1,2 The majority of infections of the head and neck 
region are of odontogenic origin, and they manifest with clas-
sic signs and symptoms of an infectious disease process (e.g., 
pain, swelling, heating, surface erythema, limitation of func-
tion). The patient in Figure 7-1 demonstrates trismus caused 
by a limitation of function of the muscles of mastication. Most 
patients with odontogenic infection are managed in an out-
patient setting with incision and drainage and tooth extrac-
tion, and they follow a predictable clinical course. Even with 
the significant recent advancements in airway management, 
rapid diagnostic imaging, and antimicrobial agents that have 
occurred over the past several decades, infections of the head 
and neck region still carry a significant risk of morbidity and 

mortality because of their close proximity to vital anatomic 
structures and increasing microbial antibiotic resistance.

Life-threatening head and neck infections are encoun-
tered commonly in patients with compromised host defense 
mechanisms, such as diabetes mellitus and primary immuno-
deficiency disorders. In the past, death from head and neck 
infection resulted most frequently from acute upper airway 
obstruction.3,4 Airway security alone is not sufficient because 
most deep fascial space infections of the head and neck, espe-
cially odontogenic ones, are caused by inherently abscess-form-
ing bacteria. Surgical drainage of deep fascial spaces involved 
by abscess or cellulitis prevents further spread of the infection 
into deeper anatomic spaces and hastens resolution.5,6

Other life-threatening complications of head and neck infec-
tion include invasive streptococcal infections, streptococcal or 
staphylococcal toxic shock, necrotizing fasciitis, descending 
necrotizing mediastinitis (perhaps the same process as necrotiz-
ing fasciitis, occurring in a deeper anatomic plane),7 internal 
jugular vein thrombosis,8 cavernous sinus thrombosis,9carotid 
artery pseudoaneurysm or rupture,10 and systemic inflamma-
tory response syndrome. The diagnostic criteria for systemic 
inflammatory response syndrome are listed in Box 7-1.

• Figure 7-1 Trismus (inability to open the mouth widely) because 
of right submasseteric abscess, causing inflammation in the mas
seter muscle. Note the swelling over the ascending ramus of the 
 mandible, anterior to and obscuring the right ear. (From Topazian RG:  
 Management of  infections of the oral and maxillofacial regions, 
 Philadelphia, 1981, WB Saunders Company.)

 • BOX 7-1   Diagnostic Criteria for Systemic 
Inflammatory Response Syndrome

If Two or More of the Following Exist:
 •  36° C < Temperature > 38° C
 •  Pulse > 90 beats/min
 •  Respiratory rate > 20 breaths/min
 •  Mean arterial pressure < 32 mm Hg
 •  White blood cell count < 4000 cells/mm3 or > 12,000 

cells/mm3

 •  Bands > 10%

Look for Damage in:
 •  Kidneys
 •  Liver
 •  Lungs
 •  Brain
 •  Extremities
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This chapter aims to provide a comprehensive stepwise 
approach to the medical and surgical care of patients with 
infections of the head and neck region, beginning from initial 
patient assessment and then progressing to principles of medi-
cal and surgical management and follow-up care. Box 7-2 lists 
the eight steps in the management of severe head and neck 
infections. Although conscientiously following these steps can-
not guarantee a favorable outcome, doing so can help to ensure 
that appropriate care is provided.

Principles of Surgical and Medical 
Management of Head and Neck Infections

Step 1: Determine the Severity of Infection

Determining the severity of an infection requires assessment 
of three main factors: (1) airway patency, (2) anatomic loca-
tion, and (3) rate of progression.

Airway Patency
The initial assessment of head and neck infection is imme-
diately directed to airway status. Signs of impending upper 
airway obstruction include pooling or drooling of saliva, 
use of the accessory muscles of respiration, orthopnea or 
stridor (or both), and the tripod position illustrated in  
Figure 7-2. If a patient develops signs of impending upper 
airway obstruction, this should alert the practitioner to the 
urgency of securing the patient’s airway. For example, if a 
patient is being evaluated in an outpatient setting, it is imper-
ative to activate the emergency medical system and transfer 
the patient to the nearest appropriate facility equipped to 
manage a difficult airway. In addition, if the patient is being 
evaluated in an emergency department or acute care setting, 
the practitioner can proceed with immediate transfer to the 
operating room to secure the patient’s airway if logistically 
feasible. If not, the practitioner should consider securing the 
patient’s airway in the emergency department or acute care 
setting. In the setting of impending airway obstruction, one 
must be prepared at all times to establish and secure a surgical 
airway by cricothyrotomy or tracheotomy.

With advanced airway techniques, securing the difficult air-
way can usually be performed in a noninvasive and predictable 
manner. For instance, Wolfe and colleagues11 reported a series 
of 29 patients with Ludwig’s angina and deep neck infections, 
with 19 (65.5%) patients exhibiting evidence of airway com-
promise. Of the patients with airway compromise, 8 (42%) of 
these patients required an advanced airway technique to secure 
the airway, and no patients in this report required a surgical 
airway. Nonetheless, the surgeon must always be prepared to 
establish a surgical airway if the anesthesia team is unable to 
do so with noninvasive airway techniques. In cases of poten-
tial airway obstruction, the surgeon can identify and mark 
the landmarks for a cricothyrotomy (thyroid cartilage, cricoid 
cartilage, and cricothyroid membrane), followed by marking 
an incision along the cricothyroid membrane (Figure 7-3).  
The surgical airway armamentarium should be readily available 
in the operating room during conventional airway instrumen-
tation. In the “cannot intubate, cannot ventilate” situation, any 
delay in the establishment of a surgical airway could be fatal. 
Vigilance and preparation are required. In all patient encoun-
ters, the airway must be assessed and appropriately managed 
first. Once this has been accomplished, a thorough history and 
physical examination may ensue.

Anatomic Location
Surgeons of varying disciplines have different names for 
the deep fascial spaces of the head and neck. Table 7-1 
lists various synonyms for these spaces. In addition,  
the borders and contents of the deep fascial spaces of the 
head and neck, along with their anatomic relations and 
likely approaches for incision and drainage, are listed in 

 1.  Determine severity
 2.  Evaluate host defenses
 3.  Determine the setting of care
 4.  Support medically
 5.  Treat surgically
 6.  Choose and prescribe appropriate antibiotic(s)
 7.  Administer antibiotic appropriately
 8.  Reevaluate frequently

Modified from Flynn TR: Principles and surgical management of head and 
neck infections. In Bagheri SC, Bell RB, Khan HA, editors: Current therapy 
in oral and maxillofacial surgery, St Louis, 2011, Elsevier, p 1084.

 • BOX 7-2   Principles of Management of 
Odontogenic Infections

• Figure 7-2 The tripod position, leaning forward with the elbows on 
the knees and catching saliva in a towel.
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Tables 7-2 and 7-3. Anatomic diagrams of the masticator 
space, submandibular and sublingual spaces, lateral pha-
ryngeal space, and retropharyngeal space are also included 
in  Figures 7-4 to 7-7.

Infections of each of the deep fascial spaces of the head 
and neck manifest with characteristic subjective com-
plaints and objective signs5; these can aid in identifying 

the spaces involved. Accurate determination of the ana-
tomic location of the infection allows the surgeon to 
stratify the severity of the infection into low-, moder-
ate-, and high-risk categories, based on the likelihood of 
swelling in the involved anatomic spaces causing airway 
deviation, effacement, or obstruction; hindering access 
to the airway for intubation; or directly impinging on 
vital structures, such as the brain or heart.5 The severity 
rankings of the various deep fascial spaces of the head 
and neck are listed in Table 7-4. For example, vestibular 
space infections have low severity because they are sepa-
rated from the airway by the bony structures of the max-
illa and mandible. In cases with a cooperative patient, 
these can be readily managed in an outpatient setting  
(Figure 7-8, A and B).

When the masticator, submandibular, or sublingual 
spaces (see Figure 7-8, C and D) are infected individually, 
the severity is moderate, because of trismus or elevation 
of the tongue. Infections in the pterygomandibular space 
(part of the masticator space) can displace or efface the 
airway space, and the associated trismus hinders access 
to the airway. Pterygomandibular space involvement was 
found in 60% of cases of severe odontogenic infection5; 
it is more common than previously appreciated, prob-
ably because the associated trismus hinders visualization 
of the oropharynx (see Figure 7-8, D).

Infection of both right and left submandibular and sub-
lingual spaces, along with the submental space between 
them in the midline, constitutes Ludwig’s angina; this is a 
high-severity infection because of the great risk of airway 
obstruction caused by displacement of the tongue and the 
propensity to spread rapidly into the deeper spaces of the 
neck (Figure 7-9).

The deep neck spaces, such as the retropharyngeal, lat-
eral pharyngeal, and prevertebral spaces, also carry high 
severity because swelling in these spaces can readily dis-
place, efface, or obstruct the airway. Furthermore, infec-
tion in the deep neck spaces can rapidly spread inferiorly 
to threaten the mediastinum and its contents, or superi-
orly to threaten the brain, especially by involvement of the 
internal jugular vein or other connections to the intracra-
nial venous sinuses.

The most common subjective complaint in patients 
with head and neck infection is dysphagia (difficulty 
swallowing); it is present in 78% of patients.5 Trismus 
occurred in 73% of patients in the same cohort. Similarly, 
Mayor and colleagues reported that odynophagia (pain on 
swallowing) and dysphagia were the most common pre-
senting symptoms, occurring in 84 and 71% of patients, 
respectively.12 Trismus is also likely, which is indicative of 
involvement of the masticator space, whose components 
are the submasseteric, superficial temporal, deep temporal, 
and pterygomandibular spaces, as diagrammed in Figure 
7-4 and seen clinically in Figure 7-10. Facial or neck swell-
ing is also frequently observed in patients with head and 
neck infections.

• Figure 7-3 Marks over the deviated cricothyroid membrane and tra
chea in a patient with right lateral pharyngeal space abscess.

  Synonyms for the Deep Fascial Spaces of  
the Head and Neck

Name Used in This Text Synonym

Space of the body of the  
mandible

Mandibular space

Submandibular space Submaxillary space
Submylohyoid space

Masticator space Masticatory space
Masseteric space

Temporal spaces (superficial  
and deep)

Temporal pouches

Infratemporal space Postzygomatic space

Buccal space Buccinator space

Infraorbital space Canine space

Lateral pharyngeal space Parapharyngeal space
Pharyngomaxillary space

Retropharyngeal space Retroesophageal space

Pretracheal space Perivisceral space
Paravisceral space
Paratracheal space

Carotid sheath Visceral vascular space

Adapted From Flynn TR: Anatomy and surgery of deep fascial space 
infections. In Kelly JJ, editor: Oral and maxillofacial surgery knowledge, 
update, Rosemont, Ill, 1994, American Association of Oral and Maxil
lofacial Surgeons, p 82.

TABLE 
7-1
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  Borders of the Deep Fascial Spaces of the Head and Neck

Space

Borders

Anterior Posterior Superior Inferior
Superficial 
or Medial

Deep 
or Lateral

Buccal Corner of mouth Masseter m., pterygo
mandibular sp.

Maxilla,  
infraorbital sp.

Mandible Subcutaneous tissue and skin Buccinator m.

Infraorbital Nasal cartilages Buccal space Quadratus  
labii superioris m.

Oral mucosa Quadratus labii superioris m. Levator anguli oris 
m., maxilla

Submandibular Ant. belly, digastric m. Post. belly digastric m.,  
stylohyoid m.,  
stylopharyngeus m.

Inf. and medial  surfaces  
of  mandible

Digastric tendon Platysma m., investing fascia Mylohyoid,  
hyoglossus, Sup.  
constrictor 
muscles

Submental Inf. border of mandible Hyoid bone Mylohyoid m. Investing fascia Investing fascia Ant. bellies digastric 
m.*

Sublingual Lingual surface of 
 mandible

Submandibular space Oral mucosa Mylohyoid m. Muscles of tongue† Lingual surface of 
mandible*

Pterygomandibular Buccal space Parotid gland Lateral pterygoid m. Inf. border of  
mandible

Med. pterygoid m† Ascending ramus of 
mandible*

Submasseteric Buccal space Parotid gland Zygomatic arch Inf. border of  
mandible

Ascending ramus  
of mandible†

Masseter m.*

Lateral pharyngeal Sup. and mid.  
pharyngeal  
constrictor m.

Carotid sheath and 
 scalene fascia

Skull base Hyoid bone Pharyngeal  
constrictors and retropharyn
geal space†

Medial  
pterygoid m.*

Retropharyngeal Sup. and mid.  
pharyngeal  
constrictor m.

Alar fascia Skull base Fusion of alar and 
 prevertebral  
fasciae at C6T4

Carotid sheath and 
lateral pharyngeal 
space*

Pretracheal Sternothyroid 
thyrohyoid fascia

Retropharyngeal  
space

Thyroid  
cartilage

Superior  
mediastinum

Sternothyroid 
thyrohyoid fascia

Visceral fascia over 
trachea and thy
roid gland

Adapted with permission from Flynn TR, Topazian RG: Infections of the oral cavity. In Waite D, editor: Textbook of practical oral and maxillofacial surgery, Philadelphia, 1987, Lea and Febiger, p 296.
Ant., Anterior; Inf., inferior; Lat., lateral; m., muscle; Med., medial; sp., space; Post., posterior; Sup., superior.
*Lateral border.
†Medial border.

TABLE 
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  Relations of Deep Spaces in Head and Neck Infections

Space Likely Causes Contents Neighboring Spaces
Approach for Irrigation 
and Debridement

Buccal Upper premolars,  
upper molars, lower  
premolars

Parotid duct, anterior facial artery and 
vein, transverse facial artery and 
vein, buccal fat pad

Infraorbital, pterygomandibular, infratemporal Intraoral (small), extraoral 
(large)

Infraorbital Upper canine Angular artery and vein, infraorbital 
nerve

Buccal Intraoral

Submandibular Lower molars Submandibular gland, facial artery 
and vein, lymph nodes

Sublingual, submental, lateral, pharyngeal,  
buccal

Extraoral

Submental Lower anterior, fracture  
of symphysis

Anterior jugular vein, lymph nodes Submandibular (on either side) Extraoral

Sublingual Lower premolars, lower molars, 
direct trauma

Sublingual glands, Wharton’s ducts, 
lingual nerve, sublingual artery and 
vein

Submandibular, lateral, pharyngeal, visceral  
(trachea and esophagus)

Intraoral, intraoralextraoral

Pterygomandibular Lower third molars, fracture of 
angle of mandible

Mandibular division of trigeminal 
nerve, inferior alveolar artery and 
vein

Buccal, lateral pharyngeal, submasseteric,  
deep temporal, parotid, peritonsillar

Intraoral, intraoralextraoral

Submasseteric Lower third molars,  
fracture of angle of mandible

Masseteric artery and vein Buccal, pterygomandibular, superficial  
temporal, parotid

Intraoral, intraoralextraoral

Infratemporal and  
deep temporal

Upper molars Pterygoid plexus, internal maxillary 
artery and vein, mandibular divi
sion of trigeminal nerve, skull base 
foramina

Buccal, superficial temporal, inferior  
petrosal sinus

Intraoral, extraoral, 
intraoralextraoral

Superficial temporal Upper molars, lower molars Temporal fat pad, temporal branch of 
facial nerve

Buccal, deep temporal Intraoral, extraoral, 
intraoralextraoral

Lateral pharyngeal Lower third molars, tonsils, 
infection in neighboring 
spaces

Carotid artery, internal jugular vein, 
vagus nerve, cervical sympathetic 
chain

Pterygomandibular, submandibular, sublingual,  
peritonsillar, retropharyngeal

Extraoral, intraoral

Reproduced with permission from Flynn TR, Topazian RG: Infections of the oral cavity. In Waite D, editor: Textbook of practical oral and maxillofacial surgery, Philadelphia, 1987, Lea and Febiger, p 297.

TABLE 
7-3
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The clinical presentation of the patient is dependent 
on the involved anatomic spaces.13 Figures 7-8 to 7-15 
illustrate the typical clinical appearance of infection in 
the various deep fascial spaces of the head and neck. 
Unfortunately, when assessing patients with severe infec-
tions of the head and neck, clinical examination is often 
limited by swelling, trismus, and pain. Reactive adenopa-
thy may mimic abscess or cellulitis. Deeper spaces, such 
as the lateral pharyngeal space, retropharyngeal space, 
and pterygomandibular space, can be difficult to exam-
ine because they are deep within the neck, with multiple 
superimposing anatomic structures. Similarly, trismus 
caused by guarding from pain or mechanical obstruction 
limits visualization of the oropharynx.

Differentiating postoperative edema from infection can 
be difficult. For example, 3 days after third molar removal, 
patients typically experience pain, tender swelling, dys-
phagia, odynophagia, and trismus, yet still might not have 
an infection. The trend of these parameters over time can 
help the clinician to differentiate infection from postopera-
tive inflammation. A worsening course after approximately  
3 days indicates infection, whereas postoperative inflammation 
generally is decreasing by approximately 3 days after surgery.

In addition, the presentation of a malignancy as an 
abscess is a rare phenomenon that can be deceptive. 
Tumors can become secondarily infected or undergo cen-
tral necrosis, manifesting as a swelling with suppuration. 
Misdiagnosis of a malignancy can result in treatment 
delay, which can result in increased tumor size or allow 
regional or distant metastasis. Furthermore, surgical 
management of a malignant tumor as an infection with 
incision and drainage can result in seeding of tumor cells 
and alteration of the normal lymphovascular networks, 
aiding in dissemination of the tumor.14

Radiographic Evaluation
Plain film radiographs (e.g., orthopantogram, dental peri-
apical radiographs) are limited to the identification of the 
causative teeth in odontogenic infection. Computed tomog-
raphy (CT) is generally used to identify otorhinologic infec-
tion and infection of the deeper structures, such as the deep 
fascial spaces and cranial cavity.

To identify the anatomic location of the infection, it is 
necessary to rely on both a thorough clinical examination 
and advanced radiographic studies. Today, for severe infec-
tions of the head and neck, contrast-enhanced CT (CECT) 
is the most widely used imaging modality. CECT is widely 
available. Magnetic resonance imaging (MRI) has a longer 
acquisition time, requiring patients to lie in the supine posi-
tion for an extended period of time, which may precipitate 
airway obstruction in the patient with an infection of mod-
erate or high severity.

Ultrasound offers the advantages of portability and 
avoiding radiation; however, ultrasound for deep neck 
structures is a sensitive technique, requiring a level of 
expertise that is not as widely available as that for CECT. 
Furthermore, CECT allows assessment of the airway 

Investing fascia

Sublingual
space

Submandibular
space

Mylohyoid
muscle

• Figure 7-4 Coronal section of the head and neck showing the rela
tionship between the submandibular and sublingual spaces, which 
communicate at the posterior edge of the mylohyoid muscle. (From 
Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, 
ed 4, St Louis, 2012, Saunders.)

Temporal
fascia

Zygomatic
arch

Submasseteric
space

Masseter
muscle

Temporalis muscle

Superficial temporal space

Deep temporal space

Sphenoid bone

Infratemporal
space

Lateral
pterygoid
muscle

Hamular 
process

Medial
pterygoid
muscle

Pterygomandibular
space

Mandible

• Figure 7-5 Coronal diagram of the masticator space, with a sec
tion through the ascending ramus of the mandible, zygomatic arch, 
and temporal bone. All four compartments of the masticator space are 
illustrated. (Adapted from Flint PW, Haughey BH, Lund V, et al, editors: 
Cumming otolaryngology: head and neck surgery, ed 5, Philadelphia, 
2010, Mosby.)
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deviation, compression, and patency. Figure 7-16, A, 
depicts a patient with deviation and effacement of the air-
way to the right, whereas Figure 7-16, B, depicts tracheal 
deviation and loss of airway patency. This added radio-
graphic information allows for improved evaluation of 
the airway, which is most critical in assessing the severity 
of infection and the overall condition of the patient. In 
addition, CECT allows one to differentiate cellulitis from  

an abscess. CECT does have the disadvantage of using 
radiation, whereas MRI and ultrasound do not.

When contrast medium is used, it is necessary to evaluate 
renal function by measuring serum creatinine. This could be 
a source of delay; however, unless the patient has an unstable 
airway that must be secured immediately in the operating 
room, obtaining a CT study, even without contrast, enables 
more accurate surgical planning than proceeding with surgery 

Scalene Fascia
Sternocleidomastoid m.

Jugular V.
Sympathetic chain
I.C.A.

Parotid
Gland

Post. Facial v.

Stylohyoid m.
Lateral
Pharyngeal Space

Styloglossus m.

Skin

Mandible

P.F.
A.F.

V.F.
Tonsil

E.C.A.
Post Digastric m.
Stylopharyngeal m.

Submandibular
Gland

I.C.A. - Internal Carotid artery
E.C.A. - External Carotid artery

P.F. - Prevertebral Fascia
A.F. - Alar Fascia
V.F. - Visceral Fascia 

Aponeurosis
of Zuckerkandel
and Testut

• Figure 7-6 Diagrammatic oblique section through the ascending ramus and condylar neck of the man
dible, illustrating the contents and relations of the lateral pharyngeal space and carotid sheath. (From Flynn 
TR: Anatomy and surgery of deep fascial space infections. In Kelly JJ, editor: Oral and maxillofacial surgery 
knowledge, update 1994, Rosemont, Ill, 1994, American Association of Oral and Maxillofacial Surgeons.)

• Figure 7-7 Sagittal section through the head and neck, illustrating 
the relationships of the pretracheal and retropharyngeal spaces and 
the danger space (space 4). (From Flynn TR: Principles and surgical 
management of head and neck infections. In Bagheri SC, Bell RB, 
Khan HA, editors: Current therapy in oral and maxillofacial surgery,  
St Louis, 2011, Elsevier.)

  Severity of Fascial Space Infections

Severity Anatomic Space

Low (low risk to airway or vital 
structures)

Vestibular
Subperiosteal
Space of the body of the 

mandible
Infraorbital
Buccal

Moderate (moderate risk to  
airway or vital structures)

Submandibular
Submental
Sublingual
Pterygomandibular
Submasseteric
Superficial temporal
Deep temporal (or  

infratemporal)

High (high risk to airway or vital 
structures)

Lateral pharyngeal
Retropharyngeal
Pretracheal
Danger space (space 4)
Mediastinum
Intracranial infection

Modified from Flynn TR: Principles and surgical management of head 
and neck infections. In Bagheri SC, Bell RB, Khan HA, editors: Cur-
rent therapy in oral and maxillofacial surgery, St Louis, 2011, Elsevier, 
p 1084.

TABLE 
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solely on the basis of clinical examination. Miller and col-
leagues reported in 1999 on the accuracy of CECT combined 
with clinical examination in identifying a drainable collection 
of pus.15 In this study, CECT alone had an accuracy of 77%, 
sensitivity of 95%, and specificity of 53%. Clinical examina-
tion alone had an accuracy of 63%, sensitivity of 55%, and 
a specificity of 73%. The combination of CECT and clinical 
examination had an accuracy of 89%, sensitivity of 95%, and 
specificity of 80%. This study and others have provided clear 
evidence that in combination, CECT and clinical examina-
tion have the best accuracy, sensitivity, and specificity for 
identifying drainable collections of pus.15,16

A

C

B

D

• Figure 7-8 A, Frontal view of a patient with a vestibular space abscess causing swelling of the upper lip 
and elevation of the left ala of the nose. B, Intraoral view of the same patient with a fractured maxillary left 
central incisor, swelling in the maxillary alveolar mucosa and vestibule, and a draining parulis in the mucobuc
cal fold. C, Submentovertex view of a patient with a cellulitis of the left submandibular and submental spaces. 
D, Intraoral view of a right pterygomandibular space infection caused by a fractured and carious lower right 
molar. Note the deviation of the uvula to the opposite side and the swelling of the right anterior tonsillar pillar. 
Trismus has been overcome with general anesthesia, enabling this view. (A and B from Flynn TR: Anatomy 
of oral and maxillofacial infections. In Topazian RG, Goldberg MH, Hupp JR, editors: Oral and maxillofacial 
infections, ed 4, Philadelphia, 2002, Saunders. C from Flynn TR: Surgical management of orofacial infections, 
Atlas Oral Maxillofac Surg Clin North Am 8:79, 2000. D from Flynn TR, Topazian RG: Infections of the oral cav
ity, In Waite D, editor: Textbook of practical oral and maxillofacial surgery, Philadelphia, 1987, Lea and Febiger.)

BA

• Figure 7-9 A, Ludwig’s angina, with swelling of both submandibular 
and sublingual spaces and the submental space in the midline. B, The 
same patient, with sublingual swelling, elevation of the tongue, and 
displacement of the tongue posteriorly into the oropharynx.
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A B

• Figure 7-10 A, Frontal view of a patient with infection of the entire right masticator space, including 
the superficial and deep temporal spaces and the submasseteric and pterygomandibular spaces. Note 
the right temporal and masseteric swelling, and the inability to open the mouth widely. In this view, the 
 masseteric swelling obscures the right ear. This infection was of 60 days’ duration, indicating low virulence 
and good host resistance. B, Oblique view of the same patient. Note that the masseteric swelling stops 
anterior to the ear lobe, where the infection is contained by the parotideomasseteric fascia. Note also the 
flattening of the swelling over the zygomatic arch, where the temporalis fascia is tightly bound down to 
the  underlying bone. (A from Flynn TR: The swollen face: severe odontogenic infections, Emerg Med Clin 
North Am 18(3):481519, 2000. B from Flynn TR: Complex odontogenic infections. In Hupp JR, Ellis E, 
Tucker MR, editors: Contemporary oral and maxillofacial surgery, ed 6, St Louis, 2014, Mosby.)

• Figure 7-11 Oblique view of a patient with a right submandibular 
space abscess. Note the reddened swelling defined by the inferior bor
der of the mandible, the anterior and posterior bellies of the digastric 
muscle, and the hyoid bone. (From Flynn TR: The swollen face, Emerg 
Med Clin North Am 15:481519, 2000.)

• Figure 7-12 Intraoral view of a severe sublingual space infection, 
with the tongue forced superiorly, with the dorsal surface against the 
palate, exposing the ventral surface of the tongue and floor of the 
mouth. (From Flynn TR, Topazian RG: Infections of the oral cavity. In 
Waite D, editor: Textbook of practical oral and maxillofacial surgery, 
Philadelphia, 1987, Lea and Febiger.)
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In severe infection of the deep neck spaces, such as in ret-
ropharyngeal space abscess or Ludwig’s angina, the patient 
might not be able to lie supine without experiencing airway 
obstruction, even for the duration of a CT scan. A patient 

whose condition is too unstable to lie supine for a brief 
study, such as a CT scan of the neck, should have the air-
way immediately secured, with definitive imaging studies 
performed later.

Rate of Progression
When assessing severity, one must consider the infection’s 
rate of progression. This portion of the assessment of sever-
ity of infection could be elucidated by obtaining the history 
of symptoms from the patient. For example, a patient with 
a massive swelling that started only in the past few hours 
has a more virulent infection than one with a similar swell-
ing of long duration. Figure 7-17 shows a patient demon-
strating significant progression in 4 hours. The patient in 
Figure 7-10 had a 60-day history of facial swelling. Figure 
7-18 shows two other patients. The patient with the localiz-
ing abscess about to drain through the skin has a less severe 
infection than the patient with a brawny, indurated celluli-
tis, because cellulitis occurs during the accelerating portion 
of the clinical course, and abscess formation is a result of 
mounting host resistance and isolation of the infection by 
incipient encapsulation.

In summary, a rapid but accurate clinical assessment of 
the patient’s airway stability and evaluation of the recent his-
tory, symptoms, and clinical signs will allow the clinician to 
determine the severity of the infection. This assessment will 
guide decision making about the setting and timing of care.

Step 2: Evaluate Host Defenses

Obtaining the patient’s medical history will allow the 
clinician to assess the patient’s host defenses. Although 
a full history and physical examination may be limited 
in the critically ill patient or one with a compromised 
airway, the surgeon must always identify the presence 
of metabolic disorders (e.g., diabetes mellitus), immu-
nodeficiency disorders (e.g., long-term steroid use, 
human immunodeficiency virus (HIV) infection, pri-
mary immunodeficiency disease), and the presence of 
renal dysfunction. Not only does awareness of metabolic 
and immunologic disorders enable appropriate medical 
management; these disorders can predispose to infection 
with atypical pathogens, such as Klebsiella pneumoniae 
in diabetes, intracellular pathogens in HIV infection, 
methicillin-resistant Staphylococcus aureus (MRSA) with 
drug abuse, and fungi in iatrogenic or oncologic immu-
nodeficiency. Box 7-3 lists the most common immuno-
compromising diseases.

Infections of the head and neck region can appear at all 
ages; however, the average age of a patient with a severe odon-
togenic infection has been reported to be 34.9 years, with 
a standard deviation of 15.8 years.5 It is also important to 
note that the proportion of the population aged 65 and older 
is also increasing in developed countries. Because the rate of 
edentulousness is decreasing, odontogenic infections remain 
the most common head and neck infection in older patients. 
Of note, because of a higher incidence of xerostomia, salivary 

A

B

• Figure 7-13 A, Left subperiosteal orbital abscess owing to maxil
lary and ethmoid sinusitis, associated with carious primary molars. 
Note the left periorbital erythema, partial ptosis, and lateral deviation 
of the left globe of the eye. B, Coronal computed tomography of the 
same patient. Note the opacification of the left maxillary and ethmoid 
sinuses, thickening of the periosteum of the medial orbital wall, and lat
eral deviation of the globe. (From Simos C, Flynn TR, Piecuch JF, et al: 
Infections of the oral cavity. In Feigin RD, Cherry JD, editors: Textbook 
of pediatric infectious diseases, ed 6, Philadelphia, 2007, Saunders.)

• Figure 7-14 Right buccal space infection. Note the limitation of 
swelling at the zygoma, the inferior border of the mandible, and the 
corner of the mouth. (From Shahriari A, Patel PP, Bagheri SC: Buccal 
and vestibular space abscess. In Bagheri SC: Clinical review of oral 
and maxillofacial surgery, ed 2, St Louis, 2014, Mosby.)
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gland infections are more common in older patients. Chi et al 
reported that 21.6% of 148 patients with deep neck infec-
tions were older than 65 years. The older population has more 
comorbid conditions and compromised host defenses than 
the younger population does; this might explain the higher 
ratio of multiple space involvement, longer hospital stay, and 
a higher complication rate (e.g., upper gastrointestinal bleed-
ing, jugular vein thrombosis, airway obstruction, and septic 
shock) seen in elderly patients.17

Systemic disease has been shown to worsen clinical 
course. For example, Chang et  al reported that multi-
ple fascial space involvement occurred in 60% of their 
patients with diabetes, and in only 27.3% of patients 

without diabetes.18 Furthermore, patients with diabetes 
had a much longer hospitalization (28.9 vs. 15.4 days for 
those without diabetes). Likewise, Carey et  al reported 
an intensive hospital course for HIV-positive patients, 
prolonged period of fever (body temperature > 38° C), 
and greater use of the intensive care unit.19 Of note, 
Miller et  al did not find greater length of hospital stay 
or greater incidence of severe odontogenic infection in 
HIV-positive patients than in the general population.20 
In summary, a thorough yet concise review of the medi-
cal history will allow the clinician to manage patients’ 
comorbidities and to counsel them as to their expected 
hospital course.

A B

• Figure 7-15 A, Left lateral pharyngeal space infection. Note the swelling at the anterior border of the 
sternocleidomastoid muscle above the hyoid bone, and the mild trismus. B, A boy with a left buccal, 
submandibular, and lateral pharyngeal space infection. Note the deviation of the trachea to the right as the 
child positions his head to the right, to position the upper airway over the deviated trachea. (From Flynn 
TR: Anatomy of oral and maxillofacial infections. In Topazian RG, Goldberg MH, Hupp JR, editors: Oral and 
maxillofacial infections, ed 4, Philadelphia, 2002, Saunders.)

A B

• Figure 7-16 A, Axial computed tomography (CT) at the level of the hyoid bone. Note the deviation of the 
airway to the right, with effacement of the left pyriform recess. B, Axial CT at the level of the mandible. Note 
the complete obstruction of the oropharyngeal airway, which is tightly enclosed around the endotracheal 
and nasogastric tubes.
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Step 3: Determine the Setting of Care

The clinician’s decision regarding the setting of care for each 
patient is based on the previous two steps, and it logically 
flows from them. This decision determines the safety and 
intensity of care and monitoring, the ability to adapt treat-
ment to changing host response to the infection, and ulti-
mately the cost of care. Box 7-4 lists the criteria for hospital 
admission for head and neck infections.

In general, low-severity infections in healthy patients can 
be managed with outpatient surgery, local anesthesia or con-
scious sedation, oral antibiotics and analgesics, and periodic 
follow-up. Moderate to severe infections, however, are usually 
managed in the hospital, which allows for securing the airway, 
incision and drainage of deeper anatomic spaces, intravenous 
fluids and medications, advanced imaging, closer monitoring, 
and consultation with other specialists, including infectious 
diseases experts. Hospital admission for even low-severity infec-
tions may be indicated when general anesthesia is necessary or 
inpatient management of systemic conditions is required, such 
as control of diabetes or reversal of anticoagulation.

As an example of this decision-making process, a patient 
suffering from a low-severity abscess of a perioral space, such 
as the infraorbital or vestibular space, but with poor diabetes 
control (e.g., plasma glucose > 400 mg/dL) may warrant inpa-
tient admission and administration of intravenous fluids, par-
enteral antibiotics, and intravenous insulin therapy. Although 
this patient’s infection alone might be managed surgically in 
an outpatient setting, achieving glycemic control is necessary 

for an effective host response. On the other hand, a healthy 
young patient with a lateral pharyngeal space abscess will 
require hospitalization for surgical management of the infec-
tion with general anesthesia in an operating room setting, and 
will likely need prolonged tracheal intubation and ventilator 
support. An uncooperative child may require general anes-
thesia for management of an otherwise minor infection. In 
general, it is preferable to err on the side of hospital admission 
because of safety considerations.

Step 4: Support Medically

The mainstay of head and neck infections is surgical therapy, 
but medical therapy cannot be overlooked. After diagnosis 
and evaluation of the systemic reserve and host defenses, 
medical therapy is aimed at supporting the host’s systemic 
response to the infection and at correcting any systemic 
deficiencies that might interfere with that response. The role 
of medical therapy in head and neck infections is primar-
ily supportive of the surgical management, and it consists 
of appropriate antibiotic therapy (discussed in Chapter 8), 
identification and management of existing comorbidities, 
and support with attention to hydration and nutrition.

Step 5: Treat Surgically

The principles of the surgical management of head and neck 
infections are the following: (1) achieve source control,  
(2) incision and drainage of involved anatomic sites, and 

A B

• Figure 7-17 A, Oblique view of a patient with a right buccal, infraorbital, and periorbital infection. 
B, The same patient 4 hours later. Note the extension of the swelling to the forehead, the superficial 
temporal space, and the left periorbital space. Incipient cavernous sinus thrombosis was diagnosed 
because of congestion of the retinal veins in the left eye. (From Flynn TR, Topazian RG: Infections of the 
oral cavity. In Waite D, editor: Textbook of practical oral and maxillofacial surgery, Philadelphia, 1987, 
Lea and Febiger.)
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(3) continuous clinical reassessment, including radiographic 
reassessment when necessary. Figure 7-19 is an algorithm 
of the surgical management of deep fascial space infections 
of the head and neck that integrates these principles in a 
graphic format.

Source control is the removal of the cause of the infec-
tion. In odontogenic infection, the causative tooth or teeth 
are usually removed, although other therapies may occa-
sionally be appropriate. The mandibular third molar is 
most commonly involved, followed by other mandibular 
posterior teeth.5 Although dental caries and pericoronitis 
(inflammation of the soft tissues surrounding an impacted 
tooth) are common predisposing conditions, one must 
not overlook periodontal disease as an etiologic factor.5 
Implanted alloplastic materials, such as bone plates and 
screws, dental implants, cosmetic augmentation materials, 
or temporomandibular joint prostheses, can serve as a nidus 
of infection and generally require removal of the involved 
foreign bodies. Similarly, in cases of osteomyelitis, removal 
of necrotic bone is required for clinical resolution.

Source control in ear, sinus, and salivary infections gen-
erally includes the reestablishment of natural drainage path-
ways. For example, endoscopic surgery is used to reopen the 
ostium draining the maxillary sinus in addition to removing 
obstructing polyps and congested mucosa. Sialolithectomy 
reestablishes salivary flow when the source gland has not 
atrophied irreversibly.

Even with all the advancements to date in diagnostic 
imaging, antimicrobial therapy, and medical supportive care, 
surgical incision and drainage remains the cornerstone of man-
agement of head and neck infections. The most likely explana-
tion for this fact is that the flora of deep fascial space infections 
is largely composed of inherently abscess-forming pathogens.

Progression of Head and Neck Infections
Surgical therapy for head and neck infections is based on 
thorough knowledge of the anatomy of the deep fascial 
spaces of the head and neck, as well as an appreciation of 
the fairly predictable pathways of invasive infections as 
they progress into deeper anatomic spaces. For example, 
infections in the submandibular space often extend ante-
riorly around the anterior belly of the digastric muscle to 
enter the submental space. From that space, the infection  
can extend around the contralateral anterior belly of the 
digastric muscle to involve the other submandibular space. 

A

B

• Figure 7-18 A, Cellulitis of the left infraorbital and periorbital spaces. 
This swelling is reddened, firm, and exquisitely tender. B, Fluctuant 
abscess of the right buccal space, about to drain subcutaneously near 
the inferior border of the mandible.

 •  Diabetes
 •  Steroid therapy
 •  Organ transplants
 •  Malignancy
 •  Chemotherapy
 •  Chronic renal disease
 •  Malnutrition
 •  Alcoholism
 •  Endstage AIDS

From Flynn TR: Principles and surgical management of head and neck 
infections. In Bagheri SC, Bell RB, Khan HA, editors: Current therapy in oral 
and maxillofacial surgery, St Louis, 2011, Elsevier, p 1087.

 • BOX 7-3   Conditions Associated with Immune 
System Compromise

 •  Temperature > 38° C (˃101° F)
 •  Dehydration
 •  Threat to the airway or vital structures
 •  Infection in moderate or highseverity anatomic spaces
 •  Need for general anesthesia
 •  Need for inpatient control of systemic disease

From Flynn TR: Principles and surgical management of head and neck 
infections. In Bagheri SC, Bell RB, Khan HA, editors: Current therapy in oral 
and maxillofacial surgery, St Louis, 2011, Elsevier, p 1087.

 • BOX 7-4   Criteria for Hospital Admission
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When a submandibular space infection extends posteriorly, 
it can extend around the posterior belly of the digastric mus-
cle to enter the lateral pharyngeal space, or superiorly around 
the posterior border of the mylohyoid muscle to involve the 
sublingual space. When both submandibular, both sublin-
gual, and the submental spaces are infected with a brawny, 
indurated cellulitis, the diagnosis is Ludwig’s angina.

Another predictable extension pathway for head and neck 
infections involves the confluence of spaces. This location is in 
the inferior portion of the anterior palatoglossal arch, just pos-
terior to the floor of the mouth and just lateral to the tongue 
base. Here the sublingual and submandibular spaces meet at 
their posterior borders. In addition, the anteroinferior border of 
the pterygomandibular space forms the lateral boundary of the 
confluence of spaces. The posterior border of this confluence is 
the glossopharyngeal gap, where the styloglossus and stylohy-
oid muscles pass between the superior and middle pharyngeal 
constrictor muscles, as they extend from the styloid process in 
the lateral pharyngeal space to the tongue and hyoid bone.

At this anatomic interchange, infections can readily pass 
from any of the spaces that border it into any of the other 
spaces. Thus, a pterygomandibular space abscess can often 
spread into the submandibular or lateral pharyngeal spaces 
via the confluence of spaces, or a submandibular or sublingual 
abscess can similarly spread into the lateral pharyngeal space.

Because there is no anatomic barrier between the lat-
eral pharyngeal spaces and the retropharyngeal space, lat-
eral pharyngeal space infections can rapidly surround the 

oropharynx and hypopharynx via the retropharyngeal space. 
The retropharyngeal space ends inferiorly at the fusion of the 
retropharyngeal fascia with the alar fascia, at a variable level 
between the sixth cervical (C6) and fourth thoracic (T4) 
vertebrae. Once infection is in this location, inflammation 
and the negative inspiratory force aid in the rupture of the 
alar fascia, which separates the retropharyngeal space from 
the danger space, also known as space 4. The danger space 
extends from the base of the skull to the diaphragm, and 
includes the posterior mediastinum. Most descending neck 
infections enter the mediastinum through this pathway.

Technique of Incision and Drainage
Surgical incision and drainage of the deep fascial spaces of 
the head and neck is fairly straightforward, once the anatomy 
of those spaces has been understood. Figure 7-20 illustrates 
the external incisions that are used for drainage of the deep 
fascial spaces. Long incisions and open dissection are usually 
not necessary, except perhaps in cases of necrotizing fasciitis 
or descending necrotizing mediastinitis, in which repeated 
surgical exploration, debridement, and drainage can be 
anticipated. The dissection of the involved spaces can be 
done bluntly, with a closed hemostat inserted into the ana-
tomic space. The hemostat is then opened and withdrawn 
through the incision, creating a pathway for the gravity-
dependent egress of pus and infected tissue fluid. This pro-
cess is repeated multiple times to explore the entire extent 
of the target anatomic space and to open all loculations of 
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• Figure 7-19 Algorithm for the surgical management of deep fascial space infections of the head and 
neck. (From Flynn TR: Deep fascial space infections. In Laskin DM, Abubaker AO, editors: Decision making 
in oral and maxillofacial surgery, Chicago, 2007, Quintessence.)
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the abscess. The pathway thus created also allows for inser-
tion of culture swabs for sampling of the infecting patho-
gens, followed by copious irrigation of the deep fascial 
space to remove and dilute pathogens and necrotic tissue. 
At this point, a drain can be inserted into the wound and 
sutured to one lip of the skin incision with a nonresorbable 
suture. Alternatively, the drain can pass from one incision to 
another and its two ends are sutured together (Figure 7-21), 
thus creating a through-and-through drain, which allows 
for easier egress of infected material and irrigation fluid.

Drainage of the lateral pharyngeal space can be accom-
plished by an incision placed at “D” in Figure 7-20. A patient 
with a submandibular and lateral pharyngeal space abscess, and 
the surgical approach to drainage of these spaces, is illustrated in 
Figure 7-22, A and B. The incision passes through skin, subcu-
taneous tissue, and the superficial fascia. The anterior, or invest-
ing, layer of the deep cervical fascia is followed superiorly and 
posteriorly until the anterior border of the sternocleidomastoid 
muscle and the angle of the mandible with the overlying masse-
ter muscle and parotideomasseteric fascia are identified. Blunt 
dissection is then carried through the fascia just anterior to the 
sternocleidomastoid muscle, and the palpating finger can enter 
and dissect the lateral pharyngeal space bluntly. The landmarks 
to be palpated are the angle of the mandible anterolaterally, 
the carotid sheath posterolaterally, the transverse processes of 
the cervical vertebrae posteromedially, and the endotracheal 
tube, if present, anteromedially. Caution must be taken not 
to perforate the posterior oropharyngeal wall by aggressive fin-
ger dissection toward the oropharynx, however. If desired, the 
superior portion of the retropharyngeal space can be dissected 

merely by continuing the finger dissection across the vertebral 
bodies posteriorly until the contralateral transverse vertebral 
bodies are reached.

Drainage of the inferior portion of the retropharyngeal 
space can be accomplished with an incision placed at “E” 
in Figure 7-20. The dissection is similar to that for the lat-
eral pharyngeal space described previously, except that as 
the anterior border of the sternocleidomastoid muscle is 
exposed, it is retracted posteriorly to expose the carotid sheath 
 (Figure 7-23). The loose connective tissue lying between the 
esophagus and the carotid sheath is then bluntly dissected 
posteriorly and medially to expose the visceral fascia, which 
surrounds the esophagus, trachea, and thyroid gland. The 
surgeon then bluntly follows the visceral fascia into the ret-
ropharyngeal space. Multiple soft drains can then be placed 
into the retropharyngeal space. Soft drains are used to avoid 
erosion of any of the large vessels in the region.

Timing of Incision and Drainage
Most of the general surgery and otolaryngology literature fol-
lows the principle of watchful waiting for the development of a 
clearly identified abscess before surgical drainage is attempted. 
This expectant approach may be based on the concept that 
antibiotic therapy plus the host defenses can eradicate the 
infection without requiring surgery. However, some oral and 
maxillofacial surgery literature questions that approach, and 
some studies have been performed providing evidence that, 
at least with odontogenic infections, early incision and drain-
age of all deep fascial spaces affected by cellulitis or abscess can 
hasten resolution, appears to abort the spread of the infection 
into deeper anatomic spaces that involve a greater threat to the 
airway and other vital structures, and is not associated with 
increased complications.

The collective experience of surgeons in the management 
of severe odontogenic infections supports this approach as 
well. Flynn et al5,6 published a case series of 37 severe odon-
togenic infections treated with a protocol of incision and 
drainage as soon as possible after hospital admission, with 
time between admission and surgery of 5.1 ± 7.3 hours, with 
a range of 0.2 to 23.3 hours. All deep fascial spaces affected 

B
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• Figure 7-20 Incision placement for drainage of head and neck 
infections. A, Superficial or deep temporal spaces. B, Submental or 
submandibular spaces. C, Submandibular, submasseteric, or ptery
gomandibular spaces. D, Lateral pharyngeal space or superior portion 
of the retropharyngeal space. E, Retropharyngeal space. When both 
incisions in B and C are used, throughandthrough drainage of the 
submandibular space can be achieved, as illustrated in Figure 721. 
(From Flynn TR: Surgical management of orofacial infections, Atlas Oral 
Maxillofac Surg Clin North Am 8:85, 2000.)

• Figure 7-21 Throughandthrough drainage of both submandibu
lar spaces and the submental space, provided by bilateral incisions 
placed at B and C in Figure 720.
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by cellulitis or abscess were surgically explored, and at least 
one drain was placed in each space. All subjects received 
intravenous penicillin G, except for three penicillin-allergic 
patients who received clindamycin. There were no deaths in 
the study. Pus was found at surgery (indicating abscess) in 
76% of patients, and no pus (indicating cellulitis only) was 
found in 24%. Multivariate models were then constructed 
on these outcome variables: length of hospital stay, presence 

or absence of pus at surgical drainage, and complications. 
Length of hospital stay was predicted by the number of deep 
fascial spaces affected and by the occurrence of complica-
tions—namely, by the need for reoperation and penicillin 
therapeutic failure (failure to improve after radiographically 
verified adequate drainage or repeat surgery, plus at least  
48 hours of intravenous penicillin). The presence or absence 
of pus did not predict length of hospital stay or any other 
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• Figure 7-22 A, Frontal view of a patient with a right submandibular and lateral pharyngeal space infec
tion. B, Intraoperative view of the same patient, with drainage of the right submandibular and lateral pha
ryngeal spaces through an incision at D in Figure 720. The anterior (investing) layer of the deep cervical 
fascia is divided between the submandibular gland and the inferior border of the mandible to drain the sub
mandibular space (straight arrow). The same fascial layer is divided just anterior to the sternocleidomastoid 
muscle to drain the lateral pharyngeal space (curved arrow). C, Diagram of the dissection for drainage of 
the lateral pharyngeal space and superior portion of the retropharyngeal space. The significant landmarks 
include the anterior border of the sternocleidomastoid muscle, the posterior belly of the digastric muscle, 
the submandibular gland, the angle of the mandible, the carotid sheath, and the transverse processes 
and bodies of the cervical vertebrae. (A from Flynn TR: Complex odontogenic infections. In Hupp JR, Ellis 
E, Tucker MR, editors: Contemporary oral and maxillofacial surgery, ed 6, St Louis, 2014, Mosby. B from 
Flynn TR: Principles and surgical management of head and neck infections. In Bagheri SC, Bell RB, Khan 
HA, editors: Current therapy in oral and maxillofacial surgery, St Louis, 2011, Mosby. C from Flynn TR: 
Surgical management of orofacial infections, Atlas Oral Maxillofac Surg Clin North Am 8:94, 2000.)
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outcome variable. On multivariate analysis, the only predic-
tor of the presence or absence of pus was later identifica-
tion of peptostreptococci in culture, which was associated 
with cellulitis, not abscess. No other clinical variable was 
 predictive of abscess formation, including duration of 
symptoms, white blood cell count, temperature, or sever-
ity of  infection. (It should be noted that radiographic find-
ings were not included in this analysis.) These data allow the 
conclusion that early incision and drainage, in the celluli-
tis stage of infection, was not associated with an increased 
length of hospital stay or complications, such as the need 
for reoperation. Clinically, this appears to indicate that 
early incision and drainage does indeed serve to abort the 
spread of infection into deeper, more threatening anatomic 
spaces.5,6

Steps 6 and 7: Choose and Administer 
Appropriate Antibiotic Therapy

The appropriate choice and mode of administration of anti-
biotic therapy for head and neck infections are discussed in 
Chapter 8.

Step 8: Reevaluate Frequently

In severe head and neck infections, close clinical follow-up 
of the initial therapy is warranted because (1) infections can 
progress into deeper anatomic spaces even after thorough 
drainage of all spaces affected by cellulitis or abscess; (2) fail-
ure of host response to the infection may occur, especially in 
the setting of comorbidities that compromise the immune 

system or diminish systemic reserve; and (3) the incidence 
of antibiotic-resistant bacteria in head and neck infections 
is increasing.

The need for frequent reevaluation in severe head and 
neck infections can best be illustrated by the experience 
of cardiothoracic surgeons in treating mediastinitis, clearly 
an even more severe infection than most head and neck 
infections, but still a possible complication.  Furthermore, 
most mediastinitis cases are caused by the same flora 
that cause head and neck infections. The exceptions are 
post-sternotomy infections that are generally due to a  
nosocomial flora predominated by MRSA.

In 1997, Corsten et  al21 reported that they were able 
to reduce the previously reported 47% mortality of medi-
astinitis to 19%, with a policy of open thoracotomy and 
direct dependent mediastinal drainage. In 2000, Freeman 
et al22 reported on 10 cases of mediastinitis with no mor-
tality. Their policy was immediate open thoracotomy and 
dependent drainage supplemented by close follow-up, with 
repeated CT scans every 2 to 3 days to examine for new 
or undrained purulent loculations. Reoperation for new 
drainage, repeated debridement, and washout of the surgi-
cal wounds was undertaken when extension of infection or 
clinical deterioration was detected. The subjects experienced 
an average of six surgeries and six CT scans per case, with 
an average of four cervical incision and drainage procedures 
and two thoracic drainage procedures per case. The infec-
tion progressed through the diaphragm, requiring laparot-
omy in 30% of cases. Tracheotomy was performed in 40% 
of cases. The mean length of hospital stay was 46 days, with 
a range of 14 to 113 days.

Visceral fascia

Retropharyngeal space
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• Figure 7-23 Diagram of the dissection for drainage of the retropharyngeal space. The significant land
marks include the anterior layer of the deep cervical fascia, the anterior border of the sternocleidomastoid 
muscle, the carotid sheath, the visceral fascia surrounding the trachea, esophagus and thyroid gland, 
and the transverse processes and bodies of the cervical vertebrae. (Adapted from Albert T, Balderston R, 
Northrup B: Surgical approaches to the spine, Philadelphia, 1997, Saunders.)
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This dramatic improvement in the mortality of medias-
tinitis illustrates the therapeutic power of aggressive source 
control in severe infections, enabled by repeated postopera-
tive CT imaging and close clinical monitoring, combined 
with a commitment to the repeated surgical pursuit of 
infected tissue and necrotic material. Furthermore, such 
repeated surgery allows the opportunity to sample the infec-
tion for new and resistant pathogens in a timely manner.

Although experimental data proving the effectiveness of 
this approach in head and neck infections are lacking, the 
results achieved in mediastinitis should encourage head and 
neck surgeons to adopt a policy of aggressive follow-up with 
repeated clinical examination, CT imaging, and reoperation 
when necessary, especially in patients who are not improv-
ing or are clinically deteriorating.

The criteria for hospital discharge (Box 7-5) include 
measures indicating a subsiding infection, a stable airway, 
and recovery of autonomous function. Box 7-6 specifies 
the criteria for extubation. The ventilatory parameters mea-
sure functionality in the lower airway; yet in head and neck 
infection, obstruction of the upper airway is the prime con-
cern. The gold standard in determining the stability of the 
upper airway is the air leak test. The air leak test is illustrated 
in Figure 7-24. The steps in performing the air leak test are 
listed in Box 7-7. By experience, the authors have found 
that identification of air space surrounding the endotracheal 
tube on CT is a late indicator of a stable upper airway.

Occasionally, the clinical course will deteriorate after 
initial therapy. Table 7-5 lists the most common potential 

causes of worsening fever, swelling, airway patency, white 
blood cell count, or C-reactive protein. When any of these 
parameters are failing to improve, thorough clinical reas-
sessment, possibly including CT imaging, may indicate the 
cause. Repeated radiographic imaging can identify a foreign 

• Figure 7-24 Air leak test. The technique is described in Box 77. 
(From Flynn TR: Principles and surgical management of head and neck 
infections. In Bagheri SC, Bell RB, Khan HA, editors: Current therapy in 
oral and maxillofacial surgery, St Louis, 2011, Saunders.)

 •  Extubation
 •  Temperature < 37.8° C (<100° F) for 24 hours
 •  Oral intake > 10 mL/kg per shift for 2 shifts
 •  All drains removed
 •  Swelling decreasing
 •  Minimal or no drainage
 •  Adequate control of systemic disease
 •  Ambulation

From Flynn TR: Principles and surgical management of head and neck 
infections. In Bagheri SC, Bell RB, Khan HA, editors: Current therapy in oral 
and maxillofacial surgery, St Louis, 2011, Elsevier, p 1088.

 • BOX 7-5   Criteria for Hospital Discharge

 •  Recovery from general anesthesia and paralyzing agents
 •  Stable and acceptable vital signs
 •  Acceptable ventilatory parameters
 •  Normal respiratory rate
 •  Vital capacity > 15 mL/kg
 •  Inspiratory force > 25 cm H2O
 •  Minute ventilation = 610 L/min
 •  Normal blood gases or oxygen saturation
 •  Normal endtidal CO2
 •  Ability to swallow (tracheotomy patients)
 •  Positive air leak test

 • BOX 7-6   Criteria for Extubation

 1.  Reverse sedation.
 2.  Suction the mouth, oropharynx, and hypopharynx.
 3.  Suction the endotracheal/tracheotomy tube and trachea.
 4.  Consider topical local anesthesia via the endotracheal tube.
 5.  Administer 100% oxygen for 35 minutes.
 6.  Deflate the cuff of the endotracheal/tracheotomy tube; 

allow coughing to subside.
 7.  Occlude the endotracheal/tracheotomy tube; observe for 

airway distress, oxygen desaturation, and the ability to 
breathe around the occluded tube.

 8.  If the patient can successfully maintain respiration around 
the occluded endotracheal/tracheotomy tube, reinflate its 
cuff and reconnect 100% oxygen for 35 minutes.

 9.  Suction the mouth, oropharynx, and hypopharynx and 
endotracheal/tracheotomy tube again.

 10.  Administer 100% oxygen for 3 minutes.
 11.  Insert a stylet or tube changer device down the entire 

length of the endotracheal/tracheotomy tube.
 12.  Deflate the cuff of the endotracheal/tracheotomy tube and 

allow coughing to subside. Oxygenate as necessary.
 13.  Withdraw the endotracheal/tracheotomy tube, leaving 

the stylet or tube changer in place. A nasoendotracheal 
tube can be withdrawn partially, with the tip of the tube 
remaining in the nasopharynx.

 14.  Observe for airway distress, oxygen desaturation, or 
airway obstruction for 20 minutes.

 15.  If the airway remains stable, the stylet or tube changer, 
plus the endotracheal tube if present, can be withdrawn 
fully. Observe for airway distress, oxygen desaturation, or 
airway obstruction for several hours.

 16.  If the airway does not remain stable, advance the 
endotracheal/tracheotomy tube over the stylet into the 
trachea and reinflate the cuff. Oxygenate as necessary. 
Consider reinstituting sedation.

 • BOX 7-7   Air Leak Test Procedure
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body, an undrained loculation of pus, or extension of infec-
tion into a new location. When local soft tissue infection 
returns or worsens despite adequate initial therapy, a pre-
viously undiagnosed osteomyelitis, typically of the man-
dible, may represent an inadequately controlled source of 
infection.

When an anatomic cause of clinical deterioration cannot 
be identified, attention should then be directed to a micro-
biologic or systemic problem. In this case, a consultation 
with other specialists can be especially helpful. For example, 
the initial antibiotic selection may have been appropriate 
based on the usual sensitivity patterns of the pathogens 
identified in culture. However, an increasing proportion of 
many head and neck pathogens are becoming resistant to 
the usual antibiotic choices. A given strain can also become 
resistant during the course of therapy, or new pathogens can 
be introduced during the course of therapy, such as nosoco-
mial sinusitis following prolonged nasoendotracheal intu-
bation. Nosocomial sinusitis is frequently caused by highly 
antibiotic-resistant bacteria, such as Pseudomonas species, 

Acinetobacter species, Escherichia coli, Staphylococcus aureus, 
and Candida species.

Systemic causes of treatment failure include the immu-
nosuppressive and metabolic diseases listed in Box 7-3. 
For example, poorly controlled diabetes interferes with the 
chemotaxis of white blood cells toward invading bacteria, 
which decreases host response. Unusual pathogens are also 
associated with these diseases, such as Klebsiella species in 
diabetes, MRSA in intravenous drug abusers, and intra-
cellular pathogens in HIV/AIDS. Iatrogenic immuno-
suppression is commonly used in chronic inflammatory 
diseases, such as rheumatoid arthritis and psoriasis. Many 
of the newer drugs for these conditions are monoclonal 
antibodies that have immunosuppressive effects. Improved 
control of these metabolic and immunosuppressive disor-
ders can aid in the host response to infection.

Summary

The principles of medical and surgical management of 
head and neck infections presented in this chapter do not 
guarantee an ideal outcome. If followed conscientiously, 
however, they can help to promote positive outcomes. 
The first three steps in the process involve evaluation and 
decision making; they can be accomplished within the 
first few minutes of the initial patient encounter. Medi-
cal support and surgical therapy logically flow from that 
initial evaluation. In abscess-forming head and neck 
infections, initial airway stabilization and early, aggres-
sive surgical drainage of all deep fascial spaces affected by 
cellulitis or abscess are the keys to reducing the morbid-
ity and occasional mortality of these infections. Finally, 
close clinical and radiographic follow-up are necessary 
for detection and management of treatment failure fol-
lowing initial therapy.
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8
Principles of Antibiotic Therapy for 
Head, Neck, and Orofacial Infections
THOMAS R. FLYNN AND RABIE M. SHANTI

The golden age of antibiotics is over. Penicillin, intro-
duced clinically in the 1940s, was the first wonder drug. 
Within 2 years, Staphylococcus aureus, the champion 
bacteria of antibiotic resistance, developed penicillin-
resistant strains. Less than a century later, this Staphylo-
coccus species and far too many other bacteria, fungi, and 
viruses are becoming resistant to virtually every antibiotic 
that humans have been able to devise. The relationship 
of humans, microbes, and antibiotics has changed; it has 
new guiding principles that we must learn in order to sur-
vive as a species. This chapter will attempt to elucidate 
some of those evolving principles as they relate to head 
and neck infections.

Principles of Antibiotic Therapy

Several guiding principles of antibiotic therapy are listed in 
Box 8-1. These principles will certainly evolve as our knowl-
edge increases, yet they can serve as a starting point for a 
new approach to the wise use of antibiotics by head and 
neck surgeons in the current era of increasing antibiotic 
resistance, the declining systemic reserve of our aging popu-
lation, ever more complicated antibiotic drug interactions 
with our patients’ concurrent medications, and increasing 
costs of care.

Principle 1: Surgery to Remove the Cause and 
Establish Drainage Is Primary; Antibiotics Are 
Adjunctive Treatment

The most important and overriding principle that we have 
re-learned in recent years is that surgical treatment, along 
with protection of the airway, is primary in the manage-
ment of head and neck infections. In 1940, Ashbel Wil-
liams of Boston City Hospital presented a series of 37 
patients with Ludwig’s angina, of whom 54% died, mostly 
from airway compromise or overwhelming sepsis.1 Only 
3 years later, Williams and Guralnick2 published a series 
of 20 cases of Ludwig’s angina in which the mortality was 

reduced to 10%. They had changed their treatment pro-
tocol from expectant observation for the development of 
airway compromise or a fluctuant abscess to initial airway 
stabilization with endotracheal intubation or tracheotomy 
followed immediately by aggressive open surgical drainage 
of all infected anatomic spaces. This dramatic reduction in 
the mortality of then-dreaded Ludwig’s angina was achieved 
before penicillin was available to civilians. Since the 1940s, 
the use of antibiotics and advances in medical therapy have 
further reduced the mortality of Ludwig’s angina to less 
than 4%.3,4 As bacterial resistance to antibiotics increases, 
head and neck surgeons will be less able to rely on medical 
therapy and will return to surgery as the primary manage-
ment of head and neck infections. Surgery is primary; anti-
biotics are adjunctive.

The management of infectious diseases has two cardinal 
strategies: source control and antibacterial chemotherapy. 
Source control is the physical removal of infected mate-
rial, including pus, necrotic tissue, bacterial colonies and 
vegetations, and foreign bodies. Generally, source con-
trol is accomplished surgically, but it also includes surface 
debridement and antiseptic application. Antibacterial che-
motherapy is the use of antibiotic medications by the topi-
cal, enteral, and parenteral routes.

Because most head and neck infections are caused 
by the abscess-forming combination of gram-positive 
cocci and anaerobes, and because this region has abun-
dant hard tissues, consisting of teeth and bone, on which 
biofilms form easily, source control is paramount in the 
management of these infections. In addition, the head 
and neck are rich with cavities that require drainage to 
the external environment to cleanse them of accumulated 
bacteria and secretions, such as the sinuses, nose, ears, 
and the lacrimal apparatus. Surgery is often necessary to 
establish drainage of normal and pathologic cavities in 
the head and neck.

The standard treatment for patients presenting to an 
emergency department with a toothache is the prescription 
of an antibiotic and an analgesic with the advice to see a 
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dentist as soon as possible. The purpose of the antibiotic 
prescription is to treat or prevent a severe infection, seen as 
swelling. Brennan et al5 reported on a clinical trial compar-
ing the incidence of severe infection in patients presenting 
to an emergency department with toothache, when they 
were given antibiotic or placebo. They found an equal inci-
dence of infection in both the placebo and the antibiotic 
groups. The only significant predictors of severe infection 
were a periapical radiolucency over 1.5 mm in diameter and 
a restoration in the affected tooth. This study suggests that 
antibiotics do not prevent the spread of infections beyond 
the teeth, and that the appropriate dental procedure, such 
as endodontic therapy or extraction, is the most important 
treatment.

Principle 2: Use Therapeutic Antibiotics Only 
When Clinically Indicated

The clinical indications for antibiotic therapy include fever, 
lymphadenopathy, and indurated or fluctuant swelling. 
Purulent discharge might not indicate the need for anti-
biotic therapy, because spontaneous or surgical drainage 
marks the onset of the chronic stage of infection. At this 
point, removal of the cause of infection, such as an infected 
tooth, can provide resolution of the infection without the 
need for antibiotics.

Inflammation is not always infection. The five cardinal 
signs of inflammation, redness, swelling, increased tempera-
ture, pain, and loss of function, elicit a reflexive association 
with infection among clinicians, especially in the postopera-
tive situation. Postoperative edema, which is soft, jellylike 
in consistency, and only mildly tender, is merely part of the 
inflammatory response to surgical trauma. Knowledge of 
the usual time course of the development of postoperative 
wound infection, at 5 to 7 days after surgery, can help the 
surgeon to differentiate between the inflammatory response 
to surgery and postoperative infection.

The clinician must correlate historical findings, such as 
the history of pain, other symptoms, and prior treatment, 
with physical examination to arrive at a clinical diagnosis 
of infection. For example, fever occurring without indu-
rated or fluctuant swelling may be the result of postopera-
tive dehydration or a viral infection. Lymphadenopathy, 
likewise, can be reactive in nature, and it can persist for 
a significant duration following resolution of a prior 
infection.

The clinician’s decision regarding whether to prescribe 
antibiotics has important implications, not only for the 
patient but also for the patient’s family and community. 
It is obvious that when a patient receives an antibiotic, 
bacteria resistant to that antibiotic will remain in his or 
her flora. On the other hand, an antibiotic prescription 
selects for resistant strains, not only in the patient, but 
also in entire families. In one study, Brook et  al6 took 
throat swab cultures of pediatric patients with pharyn-
gitis before and after a 7-day course of penicillin. After 
treatment, cultures were taken of the patients and their 
parents and siblings. The oropharyngeal carriage of one or 
more penicillin resistant strains rose from 12 to 46% of 
patients, but also rose to 45% in the other family mem-
bers. After 3 months, carriage of resistant organisms had 
declined only to 27%.6

In a second study, Brook et al7 performed monthly throat 
swab cultures on schoolchildren in Washington, DC, for 
two years. The lowest average carriage of penicillin-resistant 
strains occurred in September (13%), and the highest rate 
of carriage of one or more penicillin-resistant strains was in 
April (60%). The most likely explanation of this phenom-
enon is that as inclement weather and respiratory infections 
increase during the winter months, more and more chil-
dren are given courses of antibiotics. They pass the resistant 
strains to each other, even to children that have not received 
antibiotics. As the weather improves and the children dis-
perse for summer vacation, the carriage of resistant strains 
declines.7

The implication of these two studies is that by prescrib-
ing antibiotics, clinicians increase the incidence of antibi-
otic resistant strains, not only in their patients, but also in 
their patients’ families and their entire communities, such as 
schools and workplaces.

There are many false indications for the use of antibi-
otics, most of them prompted by fear. Sometimes the fear 
belongs to our patients, when they make statements like: 
“Doctor, don’t you think I need an antibiotic for this?” 
or “My other doctor always gave me an antibiotic for  
this,” or “Doctor, I always get an infection when I have this 
done; I need an antibiotic.” At other times, the fear arises in 
the doctor, such as fear of litigation, prompting defensive 
medicine maneuvers, or the fear of changing old habits that 
seem to have served well over the years.

In recent years, our understanding of the pathophysiology 
of rhinosinusitis has changed. Although acute sinus infec-
tions do occur and require antibiotic therapy when unre-
sponsive to conservative treatment, the pathophysiology of 

 1.  Surgery to remove the cause and establish drainage is 
primary. Antibiotics are adjunctive treatment.

 2.  Use therapeutic antibiotics only when clinically indicated.
 3.  Use specific antibiotic therapy as soon as possible, based 

on culture and sensitivity testing.
 4.  Use evidence-based medicine and guidelines when 

available.
 5.  Use the narrowest spectrum empiric antibiotic effective 

against the most likely pathogens.
 6.  Use the least toxic indicated antibiotic, considering drug 

interactions.
 7.  Use combination antibiotics only when necessary.
 8.  Minimize the duration of antibiotic therapy, as appropriate, 

to the presenting type of infection.
 9.  Use the most cost-effective, appropriate antibiotic.
 10.  Use prophylactic antibiotics only where proved effective or 

according to professional guidelines.

 • BOX 8-1   Principles of Antibiotic Therapy
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chronic rhinosinusitis is now understood to involve inflam-
matory responses to allergens, pollutants, and the blockage 
of drainage pathways, in addition to microbes. Inhaled cor-
ticosteroids and surgical reestablishment of natural drainage 
are currently used to manage this inflammatory response, 
thus decreasing the indication for antibiotic administration.

Principle 3: Use Specific Antibiotic Therapy  
as Soon as Possible

Specific antibiotic therapy is guided by the results of culture 
and sensitivity testing on specimens taken from an individ-
ual patient. Empiric antibiotic therapy is an educated choice 
of antibiotic based on knowledge of the most likely patho-
gens for a given clinical presentation.

Antibiotic resistance rates among the head and neck 
flora are increasing. During the 1990s, the percentage of 
odontogenic infection cases yielding one or more penicillin-
resistant strains increased from 33 to 55% (Table 8-1).8-11 
Similarly, the carriage of clindamycin-resistant strains has 
increased to 17%.11 Clindamycin resistance among the 
α-hemolytic streptococci is also mounting. Thus, the almost 
universal effectiveness of the usual empiric antibiotic choices 
for odontogenic infections is declining.

Clindamycin resistance is also increasing in peritonsil-
lar abscess, with 32% of streptococcal isolates, including 

Streptococcus pyogenes (group A β-hemolytic streptococcus) 
and Streptococcus anginosus (a member of the Streptococcus 
viridans group), resistant to clindamycin.12

Antibiotic resistance mechanisms can be divided into 
four categories: antibiotic inactivation, receptor site modi-
fication, membrane pore deletion, and active transport 
pumps (Table 8-2). Table 8-2 also lists examples of head and 
neck pathogens that can carry these resistance mechanisms.

The classic example of antibiotic inactivation is the 
β-lactamases, which are common among the head and neck 
flora. The β-lactamases range from simple penicillinases, 
which can disrupt the penicillin ring, to cephalosporinases 
and the extended spectrum carbapenemases, which convey 
high-level resistance to the entire β-lactam class of antibiot-
ics, except the monobactams, such as aztreonam. New Delhi 
metallo-β-lactamase was originally found in Enterobacteria-
ceae infecting humans undergoing treatment in the Asian 
subcontinent. Recently, however, this enzyme has been 
identified in the United States and the United Kingdom, 
and its carriage has extended beyond the Enterobacteria-
ceae to Pseudomonas aeruginosa. S. aureus strains developed 
the ability to synthesize penicillinases within 2 years of the 
introduction of penicillin. The penicillinase-resistant peni-
cillins, such as methicillin, nafcillin, and dicloxacillin, are 
resistant to these early β-lactamases. Adenylyl transferases 
inactivate the aminoglycosides.

Receptor site modification is seen with altered penicil-
lin-binding proteins, which are a group of proteins with 
varying affinities for penicillins. These proteins, also called 
transpeptidases, are enzymes necessary for cross-linking of 
peptidoglycan, a necessary component in bacterial cell wall 
synthesis. Small alterations in the penicillin-binding pro-
teins, encoded for by the mecA gene, decrease their affin-
ity for the β-lactam ring of even the penicillinase-resistant 
penicillins, yet their transpeptidase function remains. The 
result is commonly referred to as methicillin resistance, and 
methicillin-resistant S. aureus (MRSA) is the most widely 
known example. However, Streptococcus pneumoniae and 

  Increasing Penicillin Resistance Rates among 
Oral Pathogens

Year
Penicillin Resistance 

(% of cases) Country

19918 33 United States

19929 38 Sweden

199510 55 United Kingdom

199911 54 United States

TABLE 
8-1

  Antibiotic Resistance Mechanisms

Mechanism Example
Head and Neck Pathogens That May Have 
This Mechanism

Antibiotic inactivation β-Lactamases, adenylyl transferases  
(aminoglycosides)

S. aureus, S. epidermidis, H. influenzae, Prevotella, 
Porphyromonas, Capnocytophaga, Eikenella, 
and Fusobacterium species

Receptor site modification PBPs, D-ala-D-ala (vancomycin), DNA  
gyrase (fluoroquinolones), methylated  
RNA, macrolides

MRSA, S. pneumoniae, S. sanguis

Membrane pore deletion Deleted porins in K. pneumoniae and E. coli  
(cephalosporins, imipenem, aztreonam)

K. pneumoniae, P. aeruginosa, S. marcescens, E. coli

Active transport pumps tetA (tetracyclines), erm (erythromycin)

MRSA, Methicillin-resistant Staphylococcus aureus; PBPs, penicillin-binding proteins.

TABLE 
8-2
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Streptococcus sanguis can also carry the mecA gene, confer-
ring high-level penicillin resistance.

Table 8-3 lists the currently recommended antibiotic 
regimens for community-acquired MRSA infections. It is 
important to note that incision and drainage, plus removal 
of the cause where appropriate, are the most important 
treatments. This table also takes into account the fact that 
transmission of the vanA gene, conferring vancomycin 
resistance, has been reported. In vancomycin-resistant 
S. aureus (VRSA), based in each case on sensitivity test-
ing, linezolid, telavancin, and daptomycin, possibly in 
combination with ceftaroline or oxacillin, have been 
recommended.

Porins are transmembrane barrel proteins found in 
bacteria that regulate and enable the passage of larger and 
charged molecules into the cell. β-Lactam and fluoroquino-
lone antibiotics pass into gram-negative bacteria via porins, 
and when the porin-encoding gene is mutated appropri-
ately, these antibiotics are excluded from the cell. Klebsiella 
pneumoniae is a head and neck pathogen that can carry this 
antibiotic resistance mechanism.

The genes tetA and erm encode for active efflux pumps 
that can eliminate the tetracyclines and erythromycin. These 
proteins are cell bound, and they expel the antibiotic mol-
ecule to the external environment. They are found largely in 
the gut flora.

Multi–drug-resistant strains of S. pneumoniae, Entero-
coccus, Staphylococcus, and Haemophilus species are 
increasingly cultured from head and neck infections.  
K. pneumoniae is also a common pathogen in head and 
neck infections; recently 8% of K. pneumoniae strains 
were found to synthesize extended-spectrum β-lactamases, 
specifically called K. pneumoniae carbapenemase and New 
Delhi metalloproteinase-1, all of which confer high-level 
antibiotic resistance. Enterococci, resident oropharyngeal 
flora, have also recently been shown to have transmitted 
the vanA gene, conferring vancomycin resistance to MRSA, 
generating a new concern: methicillin and vancomycin–
resistant S. aureus, now referred to as VRSA. Highly resistant 
organisms are now being seen in head and neck infections.

In addition to the use of new and old antibiotics for 
highly resistant organisms, surgeons must be aware of and 
rigorously practice the even more important role of other 

infection control measures in the prevention and manage-
ment of infection by these organisms. The recent spread of 
the Ebola virus to health care workers in the United States 
has dramatically illustrated that we must not only have per-
sonal protective equipment; we must use it correctly. Box 8-2  
lists some of the non-antibiotic measures that can help to 
limit the spread of highly resistant organisms to patients and 
health care workers.

Because antibiotic resistance is increasing among the 
flora of head and neck infections, conservative management 
of these infections with antibiotics alone has become less 
effective. Early operative intervention to reduce the infec-
tious burden, remove necrotic tissue, and reestablish normal 
drainage pathways has therefore increased in clinical neces-
sity. At the same time, obtaining a clinical sample for culture 
and sensitivity testing as soon as possible in the course of the 
disease is additional justification for prompt surgical man-
agement of head and neck infections.

Principle 4: Use Evidence-Based Medicine and 
Guidelines When Available

In general, the guidelines offered by professional societies 
are usually the consensus of a panel of experts, who must 
make a recommendation often in the absence of convinc-
ing and valid scientifically established data. Such guide-
lines are necessary, given our lack of evidence, yet they fall 
lower in the ranking of reliable sources of guidance for 
clinicians.

 •  Wash hands.
 •  Use isolation and careful aseptic techniques.
 •  Limit the number of caregivers.
 •  Minimize or remove colonizing sites (i.e., devices such as 

ventilators, catheters, intravenous lines, external fixation 
devices).

 •  Minimize patient transport through the facility.
 •  Minimize length of stay in special care units, such as 

intensive care.
 •  Periodically, temporarily close and disinfect entire units.

 • BOX 8-2   Non-antibiotic Strategies for Highly 
Resistant Organisms

  Antibiotics for Community-Acquired MRSA

Outpatient, Immunocompetent* Febrile, Immunocompetent Bacteremia, Sepsis, or Endocarditis

TMP/SMX-DS (160-320 mg po bid) Vancomycin or linezolid (IV) Vancomycin ↔ daptomycin (IV)

Doxycycline or minocycline (100 mg po bid) Daptomycin plus nafcillin, oxacillin, or
ceftaroline or telavancin (IV)

Clindamycin (300-450 mg po tid) Linezolid (bacteriostatic) (po or IV)

bid, Twice daily; IV, intravenously; MRSA, methicillin-resistant Staphylococcus aureus; po, by mouth; tid, three times per day; TMP/SMX-DS, trimethoprim-
sulfamethoxazole, double strength; ↔, start with one, then switch to the other after a few days.
*If abscess, then incision and drainage is most important. If complicated, then switch to vancomycin after 2 to 3 days.

TABLE 
8-3
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A prime example of this is the joint recommendations 
on prevention of late prosthetic joint infection (LPJI) pub-
lished by the American Academy of Orthopaedics (AAO) 
and the American Dental Association (ADA) in 2007.13 
These recommendations were followed by an online advi-
sory from the American Academy of Orthopaedic Surgeons 
published in 2009, which contradicted the previous guide-
lines.14 Again in 2012, the AAO and the ADA published 
joint guidelines that contradicted yet again the guidance 
offered in 2007 and 2009.15 The result has been much con-
fusion among clinicians and patients. The current status is 
that the use of antibiotic prophylaxis in dental procedures 
for the prevention of LPJI depends on the judgment of 
clinicians and patients, acknowledging that the available 
scientific evidence, while not conclusive, does not support 
antibiotic prophylaxis.

The weakness of the available scientific data is illustrated 
by analysis of two recent case control studies comparing the 
occurrence of LPJI following dental procedures, with and 
without antibiotic prophylaxis. Both studies found no sig-
nificant difference in LPJI between these two groups.16,17 
In the study by Skaar et  al,16 there were no culture data 
available to indicate the likely source of the LPJI, such that 
nonodontogenic cases could not be separated from those 
joint infections likely caused by oral pathogens. In the study 
by Berbari et al,17 statistical significance was achieved only 
for LPJI cases caused by all types of bacteria, 58% of which 
were due to staphylococci. When cases caused by likely oral 
pathogens were analyzed separately, there was insufficient 
statistical power to allow any conclusions. As a practical 
matter for clinicians, it is not reasonable to expect that pro-
phylaxis with amoxicillin or clindamycin as recommended 
in the guidelines will prevent LPJI caused by staphylococci, 
the most common pathogens in LPJI, because the staphylo-
cocci are generally resistant to amoxicillin and clindamycin. 
Frequent reevaluation of the available scientific literature in 
this area is the best way for surgeons to remain aware of cur-
rent best practices.

Principle 5: Use the Narrowest Spectrum 
Empiric Antibiotic Effective Against  
the Most Likely Pathogens

Empiric antibiotic therapy is used, when clinically indi-
cated, before culture and sensitivity test results are available. 
Given a working knowledge of the most likely pathogens 
causing various infections of the head and neck, the clini-
cian can select an antibiotic tailored as narrowly as possible 
to those pathogens, pending the availability of culture and 
sensitivity results.

Figure 8-1 illustrates a case of medication-related osteo-
necrosis of the maxilla 4 months after dental extractions in a 
woman treated with denosumab for metastatic breast cancer. 
She had chronic right maxillary pain and multiple draining 
sinus tracts in the attached gingiva and alveolar mucosa (see 
Figure 8-1, A). Exposure of the infected necrotic bone identi-
fied a gray-black discoloration of the bone (see Figure 8-1, B).  

Resection of the necrotic bone (see Figure 8-1, C) resulted 
in exposure of the maxillary sinus, with inflamed antral 
mucosa and suppuration within the sinus. Because of the 
likelihood of black-pigmented oral anaerobes, such as Pre-
votella melaninogenica, plus the exposure and infection of 
the maxillary sinus, amoxicillin-clavulanate was chosen 
as the initial empiric antibiotic. Cultures yielded viridans 
streptococci and oral gram-negative anaerobes susceptible 
to amoxicillin-clavulanate. The antibiotic was continued for 
6 weeks because of bone infection, resulting in successful 
closure of the surgical defect, without oroantral fistula, and 
resolution of pain (see Figure 8-1, D).

The usual pathogens associated with various head and 
neck infections and their empiric antibiotics of choice are 
listed in Table 8-4.

In rhinosinusitis, the infecting pathogens progress from 
viral to aerobic and then to anaerobic as time progresses 
(Figure 8-2). Because most acute sinus infections early in 
their course are caused by viruses, antibacterial chemo-
therapy is generally withheld unless fever, facial swelling, 
purulent nasal discharge, and severe pain are present at 7 to 
10 days after onset. The most common pathogens in acute 
bacterial rhinosinusitis are S. pneumoniae, H. influenzae, 
and Moraxella catarrhalis. In general, high-dose amoxicil-
lin-clavulanate has been shown to be effective against these 
respiratory pathogens, and it affects the gut flora to a much 
lesser extent than other effective antibiotics do.

For this reason, among others, the practice guidelines 
of the Infectious Diseases Society of America recommend 
amoxicillin-clavulanate as the first-line antibiotic in adults 
and children at low risk for antibiotic resistant organisms 
in acute sinusitis.18 Furthermore, these guidelines recom-
mend doxycycline, levofloxacin, or moxifloxacin, and cefix-
ime plus clindamycin as second-line antibiotics for patients 
likely to harbor resistant organisms, such as in the extremes 
of age, recent antibiotic therapy, recent hospitalization, 
immunocompromise, or significant comorbidities.

Initial use of first-line antibiotics, instead of second-line 
ones, reduces antibiotic resistance and toxicity in general. On 
the other hand, an initial prescription of doxycycline or a fluo-
roquinolone, for example, to a patient with acute sinusitis may 
unnecessarily alter the gastrointestinal flora, and cefixime plus 
clindamycin may unnecessarily target head and neck anaero-
bic bacteria. In addition, the cephalosporins in general favor 
the growth of enterococci in the body, and these organisms 
have a propensity to pass antibiotic resistance genes to other 
species. Enterococci reside in the oropharynx. Clindamycin, 
among other antibiotics, can favor superinfection by Clostrid-
ium difficile, resulting in antibiotic-associated colitis.

In addition to increasing environmental selection pres-
sure for antibiotic resistant bacterial strains, the use of 
broad-spectrum antibiotics often increases pharmacologic 
toxicity. For example, doxycycline can cause photosensitiv-
ity, permanent dental staining in developing children, and 
hepatotoxicity. The fluoroquinolones can prolong the elec-
trocardiographic QT interval, which predisposes to torsades 
de pointes, a polymorphic ventricular tachycardia that can 
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• Figure 8-1 Medication-related osteonecrosis of the jaws, preceded by therapy with denosumab for 
metastatic breast cancer. A, Inflamed mucosa and multiple sinus tracts draining the right and left anterior 
maxilla. B, Exposure of the maxillary alveolar process, with gray-black discoloration of necrotic bone, sug-
gesting black-pigmented oral anaerobic infection. C, Resection of the anterior maxilla, resulting in a large 
exposure of the maxillary sinus. D, Successful healing at 6 months after debridement.

  Major Pathogens of Head and Neck Infections and their Empiric Antibiotics of Choice

Type of Infection Stage Microorganisms Empiric Antibiotics of Choice

Acute necrotizing  
ulcerative gin-
givitis

Borrelia vincentii, head and neck anaerobes 
(Peptostreptococcus, Prevotella,  
Porphyromonas, Fusobacterium spp.)

PCN plus metronidazole, clindamycin

Bite wounds Cat (infection in 
80%)

Pasteurella multocida,
Staphylococcus aureus, streptococci,  

Neisseria, Moraxella

Amoxicillin-clavulanate,
cefuroxime (avoid cephalexin–P. multo-

cida resistant), doxycycline
Dog (infection in 

only 5%)
Pasteurella canis,
S. aureus, streptococci, fusobacteria,  

Capnocytophaga canimorsus

Amoxicillin-clavulanate, clindamycin + 
FQ (adults), clindamycin + TMP/SMX 
(children)

Human Odontogenic abscess flora (see below),  
S. aureus, S. epidermidis (coagulase-negative 
staphylococci)

Amoxicillin-clavulanate (early, not  
clinically infected), BL/BLI (IV) or 
cefoxitin (infected), clindamycin + 
FQ, or TMP/SMX (infected)

TABLE 
8-4
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Continued

Brain abscess Rhinogenic (aris-
ing from con-
tiguous paranasal 
sinuses)

Streptococci, head and neck anaerobes  
(Peptostreptococcus, Prevotella,  
Porphyromonas, Fusobacterium),  
Enterobacteriaceae, S. aureus

Cefotaxime or ceftriaxone + metronida-
zole, PCN G + metronidazole

Cellulitis, facial 
(erysipelas)

Streptococci, S. aureus, S. pneumoniae Vancomycin, daptomycin, linezolid

Cervical lymphad-
enitis

Cat-scratch disease Bartonella henselae Azithromycin or no treatment (sponta-
neous resolution in 2-6 months)

Mycobacterial M. tuberculosis (scrofula), M. avium  
(especially with HIV), atypical mycobacteria

Therapy guided by aspiration for aerobic, 
anaerobic, and mycobacterial C Gram 
and acid-fast stains

Nonspecific GABHS, S. aureus, anaerobes Therapy guided by aspiration for aerobic, 
anaerobic, and mycobacterial C Gram 
and acid-fast stains

Deep neck abscess 
(lateral pharyn-
geal, retropharyn-
geal, pretracheal, 
mediastinal 
spaces)

Odontogenic abscess flora (see below),  
necrotizing fasciitis flora (see below)

BL/BLI (IV), clindamycin + metronidazole, 
moxifloxacin, carbapenem + vanco-
mycin if necrotizing fasciitis suspected, 
pending C&S results

Epiglottitis Adults GABHS, H. influenzae, odontogenic abscess 
flora (see below)

Cefotaxime or ceftriaxone + vancomycin, 
levofloxacin + clindamycin (only in life-
threatening PCN allergy)

Children H. influenzae, GABHS, S. pneumoniae,  
S. aureus, viruses

Cefotaxime or ceftriaxone + vancomy-
cin, levofloxacin + clindamycin (only 
in life-threatening PCN allergy)

Fungal infections Mucosal or dissemi-
nated

Candida sp. Caspofungin, micafungin, or  
anidulafungin; fluconazole or  
voriconazole; amphotericin B  
(various preparations)

Sinus Aspergillus sp., Rhizopus sp. (Mucor sp.) Itraconazole, liposomal amphotericin B, 
posaconazole

Soft tissue Histoplasma sp., Blastomyces sp. Liposomal amphotericin B, amphotericin 
B; fluconazole or itraconazole

Jugular vein septic  
thrombophle-
bitis (Lemierre 
syndrome)

Fusobacterium necrophorum, other  
fusobacteria, odontogenic abscess  
flora (see below)

BL/BLI (IV), ceftriaxone + metronida-
zole, clindamycin 
(avoid macrolides; fusobacteria are 
resistant)

Mastoiditis Acute, first episode S. pneumoniae, H. influenzae, M. catarrhalis C&S before antibiotic treatment,  
ceftriaxone, levofloxacin

Chronic or recurrent S. pneumoniae, H. influenzae, M. catarrhalis,  
S. aureus, P. aeruginosa, anaerobes, fungi

C&S before antibiotic treatment, BL/
BLI (IV) + vancomycin, ciprofloxacin + 
vancomycin

Necrotizing fasciitis GABHS, polymicrobial (oral and sinus pathogens 
in head and neck), Clostridium sp., MRSA

Carbapenem + vancomycin, pending 
C&S results

Odontogenic,  
cellulitis,  
abscess

Streptococcus viridans group (esp. intermedius, 
anginosus, and constellatus), head and neck 
anaerobes (Peptostreptococcus, Prevotella, 
Porphyromonas, Fusobacterium)

BL/BLI, clindamycin, moxifloxacin

Osteomyelitis of  
the jaws

Acute Odontogenic abscess flora (see above),  
S. aureus and skin flora in trauma, salmonella 
in hemoglobinopathy (e.g., sickle cell disease)

C&S before antibiotic treatment, BL/
BLI, clindamycin, moxifloxacin, van-
comycin, FQ in hemoglobinopathy

Chronic Actinomyces sp. Ampicillin, penicillin, doxycycline, ceftri-
axone, clindamycin, macrolides

  Major Pathogens of Head and Neck Infections and their Empiric Antibiotics of Choice—cont’d
TABLE 

8-4

Type of Infection Stage Microorganisms Empiric Antibiotics of Choice
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be fatal. The risk of torsades is increased yet further in the 
presence of multiple other drugs, including the selective sero-
tonin reuptake inhibitors, commonly used for depression.

Broad-spectrum antibiotics are generally more expensive 
as well. The cost of a 1-week prescription for amoxicillin-
clavulanate (875 mg bid) at a nationwide pharmacy chain 

is approximately $50, but the cost of moxifloxacin (400 mg 
qd for 1 week) is more than $150.

For these reasons, use of the narrowest spectrum yet 
effective antibiotic decreases the unwanted side effects of 
selection for antibiotic-resistant organisms, pharmacologic 
toxicity, and cost.

Otitis media Acute Viruses, S. pneumoniae, H. influenzae,  
M. catarrhalis

If no antibiotics in past month, then 
amoxicillin; if recent antibiotics, then 
amoxicillin-clavulanate; cefuroxime, 
cefdinir, cefpodoxime, or cefprozil

Nasotracheal  
intubation > 48 
hours

Pseudomonas sp.
Klebsiella sp.
Enterobacter sp.

Ceftazidime, cefepime, carbapenem, 
BL/BLI (IV), ciprofloxacin

Treatment failure 
after 3 days: 
(consider  
tympanocentesis)

Resistant S. pneumoniae likely If no antibiotics in past month prior 
to past 3 days, then amoxicillin-
clavulanate high dose, or cefuroxime, 
cefdinir, cefpodoxime, or cefprozil. 
If prior antibiotics in past month, 
then ceftriaxone, clindamycin

Parotitis Cold (nontender) Granulomatous disease (mycobacterial, 
sarcoidosis, Sjögren syndrome); parotid 
hypertrophy (diabetes, HIV); neoplastic (40% 
malignant); drugs (iodides et al)

Therapy guided by aspiration for aero-
bic, anaerobic, and mycobacterial C 
gram and acid-fast stains

Hot (red, tender, 
inflamed)

S. aureus, GABHS, Streptococcus viridans group 
(especially intermedius, anginosus, and  
constellatus), head and neck anaerobes,
(Peptostreptococcus, Prevotella,  

Porphyromonas, Fusobacterium)

Therapy guided by aspiration for aero-
bic, anaerobic, and mycobacterial C 
gram and acid-fast stains

Pharyngitis,  
tonsillitis

Exudative or diffuse 
erythema

GABHS, viruses, streptococci, fusobacteria,  
N. gonorrhea

PCN V, cefdinir or cefpodoxime, 
clindamycin; for gonorrhea: ceftriax-
one + azithromycin or doxycycline

Membranous  
pharyngitis

Corynebacterium diphtheriae Erythromycin or PCN G + diphtheria 
antitoxin

Peritonsillar abscess Fusobacterium necrophorum, GABHS,  
streptococci

BL/BLI (IV), ceftriaxone + metronida-
zole, clindamycin (avoid macrolides; 
fusobacteria are resistant)

Vesiculoulcerative Coxsackie virus, enteroviruses, herpes simplex For herpes simplex only: acyclovir

Rhinosinusitis Acute (antibiotics 
only for fever, 
severe pain, puru-
lent discharge; 
symptoms lasting 
longer than 10 d; 
failed antibiotic 
treatment)

S. pneumoniae, H. influenzae, M. catarrhalis; 
head and neck anaerobes (Peptostreptococ-
cus, Prevotella, Porphyromonas, Fusobacte-
rium); GABHS; viruses; S. aureus

BL/BLI, clindamycin, cefpodoxime, FQ 
(adults only), doxycycline  
(adults only)

Chronic Head and neck anaerobes Otolaryngology consultation
Fungal (esp. in 

diabetes)
Aspergillus, Rhizopus spp. (Mucor sp.) Itraconazole, liposomal amphotericin B, 

posaconazole
Nosocomial (esp. if 

intubated)
Enterobacteriaceae (esp. Pseudomonas,  

Acinetobacter, E. coli),  
S. aureus, Candida sp.

Remove nasoendotracheal tube; C&S 
by sinus aspiration; carbapenem + 
vancomycin; ceftazidime or cefepime 
+ vancomycin; fluconazole for  
Candida sp., other yeasts

BL/BLI, β-lactam antibiotic plus β-lactamase inhibitor; C&S, culture and sensitivity testing; FQ, fluoroquinolone; GABHS, group A β-hemolytic streptococci; 
HIV, human immunodeficiency virus; IV, intravenously; PCN, penicillin G or V; MRSA, methicillin-resistant Staphylococcus aureus; TMP/SMX, trimethoprim-
sulfamethoxazole.

  Major Pathogens of Head and Neck Infections and their Empiric Antibiotics of Choice—cont’d
TABLE 

8-4
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Principle 6: Use the Least Toxic Antibiotic, 
Considering Drug Interactions

Although the penicillins can be considered the oldest fam-
ily of antibiotics, they are among the least toxic, and yet 
among the most effective, especially for head and neck 
pathogens. Although the incidence of fatal anaphylactic 
shock is 0.002% with penicillins, much of this risk can be 
eliminated by obtaining a careful medical history.19 Other 
rare toxicities of the penicillins include thrombocytopenia 
and suppression of other blood-forming elements, serum 
sickness, erythema multiforme, and Stevens-Johnson 
syndrome.

Table 8-5 lists the antibiotics commonly used for head and 
neck infections and their salient pharmacologic characteris-
tics. The relative toxicities of the major antibiotic families 
can be generally ranked in the following order of severity: 
cephalosporins, penicillins, lincosamides (clindamycin), 
macrolides (erythromycin), linezolid, carbapenems, glyco-
peptides (vancomycin), and aminoglycosides. The cephalo-
sporins are generally well tolerated by the gastrointestinal 
tract, and they have a significantly lower incidence of allergic 
reactions than their β-lactam cousins the penicillins do. The 
lincosamides, of which clindamycin is the most commonly 
used member, are well tolerated in general, except for gastro-
intestinal discomfort and antibiotic-associated colitis. The 
macrolides, in general, are plagued by gastrointestinal intol-
erance and interactions with multiple drugs, in particular 
those that compete with the macrolides for the liver micro-
somal enzyme CYP3A4. Linezolid is a member of a new 
family of peptide antibiotics; it is well tolerated except for 

increased sensitivity to epinephrine, serotonergic drugs such 
as the selective serotonin reuptake inhibitors, and mono-
amine oxidase inhibitors, which can result in a serotonin 
syndrome, manifested as confusion, sweating, fever, and 
tremors. The carbapenems, such as imipenem, meropenem, 
and ertapenem, can cause seizures, toxic epidermal reac-
tions such as erythema multiforme and Stevens-Johnson 
syndrome, and myelosuppression. The glycopeptides, such 
as vancomycin and teicoplanin, are nephrotoxic and oto-
toxic, requiring careful monitoring of antibiotic blood levels 
during therapy. The aminoglycosides, such as gentamicin, 
are also neurotoxic, nephrotoxic, and ototoxic, and they can 
increase or prolong neuromuscular blockade and can cause 
agranulocytosis and toxic epidermal reactions.

Within antibiotic families, some antibiotics are safer than 
others, while having at least equal effectiveness. For exam-
ple, among the cephalosporins, ceftriaxone and ceftazidime 
both cross the blood-brain barrier, which is not common 
among the cephalosporins. On the other hand, ceftriaxone 
has been associated with sludging of the bile salts, whereas 
ceftazidime has not. Among the macrolides, both erythro-
mycin and clarithromycin have multiple interactions with 
other drugs that are also metabolized by CYP3A4. Generally, 
these interactions result in an increased serum level of the 
other drug, causing toxicity from the other drug. The best 
examples of this are seizures caused by elevated theophylline 
levels and bleeding caused by elevated warfarin levels during 
macrolide administration. On the other hand, azithromycin 
is not metabolized by CYP3A4; therefore, it has far fewer 
drug interactions than the other macrolide antibiotics do. 
Among the carbapenems, imipenem can cause seizures in 
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  Pharmacology of Commonly Used Antibiotics in Head and Neck Infection

Antibiotic Spectrum Dose* Mode of Action Side Effects Comments

Penicillin V Oral streptococci, oral  
anaerobes

Resistant: Staphylococcus sp., 
enteric flora, Bacteroides  
fragilis

500 mg qid
Children: 25-50 mg/kg/day

Bactericidal; interferes with cell wall 
synthesis of bacteria in  
their growth phase

Allergy can cause anaphylactic 
shock (∼0.05%)

Rare GI disturbances
Superinfection by resistant bac-

teria possible; rash in 3% of 
patients, serum sickness in 4%

Produces lower blood 
levels than IV PCN G; 
excreted by kidneys; 
administer before 
meals

Amoxicillin (semisyn-
thetic penicillin)

Oral streptococci, oral  
anaerobes, actinomyces

Resistant: Staphylococcus,  
Pseudomonas spp.

500 mg tid, 875 mg bid, 
1000 mg qd

Children: 20-50 mg per  
kg/day

Bactericidal; interferes with cell wall 
synthesis of bacteria in  
their growth phase

Allergy can cause anaphylactic 
shock; most common cause 
of antibiotic-associated colitis; 
diarrhea in 10% of patients

Less effective against 
oral streptococci than 
PCN V; more effective 
against oral anaerobes

Amoxicillin plus  
clavulanic acid

(Augmentin)

Oral streptococci, oral anaer-
obes, actinomyces,  
staphylococci, enteric gram-
negative rods, Haemophilus 
influenzae

500 mg tid; 875 mg bid; 
2000 mg bid

Children: 20-40 mg per  
kg/day; 2000 mg bid  
(high dose)

Bactericidal; interferes with cell 
wall synthesis of bacteria in their 
growth phase; clavulanic acid 
inhibits penicillinase made by 
staphs and some gram-negative 
rods

Allergy can cause anaphylactic 
shock; common cause of 
antibiotic-associated colitis; 
diarrhea in 9% of patients; less 
frequent with bid dosing (less 
clavulanate)

Not effective against 
MRSA; improved 
coverage for staphylo-
cocci, oral anaerobes, 
and enteric flora

Azithromycin
(Zithromax)

Some oral streptococci
Atypical pathogens in HIV-posi-

tive patients
Resistant: most staphylococci, 

Bacteroides fragilis,  
fusobacteria

500 mg on day 1, then 250 
mg/d for days 2-5

Children: 10-12 mg/kg on 
day 1, then 5 mg/kg/day 
for days 2-5

Bactericidal or bacteriostatic; inter-
feres with protein synthesis during 
growth phase; active uptake of 
the antibiotic by phagocytes may 
improve coverage over in vitro 
data

GI upset less common than  
with other macrolides; pro-
longs QT interval

Fewer drug interactions 
than with the other 
macrolides; concen-
trates in phagocytes 
at up to 15× concen-
tration in serum

Clindamycin
(Cleocin)

Oral streptococci
Some staphylococci
Anaerobes
Resistant: enteric flora
Eikenella corrodens

150-600 mg qid
Children: 15-30 mg per kg/

day

Bactericidal or bacteriostatic; inter-
feres with protein synthesis

Common cause of Clostridium 
difficile colitis

Does not cross blood-
brain barrier; some 
streptococci are 
becoming resistant

Cephalexin
(Keflex; first-genera-

tion cephalosporin)

Streptococci
Resistant: oral anaerobes, 

enteric flora, B. fragilis

500 mg qid
Children: 25-50 mg per kg/

day

Bactericidal; interferes with cell  
wall synthesis of bacteria in  
their growth phase

Allergy: may cross-react with 
those that have had an 
anaphylactoid reaction to 
penicillins

Does not cross blood-
brain barrier in a 
predictable fashion

Cefdinir
(Omnicef; third-  

generation cepha-
losporin)

Streptococci, oral anaerobes
Resistant: staphylococci

300 mg bid, 600 mg qd
Children: 14 mg/kg/day

Bactericidal; interferes with cell  
wall synthesis of bacteria in  
their growth phase

Allergy: may cross-react with 
those that have had an 
anaphylactoid reaction to 
penicillins

Does not cross blood-
brain barrier in a 
predictable fashion

TABLE 
8-5
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Ceftriaxone
(Rocephin; third-

generation  
cephalosporin)

Streptococci, oral anaerobes
Resistant:
Staphylococci

Parenteral only: 1-2 g qd
Children: 50 mg/kg/day

Bactericidal; interferes with cell 
wall synthesis of bacteria in their 
growth phase

Allergy: may cross-react with 
those that have had an ana-
phylactoid reaction to penicil-
lins; sludging of bile salts

Crosses blood-brain 
barrier

Metronidazole
(Flagyl)

Obligate anaerobes only
Resistant: all facultative and 

aerobic bacteria

500 mg qid
Children > 1 yr: 30 mg/kg/

day in 4 doses

Bactericidal; interferes with folic  
acid metabolism

Metallic taste; antabuse-like 
effect; carcinogenic in rats;  
use only when indicated

Crosses blood-brain bar-
rier; can be used with 
other antibiotics

Moxifloxacin
(Avelox)

Oral streptococci and  
anaerobes, E. corrodens,  
actinomyces, B. fragilis; 
staphylococci, including some 
MRSA, most enteric flora

Resistant: enterococci, Pseudo-
monas aeruginosa

400 mg qd
Do not use in children or 

pregnant women

Bactericidal; interferes with DNA 
synthesis

Possible ↑QT interval, especially  
if used with quinidine, procain-
amide, amiodarone, sotalol, or 
other drugs, or if hypokalemic

Chondrotoxic in children 
and pregnant women; 
may cause Achil-
les tendon rupture; 
mental clouding and 
decreased energy 
common

Linezolid
(Zyvox)

MRSA, streptococci,  
vancomycin-resistant  
enterococci

Resistant: Enterobacteriaceae

600 mg bid
Children:
30 mg/kg/day in 3 doses

Bactericidal to streptococci; 
bacteriostatic to staphylococci, 
enterococci; interferes with protein 
synthesis

Epinephrine hypersensitivity; 
bone marrow suppression; 
serotonin syndrome; Stevens-
Johnson syndrome; seizures

Weekly CBCs for moni-
toring; monitor BP for 
hypertension; may be 
toxic to fetus (insuf-
ficient data)

Imipenem-cilastatin
(Primaxin)

Staphylococci, streptococci, 
anaerobes,

Enterobacteriaceae
Resistant: ESBL Klebsiella sp.

500 mg-1 g IV q6-8h
Children:
60-100 mg/kg/day in 4 

doses

Bactericidal; interferes with cell 
wall synthesis of bacteria during 
growth phase

May cross-react with those who 
have had an anaphylactoid 
reaction to penicillins; seizures 
at high doses; bone marrow 
suppression; hepatotoxicity

Seizures less likely with 
meropenem; cilastatin 
inhibits renal excretion 
of imipenem

Vancomycin
(Vancocin)

Staphylococci, including  
MRSA; streptococci,  
enterococci

Resistant: gram-negative  
bacteria

125-250 mg IV
Children: 10-15 mg/kg bid
Dosage adjustment in 

elderly and renal failure

Bactericidal; inhibits cell wall and 
RNA synthesis

Nephrotoxic, neurotoxic, and 
ototoxic, especially in combi-
nation with aminoglycosides; 
flushing and hypotension with 
rapid infusion; tissue necrosis 
if infiltrated

Pregnancy risk in ani-
mals; monitor peak 
and trough serum 
levels

Gentamicin Streptococci, Enterobacteria-
ceae

1-1.7 mg/kg IM/IV q8h
Children:
2.5 mg/kg IV/IM q8h

Bactericidal; inhibits protein synthe-
sis at 30S ribosome

Nephrotoxic, neurotoxic, and 
ototoxic; neuromuscular 
blockade, especially with other 
neuromuscular blockers

Adjust dose according 
to peak and trough 
serum levels; nephro-
toxic, neurotoxic, and 
ototoxic to fetus

bid, Twice daily; BP, blood pressure; CBC, complete blood cell count; ESBL, extended spectrum β-lactamase; GI, gastrointestinal; IM, intramuscular; IV, intravenous; MRSA, methicillin-resistant Staphylococcus aureus; 
PCN, penicillin; po, by mouth; qd, once daily; tid, three times per day; qid, four times per day; TMP/SMX-DS, trimethoprim-sulfamethoxazole, double strength; ↑, increased.
*Dose is by mouth unless stated otherwise.
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doses at high but therapeutic levels, whereas meropenem is 
less likely to cause seizures at therapeutic levels.

Our understanding of antibiotic-associated colitis (now 
called C. difficile colitis) was significantly advanced by the 
identification of the causative exotoxin, synthesized by  
C. difficile. Although many antibiotics have been associated 
with this complication, ampicillin and clindamycin have 
been most characteristically associated with it. It is impor-
tant to recognize the profile of the patient likely to experi-
ence this complication; the risk factors are listed in Box 8-3. 
The clinical manifestations of C. difficile colitis include five 
or more bloody or mucoid stools per day, abdominal cramp-
ing, and fever. On colonoscopy, sloughing of the colonic 
mucosa is seen. The diagnostic test is the C. difficile exotoxin 
assay of a stool sample. Three consecutively negative assays 
constitute a negative result.

There is a subset of C. difficile colitis (1 to 3% of cases) 
called fulminant C. difficile colitis; it manifests as a sud-
den onset of acute abdomen with an elevated white blood 
cell count greater than 18,000 cells/mm3, high fever, and 
hemodynamic instability. The risk factors for this condi-
tion include age over 70 years, prior C. difficile infection, 
and use of antiperistaltic medications.20 Early diagnosis and 
treatment of fulminant C. difficile colitis are essential to 
minimize mortality, and early surgical intervention (within  
48 hours) should be used in patients who are unresponsive 
to medical therapy, or if multiple organ failure or a bowel 
perforation develops. The most commonly used surgical 
procedure is a total abdominal colectomy, although the 
mortality rate remains high, at 40% or more. A newer pro-
cedure, diverting loop ileostomy with colonic lavage may 
reduce mortality into the 20% range.21

There has been considerable controversy over the poten-
tial for various antibiotics to interfere with the effectiveness 
of oral contraceptives, with little new information since the 
1980s. Rifampin, primarily used for tuberculosis, has the 
strongest anecdotal association with unwanted pregnancy.22 
Other monitoring studies have associated the penicillins, 
tetracyclines, and cotrimoxazole with breakthrough bleed-
ing and unwanted pregnancy.23 The speculated cause for 
this association is competition between estrogen and the 
antibiotics for the hepatic microsomal drug metabolism 
processes. As a practical matter, clinicians can advise their 
patients taking oral contraceptives to use a backup birth 
control method for the remainder of the menstrual cycle 
following the end of an antibiotic regimen.

Table 8-6 lists the pregnancy risk categories assigned by 
the U.S. Food and Drug Administration to selected antibi-
otics and those with special risks in children.

Antibiotic-drug interaction with concurrent medications 
is increasing in frequency as the patient population ages and 
is treated with an ever-increasing number of medications 
for acute and chronic conditions. Certain families of anti-
biotics, especially because of their metabolism by the liver 
microsomal enzyme system, are more prone to drug interac-
tions than others. The antibiotic families most associated 
with interactions are the macrolides, the fluoroquinolones, 

and the azole antifungal drugs, such as fluconazole and keto-
conazole. Table 8-7 lists some of the interactions between 
these antibiotics and other drugs. The overall pattern of 
these interactions is that the serum level of the other drug is 
increased, resulting in an increased therapeutic effect of the 
other drug, or its expected toxic overdose reactions.

However, antibiotics that are metabolized in the liver 
microsomal enzyme system, especially by CYP3A4, such as 
the macrolides and the fluoroquinolones, when combined 
with a broad range of drugs, such as the selective serotonin 
reuptake inhibitors, amiodarone (an advanced cardiovascu-
lar life support drug), and other antibiotics such as pent-
amidine and the macrolides, can prolong the QT interval 
as seen on the electrocardiogram. This predisposes to and 
can cause torsades des pointes, which can rapidly degenerate 
into ventricular fibrillation.

Therefore, selection of the least toxic, effective antibiotic 
can minimize toxicities and drug interactions, which appear 
to be increasingly likely, given the systemic compromise and 
multiple medications often seen in the aging population.

Principle 7: Use Combination Antibiotics Only 
When Necessary

For most head and neck infections, although they are poly-
microbial, a single antibiotic can usually be selected that is 
effective against the most likely pathogens. On the other 
hand, combinations of antibiotics may be indicated in 
severe infections of unknown cause, in polymicrobial infec-
tions for which no single antibiotic is effective against all the 
pathogens, and to prevent the emergence of resistance to a 
single antibiotic.

Combining multiple antibiotics can increase toxicities 
and costs, select for resistant organisms, and cause antag-
onistic interactions between the antibiotics. For example, 
vancomycin has minimal renal toxicity when used alone. In 
combination with an aminoglycoside, such as gentamicin, 
renal toxicity is significantly increased.

A classic example of mutual antibiotic antagonism is the 
combination of a bactericidal agent with a bacteriostatic 
antibiotic. In general, the bactericidal antibiotics are effec-
tive during the rapid growth and cellular division phases of 
the bacterial life cycle, often by interfering with cell wall 
synthesis; therefore, their action is antagonized by antibi-
otics that suppress rapid bacterial growth. Most antibiotics 

 •  Prolonged antibiotic therapy
 •  Gastrointestinal surgery
 •  Hospitalized patient
 •  Female sex
 •  Inflammatory bowel disease
 •  Cancer chemotherapy
 •  Renal disease

 • BOX 8-3   Risk Factors for Clostridium difficile 
Colitis
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that interfere with protein synthesis slow bacterial growth 
without a killing effect. Thus, combining a protein synthe-
sis inhibitor, such as a macrolide, with a cell wall synthesis 
inhibitor, such as a penicillin or cephalosporin, has a net 
bacteriostatic effect. Table 8-8 lists bactericidal and bacte-
riostatic antibiotics.

There are a few well-established clinical situations, how-
ever, in which antibiotic combinations have been shown to 
be more effective than single antibiotic therapy.

A penicillin, such as ampicillin, and an aminoglyco-
side, such as gentamicin, have long been used in strepto-
coccal endocarditis. Although the aminoglycosides are 
protein synthesis inhibitors, they are bactericidal, as are 
the penicillins. A 2-week course of this combination is as 
effective as 4 weeks of a penicillin only, and relapse is less 
frequent.24 Furthermore, a recent meta-analysis was able to 
identify no difference in antibiotic resistance rates between 
β-lactam monotherapy and an aminoglycoside–β-lactam 

A = Studies in pregnant women; no risk; B = Animal studies no risk; human studies inadequate; or animal toxicity; but human studies no risk; C = Animal studies 
show toxicity; human studies inadequate, benefit may outweigh risk; D = Evidence of human risk, benefit may outweigh risk; X = Fetal abnormalities in humans, 
risk outweighs benefit.

Antibiotic
Pregnancy Risk 
Category Pregnancy Risk

Penicillins
Penicillin G and V B
Ampicillin B
Amoxicillin B
Amoxicillin/ 

Clavulanate
B

Ticarcillin/ 
Clavulanate

B

Cephalosporins
Cephalexin B
Cefazolin B
Cefuroxime B
Cefdinir B
Cefotaxime B

Carbapenems
Imipenem C Dose adjustment 

required
Meropenem B Spontaneous abor-

tions in monkeys

Macrolides
Erythromycin B

Clarithromycin C Increased risk of 
miscarriage

Azithromycin B Fetal defects in mice 
and monkeys

Antianaerobic
Clindamycin B

Metronidazole B
Fluoroquinolones Avoid in children 

younger than 18 
years

Ciprofloxacin C Chondrotoxic in 
growing rats

Moxifloxacin C Chondrotoxic in 
growing rats

  Pregnancy and Pediatric Risk Categories of Selected Antibiotics
TABLE 

8-6

Antibiotic
Pregnancy Risk 
Category Pregnancy Risk

Aminoglycosides
Gentamicin D Ototoxicity in 

human fetuses

Antifungals
Fluconazole D Teratogenic at high 

doses
Itraconazole C Teratogenic at high 

doses
Voriconazole D Teratogenic at high 

doses
Caspofungin C Fetal toxicity in 

animals

Amphotericin B 
preparations

B

Other
Vancomycin C Potential ototoxicity 

in human fetuses
Daptomycin B
Tetracyclines D Intrinsic dental 

staining; avoid  
in children under 
12

Doxycycline D Intrinsic dental 
staining; avoid  
in children under 
12

Linezolid C Fetal toxicity in 
rodents

Trimethoprim-sulfa-
methoxazole C

Increased risk of 
cleft palate
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  Selected Antibiotic Interactions with Other Drugs*

Antibiotic Second Drug Adverse Effects Mechanism

Erythromycin,  
clarithromycin,  
ketoconazole, itraconazole

Theophylline Seizures, dysrhythmias Antibiotic inhibits cytochrome P450 
metabolism of second drug; 
ketoconazole not implicated

Cisapride Dysrhythmias (torsades de 
pointes)

Antibiotic inhibits cytochrome P450 
metabolism of second drug

Alfentanil ↑ respiratory depression Antibiotic inhibits cytochrome P450 
metabolism of second drug; 
ketoconazole not implicated

Bromocriptine ↑ CNS effects, hypotension Antibiotic inhibits cytochrome P450 
metabolism of second drug

Carbamazepine Ataxia, vertigo, drowsiness Antibiotic inhibits cytochrome P450 
metabolism of second drug

Cyclosporine ↑ immunosuppression and  
nephrotoxicity

Antibiotic inhibits cytochrome P450 
metabolism of second drug

Felodipine, possibly other 
calcium channel blockers

Hypotension, tachycardia, 
edema

Antibiotic inhibits cytochrome P450 
metabolism of second drug

Methylprednisolone, 
prednisone

↑ immunosuppression Antibiotic inhibits cytochrome P450 
metabolism of second drug

Lovastatin, possibly other 
statins

Muscle pain, rhabdomyolysis Antibiotic inhibits cytochrome P450 
metabolism of second drug

Triazolam, oral midazolam ↑ sedative depth and duration Antibiotic inhibits cytochrome P450 
metabolism of second drug

Disopyramide Dysrhythmias Antibiotic inhibits cytochrome P450 
metabolism of second drug

Erythromycin Clindamycin ↓ antibiotic effect Mutual antagonism

Erythromycin, tetracyclines Digoxin Digitalis toxicity, dysrhythmias,  
visual disturbances,  
hypersalivation

Antibiotic kills Eubacterium lentum, 
which metabolizes digoxin in the 
gut

Erythromycin, clarithromycin, met-
ronidazole

Warfarin, anisindione ↑ anticoagulation Antibiotic interferes with metabolism 
of the second drug

Tetracycline, cefamandole, cefo-
tetan, cefoperazone, sulfon-
amides, aminoglycosides

Warfarin, anisindione ↑ anticoagulation Antibiotic kills gut flora that synthe-
size vitamin K, which antagonizes 
the second drug; poor vitamin K 
intake a factor

Metronidazole,  
cephalosporins

Alcohol, ritonavir Flushing, headache,  
palpitations, nausea

Antibiotic inhibits acetaldehyde 
dehydrogenase, causing accu-
mulation of acetaldehyde; ritona-
vir preparations contain alcohol

Metronidazole Disulfiram Acute toxic psychosis

Metronidazole, tetracyclines Lithium Lithium toxicity: confusion, 
ataxia, kidney damage

Antibiotic inhibits lithium excretion 
by kidney; tetracycline interaction 
not well established

Tetracyclines,  
fluoroquinolones

Divalent and trivalent  
cations (dairy, antacids, 
vitamins), didanosine

↓ absorption of antibiotic Second drug interferes with absorp-
tion of antibiotic; didanosine is 
formulated with calcium carbon-
ate and magnesium hydroxide 
buffers

Clindamycin,  
aminoglycosides,  
tetracyclines, bacitracin

Neuromuscular blocking 
agents

↑ depth and duration of  
paralysis

Additive effect due to inherent 
minor neuromuscular blocking 
effect of the antibiotic; seen with 
clindamycin in the presence of 
low pseudocholinesterase levels 
and abnormal liver function tests

TABLE 
8-7
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combination on the development of antimicrobial resis-
tance among initially susceptible isolates.25

In invasive streptococcal infections, which can lead to 
streptococcal toxic shock and some forms of necrotizing fas-
ciitis, streptococcal toxin synthesis and release are decreased 
when a penicillin is combined with clindamycin. This may 
be due to the phenomenon of quorum sensing among the 
group A β-hemolytic streptococci (e.g., S. pyogenes). As the 

concentration of streptococci in a location reaches the 
maximal census that can be supported, the colony is able to 
decelerate its growth rate. At the same time, synthesis of the 
bacterial exotoxins responsible for toxic shock is increased. 
Although penicillin may be effective in the rapid growth 
phase of the streptococci, clindamycin can inhibit the syn-
thesis of the bacterial exotoxins, such as streptococcal pyro-
genic exotoxin B, that appear to be responsible for many of 
the clinical manifestations of streptococcal toxic shock syn-
drome. This is an example of the synergy of two antibiotics 
that target different sites within the same organism.

A severe, aggressive head and neck infection, necrotizing 
fasciitis, or “flesh-eating bacteria infection” can be caused 
by five categories of bacteria that are susceptible to vary-
ing antibiotics (Figure 8-3). Until the causative bacteria 
are identified in culture, the surgeon must use an antibi-
otic combination that will kill all the potential pathogens. 
When the surgeon is promptly able to deescalate the anti-
biotic regimen based on specific culture results, selection of 
antibiotic resistant strains, drug toxicities and interactions, 
and the costs of care are reduced.

As an exception to the general rule, certain bacteria 
undergo relatively frequent mutations responsible for antibi-
otic resistance. For these specific organisms, combining two 
antibiotics that have independent bactericidal mechanisms 
may have a synergistic effect in preventing the emergence of 

Antibiotic Second Drug Adverse Effects Mechanism

Clindamycin Erythromycin ↓ antibiotic effect Mutual antagonism

Penicillins, cephalosporins,  
metronidazole, erythromycin, 
clarithromycin, tetracyclines, 
rifampin

Estrogen- and progestin- 
containing oral  
contraceptives

Contraceptive failure Interference with enterohepatic 
recirculation of estrogen caused 
by killing of gut flora; rifampin is 
the only antibiotic in which this 
has been proved clinically

Ampicillin, amoxicillin Allopurinol Rash Unknown, possibly due to hyperuri-
cemia in patients taking allopurinol

Cephalosporins Aminoglycosides ↑ nephrotoxicity Additive or potentiating effect

Trimethoprim-sulfamethoxazole Thiazide diuretics Purpura, bleeding in elderly 
patients

Thrombocytopenia

Vancomycin Aminoglycosides ↑ renal toxicity Additive effect

Fluoroquinolones, sulfonamides, 
chloramphenicol, fluconazole, 
itraconazole

Oral hypoglycemic  
agents

Hypoglycemia Antibiotic displaces second drug 
from plasma proteins

Ciprofloxacin, sulfonamides, 
chloramphenicol, fluconazole, 
ketoconazole, itraconazole

Phenytoin ↑ serum level of phenytoin,  
confusion, delirium

Interference with phenytoin metabo-
lism

Sulfonamides Methotrexate ↑ methotrexate concentration Antibiotic displaces methotrexate 
from plasma proteins

↑, Increased; ↓, decreased. CNS, central nervous system.
*This list of antibiotic-drug interactions is only partial. Drug prescribers remain responsible to ascertain the complete drug interactions of any medications clinicians 
may prescribe.

  Selected Antibiotic Interactions with Other Drugs*—cont’d
TABLE 

8-7

  Bactericidal and Bacteriostatic Antibiotics

Bactericidal Bacteriostatic

β-Lactams
 Penicillins
 Cephalosporins
 Carbapenems
 Monobactams

Aminoglycosides
Glycopeptides

 Vancomycin
 Telavancin

Metronidazole
Fluoroquinolones

 Ciprofloxacin
 Moxifloxacin

Daptomycin

Macrolides
 Erythromycin
 Clarithromycin
 Azithromycin

Clindamycin
Tetracyclines

 Doxycycline
 Tigecycline

Sulfa antibiotics

TABLE 
8-8
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resistant strains. Specifically, if the frequency of mutation 
conferring resistance to the first antibiotic is 10–6, and it 
is 10–7 to a second antibiotic, then the probability of both 
of those mutations occurring simultaneously is 10–13. This 
strategy is used in combination therapy for staphylococ-
cal osteomyelitis (vancomycin or linezolid plus a third- or 
fourth-generation cephalosporin), prosthetic valve endocar-
ditis (vancomycin, rifampin, and gentamicin), and tubercu-
losis (isoniazid, rifampin, pyrazinamide, and ethambutol).

Principle 8: Minimize the Duration of 
Antibiotic Therapy

Clinicians used to believe that short courses of antibiotic ther-
apy invited the survival of antibiotic-resistant strains of bacte-
ria, yet the opposite appears to be true. Short-term, high-dose 
courses of oral β-lactam antibiotics have been shown to result 
in pharyngeal carriage of fewer residual antibiotic-resistant 
strains of S. pneumoniae in schoolchildren, compared with 
longer courses (>5 days) and lower-dose regimens.26

In odontogenic infections, two randomized clinical trials 
comparing 3- to 4-day antibiotic courses with 7- to 10-day 
courses found no difference in clinical effectiveness between the 
groups, as long as the appropriate dental or surgical treatment 
was performed, such as incision and drainage and extraction or 
endodontic treatment.27,28 However, these studies did not pro-
vide convincing evidence that antibiotic resistance was lower in 
the short-regimen group than in the long-regimen group.

Nonetheless, the duration of antibiotic therapy will vary 
with the type of infection encountered. In osteomyelitis, 
probably because of the decreased vascular supply of bone, 
plus the bacterial propensity to form biofilms on calcified 
surfaces, much longer antibiotic courses are required to 
prevent recrudescence of the infection. Furthermore, the 
formation of biofilm on calcified bony surfaces often neces-
sitates surgical debridement of the involved bone. Table 8-9 
lists the current recommendations for duration of antibiotic 
therapy for various types of head and neck infections.

Principle 9: Use the Most Cost-Effective, 
Appropriate Antibiotic

In a profit-driven health care system, there can be significant 
sales pressure on clinicians by pharmaceutical companies to 

use newer drugs whose patent protections have not expired. 
Since the 1999 revised guidance from the U.S. Food and 
Drug Administration, which allowed direct consumer 
advertising by pharmaceutical companies, patients can 
also request their doctors to use the latest, most frequently 
advertised drug.29

On the other hand, well-performed clinical trials often 
demonstrate that older drugs, including antibiotics, are at 

Empiric therapy:
Carbapenem
� Vanco- or
Daptomycin

Gram stain
� C&S

Polymicrobial (odontogenic)
   Carbapenem (imi-, meropenem)
Streptococcal (Group A, C, G)
   Penicillin G � Clindamycin
Clostridial
   Penicillin G � Clindamycin
MRSA
   Imipenem � Vanco- Daptomycin
Klebsiella
   Carbapenem (� Colistin if KPC/ESBL�)

• Figure 8-3 Empiric antibiotics of choice in necrotizing fasciitis.

  Recommended Duration of Antibiotic  
Therapy

Type of Infection
Duration of Antibiotic 
(assuming appropriate surgery)

Odontogenic 
abscess, cellulitis

3-4 d

Sinusitis Children: 10-14 d
Adults: 5-7 d

Otitis media <2 years old: 10 d
>2 years old: 7 d
Adults (first episode): 5-7 d
Adults (recurrent): 5-10 d

Cellulitis, facial  
(erysipelas)

10 d

Pharyngitis due to 
GABHS (strep 
throat)

Benzathine penicillin IM: 1 dose
Cefdinir or cefpodoxime: 5 d
Penicillin V: 10 d

Pharyngitis due to 
Neisseria  
gonorrhea

Ceftriaxone or azithromycin: 1 dose
Doxycycline: 7 d

Pharyngitis due to 
Coxsackievirus

10 d

Diphtheria 14 d

Osteomyelitis 42 d (until ESR or CRP normalizes)*

Actinomycosis 42 d (soft tissue) to 180 d (osteo-
myelitis)

Brain abscess Until resolution on CT imaging

CRP, C-reactive protein; CT, computed tomography; ESR, erythrocyte 
sedimentation rate; GABHS, group A β-hemolytic streptococci; IM, intra-
muscular.
*Using normalization of laboratory tests as a treatment endpoint in osteo-
myelitis of the jaws is controversial.

TABLE 
8-9
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least as effective as their newer comparators. Thus, once 
the more important criteria of effectiveness and safety have 
been met, it is wise for the clinician to select the antibiotic 
that costs less than its alternatives. The comparative costs 
of oral and intravenous antibiotics commonly used in head 
and neck infections are listed in Tables 8-10 and 8-11. For 
orally administered antibiotics, amoxicillin is the reference 
drug to which the other antibiotics are compared in the 
cost ratio in the last column of Table 8-10. For intravenous 

antibiotics, clindamycin is the reference drug in the last col-
umn of Table 8-11, because it is among the least expensive 
of the commonly used antibiotics in head and neck infec-
tions when given intravenously.

A special factor in the cost of intravenous antibiotics 
is the cost of administration, which includes the intra-
venous administration sets, nursing and pharmacy labor, 
and other considerations. Those costs are conservatively 
estimated at $4 per dose, which makes the frequency of 

  Costs of Oral Antibiotic Therapy

Antibiotic Usual Dose (mg)* Usual Interval (hr)
1-Week Retail  

Cost ($)†
Amoxicillin Cost  

Ratio‡

Penicillins
Amoxicillin 500 8 11.99 1.00

Penicillin V 500 6 13.99 1.17

Augmentin 875 12 49.69 4.14

Augmentin XR (1000 mg ×2) 2000 12 99.59 8.31

Dicloxacillin 500 6 17.39 1.45

Cephalosporins (Generation)
Cephalexin capsules (first) 500 6 17.99 1.50

Cefadroxil (first) 500 12 36.69 3.06

Cefuroxime (second) 500 8 64.99 5.42

Cefaclor ER (generic) 500 12 71.59 5.97

Cefdinir (third; 300 mg ×2) 600 24 61.59 5.14

Erythromycins
Erythromycin base 500 6 265.99 22.18

Clarithromycin (Biaxin XL) 500 24 34.49 2.88

Azithromycin (Zithromax) 250 12 86.99 7.26

Antianaerobic
Clindamycin (generic) 150 6 12.19 1.02

Clindamycin (2 T generic) 300 6 43.99 3.67

Clindamycin (generic) 300 6 73.99 6.17

Metronidazole 500 6 22.89 1.91

Other
Trimethoprim-sulfamethoxazole 160/800 12 11.99 1.00

Vancomycin 125 6 762.99 63.64

Ciprofloxacin 500 12 16.99 1.42

Moxifloxacin (Avelox) 400 24 96.99 8.09

Doxycycline 100 12 37.19 3.10

Linezolid (Zyvox) 600 12 2311.99 192.83

*Usual doses and intervals are for moderate infections and are not to be considered prescriptive.
†One-week retail cost is the retail price charged for a 1-week prescription at a large national pharmacy chain.
‡Amoxicillin cost ratio is the retail cost of the antibiotic for 1 week divided by the retail cost of amoxicillin for 1 week.

TABLE 
8-10
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TABLE 
8-11  Costs of Intravenous Antibiotic Therapy

Antibiotic Usual Dose
Usual 

Interval (hr)
Pharmacy Cost 

per Dose ($)*
Total Cost For 

24 hr ($)
Total Cost For  

7 d ($)
Clindamycin 
Cost Ratio

Penicillins
Penicillin G 2 mil. units. 4 13.19 103.13 721.89 3.11

Ampicillin 1 gm 6 8.33 49.32 345.24 1.49

Unasyn 3 gm 6 19.46 93.84 656.88 2.83

Oxacillin 2 gm 6 28.90 131.60 921.20 3.97

Ticarcillin 3 gm 4 12.37 98.25 687.72 2.97

Timentin 3 gm 4 16.00 120.00 840.00 3.62

Cephalosporins (Generation)
Cefazolin (first) 1 gm 8 3.65 22.95 160.65 0.69

Cefotetan (second) 1 gm 12 4.80 17.60 123.20 0.53

Cefuroxime (second) 1.5 gm 8 6.56 31.69 221.81 0.96

Ceftazidime (third) 2 gm 8 12.62 49.86 349.02 1.50

Ceftriaxone (third) 1 gm 24 4.18 8.18 57.26 0.25

Cefepime (fourth) 2 gm 12 51.10 110.19 771.34 3.33

Monobactam
Aztreonam 1 gm 8 39.54 130.62 914.34 3.94

Carbapenem
Imipenem-Cilastatin 0.5 gm 6 41.26 181.04 1267.28 5.46

Meropenem 1 gm 8 78.19 246.57 1725.99 7.44

Penicillin-Allergy
Erythromycin 1 gm 6 21.66 102.64 718.48 3.10

Azithromycin 0.5 gm 24 13.44 17.44 122.08 0.53

Vancomycin 0.5 gm 6 3.82 31.28 218.96 0.94

Vancomycin 1.0 gm 12 7.42 22.84 159.88 0.69

Antianaerobic
Clindamycin 0.9 gm 8 7.04 33.13 231.91 1.00

Metronidazole 0.5 gm 6 2.50 26.00 182.00 0.78

Other
Doxycycline 0.1 gm 12 18.55 45.10 315.70 1.36

Levofloxacin† 750 mg 24 58.16 62.16 435.12 1.88

Moxifloxacin† 400 mg 24 42.00 46.00 322.00 1.39

Linezolid 600 mg 12 120.11 248.22 1737.54 7.49

*Total cost of therapy includes $1.00 for infusion materials and $3.00 labor cost per dose. Penicillin cost ratio is for 24 hr. Cost of antibiotic/24 hr. cost of penicillin 
G is the cost of the given antibiotic for 24 hours divided by the cost of penicillin G for 24 hours. Usual doses and intervals are for moderate infections, and are not 
to be considered prescriptive.
†Intravenous fluoroquinolones are for patients on NPO status only, because of excellent oral absorption.

dosing a significant cost factor. Thus, an expensive drug 
that is given only once per day can be significantly less 
costly overall than one given 4 or 6 times per day. For this 
reason, cefotaxime administered once per day, for example, 
is much less expensive per day than penicillin G, which is 
given six times per day.

Principle 10: Use Prophylactic Antibiotics  
Only When Proved Effective or According  
to Professional Guidelines

Clinicians frequently respond to the pressures of defen-
sive medicine and patient expectations in prescribing 
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prophylactic antibiotics. However, the reliable scientific 
evidence illuminating this treatment decision is mounting.

Prophylactic antibiotics have been proved effective in 
ablative head and neck cancer surgery, orthognathic sur-
gery, dental implant surgery, and third molar surgery. The 
 American Heart Association has periodically convened a 
panel of experts to present consensus guidelines on the use 
of prophylactic antibiotics for certain dental and urogeni-
tal procedures. Such guidelines are often necessary because 
ethical considerations prohibit the design of experimental 
studies that would conclusively answer these questions.

Until recently, the scientific support for and against the 
use of prophylactic antibiotics for mandibular third molar 
surgery was insufficient to allow surgeons to draw conclu-
sions on its use. Therefore, surgeons relied on their judg-
ment, training, and experience in deciding whether to use 
prophylactic antibiotics to prevent surgical site infection in 
third molar surgery.

However, in recent years, first-level evidence consisting 
of a meta-analysis and a randomized controlled clinical trial 
has indicated that a prophylactic antibiotic started shortly 
(2 hours or less) before surgery significantly decreases the 
rate of surgical site infection after mandibular third molar 
removal.30,31 Ren et  al31 also noted that continuing the 
antibiotic for 3 to 4 days after surgery had a small addi-
tional benefit.31 The validity of these results was confirmed 
in a later systematic review by Lodi et al.32 This new evi-
dence can be used by surgeons to reevaluate their habitual 
practices.

In dental implantology, the role of prophylactic antibiot-
ics in preventing implant failure has been somewhat con-
troversial. Four randomized clinical trials comparing dental 
implant procedures with and without a prophylactic antibi-
otic have found a trend toward a greater implant success rate 
in the antibiotic prophylaxis group, but without statistical 
significance. However, when a meta-analysis was applied to 
these studies, a statistically significant advantage in dental 
implant survival was found when 1 to 2 g of amoxicillin was 
given preoperatively, with a number needed to treat of 33. 
This means that 33 patients had to be treated with an anti-
biotic to prevent one patient from suffering early implant 
loss. The effectiveness of continuing the antibiotic postop-
eratively in this review was not clear; in addition, a preop-
erative chlorhexidine oral rinse was used in all the included 
clinical trials.33

Antibiotic prophylaxis in orthognathic surgery, espe-
cially by the transoral approach, has long been advocated. 
Zijderveld et al34 performed a randomized clinical trial com-
paring preoperative intravenous amoxicillin-clavulanate, 
cefuroxime, and placebo in preventing postoperative infec-
tion in orthognathic surgery. The infection rate exceeded 
50% in the placebo group, and it was less than 20% in the 
two antibiotic groups, a statistically significant difference.34 
In 2011, Danda and Ravi35 performed a meta-analysis com-
paring perioperative antibiotic prophylaxis with extended-
term antibiotic prophylaxis in orthognathic surgery. The 
postoperative infection rate in the perioperative antibiotic 

group was significantly higher (11%) compared with the 
extended postoperative antibiotic group (4%), with a num-
ber needed to treat of 13. The maximal benefit in preventing 
infection appeared to be when the antibiotic was continued 
for 2 days postoperatively.35 These studies are high-level evi-
dence that antibiotic prophylaxis is effective in orthognathic 
surgery.

Postoperative wound infection in clean-contaminated 
head and neck oncologic surgery requiring an incision 
through mucosa has been reported in 24 to 45% of cases. 
The following risk factors have been identified: tobacco con-
sumption; the presence of metastatic lymph nodes, immedi-
ate flap reconstruction, antimicrobial prophylaxis exceeding 
48 hours,36 preoperative hemoglobin less than 10.5 g/dL, 
reconstruction with a free flap or pectoris major myocuta-
neous flap during the operation,37 and postlaryngectomy 
tracheostoma.38

Although an older study found a benefit from a pro-
longed postoperative antibiotic regimen in head and neck 
oncologic surgery,39 recent studies indicate that a 1-day 
antibiotic course is equally effective as a 3-day course.40,41 
In fact, Lotfi et al36 observed a significantly increased rate 
of wound infection when antibiotic prophylaxis exceeded 
48 hours’ duration.36 Callender42 found that ampicillin-
sulbactam was more effective than clindamycin in prevent-
ing postoperative wound infection in this type of case, and 
that gram-negative infection was lower in the ampicillin-
sulbactam group.42

Furthermore, in a recent review of antibiotic prophylaxis 
for adult oncologic head and neck surgery, Koshkareva and 
Johnson43 reported that independent of antibiotic regimen, 
there is no significant difference in courses lasting 1 day ver-
sus 3 to 5 days. Postoperative infection rates ranged from 
10% with cefotaxime to 3.4% with clindamycin. Interme-
diate results were achieved with clindamycin-gentamicin, 
cefoperazone, cefazolin, and ampicillin-sulbactam.43

There are several other types of head and neck surgery 
in which the use of antibiotics has been reviewed, and the 
results are equivocal, at best. In tonsillectomy, antibiotics 
seem to reduce fever, but not bleeding or postoperative pain. 
However, the limitations of the studies that find reduced 
postoperative fever cannot afford reliable conclusions that 
justify the increased risk of antibiotic complications, such as 
allergic reactions and gastrointestinal upset.44

There are no studies that provide adequate guidance on 
the use of prophylactic antibiotics in clean contaminated 
ear surgery.45

In chronic suppurative otitis media, middle ear infection 
is complicated by the drainage of pus through a perforated 
tympanic membrane. A systematic review of topical anti-
biotic drops compared with systemic antibiotics included 
nine randomized controlled trials of varying quality. Over 
a relatively short follow-up period, when the selected out-
come was drying of the ear suppuration, fluoroquinolone 
antibiotic drops such as ciprofloxacin were superior to oral 
or injected antibiotics of the fluoroquinolone or other anti-
biotic families.46
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There is only one well-designed study of chronic rhino-
sinusitis that compares systemic antibiotics with a placebo. 
In 64 patients, roxithromycin (which is not available in the 
United States) was only marginally and insignificantly more 
effective than placebo was, with a short-term follow-up.47 
High-quality studies of the effectiveness of various antibiot-
ics in treating chronic rhinosinusitis may be helpful, but the 
pathophysiology of this condition may involve the inflam-
matory response to pollutants, allergens, and bacterial con-
tamination to a greater extent than primary infection.

Admittedly, there are other types of surgery for which 
the scientific evidence is not determinative, yet the com-
munity of surgeons appears to believe that prophylactic 
antibiotics are justified. A good example is bone grafting in 
clean-contaminated head and neck surgery. Modern clini-
cians must stay abreast of developments in the use of pro-
phylactic antibiotics and adjust their treatment patterns as 
new evidence becomes available.

New Antibiotics and Antimicrobial 
Strategies in Development

The development of antibiotic drugs was one of the most 
significant medical advances of the last century. After the 
discovery of penicillin in 1928 by Alexander Fleming, new 
antibiotic families were discovered during every decade until 
the 1980s, when an apparent discovery gap was encountered. 
The enormous costs of drug development inhibited for-
profit corporations from undertaking this often Sisyphean 
task, especially when antibiotics are taken only episodically 
compared with the life-long need for medications that treat 
chronic diseases, such as diabetes and cardiovascular condi-
tions. In 1969, the U.S. Surgeon General stated, “We could 
close the book on infectious diseases.” At about the same 
time, highly antibiotic-resistant organisms, such as MRSA, 
vancomycin-resistant enterococcus, and P. aeruginosa began 
to cause disease and death among ever-wider segments 
of the population. Public health factors in this mounting 
problem include unnecessary antibiotic prescriptions, use 
of antibiotics in animal agriculture to enhance growth rates 
and combat unsanitary conditions, uncontrolled dispensing 
of antibiotics without a prescription in some countries, and 
widespread lack of sanitation in some developing countries. 
Highly resistant microbes can travel around the globe at the 
speed of commercial airliners.

Fortunately, a surprising number of new antibiotics are 
currently in the development pipeline. New members of the 
quinolones, tetracyclines, oxazolidinones, glycopeptides, 
and cephalosporins with enhanced antimicrobial or phar-
macologic properties are undergoing clinical testing. Of spe-
cial interest to those treating head and neck infections are 
promising new β-lactamase inhibitors used in combination 
with new and old β-lactam antibiotics, such as ceftolozane-
tazobactam, avibactam in combination with ceftazidime, 
ceftaroline, or aztreonam, and new carbapenems such as 
imipenem–MK-7655 and biapenem-RPX7009.

Multiple fluoroquinolones are in development, and they 
have promise in gram-positive and gram-negative infections. 
Nemonoxacin and delafloxacin are closest to clinical approval, 
and are especially effective against gram-positive bacteria, 
including MRSA. Finafloxacin has demonstrated twofold to 
256-fold increased activity in acidic environments, such as 
urine and abscesses; in such conditions, it has shown promise 
against the gram-negative Acinetobacter baumannii, a highly 
resistant bacterium found in complex wounds, particularly 
in the blast wounds seen in military casualties. JNJ-Q2 and 
ozenoxacin reportedly have equipotent activity against DNA 
gyrase and topoisomerase intravenously, the two enzyme 
targets of the fluoroquinolones, and reduced efflux out of 
bacterial cells. These properties hold the promise of reduced 
propensity for bacterial resistance, because they involve two 
separate metabolic sites of bactericidal effectiveness.

Tetracycline antibiotics have long been used, but wide-
spread resistance mechanisms have arisen through expres-
sion of tetracycline-specific efflux pumps and by ribosomal 
modifications that prevent tetracycline binding. Tigecycline 
is a currently available parenteral-only tetracycline effective 
against a broad range of gram-positive and gram-negative 
bacteria, including A. baumannii; however, Pseudomonas 
and Proteus species are resistant. Several new tetracyclines 
that appear able to evade efflux pumps while binding effec-
tively to their ribosomal site of action are in development, 
including omadacycline and eravacycline.

Linezolid was the first available oxazolidinone, which is a 
family of peptide antibiotics effective against gram-positive 
bacteria. Recently, linezolid resistance has been discovered 
in clinical isolates. New oxazolidinone analogs are in devel-
opment, which could expand the spectrum, overcome resis-
tance, and improve safety. Tedizolid, a second-generation 
oxazolidinone, has improved potency, decreased resistance, 
shortened dosing regimens, and a broader spectrum of 
activity compared with the first generation. Radezolid and 
cadazolid are also in development.

Dalbavancin and oritavancin are two new glycopeptides 
(vancomycin family) that have been in development for 
more than 10 years. They will have significant advantages 
over vancomycin if approved for clinical use, because they 
both have long half-lives and can be dosed at long inter-
vals. The half-life of dalbavancin is 258 h, which allows for 
weekly dosing, whereas oritavancin, with a half-life of 393 h,  
may be effective after a single dose.48

The ketolides, semi-synthetic derivatives of erythromy-
cin, have had a promising but troubled history in develop-
ment. Telithromycin was the first antibiotic of this class to 
be approved for clinical use. Its indications have been sharply 
curtailed because of hepatotoxicity, visual deficits, and exac-
erbation of myasthenia gravis. Cethromycin has been found 
safe to use by the FDA and is approved for postexposure inha-
lational anthrax. Solithromycin is entering phase III trials.

The cyclic lipodepsipeptides include daptomycin 
 (Cubicin), which is approved for the treatment of com-
plicated soft tissue infections caused by gram-positive 
bacteria, including multidrug-resistant S. aureus, S. pyogenes, 



161CHAPTER 8 Principles of Antibiotic Therapy for Head, Neck, and Orofacial Infections

and enterococci. Resistance to daptomycin, with cross-resis-
tance to vancomycin in S. aureus, has been reported among 
staphylococci and enterococci. Ramoplanin is currently enter-
ing phase III clinical trials for the treatment of C.  difficile– 
associated diarrhea.49

C. difficile infection (CDI) is among the most common 
nosocomial infections. Because vancomycin is not absorbed 
by the gastrointestinal tract, oral administration is effective 
against CDI, but its use is limited by expense and the need to 
reserve vancomycin for antibiotic resistant gram-positive bac-
teria. Metronidazole is the most widely used agent in CDI, 
but recurrent CDI is an increasing problem, in 15% to 30% 
of new cases. Fidaxomicin, a recently approved macrolide, 
appears to offer a benefit in terms of preventing recurrent 
disease, although the cost-benefit ratio is debated. Surotomy-
cin, a lipopeptide antibiotic related to daptomycin, is mini-
mally absorbed from the gastrointestinal tract and has been 
found safe and effective. It is bactericidal to C. difficile and 
is undergoing phase III trials in comparison with vancomy-
cin for CDI. Fecal microbiota therapy (stool transplantation) 
appears to be highly effective, but its availability and regula-
tory framework are still in development. Synthetic stool prod-
ucts and orally available fecal microbiota therapy are both 
under investigation, however. No vaccine is available for CDI.

In the intermediate and long term, entirely new phar-
macologic categories that target bacterial pathways not 
previously exploited would be most beneficial. Such a new 
category of antibiotic is the pleuromutilins. These diterpene 
antibiotics inhibit bacterial protein synthesis by selectively 
binding to prokaryotic ribosomes, with no effect on eukary-
otic protein synthesis. Although these compounds have 
encountered difficulties with clinical synthesis and stability, 
their unique mechanism of action prevents cross-resistance 
with currently available antibiotics. Retapamulin was the 
first pleuromutilin approved for human indications as a 
topical antibiotic in 2007.

The magainins are antimicrobial peptides found in the 
skin of frogs. They have broad-spectrum bactericidal activ-
ity and low propensity to select for resistant strains. Several 
obstacles encountered in the development of antimicrobial 
peptides include susceptibility to proteases, toxicity, bio-
availability, and the cost of synthesis.

Peptide deformylase (PDF) inhibitors are antibiotics 
with a novel target. PDF is an essential bacterial metalloen-
zyme in peptide synthesis, with a variable molecular struc-
ture within and across bacterial species. Investigational PDF 
inhibitors include actinonin and GSK1322322, targeted to 
staphylococci. GSK1322322 is in phase III trials in Europe.

Fatty acid biosynthesis inhibitors target the enzymes 
FabH, FabI, and FabK, which are another new class of 
antibiotic with a single target enzyme, like the PDF inhibi-
tors. AFN-1252 and MUT056399 have not been brought 
to phase III trials as of yet, but they appear to have a nar-
row but clinically important range of effectiveness against 
S. aureus. Rapid development of resistance may become a 
problem with both the PDF and the Fab inhibitors, because 
with antibiotics that target a single enzyme, resistance is 

more likely to emerge than if their mechanism of action has 
multiple targets.

Bacteriophages are viruses that can kill bacteria. They 
were used in Eastern Europe and Russia, and they are still 
approved in Georgia and Russia, especially for highly resistant 
bacteria. Because their mode of action is specific to bacteria, 
bacteriophages appear to have a few side effects on humans. 
On the other hand, mixtures of bacteriophages must often 
be used because each phage is strain-specific. Bacteriophages 
appear to be able to penetrate biofilms, which would be a 
useful property in head and neck infections such as osteo-
myelitis, implant-related infections, caries, and periodontal 
disease. There are many obstacles to the widespread clinical 
use of phages, however, including the potential for the viruses 
to evolve, the need for banking and mixing of phage virus 
strains, absorption, and distribution to the site of infection.50

Many of the investigational agents discussed in this chap-
ter are primarily active against gram-positive pathogens. 
Although vancomycin has proved to be effective against 
MRSA, for example, the prowess of S. aureus at develop-
ing antibiotic resistance mechanisms should spur even more 
development. Furthermore, some of these agents have dis-
tinct advantages, such as the glycopeptides oritavancin and 
dalbavancin, which can provide single-dose therapy for 
some infections. Oxazolidinones with enhanced potency 
and less toxicity than linezolid hold promise. Tedizolid is 
closest to clinical availability. Among the fluoroquinolones, 
delafloxacin, JNJ-Q2, and ozenoxacin have the promise of 
reduced resistance propensities when used for otherwise 
resistant staphylococci and streptococci.

Antimicrobial Stewardship Programs

Many hospitals and some clinics have instituted antibi-
otic stewardship programs, whose policies range from 
restricting certain antibiotics to use only by approval 
from an infectious diseases consultant, to the establish-
ment of antibiotic prescription and usage care pathways 
and clinical oversight committees, to computer-based 
restrictions on the duration of antibiotic administration 
orders, and prompt de-escalation of broad-spectrum anti-
biotic therapy after culture and sensitivity results become 
available.51 Some hospitals, to decrease the selection pres-
sure for antibiotic-resistant enterococci, have restricted 
the use of antibiotics that select for enterococci, such as  
the cephalosporins, with a significant reduction in entero-
coccal infections over the ensuing months. Thus, rotating 
the use of these agents among different antibiotic families 
may become a useful tool in combating antibiotic resistance.

Summary

In this chapter, the principles of antibiotic therapy for head 
and neck infection have been discussed. As clinicians, it is 
important to minimize the emergence of antibiotic resistant 
bacteria, while optimizing patient care, by following the 10 
principles described here.
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Antimicrobial Pharmacology 
for Head, Neck, and Orofacial 
Nonbacterial Infections
TYLER T. BOYNTON AND ELIE M. FERNEINI

This chapter focuses on the pharmacology, spectrum, and 
clinical applications of antimicrobial drugs in the man-
agement of nonbacterial infections of the head and neck. 
Antifungal and antiviral agents are used to treat such 
infections.

Antifungals

Fungal cells differ from mammalian cells in that they have 
cell walls that are composed of chitin, glucans, mannans, 
and glycoproteins. Both mammalian and fungal cells have 
cell membranes; however, they differ in their lipid com-
position. Mammalian cells have a cholesterol-rich cell 
membrane, whereas fungal cells have a membrane that is 
primarily composed of ergosterol. Despite these differences, 
fungi are metabolically similar to mammalian cells and offer 
few pathogen-specific targets.1

Antifungal agents used to treat fungal infections can 
be classified based on their site of action (intracellular, 
cell membrane, and cell wall) (Figure 9-1). The principal 
classes of drugs used in fungal head and neck infections 
are the azole and polyene antifungals. These agents target 
the ergosterol-rich cell membrane. The azoles prevent the 
synthesis of ergosterol by inhibiting 14-α-sterol demethyl-
ase, a cytochrome P-450-dependent enzyme.2 The azoles’ 
inhibition of CYP-450–dependent enzymes in membranes 
is not limited to fungal membranes and can cause drug–
drug interactions due to inhibition of mammalian CYP 
enzymes. Azoles have some important drug interactions 
with terfenadine (Seldane) and loratadine (Claritin). Lev-
els of these drugs tend to increase in patients concurrently 
taking azole agents.3 There are multiple toxicities associ-
ated with antifungal agents (Figure 9-2). Appropriate 
knowledge of these common toxicities improves patient 
management.

Azoles

There are two main classes of azoles: the imidazoles that 
contain two nitrogen molecules in the azole ring (clotrima-
zole, miconazole, and ketoconazole) and the triazoles that 
contain three (itraconazole, fluconazole, voriconazole, and 
posaconazole) (Table 9-1). The imidazoles, with the excep-
tion of ketoconazole, are used for treating superficial fungal 
infections, whereas the triazoles have a broader spectrum 
and are used for treating more serious systemic fungal 
infections in immunocompromised and immunodeficient 
patients.

Imidazoles

Clotrimazole is available as a 1% topical solution used for 
tinea versicolor or as a 10-mg troche used for oral thrush. 
The troches contain sugar and may promote caries if used 
in excess; otherwise they are nontoxic. They must be com-
pletely dissolved because any swallowed troche provides no 
benefit. The typical dosage for the treatment of oral can-
didiasis is four to five troches per day for 10 to 14 days. 
Miconazole is available as a 50-mg tablet for the treatment 
of oropharyngeal candidiasis. The tablet is taken once daily 
and should be placed into the buccal vestibule.

Ketoconazole is used for the treatment of the fol-
lowing systemic fungal infections: candidiasis, chronic 
mucocutaneous candidiasis, oral thrush, blastomycosis, 
coccidioidomycosis, histoplasmosis, chromomycosis, and 
paracoccidioidomycosis. It is only available in the oral 
form in 200-mg tablets. These tablets are taken once daily 
(with a maximum daily dose of 800-mg in severe fungal 
disease).4 The absorption of ketoconazole is affected by gas-
tric acidity and food. The drug should not be taken with 
food, and drugs that reduce gastric acidity may impair 
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absorption. Ketoconazole poorly penetrates the cerebrospi-
nal fluid (CSF), eye, urine, and saliva because of its high 
affinity and degree of protein binding. Common side effects 
include decreased libido and gynecomastia, particularly at 
higher doses.3 Additionally, adrenal suppression has been 
reported.5 Other side effects include fatigue, rash, and nau-
sea. Hepatitis is a rare complication of ketoconazole use.

Triazoles

Fluconazole is the most versatile of the azole antifungal 
drugs. It is available in oral and intravenous formulations, 
and does not require the action of gastric acid for absorp-
tion. It is not highly protein bound, allowing wide distribu-
tion among body compartments.6 Its long serum half-life 

allows once-daily dosing of 100 mg for minor infections, 
and up to 400- to 800-mg daily dosing for serious infec-
tions.7 Fluconazole has greater than 90% oral bioavailability 
and has fewer side effects and drug interactions than the 
other azoles. It is used for the treatment of oropharyngeal 
candidiasis and cryptococcal meningitis. However, it lacks 
activity against Aspergillus spp. and other opportunistic fun-
gal species such as Mucorales and Fusarium.8 The azoles are 
most frequently used in the management of mucocutaneous 
candidiasis.9 Fluconazole is more effective than ketocon-
azole and clotrimazole troches for thrush in immunocom-
promised patients.

Itraconazole is available in both oral and intravenous 
formulations. It has a wide spectrum of activity against 
many yeasts, dimorphic fungi, and Aspergillus spp.10 It can 

• Figure 9-1 Sites of action and mechanisms of systemic antifungal agents. (From Lewis RE: Current 
concepts in antifungal pharmacology, Mayo Clin Proc 86:806, 2011.)

• Figure 9-2 Common toxicities of antifungal agents. (From Lewis RE: Current concepts in antifungal 
pharmacology, Mayo Clin Proc 86:806, 2011.)
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be administered as a 100-mg capsule taken once daily, with 
a maximum dosage of 400 mg/day. Doses greater than 200 
mg do not appear to increase serum levels; thus it must be 
given in separate doses if used for severe infection requir-
ing a daily dose of 400 mg. For less serious infections, a 
total daily dose of 100 to 200 mg is usually adequate.11 
Itraconazole, like ketoconazole, is not well distributed 
to areas such as the CSF, eye, and urine.7,12 Intravenous 
itraconazole offers a less toxic alternative for patients with 
deep fungal infections who are unable to take amphotericin 
B.13 Side effects of itraconazole are less severe than those 
of ketoconazole, and those of fluconazole are even more 
minor. Side effects of itraconazole include nausea, fatigue, 
rash, and hepatitis. Table 9-2 compares three of the most 
commonly used azoles: ketoconazole, itraconazole, and 
fluconazole.

Voriconazole and posaconazole are broader-spec-
trum triazoles that were introduced in 2002 and 2006, 
respectively. They were a significant development for the 
treatment of fungal infections in severely immunocom-
promised patients. Voriconazole is used for the treatment 
of esophageal candidiasis, invasive pulmonary aspergillo-
sis, and serious fungal infections caused by Scedosporium 
apiospermum and Fusarium spp. Posaconazole is useful for 
patients who have oropharyngeal candidiasis refractory to 
itraconazole and/or fluconazole. In addition, it is used for 
prophylaxis against invasive Aspergillus and Candida infec-
tions in children 13 years of age and older who are severely 

immunocompromised.14,15 Although these drugs have a 
greater spectrum of activity, their use is limited by their 
pharmacokinetic variability and drug interactions.16

Polyenes

There are two drugs that are part of the polyene drug class: 
amphotericin B and nystatin. The polyenes directly bind 
ergosterol, causing a conformational change in the struc-
ture of the cell membrane leading to leakage of intracellular 
contents.17

Amphotericin B

Amphotericin B was one of the earliest antifungal agents 
on the U.S. market (Figure 9-3). Developed in 1955, it 
remains the most effective agent for treating a broad range 
of systemic fungal infections.18 It has antifungal activity 
against Candida spp.; dermatophytes; filamentous fungi-
like Aspergillus, Rhizopus, and Mucor spp.; and dimor-
phic endemic mycoses.3 It is the treatment of choice for 
life-threatening mycotic infections.19 In the head and 
neck, amphotericin B is used most commonly for severe 
sinusitis, cavernous sinus thrombosis, orbital apex syn-
drome, and otitis externa caused by fungal organisms.20 
Flucytosine is typically given in conjunction with ampho-
tericin B for cryptococcal meningitis and serious candidal 
infections.21,22

  Azole Antifungal Agents

Generic U.S. Trade Name(s) Chemical Structure U.S. Formulations Clinical Use

Ketoconazole Nizoral 200-mg oral tablet
2% cream
2% dandruff shampoo

Systemic and  
superficial mycoses

Itraconazole Sporanox 100-mg oral capsule
10-mg/mL oral solution

Systemic and  
superficial mycoses

Fluconazole Diflucan 50-, 100-, 150-, and  
200-mg oral tablets

10- and 40-mg/mL oral 
suspension

2-mg/mL sterile  
IV solution

Systemic and  
superficial mycoses

Clotrimazole Mycelex
Mycelex-G
Lotrimin
Gyne-Lotrimin
Fungoid

1% cream, lotion, solu-
tion, tincture, vaginal 
cream

500-mg vaginal tablet
10-mg oral troche

Superficial mycoses

From Sheehan DJ, Hitchcock CA, Sibley CM: Current and emerging azole antifungal agents, Clin Microbiol Rev 12:41, 1999.

TABLE 
9-1
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Amphotericin B binds sterols in cell membranes with a 
higher affinity toward ergosterol than mammalian choles-
terol. As the concentration of the drug increases in organs 
such as the kidney, it begins to bind cholesterol in mam-
malian membranes, leading to nephrotoxicity. The ampho-
tericin B dosing regimen is complex, and assistance from 
an infectious disease specialist or others with regular experi-
ence using this drug may be indicated. The drug is given 
intravenously, and titration from a low to a therapeutic 
dose is performed over several days while renal function 
is monitored. Amphotericin B directly stimulates mono-
nuclear phagocytic cells to release proinflammatory cyto-
kines, which leads to nausea and vomiting, rigors, and fever 

during administration.23 Veins used for infusion are irri-
tated and phlebitis is common. Anemia occurs while the 
drug is in use, but reverses once the drug is discontinued. 
Different forms of amphotericin B are available (Abelcet, 
Amphotec, AmBisome) and were created to reduce the toxic 
side effects. These new formulations use lipid complexes or 
lipid encapsulation to diminish the toxicity of the parent 
compound.22,24

Nystatin

Nystatin is helpful as topical therapy for mild to moder-
ate mucocutaneous candidiasis. Nystatin is available as a 

  Clinically Important Features of Some Azoles

Feature Ketoconazole Itraconazole Fluconazole

Formulation 200-mg tablets 100-mg capsules 50-, 100-, 150-, 200-mg tablets
2 mg/mL IV solution
50-mg or 200-mg/5 mL  

suspension

Absorption Requires acid; decreased with  
antacids, omeprazole, hista-
mine2 blockers, sucralfate

Requires acid; decreased with  
antacids, omeprazole,  
histamine2 blockers, sucralfate

Excellent; not affected by  
antacids, omeprazole,  
histamine2 blockers, sucralfate

Distribution Minimal in CSF, eye, and other 
sites

Minimal in CSF, eye, and  
other sites

Excellent in CSF, eye, and other sites

Protein binding High (∼99%) High (∼99%) Low (∼10%)

Metabolism Almost entirely hepatic Almost entirely hepatic Minimal hepatic metabolism

Excretion in urine Little unchanged drug in urine Little unchanged drug in urine >80% excreted by kidneys

Reduction of dose  
in renal failure

Not necessary Not necessary 20-50 mL/min ↓ by 50%
<20 mL/min ↓ by 75%
Hemodialysis: administer dose after 

dialysis

Dosing regimen Once-daily dosing Once daily for 200 mg; twice  
daily if higher dose required

Once-daily dosing

Usual daily dose 200-800 mg 100-400 mg 100-800 mg

From Johnson JT, Yu VL: Infectious diseases and antimicrobial therapy of ears, nose, and throat, Philadelphia, 1997, Saunders.

TABLE 
9-2

Amphotericin B
1958

Miconazole
1979

Ketoconazole
1981

Fluconazole
1990

Voriconazole
2002

Itraconazole
1992

Posaconazole
2006

Lipid amphotericin B formulations
1995–1999

Griseofulvin
1959

Flucytosine
1971

1950 1960 1970 1980

Year introduced

1990 2000 2010

• Figure 9-3 Timeline of systemic antifungal drugs. (From Lewis RE: Current concepts in antifungal phar-
macology, Mayo Clin Proc 86:806, 2011.)
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suspension (100,000 units/mL) and pastilles (200,000 units 
each). The suspension is administered in a swish-and-swal-
low format four times a day and can also be used for soaking 
dental prostheses. The pastilles should be dissolved in the 
mouth until gone and are taken one or two at a time four 
to five times per day for 10 to 14 days. Nystatin is nontoxic 
and usually effective during use, but relapses after therapy 
are common.25

Echinocandins

The echinocandins are the only agents that target the fungal 
cell wall by inhibiting the synthesis of β-1,3-D-glucan poly-
mers.26 This leads to instability of the cell and eventual cell 
lysis. Since mammalian cells do not have cell walls, this is 
a very effective target and avoids direct human cell toxicity. 
The echinocandins are fungicidal against most Candida spp. 
and fungistatic against Aspergillus spp. However, they do not 
have activity against Zygomycetes, Cryptococcus neoformans, 
or Fusarium spp.27 Caspofungin, micafungin, and anidula-
fungin are echinocandins that are available as intravenous 
preparations. Caspofungin is used for the treatment of 
esophageal candidiasis and invasive aspergillosis in patients 
who are refractory to or intolerant of other therapies. Mica-
fungin and anidulafungin are used for the treatment of can-
didemia, disseminated candidiasis, esophageal candidiasis, 
and other invasive Candida infections. These medications 
are administered intravenously once daily and have very few 
drug interactions.

Pyrimidine Analogues

Flucytosine is used to treat serious systemic infections 
caused by Candida and Cryptococcus, and it is often used 
in conjunction with an azole agent. It exhibits its effects 
via inhibition of intracellular enzymes. Once it is taken 
up by fungal cells, it is converted into 5-fluorouracil 
(5-FU), which is further converted to metabolites that 
inhibit fungal RNA and DNA synthesis.28 Flucytosine is 

available as 250- and 500-mg capsules; the drug is admin-
istered every 6 to 12 hours for a total of 100 mg/kg/day. 
If the creatinine clearance decreases to critical levels, the 
total daily dose should be reduced with guidance from 
infectious disease specialists. The bone marrow suppres-
sion caused by flucytosine usually reverses once the drug 
is discontinued. Side effects include nausea, vomiting, 
hepatotoxicity, and rashes. Peak and trough levels should 
be monitored.28

Antifungal agents provide antimicrobial coverage for 
fungal head and neck infections. They have a wide spectrum 
of action (Figure 9-4). Selecting the proper agent based on 
culture and sensitivity will lead to an accurate and speedy 
resolution of the infection.

Antivirals

Most viral infections in immunocompetent patients are 
self-limiting and antiviral agents are unnecessary. The 
goals of therapy are to decrease the severity of the infec-
tion as well as reduce the rate of transmission of the 
virus. In immunocompromised patients, viral infections 
can be devastating or even fatal. Antiviral agents can be 
used preemptively, prophylactically, or when there is overt 
disease.29

Oral and facial surgeons are often the first health care 
providers to treat patients who show oral manifestations 
of systemic viral infections. It is essential to have a general 
knowledge of viral infections as well as the antiviral agents 
used to treat them. These include: (1) human herpesvi-
ruses (HHV), (2) human papillomaviruses (HPV), (3) 
enteroviruses, (4) hepatitis virus, and (5) human immuno-
deficiency virus (HIV). With the exception of HIV, there 
are three major groups of viruses that are targets of antivi-
ral therapy. These include herpes, hepatitis, and influenza 
viruses. Many of these viral infections require the expertise 
of an infectious disease specialist but it is important to 
be familiar with common antiviral treatments (Figure 9-5 
and Table 9-3).

• Figure 9-4 Spectrum of action of systemic antifungal agents. (From Lewis RE: Current concepts in 
antifungal pharmacology, Mayo Clin Proc 86:806, 2011.)
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• Figure 9-5 Antiviral agents. (From Balfour, HH Jr: Antiviral drugs, N Engl J Med 340:1255–1268, 1999.)

  Antiviral Drugs*

Antiviral 
Drug Mechanism of Action

Viruses Affected Pharmacologic 
PropertiesProved† Possible‡

Acyclovir Metabolized to acyclovir 
triphosphate, which inhibits 
viral DNA polymerase

Herpes simplex, 
varicella-zoster, 
cytomegalovirus

Epstein-Barr, herpes B 
(herpesvirus simiae)

Oral bioavailability, 10-20%; 
plasma half-life, 2-3 hr; 
intracellular half-life of 
acyclovir triphosphate, 
1-2 hr§

Valacyclovir Same as acyclovir Herpes simplex, 
varicella-zoster, 
cytomegalovirus

Oral bioavailability, 54%; 
plasma half-life, 2-3 hr; 
intracellular half-life,  
1-2 hr§

Ganciclovir Metabolized to ganciclovir 
triphosphate, which inhibits 
viral DNA polymerase

Cytomegalovirus Herpes simplex, 
varicella-zoster, 
Epstein-Barr, human 
herpesvirus 8, herpes 
B (herpesvirus 
simiae)

Oral bioavailability, 8-9%; 
plasma half-life, 2.5 hr; 
intracellular half-life of 
ganciclovir triphosphate, 
12 hr§

Penciclovir Metabolized to penciclovir 
triphosphate, which inhibits 
viral DNA polymerase

Herpes simplex Only available topically, with 
no appreciable systemic 
absorption; intravenous 
formulation under devel-
opment

Famciclovir Same as penciclovir Herpes simplex, 
varicella-zoster

Hepatitis B Oral bioavailability, 77%; 
plasma half-life, 2 hr; 
intracellular half-life of 
penciclovir triphosphate, 
7-20 hr§

Foscarnet Inhibition of viral DNA 
polymerase and reverse 
transcriptase at the pyro-
phosphate-binding site

Cytomegalovirus, 
acyclovir-resistant 
herpes simplex, 
acyclovir-resistant 
varicella-zoster

Human herpesvirus 8, 
human immunodefi-
ciency virus type 1

Oral bioavailability, 0%; 
plasma half-life, 6 hr; 
triphasic elimination due 
to deposition in bone 
matrix

TABLE 
9-3

Continued
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Interferons

Interferons (IFN) are a group of signaling proteins that are 
produced by host cells in response to invasion by pathogens. 
These glycoproteins are made commercially in bacteria by 
recombinant DNA techniques. They have antiviral activity 
due to the induction of cellular enzymes that interfere with 
the synthesis of viral proteins29. The three major classes of 
interferons are α, β, and γ. IFN-α is given parenterally and 
is used to treat hepatitis B, hepatitis C, HPV, and HHV-8 
(Kaposi’s sarcoma). Common side effects include flu-like 
symptoms, neuropsychiatric disorders, neurologic distur-
bances, and myelosuppression.

Pyrophosphate Analogue

Foscarnet is a pyrophosphate analogue that selectively 
inhibits the pyrophosphate binding site on virus-specific 
DNA polymerases. It is used for the treatment of acyclovir-
resistant mucocutaneous herpes simplex and varicella-zoster 
virus infections in immunocompromised patients. It is also 

approved for the use of cytomegalovirus retinitis in patients 
with acquired immunodeficiency syndrome (AIDS).30 
Foscarnet is not orally bioavailable and can only be given 
intravenously. Common side effects include nephrotoxicity, 
hypocalcemia, myelosuppression, and nausea.

Nucleoside Analogues

Lamivudine is a nucleoside analogue of cytosine. It inhibits 
hepatitis B DNA polymerase as well as HIV reverse tran-
scriptase. It is approved for use in combination with other 
antiretroviral drugs for the treatment of HIV-1 infection or 
as monotherapy to treat chronic hepatitis B infection.29 It 
was the first drug to be used as an alternative to IFN-α for 
the treatment of chronic hepatitis B.31 Lamivudine has high 
oral bioavailability and a long half-life, making once-daily 
dosing convenient for patients. Ribavirin is a guanosine 
analogue that inhibits the activity of the enzyme-dependent 
RNA polymerase. It is used in the treatment of chronic hep-
atitis C infection and for respiratory syncytial virus (RSV) 
infection.

Antiviral 
Drug Mechanism of Action

Viruses Affected Pharmacologic 
PropertiesProved† Possible‡

Ribavirin Interference with viral messen-
ger RNA

Lassa fever, hantavi-
rus (hemorrhagic 
fever renal syn-
drome), hepatitis C 
(in chronic cases in 
combination with 
interferon-α)

Respiratory syncytial 
virus, parainfluenza, 
influenza A and B, 
measles, hantavirus 
(pulmonary syn-
drome)

Lamivudine Inhibition of viral DNA 
polymerase and reverse 
transcriptase

Hepatitis B (chronic 
cases), human 
immunodeficiency 
virus type 1

Oral bioavailability, 86%; 
plasma half-life, 5-7 hr

Amantadine Blockage of the M2 protein 
ion channel and its ability to 
modulate intracellular pH

Influenza A Oral bioavailability, >90%; 
plasma half-life, 10-31 
hr in young adults; peak 
concentrations higher 
and plasma half-life 
longer in patients >60 
years old

Rimantadine Blockage of the M2 protein 
ion channel and its ability to 
modulate intracellular pH

Influenza A Oral bioavailability, >90%; 
plasma half-life, 25-36 hr; 
75% of drug is metabo-
lized in liver

Interferon-α Induction of cellular enzymes 
that interfere with viral pro-
tein synthesis

Hepatitis B and C, 
human herpesvirus 
8, papillomavirus

Hepatitis D Oral bioavailability, 0%; 
plasma half-life, 2-3 hr

*This list excludes drugs used exclusively for human immunodeficiency virus type 1 infection.
†Safety and efficacy have been documented in controlled clinical trials.
‡Efficacy is supported by uncontrolled clinical data or results of in vitro susceptibility studies.
§Intracellular half-lives are based on in vitro data.
From Balfour HH Jr: Antiviral drugs, N Engl J Med 340:1255–1268, 1999.

  Antiviral Drugs*—cont’d
TABLE 

9-3
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Acyclovir, valacyclovir, ganciclovir, penciclovir, and fam-
ciclovir are acyclic analogues of guanine deoxyribose; valacy-
clovir and famciclovir are prodrugs that are biotransformed 
to penciclovir and acyclovir, respectively.32 These antivirals 
inhibit viral DNA replication and are therefore effective 
agents in treating HHV. There are eight HHVs that cause a 
variety of clinical conditions (Table 9-4).

Because these drugs are highly selective for viral DNA, 
they do not harm human cells. Their low protein bind-
ing improves distribution to the CSF, saliva, and other 
fluid compartments. Oral absorption is low and therefore 

the intravenous form of these drugs is necessary for seri-
ous infections. The toxicity of these agents is low, although 
reversible encephalopathy or nephropathy occurs rarely.32 
Viruses in their latent stage are not affected; therefore, these 
antiviral agents do not eradicate viruses.

Herpes Simplex Virus

Oral and facial surgeons often treat patients with recur-
rent herpes simplex virus (HSV-1) infections that affect the 
oral and perioral tissues. These infections sometimes are 

  Features of Herpesvirus Infections of Humans

Virus

Seroprevalence in the 

United States

Typical Primary 

Infections

Infection in the 
Compromised Host

Association with 
Human Cancers

Common 

Treatments

Healthy 
Children

Healthy 
Adults

Neurotropic
HSV-1 20-40% 50-70% Gingivostomatitis, 

keratoconjunctivitis, 
cutaneous herpes, 
genital herpes, 
encephalitis

Gingivostomatitis, 
keratoconjunctivitis, 
cutaneous herpes, 
esophagitis,  
pneumonitis, hepatitis

None PO ACV, FAM, 
VAL, IV ACV, 
PCV

HSV-2 0-5% 20-50% Genital herpes, 
cutaneous herpes, 
gingivostomatitis, 
meningoencephalitis, 
neonatal herpes

Genital herpes, cutane-
ous herpes, dissemi-
nated infection

? PO VAL, FAM, 
ACV or IV 
ACV

VZV 50-75% 85-95% Varicella Disseminated infection None None, PO ACV, 
or IV ACV

Lymphotropic
HCMV 10-30% 40-70% Mononucleosis, 

hepatitis, congenital 
cytomegalic inclu-
sion disease

Hepatitis, retinitis, pneu-
monitis, encephalitis, 
colitis, polyradicu-
lopathy

None None, GCV, 
FOS

EBV 10-30% 80-95% Mononucleosis, hepa-
titis, encephalitis

Polyclonal and monoclo-
nal lymphoproliferative 
syndromes, oral hairy 
leukoplakia

African-type Burkitt’s, 
lymphoma, CNS 
lymphoma, and 
other lymphomas, 
nasopharyngeal 
carcinoma, leio-
myosarcoma

None, steroids 
in selected 
cases

HHV-6 80-100% 60-100% Roseola infantum, 
fever and otitis 
media, encephalitis

Pneumonitis? Encepha-
litis?

Rare B-cell lympho-
mas?

None

HHV-7 40-80% 60-100% Roseola infantum? None None

HHV-8 <3%? <3%? ? Kaposi’s sarcoma? Kaposi’s sarcoma, 
multicentric Castle-
man’s disease, 
primary effusion 
lymphoma

Radiation,  
cytotoxic 
drugs, IFN-α, 
?GCV

ACV, Acyclovir; EBV, Epstein-Barr virus; FAM, famciclovir; FOS, foscarnet; GCV, ganciclovir; HCMV, human cytomegalovirus; HHV, human herpes virus; HSV, 
herpes simplex virus; IFN-α, interferon α; IV, intravenous; PCV, penciclovir; PO, oral; VAL, valacyclovir; VZV, varicella zoster virus.
From Coen DM, Schaffer PA: Antiherpesvirus drugs: A promising spectrum of new drugs and drug targets, Nature Rev Drug Disc 2:279, 2003.

TABLE 
9-4
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severe, or patients are bothered by frequent recurrences or 
a fear of spreading the virus to others.33 In these circum-
stances, some clinicians prescribe antiviral agents to speed 
the resolution of lesions or prevent outbreaks of herpetic 
lesions.25,34-36

Primary or recurrent orolabial herpes is managed with 
oral acyclovir (200 to 400 mg five times a day) or valacy-
clovir (1000 mg three times a day). In order to be effective, 
these drugs must be used within the first 3 days of initial 
symptoms. Topical acyclovir decreases viral shedding but 
does not significantly hasten the resolution of herpetic 
lesions. Prophylactic use of acyclovir and valacyclovir fre-
quently prevents outbreaks but is not curative. Resistance 
to acyclovir does occur, and a dose of 400 mg twice a day 
reduces recurrences by approximately 50%. Suppression 
of herpes during periods of therapeutic immunosuppres-
sion is achieved using intravenous acyclovir (250 mg/m2  
over 8 hours).37 Table 9-5 highlights the major antivi-
ral agents used in the management of head and neck 
infections.
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10% cream (over-the-counter)
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10
Infections of the Dental 
Pulp
ASHRAF F. FOUAD

The dental pulp is primarily involved in the process of odon-
togenesis, which occurs to a larger degree at a young age, 
but continues slowly throughout life. In a mature tooth, the 
pulp provides the sensory function and presents the primary 
host response to any external irritation to teeth. Although 
the pulp can mount a formidable immunologic response to 
microbial irritants, it is limited in its ability to deal with 
pathogens. This limitation is the result of both its presence 
within an unyielding hard tissue enclosure that restricts the 
capacity for changes in blood flow and its lack of substantial 
collateral circulation. Because of the high rate of caries and 
traumatic injuries to teeth throughout life, degeneration 
and necrosis of the pulp are prevalent and likely exceed sim-
ilar pathosis of any other tissue in the body. The importance 
of collateral circulation in resisting pulp degeneration is 
most evident when the tissue response to different traumatic 
injuries is examined in teeth with a mature versus immature 
apex. In mature teeth with a closed apex, the response to 
trauma invariably results in worse clinical conditions and 
more instances of complications than in immature teeth.1

Etiology of Pulpal Infections

Primary and recurrent caries constitute the most com-
mon reasons for pulpal inflammation and necrosis. The 
pulp responds with mild inflammation to caries as soon as 
incipient lesions arise in deep fissures or smooth surfaces. 
Caries is clearly a chronic infectious disease that usually pro-
gresses slowly to reach large lesions with minimal clinical 
symptoms.

In addition to caries, pulp pathosis can be related to trau-
matic injuries, cracks and fractures, microleakage of restor-
ative materials, congenital anomalies of teeth such as palatal 
groove defects, dens invaginatus and dens evaginatus, and, 
rarely, advanced periodontal disease. The common factor 
among all these etiologies is the advent of microbial irri-
tants from the external environment into the dental pulp. 
This external environment is clearly the oral cavity, the 

microbiota of which can be influenced by dietary, enteric, 
antral, nasal, skin, or genital sources. Occasionally, mem-
bers of these other sources of microflora do not populate the 
oral cavity in large quantities, but have a predisposition to 
invade the root canal environment that has necrotic pulp.2,3

The pulp response is initiated with the recognition of 
bacterial cell wall molecules by odontoblasts, which then 
secrete cytokines and other inflammatory mediators. These 
changes trigger interactions with other inflammatory cells 
in the pulp, such as dendritic cells, neutrophils, and mac-
rophages, and eventually cause an increase in pulpal blood 
flow, chemotaxis of other inflammatory cells, and the spread 
of the inflammation to other parts of the pulp. Pulpal inflam-
mation in response to bacterial irritation can last months to 
years before the ultimate demise of the pulp (Figure 10-1).

Initially, bacterial irritation results in reversible inflam-
mation, which is marked by an increase in pulp blood flow 
together with vasodilation, extravasation of inflammatory 
cells, and reduced pain threshold. The latter can result in 
slight hyperalgesia (i.e., increased sensitivity to  thermal 
or osmotic changes in the mouth). These symptoms may 
prompt the patient to seek treatment, in which case a res-
toration is placed for the carious lesion. As the microor-
ganisms advance toward the pulp or invade it through  
an exposure, irreversible changes occur. These irreversible 
changes are marked by a number of changes at the micro-
scopic and physiologic levels, most notably the infiltration 
of the pulp by bacteria and bacterial products, formation 
of microabscesses, reduction in pulpal blood flow, cell 
apoptosis, and eventually necrosis of major portions of the 
affected pulp areas. In approximately 40% of cases, irre-
versible pulpal pathosis is associated with minimal or no 
pain before the pulp becomes necrotic4 (see Figure 10-1). 
However, irreversible pulpitis can present with the most 
excruciating pain that the patient has ever felt. It is com-
monly known that severe pulpal pain that accompanies 
irreversible pulpitis is associated with a number of inflam-
matory mediators in the pulp, such as prostaglandin E2, 
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substance P, bradykinin, and interleukin 1β. However, 
it is not clear whether these inflammatory mediators are 
the cause of painful irreversible pulpitis or are merely 
expressed when other inductive factors are at play. Thus, 
it is not clear why some patients develop severe pulpal (or 
periapical) pain and others do not.

It is thought that the differences in host response fac-
tors may be related to different bacterial virulence factors, 
associated viral infections (e.g., those with herpes viruses), 
pain threshold issues, or genetic polymorphism. Efforts are 
underway to sample dentinal fluid in an attempt to iden-
tify inflammatory mediators that might help with early 
diagnosis of irreversible pulpitis. This is perhaps one of the 
most vexing clinical problems, particularly if the pulp is 
not physically exposed by caries or the patient has mild 
or no symptoms. Eventually, pulp necrosis ensues, and as 

soon as the pulp space is populated with bacteria, a peri-
apical lesion develops (see Figure 10-1). In experimental 
animals, the pathogenesis of periapical lesions in conjunc-
tion with an infected root canal takes a few weeks to be 
demonstrable histologically and radiographically. This is 
not well characterized in patients, clearly because it cannot 
be studied objectively; however, it may take from a few 
weeks to many months for the lesion to reach a large size 
(see Figure 10-1).

Epidemiology of Pulpal and Periapical 
Disease

While pulpal inflammation occurs early with carious inva-
sion, the intent here is to define the epidemiology of irre-
versible pulpal pathosis and of apical periodontitis. There 
is much less information available on endodontic pathosis 
compared with caries or periodontal disease. This is likely 
related to the fact that endodontic pathosis is diagnosed 
after radiographic and clinical examination of teeth, which 
includes pulp testing, making it difficult to diagnose with 
certainty in nondental settings. In addition, most endodon-
tic pathosis is asymptomatic and is identified on routine test-
ing and imaging, or after an exacerbation of a long-standing 
asymptomatic lesion. Nevertheless, endodontic pathosis is 
prevalent because of the high prevalence of dental caries and 
traumatic injuries to teeth. Although the incidence of caries 
may be decreasing in developed countries, the incidence of 
traumatic injuries continues to increase because of the pop-
ularity of an active lifestyle and the involvement in sports 
and other recreational activities. In addition, dental materi-
als used to restore carious teeth have limited longevity, and 
their loss of integrity or microleakage can lead to further 
pulpal disease.

The prevalence of “toothache in the past 6 months” as 
a surrogate for endodontic pathosis in North American 
populations is estimated at 12% of the population.5 It is 
known that painful pulpal and periapical disease has the 
highest incidence among nontraumatic dental emergen-
cies, constituting approximately 56% of such emergencies 
in a large Canadian cohort.6 In the United States, more 
than 403,000 emergency dental visits annually are attrib-
uted to pulpal and periapical disease,7 with approximately 
8000 patients being admitted annually as inpatients to 
treat acute apical abscesses.8 Furthermore, 66 of 61,439 
such admissions from 2000 to 2008 resulted in death of 
the patient.9

As noted previously, a large proportion of pulpal and 
periapical pathoses are asymptomatic. Periapical lesions are 
commonly associated with teeth that have deep restorations 
or that have previous endodontic treatment. In the United 
States, it has been reported that the prevalence of periapi-
cal lesions among people younger than 40 years is approxi-
mately 25%, and it increases to 40% in older patients.10 It 
has also been reported that smoking11,12 and diabetes mel-
litus13,14 increase the prevalence of endodontic pathosis.

A B
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• Figure 10-1 Two cases that illustrate the chronicity of pulpal and 
periapical pathosis. A, The patient had mandibular right first premolar 
carious pulp exposure, diagnosed as asymptomatic irreversible pulpitis 
with normal periapex. The tooth was temporized but not treated further 
at the time. B, Six months later, the patient developed pulp necrosis 
and asymptomatic apical periodontitis. C, Another young patient had 
multiple teeth with asymptomatic apical pathosis. The maxillary left lat-
eral incisor had pulp necrosis with asymptomatic apical periodontitis. 
The patient had other treatments at the time, but this tooth was not 
treated. D, Eleven months later, the periapical lesion reached a much 
larger size.
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Diagnosis of Pulpal and Periapical Disease

As noted previously, the clinician is frequently at a disad-
vantage in being able to ascertain the exact condition of the 
dental pulp and whether it could survive restorative proce-
dures, and so the pulp frequently becomes necrotic, with 
few symptoms. Complicating the diagnostic process are a 
number of clinical variables, such as excessive mineraliza-
tion within the pulp, extensive restorative work, and the 
presence of different pulpal conditions in different locations 
or canals in the same tooth.

As is the case with any other area of dentistry or medi-
cine, the diagnostic process starts with obtaining a chief 
complaint, a comprehensive medical history, history of the 
present illness, and associated aggravating and relieving 
factors. If the patient is complaining of pain, the intensity 
level, character, onset, course, duration, use of analge-
sic medications, and the response to them should all be 
recorded carefully. Radiographic imaging is clearly essential 
for endodontic diagnosis. Occasionally, imaging of a tooth 

from different angles is indicated to determine whether a 
periapical radiolucency is endodontic or not endodontic in 
origin, or to determine the reason for failure of previous 
treatment.

In addition, imaging with high-resolution cone-beam 
computed tomography (CBCT) has become popular when 
the cause of a clinical problem cannot be determined from 
periapical radiographs (Figure 10-2), or to plan treatment in 
a nonhealing case as to whether retreatment or endodontic 
surgery may be indicated. Studies have shown that CBCT 
has a higher sensitivity in detecting periapical radiolucencies 
than periapical radiographs do,15 and that higher-resolution 
systems improve the ability to identify small, untreated root 
canals.16

The basic goals of the endodontic diagnostic process are 
the following:
 1.  Determine whether the condition is endodontic or not 

endodontic in origin. Many conditions mimic a tooth-
ache but are not related to the dental pulp or periapi-
cal tissues. These conditions include periodontal abscess, 

A
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• Figure 10-2 A and B, Periapical radiographs of a patient with severe pain related to the bridge in the 
mandibular left area. C and D, Cone-beam computed tomography shows a periapical radiolucency related 
to the mesial root of the second molar in the sagittal view (arrow), which was not visible on the periapi-
cal radiograph because of the thick bone of the external oblique ridge. In addition, the axial view shows 
missed mesiobuccal (MB) canal (arrow).
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pericoronitis, sinusitis, trigeminal neuralgia, cardiac isch-
emia, fibromyalgia, and postherpetic neuralgia. Likewise, 
many jaw bone radiolucencies and radiopacities mimic 
periapical pathosis of endodontic origin. These include 
developmental cysts, benign and malignant tumors, or 
abnormalities in bone metabolism because of pathosis of 
the parathyroid gland. In addition, there are a few sys-
temic conditions that are associated with increased inci-
dence of pulpal pathosis, such as sickle cell anemia17 and 
herpes zoster infection.18

 2.  If the problem is of endodontic origin, determine which 
tooth or teeth are responsible for the observed signs 
and symptoms. Because of high demand for restorative 
dental treatment, it is common for patients to have had 
extensive restorative and endodontic treatment before 
presenting with a toothache. The common elements 
of clinical examination include percussion, palpation, 
probing, and mobility of the teeth in a quadrant or a 
sextant, to determine which of them may be responsible 
for the chief complaint or a clinical or radiographic find-
ing. These findings may include attachment loss with 
exposed sensitive dentin, a sinus tract (which should 
be traced to determine the origin), abnormal periapical 
radiographic findings, external or internal root resorp-
tion, and/or deep isolated (narrow origin) periodontal 
probing in the absence of periodontal disease elsewhere 
in the mouth. In addition, etiologic factors for the end-
odontic disease process must be identified. Frequently, 
this is evident such as with clinically obvious caries, 
deep leaking restorations, congenital anomalies of teeth, 
recent history of trauma, or poorly performed previous 
endodontic treatment. However, the etiology may be dif-
ficult to ascertain, such as with cracked teeth, microleak-
age of seemingly adequate restorations, or persistence of 
endodontic pathosis associated with adequate previous 
treatment. Clearly, the most definitive method of iden-
tifying the offending tooth, in cases of a toothache, is to 

attempt to reproduce or exaggerate the pain. Response to 
thermal pulp testing may contribute to this strategy. It is 
important to realize that if the patient is being seen in an 
emergency situation with pain or swelling, or both, there 
is usually one tooth with major contribution to the chief 
complaint. Neighboring teeth may have existing pathosis 
as well, but the main problem needs to be identified and 
treated first.

 3.  Determine the pulpal and periapical diagnoses of the 
offending tooth. In addition to the historical informa-
tion, the signs and symptoms of disease and the results 
of clinical examination, pulp testing is essential in deter-
mining the status of the dental pulp. This testing can help 
to determine whether pulpal inflammation is reversible 
or irreversible, and whether the pulp is vital or necrotic. 
Little information is available on the clinical distinction 
between reversible and irreversible pulpitis. Most clini-
cians rely on the nature and duration of response to cold 
testing; thus brief, sharp pain is characteristic of normal 
pulp or reversible inflammation, and dull, lingering 
pain is indicative of irreversible pulpitis. The duration of 
“lingering” is not well researched or understood. How-
ever, clinicians would agree that this type of pain would 
reproduce the spontaneous, deep aching pain in the 
chief complaint. A number of studies have determined 
the clinical accuracy of cold, hot, and electric pulp test-
ing (Figure 10-3).19-21 It is generally accepted from these 
data that the clinical accuracy of cold testing with Endo-
Ice (1,1,1,2-tetrafluoroethane; Hygenic Endo-Ice Green; 
Coltène/Whaledent Inc., Cuyahoga Falls, OH) is com-
parable to electric pulp testing, and that both tests com-
plement each other in cases that are difficult to diagnose. 
Therefore, Endo-Ice is generally used first, and if there 
are any doubts about its accuracy, the electric pulp tester 
(EPT) is used. Other pulp testing methods, such as heat 
(to identify a tooth that is sensitive to heat), exploration 
of exposed dentin (to identify dentin hypersensitivity), or 

Jespersen et al
(n = 656 Cold/77 EPT)

Weisleder et al
(n = 150)

Petersson et al
(n = 59)
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• Figure 10-3 Data from three seminal papers19-21 on the clinical accuracy, sensitivity, and specificity of 
cold and electric pulp testing.
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selective regional anesthesia (to identify whether pulpal 
pain arises from a maxillary or mandibular tooth), are 
used in these special circumstances as indicated. Deter-
mining the pulpal and periapical diagnosis is critical for 
identifying the optimal treatment plan, particularly in 
an emergency. In addition, this diagnosis is essential in 
establishing the prognosis, as will be described.

 4.  If there is acute periapical infection, determine whether it 
is localized or spreading. Endodontic infections can vary 
in their clinical presentation from being asymptomatic, 
and with relatively no morbidity, to a life-threatening 
infection that results in hospitalization of the patient. In 
addition, the development of the infection is sometimes 
slow and is affected by host factors and the type of treat-
ment rendered. For infection that spreads beyond the 
immediate periapical area of the tooth, such as to fascial 
spaces, regional lymph nodes or elsewhere systemically, 
the treatment frequently involves not only local treat-
ment, but also aggressive antimicrobial medications, close 
observation, and monitoring to assure a good outcome. 
Therefore, the clinician has to combine the diagnosis of 
the condition of the tooth with an indication of the sys-
temic involvement, particularly with the diagnosis of an 
acute apical abscess. This diagnosis is obtained by ques-
tioning and observing the patient’s constitutional signs 
and symptoms and recording of vital signs, including the 
temperature, of any patient with a swelling. The swelling 
has to be well characterized clinically, indicating the size, 
firmness, whether it is localized or diffused, whether it is 
fluctuant, and whether it has expanded to involve fascial 
spaces. All of this information is necessary to determine 

the treatment plan, pharmacologic management and the 
level of expertise and care necessary to manage an acute 
problem.

 5.  Immediately following traumatic injuries to teeth, the 
type and extent of injury must be accurately identified, as 
it plays a critical role in the treatment plan and the progno-
sis of the tooth. The International Association of Dental 
Traumatology publishes periodic updates to the guide-
lines for diagnosis and management of dental trauma at 
http://www.iadt-dentaltrauma.org. For example, mature 
teeth that are intruded or avulsed must receive root canal 
treatment within 8 to 10 days of the injury; otherwise 
external inflammatory (infection-related) resorption will 
rapidly destroy the tooth. Teeth with open apex have a 
33% chance for spontaneous revascularization, but must 
be followed carefully if no treatment will be performed 
so that the infection does not take hold and destroy the 
tooth22 (Figure 10-4). Teeth with long extraoral drying 
time after avulsion will undergo external replacement 
resorption (ankylosis), because of the necrosis of peri-
odontal ligament cells. If replanted, these teeth are also 
treated endodontically, and they serve as space maintain-
ers until other options of replacement are possible.

Contemporary Nonsurgical Endodontic 
Treatment and Retreatment

The basic principles of endodontic treatment regarding che-
momechanical instrumentation of the entire canal system 
and obturation to the radiographic apex have not changed 

A B

• Figure 10-4 The maxillary left central incisor was avulsed and left out of the socket for 2 hours in this 
7-year-old female patient, 4 weeks earlier. There was no close follow-up to determine whether sponta-
neous revascularization was occurring. A, Significant amount of external inflammatory (infection-related) 
resorption is seen and related to pulp necrosis. B, Endodontic instrumentation revealed perforation in the 
apical third.

http://www.iadt-dentaltrauma.org
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in the past few decades. However, in the past 20 years, the 
practice of nonsurgical root canal treatment and retreat-
ment has seen many important technological advances. 
These advances have allowed both endodontics specialists 
and nonspecialists to treat a wider array of teeth with diffi-
cult anatomic configurations, and access in the mouth, than 
was possible in the past (Figure 10-5). In this chapter, a brief 
description of current practice in nonsurgical endodontic 
treatment will be provided.

Magnification technologies have recently become a great 
asset in dental care. Dentists today routinely use magnifica-
tion loupes with or without additional illumination, to visu-
alize fine details during treatment. In endodontics, the use 
of surgical operating microscopes or endoscopes has become 
common, particularly among specialists. Studies have shown 
improvements in the ability to identify root canal orifices 
that are ordinarily difficult to find, using microscopes,23 and 
that microscopes and endoscopes are equally effective.

Today, many cases that receive endodontic treatment 
have highly calcified canals. The search for these canals is 
performed carefully under magnification and with ultrasonic 
tips. The advantage of these ultrasonic instruments is that 
they are small, allowing the provider to see exactly where 
they are working without interference from the dental hand-
piece. In addition, they are less aggressive than a bur and dis-
lodge dental materials or other obstructions, such as posts, 
in an efficient manner. CBCT also allows the identification 
of additional canals better than periapical radiographs do, 
because the superimposition from other structures is elimi-
nated (see Figure 10-2). Once these small calcified canals 
are located, the use of small stainless steel files that are work 
hardened to enhance their rigidity and stiffness (e.g., C, C+, 
and C++ files) to negotiate the canals is highly useful.

The advent of nickel titanium (NiTi) instruments (hand 
and rotary) has been a great advance in endodontic treat-
ment. The flexibility of NiTi instruments allows adequate 
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• Figure 10-5 Radiographs of two relatively challenging cases that are treated routinely using contempo-
rary technologies. A, Maxillary second molar with four canals and a sharp distal buccal curvature of the 
mesiobuccal (MB) root, in a 16-year-old patient with a relatively small mouth opening. Canal instrumenta-
tion was performed using contemporary rotary instrumentation system that uses work-hardened nickel 
titanium alloy with high torsional strength. B, Six-month follow-up after the impacted third molar was 
removed. C, Another case with a persistent periapical lesion in a crowned mandibular first molar despite 
seemingly adequate previous treatment. D, Retreatment through the crown including cutting a trough 
between the two mesial canals with ultrasonics to identify a fifth, midmesial canal that had been missed. 
Note the second premolar with complex anatomy that may need to be retreated as well.
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preparation and enlargement of the root canal system, with-
out straightening, ledging, and transportation, which were 
common with large stainless steel instruments. This leads to 
enhanced cleaning and better healing.24 Currently, several 
instrumentation systems are available in which the NiTi alloy 
has been enhanced to increase its torsional fatigue strength 
and enhance efficiency. These include the M-wire in Vortex 
and Vortex Blue instruments (DENTSPLY Tulsa Dental Spe-
cialties, Tulsa, OK), the R-phase wire in Twisted Files (Sybro-
nEndo, Orange, CA), and controlled memory wire in Hyflex 
instruments (Coltène/Whaledent Inc.). A number of instru-
mentation systems are also available that use a reciprocating 
motion to allow a high-taper instrument to be the only instru-
ment used for complete root canal preparation. Examples 
include the WaveOne system (DENTSPLY Tulsa Dental Spe-
cialties) and Adaptive Technology (SybronEndo). Although 
these single-instrument systems are efficient and safe to use, 
their efficacy in adequately debriding the root canal space, par-
ticularly the apical third of the canal, is still being examined.

It is currently accepted that the main function of root 
canal instrumentation is disruption of bacterial biofilm to 
enhance disinfection with antimicrobial irrigants, together 
with debridement and enlargement of the canal space to 
facilitate obturation. Sodium hypochlorite at concentra-
tions of 2.5 to 6% remains the disinfectant of choice during  
root canal preparation. Other agents such as 2% chlorhexi-
dine, Q-Mix (a combination of chlorhexidine and ethyl-
enediaminetetraacetic acid) or MTAD (DENTSPLY Tulsa 
Dental Specialties; a mixture of tetracycline analogue—or 
doxycycline, citric acid, and a detergent) disinfect the root 
canal and have substantivity because of their adherence to 
dentin. However, these irrigants either cannot be used with 
hypochlorite because of a chemical interaction (e.g., with 
chlorhexidine) or do not further enhance disinfection beyond 
what can be achieved with hypochlorite. Ethylenediaminetet-
raacetic acid alternating with hypochlorite aids in removal of 
a smear layer. Although the removal of the smear layer may 
enhance removal of debris and permeation of the tubules by 
medicaments or sealers, it is not clear whether it enhances 
cleaning to the point of improving healing outcomes.

Given the importance of root canal disinfection in enhanc-
ing the prognosis of endodontic treatment (discussed later), a 
number of systems have been developed to enhance the dis-
infection of the root canal space. First, it has long been recog-
nized that the depth of needle penetration during irrigation 
of the root canal is critical for the effectiveness of irrigation, 
as the irrigant only reaches the level of needle penetration. 
Therefore, it is always advantageous to use a needle with high 
gauge that can be introduced deep into the canal without 
binding. Clearly, there is a risk of introducing the irrigant 
beyond the apex in these cases, if the pressure increases at 
the apical extent. Therefore, a relatively recent innovation 
is the EndoVac (SybronEndo), a device that introduces the 
irrigant in the pulp chamber of the tooth and then uses a 
32-gauge needle introduced to the working length and nega-
tive pressure to suction the irrigant after passing through the 
canal system. One study showed that the use of the EndoVac 

resulted in less postoperative pain compared with irrigation 
with a traditional needle.25 However, another study showed 
no difference on residual canal cultivable bacteria between 
the EndoVac and traditional irrigation.26 Sonic irrigation and 
passive ultrasonic irrigation have also been used, in an attempt 
to push the irrigant into inaccessible areas with the aid of a 
vibrating instrument. Passive ultrasonic irrigation has shown 
better results in preclinical studies than sonic irrigation has. 
In addition, ultrasonic irrigation, in which the irrigation nee-
dle itself vibrates, has shown some preliminary effectiveness.

Many technologies that allow efficient and void-free 
obturation of the root canal have been introduced. Cur-
rently, many technologies that use thermoplasticized gutta 
percha are popular because of their speed and their ability 
to provide satisfactory results on postoperative evaluation. 
These systems include warm vertical compaction using Sys-
tem B (SybronEndo), followed by injection of thermoplas-
ticized gutta percha, such as with Obtura (Obtura Spartan 
Endodontics, Algonquin, IL) or Calamus (DENTSPLY 
Tulsa Dental Specialties), or carrier-based systems such as 
Thermafil or Guttacore (DENTSPLY Tulsa Dental Special-
ties). Wireless devices for heating and compacting gutta per-
cha are available that allow root canal obturation to be much 
more efficient than it was in the past. However, the general 
consensus currently is that there are no differences among 
the systems when it comes to outcomes of treatment, and 
that adequate use of sealer, adequate instrumentation and 
obturation of all canal systems present, and prompt restora-
tion of the tooth are all critical in enhancing the outcomes.

Management of Symptomatic Irreversible 
Pulpitis and Symptomatic Apical 
Periodontitis

Painful pulpal and periapical conditions are special situ-
ations in which rapid instrumentation of the root canal 
system is desirable on an emergency basis. In these cases, 
accurate diagnosis, effective anesthesia, and efficient end-
odontic technique are all desirable to achieve relief of symp-
toms and comfort of the patient.

Emergency treatment of teeth with symptomatic irrevers-
ible pulpitis is predicated on being able to adequately anesthe-
tize the patient. The typical cases in which traditional anesthetic 
techniques are insufficient to achieve profound pulpal anes-
thesia are cases with severe spontaneous pain, reproduced or 
exaggerated by thermal changes, and involving mandibular 
molars. In these cases, it has been shown that supplemental 
intraosseous anesthesia27,28 or supplemental buccal infiltration 
with 4% articaine,29,30 or both, are effective. Eventually, an 
intrapulpal injection under pressure, after warning the patient 
of the transient pain from the injection, is most effective.

The degree to which endodontic procedural steps have to 
be completed in an emergency visit depends on the pulpal 
and periapical diagnoses. In cases with symptomatic irre-
versible pulpitis and normal periapex, pulpotomy has been 
shown to be sufficient for effective management of the 
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emergency.31 However, in cases with symptomatic apical 
periodontitis, the entire pulp tissue needs to be debrided 
(necessitating that the working length for all canals be 
established), the occlusion of the tooth involved has to be 
adjusted, the canals should be medicated with antimicro-
bial medicament such as calcium hydroxide, and the patient 
should be prescribed systemic analgesics for 2 to 3 days. 
NSAIDs alternating with acetaminophen, with or without 
opiates, are effective medications for these patients.

For the patient with pulp necrosis and an acute apical 
abscess, the canals must be debrided to the entire working 
length, medicated, and temporized. The swelling must receive 
incision for drainage. If there is any indication of regional or 
systemic spread of the infection, then antibiotics and close 
monitoring are advised. β-Lactam antibiotics, especially amox-
icillin with clavulanic acid, are preferred for severe endodon-
tic infections.32,33 Clindamycin is the preferred antibiotic for 
patients who are allergic to penicillin, although its efficacy to 
cultivable endodontic bacteria is less than β-lactams.

For all patients undergoing nonsurgical endodontic treat-
ment, it is important to warn the patients about the potential 
for flare-ups after the initial treatment appointment. Flare-ups 
have traditionally been defined as postoperative pain or swell-
ing that necessitates an unscheduled appointment for man-
agement. The incidence of flare-ups increases significantly in 
patients with preoperative pain.34 Preoperative antibiotics do 
not appear to affect postoperative pain or the incidence of 
flare-ups,35 and they should only be prescribed therapeutically 
for patients with spreading infections as discussed earlier.

Contemporary Endodontic Surgery

Endodontic surgery is indicated for cases in which adequate 
non-surgical treatment had been performed, and/or com-
plex restorative work is present, and the tooth continues to 
have periapical pathosis, which may or may not be symp-
tomatic. The treatment planning process often considers the 
risks and benefits of root end surgery versus retreatment. 

The practitioner is frequently considering the causes of per-
sistent disease, and the quality and effectiveness of previous 
procedures in deciding whether surgery provides the best 
approach (Figure 10-6). Imaging with CBCT has facilitated 
decision making in many cases in which missed canals, per-
forations, precise locations of bone resorption, and com-
plex anatomic structures are better visualized. In addition, 
CBCT facilitates the planning of the surgery and identi-
fies with more accuracy the proximity of normal anatomic 
structures and depth of osteotomy. Root end resection and 
filling for maxillary and mandibular second molars remain 
difficult, because of the interference of the coronoid process 
and the thickness of the external oblique ridge, respectively. 
However, enhancements in technique and magnification 
allow many of these cases to be treated.

As noted, modern endodontic surgery involves the use of 
enhanced magnification, such as with the surgical operating 
microscope or the endoscope. This magnification together 
with the use of micromirrors and ultrasonic root end prepa-
ration instruments allow the operator to work through a 
much smaller osteotomy opening than was previously pos-
sible. These enhancements also allow the reduction of resec-
tion angle or bevel of the root, which presumably reduces the 
possibility of microbial microleakage through exposed den-
tinal tubules exposed by beveling. The ultrasonic tips easily 
connect multiple root canals in the same root, so that the 
resultant root end cavity connects possible accessory canals 
and isthmuses (see Figure 10-6). In addition, the advent of 
mineral trioxide aggregate (MTA) and other tricalcium sili-
cate cements has provided biocompatible, hydrophilic, and 
antimicrobial materials to seal the root end adequately.

Prognosis of Endodontic Treatment

Prognosis of Nonsurgical Treatment

Before embarking on the conservative management of pulpal 
and periapical infections through endodontic treatment, the 
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• Figure 10-6 A, Mandibular right first molar with previous root canal treatment and a sinus tract. The 
patient said that the tooth had been retreated twice in the past 20 years, but the infection persisted.  
B, Endodontic microsurgery with root end resection and filling with mineral trioxide aggregate. The root 
end cavity connected the two canals to seal the isthmus area in that root. C, Six-month follow-up in which 
the patient was asymptomatic. There are no sinus tracts and no abnormal probing, and the radiograph 
shows considerable bone regeneration.
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practitioner must have a good understanding of the prog-
nosis of such treatment. This prognosis is discussed with 
the patient in comparison with the prognoses of alternative 
treatments, such as tooth extraction with or without replace-
ment with a bridge or an implant. The clinical mandate of 
having an informed consent before treatment necessitates 
that the practitioner adequately describe the prognoses, 
rationale, and expectations of these alternative treatment 
modalities to the patient, and to seek consultation from 
specialists in different areas in cases of uncertainty.

Regarding nonsurgical endodontic treatment, the end-
odontic literature is clear on the importance of pulpal and 
periapical diagnosis in determining the prognosis of treat-
ment. Numerous studies have shown that endodontic treat-
ment of teeth with vital pulp (regardless of the degree of 
inflammation) has a successful outcome in over 90% of 
cases, whereas the successful outcome for teeth with pulp 
necrosis and apical periodontitis drops to 78 to 85%.36-38 
A similar distinction is also present between the prognosis 

of nonsurgical retreatment of teeth with and without api-
cal periodontitis.37,39 The size of the preoperative periapical 
lesion, the presence of a sinus tract, and symptoms are also 
critical in defining the prognosis of treatment,37,40 indi-
cating an apparent dose response between infection and 
prognosis.

It is thought that this reduction in prognosis related to 
the presence and extent of an infection with radiographically 
demonstrable bone loss is due to the establishment of bacte-
rial biofilms in cases with pulp necrosis (or previous end-
odontic treatment) with apical periodontitis. These biofilms 
are frequently present in areas of the root canal that might 
not be accessible with traditional instrumentation and irri-
gation. They can also be present at the apical extent of the 
root canal system, just outside the apical foramen or into 
the periapical lesion (Figure 10-7).41-43 Although it is well 
documented that bacteria invade periapical tissues and lead 
to acute and chronic abscess formation, the extent to which 
bacteria are present in primary asymptomatic periapical 
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• Figure 10-7 Extraradicular biofilm. A and B, Untreated mandibular canine with a destructive carious 
process. After extraction, calculus can be seen exclusively around the root apex. C, Section passing 
approximately at the center of the root canal. Calculus seems to fill the foramen (Taylor’s modified Brown 
and Brenn stain, original magnification ×25). D and E, Higher magnifications of the left and right calculus in 
(C) showing different bacterial concentrations. Inset shows a dense biofilm with predominantly filamentous 
forms at the outer layer of calculus (original magnification ×100; inset original magnification ×400). (From 
Siqueira JFJ, Rocas IN, Ricucci D: Biofilms in endodontic infection, Endodontic Topics 22:33-49, 2012.)
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lesions is a matter of great debate. However, studies have 
documented the presence of bacteria in asymptomatic peri-
apical lesions in a proportion of primary infections41, 44 and 
approximately half of all persistent infections.45 It is also 
known that in most cases with root canal infections the bac-
teria extend into the dentinal tubules to various extents. The 
significance of these tubular bacteria following adequate 
instrumentation and treatment of the main root canal sys-
tem is not well understood at this time.46,47

A number of studies have documented that the microbi-
ological status of previously infected root canal system after 
root canal instrumentation and before obturation is critical 
for determining the prognosis.48-50 It is generally considered 
that root canal instrumentation, with adequate preparation 
of the apical portion of the root canal system and effective 
antimicrobial irrigation all contribute to better outcomes 
through reduction of the microbial burden.51,52 Numerous 
cross-sectional studies have shown that cases with radio-
graphically adequate instrumentation and obturation, as 
well as adequate restorations, are less likely to be associated 
with periapical lesions.53,54 Likewise, cases with full coronal 
restorations following endodontic treatment are less likely 
to be extracted.55

It is important to note that the prognosis of endodon-
tic treatment generally indicates the absence of signs and 
symptoms of disease and complete radiographic healing of 
the lesion. If tooth survival in the mouth following end-
odontic treatment is the outcome to be measured, studies  
reveal higher percentages of success of 94 to 97%.56,57  
The reason for this is that most cases with persistent periapi-
cal lesions are asymptomatic, and many patients do not seek 
treatment for them.

Prognosis of Endodontic Surgery

The introduction of the technological and material innova-
tions described before have led to a dramatic improvement 
in the prognosis of endodontic surgery.58,59 As a result, some 
authors have referred to contemporary endodontic surgery 
as microsurgery to distinguish it from older techniques in 
which magnification, ultrasonics, and MTA were not used. 
The prognosis of contemporary endodontic surgery is likely 
greater than 90%. It is difficult to discern from the literature 
which of these innovations has contributed the most to the 
improvement in the prognosis. For example, randomized 
clinical trials of endodontic surgery with MTA versus the 
much older SuperEBA (zinc oxide and eugenol reinforced 
with an ethoxybenzoic acid resin) (Harry J. Bosworth Com-
pany, Skokie, IL) show no differences in outcomes.60 There-
fore, it is generally thought that the improved success rate 
is related to a smaller osteotomy size (presumably leading 
to faster healing), and a more precise technique related to 
better visibility and ultrasonic root end cavity preparation 
that follows the path of the root canal and includes sites not 
accessible with a nonsurgical approach.

Comparison between the use of endoscopes versus dental 
loupes on outcomes of endodontic surgery did not show 

significant differences.61 However, endoscopy at 64× magni-
fication appears to be more accurate in identifying root end 
cracks than microscopy at 16× and 24× magnification.62 It 
is common during endodontic surgery to use methylene 
blue to stain the root following sectioning to determine 
whether there is a vertical root fracture or any minor cracks 
in dentin. Recently, it has been shown that apical dentinal 
defects in the root play a significant role in the prognosis of 
endodontic surgery.63

Pulpal Infection in Immature Teeth

Pulp infection in immature teeth presents a difficult clinical 
situation. These conditions usually occur in children or ado-
lescents because of trauma, caries, or developmental defects. 
Traditional root canal disinfection and obturation proce-
dures are not feasible here, because of the absence of an 
apical matrix to protect against periapical irritation. Tooth 
extraction and replacement with a bridge or an implant is 
usually not recommended because of the age of the patient. 
Therefore, alternative therapies and methodologies have 
been and continue to be proposed for these cases.

When the pulp is still vital, pulp capping or partial 
pulpotomy is used to promote continued root formation 
and maturation. Even when the pulp is devitalized, such as 
after avulsion and immediate replantation or intentional 
transplantation of immature teeth, pulp revascularization 
occurs spontaneously and has a predictable outcome.64 
However, when the pulp becomes infected, a bacterial 
biofilm is established and a periapical lesion develops. 
This has to be recognized rapidly to save the tooth from 
rapid resorption (see Figure 10-4). Traditional apexifica-
tion procedures for these cases are aimed at disinfecting 
the root canals and placing calcium hydroxide for 18 to 
24 months, to produce a mineralized apical barrier against 
which gutta percha could be condensed. However, studies 
have shown that these procedures have low success rates,65 
presumably because long-term calcium hydroxide weak-
ens the dentin.66

MTA apexification (also known as apical barrier or plug) 
has been the technique of choice for these cases in the past 
15 to 20 years. This technique involves traditional root 
canal instrumentation and disinfection. This is followed by 
placement of an apical matrix, such as a collagen product, 
and condensing MTA over this matrix for a thickness of 3 
to 5 mm. This procedure is performed in one or two visits, 
without the need to wait for extended periods. Studies have 
shown that this technique has a reasonable degree of success 
that approaches that of traditional nonsurgical root canal 
treatment of teeth with preoperative infection.67,68

However, the fundamental problem of structural weak-
ness of immature teeth remains true with MTA apexifica-
tion procedures. Despite having good prognosis in the 
few years that follow the procedure, because the patients 
are young and are expected to keep these teeth for life, the 
risk of mechanical failure because of functional demands as 
the patient ages is high. Therefore, in the past decade, there 
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have been a large number of case reports, case series, and 
cohort studies attempting to disinfect the root canal in these 
cases with sodium hypochlorite and topical antibiotics, then 
induce a blood clot and cap it with MTA and restorative 
material (Figure 10-8).64,69,70 It is clear that the disinfection 
in these cases need to be at a higher level than with tradi-
tional root canal treatment, to avoid the growth of residual 
bacteria that can kill the developing tissue. However, hypo-
chlorite at high concentrations prevents the attachment of 
stem cells to dentin, and abrogates growth factors that are 
sequestered in dentin and are thought to aid in the regen-
erative process.71 Therefore, lower concentrations of hypo-
chlorite are advocated, and only in the first appointment. 
The antibiotics used are primarily a mixture of minocycline, 
ciprofloxacin, and metronidazole (known as triple antibiotic 
paste), first proposed by a group in Japan approximately 20 
years ago.72,73 Other antibiotics, such as double antibiotic 
paste (without minocycline to avoid tooth staining)74 or 

amoxicillin–clavulanate potassium,75 have also been pro-
posed. It has recently been shown that the antibiotic con-
centrations necessary to form a paste are highly toxic to 
the stem cells of the apical papilla, which are thought to 
be the progenitor cells that induce pulp revascularization.76 
Therefore, current research is focused on developing clini-
cal protocols that would maximize the antimicrobial effi-
cacy, while not interfering with the ability of the root canal 
environment to provide the proper niche for the developing 
vital tissue, which would promote root development and 
maturation.64

Endodontic Periodontal Infections

Endodontic and periodontal infections are frequently 
related in their pathogenesis, in the clinical presentation and 
in the prognosis of their treatment. It is generally accepted 
that there is a significant overlap of the microbiota present 
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• Figure 10-8 A, Adolescent patient with pulp necrosis and chronic apical abscess of both mandibular 
second premolars because of dens evaginatus. B, Regenerative endodontic procedure performed with 
triple antibiotic paste disinfection, copious irrigation with hypochlorite and ethylenediaminetetraacetic acid, 
and eventually induction of a blood clot that is covered with MTA and then a final restoration. C, Six-month 
follow-up showing reduction of the periapical lesion and continued maturation of the apex. D, One-year 
follow-up showing healed periapical lesion, lamina dura, and continued root development. The patient was 
asymptomatic and had no abnormal probing or any sinus tracts. (Courtesy Dr. Prashant Verma.)
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in the gingival sulcus and in the necrotic and infected pulp 
and periapical abscess.77,78 Cultivable bacteria such as Por-
phyromonas gingivalis, Prevotella intermedia, Tannerella for-
sythia, Treponema denticola, and Fusobacterium nucleatum 
are among the important gram-negative anaerobes that 
characterize both types of infections. In traumatic injuries, 
it is thought that the gingival sulcus is the source of bacteria 
that gain access to the devitalized pulp space and initiate 
the infection.79 This can occur through dentinal tubules 
(particularly if an exposed area of dentin has no cementum 
coverage), lateral canals, or the periodontal vasculature into 
the apical foramen.

Chronic periapical abscesses commonly drain through 
sinus tracts that develop in areas of least resistance from the 
source of the infection. Occasionally, this path is through 
the periodontal tissues, creating an isolated pocket or prob-
ing defect, related to a tooth that has pulp necrosis, or per-
sisting endodontic infection. This isolated pocket has very 
different characteristics from a pocket caused by periodon-
tal disease, in that it has a narrow base, is deep as it arises 
from the apical area and the rest of the sites in that tooth, 
and other teeth do not appear to be involved. This pocket is 
also frequently found in endodontically treated teeth with 
persistent infection because of a vertical root fracture, at the 
site of the fracture. This type of infection, which is com-
monly known as primary endodontic, secondary periodontal 
infection, responds favorably to the endodontic treatment, 
with the exception of vertical fractures in which the infec-
tion cannot be effectively eliminated. Primary periodontal, 
secondary endodontic infections can also present clinically 
in patients with extensive periodontal disease, in which the 
bacteria can directly invade the pulp from an apical route.80 
These cases usually have an unfavorable prognosis periodon-
tally, and so the status of the pulp is not important for the 
treatment plan.

Studies have also shown the close association between the 
outcome of endodontic treatment of teeth with preopera-
tive periapical lesions and the presence of periodontal dis-
ease.81-83 The mechanism of this association may be related 
to the similarity of virulent microorganisms between the 
two diseases in the same patients, and the possibility that 
bacteria can move more freely through the dentinal tubules 
of a nonvital tooth, because of the absence of dentinal fluid 
and pulpal immune response.84
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Infections of the Periodontium

The prevalence of periodontal diseases is common through-
out the world, affecting adults, adolescents, and children. 
Because of the significance of these diseases in the popula-
tion, early diagnosis and treatment are extremely important. 
Periodontal diseases are multifactorial and can have an acute 
or chronic inflammatory response. Chronic and acute infec-
tions of the periodontium are discussed.

Overview of Periodontal Anatomy

The periodontium is a complex structure composed of the 
gingiva, periodontal ligament (PDL), cementum, and alve-
olar bone (Figure 11-1). The primary functions of the peri-
odontium are to allow the tooth to be attached to the bone 
and to provide a barrier for the underlying structures from 
the oral microflora.

The gingival epithelium is composed of stratified squa-
mous epithelium, which is primarily orthokeratinized or 
parakeratinized. The gingiva covers the supracrestal root 
surface and the alveolar bone, and consists of epithelial and 
connective tissue components. The gingival (oral) epithe-
lium becomes the sulcular epithelium and junctional epi-
thelium as it lines the gingival sulcus near the tooth surface 
(enamel or cementum) and ultimately attaches to it with 
hemidesmosomes. The gingival sulcus is a shallow crevice 
that is bound apically by the coronal aspect of the junc-
tional epithelium, laterally by the sulcular epithelium, and 
medially by tooth surface, and superiorly exits into the oral 
cavity. The junctional epithelium is supported by the supra-
crestal connective tissue fibers of the gingiva.

These structures create an initial barrier between the 
bacterial plaque and the subepithelial components of the 
periodontium. Apically, the PDL (connective tissue attach-
ment) connects the root cementum to the alveolar bone, 
functionally supporting the tooth within the mandible or 
maxilla. The portions of the PDL fibers that are embedded 

in cementum and alveolar bone are called Sharpey’s fibers.1 
In addition to providing tooth support, the unique design 
of the periodontium allows for the distribution of the forces 
of mastication.

Microbiology of the Periodontium

Dental plaque is the primary etiology of the periodontal 
diseases gingivitis and periodontitis. It is a tooth and dental 
restoration adherent soft mass composed primarily of micro-
organisms and their extracellular matrix. Plaque has a biologi-
cally diverse, heterogeneous, organized structure that changes 
over time.2 When there is a significant accumulation of 
plaque, inflammation of the gingiva occurs, leading to gingi-
vitis that, if untreated, can progress to periodontitis.3-5 There 
is evidence to show that mechanical removal of this plaque 
reverses the inflammatory process in the gingival tissues.6,7

When an adult prophylaxis (tooth cleaning) for a peri-
odontally healthy patient is followed by a period of plaque 
accumulation of 21 days (i.e., an experimental gingivitis 
study), bacterial plaque is established on the tooth surface 
by successive colonization of bacterial species and “morpho-
types” in a specific, predictable manner.7 Early colonizers 
are predominated by gram-positive cocci and rods. Many 
of these organisms are facultative anaerobes. Examples are 
Streptococcus sanguis and Actinomyces naeslundii. These spe-
cies have the ability to attach to salivary proteins that adsorb 
to the tooth surface. Once these early colonizers attach to 
the teeth, other species in turn become part of the biofilm 
by attaching to species that preceded them in plaque accu-
mulation. This succession of species accumulation occurs on 
the basis of the ability of each species to attach to the spe-
cies that preceded it. When plaque accumulates, it forms 
a complex biofilm (Figure 11-2). In addition, as plaque 
accumulates, environmental factors such as oxygen tension 
and substrate availability vary. This is due in part to gingi-
val inflammation and ulceration of the sulcular epithelium. 
As plaque accumulation continues, gram-negative cocci, 
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filaments, rods (e.g., Prevotella intermedia, Fusobacterium 
nucleatum, Campylobacter rectus, Porphyromonas gingivalis, 
Tannerella forsythia), and finally spirochetes (e.g., Treponema 
denticola) become part of the tooth-associated plaque or 
biofilm. These latter bacteria include obligate anaerobes and 
motile bacteria. The predominant bacterial species found in 
the tooth-associated plaque for different periodontal diag-
noses are summarized in Box 11-1. (For each periodontal 

diagnosis, the list is in order of prevalence with the most 
frequently found organisms at the top of each column.)

The bacterial species that compose the naturally occur-
ring tooth-associated biofilm are highly variable when 
comparing different subjects. It is dependent on the level 
of oral hygiene and the genetic make-up of the host. There 
has been extensive research characterizing the species resid-
ing in the plaque biofilm in healthy individuals, patients 
with varying degrees of gingivitis, chronic periodontitis, 
and aggressive periodontitis. Methods to identify bacterial 
species include culturing and characterizing each species by 
metabolic means,8 immunofluorescence, DNA probes,9,10 
and polymerase chain reaction of 16s rRNA.11,12 Cultural 
methods have identified approximately 500 species associ-
ated with gingivitis and periodontitis; however, this count is 
limited to the organisms that can be cultivated in the labo-
ratory.8 Through polymerase chain reaction it has been esti-
mated that more than 700 species may exist in the biofilm 
associated with teeth.11,12

Many of the species identified by polymerase chain reac-
tion have not been described and studied, because they 
are uncultivable and therefore little is known about them. 
There is considerable debate regarding which of these spe-
cies might be considered pathogenic or the etiologic agents 
of periodontitis. Although some investigators believe that 
certain bacterial species are largely responsible for peri-
odontal destruction found in periodontitis, a consensus is 
developing that plaque bacteria are necessary, but not suf-
ficient to cause periodontal attachment loss. There may 
be direct effects of periodontitis-associated bacteria on the 
periodontium; however, it seems likely, as will be discussed 
below, that periodontitis is primarily the result of immu-
nopathology.13 In all individuals, plaque accumulation will 
result in gingivitis. Some patients will only have gingivitis. 
Others, where there is a dysregulation of the immune sys-
tem, have destruction of their own tissues. It is likely that 
many bacterial species, especially those more associated 
with disease (e.g., gram-negative obligate anaerobes, motile 
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• Figure 11-1 Healthy periodontium. A, Cross-sectional illustration 
of healthy gingiva. B, Healthy gingiva. (A, From Rose LF, Mealey BL,  
Genco RJ, et  al: Periodontics: medicine, surgery and implants,  
St. Louis, 2004, Mosby.)

• Figure 11-2 Established plaque biofilm. E, Enamel surface. (Modified 
from Listgarten M: Structure of the microbial flora associated with peri-
odontal health and disease in man. A light and electron microscopic 
study, J Periodontol 47:1-18, 1976.)
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Health Gingivitis Chronic Periodontitis

Localized 
Aggressive 
Periodontitis

Generalized 
Aggressive 
Periodontitis

A. naeslundii A. naeslundii Eubacterium DO6 E. nucleatum A. naeslundii
S. sanguis E. nucleatum A. naeslundii E. nodatum E. nucleatum
K. parvula K. parvula E. nucleatum E. timidum S. sanguis
E. nucleatum S. sanguis E. nodatum A. naeslundii P. micros
S. oralis C. ochracea C. rectus L. uli B. gracilis
S. intermedius A. israelii V. parvula P. micros C. concisus
Actinomyces 

serotype 963
C. gingivalis L. uli Eubacterium 

DO6
E. timidum

P. micros C. sputigena S. oralis P. intermedia S. oralis
Streptococcus 

DO6
S. noxia E. timidum S. intermedius L. uli

G. morbillorum C. rectus P. micros Streptococcus 
D39

S. sputigena

C. ochracea B. gracilis P. oris P. denticola S. intermedius
H. segnis P. nigrescens E. alocis L. rimae A. odontolyticus
H. parainfluenzae S. oralis L. rimae E. brachy L. rimae
S. epidermidis E. brachy Actinomyces serotype 963 E. alocis E. nodatum
C. gingivalis S. mitis P. denticola P. oris V. parvula
C. rectus E. timidum P. anaerobius ID V. parvula P. nigrescens
B. gracilis G. morbillorum E. saphenum S. noxia E. alocis
A. odontolyticus O. catoniae A. odontolyticus P. acnes C. ochracea
P. acnes P. acnes A. actinomycetemcomitans P. avidum C. rectus
P. denticola H. segnis A. meyeri E. saphenum P. gingivalis
E. timidum C. concisus Prevotella M1 A. israelii V. atypica
Facultative  

gram-negative 
rod D24

A. odontolyticus P. intermedia C. ochracea A. israelii

S. noxia S. sputigena S. sanguis S. sputigena P. anaerobius ID
S. faecium L. buccalis E. brachy E. alactolyticum A. gerencseriae
Facultative  

gram-positive 
coccus D40

Actinomyces B. gracilis B. gracilis E. saphenum

A. meyeri A. meyeri P. oralis C. rectus P. anaerobius I1
S. warneri E. yurii C. ochracea P. nigrescens G. morbillorum
E. saburreum S. infelix P. gingivalis P. anaerobius I1 S. infelix
Leptotrichia D16 S. flueggei S. noxia P. anaerobius ID E. alactolyticum

E. alocis P. nigrescens P. buccae P. denticola
E. saphenum D. pneumosintes A. meyeri A. meyeri
C. curvus P. anaerobius I1 C. curvus S. mutans
P. oris P. acnes S. parvulus E. brachy
P. micros A. israelii Campylobacter X C. sputigena
L. rimae P. melaninogenica S. mitis B. dentium
Facultative 

serotype 963 
gram-positive 
coccus D40

S. intermedius S. parasanguinis C. gingivalis

E. nodatum G. morbillorum D. pneumosintes P. loescheii
Campylobacter 

X
Campylobacter X A. gerencseriae Eubacterium D33

K. atypica S. sputigena P. tannerae Actinomyces DO1

 •BOX 11-1   Predominant Bacterial Species Found in Tooth-Associated Plaque

Continued
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bacteria, spirochetes), are more likely to elicit dysregulated 
immune responses that result in tissue destruction in some 
individuals.

When excellent oral hygiene is observed, bacterial plaque 
accumulation is at a low level and is largely removed each day 
through brushing and flossing. In this case, tooth-associated 
bacterial plaque is composed mostly of the initial coloniz-
ers described previously. This level of hygiene is, however, 
uncommon in humans. Most humans have a plaque biofilm 
that is well established. The biofilm is, in many individuals, 
only significantly disrupted during professional care (i.e., 
periodic adult prophylaxis or scaling and root planing based 
on the patient’s need). Consequently, gingivitis at varying 
levels of severity is almost universal among humans, and a 
substantial proportion of these individuals also have peri-
odontitis in which a portion of the periodontal tissues sup-
porting the teeth (i.e., connective tissue and alveolar bone) 
has been lost.14

Recently, it has been suggested that viruses play a role in 
the etiology and advancement of periodontal disease.15,16 
Some investigators have found an association between her-
pesviruses, especially cytomegalovirus and Epstein-Barr virus, 
and periodontitis. They hypothesize that coinfection of the 
periodontium with these viruses and periodontitis-associated 
bacteria may be important in the etiology of this disease.

The periodontal status of HIV patients has been exam-
ined.17 Treatment of periodontal diseases in these individuals 
has been reviewed.18 The prevalence, severity, and charac-
teristics of gingivitis and periodontitis in these patients 
appear to be no different than in HIV-negative controls.17 
A small proportion of HIV-positive individuals have the 
unique periodontal diseases, HIV-associated gingivitis and 
HIV-associated periodontitis.18 These diseases have many 
of the characteristics of necrotizing ulcerative periodontal 
diseases (discussed later) that often include Candida albicans 
in the associated plaque biofilm. The bacteria in the more 
typical gingivitis and periodontitis found in HIV-infected 
individuals has been studied and was found to be similar 
to that found in HIV-negative subjects.19 Only 10% of the 
subjects studied had significant amounts of yeasts in their 

periodontal microflora. The HIV-positive group had a sig-
nificant elevation in Mycoplasma salivarium among isolates 
from their dental plaque as compared with control HIV-
negative subjects.19

Chronic Infections of the Periodontium

Chronic periodontal infections are common and include 
plaque-induced gingivitis and several forms of periodontitis. 
Plaque-induced gingival inflammation or gingivitis is almost 
universal in humans. A large proportion of humans have 
periodontitis in addition to gingivitis. These diseases are usu-
ally asymptomatic and are often only detected by a dental 
professional during a routine examination. Gingivitis is com-
pletely reversible with professional debridement of the teeth 
and improved oral hygiene measures. In contrast, periodon-
titis results in permanent destruction of connective tissue 
and bone that support the teeth, and it can result ultimately 
in tooth loss if left untreated. The tissue destruction usually 
occurs slowly over a long period of time, although there can 
be short periods of more rapid destruction. As periodontitis is 
usually asymptomatic, regular routine periodontal examina-
tion is important to allow for early detection and treatment to 
avoid permanent loss of periodontal tissues.

Plaque-Induced Gingivitis

In health, histologically, the subepithelial connective tissue 
in the gingiva contains dense connective tissue fiber bundles 
called gingival fibers. Some of these fibers insert by Sharp-
ey’s fibers into the coronal aspect of the tooth root just api-
cal to the cementoenamel junction (CEJ). This establishes 
the connective tissue attachment of the gingiva to the tooth. 
The junctional epithelium attaches to the tooth just coronal 
to the gingival fibers by hemidesmosomes. The epithelial 
attachment is to tooth enamel just coronal to the CEJ (see 
Figure 11-1). There is a normal level of vascular supply to 
these tissues and minimal numbers of immune cells (i.e., 
neutrophils, macrophage, lymphocytes, plasma cells). Clini-
cally healthy gingiva is pink in color, can have physiologic 

Health Gingivitis Chronic Periodontitis

Localized 
Aggressive 
Periodontitis

Generalized 
Aggressive 
Periodontitis

S. capitis E. alactolyticum S. oralis S. mitis
N. mucosa B. capillosus P. gingivalis E. yurii
Bacillus DO6 Streptococcus SM S. noxia
P. propionicum Eubacterium D13
B. forsythus A. georgiae
P. denticola D. pneumosintes
Prevotella DlC20 P. intermedia

Bifidobacterium D02A

Adapted from Moore LVH, Moore WEC: The bacteria of periodontal diseases, Periodontol 2000 5:66-77, 1994.

 •BOX 11-1   Predominant Bacterial Species Found in Tooth-Associated Plaque—cont’d
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pigmentation, has a firm consistency, and has normal tis-
sue contours. A periodontal examination with a periodontal 
probe to measure the position of the gingival and epithelial 
attachment finds that the probe stops within the gingival 
sulcus on enamel at the junctional epithelium at or coronal 
to the CEJ. In some instances, the probe may penetrate into 
the junctional epithelium (see Figure 11-4). The sulcular 
epithelium lining the gingival sulcus is intact, and there is 
no bleeding on probing.

As described earlier, plaque accumulation results in gin-
gival inflammation or gingivitis at varying levels of severity 
dependent on the amount of plaque and the host’s inher-
ent tendency to mount an innate inflammatory immune 
response. All humans with plaque accumulation will have 
gingivitis, but the magnitude of the gingival inflammation 
for a given amount of plaque varies between individuals based 
on genetic, systemic (e.g., diabetes, varying gonadotrophic 
hormone levels in puberty or the menstrual cycle), and envi-
ronmental (e.g., smoking, poorly contoured dental restora-
tions, dental calculus) influences. Histologically, the gingival 
inflammation results in a decrease in the density of the gingi-
val connective tissue fibers. There is an increase in vascularity 
of the gingival tissues. In addition, there is vasodilation and 
an increase in vascular permeability. This results in edema 
within the gingival tissues. The sulcular epithelium becomes 
ulcerated and rete pegs that normally extend only modestly 
into the subepithelial connective tissue are elongated as epi-
thelial basal cells proliferate into the connective tissue. The 
subepithelial connective tissue is infiltrated with immune 
cells that include neutrophils, macrophages, lymphocytes, 
and plasma cells. The plasma cell is the most numerous of 
these cells. Clinically, the gingiva is red to magenta in color, 
has an edematous consistency, and has gingival enlargement 
with changes in the gingival contour (Figure 11-3). A peri-
odontal examination with a periodontal probe to measure 
the position of the epithelial and gingival connective tissue 
attachment finds that the probe often penetrates the junc-
tional epithelium and perhaps the gingival connective tissue 
(Figure 11-4), because of the ulceration of the epithelium, 
decrease in connective tissue density, and edema found in 
gingivitis. The connective tissue attachment is, however, 
still at the level of the CEJ, and there is no connective tissue 
attachment loss. The sulcular epithelium lining the gingival 
sulcus is ulcerated, and there may be bleeding on probing.

Periodontitis

In the presence of plaque-induced gingivitis, some indi-
viduals have periodontitis that results in detachment of 
gingival connective fibers apical to the CEJ, alveolar bone 
loss, and detachment of PDL fibers that connect the tooth 
root to the alveolar bone. The extent of this destruction can 
involve only a few or all teeth and can be slight, moder-
ate, or severe depending on the amount of attachment loss. 
It is clear that some humans are susceptible to destructive 
 periodontitis while others are resistant. There are likely 
genetic and environmental components to susceptibility.13,20  

The genetic component may likely be related to an inherited 
tendency to dysregulation of the host response to the bac-
terial plaque residing in the gingival crevice.13,20-23 Clini-
cally the appearance of the gingiva will be the same as in 
gingivitis. The gingival margin may be in the same position 
as seen with gingivitis, or there may be gingival recession 
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• Figure 11-3 Gingivitis. A, Cross-sectional illustration of gingivitis.  
B, Gingivitis. (A, From Rose LF, Mealey BL, Genco RJ, et al: Periodon-
tics: medicine, surgery and implants, St. Louis, 2004, Mosby. B, From 
Neville BW, Damm DD, Allen CM: Oral and maxillofacial pathology, ed 3,  
St. Louis, 2009, Saunders.)
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A B

• Figure 11-4 Periodontal probing in health, gingivitis, and periodonti-
tis. A, Probing in healthy or gingivitis site. B, Probing periodontitis site. 
(From Newman MG, Takei HH, Klokkevold PR, et al: Carranza’s clinical 
periodontology, ed 12, St. Louis, 2015, Saunders.)

or interproximal blunting of papilla (Figure 11-5). A peri-
odontal examination with a periodontal probe to measure 
the position of the gingival and epithelial attachment finds 
that the probe terminates at a point apical to the CEJ, as 
there has been detachment of gingival and PDL fibers and 
alveolar bone loss (see Figure 11-4). There may be radio-
graphic evidence of alveolar bone loss (see Figure 11-5).

Periodontitis includes three types of disease: chronic 
periodontitis, aggressive periodontitis, and periodontitis as 
a manifestation of systemic diseases.24

Chronic periodontitis can occur at any age after eruption 
of the permanent dentition, but it typically has an onset in 
early adulthood or older. While it can have periods of more 
rapid attachment loss and periods of stability, the rate of 
destruction of periodontal attachment and alveolar bone is 
relatively slow. There is evidence of substantial heritability 
of chronic periodontitis that is estimated at 50%.25

Aggressive periodontitis also can occur at any age and 
exhibits a rapid rate of attachment loss. It usually has a cir-
cumpubertal onset and results in severe periodontal destruc-
tion during adolescence and early adulthood. Aggressive 
periodontitis is often familial, and the pattern of expression 
in families with this disease is consistent with an autoso-
mal dominant gene of major effect.20,26 It has a generalized 
and localized pattern of destruction that can occur among 
siblings in the same family. It has been suggested by some 
investigators that aggressive periodontitis has a unique 

bacterial etiology dominated by Aggregatibacter actinomy-
cetemcomitans.27 Others have not found a statistical dif-
ference in the bacterial species found in the dental plaque 
associated with gingivitis, chronic periodontitis, and aggres-
sive periodontitis.8

Periodontitis as a manifestation of systemic diseases is a 
group of rare diseases associated with Mendelian conditions 
in which the gene mutation or defect is known. Examples 
include Papillon-Lefèvre syndrome, leukocyte adhesion 
deficiency, cyclic neutropenia, and Ehlers-Danlos syn-
drome.24,28 The genetic defects affect phagocyte function, 
immune regulation, or connective tissue metabolism. These 
patients typically have severe periodontitis that begins with 
the primary dentition and progresses rapidly.28 Unlike other 
forms of periodontitis in which nonoral diseases do not 
occur concomitant with periodontitis, these patients often 
exhibit difficulty in managing bacterial infections at other 
anatomic locations. Treatment is typically unsuccessful in 
maintaining the natural dentition for these individuals.

Etiology of Periodontal Diseases

The pathogenesis of periodontal disease is multifactorial 
and complex. The host response to periodontitis-associated 
organisms is largely successful in confining the bacteria of the 
tooth-associated biofilm to the gingival sulcus or periodon-
titis lesion. In contrast to acute bacterial infections in which 
the infection is resolved as the immune response clears the 
pathogen from host tissues, bacterial plaque persists on the 
tooth surface despite innate and adaptive immunity. This 
persistence results in persistent chronic inflammation in 
the periodontal tissues that in some patients is exaggerated, 
resulting in destruction of the connective tissue attachment 
and alveolar bone supporting the teeth (i.e., periodontitis), 
and in others only results in gingival inflammation without 
attachment loss (i.e., gingivitis). It appears that the tooth-
associated bacterial plaque is necessary but not sufficient to 
cause periodontitis in all individuals.13,20-23

As discussed in Chapter 1, several immune mechanisms 
act as part of innate immunity in response to the pres-
ence of bacteria and other microorganisms in tissues of the 
body. Pathogen-associated molecular patterns (PAMPs) that 
include many molecules unique to pathogens are recognized 
by pattern recognition receptors (PRRs). Examples of PRRs 
include Toll-like receptors (TLRs), nucleotide-binding 
oligomerization domain (NOD)-like receptors (NLRs), ret-
inoic acid-inducible gene 1 (RIG-1)-like receptors (RLR), 
and the FMLP receptor. They are found on many cell types 
and include macrophage, neutrophils, fibroblasts, epithe-
lial cells, endothelial cells, and dendritic cells, all of which 
are found in the periodontium. As the receptors on these 
cells are engaged by PAMPs, signal transduction from these 
receptors results in gene expression of proinflammatory 
cytokines. These cytokines include tumor necrosis factor-α 
(TNF-α), type I interferons, interleukin (IL)-1, IL-6, IL-8, 
and IL-12. These cytokines activate phagocytes, recruit 
phagocytes to sites of infection, increase the resistance of cells 
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• Figure 11-5 Periodontitis. A, Cross-sectional illustration of periodontitis. B, Periodontitis. (A, From Rose 
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to viral infection, activate natural killer cells, and support 
the development of adaptive immunity for the pathogen. 
In addition, complement proteins are activated as described  
in Chapter 1. Complement proteins elaborated in this pro-
cess such as C3a, C3b, and C5a also serve as chemoattrac-
tants, opsonins, and promote vasodilation and an increase 
in vascular permeability. Lipid mediators (i.e., arachidonic 
acid metabolites) such as prostaglandins and leukotrienes 
are also released by macrophages and are proinflammatory.

As the plaque bacteria are not cleared by innate immu-
nity and persist in the periodontal lesion, adaptive immune 
responses occur that are specific for plaque bacteria. Adap-
tive immune responses are highly regulated, in part to 
prevent autoimmunity but also to help resolve a robust 
immune response once the pathogen is cleared. This is 
largely at the level of the T helper cell subsets as described 
in Chapter 1. The T helper cell subsets work in concert 
with one another to orchestrate an immune response that 
is tailored to the specific infection (e.g., bacterial, viral, 
extracellular, intracellular). To regulate the response to an 
infection, a particular T helper cell subset may dominate 
the response. In periodontitis, for example, a response 
might be dominated by the Th17 T helper cell subset and 
may promote inflammation, continued excessive recruit-
ment of phagocytic cells to the periodontal tissues, and 
osteoclast activity through production of IL-17, IL-21, 
IL-26, TNF-α, and RANKL.23

Although not completely understood, emerging evidence 
suggests that the immunoregulatory process in periodontitis 
patients may be different than that of patients with only gin-
givitis and represents dysregulation of the immune response 
that results in destruction of periodontal connective tissue 
attachment and alveolar bone.13,20-23

Treatment Approaches for Gingivitis and 
Periodontitis

Details of appropriate care for patients with gingivitis and 
periodontitis have been reviewed in detail in an American 
Academy of Periodontology position paper.29 A brief discus-
sion of this topic follows.

The treatment of gingivitis and periodontitis begins with 
removing dental plaque and calcified deposits or calculus, 
which is dental plaque that has become calcified and there-
fore more difficult to remove. This is accomplished with 
professional debridement of the tooth surfaces (i.e., scaling 
or scaling and root planing as appropriate) and oral hygiene 
instruction to help improve effectiveness of the patient’s 
home care through improved tooth brushing and inter-
proximal tooth cleaning with floss. For patients with gingi-
vitis, this is typically all the treatment that is needed. Some 
patients with slight periodontitis may also only need this 
relatively limited care. If so, the patient is placed in an oral 
health maintenance program for which professional dental 
visits are completed at an interval appropriate for the indi-
vidual patient’s needs.

Treatment of more severe periodontitis may require 
additional therapy to achieve periodontal health. Initial 
periodontal therapy may include systemic or local deliv-
ery antibiotics in addition to the care described above. 
For many patients with a diagnosis of periodontitis, surgi-
cal therapy with flap access to the tooth root surfaces is 
needed to allow effective debridement. Osseous resection 
may be completed during the surgery, allowing for greater 
pocket reduction to facilitate future maintenance care. 
In some cases, pocket reduction can instead be achieved 
by regenerative surgical procedures that use techniques, 
devices, materials, and biologics that serve to promote 
healing that may regenerate periodontal tissues lost to the 
disease process.29

Regardless of the type of active therapy used to achieve 
periodontal health, the long-term outcome of care is largely 
dependent on compliance with the periodontal mainte-
nance program planned for the patient.

Acute Infections of the Periodontium

Acute periodontal infections are clinical conditions of rapid 
onset that involve the periodontium or associated structures 
and may be characterized by pain or discomfort. They may 
or may not be related to the underlying chronic conditions 
of gingivitis or periodontitis. They may be localized or gen-
eralized, with possible systemic manifestations. Although 
less common than chronic periodontal infections, such as 
gingivitis and periodontitis, acute periodontal infections 
are commonly encountered in oral health care practice and 
are much more likely to result in patients seeking urgent 
care than chronic conditions are. Acute infections must be 
treated promptly as they can be rapidly destructive to the 
periodontal attachment and supporting bone and treatment 
must be focused on the microbial etiology, most commonly 
bacterial or viral. Once the acute infection is resolved, it 
is important for the clinician to address any underlying 
chronic disease that may be present.

Abscesses of the Periodontium

A periodontal abscess is a localized purulent infection of 
the periodontal tissues that can be a common finding in 
patients with moderate to severe chronic periodontitis. 
Abscesses of the periodontium are classified by the tissue 
location. Gingival abscesses are localized to the marginal 
gingival and interdental papilla. Periodontal abscesses, 
perhaps the most common, are localized within the tis-
sues adjacent to the periodontal pocket and may involve 
the periodontal ligament and adjacent alveolar bone. 
Pericoronal abscesses develop within the soft tissues cov-
ering a partially erupted tooth, most commonly the third 
molars (i.e., wisdom teeth).30 An abscessed area can man-
ifest the following signs and symptoms: swelling, sup-
puration, or visible redness of the soft tissue, extrusion 
or loosening, and tenderness to even slight percussion of 
the tooth involved.
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Gingival Abscess
A gingival abscess is a localized, painful, rapidly expanding 
lesion involving the marginal gingiva or interdental papilla, 
often in a previously disease-free area (Figure 11-6). The 
most common etiologic factor associated with a gingival 
abscess is impaction of a foreign body, such as a popcorn 
hull, toothbrush bristle, or shell fragments from shellfish.31 
Initially, the abscess appears as a red swelling with a smooth, 
shiny surface. Within 24 to 48 hours, the lesion is usually 
fluctuant and pointed, with a surface orifice from which a 
purulent exudate may be expressed. If permitted to prog-
ress, the lesion generally ruptures spontaneously. Symptoms 
can include pulpal hypersensitivity.31 Diagnosis of a gingival 
abscess is derived by the clinical examination of the affected 
site, patient report of symptoms, and a thorough history 
of the present illness. Treatment of the gingival abscess 
includes removal of the foreign body by local debridement, 
drainage through the gingival sulcus, and in some cases inci-
sion and drainage of the abscess. Resolution of the gingi-
val abscess often occurs within 24 to 48 hours of effective 
treatment.32,33

Periodontal Abscess
The periodontal abscess is a localized purulent infection 
within the tissues adjacent to the periodontal pocket that 
can lead to the rapid destruction of the periodontal liga-
ment and alveolar bone (Figure 11-7). Clinical features can 
include the following signs and symptoms: a smooth, shiny 
swelling of the gingiva; pain, with the area of swelling ten-
der to touch; a purulent exudate; and an increase in probing 
depth. The involved tooth may be sensitive to percussion 
and may be mobile.

Etiologic factors that can result in abscess formation 
include bacterial plaque, soft tissue occlusion of the peri-
odontal pocket orifice after incomplete scaling and root 
planing, teeth with advanced furcation involvement, ana-
tomic tooth factors such as root grooves, the use of systemic 
antibiotics, endodontically involved teeth, and diabetes. It 
has been suggested that closure of the periodontal pocket 

orifice and change in the pocket microflora can lead to 
an extension of the infection into the surrounding peri-
odontal tissues.34-36 Others have noted that treatment 
with systemic antibiotics in the absence of scaling and root 
planing in a patient with severe periodontitis may favor 
periodontal abscess formation.37-39 Although a periodon-
tal abscess commonly appears in a patient with preexisting 
periodontal disease, a periodontal abscess can occur in a 
site that does not have a history of chronic periodontitis. 
It can occur in patients with untreated periodontitis, dur-
ing scaling and root planing, and during periodontal main-
tenance.40,41 Patients with chronic periodontitis may be 
unaware of the disease but will often see the dentist when 
they have an acute exacerbation associated with an abscess 
and pain. Teeth with advanced furcation involvement, 
teeth with anatomical variations, and teeth with a previous 
history of a periodontal abscess may be at higher risk.42,43 
Similar to the gingival abscess, a foreign body impaction 
has been associated with development of the periodontal 
abscess.

Diagnosis of the periodontal abscess can be challenging, 
because the clinical presentation can be similar to teeth with 
pulpal disease, teeth with pulpal and periodontal disease, 
and teeth with vertical root fracture. Determination of the 
diagnosis should include careful examination of the affected 
site to include probing, determination of attachment loss, 
palpation, percussion, assessment of the pulpal status, deter-
mination of mobility, and proper radiographic evaluation.

The goal of therapy for a periodontal abscess is elimina-
tion of the acute signs and symptoms as soon as possible. 
Treatment considerations include establishing drainage by 
debriding the pocket and removing plaque, calculus, and 
other irritants, and possibly incising the abscess. Other 
treatments can include irrigation of the pocket with an 
antimicrobial, limited occlusal adjustment, administration 
of antimicrobials, and management of patient comfort. A 
surgical procedure for access for debridement may be con-
sidered. If the involved tooth has advanced attachment and 
bone loss and is deemed hopeless, then extraction of the 

• Figure 11-6 Gingival abscess. (From Newman MG, Takei HH,  
Klokkevold PR, et  al: Carranza’s clinical periodontology, ed 12,  
St. Louis, 2015, Saunders.)

• Figure 11-7 Periodontal abscess. (From Newman MG, Takei HH,  
Klokkevold PR, et  al: Carranza’s clinical periodontology, ed 12,  
St. Louis, 2015, Saunders.)
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tooth would be indicated. A comprehensive periodontal 
evaluation should follow resolution of the acute condition 
given the likelihood of underlying chronic periodontitis.

The use of systemic antibiotics may be indicated when 
there are signs of systemic involvement and if complete 
drainage cannot be established. The duration and type 
of antibiotic that is selected can vary because periodontal 
abscesses have a mixed bacterial flora; however, an antibiotic 
from the penicillin family is empirically the drug of choice, 
whereas tetracyclines and metronidazole have also been 
advocated.44

Pericoronal Abscess (Pericoronitis)
The pericoronal abscess is a localized purulent infection 
within the soft tissues surrounding the crown of a partially 
erupted tooth (Figure 11-8). This abscess is most commonly 
associated with a partially erupted mandibular third molar 
in which case the operculum, a flap of soft tissue covering 
a portion of the crown of the tooth, becomes infected. The 
gingival tissue surrounding the partially erupted mandibu-
lar third molar is often red, swollen, and painful to palpa-
tion or manipulation. In addition, the patient may exhibit 
suppuration, trismus, fever, malaise, or lymphadenopathy.45 
Pain can be compounded when the opposing maxillary 
third molar occludes on the operculum, causing trauma to 
the already inflamed tissue. The bacteria associated with this 
type of abscess are primarily anaerobic, and spirochetes are 
often present. The infection is commonly found in younger 
patients, corresponding with the timing of eruption of the 
third molars.46 Evaluation of the pericoronal abscess should 
include determination of attachment loss, palpation, per-
cussion, and the presence of suppuration; assessment of the 
pulpal status of adjacent teeth; determination of mobility; 
and a radiographic evaluation. The characteristic localiza-
tion of the abscess to the mandibular third molar and on 
occasion the mandibular second molar, aids in determining 
a diagnosis. Treatment of a pericoronal abscess may include 

the use of analgesics, antibiotic therapy, irrigation or gentle 
debridement, and extraction of the opposing third molar if 
it is impinging on the operculum covering the mandibu-
lar third molar. Once the acute phase of the infection has 
been controlled, the definitive treatment is often extraction 
of the involved third molar, if normal eruption is deemed 
unlikely. This determination requires a careful analysis 
of arch space limitations and angulation of the involved 
third molar. Recurrence of the infection is common if the 
underlying cause is not resolved. Alternative treatment may 
include soft tissue exposure of the partially erupted tooth, if 
position and arch space are considered adequate; however, 
underlying tooth position can lead to recurrence of soft tis-
sue hypertrophy and reinfection.

Necrotizing Periodontal Diseases

Necrotizing periodontal diseases are unique in their clini-
cal presentation and course. Data suggest that the etiology 
and pathogenesis of necrotizing periodontal diseases may 
also be distinctive from other periodontal diseases. Nec-
rotizing ulcerative gingivitis (NUG) is a type of necrotiz-
ing periodontal disease in which the necrosis is limited to 
the gingival tissues and necrotizing ulcerative periodontitis 
(NUP) includes clinical attachment loss and involvement of 
the alveolar bone.

Necrotizing Ulcerative Gingivitis
Necrotizing ulcerative gingivitis has an acute clinical presen-
tation with the distinctive characteristics of rapid onset of gin-
gival pain, interdental gingival necrosis commonly referred 
to as “punched-out” papillae, and bleeding (Figure 11-9). 
The ulcerated and necrotic papillary and marginal gingiva 
may be covered by a yellowish-white or grayish slough, or 
pseudomembrane. Pain, often intense and of sudden onset, 

• Figure 11-8 Pericoronal abscess. (From Convissar RA: Principles 
and practice of laser dentistry, ed 2, St. Louis, 2016, Mosby.) • Figure 11-9 Necrotizing ulcerative gingivitis.
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• Figure 11-10 Necrotizing ulcerative periodontitis.

is a critical diagnostic finding because it is rare with plaque-
induced gingivitis and chronic periodontitis. This condition 
has also been known as Vincent disease, trench mouth, and 
acute necrotizing ulcerative gingivitis.47 The onset of NUG 
has been associated with preexisting gingivitis, tissue trauma, 
increased psychological stress, immunosuppression, tobacco 
smoking, and malnutrition. Acute psychological stress in par-
ticular appears to be a predisposing factor and can contrib-
ute to poor eating habits, increased smoking, and poor oral 
hygiene. Other signs and symptoms in more severe cases can 
include fetid breath odor, fever, lymphadenopathy, and gen-
eral malaise. Loss of attachment and bone are rare in NUG, 
but may be associated with multiple episodes over time or 
NUG may be superimposed upon existing periodontitis.

NUG is an infectious disease most associated with a 
fusiform-spirochete bacterial flora. Four zones have been 
described with the gingival lesion:
 1.  Bacterial zone: large mass of bacteria of varying mor-

photypes
 2.  Neutrophil-rich zone: leukocytes with neutrophils 

and many spirochetes between the cells
 3.  Necrotic zone: disintegrating cells and many spiro-

chetes and fusiform bacteria
 4.  Spirochetal infiltration zone: tissue elements well 

preserved but with infiltrating spirochetes and cocci 
and rods in adjacent nonnecrotic connective tissue 
regions48

Microbiologic studies have demonstrated the presence of an 
anaerobic microflora consisting of Treponema and Selenomo-
nas species, Fusobacterium nucleatum, Prevotella intermedia, 
and Porphyromonas gingivalis. NUG is not considered to be 
communicable.49

Immunosuppression can lead to a depression of neutro-
phil function, including chemotaxis, phagocytic activity, 
and bactericidal abilities. In addition, altered lymphocyte 
function and lack of protective antibodies have also been 
reported in NUG.50

Treatment is conservative, including scaling of the teeth, 
antimicrobial rinses, and possibly systemic antibiotics. 
Underlying causes, such as stress and malnutrition must 
also be addressed. The signs and symptoms of NUG typi-
cally resolve quickly after treatment, often within a week of 
adequate therapy, and soft tissue defects will typically regen-
erate with proper home and professional care.

Necrotizing Ulcerative Periodontitis
Necrotizing ulcerative periodontitis (NUP) is defined as 
severe and rapidly progressive disease that has a distinctive 
erythema of the free gingiva, attached gingiva, and alveo-
lar mucosa; extensive soft tissue necrosis; and severe loss of 
periodontal attachment, but deep pocket formation is not 
evident (Figure 11-10).51 The prevalence and demograph-
ics of NUP in a systemically healthy population is unclear. 
Clinical opinion would suggest that NUP is a natural, but 
not necessary, progression of untreated NUG. NUP may 
have social and clinical demographics and microbiologic 
and immunologic characteristics that are distinct from 

NUG and that predispose subjects to a more progressively 
destructive disease.52

The evidence suggests that immunosuppression plays a 
role in the risk for NUP. In an HIV-infected population 
with NUP, patients were more than twentyfold more likely 
to have CD4+ counts less than 200 cells/mm3. However, 
most HIV-infected individuals with CD4+ cell counts below 
200 cells/mm3 do not have NUP, suggesting other factors 
are involved in the etiology and pathogenesis of NUP.53 The 
data suggest that an immunocompromised state may alter 
the rate of disease progression, but the initial clinical presen-
tation of disease may be a function of its microbial etiology.

Periodontic-Endodontic Abscesses

The periodontium communicates with pulp tissues 
through many channels and pathways in addition to the 
apical foramina, especially in the bifurcation and trifurca-
tion regions of molars. These channels may be involved in 
extending pulpal infections to the periodontium and vice 
versa. Apical granulomas from necrotic pulps are extensive 
and can extend along the lateral aspects of roots, leading to 
extensive resorption of the alveolar crest.54 Communication 
between the periodontium and pulp can also lead to peri-
odontally derived endodontic lesions via lingual grooves, 
root and tooth fractures, cemental agenesis or hypopla-
sia, root anomalies, intermediate bifurcation ridges, and 
trauma-induced root resorption.55 In most instances, lateral 
canals are found to be associated with the production of the 
periodontal lesions that result in the destruction of inter-
radicular bone and bone in bifurcations.

Periodontal damage of pulpal origin has the poten-
tial to occur in the early stages of pulpal disease. An api-
cal endodontic lesion may also extend and drain along the 
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periodontium. This can result in a clinically detectable tract 
into the furcation or any aspect of the tooth. The direct 
extension of periodontal inflammation through the apical 
foramen or lateral canals to the pulp, including subsequent 
pulpal necrosis, has been demonstrated; however, normal 
pulps are often observed in teeth with advanced periodon-
titis.56 The initial effect of periodontal inflammation on the 
pulp may be degenerative.

The microbiota of an acute dentoalveolar abscess is 
usually polymicrobial similar to periodontal disease. Fuso-
bacterium, Prevotella, Porphyromonas, Peptostreptococcus, 
and Streptococcus are the predominant genera that have 
been isolated. Spirochetes also reside in infected root 
canals. Acute periapical infections are frequently associ-
ated with specific anaerobes, particularly Porphyromonas 
gingivalis and Porphyromonas endodontalis.30 Typically the 
microbiota of necrotic pulps are not as complex as those 
in deep periodontal pockets.57,58 Acute manifestations 
of root canal infections can result in rapid and extensive 
destruction of the attachment apparatus. Dental abscesses 
can form at any level of the periodontium, from the cervi-
cal region of the tooth to the apex, and may drain any-
where along this path, through the periodontal pocket or 
through the gingival tissue. This can manifest as increased 
probing depth, suppuration, increased tooth mobility, and 
loss of periodontal attachment.

A vertical root fracture can also appear as a combined 
endodontic and periodontal lesion. Root fractures occur 
frequently in previously endodontically treated teeth. Pain 
with mastication is often the primary complaint, while ther-
mal sensitivity, gingival swelling, and a periodontal abscess 
or sinus tract are also common. Narrow or localized deep 
periodontal pockets are usually detected in the area of the 
fracture.

The combined periodontal-endodontic lesion may 
appear as a growing periapical area with secondary forma-
tion of a deep periodontal pocket. Determination of pulp 
vitality and periodontal probing characteristics are essential 
to establish a diagnosis and treatment plan. Deep periodon-
tal probing depths with a vital pulp test would suggest a 
lesion of periodontal origin, but partial necrosis of the pulp 
in a multirooted tooth can confuse the diagnostic picture. 
Isolated deep and narrow periodontal probing depths with 
severe localized bone loss are often associated with pulpal 
pathology, whereas circumferential deep probing is more 
characteristic of chronic periodontitis.

Primary Herpetic Gingivostomatitis

Primary herpetic gingivostomatitis is an infection of the 
oral cavity caused by the herpes simplex virus type 1 (Figure 
11-11). In the primary infection, the virus ascends through 
sensory and autonomic nerves, where it persists as latent 
HSV in neuronal ganglia. Secondary manifestations result 
from various stimuli such as sunlight, trauma, fever, and stress. 
Secondary herpetic stomatitis can occur on the palate, gin-
giva, or on the oral mucosa.

Primary herpetic gingivostomatitis appears as a dif-
fuse, erythematous, shiny involvement of the gingival 
and the adjacent oral mucosa, with varying degrees of 
edema and gingival bleeding. Initial viral presentation 
appears as spherical clustered vesicles on the gingival, 
labial, and buccal mucosa; soft palate; pharynx; sublin-
gual mucosa; or tongue. Approximately 24 hours later, 
the vesicles rupture and form painful, small ulcers with a 
red, elevated halo-like margin and a depressed, yellowish 
or grayish white central portion. Pain from the ruptured 
vesicles, cervical adenitis, body temperature as high as 
105° C, and generalized malaise are common. The course 
of the disease is 7 to 10 days.

Early diagnosis is important, and treatment with antiviral 
medications can alter the course of the disease by reducing 
symptoms and potentially reducing recurrences. Primary 
herpetic gingivostomatitis is contagious. Acute herpetic gin-
givostomatitis usually occurs in infants and children, with 
most adults having developed immunity to HSV after a 
subclinical infection during childhood. Recurrent herpetic 
gingivostomatitis occurs and may be associated with immu-
nosuppression. Secondary herpetic infection of the skin 
does occur, such as herpes labialis.

Gingival Diseases of Specific Bacterial 
Origin

Gingival diseases of specific bacterial origin include sexu-
ally transmitted diseases, such as gonorrhea (Neisseria gonor-
rhoeae) and syphilis (Treponema pallidum). Oral lesions may 
be secondary to systemic infection or occur through direct 
infection. Streptococcal gingivitis or gingivostomatitis can 
manifest as an acute condition with fever, malaise, and pain 
associated with acutely inflamed, diffuse, red, and swollen 
gingiva with increased bleeding and occasional gingival 
abscess formation. These gingival infections are usually pre-
ceded by tonsillitis and have been associated with group A 
β-hemolytic streptococcal infections.

• Figure 11-11 Herpetic gingivostomatitis. (From Newman MG, Takei 
HH, Klokkevold PR, et  al: Carranza’s clinical periodontology, ed 10,  
St. Louis, 2006, Saunders.)
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• Figure 11-12 Candidiasis. (From Neville BW, Damm DD, Allen CM: 
Oral and maxillofacial pathology, ed 4, St. Louis, 2016, Saunders.)

Gingival Diseases of Fungal Origin

Gingival diseases of fungal origin occur more frequently in 
patients who are immunocompromised or who have had 
the normal flora disturbed by the long-term use of antibiot-
ics. The most common oral fungal infection is candidiasis, 
caused by infection with C. albicans. A generalized candi-
dal infection can manifest as white patches on the gingiva, 
tongue or oral mucous membrane that can be removed with 
gauze, leaving a red, bleeding surface (Figure 11-12). In indi-
viduals infected with HIV, candidal infection can manifest 
as erythema of the attached gingiva that has been referred to 
as linear gingival erythema or HIV-associated gingivitis.
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Odontogenic Infections  
of the Fascial Spaces
TYLER T. BOYNTON, ELIE M. FERNEINI, AND MORTON H. GOLDBERG

Dental care largely consists of the treatment of dental 
infection or the restoration and replacement of dentition 
lost to bacterial infection. The prevention and treatment 
of orofacial infection involves every aspect of dental care: 
caries, pulpal disease, gingivoperiodontal pathological con-
ditions, trauma, and reconstructive and implant surgery. 
The surgeon routinely faces the realities of the potentially 
pathogenic flora of an odontogenic infection when surgi-
cal procedures are performed in or around the oral cavity. 
This chapter focuses on the etiology, clinical manifestations, 
anatomic considerations, and treatment of odontogenic 
infections.

Dental infection has plagued humankind for as long 
as the species has existed. Little imagination is required to 
picture a primitive man suffering pain and swelling of the 
face because of fractured teeth, dental caries, or periodon-
tal disease. Indeed, infection of dental origin is one of the 
most common diseases of humans and in underdeveloped 
countries is a frequent cause of death. The remains of Native 
Americans, unearthed in the American Midwest, and the 
remains of people who lived in early Egypt have revealed 
the bony crypts of dental abscesses and sinus tracts and the 
ravages of osteomyelitis of the jaws.

Treatment of localized infection was probably the first 
primitive surgical procedure performed, and it most likely 
involved the opening of bulging abscesses with sharp stones 
or pointed sticks. Today, the principle remains the same; for-
tunately, the techniques have improved. Not until the early  
twentieth century, however, was a causal relationship defi-
nitely established between dental infection and the severe 
life-threatening neck swelling that Ludwig described nearly 
70 years earlier.1 Although therapy has progressed, the scal-
pel, extraction forceps, and the endodontic reamer remain 
the keystones of therapy for odontogenic infections, along 
with the judicious use of antibiotics.

Despite great advances in dental care in Western society, 
including fluoridation of water, early interception of car-
ies, and periodontal prophylaxis, infection remains a major 

problem in dental practice. Although penicillin was con-
sidered the long-awaited panacea for dental infection, the 
bacteriologic spectrum of the oral flora and the understand-
ing of its complexities have undergone rapid evolution since 
penicillin was introduced.

Before the antibiotic era, most serious odontogenic 
infections were known to be streptococcal, but the prob-
lem of bacterial resistance to antibiotics soon became obvi-
ous in the oral cavity, as elsewhere. The serious epidemic 
of penicillin-resistant staphylococcal infections of the 1950s 
and 1960s was finally resolved by the development of the 
semisynthetic antibiotics, which are not metabolized by the 
penicillinase enzyme of the staphylococci. The widespread 
use of these drugs has resulted in the current plague of 
human infection from enteric (gram-negative) and oppor-
tunistic organisms, including vancomycin-resistant entero-
cocci and methicillin-resistant staphylococci. Mutation and 
selective genetic pressure have resulted in bacterial species 
that exhibit resistance to multiple antibiotics, a situation 
complicated by deoxyribonucleic acid (DNA) exchange 
between species.

Nature abhors a vacuum, even a biological one. The 
empty ecological niche created by the decline of certain 
pathogenic bacterial species is soon filled by other organ-
isms. The human oral cavity is a biological system that sup-
ports life for as many as 400 species of microorganisms. 
Bacterial infection of dental origin is a constantly changing 
but measurable reflection of the modern evolution of the 
oral flora.2-4

During the past five decades, dangerous and life-threat-
ening dental infections have been reported and are related 
to a variety of bacterial species, some opportunistic, oth-
ers nosocomial, and a few anaerobic. These include Esch-
erichia coli and Pseudomonas, Proteus, Serratia, Acinetobacter 
(Mima), Klebsiella, Eikenella, Bacteroides (Prevotella), and 
Corynebacterium and other less common organisms. For 
example, Pseudomonas, once thought to be a rare tran-
sient in the oral cavity, currently is found in the saliva of  
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5 to 10% of healthy subjects. Similar changes have been 
observed in the pharyngeal flora that are probably related to 
antibiotically induced reduction of normal flora, acquiring 
of new flora during hospitalization, and use of immuno-
suppressive drugs. Aerobic gram-negative rods inhabit the 
pharynges of 5% of normal nonhospitalized persons, but col-
onize the pharynges of more than 60% of institutionalized 
older and hospitalized patients with serious illnesses, those 
who have undergone surgical procedures, and critical care 
health workers. Nevertheless, aerobic and anaerobic strepto-
cocci, Bacteroides, Fusobacterium, and Eikenella, and mixed 
aerobic-anaerobic flora are the organisms most commonly 
identified in odontogenic infections in otherwise healthy 
patients.5 Quantitative estimations of the number of micro-
organisms in saliva and plaque range as high as 1011/mL.  
In the depths of a periodontal pocket, the number of anaer-
obes per gram of curetted material may reach 1.8 times 
1011/mL, approximately the same concentration of anaer-
obes in human feces. Considering this plethora of microor-
ganisms that grow luxuriantly in this wet, warm, dark, and 
debris-strewn cavity, the effectiveness of the systemic and 
oral host defense mechanisms in preventing serious infec-
tion from commonplace minor trauma, such as cheek bit-
ing or the shedding of deciduous teeth, is remarkable.

Recent investigational data gathered from molecular 
genetic methods, including gene sequencing from bacte-
rial identification, suggests that there may be as many as 
400 species of bacteria in the microflora of the human 
oropharynx.

Pathways of Dental Infection

The cause of, diagnosis of, and therapy for bacterial infec-
tion limited to the dental pulp or periodontal tissue are not 
described at length here (see Chapters 10 and 11).

The narrow pulpal foramen at the root apex, although 
of insufficient diameter to permit adequate drainage of 
infected pulp, does serve as a reservoir of bacteria and per-
mits egress of bacteria into periodontal tissue and bone. This 
access explains the occasional problem when antibiotics 
alone are used to treat draining fistulas from abscessed teeth. 
Once the drainage ceases, the bacteria harbored in the pulp 
chamber subsequently repopulate the periapical tissues from 
the untreated pulp, thus reinitiating the infection. Serious 
dental infection spreading beyond the socket is more com-
monly the result of pulpal infection than of periodontal 
infection. Once infection extends past the apex of the tooth, 
the pathophysiological course of a given infectious process 
can vary, depending on the number and virulence of the 
organism, host resistance, and anatomy of the involved area 
(Figure 12-1).

If the infection remains localized at the root apex, a 
chronic periapical infection may develop. Frequently, suffi-
cient destruction of bone develops to create a well-corticated 
radiolucency observable on dental radiographs. This pro-
cess represents a focal bone infection, but “garden variety” 

radiolucencies associated with carious teeth should not be 
confused with true osteomyelitis.

Once infection extends beyond the root apex, it can 
proceed into deeper medullary spaces and evolve into wide-
spread osteomyelitis. More commonly, this process forms 
fistulous tracts through alveolar bone and enters into the 
surrounding soft tissue. This phenomenon often is associ-
ated with sudden soft tissue swelling and a reduction in 
intrabony pressure, resulting in a lessening of pain. The 
fistula may penetrate the mucosa or skin, and thus serve 
as a natural drain for the abscess (Figure 12-2). The puck-
ered, ulcerated, and chronically indurated appearance of 
such dentocutaneous fistulae frequently leads the unwary or 
inexperienced examiner to diagnoses ranging from chancre 
to cancer. Unnecessary, time-consuming, and costly diag-
nostic procedures, including biopsy, can be avoided if dental 
radiographs and careful examinations are performed. Den-
tal infection should lead the list of possible diagnoses when 
facial swelling or a fistula is the initial sign.

Once beyond the confines of the dentoalveolar bone, 
infection can localize as an abscess or spread through soft 
tissue as cellulitis, or both. In common clinical usage, these 

Acute-chronic
periapical
infection

Ascending
facial-cerebral

infection

Intraoral
soft tissue
abscess

Bacteremia-
septicemia

Deep fascial
space infection

Fistula

Osteomyelitis

Cellulitis

• Figure 12-1 Pathways of dental infection.

• Figure 12-2 Chronic cutaneous submandibular fistula of dental origin.
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terms are often confused or used interchangeably. An abscess 
is a thick-walled cavity containing pus, whereas cellulitis is 
a diffuse, erythematous submucosal or subcutaneous infec-
tion. Staphylococci are frequently associated with abscess 
formation. These microorganisms produce coagulase, an 
enzyme that can cause fibrin deposition in citrated or oxa-
lated blood. Streptococci are associated more often with 
cellulitis because they produce enzymes such as strepto-
kinase (fibrinolysin), hyaluronidase, and streptodornase. 
These enzymes break down fibrin and connective tissue 
ground substance and lyse cellular debris, thus facilitating 
rapid spread of bacterial invaders. These organisms are not 
restricted to one type of reaction. Oral infections frequently 
are composed of a mixed flora, or the bacteria can behave in 
any untraditional fashion. Thick-walled abscesses, with little 
or no blood supply to their lumen, respond slowly or poorly 
to antibiotic therapy, whereas cellulitis usually responds well 
without surgical drainage.

Erysipelas is a specific form of cellulitis (lymphangitis) 
caused by β-hemolytic streptococci. A discrete entry injury 
usually occurs on the face, violating this barrier to bacte-
ria. Marked interstitial edema of the subcutaneous tissues 
occurs, but relatively little evidence of necrosis is present. 
Characteristically, the tissues have a sharply demarcated, 
brawny, edematous swelling that is intensely red because of 
vasodilation. The lesion often is associated with a profound 
toxemia.

Treatment of Odontogenic Infections

Treatment of odontogenic infections can involve medi-
cal, surgical, or dental therapy, or combinations thereof. 
Any infection of dental origin requires definitive treatment 
of the affected tooth if the source of the infection is to be 
eliminated. Once the tooth has been identified, endodon-
tic elimination of the infected pulp, deep periodontal scal-
ing, or extraction must be performed. The method of tooth 
treatment is a question of judgment, determined by factors 
such as the extent of the infection, patient’s general health 
status, degree of trismus present, and biomechanical neces-
sity of retaining the tooth. However, the last factor must 
not sway the surgeon’s judgment to the detriment of the 
patient’s well-being. The clinician must avoid “tunnel vision” 
when diagnosing dental disease, because it can have serious 
consequences if a major infection is present. Extraction of 
the involved tooth is the most rapid method of establish-
ing drainage, while simultaneously removing the nidus of 
microorganisms within the pulp chamber and canals. Alter-
natively, endodontic therapy can be used to eliminate the 
source of infection.

Reliable evidence indicates that extractions of lower 
molar teeth in the presence of infection increase the inci-
dence of alveolar osteitis. Therefore, antibiotic therapy 
should be used when a tooth is to be extracted during the 
acute stage of diffuse or deep infections, especially those 
involving the mandibular third molars.

Incision and Drainage

Incision and drainage rid the body of toxic purulent mate-
rial and decompress the tissues, allowing better perfusion 
of blood containing antibiotics and defensive elements and 
increased oxygenation of the infected area.

The abscess should be drained surgically at the same time 
that dental therapy is performed. Incision and drainage 
are the oldest and usually the simplest surgical procedures. 
Rapid, sharp incision through the oral mucosa adjacent to 
the alveolar bone usually is sufficient to produce “laudable 
pus”—an eighteenth-century phrase that is both descriptive 
and exclamatory. The surgeon who could produce instant 
relief and probably cure by the evacuation of pus from an 
abscess was also praiseworthy and, therefore, was more 
renowned than less skillful colleagues who incised prema-
turely or in the wrong place.

A thorough knowledge of facial and neck anatomy is 
necessary to properly drain a deep abscess, but an abscess 
confined to the dentoalveolar region presents no anatomic 
mysteries to the surgeon. Only the thin, bulging mucosa 
separates the scalpel from the infection. Ideally, abscesses 
should be drained when fluctuant before spontaneous rup-
ture and drainage. Incision and drainage are best performed 
at the earliest sign of this ripening of the abscess, although 
surgical drainage also can be effective early, before the devel-
opment of classic fluctuance.

The following principles should be used when possible 
with incision and drainage:
 1.  Incise in healthy skin and mucosa when possible. An 

incision placed at the site of maximum fluctuance where 
the tissues are necrotic or beginning to perforate can 
result in a puckered, unesthetic scar.

 2.  Place the incision in an esthetically acceptable area, such 
as under the shadow of the jaw or in a natural skin fold 
or crease.

 3.  When possible, place the incision in a dependent posi-
tion to encourage drainage by gravity.

 4.  Dissect bluntly, with a closed surgical clamp or finger, 
through deeper tissues and explore all portions of the 
abscess cavity thoroughly so that compartmentalized 
areas of pus are disrupted and excavated. Extend the dis-
section to the roots of teeth responsible for the infection.

 5.  Place a drain and stabilize it with sutures.
 6.  Consider the use of through-and-through drains in bilat-

eral, submandibular space infections.
 7.  Do not leave drains in place for an overly extended 

period; remove them when drainage becomes minimal. 
The presence of the drain itself can produce some exu-
date and can be a portal for secondary bacterial invaders.6

 8.  Clean wound margins daily under sterile conditions to 
remove clots and debris.
Another approach to drainage of well-localized abscesses 

is the use of a computed tomographic (CT)-guided catheter. 
It is introduced percutaneously and guided into deep neck 
abscesses. CT-guided catheterization allows precise location 
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of the lesion without extensive dissection and subsequent 
scarring. In select patients, it can be performed in a radi-
ology suite. Specimens for Gram staining and culture are 
readily obtained, and the catheter can be left in place to 
serve as a drain.

The use of heat to “draw” an abscess to the surface has 
been discussed and debated extensively. The physiology of 
heat application to infection appears rational because the 
resulting dilation of small vessels intensifies host defenses 
through increased vascular flow and diffusion. However, the 
hope of converting an extraoral abscess into an intraoral one 
by the use of warm mouth rinses is not well based; no scien-
tific evidence exists that any application of heat will produce 
the desired effect.

Fenestration of the alveolar bone with a high-speed den-
tal drill, although uncommon, occasionally can be used to 
relieve pain. Fenestration is best accomplished through the 
soft tissue drainage wound at the level of the tooth root 
apex. Medical therapy for localized dentoalveolar abscesses 
consists mainly of supportive care: hydration, soft diet, anal-
gesics, and good oral hygiene.

Antibiotic Therapy

The use of antibiotics in the treatment of a well-localized 
and easily drained dentoalveolar abscess is probably unnec-
essary, because surgical drainage and dental therapy resolve 
the infection in most patients. Abscesses and cellulitis in 
patients who are immunocompromised and in those with 
systemic signs and symptoms, such as trismus or elevated 
temperature, usually indicate the need for antibiotics. 
Poorly localized, extensive abscesses and those associated 
with diffuse cellulitis require antibiotic therapy.

In patients with diminished host defenses, such as those 
with poorly controlled diabetes, patients who are immuno-
suppressed or immunoincompetent, those receiving renal 
dialysis, or the seriously ill or hospitalized patient, supple-
mental antibiotics are required for a dentoalveolar infection 
because of the fear of sudden, overwhelming sepsis spread-
ing from even a small focus. Fatal dental infection may be 
observed in patients who are immunosuppressed.7-11

Ideally the choice of antibiotic for the therapy of odonto-
genic infection depends on the definitive laboratory results 
of culture and sensitivity testing. Inasmuch as most dento-
alveolar infections occur in otherwise healthy outpatients 
seen in offices and clinics, cultures are not routinely per-
formed and usually are not needed. A pragmatically ratio-
nal approach to empirical antibiotic selection is acceptable, 
both ethically and legally, if the choice is based on scientific 
data and on contemporary experience with the microbiol-
ogy of the flora of oral infection.

The constantly evolving flora of oral infection has been 
well documented. Numerous studies have revealed that the 
majority of infections in the immunocompetent patient 
consist of mixed aerobic and anaerobic flora. Most contain 
some anaerobes. The most frequently and consistently iso-
lated organisms are aerobic streptococci (α-, β-, and γ-), 

anaerobic streptococci (Peptostreptococcus), Bacteroides (Por-
phyromonas, Prevotella), Fusobacterium, and Eikenella. Less 
frequently, Bacteroides fragilis, the gram-negative anaer-
obic rod that normally inhabits the bowel and pelvis, is 
found. Skin organisms, such as Staphylococcus aureus and  
S. epidermidis, currently are reported less frequently than 
in previous decades of the antibiotic era, but have a high 
incidence in nonodontogenic facial infections in children. 
Aerobic Corynebacterium and anaerobic Propionibacterium, 
both gram-positive rods, are encountered occasionally.

Penicillin has been the antibiotic of empirical choice for 
dental infections for nearly five decades, with a proven record 
of efficacy. However, the microorganism population of any 
ecosystem can and does evolve in response to environmental 
selection or through mutatory influences, whether on the 
floor of a tropical rain forest or in the gingival sulcus of 
Homo sapiens. The population of some oral microspecies has 
demonstrated a profound and measurable change in suscep-
tibility to penicillin, and β-lactamase-producing organisms 
such as Bacteroides now are frequently noted to be insensi-
tive to penicillin, with some published series reporting 40% 
resistance. Even streptococci, which historically have been 
exquisitely sensitive to penicillin, are occasionally reported as 
penicillin resistant. Several strains of clindamycin-resistant  
Bacteroides also have been observed.12-14

Facial surgeons should read and interpret these data with 
a critical eye. If some 40% of Bacteroides are reported to 
be resistant, 60% must be sensitive—a ratio that still has 
therapeutic validity in a mixed aerobic-anaerobic infection 
treated with penicillin or amoxicillin.

The humoral and cellular host defense mechanisms, if 
normal, are far more essential to the demise of invading 
organisms than is the antibiotic disk applied in the labora-
tory. In addition, obtaining material (pus) for culture usu-
ally implies that surgical drainage (or aspiration) has been 
performed, a procedure that ranks equal in importance to 
the presence of normal defenses in the successful therapeutic 
outcome of dentoalveolar infection.

Inasmuch as most of these infections are a mixed flora 
of aerobes and anaerobes, the bacterial synergism that 
enhances growth of these different types of organisms can 
be disrupted with penicillin. Whether the aerobic strepto-
cocci produce essential nutrients for the anaerobes, provide 
enzymes, clear metabolites, or reduce the oxygen tension in 
the tissue, their destruction by penicillin secondarily dimin-
ishes the growth and reproduction of the anaerobes.

Therefore, penicillin or amoxicillin remain the empirical 
antibiotics of choice in the treatment of most dentoalveolar 
infections in the noncompromised host. Stated succinctly 
and scientifically by Moenning, “It would seem presumptu-
ous to state that penicillin is currently not effective against 
most odontogenic infections and premature to consider 
substituting another antibiotic as the drug of first choice  
for mild to moderate odontogenic infections (in non-com-
promised hosts), especially when cost and lack of toxicity are 
also considered.”15 That statement remains as valid in 2015 
as it was in 1989. For more severe or recalcitrant infections 
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seen in an outpatient environment, culture and antibi-
otic sensitivity studies may be necessary. Metronidazole is 
an effective supplement to penicillin and enhances killing 
of anaerobes. Oral clindamycin is an excellent choice for 
both aerobic and anaerobic killing, but its cost and poten-
tial side effects must be considered. If a β-lactam antibiotic 
(i.e., penicillin) has been used for 2 to 3 days without any 
resolution of an odontogenic infection, the use of another 
β-lactam or β-lactamase-stable antibiotic (i.e., clindamycin) 
should be considered.16

The paradox of antibiotic therapy often leads to clini-
cal situations in which the solution to problem A creates 
problem B. Recent observations show that the use of anti-
anaerobic antibiotics (clindamycin, metronidazole, amoxi-
cillin clavulanate) can create high-density colonization of 
the stools by vancomycin-resistant enterococci in patients 
who are already colonized by these organisms (i.e., patients 
in intensive care units), thus enhancing the infection’s mor-
bidity and mortality and placing other patients and inten-
sive care unit personnel at greater risk of colonization.17

Erythromycin is poorly absorbed and less effective in 
odontogenic infection than penicillin or clindamycin are, 
but other macrolides (azithromycin) are tolerated better 
than erythromycin, resulting in higher compliance rates.18 
Amoxicillin-clavulanic acid (Augmentin), a potent inhibitor 
of β-lactamases, is efficacious, but its cost and usefulness in 
severe infections should inhibit its use in routine odonto-
genic infections. First- and second-generation cephalospo-
rins are also useful in odontogenic infections. Tetracycline 
is not recommended for severe anaerobic infection therapy, 
but its analogues, minocycline and doxycycline, can be use-
ful in low-grade dentoalveolar infections.

For patients who are sufficiently ill to require hospital-
ization for an odontogenic infection and for compromised 
hosts (including patients with insulin-dependent diabetes, 
those with chronic alcoholism, intravenous drug abusers, 
recently hospitalized patients, and those receiving prophy-
lactic antibiotics in the previous 4 weeks), clindamycin alone 
or in combination with metronidazole or gentamicin, or a 
first- or second-generation cephalosporin can be used, as 
can parenteral ampicillin-sulbactam (Unasyn). Quinolones 
have limited activity against anaerobes, and it is difficult to 
justify their use for odontogenic infections.

Fourth-generation quinolones, although useful against 
anaerobes, have created serious hepatic toxicity in some 
patients. For the recalcitrant infection that does not respond 
rapidly to penicillin therapy and in the compromised host, 
aerobic and anaerobic culture and sensitivity studies are nec-
essary to determine whether antibiotics other than penicil-
lin are indicated.

The use and abuse of antibiotic therapy and the indi-
cations for therapy are discussed at length in Chapter 8. 
Antibiotics are indicated in combination with surgery 
both therapeutically and prophylactically in the following 
situations:
 1.  Acute cellulitis of dental origin
 2.  Acute pericoronitis with elevated temperature and trismus

 3.  Deep fascial space infections
 4.  Open (compound) fractures of the mandible and max-

illa, or other facial bones
 5.  Extensive, deep, or old (>6 hours) orofacial lacerations
 6.  Dental infection or oral-maxillofacial surgery in the 

compromised host
 7.  Prophylaxis for dental surgery for some patients with 

valvular cardiac disease or a prosthetic valve—also for 
some class II and all class III and IV operative wounds
Whether treatment is medical (antibiotics), surgical 

(incision and drainage, extraction or endodontics), or both, 
another important decision is whether hospitalization for 
the therapy is warranted or ambulatory (office) care is suf-
ficient. Recent studies have revealed that odontogenic pain 
or infection may account for as much as 2% of adult and 
pediatric emergency department (ED) visits. Extrapolat-
ing, this may represent hundreds of thousands of ED visits 
annually, at the cost of considerable time and money for 
overburdened health care facilities.

One university hospital has reported averaging 40 hos-
pital admissions annually for severe odontogenic infections. 
Other studies reveal that, when admitted, 14% of patients 
remain intubated for an average of 2.3 days with an aver-
age stay in the intensive care unit lasting 3 days. Length of 
stay correlates with an increased number of involved fascial 
spaces. In patients with a length of stay greater than 5 days, 
55% were related to preoperative or postoperative extrac-
tion infections of third molars. More than 70% of patients 
hospitalized for odontogenic deep space infections are unin-
sured, whereas 22% are covered by Medicare. Reported hos-
pital billings ranged from $18,000 to $28,000, with one 
case as high as $611,000.19

The decision regarding whether to treat odontogenic infec-
tions in an ambulatory (office, clinic, ED) or inpatient envi-
ronment is multifactorial and depends on well-recognized 
criteria, although educated and experienced surgical judgment 
remains a flexible influence. The criteria for admission with 
one or more deep space infections include:
 1.  Airway obstruction or an impending threat to airway 

patency based on clinical examination, including dys-
pnea, dysphagia, tongue displacement, uvular deviation, 
and severe trismus (CT scan confirmation of a narrowed 
airway is obligatory for planning therapy, including anes-
thesia. Inability to swallow oral antibiotics may tilt the 
judgmental balance toward admission.)

 2.  Severe dehydration or electrolyte imbalance
 3.  Comorbid medical issues (i.e., loss of glycemic control)
 4.  Core temperature greater than 101° F
 5.  Elevated white cell count
 6.  Necrotizing fasciitis
 7.  Descending mediastinitis or ascending orbital-cerebral 

infection
 8.  Altered or obtruded state of consciousness
 9.  Social or psychiatric issues (e.g., homelessness, psycho-

sis) or the potential for noncompliance with outpatient 
therapy

See Appendix I for an illustrative case report.
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Anatomic Considerations in Dentoalveolar 
Infections

Localization of a dentoalveolar abscess is related to the ana-
tomic position of the dental root from which it originated, 
especially in relationship to muscle attachments and par-
ticularly the buccinator and mylohyoid muscles (Figure 
12-3). Although a diffuse infection can cause some diagnos-
tic consternation, the appearance of an acute dental abscess 
or fistula distant from its site of origin is rare. Familiarity 
with dental root anatomy is helpful in the occasional case 
in which an abscess develops in a less common position. 
Infection usually follows the path of least resistance, and the 
data presented in Table 12-1 represent clinical experience 
and anatomical realities. For example, any acute swelling 
or fistulous formation of the posterior hard palate should 
prompt an investigation of the palatal roots of the adjacent 
maxillary molar.

Infection of mandibular incisors and canines usually 
appears as a bulging erythematous mass deep in the labial 
sulcus. These infections are obvious to the surgeon and 
are accessible to drainage by a scalpel. Ideally, the incision 
should be carried down to bone, but deep sharp dissection 
at the lower canine-premolar region should be avoided 
because of the presence of the sensory (mental) nerve to the 
lip. If the infection spreads from bone deep to the origin of 
the mentalis muscle, the submental space becomes involved. 
A lingual site for infection of the mandibular anterior teeth 
is less common and is usually caused by periodontal sepsis 
rather than periapical sepsis. A routine gingival incision usu-
ally is adequate for drainage on the lingual surface, unless 
the sublingual space is involved.

The mandibular premolars generally demonstrate buccal 
infection. Incision into the buccal vestibule is indicated, but 

again discretion must be used because of the presence of 
the mental nerve and its foramen. If the infection extends 
inferior to the buccinator muscles laterally or inferior to the 
mylohyoid muscle lingually, deep infections of the buccal 
space and submandibular space can occur.

Infection of mandibular third molars frequently is peri-
odontal (pericoronitis), but can be related to the root api-
ces if caries has invaded the pulp of an erupted or partially 
erupted tooth. The pathways of infection from mandibular 
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• Figure 12-3 Lingual surface of the mandible showing the relationship of the mylohyoid muscle attach-
ment to the apices of the teeth. This is an important factor in determining whether a sublingual or a sub-
mandibular abscess will form.

  Localization of Dental Abscesses

Teeth
Common Abscess 
Site

Less Common 
Site

Mandibular  
 incisors

Labial Lingual

Mandibular  
canines

Labial Lingual

Mandibular  
premolars

Buccal Lingual

Mandibular  
molars

Buccal Lingual

Maxillary  incisors Labial Palatal

Maxillary canines Labial Palatal

Maxillary first  
premolars

Labial (buccal roots)
Palatal (palatal roots)

—
—

Maxillary second 
premolars

Buccal Palatal

Maxillary molars Buccal (buccal roots)
Palatal (palatal roots)

—
—

TABLE 
12-1
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third molars may involve the buccal vestibule, buccal fascial 
space, masticator space, and pharyngeal space.

The manifestation of infections of the upper teeth also 
depends on the anatomic location of their root apices  
(Figures 12-4 and 12-5). Maxillary incisor and canine roots 
lie closer to the thin labial plate of bone than to the thicker 
palatal bone, and infections therefore usually are observed 
as bulging submucosal (vestibular) abscesses or fistulas in 
the labial sulcus. The muscles of the upper lip, arising from 
the alveolar bone, are thin and have little influence on the 
spread of infection. Generalized cellulitis of the upper lip 
or midface can occur, but penetration of infection into 
the floor of the nose is rare. Drainage is accomplished eas-
ily by sharp incision into the labial sulcus. When palatal 
migration of infection does occur from an anterior tooth, 
it may vary in appearance from minimal swelling to mas-
sive bulging of the anterior palate (Figure 12-6). Incision of 
the palatal mucosa provides adequate drainage. The palatal 

vessels can be avoided by making the incision parallel to 
the vessels.

A maxillary premolar and molar infection may extend 
buccally or palatally because multiple roots are usually pres-
ent. Infection from maxillary premolars usually extends into 
the connective tissue of the buccal vestibule and can spread 
superiorly, causing cellulitis to the level of the eyelids. This 
situation is best resolved by incising high in the buccal vesti-
bule, which usually is the area of dependent fluctuance. The 
attachment of the buccinator muscle usually is well above 
the root apex of maxillary premolars, but penetration into 
the buccal space can occur.

A maxillary molar infection may exit from the alveolar 
bone buccally, palatally, or posteriorly. The buccal vestibule 
is the most common site for appearance of abscesses but 
invasion of the buccal space occurs commonly. Molar infec-
tion of the palatal region is surprisingly uncommon, consid-
ering the length of most molar palatal roots. Superior spread 
of pus into the maxillary sinus also is uncommon. Posterior 
spread of infection can involve the masticator and pharyn-
geal spaces, and superior extension into the infratemporal 
space also can occur.

In all odontogenic infections, examination usually 
reveals the presence of deep caries, periodontal inflam-
mation, or impacted or fractured teeth as the cause. Bone 
fractures or gingival trauma should not be overlooked in 
the search for the causative factors of abscesses or cellulitis. 
Careful examination of the oral cavity, radiographs, and a 
high index of suspicion for all restored teeth help to local-
ize the origin of the infection. An easily overlooked cause 
of facial infection is the eruption of the maxillary third 
molar in an extreme buccal or posterior position, thereby 
causing erosion of the buccal mucosa, cellulitis, deep space 
infection, and severe trismus. Because of the difficul-
ties of performing adequate examination of the posterior 
oral cavity in such circumstances and the inadequacies of 
radiographs, frequently only the suspicious, experienced, 
and persistent examiner is successful in discovering the 
cause of the infection.

• Figure 12-4 Schematic illustration of maxillary incisor periapical 
infection with palatal surface dentoalveolar abscess formation. (From 
Hupp JR, Ellis E, Tucker MR: Contemporary oral and maxillofacial sur-
gery, ed 6, St Louis, 2014, Mosby.)

• Figure 12-5 Schematic illustration of maxillary incisor periapical 
infection with labial surface dentoalveolar abscess formation. (From 
Hupp JR, Ellis E, Tucker MR: Contemporary oral and maxillofacial sur-
gery, ed 6, St Louis, 2014, Mosby.)

• Figure 12-6 Palatal dentoalveolar abscess originating from a pre-
molar (root) infection. (From Topazian RG, Goldberg MH, Hupp JR: 
Oral and maxillofacial infection, ed 4, Philadelphia, 2002, Saunders.)
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Fascial Space Infection

When dental infection spreads deeply into soft tissue rather 
than exiting superficially through oral or cutaneous routes, 
fascial spaces can be affected (Box 12-1). Following the path 
of least resistance through connective tissue and along fascial 
planes, infection can spread distantly from its dental source, 
causing considerable morbidity and occasionally death. A 
thorough knowledge of the anatomy of the face and neck is 
necessary to predict the pathways of spread of these infec-
tions accurately and to drain these deep spaces adequately.

Spread of infection through deep fascial spaces is deter-
mined by the presence and patterns of loose connective tis-
sue. Fasciae develop in planes of connective tissue subjected to 
muscular movement and contraction. Surrounding or separat-
ing muscles, the fasciae and fascial planes offer an anatomically 
defined highway for infection to spread from superficial to deep 
parts of the face and neck. A description of deep fascial spaces 
essentially is an anatomic discussion of the various fasciae that 
surround or separate the anatomic boundaries of a given space. 
The concept of fascial “spaces” is based on the anatomist’s 
knowledge that all spaces exist only potentially until fasciae are 
separated by pus, blood, drains, or a surgeon’s finger.

Infections of fascial spaces are discussed here primarily 
in terms of their odontogenic origins. Teeth are the most 
common cause of these infections, and therapy is incomplete 
without definitive dental treatment. However, deep fascial 
space infections of the neck also can occur as a result of pha-
ryngeal and tonsillar infections, trauma, reconstructive sur-
gery, cancer surgery, and sialadenitis of major salivary glands.

Each fascial space infection described in this chapter 
is a clinical entity; case reports appearing in Appendix I 
illustrate the unique characteristic of each situation. In the 
treatment of infections of fascial spaces, including surgical 
treatment, the principles discussed earlier should always be 
considered. The following points also are germane:
 1.  Diffusion of antibiotics into close fascial spaces is lim-

ited because of poor vascularity. Penetration of antibiot-
ics through thick-walled abscesses is minimal. “Average” 
doses may be inadequate.

 2.  Therapy of fascial space infections depends on adequate, 
open, and dependent drainage.

 3.  Large surgical incisions may be necessary to obtain ade-
quate exposure of deep compartments.

 4.  Fascial spaces are contiguous, and infection spreads read-
ily from one space to another. Multiple incisions may 
be necessary because frequently more than one space is 
involved in the infection.

 5.  Primary and secondary spaces must be drained.
 6.  The anatomy of the face or neck may be severely distorted  

by the swelling of the infectious process.
 7.  Repeated surgical drainage may be necessary.
 8.  The fascial spaces most commonly involved in odonto-

genic infections are the submandibular, submental, and 
buccal spaces. Less common are the masticator space 
compartments, lateral pharyngeal, and temporal spaces. 
Least common are the retropharyngeal and canine spaces.

Although observation and palpation can elicit the pres-
ence of superficial dentoalveolar and fascial space infections 
(i.e., buccal, canine, submental spaces), the presence of 
deep infections must always be a suspicion. The presence 
of dysphagia, dyspnea, prolonged white blood cell and tem-
perature elevation, and unresolved trismus suggests the need 
for repeated imaging (CT, magnetic resonance imaging) of 
deep spaces, inasmuch as the presence of or even surgical 
drainage of superficial infection may obscure a concomitant 
or secondary deep space involvement.

Canine Space

The canine space is infrequently involved in odontogenic 
infections and is implicated even less frequently in nasal 
infections. Infections of the maxillary canine teeth usually 
appear as labial sulcus swelling and less commonly as palatal 
swelling (Figure 12-7). However, the levator muscle of the 
upper lip overlies the apex of the canine root. The origin of 
the muscle is high in the canine fossa of the maxillary wall, 
whereas its insertion is the angle of the mouth, intermin-
gling with the fibers of the orbicularis oris muscle of the 
mouth and the zygomatic muscle.

If the canine infection perforates the lateral cortex of 
maxillary bone superior to the origin of the muscle, the 
potential canine space is affected. Whether this represents 
a true fascial space or simply a muscular compartment is 
debatable, but abscess of this space requires surgical inter-
vention. Canine space infections can cause marked cellulitis 
of the eyelids. Drainage is accomplished best through an 
intraoral approach, high in the maxillary labial vestibule by 
sharp and blunt dissection. This approach is an extension 
of that used for fenestration or apicoectomy of the canine 

Face
 •  Buccal
 •  Canine
 •  Masticator
 •  Masseteric compartment
 •  Pterygoid compartment
 •  Zygomaticotemporal compartment

Suprahyoid
 •  Sublingual
 •  Submandibular
 •  Submaxillary
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 •  Lateral pharyngeal
 •  Peritonsillar

Infrahyoid
 •  Anterovisceral (pretracheal)

Space of total neck
 •  Retropharyngeal
 •  Danger space
 •  Space of carotid sheath

 • BOX 12-1   Fascial Spaces of Clinical Significance



211CHAPTER 12 Odontogenic Infections of the Fascial Spaces

root apex. Percutaneous drainage may be performed lateral 
to the nose, but this procedure does not afford dependent 
drainage and results in a visible scar.

See Appendix I for an illustrative case.

Cavernous Sinus Thrombosis

Although ascending infection (venous sinus thrombosis) is 
not a fascial space infection, it can be of odontogenic ori-
gin. Cavernous sinus infection, ascending from the maxil-
lary teeth, upper lip, nose, or orbit through the valveless 
anterior and posterior facial veins, carries an extremely high 
mortality rate. Any patient with initial signs of proptosis, 
fever, obtunded state of consciousness, ophthalmople-
gia, or paresis of the oculomotor, trochlear, and abducens 
nerves, especially after maxillary infections and exodontia, 
should have an emergency neurosurgical consultation (see 
Chapter 21).20

Buccal Space

Mandibular and maxillary premolar and molar teeth tend 
to drain in a lateral and buccal direction. The relation of 
the root apices to the origins of the buccinator muscle (the 
outer surfaces of the alveolar process of the maxilla and 
mandible) determines whether infection exits intraorally in 
the buccal vestibule or extends deeply into the buccal space. 
Molar infections exiting superiorly to the maxillary origin 
of the muscle or inferiorly to the mandibular origin of the 
muscle enter the buccal space.

The buccal space contains the buccal fat pad, the 
Stensen (parotid) duct, and the facial (external maxillary) 

artery. Infection of this space is diagnosed easily because 
of marked cheek swelling associated with a diseased molar 
or premolar tooth. When fluctuance occurs, it should be 
drained percutaneously. Attempts to direct fluctuance 
intraorally by warm rinses are futile, and intraoral drain-
age through mucosa, submucosa, and buccinator muscle 
may be difficult.

Cutaneous drainage should be performed inferior to the 
point of fluctuance with blunt dissection into the depth 
and extreme boundaries of the space. The purulent con-
tents can expand the space to a surprising volume (Figures 
12-8 and 12-9). The branches of the facial nerve should 
be avoided. The usual incision and drainage site is quite 
inferior to Stensen’s duct. Aspiration of this space is per-
formed easily.

Of special interest, and far from uncommon, is nonodon-
togenic buccal space infection or buccal cellulitis caused 
by Haemophilus influenzae. This infection, usually seen in 
infants or children younger than 3 years, is characterized by 
high fever for at least 24 hours before the appearance of clin-
ical signs. The rapid onset of dark red swelling can be easily 

• Figure 12-7 Chronic fistula high in the canine space from a periapi-
cal infection of the maxillary canine tooth. (From Topazian RG, Gold-
berg MH, Hupp JR: Oral and maxillofacial infection, ed 4, Philadelphia, 
2002, Saunders.)

Masseter
muscle

Ramus of the
mandible

Buccinator
muscle

• Figure 12-8 Buccal space abscess anatomy. (From Hargreaves 
KM, Cohen S: Cohen’s pathways of the pulp, ed 10, St Louis, 2011, 
Mosby.)

• Figure 12-9 Buccal space infection. Notice the massive swelling 
and erythema.



212 PART 2  Infections of the Head, Neck, and Orofacial Region

confused with an odontogenic infection or erysipelas. Otitis 
media frequently is also present or has occurred recently. 
Now commonly resistant to ampicillin, H. influenzae  
infection may respond well to amoxicillin-clavulanate (Aug-
mentin) or a cephalosporin such as cefaclor. This process 
can occur in older children (Figure 12-10).

Recurrent buccal space abscesses can occur as a complica-
tion of Crohn’s disease. This segmental transmural intestinal 
disease, whose clinical course includes intermittent abdomi-
nal pain, fever, weight loss, and diarrhea, is characterized by 
inflammatory granulomas, which can occur throughout the 
entire length of the gastrointestinal tract, from the mouth 
to the anus. Granulomatous lesions and ulcerations of the 
buccal mucosa can progress to true buccal space abscesses. 
A high recurrence rate of the granulomas or new abscess 
formation is possible despite antibiotic, corticosteroid, or 
surgical therapy.

See Appendix I for an illustrative case.

Masticator Spaces

The masticator spaces (masseteric, pterygoid, and temporal) 
are well differentiated, but communicate with each other 
and with the buccal, submandibular, and parapharyngeal 
spaces. Infection may be confined to any one of these com-
partments or may spread rather readily to any or all the 
other compartments.

Of the muscles of mastication, only the outer surface of 
the masseter and the inner surface of the medial (internal) 
pterygoid are covered by true fascia. Sicher21 states that 
the temporal fascia is really the suspensory bracing of the 
zygomatic arch, rather than a muscle sheath. Although little 
space exists between the fibers of the masseter and tem-
poralis muscles, considerable space is present between the 

temporalis muscle and the pterygoid muscles. The fatty con-
nective tissue in this space extends anteriorly to the border 
of the buccinator muscle at the pterygomandibular raphe.

The masticator space as a unit is bound by fascia. It con-
tains the muscles of mastication, the internal maxillary artery, 
and the mandibular nerve. If subdivided, the boundaries of 
the masseteric compartment are the masseter muscle later-
ally and the mandibular ascending ramus medially, whereas 
the pterygoid compartment is bounded medially by the 
pterygoid muscles and laterally by the mandible. Both com-
partments communicate freely with the superficial and deep 
temporal pouches superiorly, the buccal space anteriorly, and 
the lateral pharyngeal spaces posteriorly. Extension of infec-
tion into parotid and submandibular spaces can also occur.

Infection of the masticator space occurs most frequently 
from molar teeth, and infections of the third molars (wis-
dom teeth) are implicated most commonly as the cause. 
Pericoronitis of the gingival flap of third molars or caries-
induced dental abscesses usually can be found in cases of 
masticator space infection. Infections of this space also have 
been reported as a result of contaminated mandibular block 
anesthetic injections, or infection may spread to this space 
from nearby contiguous spaces. Infection of the masticator 
space also can result from direct trauma to or through the 
muscles of mastication or surgery in the area (e.g., after tem-
poral cranial flaps are made for neurosurgery or following 
orthognathic surgery).

Infratemporal space infections also can occur as a result of 
temporomandibular joint surgery or arthroscopy. The pos-
tulated mechanism is contamination from the external audi-
tory canal flora (streptococci, staphylococci, Haemophilus,  
Proteus, and Pseudomonas organisms).

Clinically the hallmark of masticator space infection is 
trismus, the sine qua non of masticator space infection. If 
trismus is not present, these spaces are uninvolved with the 
infectious process. An exception would be infection in a 
patient who is immunosuppressed, who might not exhibit 
the classic signs of inflammation or the unique signs of deep 
space infection.

Swelling may not be a prominent sign of masticator 
space infection, especially in the masseteric compartment. 
In this area, the infectious process exists deep to large muscle 
masses that obscure or prevent much observable swelling. 
This process distinctly contrasts with infections of the buc-
cal space, in which swelling is the cardinal sign of infection.

Surgical access to the various compartments of the masti-
cator space is complicated by the containment of the infec-
tious process by the muscle masses. Although drainage of 
the entire masticator space from the intraoral space is pos-
sible and occasionally practical, access from an extraoral 
incision is easier technically and more prudent. Some sug-
gest an approach to all compartments through an incision 
along the pterygomandibular raphe. This incision is techni-
cally possible in a cadaver, but is less feasible in an infected 
patient with trismus. In such patients, the oral approach 
could compromise the airway postoperatively because of 
persistent bloody or purulent oozing, and intraoral drains 

• Figure 12-10 Buccal cellulitis caused by Haemophilus influenzae 
after recent otitis media. (From Topazian RG, Goldberg MH, Hupp JR: 
Oral and maxillofacial infection, ed 4, Philadelphia, 2002, Saunders.)
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may be difficult to maintain and can be aspirated if loosened 
inadvertently.

The masseteric and pterygoid compartments can be 
entered by superficial sharp and deep blunt dissection at 
the external angle of the mandible, avoiding the mandibular 
branch of the facial nerve. This approach allows dependent 
drainage of both spaces at the insertion of the muscle sling 
on the inferior border at the mandibular angle. Adequate 
local anesthesia can be accomplished at the mandibular 
angle (Figures 12-11 and 12-12).

The temporal spaces, although accessible through Sich-
er’s intraoral incision, also can be drained percutaneously 
through an incision slightly superior to the zygomatic arch. 
The incision should be made parallel to the zygomatic arch 
and therefore parallel to the zygomatic branch of the facial 
nerve rather than perpendicular to it.

See Appendix I for an illustrative case.

Submandibular and Sublingual Spaces

The submandibular (submaxillary) and sublingual spaces, 
although distinct anatomically, should be considered as a 

surgical unit because of their proximity and frequent dual 
involvement in odontogenic infection. Some confusion 
in nomenclature exists because some anatomists describe 
these spaces as compartments of the “submandibular 
space.”

The mylohyoid muscle, which forms the floor of the oral 
cavity, is the key to the diagnosis and surgical management 
of these space infections. Separating the sublingual space 
above from the submandibular space below is the mylo-
hyoid muscle, which attaches to the lingual surface of the 
mandible in an obliquely downward line from posterior 
to anterior. Thus, the root apices of the premolar and first 
molar teeth usually are superior to this attachment. As a 
result, lingual perforations of infections from these teeth 
penetrate into the more superior (sublingual) compartment 
(see Figure 12-3). Only loose connective tissue rather than 
true fascia actually separates one side of the floor of the 
mouth from the other, an anatomic situation that permits 
infection to spread bilaterally with ease.

Anteriorly, the sublingual space communicates with the 
submental space. In this area the sublingual space can be 
invaded by infection from incisor teeth, especially from 
periodontal infection. Posteriorly, the sublingual space com-
municates with the lateral pharyngeal spaces, in the neigh-
borhood of the posterior edge of the mylohyoid muscle and 
the lesser wings of the hyoid bone.

Infection of the sublingual space appears clinically as 
brawny, erythematous, tender swelling of the floor of the 
mouth, beginning close to the mandible and spreading 
toward the midline or beyond. Some elevation of the tongue 
may be noted in late cases (Figure 12-13). Infection must be 
differentiated from the cellulitis that might accompany an 
impacted sialolith in the Wharton duct.

Surgical drainage of the sublingual space should be per-
formed intraorally by an incision through the mucosa paral-
lel to the Wharton duct bilaterally. If the submandibular 
space is to be drained, both spaces can be reached through a 
submandibular approach.

• Figure 12-11 Masticator space infection in a 5-year-old child caused 
by an infection from a deciduous mandibular molar. (From Topazian 
RG, Goldberg MH, Hupp JR: Oral and maxillofacial infection, ed 4, 
Philadelphia, 2002, Saunders.)

• Figure 12-12 Incision and drainage of a masticator space of the child 
in Figure 12-11. Purulent flow occurred after blunt penetration of the 
masseteric compartment. (From Topazian RG, Goldberg MH, Hupp JR: 
Oral and maxillofacial infection, ed 4, Philadelphia, 2002, Saunders.)

• Figure 12-13 Clinical appearance of a sublingual space infection 
with elevation of the tongue by indurated sublingual tissue.
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The submandibular space is separated from the overly-
ing sublingual space by the fibers of the mylohyoid muscle. 
Odontogenic infections of this space are commonly caused 
by the second and third molar teeth (and, rarely, the first 
molar), inasmuch as their root apices lie inferior to the 
mylohyoid line of muscle attachment. The space is bounded 
laterally by the submandibular skin, superficial fascia, pla-
tysma muscle, superficial layer of deep cervical fascia, and 
the lower border of the mandible. The contents of the sub-
mandibular space include the submandibular salivary gland 
and its lymph nodes, the facial (external maxillary) artery, 
the proximal portion of the Wharton duct, and the lingual 
and hypoglossal nerves as they course deep to the subman-
dibular gland on the inferior surface of the mylohyoid mus-
cle (Figures 12-14 and 12-15).

Diagnosis of submandibular space infection is made 
by finding the typical swelling of the space, either brawny 
or soft, and correlating it with the presence of a diseased 
mandibular molar. Infection can be related to sepsis in an 

adjoining space, such as the sublingual, the submental, or 
the masticator space. Conversely, infection can spread from 
the submandibular space into any contiguous space, includ-
ing the pharyngeal spaces. The infectious process commonly 
spreads across the midline into the contralateral subman-
dibular space. If spread is bilateral and involves all subman-
dibular and sublingual spaces and the submental space, the 
result is the well-known Ludwig’s angina.

Differential diagnosis should include acute sialadenitis, 
sublingual trauma or foreign body, and submandibular 
lymphadenitis; these can produce a secondary overlying cel-
lulitis that further confuses the diagnosis.

Therapy for submandibular space odontogenic infection 
includes surgical drainage, antibiotics, and definitive care of 
the primary dental infection. Incision is performed through 
the skin below and parallel to the mandible. Blunt dissec-
tion is carried to the depths of the space and to its anterior 
and posterior margins. Deep abscess loculations should be 
entered with a small closed clamp, probing in all directions 
while attempting to avoid damage to the submandibular 
gland, the facial artery, and the lingual nerve. The contralat-
eral space should not be entered unless it is involved in the 
infection; if necessary, however, drains can be placed into 
both sides, as in the treatment of Ludwig’s angina.

See Appendix I for an illustrative case.

Submental Space

A potential fascial space exists in the chin and occasionally 
becomes infected, either directly from a mandibular incisor 
or indirectly from the submandibular space. The submental 
space is located below the chin and is bound above by the 
skin and the chin (mentalis) muscles, laterally by the ante-
rior bellies of the digastric muscles, deeply by the mylohyoid 
muscle, and superiorly by the deep cervical fascia, the pla-
tysma muscle, the superficial fascia, and the skin. Submental 
infection can spread easily to either or both submandibular 
spaces.

If infection from the incisors exits labially through the 
mandibular bone, inferior to the muscle attachments, then 
the submental space becomes involved. The chin appears 
grossly swollen and is firm and erythematous (Figure 
12-16). Percutaneous surgical drainage is the most effective 
approach. A horizontal incision in the most inferior por-
tion of the chin, in a natural skin crease, provides depen-
dent drainage and the most cosmetically acceptable scar. 
The space can be drained orally through the mentalis muscle 
through the labial vestibule, but dependent drainage cannot 
be established from this approach.

See Appendix I for an illustrative case.

Infections Associated with Impacted Third 
Molar Teeth

Lower third molars are a frequent cause of infection, even 
in otherwise healthy patients. In Western society, where 

Buccinator
muscle

Mylohyoid
muscle

Platysma
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• Figure 12-14 Schematic drawing of a submandibular space infec-
tion originating from a mandibular molar tooth. Surgical drainage is 
accomplished through skin and platysma muscle. (From Hargreaves 
KM, Cohen S: Cohen’s pathways of the pulp, ed 10, St Louis, 2011, 
Mosby.)

• Figure 12-15 Clinical appearance of a submandibular infection.
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contemporary dental care and the widespread use of fluo-
ridated drinking water have resulted in the remarkable 
decrease in dental caries and prevention of early loss of first 
and second molar teeth, a high rate of impacted third molars 
has resulted. Impaction is often associated with pericoronal 
infection (Figure 12-17). Bacteriologically the profuse colo-
nization under the moist, poorly oxygenated pericoronal 
flap consists of the usual mixed aerobic-anaerobic flora, but 
can result in tissue destruction and pain to a level similar to 
that of acute necrotizing ulcerative gingivitis.22 The use of 
antibiotics is recommended for third molar pericoronitis if 
body temperature is elevated or if trismus or adenopathy are 
present. Initially, gentle mechanical irrigation and debride-
ment can be useful, as are incision and drainage, with extrac-
tion of the maxillary third molar (or cuspal reduction) if it 
is in occlusion with the edematous mandibular flap. Lower 
extraction usually is delayed until the trismus has resolved 
sufficiently to permit surgical access.

Pericoronitis occasionally spreads rapidly because of the 
anatomic location of the mandibular third molar at the 
crossroads of the masticator, submandibular, and buccal 
fascial spaces with adjacent anatomic access to contiguous 
parapharyngeal, parotid, submandibular, and other spaces 
(Figure 12-18).23 Unfortunately, the same potentially seri-
ous sequelae exist as postextraction complications, which is 
an important issue in the risk/benefit ratio and medicolegal 
areas of surgery.

The role of prophylactic antibiotics in third molar sur-
gery is controversial. If pericoronitis is present at the time 
of surgery or has been present recently, antibiotic therapy 
is indicated. However, removal of the truly asymptomatic 
and completely impacted third molar fits the category of 
clean-contaminated rather than contaminated surgery, and 
data exist to support the efficacy of both the use and non-
use of prophylactic antibiotics. If the mandibular marrow 
space has been widely exposed, especially during a lengthy 

extraction, “prophylactic” postoperative antibiotics would 
seem prudent. However, for true prophylaxis, the antibiotic 
ideally should be administered preoperatively.24 The use of 
antibiotics after third molar extraction has not altered the 
infection rate. Advocates and dissenters continue the ongo-
ing clinical debate.

• Figure 12-16 Submental space infection after an incision and 
drainage.

• Figure 12-17 Pericoronitis of a mandibular third molar. Note the 
swelling extending to the lingual surface of the mandible.

• Figure 12-18 Pan-space infection from a third molar, including buc-
cal, parotid, masticator, submandibular, and sublingual spaces. (From 
Topazian RG, Goldberg MH, Hupp JR: Oral and maxillofacial infection, 
ed 4, Philadelphia, 2002, Saunders.)



216 PART 2  Infections of the Head, Neck, and Orofacial Region

Penicillin (or amoxicillin) remains the antibiotic of 
choice, administered as 2 g of amoxicillin orally 1 hour 
before the procedure and a second dose 2 hours after the 
initial dose, with no further doses given. Alternatively, 2 g of 
penicillin G can be given intravenously as a single dose. In 
patients who are allergic to penicillin, clindamycin, 600 mg 
orally or intravenously as a single dose, is suggested.

The overall third molar postoperative infection rate 
ranges from 4.2 to 6.3% with or without antibiotics, but 
most studies are subject to challenge because they fail to dif-
ferentiate which patients have a history of pericoronitis and 
whether the extraction sites are profusely irrigated.25

Ludwig’s Angina

Ludwig’s angina is a firm, acute, toxic cellulitis of the sub-
mandibular and sublingual spaces bilaterally and of the sub-
mental space. As early as 1796, extraction of abscessed teeth 
was considered contraindicated because “it might give rise to 
extensive inflammation and angina, in a dangerous degree.” 
Three F’s became evident even before the first written 
description of the disease: it was to be feared, it rarely became 
fluctuant, and it often was fatal. A sensation of choking and 
suffocation (angina) often was combined with the name of 
the author (Ludwig) who fully described it in 1836.1

The original description of the disease has not been 
improved since the observations of Wilhelm Friedrich 
von Ludwig were published while he was court physician 
to the King of Wurttemberg and president of that king-
dom’s medical association. His descriptive phrases ring true 
today, despite considerable improvements in therapy and 
mortality:

. . . amidst the symptoms which herald the approach—an ery-
sepalous angina, temperature swings . . . discomfort upon swal-
lowing, there develops on one or both sides of the neck a firm 
connective tissue with which it comes in contact . . . it extends 
uniformly about the periphery of the neck . . . to a marked 
degree. It advances in similar fashion to involve the tissues 
which cover the small muscles between the larynx and the floor 
of the mouth . . . the tongue rests upon a red, indurated mass 
which feels like a hard ring adjacent to the inner surface of the 
jaw bone. It becomes difficult and painful to open the mouth . 
. . speech is impaired and hoarse . . . this is because the tongue 
is pressed backward and upwards, there is pressure upon the 
larynx . . . as the disease progresses . . . externally certain areas 
become, at times, softer . . . at other times more prominent and 
apparently fluctuant. Fever increases with morning exacerba-
tions . . . swallowing continues to be difficult and the patient 
opens the mouth only with effort; dyspnea appears usually in 
paroxysms . . . and on the tenth to twelfth day of the disease, 
death occurs, with the patient in a comatose state with evi-
dence of respiratory paralysis . . . there are nuances in the typi-
cal picture of the disease . . . particularly the onset and severity 
of the local lesion. . . . Among the cases in which autopsy was 
permitted . . . there were found abscess cavities whose walls 
were made up of gangrenous partly decomposed masses of 
muscle . . . the periosteum of the inner surface of the jaw was 
loosened from the bone and was discolored.

Ludwig refrained from suggesting a “scientifically valid” 
hypothesis of the cause of the disease, but stated that “it dif-
ferentiates itself from other neck inflammations with symp-
tomatic or idiopathic swelling of the salivary glands.”25a As 
therapy, he recommended local and general bloodletting, 
softening poultices, and external and internal use of mer-
curials, vesicants, cathartics, and diuretics. He described the 
case of Fraulein N.N., who suffered both the disease and 
the therapy, including leeches, bran poultices, tartar emetic, 
dry heat, a gargle of althea and honey, almond oil, ipecac, 
and finally, “a piece of silver nitrate the size of a six Krenzer 
coin over the middle of the swelling . . . which had cre-
ated a splendid necrosis.” Because of or despite the therapy 
(chemical incision and drainage), N.N. survived, and “three 
weeks after the onset, when the last traces of the induration 
could still be felt, the patient felt well and strong.”

Almost 60 years passed before the causative relationship 
between dental disease and Ludwig’s angina was established. 
Carious rotten teeth were ubiquitous in Ludwig’s era, 
whereas his eponymous angina was comparatively uncom-
mon; hence, he never recognized the association. Consider-
ing that the germ theory of disease had yet to be postulated, 
antibiotics were undiscovered, anesthesia did not exist, and 
contemporary surgeons were reluctant to incise without the 
certainty of finding “laudable pus,” N.N. was indeed fortu-
nate to have survived. Curiously, Ludwig did not survive a 
throat inflammation and he died in 1865 at the age of 75.

Today, Ludwig’s angina is a disease primarily of dental 
origin. Dental infection has been reported as the causative 
factor in 90% of cases in some series, either as primary dental  
infection or as a postextraction phenomenon. As was stated 
in 1943, “The dentist who is unfortunate enough to have 
performed extraction on a patient who subsequently devel-
ops Ludwig’s angina is more likely to have been inciden-
tal to the train of events than to have been the responsible 
agent.”26

Other causative factors include submandibular gland 
sialadenitis, compound mandibular fracture, oral soft tissue 
lacerations, puncture wounds of the oral floor, and secondary 
infections of oral malignancies. Ludwig’s angina infection  
has been reported in a newborn. The term pseudo-Ludwig’s 
angina has been applied to these cases of nondental origin; 
they also are referred to as pseudo-Ludwig’s phenomena.

Fortunately, the incidence of Ludwig’s angina remains low  
in this modern era of preventative dental care and antibi-
otic therapy. In the preantibiotic era, a mortality rate greater 
than 50% was reported, but this was reduced to approxi-
mately 5% with the use of penicillin. Most early cases prob-
ably are aborted by the use of antibiotics before rapid, deep 
spread of infection occurs. Representing less than 1% of all 
admissions to oral-maxillofacial services, Ludwig’s angina is  
observed most frequently in the contemporary compro-
mised host. If the disease is untreated, the mortality rate 
is close to 100%. A true Ludwig’s angina is an obligatory 
hospital admission.

Bilateral infection of the sublingual and submandibu-
lar spaces with brawny edema, an elevated tongue, airway 
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obstruction, and a paucity of pus are the clinical hallmarks 
of Ludwig’s angina. The submental space also is swollen, 
and sepsis can spread rapidly to involve the masticator and 
pharyngeal spaces.

A veritable host of organisms have been implicated as the 
causative agents of this disease. Because Ludwig’s angina is 
commonly of dental origin, streptococci or mixed oral flora 
are the most commonly reported organisms from cultures 
of whatever exudate can be obtained after surgical drain-
age. Contemporary reports of Ludwig’s angina have demon-
strated the presence of staphylococci, gram-negative enteric 
organisms such as E. coli and Pseudomonas, and anaerobes, 
including Bacteroides and Peptostreptococcus species. The 
isolation of these organisms may indicate the changing 
oral flora of the antibiotic era or reflect more sophisticated 
modern culture techniques. Prevotella melaninogenicus, Pre-
votella oralis, and Prevotella corrodens also have been isolated 
from patients with Ludwig’s angina or other odontogenic 
infections. Experimental data from studies of cutaneous 
infections similar to the ulcer of Meleney suggest that a 
synergistic or obligatory synergistic relationship may exist 
among anaerobes such as Prevotella (P. melaninogenicus), 
anaerobic streptococci, and fusospirochetes, all common 
organisms. Mixtures of oral organisms that did not include 
Prevotella could not create transmissible subcutaneous 
infections in experimental animals, whereas an infection 
was produced by the addition of that organism. Whatever 
the role of anaerobes, primary or synergistic, a search for 
them should not be omitted when culturing specimens 
from Ludwig’s angina or other serious odontogenic infec-
tions (see Geisler et al27 and Chow et al28).

Treatment of Ludwig’s angina includes early diagnosis of 
the incipient cases, maintenance of a patent airway, intense 
and prolonged antibiotic therapy, extraction of the affected 
teeth, hydration, and early surgical drainage (with a life in 
the balance, a quick extraction is more rational than time-
consuming tooth salvage). Empirical antibiotic therapy 
(intravenous) for Ludwig’s angina should be intense; choices 
include penicillin plus metronidazole or clindamycin or 
imipenem used as single agents.

Establishment and maintenance of an adequate air-
way are the sine qua non of therapy. Death is more likely 
to occur early from airway obstruction than from sepsis. 
Tracheostomy has been almost routine during most of the 
twentieth century, but may prove difficult to perform in 
the late stage of the disease because of massive neck edema 
and tissue distortion. Attempts at blind endotracheal intu-
bation can be time consuming, unsuccessful, and fraught 
with danger, especially if attempted by an inexperienced 
anesthesiologist, because of the swollen elevated tongue and  
glottic edema. The danger of rupturing a bulging lateral 
pharyngeal or retropharyngeal abscess exists if the infection 
involves these fascial spaces. Cervical soft tissue plain radio-
graphs and CT scanning should be done before attempted 
tracheostomy, if time permits. Fiberoptic laryngoscopy is 
useful in the airway management of Ludwig’s angina but 
requires an anesthesiologist skilled in its use, and the patient 

must be cooperative and premedicated. Tracheal intubation 
with the patient under deep inhalation anesthesia may be 
successful, usually obviating the need for tracheostomy. The 
use of sedative and narcotic agents, which can cause more 
rapid respiratory deterioration, is not recommended (see 
Chapter 32).

Although some authorities advocate high doses of 
antibiotics without surgery until fluctuance develops, in  
most surgeons’ experience, fully developed Ludwig’s angina 
requires prompt and deep surgical incision because fluctu-
ance is uncommon and late. Ludwig’s angina is a diffuse 
cellulitis of deep fascia. Seventy percent of cases still require 
surgical intervention and drainage. The submandibular and 
sublingual spaces and secondarily involved spaces must be 
explored bilaterally. The masticator spaces must be drained 
if trismus is present. The prudent and experienced surgeon 
recognizes the wisdom of the maxim “a chance to cut is a 
chance to cure” when confronted with Ludwig’s angina.

A horizontal incision midway between the chin and the 
hyoid bone was the classic approach to the surgical drainage 
of Ludwig’s angina, but this “cut-throat” incision has proved 
unnecessary and unaesthetic. Bilateral incision into the sub-
mandibular spaces with blunt dissection to the midline suf-
fices if bilateral drains meeting in the midline are placed. 
This maneuver, combined with drainage of the sublingual 
spaces, relieves the intense pressure of edematous tissue on 
the airway and provides specimens for Gram staining and 
culture (Figure 12-19).

The platysma muscle and suprahyoid fasciae are incised 
by this approach, and the fascia of the submandibular gland 
is also entered. The mylohyoid muscle should be divided 
and the sublingual spaces entered. A closed clamp should be 
inserted through the median raphe of the mylohyoid muscle 
and advanced to the hyoid bone at the base of the tongue. 
Generally, little pus is obtained because the infection often 
represents cellulitis of the fascial spaces rather than true 
abscess formation. In some cases, especially late or fully 
developed ones, purulent flow is produced.

• Figure 12-19 Surgical therapy for Ludwig’s angina involves incisions 
and placement of drains bilaterally into the submandibular spaces, 
meeting in the midline and draining the submental space.
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Needle aspiration of deep fascial space infections has been  
attempted, sometimes obviating open drainage procedures. 
However, Ludwig’s angina, basically a rapidly spreading, 
deep cellulitis without localization of pus or formation of 
fluctuance is not amenable to this technique, even if the 
needle is CT guided.

Sequelae after adequate drainage and antibiotic therapy 
are uncommon. However, inadequate drainage or prema-
ture closure of the surgical wounds can lead to reinfection. 
Late spread to other fascial spaces or generalized sepsis can 
occur and are ever-present dangers. Failure to extract the 
offending tooth could cause reinfection. Secondary revi-
sion of scarring may be necessary for cosmetic reasons or to 
repair stenosis of the Wharton duct.

The mortality rate for Ludwig’s angina has decreased 
since the advent of prompt surgical intervention, airway 
maintenance techniques, and antibiotic therapy. However, 
three fatal cases are discussed in Appendix I to illustrate the 
potential or actual lethality of this disease.

Pharyngeal Space Infection

The lateral pharyngeal space (pharyngomaxillary space) is a 
lateral neck space shaped like an inverted cone, with its base 
at the skull and its apex at the hyoid bone. Its medial wall is 
contiguous with the carotid sheath, and it lies deep to the pha-
ryngeal constrictor muscle. It is divided, for surgical and ana-
tomic purposes, into anterior and posterior compartments.

Infections of the lateral pharyngeal space can result from 
pharyngitis, tonsillitis, parotitis, otitis, mastoiditis, and den-
tal infection, especially if the masticator spaces are primarily 
infected. Herpetic gingivostomatitis involving pericoronal 
tissue has also been reported as a cause of the lateral pharyn-
geal abscess. If the anterior compartment becomes infected, 
the patient exhibits pain, fever, chills, medial bulging of the 
lateral pharyngeal wall with deviation of the palatal uvula 
from the midline, dysphagia, swelling below the angle of 
the mandible, and usually trismus (Figure 12-20). Infection 

of the posterior compartment is noted for absence of tris-
mus and visible swelling, but respiratory obstruction, septic 
thrombosis of the internal jugular vein, and carotid artery 
hemorrhage can occur in patients at a late stage of infec-
tion. CT and magnetic resonance imaging may prove useful 
in diagnosing lateral pharyngeal infections and may reveal 
confluence with other deep space infections and septic ero-
sion of the wall of the great vessels.

Therapy consists of antibiotics, surgical drainage, and 
tracheostomy if indicated. The surgical approach may be 
oral, by incision of the lateral pharyngeal wall, or exter-
nal, by exposure of the carotid sheath near the lateral tip of 
the hyoid bone after retraction of the sternocleidomastoid 
muscle. Blunt dissection along the posterior border of the 
digastric muscle leads to the lateral pharyngeal space. In the 
combined intraoral and extraoral approach, a mucosal inci-
sion is made lateral to the pterygomandibular raphe, and 
a large curved clamp is passed medial to the medial ptery-
goid muscle in a posterior-inferior direction. The tip of the 
clamp is delivered through the skin by a cutaneous incision 
between the angle of the mandible and the sternocleidomas-
toid muscle.

See Appendix I for an illustrative case.

Retropharyngeal Space

The esophagus and trachea are enclosed by the middle 
layer of the deep cervical fascia. A thick strand of con-
nective tissue extends laterally from the esophagus to the 
carotid sheath, thus creating an anterior neck compart-
ment known as the pretracheal (previsceral) space and a 
posterior or retropharyngeal (retrovisceral) space. The pos-
terior space lies behind the esophagus and pharynx and 
extends inferiorly to the upper mediastinum and superi-
orly to the base of the skull.

Clinically, retropharyngeal space infections can result 
most commonly from nasal and pharyngeal infections in 
children (tonsillitis), dental infection diffusing through 
contiguous spaces, esophageal trauma or foreign bodies, 
and tuberculosis. Infection can also reach this space through 
the lymphatics to involve the retropharyngeal lymph nodes. 
Dysphagia, dyspnea, nuchal rigidity, esophageal regurgita-
tion, and fever characterize infections of the retropharyngeal 
space. If the pharynx can be visualized, a bulging of the pos-
terior wall may be observed and is usually more prominent 
unilaterally because of the adherence of the median raphe of 
the prevertebral fascia. Lateral soft tissue radiographs of the 
neck are extremely useful and may reveal considerable wid-
ening of the retropharyngeal space, well beyond the 3- to 
6-mm width in normal adults at the second vertebra (or >14 
mm in children; Figure 12-21). In adults, the space width/
vertebra ratio is 6 mm at C2 and 20 mm at C6. The pres-
ence of gas in the prevertebral soft tissues and the loss of 
the normal lordotic curvature of the cervical spine also may 
be observed on plain radiographs and CT scans. CT scans 
reveal the presence of the infection in the retropharyngeal 
space and its inferior extent.

• Figure 12-20 Lateral pharyngeal space abscess occurring late after 
a third molar extraction. Note the bulging of the lateral pharyngeal wall, 
soft palate, and tonsillar area with displacement of the uvula. (From 
Topazian RG, Goldberg MH, Hupp JR: Oral and maxillofacial infection, 
ed 4, Philadelphia, 2002, Saunders.)
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Although some reports indicate that 10 to 40% of retro-
pharyngeal infections resolve with only medical management, 
these cases reflect early diagnosis and antibiotic therapy. Infec-
tion of the retropharyngeal space usually requires prompt 
surgical drainage and allows little time for delay, debate, or 
decision by committee. Because many anesthesiologists are 
reluctant to risk aspiration or airway obstruction by pus 
pouring from the ruptured space during passage of an endo-
tracheal tube, tracheostomy may be indicated. However, 
drainage has been performed transorally with the patient 
under local anesthesia in the extreme Trendelenburg position 
and with constant suctioning. In the transoral technique, an 
incision is made through the midline of the posterior pharyn-
geal mucosa, and the abscess is opened by blunt dissection.

An external approach generally provides more dependent 
drainage. An incision is made along the anterior border of 
the sternocleidomastoid muscle and parallel to it, inferior 
to the hyoid bone. This muscle and the carotid sheath are 
retracted laterally, and blunt finger dissection is carried 
deeply, avoiding the hypoglossal nerve, to the level of the 
hypopharynx. Blunt finger dissection deep to the inferior 
constrictor muscles opens the retropharyngeal space abscess. 
Deep drains are placed and maintained until all clinical and 
laboratory signs of infection are no longer apparent. Needle 
aspiration with CT scan guidance has avoided open surgical 
drainage in a few cases. The overall mortality rate for retro-
pharyngeal infections of all causes is approximately 10%.

See Appendix I for an illustrative case.

Mediastinitis

Extension of infection from deep neck spaces into the 
mediastinum is heralded by chest pain and severe dyspnea, 
unremitting fever, and radiographic demonstration of medi-
astinal widening. Rarely, mediastinitis can be caused by 
odontogenic infection that spreads directly along the great 
vessels in the perivascular space of the carotid sheath (Figure 
12-22). Intravenous drug abusers who inject into the major 
blood vessels of the neck are at risk for deep neck infections, 
including the carotid space, and may have septic thrombosis 
of the jugular veins.

Spread of an odontogenic infection to the mediastinum 
also is noteworthy because it is preceded by infection of 
other fascial spaces that may have been drained adequately. 
Therefore, mediastinitis may be a late complication and 
should be suspected in patients with exacerbation of fever 
associated with substernal pain. Progressive septicemia, 
mediastinal abscesses, pleural effusion, empyema, compres-
sion of mediastinal veins with decreased venous return to 
the heart, and pericarditis can occur, with death as the final 
outcome.

• Figure 12-21 Retropharyngeal space abscess after extraction of 
a mandibular third molar. Note the massive soft tissue swelling with 
tracheal displacement. (From Topazian RG, Goldberg MH, Hupp JR: 
Oral and maxillofacial infection, ed 4, Philadelphia, 2002, Saunders. 
 Courtesy John F. DuPont, Jr.)

• Figure 12-22 Mediastinitis caused by a retropharyngeal space 
infection. (From Topazian RG, Goldberg MH, Hupp JR: Oral and maxil-
lofacial infection, ed 4, Philadelphia, 2002, Saunders.)
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Necrotizing mediastinitis of dental origin may be related 
to the synergistic effect of aerobic and anaerobic bacte-
ria invading susceptible tissue far from their normal oral 
environment.29-32 Passively commensal in the mouth, the 
bacteria can become synergistically aggressive and invasive 
elsewhere.

Treatment of suppurative mediastinitis consists of exten-
sive, long-term antibiotic therapy and surgical drainage of 
the mediastinum. Specimens for culture should be obtained 
regularly during long-term therapy.

See Appendix I for an illustrative case.

Summary

The incidence and severity of odontogenic infections have 
diminished since the advent of antibiotic therapy. How-
ever, significant morbidity and mortality of these infec-
tions continue. Dentists and physicians constantly must be 
alert to the potential seriousness of these infections, which 
should never be dismissed as simple dental abscesses. 
Odontogenic infection therapy—dental, medical, or sur-
gical, outpatient or inpatient—is based on the severity 
and anatomic location of the infection, the patient’s gen-
eral health status, his or her response to therapy, and the 
assumed or laboratory-determined pathogenic microflora 
of the infection. Small superficial odontogenic infections 
differ greatly from deep space infections despite their com-
mon origins.

Deep space infections must be recognized promptly 
and treated as an emergency. Underlying medical prob-
lems must be controlled, a patent airway is established, 
contemporary diagnostic imaging is performed, and deep 
drainage is performed. Repeated diagnostic and therapeu-
tic measures may be necessary until the end point (absence 
of clinical, radiographic, and laboratory signs of infection) 
has been reached.
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13
Osteomyelitis and 
Osteonecrosis of the Jaws
MICHAEL T. GOUPIL, MOHAMMAD BANKI, AND ELIE M. FERNEINI

Osteomyelitis of the jaws because of infection is fortunately 
a relatively rare condition in Western societies. This is pri-
marily due to the advent of antibiotics and improvements in 
access to dental care and strategies to prevent dental disease. 
However, in less developed parts of the world and for those 
in developed countries with more limited access to health 
care services, osteomyelitis of the jaws is still common.

The ultimate cause of osteonecrosis is an alteration of 
blood flow to the bone. This may be the result of a variety of 
factors including trauma, infection, radiation, and medica-
tions. A compromised immune system is also a contributing 
factor.1

This chapter will review osteomyelitis and osteonecrosis 
of the jaws, focusing on the etiology, recognition, and man-
agement of these serious conditions. Noninfectious causes 
of osteonecrosis are included in the chapter because they 
can be mistaken for infectious processes.

Infection-Induced Osteomyelitis

Osteomyelitis is an inflammatory process of the medullary 
portion of the bone in which a bacterial source causes bony 
destruction. The process may extend to cortical bone, as 
well as the periosteum. Because of the availability of antibi-
otics the incidence of osteomyelitis has decreased.2-4

The literature contains a variety of ways to classify osteo-
myelitis. In the final analysis, however, osteomyelitis can 
be broken into two primary categories: acute and chronic. 
Acute osteomyelitis is characterized by fever, malaise, facial 
cellulitis, trismus, and leukocytosis. Most commonly, 
chronic osteomyelitis is secondary to acute osteomyelitis. 
The dividing point between acute and chronic has been 
established at the 4-week point. This secondary chronic 
osteomyelitis is characterized by swelling, deep pain, puru-
lence, intraoral or extraoral fistulae, nonhealing bone, and 
overlying soft tissue wounds. A primary form of chronic 
osteomyelitis has also been described in which there was no 
preceding acute phase.5

The key to treatment of osteomyelitis is early detection, 
which means early suspicion. Identification of the causative 
organism may be difficult, but is important for appropriate 
antibiotic selection. Surgical treatment is almost always part 
of the treatment plan.6

Acute Osteomyelitis

Acute osteomyelitis requires a bacterial inoculation of the 
bone. This bacterial inoculation is usually from an odon-
togenic source secondary to pulpal or periodontal involve-
ment of a diseased tooth. The bacterial inoculation is 
frequently introduced through a traumatic event, such as 
extraction of a tooth or bone fracture. This in turn pro-
duces an inflammatory process in the medullary portion of 
the bone. Edema, which is part of the inflammatory pro-
cess, causes a vascular stasis. This vascular stasis diminishes 
nutrient supply to the bone, and osteonecrosis ensues. 
Vascular stasis interferes with recruitment of white blood 
cells to the area, further compromising the body’s ability 
to mount an immune response. Lack of blood flow and a 
decrease in available oxygen encourage anaerobic bacterial 
growth.5

Dental caries is still considered one of the most common 
infections worldwide. Even with the advent of antibiotics 
and improving access to care, one might expect a higher 
incidence of osteomyelitis. Another factor needs to be con-
sidered to tip the scales from the body’s ability to contain 
an odontogenic infection to acute osteomyelitis. One of 
the following may be instrumental in the development of 
osteomyelitis:
 1.  A systemic disease process such as diabetes mellitus or 

alcoholism that leads to an impaired immunologic 
response

 2.  A disease that compromises microcirculation or macro-
circulation, such as sickle cell disease or an underlying 
collagen vascular disease

 3.  An osteopathy, such as osteopetrosis2
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The clinical presentation consists of deep intense pain, 
high intermittent fever, paresthesia or anesthesia of the lower 
lip, trismus, increased white blood cell count, elevated sedi-
mentation rate, and, usually, an identifiable source. Paresthe-
sia is usually secondary to the edema and increased pressure 
on the inferior alveolar canal and nerve. Early detection and 
diagnosis is based on a high degree of suspicion.3,7

In the early stages of acute osteomyelitis, plain radio-
graphic films including orthopanoramic radiographs are 
nondiagnostic. A period of 4 to 7 days after insult, and even 
longer, is required before the loss of calcium from the bone 
is sufficient enough to be detected radiographically. Later in 
the process, the plain film radiographs will demonstrate an 
irregular radiolucency. This radiolucency is most commonly 
seen adjacent to the odontogenic cause, frequently a recent 
extraction site.2,5

Magnetic resonance imaging has a high degree of sensi-
tivity for imaging intramedullary inflammation. It should be 
considered and is the single most effective imaging modality 
for early diagnosis of acute osteomyelitis. It is not the best 
method for treatment planning because it can overestimate 
the amount of medullary infection caused by widespread 
bone edema.2,5,8

High-resolution computed tomography (CT) can also 
depict bony changes before they are recognizable on conven-
tional plain films. Fine-cut CT can define small sequestra, 
the margins of the infectious process, and cortical erosions. 
CT is essential in the surgical treatment planning process.2,8

Isotope scanning (scintigraphy) historically was the imag-
ing technique of choice for the diagnosis of acute osteomy-
elitis. Because of its lack of specificity, isotope scanning has 
been replaced by more reliable imaging techniques. It is still 
useful if multifocal sites are suspected.2,8

Because osteomyelitis is an infection, identification of 
the offending bacterial organism is still considered the gold 
standard. Identification of the organism is often very diffi-
cult due to contamination with normal oral flora at the time 
of presentation. Surgical intervention is usually required to 
obtain a reasonably contaminant-free specimen as micro-
biological investigation is only useful if specimens can be 
taken without oral contamination. The most frequently 
encountered organisms are viridans streptococci and oral 
anaerobes such as Peptostreptococcus, Fusobacterium, and 
Prevotella species. Actinomyces species and Eikenella cor-
rodens may be contaminants in the original specimens, but 
they take on increased importance if antibiotic therapy is 
subtherapeutic. If dental implants are part of the infectious 
process, then Staphylococcus aureus and coagulase-negative 
staphylococci need to be considered. The close collabora-
tion with the microbiology laboratory is beneficial to ensure 
that specimens are handled appropriately and are incubated 
long enough and that special techniques are used when 
necessary.3,4,8,9

The treatment of acute osteomyelitis is contingent on 
early recognition.6 Osteomyelitis, although an infection, 
needs to be considered a surgical disease. Treatment should 
be aimed at obtaining a contaminant-free specimen for 

microbiological assessment. Specimens should also be taken 
for histologic investigation. Histologic analysis may iden-
tify Actinomyces species and tuberculosis when culturing is 
ineffective. Empirical use of amoxicillin–clavulanic acid or 
clindamycin can be initiated until culture and sensitivity 
results are obtained.

Surgical intervention based on CT planning has two 
other goals. Removal of the contaminated bone reduces the 
bioburden and allows the host immune response to be more 
effective. Because one of the initiating factors of osteomy-
elitis is a compromised blood supply, surgical intervention 
should be designed to decompress the medullary portion of 
the bone and to bring an increased blood flow to the area. 
Sequestrectomy, saucerization, and decortication have all 
been described to accomplish this goal.3

Removal of the primary cause of the infection is the 
basis of all infection treatment. If the initial source of the 
infection is odontogenic, then this must also be addressed. 
Extraction of the offending tooth is usually the treatment of 
choice (Figure 13-1).

The patient’s immune system must also be considered. 
Undiagnosed diseases such as HIV and diabetes need to be 
considered. Systemic health needs to be optimized through 
nutrition assessment and identification of substance abuse 
problems. Early consultation with infectious disease special-
ists and internal medicine should be considered.

Secondary Chronic Osteomyelitis

Chronic osteomyelitis has been arbitrarily defined as 
osteomyelitis of at least 1 month in duration. It has been 
 preceded by an acute phase before the diagnosis of second-
ary chronic osteomyelitis is made. The rare entity of primary 
chronic osteomyelitis will be addressed later. Secondary 
chronic osteomyelitis is characterized by dead bone that is 
 colonized by bacteria and can no longer be treated by anti-
biotics alone.5

Secondary chronic osteomyelitis manifests with facial 
swelling, pain, possible intraoral fistula with purulent drain-
age, nonhealing exposed bone, and overlying soft tissue 
wounds. The pain characterization may have changed along 
with changes in paresthesia. The history reveals that the 
condition has been present at least 1 month with preced-
ing signs and symptoms of acute disease. The acute disease 
may have been treated especially with antibiotics. Initial 
treatment has been ineffective for a variety of reasons: bacte-
rial cause not identified or altered, inappropriate antibiotic 
choice, insufficient antibiotics in dose or duration, and lack 
of identification of cofactors that alter the body to initiate a 
sufficient immune response.3

Because the change from the acute to the chronic form 
of osteomyelitis is arbitrarily defined at 1 month, there is 
an overlap in the signs, symptoms, and other diagnostic 
criteria. Radiographic imaging and biopsy take on the 
role of ruling out a malignant component. Biopsy is also 
indicated to obtain contaminant-free specimens for micro-
biologic culturing and histologic evaluation for organisms 
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A

B

C

• Figure 13-1 A, A panoramic radiograph of a 65-year-old male patient with a symptomatic right man-
dibular third molar. B, A panoramic radiograph on postoperative week 1 after surgical extraction of the 
patient’s third molars. C, A panoramic radiograph on postoperative week 4. 

that are difficult to culture, such as Actinomyces and 
Mycobacterium.

Surgical treatment is a required component in the treat-
ment of secondary chronic osteomyelitis. Plain radiographs, 
including panoramic radiographs, continue to have a role in 
patient evaluation. They may illustrate a bony fracture that 
may have been the initiating cause for the bone infection or 
a fracture secondary to the osteonecrosis itself. Fine-cut CT 
scans are essential in the surgical treatment planning. CT is 

also useful to follow the patient surgery and to plan further 
reconstructive surgery, if required.

There are four areas that need to be considered in the 
treatment of secondary chronic osteomyelitis: surgery, anti-
biotics, immune response, and hyperbaric oxygen.

Surgery
Surgery is an absolute must for effective treatment and 
has several positive effects. The removal of dead, infected 
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bone decreases the bioburden that the host’s immune sys-
tem needs to handle. Every attempt needs to be made to 
obtain contamination-free bone that can be used for micro-
biologic analysis. Lack of adequate blood flow to the area 
is one of the etiologic factors of osteomyelitis. This lack of 
blood flow inhibits the body’s ability to deliver nourishment 
to the bone, allows the host’s immune system to act, and 
prevents the delivery of adequate antibiotic levels. Surgical 
procedures should be designed to increase blood flow to 
the affected area. Consideration also must be given to bone 
stabilization. Fractures that are present need to be treated. 
Prevention of fractures should also be a goal of surgery.

There are several surgical procedures available, and they 
can be used singularly or in combination. Saucerization is 
the “unroofing” of the bone to expose the medullary cav-
ity for thorough debridement. For saucerization procedures, 
the exposed bone is packed open to allow for exfoliation of 
unrecognized sequestrum. Sequestrectomy is the removal of 
obviously nonviable bone. Decortication, which is a pre-
ferred treatment, is the removal of chronically infected bone 
cortex and exposure of the medullary cavity. After thorough 
and aggressive debridement, primary closure is obtained. 
One of the goals of decortication is to bring an adequate 

blood supply to the area. For more extensive or aggres-
sive disease, resection should be considered to remove all 
infected and nonviable bone from the area. Bone stabiliza-
tion needs to be obtained as part of the plans for reconstruc-
tive surgery. Bone grafting and implant placement are part 
of the reconstruction phase.3-5

Antibiotic Therapy
Antibiotic therapy is also mandatory for effective treatment. 
Antibiotic choice becomes a challenge. The patient may have 
been inadequately treated previously with antibiotics. Organ-
isms may now be resistant to conventional, primary antibi-
otic selection. The primary causative organisms may have 
been addressed, but now the causative organism is an oppor-
tunist or a previous contaminant. With soft tissue breakdown 
and bone exposure, other organisms may now contaminate 
the site. This can be either oral or skin bacteria, or both.

To select the proper antibiotic, extra care needs to be 
taken to obtain contaminant-free specimens for microbio-
logical analysis. Specimens need to be obtained from deep 
in the bone during the surgical phase of care. There must 
be coordination between the surgeon and the laboratory 
for proper culture and sensitivity testing of the specimens. 

D

E

•Figure 13-1, cont’d D, A panoramic radiograph on postoperative week 8 showing a nondisplaced 
fracture involving the right mandibular angle region. Radiolucencies consistent with osteolysis as well as 
ragged osseous borders and the presence of a sequestrum are noted. E, A panoramic radiograph after 
intermaxillary fixation.



226 PART 2  Infections of the Head, Neck, and Orofacial Region

Particular attention needs to be made in the identification 
of anaerobes, and long culturing times are required. His-
tologic evaluation may also prove beneficial in organism 
identification.6

Other laboratory tests are required to monitor the 
effectiveness of treatment. Antibiotic blood levels must be 
monitored, especially in the early phase of treatment. White 
blood cell count and erythrocyte sedimentation rates are 
not the most sensitive tests in assessing outcome. C-reactive 
protein concentrations may be a more reliable test for assess-
ing treatment efficacy.5,10

Although the optimal duration of antibiotic therapy is 
still undefined, there is a consensus that at least 6 weeks of 
therapy is required. The length of therapy can be guided by 
clinical signs and symptoms of the patient, CT follow-up, 
and C-reactive protein.

Altered Immune Response
Altered immune response must always be considered in sec-
ondary chronic osteomyelitis. Treatment of the source of an 
odontogenic infection usually results in resolution, increas-
ingly so when augmented with the appropriate antibiotic. 
When infections do not resolve with appropriate treatment, 
alteration in the body’s immune system needs to be consid-
ered. A thorough patient history may elicit substance abuse, 
poor nutrition, or both. Lack of compliance with the origi-
nal treatment of the acute phase of osteomyelitis is also a 
condition. Laboratory assessment may show undiagnosed 
diabetes mellitus or HIV infection. When possible, the 
patient’s immune response needs to be optimized.

Hyperbaric Oxygen
Hyperbaric oxygen (HBO) treatment should also be consid-
ered as a treatment adjunct, especially when the treatment 
of the preceding acute phase of the osteomyelitis appears 
to have been appropriate. One of the precursors of osteo-
myelitis is decreased vascular flow, which can become more 
significant in the chronic phase. The addition of HBO 
increases available oxygen to the affected site. This increased 
oxygen improves cellular metabolism of the hypoxic tissues, 
but has a negative effect on anaerobic organisms. HBO also 
enhances neoangiogenesis.4,7

Primary Chronic Osteomyelitis

Chronic osteomyelitis can manifest de novo without any 
evidence of a preceding episode of acute osteomyelitis. 
Patients may be asymptomatic, with the osteomyelitis being 
noted on routine oral radiographic assessment. Focal scle-
rosing osteomyelitis (condensing osteitis) appears as scle-
rotic bone adjacent to the apex of a tooth.

Chronic recurrent osteomyelitis of children is usually 
multifocal in nature. This condition, which can affect the 
mandible, is seen in the preteen and teen years. Assessment 
by radionuclide scintigraphy is indicated. This is an inflam-
matory process in which no infectious source is readily iden-
tified. Hematogenous spread needs to be considered.

Diffuse sclerosing osteomyelitis is primarily seen in the 
mandible of women. It is an infectious process involving 
bone and appears radiographically with a characteristic scle-
rotic pattern. The infection most likely is caused by Actino-
myces species and Eikenella corrodens. The condition can be 
painful and can appear with bone exposed to the oral cavity 
with secondary infection from normal oral flora. Treatment 
is usually aimed at symptomatic relief, with therapy consist-
ing of antibiotics and surgical debridement.9,11

Radiation-Induced Osteonecrosis  
and Osteoradionecrosis

Osteoradionecrosis (ORN) is one of the most significant 
complications that can occur after head and neck cancer 
therapy. ORN has been defined as nonhealing bone exposed 
through the mucosa or skin for at least 3 months within a 
radiated field. Before the diagnosis can be made, recurrent 
malignancy must be ruled out based on an incisional biopsy. 
ORN rarely occurs with less than 50 Gy of radiation therapy 
and is infrequent when the radiation dose is less than 60 Gy.12

This condition was originally thought to be secondary 
to an infection; however, this is not the case and any associ-
ated infection is secondary to bacterial contamination of the 
necrotic bone. For the past 30 years, the etiology of ORN 
was thought to be a hypoxic, hypovascular, and hypocel-
lular condition secondary to radiation-induced endarteritis.  
Contemporary literature ascribes the etiology either to 
interference in osteoclastic activity, similar to drug-induced 
osteonecrosis, or to a fibroatrophic mechanism. Regardless 
of the etiologic mechanism, vascular insufficiency plays an 
important part in the development, progression, and treat-
ment options. The majority of ORN is related to a trau-
matic event, including dental extraction or periodontal 
disease. Spontaneous ORN is possible.12-14

The diagnosis of ORN is based on history and clinical 
examination. Patients will present with a variety of symp-
toms including pain, dysesthesia, trismus, foul odor, and 
fistula. There must be exposed bone within a radiation 
field. Conventional radiography, including panoramic 
radiographs, demonstrates inhomogeneous lytic areas inter-
spersed with zones of increased radiolucency. A radiopaque 
sequestrum may be present. Plain films tend to underesti-
mate the disease process and CT is more sensitive. CT can 
show a soft tissue reaction, which may help to distinguish 
it from a recurrent tumor. CT also has the added advan-
tage of bone fragmentation and cortical disruption, which 
are important for staging and treatment planning. With the 
improvement of small-volume cone-beam technology, this 
imaging modality can be considered as a first-line imaging 
technique in the detection of osteonecrosis, regardless of the 
etiology (Figures 13-2 and 13-3).

Technetium radionuclide scanning can detect bone 
changes earlier than conventional scanning can, but it is 
not helpful in assessing treatment success. Gallium scan-
ning, although not helpful in diagnosis, can be useful in 
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• Figure 13-2 Small-volume cone beam imaging as a first-line modality for the detection of osteonecrosis 
regardless of its etiology. (Courtesy Dr. Aditya Tadinada, University of Connecticut.)

A

B

• Figure 13-3 A, A panoramic radiograph showing areas of radiolucency and irregular osseous borders 
involving the mandibular anterior region. B, A panoramic radiograph showing a larger area of radiolucency 
around the left mandibular implant.
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assessing the adequacy of surgical intervention. The pres-
ence of residual gallium in the area of interest would indi-
cate the need for further surgery. A definitive diagnosis 
of ORN cannot be made until recurrent tumor has been 
ruled out by histologic evaluation of representative tissue 
samples.14,15

Staging

A commonly used staging method is based on the response 
of the osteonecrosis to HBO therapy. In view of a shift in 
the potential cause from an endarteritis-induced hypoxic-
hypocellular-hypovascularity mechanism to an interference 
with fibroblastic or osteoclastic activity, staging should be 
based on the disease at time of presentation.13

 •  Stage I (mild): Small, localized areas of necrotic bone 
with overlying, nonhealing skin or mucosa.

 •  Stage II (moderate): Larger and deeper areas of necrotic 
bone involving both cortical and medullary bone; areas 
of soft tissue breakdown that are moderate in size.

 •  Stage III (severe): Full-thickness bone devitalization with 
resorption of the inferior border of the mandible, fistula, 
or pathologic fracture.

Treatment

Treatment needs to be based on a number of factors, and 
staging is only part of the process. An overall assessment of 
the patient needs to be made. Nutritional status plays an 
important part in the progress of the ORN and the poten-
tial response to treatment. Nutrition can be compromised 
by the patient’s inability to eat because of the original tumor 
or the ORN process itself. Poor oral hygiene is directly 
related to the onset, progression, and treatment success of 
ORN. Poor oral hygiene at the time of clinical presentation 
may be secondary to the patient’s pain and amount of tissue 
destruction. Other comorbidities also need to be assessed: 
patient’s age, current or previous cancer therapies, and other 
immune compromise.

Antibiotic therapy is frequently part of the treatment 
plan. Although ORN is not secondary to infection, the 
necrotic bone can become secondarily infected from the 
normal oral flora. Antibiotics are used when suprainfec-
tion occurs or as adjunct treatment with surgery. Locally 
applied antimicrobial agents, such as chlorhexidine gluco-
nate 0.12% oral rinses, should be considered as part of the 
oral hygiene enhancement program.

C

D

• Figure 13-3 cont’d C, A panoramic radiograph obtained after debridement and removal of the mobile 
implants. D, A panoramic radiograph obtained 18 months after initial presentation and treatment.
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HBO therapy has been a mainstay treatment for osteo-
necrosis for the past several decades at many centers. The 
rationale for HBO therapy is to increase the blood-tis-
sue gradient, which enhances diffusion of oxygen into 
hypoxic areas, stimulates fibroblastic activity and collagen 
production, and promotes angiogenesis. Increased oxy-
gen tension is also bactericidal and bacteriostatic. Even 
with a paradigm shift in the etiology of ORN, HBO 
needs to be considered as a potential therapeutic modal-
ity to compensate for vascular insufficiency regardless of 
the etiology.13

The primary goal of therapy should be aimed at the relief 
of the patient’s symptoms and improvement of the quality 
of life. The stage of the disease, comorbidities, life expec-
tancy, family support, patient wishes, and reasonable avail-
ability of treatment options need to be considered. As this 
can be a difficult disease to treat and long-term therapy may 
be required, the treatment plan needs to remain flexible. A 
modification of the approach for treatment as proposed by 
Jacobson et al13 seems reasonable.

Stage I
Treatment involves local debridement and enhanced oral 
hygiene using an antiseptic mouthwash. Systemic anti-
biotics may be necessary if there is a suprainfection. The 
addition of 20 HBO treatments should be considered. If 
HBO is used and there is evidence of healing after 20 dives, 
then 10 more dives can be added to allow for completion 
of healing.

Stage II
Surgical intervention is indicated with sequestrectomy and 
debridement back to bleeding bone with primary soft tissue 
closure; a soft tissue flap should be considered to achieve 
closure. Systemic antibiotics are usually indicated along 
with an antiseptic mouthwash. If adjunctive HBO is going 
to be used, the patient should receive 20 HBO treatments 
preoperatively and 10 HBO treatments postoperatively. 
The treatment plan also needs to consider that radiographic 
imaging frequently underestimates the extent of the disease 
process. Because of the amount of bone removal, the man-
dible may be susceptible to fracture; some sort of stabiliza-
tion needs to be added. Sequestrectomy and debridement 
might not result in adequate bleeding bone edges, and stage 
III treatment may be required.

Stage III
More extensive surgery is required to remove all nonviable 
hard and soft tissue along with immediate reconstruction. 
If the reconstruction uses a vascularized free tissue transfer, 
then HBO therapy is not necessarily part of the plan. Place-
ment of dental implants at this reconstructive surgery is a 
reasonable option.

Treatment of ORN can be difficult and time consum-
ing. Successful treatment might not improve quality of life 
because of other cofactors. Symptomatic relief may be the 
only option.

Prevention

Good dental preoperative assessment is crucial. Obvious 
sources of potential odontogenic infection need to be iden-
tified and treated before initiating radiation therapy. Any 
teeth identified as not restorable should be extracted at least 
21 days before irradiation of the jaws. On occasion, this 
may not be possible. In such cases, the extractions should be 
performed within 4 months of completion of the radiation 
therapy. Scrupulous oral hygiene is mandatory and becomes 
more significant as xerostomia secondary to the radiation 
damage of the salivary glands increase susceptibility of the 
teeth to carious infection and breakdown.13

The use of prophylactic HBO is no longer considered a 
standard of care. It still should be a consideration when exten-
sive oral surgical procedures within the radiation-damaged 
field are required, such as multiple extractions or tori removal, 
especially if the radiation dose is greater than 50 Gy. The 
gentle handling of hard and soft tissues cannot be overem-
phasized. If possible, primary closure should be achieved.14,16

Medication-Related Osteonecrosis  
of the Jaws1

After the turn of the twenty-first century, clinicians were 
noticing patients with areas of necrotic bone without a his-
tory of radiation exposure, and the clinical course was differ-
ent than conventional osteomyelitis. A commonality within 
this patient population was the use of bisphosphonate drugs 
that were prescribed for a variety of underlying diseases—
most commonly malignant disease affecting the skeletal sys-
tem and osteoporosis.

Older literature had already demonstrated that osteo-
necrosis could be drug related. Most notable was aseptic 
osteonecrosis secondary to the use of steroids. This risk 
of osteonecrosis is dependent on daily dosing, cumula-
tive dose, maximal dose, route of administration, and the 
underlying disease process for which the steroids are being 
administered.17

Various theories have been proposed for the osteonecrosis 
secondary to medications. These theories include disruption 
of bone metabolism, antiangiogenesis resulting in dimin-
ished blood supply, alteration in a normal healing response, 
and in the case of the jaws an alteration of trauma-sensitized 
mucosa. Compounding the problem is the patient’s altered 
immune system as part of his or her underlying disease, as 
well as the patient’s genetic make-up.18-22

Diagnosis

There are three criteria that need to be met to qualify for the 
diagnosis of medication-related osteonecrosis:
 1.  Greater than 8 weeks of nonhealing bone exposed to the 

oral environment through a breach in the mucosa

1 Some clinicians utilize the term “drug-induced osteonecrosis of the jaws.”
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 2.  No history of head and neck irradiation
 3.  The use of medications with a potential for causing 

osteonecrosis, most notably bisphosphonates, RANKL 
inhibitors, and antiangiogenic drugs
Patients may exhibit a variety of symptoms including 

pain, swelling, dysesthesia, and drainage. Usually there is a 

history of preceding trauma, most often a dental extraction. 
The clinical examination reveals exposed bone that may be 
secondarily infected. Plain film radiographs reveal moth-
eaten bone destruction with an occasional sequestrum. It 
may be difficult to differentiate between necrotic bone and 
“normal” bone (Figure 13-4).9,18

A

B

C

• Figure 13-4 A, A panoramic radiograph of an 85-year-old female presenting for extraction of a symp-
tomatic right mandibular second molar. The patient’s medical history was significant for using alendronate 
for 5 years for osteoporosis, which was discontinued 1 year prior to presentation. However, the patient 
was taking etanercept for rheumatoid arthritis. B, A 2-week postoperative panoramic radiograph reveals 
an extension of the radiolucent area within the mandible compared with baseline. The presence of irregular 
osseous borders could also be appreciated. Clinically, the patient had a 5-mm area of exposed alveolar 
bone at the extraction site and an orocutaneous fistula in the right submandibular region. The patient was 
diagnosed with medication-related osteonecrosis of the mandible with superinfection with actinomyces. 
She was treated with long-term antibiotics. C, A panoramic radiograph at 24 months after the initial pre-
sentation showing a healed extraction socket with no radiolucencies or irregular osseous borders. Clini-
cally, the patient was asymptomatic with no recurrence of the orocutaneous fistula.
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Treatment

The goal of therapy is directed toward the preservation of 
the quality of life and the prevention of further necrosis. The 
main considerations in directing therapy are the patient’s 
level of pain, as well as concomitant infection.

Stage I: Mild2

In stage I, the patient is asymptomatic and there is minimal 
bone exposure with no infection. Surgery is not indicated 
unless the exposed bone is irritating other structures (i.e., 
the tongue). In such cases, minor bone removal would be 
appropriate. Meticulous oral hygiene and antimicrobial oral 
rinses should be instituted.

Stage II: Moderate
In stage II, the exposed bone is painful and infected. Metic-
ulous oral hygiene and oral antimicrobial drugs are contin-
ued. If there is any sequestrum, it should be removed and 
sharp bone edges should be smoothed. Systemic antibiotics 
are instituted and targeted for Actinomyces, Eikenella, and 
Moraxella species.

Stage III: Severe
In stage III, the pain and secondary infection cannot be 
controlled with more conservative measures, significantly 
altering the quality of life. Aggressive surgery including 
debridement, resection, and reconstruction with tissue 
transfer may be required.18,20
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Salivary Gland Infections

The majority of nonneoplastic diseases of the major salivary 
glands involve acute or chronic infections of the parotid, 
submandibular, and, more rarely, sublingual glands. Infec-
tions of these glands can be bacterial, viral, or mycobacterial 
in origin. Although any of the major and minor salivary 
glands can be affected, the parotid and submandibular 
glands are involved most frequently, manifesting as acute 
bacterial parotitis (ABP) and acute bacterial submandibu-
lar sialadenitis. The cause of sialadenitis may be related to a 
variety of factors, including decreased salivary flow (dehy-
dration, malnutrition, obstruction, and medication side 
effects), trauma to the duct or ductal orifice (occupational, 
habitual, or dental), or obstruction to salivary flow (ductal 
trauma, mucous plug, sialolithiasis, or collagen vascular dis-
ease). These factors form the basis for the classification of 
infectious disorders of the salivary glands (Box 14-1).

A high index of suspicion is necessary to differentiate an 
infectious salivary gland process from other causes of sali-
vary gland enlargement, including benign and malignant 
tumors. Infections of the submandibular gland usually are 
obstructive in origin, whereas those of the parotid gland 
result from nonobstructive causes. Sialodochitis (inflam-
mation of the salivary gland ductal system) can also follow 
episodes of acute sialolithiasis.

Acute and chronic sialadenitis are influenced by several 
factors, including patient age, past medical and surgical his-
tory, immune status, total body fluid balance, medications, 
and allergies. Other causative factors of salivary gland infec-
tion include congenital or acquired ductal abnormalities; 
the presence of foreign bodies affecting the gland, ducts, 
or both; concomitant dental therapy; systemic granuloma-
tous diseases; human immunodeficiency virus (HIV); facial 
trauma; and recent hospitalization.

General Considerations

Routine patient evaluation includes a comprehensive medi-
cal history and physical examination. A chief complaint 
should be elicited. Sialadenitis usually begins with pain 

caused by swelling of the gland’s innervated capsule. The 
timeline of symptoms should be determined to assess the 
chronicity of disease, with a chronic process being one last-
ing longer than 1 month.

The medical history may provide information regarding 
the assessment of the patient with salivary gland enlargement, 
because a variety of medical illnesses predispose patients 
to acute salivary gland infection (Box 14-2). Many cases 
of ABP occur in hospitalized patients who are debilitated, 
with inadequate fluid intake and alteration of fluid balance 
with resultant dehydration. Patients who report postpran-
dial submandibular edema and pain most likely have acute 
obstructive submandibular sialolithiasis. A previous history 
of salivary stone formation can aid in the diagnosis. Children 
with acute salivary gland edema and tenderness may have 
contracted mumps. Patients with acute gland edema should 
be questioned about contact with animals, specifically cats. 
Musicians who play wind instruments who report bilateral 
parotid swelling after a concert may have acute air insuffla-
tion of the parotid fascia in the classic “trumpet blowers syn-
drome.” Patients who have undergone recent dental work 
or orthodontic bracket application or who have evidence of 
chronic cheek biting habit and salivary gland enlargement 
may have been infected by traumatic introduction of bacte-
ria into the ductal system with resultant retrograde sialade-
nitis. Although uncommon, any odontogenic source should 
be eliminated by dental and radiographic examination and 
tooth vitality testing. Evidence of facial trauma with facial 
lacerations proximal to a line connecting the lateral canthus 
to the oral commissure and crossing a line from tragus to 
mid-philtrum may disrupt Stensen’s duct and cause parotid 
region edema as a result of sialocele formation. The presence 
of a foreign body (e.g., dirt, glass, toothbrush bristles, food 
particles) can cause a physical obstruction to salivary flow. 
A patient history that is significant for collagen vascular 
disease or autoimmune disease may indicate the possibil-
ity of salivary gland obstruction as the cause of sialadenitis 
(e.g., a relationship between sarcoidosis and ranula forma-
tion in the sublingual glands). Finally, a proper medical his-
tory may reveal a variety of medications that can lead to 
decreased salivary flow with stasis and retrograde sialadenitis 
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(Box 14-3). Any constitutional signs and symptoms should 
be determined, including pain (especially prandial pain 
indicating an obstructive phenomenon), fever, malaise, dia-
phoresis, chills, and nausea.

After a thorough history has been obtained, the physical 
examination should begin with inspection to ascertain any 
asymmetries in the appearance and size of the glands bilater-
ally before palpation and possible introduction of iatrogenic 
edema. Any cardinal signs and symptoms of inflammation 
should be documented, including edema, erythema, tender-
ness, and warmth. In doing so, one can attempt to rule out 
the presence of a tumor of the gland. An infectious process 
will commonly manifest as a diffuse, tender, symptomatic 
swelling of the gland, whereas a tumor is often a more dis-
crete mass within the gland with or without symptoms. Evi-
dence of facial trauma should be documented, including the 
presence of lacerations, ecchymosis, or abrasions (e.g., cat 
scratch or puncture).

The clinical examination includes an extraoral assess-
ment followed by an intraoral examination. Palpation of the 
major salivary glands should begin with gentle bimanual 
examination of the glands, ducts, and ductal orifices. The 
clinician must observe carefully for spontaneous and evoked 
salivary flow while palpating the gland in a posterior to ante-
rior direction (“milking” of the gland); expulsion of mucous 
plugs, small tones, or sludge; and the presence of purulence 
at the ductal orifice. In a nervous and anxious patient, it is 
important to recognize that the sympathomimetic response 
to examination can result in decreased salivary flow. Lastly, 
any potential odontogenic source of infection (secondary 
deep space involvement) for submandibular or posterior 
facial swelling must be ruled out.

The decision to perform instrumentation of the ductal ori-
fice and probe the duct should not be made indiscriminately. 
The act of mechanical probing may be diagnostic and thera-
peutic if a calculus is present, a mucous plug is dislodged, or 
a ductal stricture is dilated. Conversely, this procedure can 
introduce bacteria that normally colonize around the ductal 
orifice into the ductal system and allow retrograde contami-
nation of the gland. Ductal probing is generally not indicated 
for epidemic mumps in children and is probably contraindi-
cated in the setting of ABP. Finally, the head and neck exami-
nation should include palpation of the facial, preauricular, and 
cervical regions for any signs of associated lymphadenopathy.

Bacterial Infections
 •  Acute bacterial parotitis
 •  Chronic recurrent parotitis
 •  Acute suppurative submandibular sialadenitis
 •  Chronic recurrent submandibular sialadenitis
 •  Chronic recurrent juvenile parotitis
 •  Acute allergic sialadenitis (radiological parotitis)
 •  Actinomycosis
 •  Cat-scratch disease

Viral Infections
 •  Epidemic parotitis (mumps)
 •  Benign lymphoepithelial lesion (HIV)
 •  Cytomegalovirus
 •  Coxsackie A virus
 •  Influenza A virus
 •  Echovirus

Fungal Infections
Mycobacterial Infections
 •  Tuberculosis
 •  Atypical mycobacteria

Parasitic Infections
 •  Immunologically mediated infections
 •  Systemic lupus erythematosus
 •  Sjögren’s syndrome
 •  Necrotizing sialometaplasia
 •  Sarcoidosis

 •BOX 14-1   Classification of Salivary Gland 
Infections

 •  Dehydration
 •  Recent surgery and anesthesia
 •  Chronic medical illnesses
 •  Advanced age
 •  Premature infants
 •  Radiation therapy
 •  Immunocompromised status
 •  Long-term institutionalization
 •  Renal failure
 •  Hepatic failure
 •  Congestive heart failure
 •  Diabetes mellitus
 •  Hypothyroidism
 •  Malnutrition
 •  Sialolithiasis
 •  Oral infection
 •  Oral neoplasm
 •  Human immunodeficiency virus
 •  Sjögren’s syndrome
 •  Depression
 •  Psychiatric disorders
 •  Anorexia nervosa, bulimia
 •  Hyperuricemia
 •  Hyperlipoproteinemia
 •  Cystic fibrosis
 •  Lead intoxication
 •  Cushing disease
 •  Medications

 •BOX 14-2   Risk Factors Associated with Salivary 
Gland Infections

 •BOX 14-3   Medications Associated with Salivary 
Gland Infections

 •  Antihistamines
 •  Diuretics
 •  Tricyclic antidepressants
 •  Barbiturates
 •  Phenothiazines
 •  Antihypertensives
 •  Antisialagogues
 •  Anticholinergics
 •  Chemotherapeutic agents
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Salivary gland radiography is guided by the history and 
physical examination findings and is useful in the diagnostic 
assessment of salivary gland enlargement. Plain film radiog-
raphy may be useful for detection of salivary gland calculi 
in the glands and ductal system (Figures 14-1 and 14-2). 
The usefulness of this study is limited because only 80 to 
85% of stones are radiopaque and therefore visible on plain 
film radiographs. A mandibular occlusal film can be used to 
detect calculi in the submandibular and sublingual glands 
and ducts. A “puffed cheek” view, in which the patient forc-
ibly blows the cheeks laterally to distend the soft tissues over 
the lateral ramus and zygoma, may detect parotid gland and 
Stensen’s duct calculi. Periapical and panoramic radiographs 
occasionally show calculi of the major salivary gland systems.

Computed tomography (CT) allows better distinc-
tion between salivary gland tissue and adjacent soft tis-
sue than sialography does. Although radiation exposure 
is increased, it is a less invasive procedure. CT scanning 

can distinguish between intraglandular and extraglandular 
lesions. For example, the clinical appearance of a mastica-
tor space infection may mimic acute parotitis; however, a 
CT scan with soft tissue window attenuation differenti-
ates the two entities. CT scanning may show posteriorly 
located submandibular hilar stones that were not visible 
on plain films. Because small calcification of the glands 
can be obscured in a contrast-enhanced CT, a noncontrast 
scan is often taken first to assist in visualization. The use 
of three-dimensional CT scanning has been applied to the 
salivary glands, with the ability to visualize ductal irreg-
ularities and architectural alteration of the gland paren-
chyma in three dimensions.1

Ultrasonography is a simple, noninvasive imaging 
technique that may be useful in the evaluation of mass 
lesions of the parotid and submandibular glands. Ultraso-
nography can distinguish solid from cystic masses, as well 
as localize an abscess cavity for potential drainage pro-
cedures. Parotid and submandibular gland cysts, stones, 
dilated ducts, and abscesses can be demonstrated. How-
ever, ultrasound images lack detailed image resolution and 
are operator dependent.

Magnetic resonance imaging (MRI) provides excellent 
soft tissue image resolution without radiation or the use of 
contrast media. The use of MRI in salivary gland infectious 
processes has been limited; however, recent use of magnetic 
resonance sialography has gained popularity because of 
excellent resolution of salivary gland ductal anatomy. Sev-
eral studies have documented the use of fast T2-weighted 
MRIs to delineate ductal architecture and identify calculi.2

Over the past decade salivary endoscopy, or sialoendos-
copy, has developed into a minimally invasive technique 
that is useful in the diagnosis and treatment of salivary gland 
disorders. Diagnostic and interventional procedures can be 
performed with a variety of sialoendoscopes. A semirigid 
endoscope measuring 1 mm in diameter can be combined 
with exploration and surgical units and devices with irriga-
tion ports to allow for both ductal examination and treatment 
under direct visualization. Baskets, dilators, balloon catheters, 
and lasers can be used to crush, fragment, and retrieve stones; 
relieve ductal stenosis; wash out debris; remove mucous 
plugs; and place stents to maintain ductal integrity without 
major complications. After sialoendoscopic intervention, a 
ductal stent should be placed to prevent stenosis from edema 
and allow any remaining debris to be washed out by saliva. 
The only contraindication to sialoendoscopy is acute paroti-
tis. Relative contraindications include a ductal lumen that 
cannot be inflated adequately, stones larger than 1 cm, and 
intraparenchymal stones. The use of sialoendoscopy in the 
treatment of chronic recurrent parotitis as both a diagnostic 
and therapeutic technique is well documented, and it has the 
potential to replace the need for sialography.3-7

Sialography was once considered the gold standard in 
diagnostic and salivary gland radiology; however, CT, MRI, 
and sialoendoscopy have now largely replaced it. Sialogra-
phy is useful for the detection of radiolucent salivary cal-
culi and mucous plugs or strictures. It provides excellent 

• Figure 14-1 Salivary calculus in Wharton’s duct on a mandibular 
occlusal radiograph.

• Figure 14-2 Salivary calculus within the submandibular salivary 
gland on a panoramic radiograph.
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anatomic detail of the salivary gland parenchyma and duc-
tal components while estimating the severity of ductal and 
parenchymal damage caused by obstructive, traumatic, 
inflammatory, and neoplastic diseases. Sialography is per-
formed with water-soluble contrast media that contains 
between 28 and 38% iodine concentration. Because of the 
high iodine content of the contrast media, sialography is 
contraindicated in the setting of acute sialadenitis because 
contrast can extravasate outside the capsule of inflamed or 
damaged glands and ducts, causing severe pain and possibly 
soft tissue damage, with foreign body reaction and glandu-
lar necrosis. Other contraindications to sialography include 
iodine sensitivity and use before a planned thyroid scan. In 
addition to its diagnostic role in detection of calculi and 
possibly mucous plugs, sialography can be therapeutic by 
dislodging small calculi or mucous plugs, thereby reliev-
ing the physical obstruction to salivary flow. Most contrast 
media are considered bacteriostatic (some contain a combi-
nation of contrast and antibiotics), but their bacteriostatic 
activity within the glands has not been proved. Sialogra-
phy can be useful for determining the degree of ductal 
and glandular destruction caused by chronic and recurrent 
infectious or inflammatory processes. Sialadenitis, inflam-
mation of the acinoparenchyma of the gland, results in 
saccular dilation caused by acinar atrophy; this is visible 
as “pruning” of the normal full arborization of the ductal 
system (Figure 14-3). The contrast does not penetrate into 
the peripheral ductules of the gland. Sialodochitis (inflam-
matory damage to the ductal system) classically displays 
a “sausage link” appearance on a sialogram (Figure 14-4). 
The saccular enlargement of the ductal system results from 
chronic inflammation, repetitive attempts to pump saliva 
out against a fixed obstruction, or both processes, with the 
resultant loss of ductal architecture and elasticity. Abscess 
cavities within the gland parenchyma may be seen as 

displacement and compression of normal glandular archi-
tecture peripherally around a radiolucent area. Finally, the 
retention of contrast media in the glandular system after 
the study (postevacuation phase) may indicate a decrease 
in the amount of residual salivary gland function. In the 
past, sialography has been combined with CT and MRI to 
improve image resolution and details of the study; however, 
recent advancements in CT scanning, such as multislice 
scanners and sub–millimeter-thick image capture, have 
limited the need for these techniques.

Radioisotope scanning, or salivary scintigraphy, may 
be useful in the evaluation of salivary gland parenchyma. 
This study relies on the salivary glandular tissue’s selective 
concentration of radioactive elements, such as radioactive 
iodine; this selectivity is similar to that of thyroid tissue. 
In general, intraglandular lesions, such as benign mixed 
tumors, Warthin tumor, and malignant salivary gland 
tumors, can be detected with intravenous injection of a 
radioactive isotope (99mTc pertechnetate). Salivary scintig-
raphy may show increased uptake of 99mTc in an acutely 
inflamed gland or decreased uptake in a gland with poor 
function because of chronic inflammation and scarring. 
The advantage of salivary scintigraphy is that all glands 
may be imaged simultaneously; however, the main prob-
lem with scintigraphy is poor detail resolution, thus limit-
ing its use.

Laboratory data can aid in the diagnosis of salivary gland 
infection. Peripheral leukocytosis may be expected in acute 
bacterial sialadenitis, and leukopenia and relative lymphocy-
tosis may be present in cases of viral sialadenitis. In addition, 
serum amylase levels will be elevated in mumps infection, 
with a peak during the first week of infection. In ABP, serum 
amylase levels will be normal. Sialochemistry, the evaluation 
of the electrolyte composition of saliva, measures sodium 
and potassium ion concentration changes with alterations 
in salivary flow rates. In general, noninflammatory disorders 

B A
• Figure 14-3 A, Parotid sialadenitis with acinar destruction from 
chronic disease. B, Diagram of “pruning of the tree” caused by acinar 
destruction. (From Hupp JR, Ellis E, Tucker MR: Contemporary oral 
and maxillofacial surgery, ed 6, St. Louis, 2014, Mosby.)

A

B

• Figure 14-4 A, Sialogram of left parotid gland. The characteristic 
“sausage link” appearance of the duct is demonstrated, which indi-
cates ductal damage from obstructive disease with irregular narrow-
ing of duct caused by reparative fibrosis (sialodochitis). B, Diagram of 
obstruction with proximal dilatation of the ductal system. (From Hupp 
JR, Ellis E, Tucker MR: Contemporary oral and maxillofacial surgery, ed 
6, St. Louis, 2014, Mosby.)
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of the salivary glands result in elevations in potassium levels 
(normal potassium levels: parotid, 25 mEq/L; submandibu-
lar, 20 mEq/L), whereas inflammatory sialadenitis results in 
a decrease in potassium and an increase in sodium concen-
trations (normal sodium concentrations: parotid, 7 mEq/L; 
submandibular 5 mEq/L). Recurrent parotitis also may 
exhibit elevations in protein concentration (>400 mg/dL), 
and collagen sialadenitis (e.g., systemic lupus erythemato-
sus) results in elevations of chloride concentrations greater 
than twofold to threefold higher than normal. Salivary flow 
also may be decreased in sialadenitis.

Bacteriology is of paramount importance in the diagnos-
tic assessment of salivary gland infection. Routine acquisi-
tion of purulent material (i.e., aspiration or spontaneous or 
evoked drainage) is evaluated rapidly with Gram staining and 
aerobic, anaerobic, and fungal culture and antibiotic sensi-
tivity testing. Acid-fast staining techniques can be used for 
suspected mycobacterial infections. The differential diagno-
sis of salivary gland enlargement includes many disorders 
that can cause clinical confusion (Box 14-4). In general, the 
presence of tumors and systemic diseases can be ruled out by 
the absence of cardinal signs of inflammation. Sialadenosis, 
or noninflammatory salivary gland enlargement, can result 
from a variety of systemic conditions. A benign tumor usu-
ally manifests as a slow-growing, firm, painless mass, whereas 
a malignant tumor may enlarge more rapidly and include 

neurologic deficits (e.g., facial nerve weakness), pain, or fix-
ation to the underlying tissues. The presence of postprandial 
gland edema and pain generally suggests obstructive sialad-
enitis. A proposed algorithm for assessment of salivary gland 
enlargement is outlined in Figure 14-5.

Bacterial Salivary Gland Infections

Acute Bacterial Parotitis

The history of ABP parallels the history of modern medi-
cine. The first case of ABP was reported in Lancet in 1829; it 
resulted in a gangrenous infection with facial paralysis. Treat-
ment at this time consisted of leaches, emollient poultice, 
and surgical drainage.8 ABP was distinguished from viral 
mumps by Brodie in 1834.9 This entity has been referred to 
as suppurative parotitis, pyogenic parotitis, and surgical mumps, 
because historically it has been attributed to postsurgical 
hypovolemia and dehydration. Before the modern surgical 
and antibiotic era of medicine, ABP was a common com-
plication of abdominal surgery or intraabdominal trauma, 
with a mortality rate approaching 50%. Before the mid-
twentieth-century understanding of the physiology of fluid 
and electrolyte balance, postoperative dehydration was com-
monplace. The postoperative volume depletion caused inad-
equate volume replacement to compensate for sensible and 
insensible surgical losses in stasis and retrograde infection 
of the parotid gland through Stensen’s duct. Salivary secre-
tion is significantly decreased and may even cease when total 
body water decreases 8% or more. In addition, maintain-
ing nil per os status (or NPO) results in decreased salivary 
stimulation and decreased detergent action of food, liquids, 
and mastication. In July 1818, President Garfield suffered a 
gunshot wound to the abdomen in an assassination attempt. 
He underwent abdominal exploratory laparotomy surgery 
and developed peritonitis and dehydration. He died of sepsis 
10 weeks later, presumably because of suppurative parotitis.

Dehydration with resultant xerostomia has been associated 
with ABP in a report of seven cases caused by prolonged sun 
exposure in the Middle East in 1919.10 By the late 1930s and 
during World War II, intravenous fluid resuscitation during 
and after surgery had become routine practice, and the inci-
dence of postsurgical ABP decreased dramatically. By 1955, 
with the routine use of perioperative prophylactic and thera-
peutic antibiotics, ABP was referred to by Robinson as “a van-
ishing disease,”11 but by 1958, Petersdorf et al12 reported seven 
cases of penicillin-resistant staphylococcal parotitis, and by 
the early 1960s, large series of cases of ABP were reported.13,14 
Currently, 0.03% of hospital admissions, of which 30 to 40% 
are postoperative patients, are due to ABP.15

In the past several decades, a dramatic change has occurred 
in the bacterial flora of the oral cavity. This change has largely 
been caused by the increased incidence of nosocomial and 
opportunistic infections in patients who are immunocom-
promised and in those who are seriously ill in intensive 
care units and whose mouths become colonized by micro-
organisms that were rarely found in the oral environment 

 •  Salivary gland infection (see Box 14-1)
 •  Sialadenosis
 •  Hormonal
 •  Neurohormonal
 •  Dysenzymatic
 •  Malnutrition
 •  Mucoviscidosis (cystic fibrosis)
 •  Drug-induced
•  Sialolithiasis
•  Sialocele
•  Ductal stricture
•  Mucocele
•  Ranula
•  Megastenon
•  Sialorrhea
•  Xerostomia
•  Trauma
•  Odontogenic infection (secondary space involvement)
•  Benign salivary gland tumors
•  Malignant salivary gland tumors
•  Lipoma
•  Fibroma
•  Mesenchymal tumors (hemangioma, neurofibroma)
•  Lymph node hyperplasia
•  Reactive lymphadenitis
•  Infectious mononucleosis
•  Lymphoepithelial cyst
•  Dermoid cyst
•  Epidermoid cyst
•  Lymphoma

 •BOX 14-4   Differential Diagnosis of Salivary Gland 
Enlargement
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several decades ago. In addition, with the advent of antibi-
otics directed at some resident oral flora (e.g., streptococci), 
the voids became occupied by other bacterial species (e.g., 
gram-negative enteric organisms, Escherichia coli, Klebsi-
ella species, Haemophilus influenzae, diphtheroids, Neisse-
ria species), and iatrogenically induced, genetically altered 
organisms (i.e., penicillin-resistant staphylococci). Finally, 
with the improvement in culture techniques and laboratory 
analyses, the identification of anaerobic organisms (e.g., 
Prevotella, Porphyromonas, Fusobacterium, and Peptostrepto-
coccus species) in Stensen’s ductal discharge fluid and percu-
taneous needle aspiration material has increased. The most 
common bacterium isolated in cases of ABP using current 
techniques is Staphylococcus aureus. Also common are the 
gram-negative bacilli (e.g., Prevotella, Porphyromonas spe-
cies) and Fusobacterium and Peptostreptococcus species. Using 
aspiration culture techniques, approximately 1.7 isolates per 
specimen are obtained with 47% producing β-lactamase. 
One hundred percent of S. aureus and 50% of the Prevotella 
and Porphyromonas species present in these aspirates pro-
duced β-lactamase.16,17

ABP rarely occurs in children during the neonatal period. 
Usually neonatal ABP begins during the first 2 weeks after 
birth and occurs most often in premature infants. The tran-
sient bacteremia associated with birth is thought to play a 
role in the development of neonatal ABP; however, simi-
lar to adult ABP, the cause is thought to be dehydration 

in the majority of cases. The classic clinical presentation of 
parotid edema and erythema, with purulence expressible at 
Stensen’s duct, also may be observed, but unlike adult ABP, 
neonatal ABP is more often bilateral. Although S. aureus is 
most commonly associated with neonatal ABP, E.coli, Pseu-
domonas species, S. pneumonia, and other organisms have 
been isolated. Systemic antibiotics and rehydration usu-
ally control the disease process, but in rare cases neonates 
require surgical drainage.

In recent years ABP has manifested in one of two forms: 
nosocomial and community-acquired variants. The major-
ity of previous clinical and reported evidence, however 
anecdotal, suggests that the most common organism cul-
tured from hospital-acquired cases of parotitis is S. aureus. 
In many cases, parotitis in patients who are debilitated and 
immunocompromised has been caused by gram-negative 
organisms, such as Pseudomonas, Klebsiella, E. coli, Proteus, 
Eikenella, and H. influenzae. Although rare, cases of fungal 
and mycobacterial parotitis have been reported.16-23

Several factors predispose the parotid gland to infectious 
processes. Retrograde infection of the parotid gland is pos-
tulated as the major cause of ABP. Dehydration as a result of 
acute illness, surgery, trauma, or sepsis can result in dimin-
ishing salivary flow, thereby eliminating the normal flush-
ing action of saliva as it traverses through Stensen’s duct. 
Another hypothesis is that parotid saliva has less intrinsic 
bacteriostatic activity than does saliva produced by the other 
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• Figure 14-5 Algorithm for assessment and management of salivary gland enlargement.
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salivary glands. The serous parotid saliva contains less IgA, 
sialic acid (agglutinates bacteria), lysosomes, and glycopro-
teins, which bind epithelial cells of the salivary duct and pre-
vent bacterial adherence.24 In healthy patients, the content 
of parotid saliva includes high concentrations of fibronectin, 
which promote the adherence of Streptococcus species and  
S. aureus around the ductal orifice of Stensen’s duct.24,25 
Conversely, low levels of fibronectin promote the adherence  
of Pseudomonas species and E. coli. This fact explains the  
clinical situation in which colonization as a result of 
 dehydration leads to gram-positive parotitis versus the devel-
opment of gram-negative parotid gland infections in patients 
who are debilitated or immunocompromised.25,26 Adher-
ence of gram-negative rods to oropharyngeal cells is increased 
in critically ill patients.27 Subsequent retrograde invasion of 
Stensen’s duct and the parotid gland occurs with diminished 
salivary flow. The resultant ABP reflects the resident oral  
flora of the compromised host exposed to the opportunistic 
organisms of the hospital and intensive care unit.

Community-acquired ABP is much more common than 
hospital acquired ABP. All the organisms associated with 
nosocomial ABP can cause community-acquired ABP, but 
most frequently it is associated with S. aureus. Although 
obstructive phenomenon such as sialoliths are uncommon 
in Stensen’s duct compared with Wharton’s duct, parotid 
duct obstruction can result from mucous plugs that form 
because of reduced salivary flow caused by dehydration or 
poor fluid balance. Salivary stasis may be the result of medi-
cations with antisialagogic side effects, such as diuretics, 
antihistamines, tricyclic antidepressants, antihypertensives 
(β-blocking agents), anticholinergics, and phenothiazines. 
These drugs can lead to increased salivary viscosity that 
causes stasis of flow and possible mucous plug formation. 
Hematogenous spread of infection to the parotid gland is 
unlikely in adults. Trauma to Stensen’s duct may be respon-
sible for 5 to 10% of cases of ABP. Ductal trauma, with 
subsequent periductal edema, may cause partial obstruction 
of salivary flow. Trauma can be the result of tooth trauma, 
orthodontic appliances, cheek biting, toothbrush trauma, 
air insufflation during dental treatment, and “trumpet 
blowers syndrome.” This entity should be differentiated 
from ABP, because it is merely a pneumoparotid with tissue 
emphysema and crepitus on physical examination and lacks 
the constitutional symptoms of ABP.28 However, ABP can 
occur as the result of pneumoparotid if salivary stasis and 
bacterial infection are present. Finally, poor oral hygiene 
and immunocompromised states (e.g., diabetes mellitus, 
malnutrition, acute or chronic diarrhea with resultant dehy-
dration) may be causative factors in ABP.

The diagnosis of ABP includes an assessment of history, 
physical examination, laboratory data, and radiographic 
studies when appropriate. A history of recent surgery or pre-
vious episodes of ABP may be significant. In postoperative 
patients, the onset usually occurs after the third postsurgi-
cal day, commonly between the fifth and seventh days. The 
presence of an immunocompromised state or use of medi-
cations with antisialagogic effects should be ascertained.  

The onset of ABP is sudden and rapid with painful swelling 
and erythema of the preauricular region, classically at meal-
time. Stretching of the parotid gland’s innervated capsule 
owing to inflammation of the gland itself results in the sensa-
tion of pain. The physical findings of ABP usually are classic  
(Figure 14-6). The parotid gland is enlarged, possibly dis-
placing the earlobe laterally, and tender to palpation. Both 
parotid glands can be affected (indicative of a systemic disor-
der), but if the infection is unilateral, the right gland seems 
to be infected more so than the left. A predilection for males 
exists for ABP, and the mean age of presentation is 60 years.

The act of “milking” of the parotid gland with bimanual 
pressure to Stensen’s duct intraorally and extraorally, in the 
posterior to anterior direction, can express purulent material 
if the duct is patent. Probing of Stensen’s duct (with lac-
rimal probes) and catheter irrigating is generally contrain-
dicated in ABP. Although ductal strictures may be dilated 
and small mucous plugs can be relieved, the risk of intro-
ducing purulent material into the proximal duct and gland 
should be considered. Constitutional symptoms, includ-
ing fever, chills, and sweats, can occur if an established 
infection is present. Dehydration can be confirmed by the 
presence of xerostomia and poor skin turgor. Laboratory 
evaluation may reveal leukocytosis with a predominance 
of immature polymorphonuclear leukocytes and bandemia 
with true ABP. Further confirmation of dehydration is 
made by elevated hematocrit, increased blood urea nitro-
gen level, elevated urine specific gravity, decreased urinary 
flow rates, and possible contraction alkalosis on electrolyte 

• Figure 14-6 Clinical example of acute bacterial parotitis.
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examination. Radiographic evaluation rarely demonstrates 
calculi in Stensen’s ducts, and sialography is contraindicated 
in ABP. Ultrasonography can be useful for the detection of 
stones when sialography is contraindicated or for the detec-
tion of fluid collections that are not appreciable on physical 
examination because of the multiple investments of fascia 
within the gland. CT scanning can help with visualization 
of abscess formation (Figure 14-7) or tumors, and it can dis-
tinguish other secondary space infections (masticator, lateral 
pharyngeal, pterygomandibular spaces) from the glandular 
ABP. MRI may be more useful for delineating soft tissue 
pathologic conditions (tumors) and visualizing tissue planes.

Bacteriologic studies are essential in the diagnosis of ABP. 
A Gram stain of purulent discharge may identify potential 
pathogens quickly and easily; however, culture and sensitiv-
ity studies should be performed as soon as possible. The cul-
ture studies confirm the Gram stain findings and identify 
specific organisms, whereas the sensitivity determines the 
most appropriate choice of antimicrobial agent. If the empir-
ical antibiotic that is chosen pending culture and sensitivity 
results does not control the infection, antimicrobial therapy 
is guided by the culture and sensitivity findings. The best col-
lection method for bacteriologic examination is percutane-
ous needle aspiration with ultrasound guidance to precisely 
locate any fluid collections; however, percutaneous needle 
aspiration without ultrasound guidance is preferred to intra-
oral approaches. If no pus is obtained, injection of 0.5 mL of 
sterile saline and repeat aspiration of the same site may yield 
better material for culture. Alternatively, transductal aspira-
tion using a small catheter introduced into Stensen’s duct can 
be used; however, the possibility of oral contamination exists 
with this method. Unfortunately, in many circumstances 
obtaining sufficient material for examination percutaneously 

is difficult, and containing the sample for anaerobic analysis 
is problematic. If surgical drainage is required, direct needle 
aspiration through exposed parotid fascia can be performed 
with or without ultrasound guidance.29

The treatment of ABP consists of specific and nonspe-
cific therapies. The historical description of nonspecific 
therapy included discontinuation of antisialagogic medi-
cations, increased fluid intake, heat packs, mouth rinses, 
sialogogues (e.g., sugar-free lemon drops or glycerin swabs), 
and analgesics as needed for pain. Radiation therapy, once 
considered a mainstay of therapy, no longer is warranted. 
The beneficial effects of radiation in cases of ABP in the 
early to mid-twentieth century were related to the simulta-
neous introduction and understanding of fluid and electro-
lyte balance. Rehydration remains a cornerstone of therapy 
for ABP, but caution must be exercised in patients who are 
older and debilitated who may not be able to appropriately 
redistribute the fluid load and may be at risk for acute car-
diac overload and failure with resulting pulmonary edema. 
Fluid overload should be avoided by careful monitoring 
of urine output and specific gravity, electrolytes, and pos-
sible central venous pressure. Discontinuation of medica-
tions with antisialagogic side effects (or alteration of doses) 
should be undertaken after consultation with the prescrib-
ing clinician and the determination of an appropriate alter-
native medication. These measures (rehydration and drug 
alteration) should act together to increase salivary flow 
while reducing salivary viscosity, resulting in the reestablish-
ment of a physiologic salivary flushing action. In addition, 
improvement in oral hygiene with the use of chlorhexidine 
rinses may decrease the oral bacterial load and the potential 
for continued retrograde colonization of the gland. Specific 
therapy of ABP involves the removal of ductal obstructions, 
such as mucous plugs (gentle ductal probing, irrigation and 
possibly endoscopy) or sialoliths (endoscopic or open duc-
tal surgery). These invasive procedures should be attempted 
only after the institution of empirical antimicrobial therapy.

Prompt species-specific antimicrobial therapy is the key-
stone of ABP treatment. Empirical therapy may be based 
on Gram stain results; alternatively, another antibiotic may 
be chosen based on the knowledge of contemporary flora of 
ABP discussed previously, including β-lactamase– producing 
organisms. In the past, community-acquired ABP and cases 
of suspected Staphylococcus species involvement in noso-
comial ABP, a semisynthetic antistaphylococcal penicillin 
(methicillin, oxacillin, or dicloxacillin) or a first-generation 
cephalosporin (cephalexin) was considered a reasonable 
choice for empiric therapy. If methicillin-resistant S. aureus 
(MRSA) is identified, vancomycin or linezolid are the 
drugs of choice. Current antimicrobial trends indicate that 
β-lactamase inhibiting drugs, such as amoxicillin with cla-
vulanic acid (Augmentin) for outpatient oral administration 
in the less severe case of ABP and ampicillin with sulbactam 
(Unasyn) for inpatient administration, may be reasonable 
first-line choices for empirical therapy. Clindamycin also 
may be used in patients with severe penicillin allergy, but 
erythromycin should be avoided because of high bacterial 

• Figure 14-7 Computed tomographic scan demonstrating fluid col-
lection within the parotid gland.
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resistance. As alternatives, other macrolide antibiotics, such 
as azithromycin or clarithromycin, can be used in the outpa-
tient setting of community-acquired ABP, because they have 
an appropriate bacterial spectrum for ABP and a dosage fre-
quency that improves compliance. Combination antibiotic 
therapy may be necessary in consultation with the hospital 
infectious disease service in cases of hospital-acquired ABP, 
in community-acquired ABP in the immunocompromised 

host, in nursing home patients because of the high incidence 
of MRSA, or if generalized sepsis develops or nonroutine 
organisms are identified (e.g., pseudomonas). Antibiotic 
therapy should be continued until at least 1 week after reso-
lution of signs and symptoms of ABP. If ABP is recalcitrant 
to therapy or recurs, repeated culture of the abscess and CT 
scan or ultrasonography to rule out possible parenchymal 
abscess formation should be considered (Figure 14-8).

Parotid edema
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• Figure 14-8 Algorithm for management of acute bacterial parotitis.
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Despite rehydration and antibiotic therapy, progressive 
infection can lead to local extension into adjacent fascial 
spaces, osteomyelitis of the mandible including temporo-
mandibular joint, facial paralysis, internal jugular vein 
thrombosis, necrotizing fasciitis, generalized hematogenous 
sepsis, airway obstruction (with involvement of the lateral 
pharyngeal-retropharyngeal spaces), multiple organ dys-
function syndrome, and death. Therefore, if nonspecific 
and specific therapies fail to produce clinical improvement 
within 72 to 96 hours, if pain and edema increase, if tem-
perature and white blood cell count increase, or if compli-
cations occur, then surgical intervention may be necessary 
and lifesaving. Surgical drainage of ABP is performed much 
less frequently than in the past when antibiotic therapy was 
unavailable. However, as resistant strains of bacteria con-
tinue to develop because of overuse of antibiotics, incision 
and drainage may become more necessary, and surgeons 
should be familiar with these techniques. The parotid 
gland is surrounded by a dense fibrous soft tissue capsule 
with multiple investments of fascia within the gland that 
makes fluctuance on physical examination uncommon and 
spontaneous drainage an unlikely phenomenon. Surgical 
exposure is necessary to ensure drainage of all potential loc-
ulations that may have developed under the dense parotid 
fascia. The presence of loculations can be confirmed with 
CT scanning or preoperative or intraoperative ultrasonog-
raphy. If the parotitis is sufficiently severe to warrant surgi-
cal intervention, needle aspiration with or without drainage 
catheter placement under ultrasound guidance can be suc-
cessful in select cases (Figure 14-9). These patients are rela-
tively healthy individuals with unilocular abscess formation. 
It is difficult to drain a multiloculated abscess with needle 
drainage because of the difficulty in perforating and drain-
ing each loculation effectively.29-31

Incision and drainage of the parotid gland is usually 
performed with the patient under general anesthesia, but 
monitored anesthesia care with local anesthesia can be 
used if the patient’s condition precludes the use of a gen-
eral anesthetic. Drainage usually is accomplished through 

a retromandibular incision (a modified superficial paroti-
dectomy incision) through skin and subcutaneous tissue, 
which exposes the underlying parotid fascia. Multiple pen-
etrations are made through the parotid fascia with blunt 
dissection (with a closed Kelly clamp) to prevent injury to 
major vascular hazards and branches of the facial nerve. A 
useful technique is intraoperative ultrasound-guided drain-
age. This technique allows the surgeon to identify abscess 
cavities within the gland, minimize unnecessary dissec-
tion, identify vascular structures, and ensure that all fluid 
has been drained.29 Attention should be directed to any 
accessory parotid gland tissue that might contain abscess 
cavities and lie at or above the level of the zygomatic arch. 
This salivary gland tissue may require extension of the inci-
sion more cranially to gain access for adequate drainage. 
Although grossly purulent flow might not be obtained, 
serous drainage through the perforation in the parotid fascia 
may be sufficient to obtain “decompression” of the gland, 
which can result in immediate improvement in edema, 
pain, fever, and white blood cell count. The wound can 
be left open and packed with saline gauze changed two to 
three times daily. Occasionally, drains are placed into the 
abscess cavities to allow for continued drainage and then 
removed as drainage subsides. This method usually results 
in minimal scarring or cosmetic deformity. The formation 
of a sialocele or persistent salivary fistulae are uncommon 
complications of surgery.

Acute Bacterial Submandibular Sialadenitis

Acute bacterial submandibular sialadenitis (ABSS) most 
commonly is associated with physical obstruction of 
Wharton’s duct. Sialolithiasis usually occurs in the sub-
mandibular gland and ductal system (80% of cases) for 
several reasons. The submandibular gland lies inferior to 
its ductal system, so that in the erect patient, flow must 
occur against the forces of gravity. The length of Whar-
ton’s duct contributes to increased transit time of saliva 
in the ductal system, which can result in the formation of 

A B

• Figure 14-9 A, Ultrasound image demonstrating parotid gland fluid collection. B, Ultrasound-guided 
percutaneous drain placement.
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microcalculi and resultant coalescence, causing mechani-
cal obstruction to flow and eventual ABSS.32 Two acute 
bends are present in Wharton’s duct: one occurs as the 
gland courses posterior to the mylohyoid muscle, and the 
second occurs just proximal to the exit of the duct supe-
riorly into the anterior floor of the mouth. A sphincteric 
mechanism at the orifice of Wharton’s duct acts as a physi-
cal narrowing at this portion of the duct. The alkaline sub-
mandibular gland saliva contains a higher concentration of 
calcium salts (carbonates, phosphates, and oxalates) than 
the other major salivary glands do. All these factors may 
contribute to salivary stasis, crystallization of precipitated 
calcium salts with calculus formation, obstruction to sali-
vary flow, and infection. This disease process occurs twice 
as often in males, with a peak age of occurrence between 
30 and 50 years. Interestingly, the left submandibular 
gland more commonly is affected than the right gland, and 
bilateral involvement in the absence of another systemic 
disorder is rare. Multiple occurrences of sialolith forma-
tion in the same gland are common; two calculi are present 
in 20% of involved cases, and more than two calculi occur 
in approximately 5% of cases. With the advent of sialoen-
doscopy, the incidence of multiple stones has increased. 
This is partially due to the high incidence of radiolucent 
stones in both the parotid and submandibular ducts, as 
well as the ability to directly visualize stones, thus ensuring 
that no stone is left behind, something that occurred in up 
to 18% of traditional sialolithotomy procedures. Sialoli-
thiasis may occur uncommonly in the parotid gland, sub-
lingual glands, and minor salivary glands. Chronic stone 
formation can lead to ductal ulceration and strictures that 
can cause obstruction because of ductal stenosis.

The classic feature of ABSS is pain and swelling in the 
submandibular region that occurs at mealtime (Figure 
14-10)—that is, flow is stimulated against a fixed obstruc-
tion. Patients may report a history of previous similar 
episodes. Associated cervical lymphadenopathy may be 
present. ABSS is a community-acquired disease that less 
frequently is associated with dehydration and hospital-
ization than ABP. Purulence may be expressible from the 

orifice of Wharton’s duct, but in many cases flow is com-
pletely obstructed. Any purulent material may be sent for 
Gram stain and culture and sensitivity studies, but any 
material collected intraorally is contaminated with resi-
dent oral flora. Therefore, the majority of cultures from 
Wharton’s duct demonstrate a mixed bacterial flora con-
taining gram-positive cocci with S. aureus and Peptostrepto-
coccus species most commonly isolated. In 56% of isolates, 
bacteria producing β-lactamase were present.17 As a result, 
empirical antimicrobial therapy consists of choices similar 
to those for ABP, depending on the severity of presenta-
tion. Choices include extended-spectrum penicillin with 
β-lactamase inhibition, a first-generation cephalosporin, 
clindamycin, or azithromycin. The diagnosis of ABSS 
resulting from sialolithiasis can be confirmed with a man-
dibular occlusal radiograph (see Figure 14-1); however, 
only 80% of calculi are radiopaque, possibly less than 
80% based on newer data available from sialoendoscopy 
demonstrating a 32% rate of occult radiolucent calculi in 
the submandibular gland. CT scanning can be useful in 
localization of a posterior stone in the proximal duct or at 
the hilum of the gland.

Treatment of ABSS consists of antibiotic therapy, main-
tenance of fluid intake, avoidance of antisialagogues, and 
removal of a sialolith, if present. Anterior calculi in the 
distal third of the duct may be removed in the office with 
the patient under local anesthesia. The procedure involves 
dilation of the ductal orifice with lacrimal probes, massage 
of the gland, and milking of the duct from proximal to 
distal in an attempt to expel the stone. A suture ligature 
should be placed proximal to the suspected stone to pre-
vent displacing the stone further proximally toward the 
gland hilum. If this method is unsuccessful, a sialolithot-
omy, or opening into the ductal system through the oral 
mucosa, is performed. Again, an attempt is made to gently 
deliver the stone though the surgically created opening. 
A sialodochoplasty, or ductal revision surgery, is also per-
formed. This procedure involves suturing the edges of the 
duct to the oral mucosa in the area of the sialolithotomy. 
This approach provides several advantageous changes to 
the ductal anatomy in an attempt to prevent reoccurrence 
of the sialolithiasis. The sialodochoplasty effectively short-
ens the overall length of Wharton’s duct and eliminates the 
narrow punctum and acute curvature at the orifice of the 
duct, so that flow can occur unimpeded through the new 
nonsphincteric opening. After a sialodochoplasty proce-
dure, a stent can be inserted in the opening with a plastic 
catheter to ensure fistulization of the tract into the oral 
cavity. Patients are encouraged to use salivary stimulants, 
such as lemon drops, glycerin swabs, and citrus fruits to 
encourage salivary flow postoperatively. As an alternative 
to sialolithotomy and sialodochoplasty, sialoendoscopy 
is a minimally invasive technique that can be used in the 
outpatient setting to examine the duct for abnormalities 
or polyps, remove stones and foreign material, dilate stric-
tures, and irrigate the duct to remove any mucous plugs. It 
has a high success rate and should be considered a useful 

• Figure 14-10 Acute bacterial submandibular sialadenitis of the left 
submandibular gland.
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adjunct in the diagnosis and treatment of salivary gland 
disease.4,5,7 In cases of posterior stones located in the 
middle or proximal third of Wharton’s duct (and in cases 
of recurrent ABSS), access through an intraoral approach 
may be technically difficult, and in general, the subman-
dibular gland and stone are removed through an extraoral 
approach with the patient under general anesthesia in the 
operating room. Although submandibular sialoadenec-
tomy has several risks (extraoral scar, hypoglossal, marginal 
mandibular branch of facial and lingual nerve paresthesia, 
and facial and deep lingual artery vascular hazards), it is far 
less morbid than a parotidectomy.

Chronic Recurrent Bacterial Parotitis

Chronic recurrent bacterial parotitis (CRBP) is defined as 
repeated episodes of ABP that are separated by intervening 
periods of remission. This disorder usually is caused by an epi-
sode of ABP, but it may be idiopathic or result from Sjögren’s 
syndrome, congenital ductal malformations, strictures, 
trauma (e.g., from orthodontic appliances), foreign bodies 
within Stensen’s duct (including toothbrush bristles, popcorn 
kernels, grass, straw, and fish bones), or as an aftereffect of viral 
parotitis. Classically, two forms of CRBP have been described: 
an adult and a juvenile form. The adult form has been more 
closely associated with infection from S. aureus, whereas Strep-
tococcus viridans is the major pathogenic bacteria in the juve-
nile form, which usually occurs in children between the ages of 
3 and 6 years. The juvenile form has a slight male predilection, 
is associated with unilateral parotid enlargement, and may 
resolve spontaneously at puberty with functional recovery of 
the parotid gland. If the condition persists beyond puberty, it 
is more common in females. CT scanning or MRI is useful to 
distinguish chronic infection from parotid tumors in children. 
Although gram-positive cocci have been implicated most fre-
quently in this disease process, other species, including oppor-
tunistic organisms in the immunocompromised host, have 
been identified in CRBP. Infection of the parotid gland may 
be subclinical at various times during the disease course; there-
fore, the gland may show evidence of latent infection during 
periods of clinical remission. CRBP can result in parenchymal 
destruction and loss of glandular function.

CRBP is characterized by unilateral or bilateral edema of 
the parotid gland that can last for days, weeks, or months 
with periods of exacerbation and remission. Constitutional 
symptoms can occur, and the white blood cell count and 
erythrocyte sedimentation rate may be elevated during 
times of exacerbation. Sialographic findings can include evi-
dence of sialectasis with dilation of the ductal system and 
pooling of contrast media with the gland and ductal system, 
perhaps with cystic cavity formation.33 Salivary scintigraphy 
with 99mTc pertechnetate can be used to assess the func-
tional integrity of the gland and to monitor for spontaneous 
functional recovery.

Treatment of CRBP is as controversial as the etiology. 
One theory for its etiology is based on bacterial infec-
tion; therefore, treatment includes species-specific systemic 

antibiotic therapy, guided by culture and sensitivity results 
when available. Any identified foreign bodies should be 
removed from the ductal system. Systemic antibiotics may 
be needed on an intermittent basis in the juvenile form of 
the disease until the patient reaches puberty. Similar to treat-
ment of ABP, analgesics may be necessary, and avoidance 
of dehydration and the discontinuance of antisialagogic 
medications are recommended. Intraductal instillation of 
antibiotics can be useful during periods of remission; such 
treatment is begun between 1 and 2 weeks after resolution 
of an acute episode.34 The procedure involves cannulation 
of Stensen’s duct with a No. 50 polyethylene tube. Local 
anesthesia with 2% lidocaine can be used to anesthetize the 
periductal tissues. The irrigant solution may contain tetra-
cycline or erythromycin. Generally, in adults approximately 
3 to 4 mL of 15 mg/mL solution is used. In children, 1.5 
to 2.5 mL of 10 mg/mL solution is instilled into the ductal 
system. The solution is allowed to remain in the ductal sys-
tem for 5 to 10 minutes. This procedure can be repeated on 
a daily basis for 3 to 5 days.

A second theory for CRBP etiology is based on inflam-
mation caused by ductal abnormalities, strictures, radiolu-
cent stones, or mucous plugging. It has been noted in the 
literature that ductal irrigation with antibiotic solution 
when compared in randomized fashion to irrigation with 
normal saline has equivalent results in resolution of symp-
toms caused by CRBP.35 This would suggest that it is the irri-
gation and not the antibiotic that is producing the desired 
outcome. In addition, treatment with steroids to decrease 
inflammation combined with duct irrigation, sialography, 
or sialoendoscopy to remove precipitated material from the 
duct will improve patient symptoms without the need for 
antibiotics. The increasing use of sialoendoscopy has dem-
onstrated that in these patients, up to 63% will have stones 
undetected by standard techniques of radiography, sialogra-
phy, or ultrasonography. In addition, stricture and stenosis 
of the duct can be relieved with dilation and stenting tech-
niques, thereby making sialoendoscopy an ideal treatment 
approach for patients with CRBP.5-7,35,36

Historically, treatment was aimed at parotid gland 
destruction and atrophy using parotid duct ligation, glosso-
pharyngeal nerve sacrifice, or low-dose radiation therapy to 
the gland. Current practice advocates parotidectomy with 
facial nerve preservation only in cases recalcitrant to other 
forms of nonsurgical therapy.

Chronic Recurrent Submandibular Sialadenitis

Chronic recurrent submandibular sialadenitis (CRSS) is 
associated with recurrent sialolithiasis and usually follows 
acute episodes of ABSS. CRSS occurs more commonly than 
CRBP. Sialography can be helpful in confirming the diag-
nosis by demonstrating evidence of sialadenitis and sialec-
tasis, with decreased gland emptying rates being indicative 
of poor gland function. Treatment of chronic recurrent 
submandibular sialadenitis consists of empirical antibiotic 
therapy, sialogogues, fluid replacement, and sialolithotomy 
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if indicated. Ultimately, for recurrent episodes or if the 
submandibular gland is nonfunctional, sialoadenectomy is 
indicated. Interestingly, long-standing CRSS can produce a 
firm, tumorlike mass in the submandibular triangle, known 
as the Kuttner tumor.37

Actinomycosis

On rare occasion, Actinomyces species (i.e., A. israelii,  
A. naeslundii, A. propionicus, A. viscosus, A. odontolyticus, 
A. meyeri, and A. eriksonii) can invade the salivary glands 
and cause infection. Involvement of the salivary glands, 
the parotid gland most frequently, can occur in up to 
10% of cases of cervicofacial actinomycosis. This organ-
ism is a member of the resident oral flora and can lead to 
acute or chronic infection that may be difficult to distin-
guish from other forms of sialadenitis. Bacterial invasion 
of the salivary gland parenchyma may be odontogenic in  
origin or arise from inflammation of the tonsils. Diagno-
sis is based on Gram stain, biopsy culture, and sensitivity 
testing. Actinomyces are gram-positive, microaerophilic, 
non–acid-fast bacteria that grow slowly in culture and 
may demonstrate the classic “sulfur granules,” which are 
aggregates of filamentous forms of the organisms. Culture 
material obtained from fistulous tracts may be contami-
nated and demonstrate a mixed bacterial flora. Sialography 
may show localized acinar destructive sialadenitis within 
the gland parenchyma. Treatment is the same as for cervi-
cofacial actinomycosis, including incision and drainage if 
indicated, and long-term (4 to 6 months), high-dose peni-
cillin therapy (other antibiotics have been used, including 
erythromycin and tetracycline). The avoidance of dehy-
dration also is important in preventing the progression to 
chronic, irreversible sialadenitis.

Cat-Scratch Disease

First described in 1931, the etiology of cat-scratch disease 
(CSD) was not elucidated until 1983, when small gram-
negative pleomorphic bacilli were detected with silver 
impregnation stains. Although the originally described 
organism Afipia felis was later determined not to be the 
etiologic agent, further testing led to the discovery of the 
major etiologic agent, Bartonella henselae. CSD is the most 
common cause of chronic lymphadenopathy among chil-
dren and adolescents; about 80% of patients are younger 
than 21 years and often exhibit tender regional lymphade-
nopathy arising 2 weeks after the development of a distal 
inoculation site. This site, usually on the hands, arms, or 
chest, is usually noted 3 to 10 days after the initial injury, 
with 65% of patients having a clinically visible inoculation 
site. Approximately 33 to 50% of patients have fever, 33% 
have malaise or fatigue, and most do not appear ill; also, 
cervical lymphadenopathy ranging from 1 to 10 cm in size 
with overlying erythema is usually present. Although CSD 
begins in the preauricular and cervical lymph node chains, 
it can subsequently involve the salivary glands, mostly the 

parotid, by contiguous spread. Traditionally, the diagnosis 
of CSD was made based on four criteria: contact with a 
cat and a primary inoculation site, positive CSD skin test 
result (Rose-Hangar intradermal), negative for other causes 
of lymphadenopathy, and characteristic histologic features 
present on biopsy (silver impregnation stains positive for 
Bartonella organisms). More recently, the Rose-Hangar skin 
test (which was derived from human pus) has been replaced 
by an enzyme-linked immunoassay and polymerase chain 
reaction (PCR) techniques because of concerns over trans-
mission of other diseases and frequent false-negative results 
early in the disease course. Tissue biopsy using a direct 
approach or fine-needle aspiration of involved nodes can be 
used for silver stains and PCR when necessary. Histologi-
cally, CSD demonstrates a highly characteristic pattern of 
stellate microabscesses surrounded by a rim of granuloma-
tous inflammation. CSD is usually self-limiting with resolu-
tion of symptoms within 2 to 6 months although analgesics 
and antipyretics are appropriate. Antibiotic administration 
is controversial with only a clear benefit in immunocompro-
mised individuals. The most frequently used antibiotics are 
erythromycin, doxycycline, and rifampin although genta-
micin, trimethoprim-sulfamethoxazole, and quinolone use 
has been described. Fine-needle aspiration of necrotic debris 
and suppuration is preferred over open incision and drainage 
procedures to decrease the chance of fistula formation.38,39

Acute Allergic Sialadenitis and Radiological 
Parotitis

On rare occasion, immunologic disorders can lead to 
involvement of the major salivary glands. This can occur 
after therapeutic radiation to distant organs, with an allergic 
response to circulating metabolites. Although food allergies 
are rare, allergies to heavy metals and medications occur 
more commonly (these include iodine, chloramphenicol 
[Chloromycetin], oxytetracycline [Terramycin], and thio-
uracil). This history generally is that of acute salivary gland 
enlargement, most commonly the parotid gland, and dys-
pnea after a contrast study such as an intravenous pyelo-
gram. The course of this disease is usually self-limited.

Viral Salivary Gland Infections

Viral Sialadenitis, Epidemic Parotitis, Mumps

Viral mumps is an acute, nonsuppurative communicable 
infectious disease, primarily of the parotid gland tissue, that 
often occurs in epidemics during spring and winter months. 
Although usually considered a childhood disease occurring 
between 6 and 8 years of age, with an equal sex predilection, 
viral mumps can occur in any age group, including adults 
who may have avoided childhood illness. The disease usu-
ally is caused by a paramyxovirus, which is a ribonucleic 
acid virus related to the influenza and parainfluenza groups. 
A variety of other nonparamyxoviruses can cause parotid 
swelling similar to mumps, including Coxsackie A and B 



245CHAPTER 14 Salivary Gland Infections

viruses, Epstein-Barr virus, influenza, and parainfluenza 
(types 1 and 3) viruses, enteric cytopathic human orphan 
virus, lymphocytic choriomeningitis virus, and HIV. If 
initial testing for paramyxovirus is negative, serologic test-
ing for these viruses should be considered.40-42 The virus is 
transmitted by infected saliva and urine. The viral incuba-
tion period between exposure and the development of signs 
and symptoms is 15 to 18 days. The disease includes a pro-
dromal period that lasts 24 to 48 hours, and includes fever, 
chills, headache, and preauricular tenderness. Infection is 
characterized by rapid, painful, nonerythematous unilateral 
or bilateral swelling of the parotid glands that may be suf-
ficiently severe to displace the earlobe. Purulent discharge 
from Stensen’s duct is rare. Because influenza and other 
viruses can infect the parotid gland, viral serum titers for 
mumps virus should help to confirm the suspected diagno-
sis. Testing for immunoglobulin (Ig) G and IgM mumps 
virus antibodies can confirm infection or provide evidence 
of prior infection or immunization. Further testing by virus 
isolation in culture or detection of viral nucleic acid by PCR 
in throat, saliva, or urine specimens can be used. Laboratory 
evaluation generally is nonspecific, but may show leukope-
nia with a relative lymphocytosis. Serum amylase levels may 
also be elevated, irrespective of an associated pancreatitis, 
and peak during the first week of infection. This is in con-
trast to acute bacterial parotitis, which does not cause an ele-
vation of serum amylase levels.40 Attempts to eradicate the 
disease have resulted in routine administration of measles-
mumps-rubella (MMR) vaccine in children at 12 months of 
age. The disease usually resolves spontaneously within 5 to 
10 days; therefore, symptomatic treatment of pain and fever 
and the avoidance of dehydration are essential. Persistent or 
recurrent swelling may suggest the development of chronic 
bacterial sialadenitis of childhood.

Several untoward complications of viral mumps can 
result from generalized viremia. Mumps pancreatitis can 
manifest with abdominal pain and tenderness and elevated 
serum amylase levels. Diabetes mellitus is an uncommon 
complication of mumps pancreatitis. Orchitis, with testicu-
lar enlargement and tenderness, occurs in approximately 
20% of adult men affected with mumps parotitis. Half of 
these individuals develop testicular atrophy, which, if bilat-
eral, can lead to sterility. Priapism is an uncommon com-
plication of mumps orchitis. Meningoencephalitis is an 
uncommon sequela of viral mumps, which can manifest as 
neck stiffness, lethargy, and headache. This disease generally 
is mild and self-limited, but can lead to severe encephalitis. 
Other less common complications of viral mumps include 
mumps thyroiditis, mumps myocarditis, mumps nephritis, 
and mumps hepatitis.40

HIV-Associated Salivary Gland Infection

The head and neck manifestations of HIV occur in approxi-
mately 5% to 10% of HIV-positive patients. These clinical 
findings have been well described and include xerostomia, 
associated parotid intraglandular, and possibly cervical, 

lymphadenopathy, and painless parotid gland enlargement 
with or without cyst formation. Fine-needle aspiration 
positive for the presence of amylase in the cystic fluid can 
help to confirm the diagnosis. Immunofluorescence shows 
that this sicca-like syndrome is characterized by a diffuse 
lymphocytic infiltrate throughout the involved parotid 
gland acinar tissue, but without anti-Ro and anti-La auto-
antibodies, which are present in Sjögren’s syndrome. The 
development of benign lymphoepithelial lesions (BLLs) 
in the parotid glands affected by the HIV virus can occur. 
The BLL- diffuse lymphocytic infiltration later can progress 
to acinar atrophy, ductal proliferation, and production of 
epimyoepithelial islands. The CD8 lymphocytic infiltration 
of the parotid parenchyma can also lead to lymphoepithe-
lial cyst formation. In fact, in up to 5% of BLL lesions, 
malignant lymphomas can develop, most commonly 
non- Hodgkin lymphoma, and up to 1% of all BLL may 
progress to carcinoma. Therefore, BLL must be included 
in the  differential diagnosis of parotid gland enlargement. 
The diagnosis can be aided with CT scanning, fine-needle 
aspiration, and MRI. Treatment of cystic lesions consists of 
observation, serial drainage, or sclerotherapy.43

Cytomegalovirus

Salivary gland inclusion disease can be caused by cytomega-
lovirus, a subgroup of herpes virus that produces latent 
disease. Most infections produce no symptoms except in 
the immunocompromised host (especially the terminal 
stages of HIV disease). Transmission can occur from blood 
or organ transplantation, and the salivary glands are fre-
quently involved in this disease process. A mononucleosis-
like syndrome occurs in the triad of fever, pharyngitis, and 
lymphadenopathy, but results of heterophile antibody test-
ing for infectious mononucleosis are negative. No specific 
treatment is indicated, and cytomegalovirus is resistant to 
antiviral agents such as acyclovir, requiring treatment with 
intravenous ganciclovir or valganciclovir in the immuno-
compromised patient.

Mycobacterial Salivary Gland Infections
Tuberculosis
Primary involvement of the salivary glands with Mycobacterium 
tuberculosis is uncommon. Tuberculosis can manifest in two 
different forms: an infiltrative, disseminated form or a circum-
scribed, nodular form. The disseminated form is spread hema-
togenously, whereas the circumscribed form spreads through 
the lymphatics. The parotid gland and the preauricular lymph 
nodes usually are affected unilaterally, in an acute or chronic 
form. Secondary involvement of the salivary glands with M. 
tuberculosis, associated with active pulmonary tuberculosis, 
most commonly affects the submandibular gland and cervi-
cal lymph node chain, resulting in a draining lesion known 
as scrofula (tuberculous cervical lymphadenitis). Diagnosis is 
made with chest radiography, a positive blood Quantiferon 
TB Gold test result or positive findings from a purified-protein 
derivative intradermal skin test, and identification of acid-fast 
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bacilli in sputum. Treatment is similar to that for pulmonary 
tuberculosis with long-term, multidrug therapy. Consultation 
with an infectious disease specialist should be made because 
these patients must be reported to the local health board and 
Centers for Disease Control and Prevention.

Atypical Mycobacterial Infections
Atypical mycobacteria can also affect the salivary gland, 
including both the submandibular and parotid glands. 
These infections are most common in the pediatric age 
groups and immunocompromised patients (Mycobacterium 
avium). Skin testing can aid in the diagnosis, and surgical 
excision is rarely indicated as an adjunct to antibacterial 
treatments.

Parasitic Salivary Gland Infections
Filariasis
Helminthic infestations with filariasis worms have been 
reported in salivary glands. Eight known filarial nematodes 
use humans as a definitive host. Filariasis is endemic in 
Africa and Central America. Definitive diagnosis is made 
by biopsy of the affected salivary gland nodule. Laboratory 
evaluation reveals eosinophilia. Treatment includes the use 
of antiparasitic drugs such as ivermectin, diethylcarbam-
azine, or albendazole, and excision of the salivary gland 
nodule.

Immunological Salivary Gland Disorders

Collagen Sialadenitis (Systemic Lupus 
Erythematosus)

The entire spectrum of collagen-vascular diseases can affect 
the salivary glands, including scleroderma, dermatomyositis, 
and polymyositis, but systemic lupus erythematosus is most 
common. This disease must be distinguished from Sjögren 
syndrome. Collagen sialadenitis occurs most frequently in 
women in the fourth and fifth decades of life. The disorder 
can affect any of the major salivary glands and usually mani-
fests as a slowly enlarging gland. The diagnosis is made by 
identification of the underlying systemic disorder, and sialo-
chemistry studies may reveal sodium and chloride ion levels 
that are elevated twofold to threefold higher than normal 
values. Treatment involves addressing the causative systemic 
disease process.

Sarcoidosis

Sarcoidosis is a chronic, granulomatous disease character-
ized by noncaseating granulomas that may affect the sali-
vary glands in up to 6% of cases. Heerfordt syndrome, or 
uveoparotid fever, occurs in 10% of cases and consists of 
a triad of parotid enlargement, uveitis, and seventh cra-
nial nerve palsy. The cause is unknown, and the disease is 
most common in the third and fourth decades of life and 
more common in black than white patients. The initial 
symptoms consist of prodromal constitutional symptoms 

of fever, malaise, weakness, nausea, and night sweats that 
may last from weeks to months. Typical chest radiographic 
features include symmetrical bilateral perihilar lymphade-
nopathy. Parotid enlargement usually is painless, firm, 
and bilateral, and the submandibular glands may be 
affected. The diagnosis can be confirmed with histopath-
ologic evidence of lack of caseation and acid-fast bacilli 
to distinguish the disease from tuberculosis. Laboratory 
evaluation may reveal hypercalcemia, elevation of serum 
alkaline phosphatase, and serum angiotensin-converting 
enzyme concentration. The Kveim test involves intrader-
mal injection of human sarcoid tissue antigen, but results 
are positive in only 75% of cases. Therapy consists of early 
administration of corticosteroids or methotrexate, par-
ticularly if uveitis (which can lead to glaucoma) and facial 
paralysis are present.

Granulomatosis with Polyangiitis

The initial presentation of granulomatosis with polyangiitis 
(Wegener granulomatosis) can be extremely variable; how-
ever, because of the significant morbidity and mortality 
of this disease when left untreated, prompt diagnosis and 
treatment are essential. When parotid involvement is pres-
ent, a unilateral, painful parotid gland mass may be noted. 
Questioning for other findings associated with Wegener 
granulomatosis such as rhinitis, strawberry gingivitis, hear-
ing loss, and scleritis should be completed. Serologic testing 
for cytoplasmic antineutrophil cytoplasmic antibody and 
histopathologic examination of biopsy specimens confirms 
the diagnosis. As a systemic inflammatory necrotizing vas-
culopathy, multiple organs can be affected, with rapidly 
progressive glomerulonephritis and pulmonary hemor-
rhage being the most serious complications. Treatment 
consists of immunosuppression with high-dose steroids, 
cyclophosphamide, and methotrexate. Before the devel-
opment of diagnostic testing and effective treatments, the 
average survival was only 5 months, with a 2-year mortality 
greater than 90%.44,45
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15
Nasal and Paranasal Sinus 
Infections
KYLE JOHNSON AND KOUROSH PARHAM

Infections of the nasal cavity and paranasal sinuses are 
extremely common, affecting as many as one in seven 
adults in the United States, with rhinosinusitis being 
diagnosed in more than 31 million patients each year.1 In 
reality, such infections are far more prevalent than these 
statistics convey, because the statistics are focused primar-
ily on bacterial etiologies. When viral etiologies are taken 
into account, the entire United States population is likely 
to have experienced this type of infection personally and 
likely annually. Approximately $5.8 billion is spent each 
year on the diagnosis and management of sinusitis in adults, 
predominantly in the form of ambulatory and emergency 
department visits, but also including the nearly 500,000 
surgical procedures performed each year. More than one 
in five antibiotic prescriptions are written in the United 
States for the treatment of sinusitis, making sinusitis the 
fifth most common diagnosis cited for antibiotic use.2 In 
addition, other societal costs that result indirectly from 
sinusitis include the approximately 73 million restricted 
days of activity per year in the United States, as well as 
the unquantifiable contribution to growing antibiotic resis-
tance in the community and hospitals nationwide.2 This 
chapter discusses the pathophysiology and management of 
nasal and paranasal sinus infections.

Nasal and Paranasal Sinus Anatomy  
and Physiology

The nose is a pyramidal structure anchored to the ante-
rior center portion of the face (Figure 15-1). It consists 
of a bony skeleton superiorly and a cartilaginous frame-
work inferiorly, covered by the facial skin envelope. The 
interior of the nose is lined by ciliated respiratory epithe-
lium. The nasal cavity is divided in the midline by the nasal 
septum, which is constructed of a bony and cartilaginous 
midline structure and an overlying mucoperichondrial 
layer. The lateral walls of the nasal cavity have bony out-
growths called the nasal conchae or turbinates (Figure 15-2).  

There are three or four turbinates on either side; these 
are the inferior, middle, and superior turbinates, with 
the fourth, known as the supreme turbinate, present in a 
minority of individuals. These turbinates are covered in 
respiratory epithelium and function to help regulate nasal 
resistance and airflow through a process known as the nasal 
cycle, during which swelling of the turbinates alternates 
from one side to the other through the engorgement of 
the turbinate mucosa, similar to erectile tissue in the repro-
ductive system. The increased surface area afforded by the 
turbinates also serves to help warm and humidify air as it 
enters the upper respiratory tract. The anterior aspect of the 
inferior turbinate with the nasal septum and inferior aspect 
of the lateral nasal wall form the area of highest resistance 
to airflow, known as the internal nasal valve. This area is 
of particular clinical significance, as swelling in this region 
from any cause can lead to significant nasal obstruction. 
The cavity anterior to the inferior turbinate constitutes the 
nasal vestibule.

The paranasal sinuses consist of four paired, normally 
air-containing spaces in the bones of the facial skeleton 
(Figure 15-3). The sinuses are named for the bones in 
which they are found and are the maxillary, ethmoid, fron-
tal, and sphenoid sinuses. The function of the paranasal 
sinuses is uncertain, but proposed benefits of the presence 
of aerated sinuses in the face include resonance for speech 
production, decreased weight and mass of the head, and 
provision of an area to absorb force and thus protect the 
intracranial contents from trauma.3 The cavities are lined 
by ciliated respiratory epithelium, which sweeps mucus 
produced in each cavity toward the sinus opening, or 
ostium. This mucociliary transport then proceeds along 
the lateral nasal walls, posteriorly into the nasopharynx, 
and subsequently into the oropharynx, where it is swal-
lowed. Nasal mucus production can exceed 1 to 2 liters 
per day. Swelling in the region of the sinus ostia will lead 
to obstruction of mucociliary transport and subsequent 
symptoms of fullness, pressure, and pain, as experienced 
by sufferers of sinusitis. The frontal and sphenoid sinuses 
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are the last to become aerated, and this process does not 
occur until adolescence. Thus, sinus disease in children 
is primarily encountered in the maxillary and ethmoid 
sinuses. Frontal and sphenoid sinus disease almost exclu-
sively affects adults.

Etiology and Pathophysiology

Acute infection in the paranasal sinuses is most commonly 
due to viral infection. In a small subset of cases (0.5 to 3%),  
bacterial infection can complicate the viral infection. 
The three most common pathogens in adults with initial 

episodes of acute bacterial rhinosinusitis (ABRS) are Strep-
tococcus pneumoniae, Haemophilus influenzae, and Morax-
ella catarrhalis, found in 20 to 43%, 22 to 25%, and 2 
to 10% of aspirates, respectively.4 M. catarrhalis is found 
more frequently in children. Staphylococcus aureus and var-
ious anaerobes are also frequently isolated in cultures from 
sinus aspirates.

Chronic rhinosinusitis (CRS) has a more complicated 
pathophysiology, and more probably represents a spec-
trum of disease, with the medical literature primarily dis-
tinguishing CRS with nasal polyposis (CRSwNP) from 
CRS without nasal polyposis (CRSsNP). However, this 
too is proving to be somewhat of an oversimplification of 
the disease spectrum. Contributing factors to the develop-
ment of CRS can include multiple players, with infection 
itself not necessarily representing the main offender. When 
cultures are obtained in patients with CRS, the result is 
commonly polymicrobial consisting of both aerobic and 
anaerobic pathogens. However, polymicrobial isolates have 
also been discovered in nondiseased sinuses, calling into 
question the role of bacterial infection in the pathogenesis 
of CRS. Other possible contributing causes include exces-
sive host response to Alternaria fungi, the production of 
exotoxins by staphylococcal superantigens, altered host 
immune response to normal flora or common pathogens 
such as defects in the eicosanoid pathway, discoordination 
of mucociliary transport, sinonasal mucosal inflammation, 
and the presence or development of biofilms.2 Further-
more, other host diseases also contribute to the severity and 
frequency of exacerbations of CRS or recurrent acute rhi-
nosinusitis (RARS), such as allergic rhinitis, diabetes, and 
immune suppression.2
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• Figure 15-1 Bony and cartilaginous structure of the nose. (From Aston SJ, Steinbrech DS, Walden JL: 
Aesthetic plastic surgery, Philadelphia, 2009, Saunders.)
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• Figure 15-2 Right lateral nasal wall anatomy. (From Drake RL, Vogl 
AW, Mitchell AWM: Gray’s anatomy for students, ed 3, Philadelphia, 
2015, Churchill Livingstone.)
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Acute Rhinosinusitis

History and Physical

Patients with rhinosinusitis may complain of nasal obstruc-
tion, rhinorrhea, facial pain, fullness or pressure, fever, mal-
aise, fatigue, halitosis, hyposmia, anosmia, maxillary dental 
pain, or ear fullness or pain. Characterizing the duration 
of symptoms is important for classifying the type of infec-
tion: acute infections last no longer than 4 weeks, chronic 
infections last beyond 3 months, and subacute infections 
represent the difference in between those periods. Physi-
cal examination findings may include fever, turbinate 
edema, nasal secretions, postnasal drip, or tenderness of the 
cheeks, forehead, or teeth. Other physical examination find-
ings suggestive of a complicated infection with extrasinus 
involvement include orbital proptosis, periorbital edema 
and erythema, limitation of extraocular movements or other 
cranial neuropathies, and neck stiffness.

Of these possible history and examination findings, the 
triad of (1) nasal obstruction, (2) cloudy or purulent rhi-
norrhea or postnasal drip, and (3) facial pain, fullness, or 
pressure lasting less than 4 weeks has been proposed by the 
American Academy of Otolaryngology–Head and Neck 
Surgery (AAO-HNS) Clinical Practice Guideline on Adult 
Sinusitis in 2007 as the most sensitive and specific for the 
diagnosis of ABRS. Intriguingly, while viral illness more 
commonly manifests with clear rhinorrhea, the opacifica-
tion of mucus does not occur because of the presence of 
bacteria in the mucus, but rather because of the presence 
of neutrophils, which are not specific to bacterial infections 
and may be present in viral rhinosinusitis (VRS) as well. 
Therefore, the color of the rhinorrhea alone is not sufficient 
to differentiate bacterial from viral infection. However, a 
finding of purulent secretions in the nasal cavity or pos-
terior oropharynx correlates higher than any other exami-
nation finding with positive bacterial cultures from sinus 

aspiration and predicting radiographic findings consistent 
with ABRS in research studies.2 Historically, a system of 
major and minor criteria has been used to differentiate viral 
from bacterial acute sinus infections. However, recent pub-
lications have focused on the three cardinal symptoms and 
signs of ABRS; they have shown a high correlation between 
the presence of these three findings with culture results and 
radiographic imaging.5,6 Of note, fever has been shown to 
have a sensitivity and specificity of only approximately 50% 
for the diagnosis of ABRS versus viral infection; therefore, 
the presence or absence of fever alone is insufficient to diag-
nose or rule out bacterial infection.

The progression of symptoms is another important dis-
tinction in differentiating viral from acute bacterial infec-
tions. Viral illnesses tend to improve and resolve within 7 
to 10 days, whereas ABRS is characterized by a history of 
symptoms persisting beyond 10 days without improvement 
or a so-called double worsening of symptoms, in which 
the patient’s symptoms worsen within 10 days after an ini-
tial improvement in symptoms.2 Although fever alone is 
not sufficient to differentiate between viral and bacterial 
infections, patients who exhibit more severe symptoms or 
signs and high body temperature (≥39° C [102° F]) with 
purulent nasal discharge or facial pain in the first 3 to 4 
days of their illness tend to benefit from antibiotic therapy 
before the 10-day mark.7 Therefore, assessing the time 
course and severity of the patient’s symptoms is another 
important clue in differentiating VRS from ABRS. Figure 
15-4 summarizes a diagnostic and management algorithm 
for sinusitis.

Cultures

Direct sinus aspiration, primarily of the maxillary sinuses, 
is the gold standard for diagnosing ABRS, predominantly 
in the research of sinonasal diseases, but is used much less 

A B

• Figure 15-3 Non–contrast CT scan of the sinuses demonstrating well-aerated sinuses without air-fluid 
levels or thickening of the sinus mucosa in a patient without nasal symptoms. A, Coronal cut. B, Sagit-
tal cut. E, Air cells of the ethmoid sinuses; F, frontal sinus; IT, inferior turbinate; M, maxillary sinuses; MT, 
middle turbinate; NP, nasopharynx; S, sphenoid sinus. *Maxillary sinus ostia.
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frequently in clinical practice. Cultures of fluid from the 
nasal cavity or nasopharynx correlate poorly with directly 
obtained sinus aspirates, and as such fail to reliably dif-
ferentiate ABRS from VRS in clinical trials. Other stud-
ies have demonstrated better correlation of endoscopically 
obtained middle meatal cultures with direct aspirates, but 
this technique has yet to find an established role in the care 
of patients with uncomplicated ABRS, given that the pro-
cedure is costly, time-consuming, and potentially painful to 
the patient, and it requires equipment not generally available 
in the offices of most primary care physicians.8 However, 
in patients who fail treatment with first- and second-line 
empiric antibiotic therapy, culture-directed therapy should 
be the next step. In this situation, sinus puncture is still 
considered the gold standard, with endoscopically guided 
cultures of the middle meatus considered as an alternative 
according to the Infectious Diseases Society of America 
(IDSA) guidelines.7

Imaging

Radiographic imaging is not recommended for the diag-
nosis of acute rhinosinusitis (ARS), primarily because of 

the inability to distinguish viral from bacterial infection. 
However, in suspected ABRS with extrasinus complications 
 suggested by severe headache, proptosis, cranial nerve pal-
sies, or facial swelling, contrast-enhanced computed tomog-
raphy (CT) or gadolinium-enhanced magnetic resonance 
imaging (MRI) is indicated to diagnose and characterize 
the extent of extrasinus involvement and to allow for appro-
priate treatment planning. CT scanning is preferred over 
MRI, given the utility of CT scans for surgical planning 
and intraoperative navigation.2 CT scans are also gener-
ally much more readily available, do not generally require 
sedation for children, and can help to confirm the diagnosis 
more quickly, helping to expedite surgical treatment when 
necessary. MRI, however, should not be overlooked as a 
complementary imaging modality, particularly when intra-
cranial complications are suspected as discussed later in the 
section on complications.

Treatment: Medical Management
Antibiotics
Antibiotics have no role in the treatment of VRS, and for 
patients diagnosed with VRS supportive therapy is indi-
cated as discussed later. Amoxicillin was long considered 

Risk for resistance?

Symptomatic management

Initiate first-line antimicrobial therapy Initiate second-line antimicrobial therapy

Improvement after 3–5 days Improvement after 3–5 daysWorsening or no
improvement after 3–5 days

Worsening or no improvement after 3–5 days

1) CT or MRI to investigate noninfectious
    causes or suppurative complications
2) Sinus or meatal cultures for pathogen-
    specific therapy

Signs and symptoms either:
a) Persistent and not improving (� 10 days)
b) Severe (� 3–4 days) or
c) Worsening or “double-sickening” (� 3–4 days)

Complete 5–7 days of
antimicrobial therapy

Complete 5–7 days of
antimicrobial therapy

Complete 7–10 days of
antimicrobial therapy

Complete 7–10 days of
antimicrobial therapyBroaden coverage or switch

to different antimicrobial class

No Yes

Improvement Improvement

• Figure 15-4 Decision tree for the management of acute bacterial rhinosinusitis. (Adapted from Chow 
AW, Benninger MS, Brook I, et al: Infectious Diseases Society of America: IDSA clinical practice guideline 
for acute bacterial rhinosinusitis in children and adults, Clin Infect Dis 54(8):e72-e112, 2012.)
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the first-line antibiotic of choice for ABRS, given its low 
cost, safety, efficacy, and appropriately narrow microbio-
logic spectrum. However, the clinical practice guideline 
on ABRS published in 2012 by the IDSA recommends 
standard dosing of amoxicillin-clavulanate as first-line 
treatment instead of amoxicillin in children and adults, 
given the increased prevalence of β-lactam–resistant H. 
influenzae and M. catarrhalis in ABRS infections. Respi-
ratory fluoroquinolones (levofloxacin and moxifloxacin) 
and doxycycline both have excellent activity against the 
usual pathogens causing uncomplicated ABRS; therefore, 
they are considered appropriate alternatives in the event 
of penicillin allergy. The third-generation oral cephalospo-
rins cefixime or cefpodoxime can be used in conjunction 
with clindamycin for children with non–type I penicillin 
allergy or in geographic regions with high endemic rates 
of penicillin-nonsusceptible S. pneumoniae. However, oral 
cephalosporins are no longer recommended for empiric 
monotherapy of ABRS.7 Other alternatives that have been 
traditionally used in patients with penicillin allergy but 
are no longer recommended because of unacceptably high 
rates of resistance in S. pneumoniae and M. catarrhalis are 
trimethoprim-sulfamethoxazole and macrolides (azithro-
mycin and clarithromycin). The Sinus and Allergy Part-
nership Guidelines recommend using a fluoroquinolone or 
high-dose amoxicillin-clavulanate (4 gm/250 mg per day 
or two extended release tablets every 12 hours in adults 
and 90 mg/kg/day for children) for patients who have 
received antibiotics in the 4 to 6 weeks preceding the start 
of their current episode of sinusitis. The IDSA extended 

the recommendation for high-dose amoxicillin-clavulanate 
to include treating patients in geographic regions with high 
endemic rates (≥10%) of invasive penicillin-nonsusceptible 
S. pneumoniae, those with severe infection (defined as sys-
temic toxicity with high body temperature of 39° C [102° F] 
or higher and threat of suppurative complications), those 
who are younger than 2 or older than 65 years,  children 
who attend daycare, and patients with a recent hospitaliza-
tion or in an immunocompromised state.7

There is no consensus regarding the duration of anti-
biotic therapy. The majority of clinical trials administer 
antibiotics for 10 days. Other trials have used shorter dura-
tion of therapy, and they showed no significant difference 
in outcomes for 6 to 10 days of antibiotics versus 3 to 
5 days (azithromycin, telithromycin, or cefuroxime) at up 
to 3 weeks after completion of treatment.9 It is important 
to note that a shorter duration of therapy is correlated with 
lower incidence of adverse reactions such as diarrhea, nau-
sea, vomiting, and vaginal discharge. In fact, some authors 
have advocated for a “watch and wait” approach for patients 
with a nonsevere presentation (mild to moderate pain, body 
temperature less than 101° F), reserving antibiotics for 
patients whose symptoms are more severe at presentation or 
who fail to improve or worsen within 7 days after diagnosis. 
This approach is strengthened by data showing up to 73% 
improvement in symptoms when using placebo for 7 to 12 
days after initiation of therapy in patients with nonsevere 
ABRS.10 For these reasons, the IDSA guidelines recom-
mend a 5- to 7-day course of antibiotics for uncomplicated 
ABRS in adults (Tables 15-1 and 15-2). However, evidence 

  Antibacterial Regimens for Acute Bacterial Rhinosinusitis in Children

Indication First-Line (Daily Dose) Second-Line (Daily Dose)

Initial empiric therapy Amoxicillin-clavulanate  
(45 mg/kg/day PO bid)

Amoxicillin-clavulanate (90 mg/kg/day PO bid)

β-Lactam allergy

Type I hypersensitivity Levofloxacin (10-20 mg/kg/day PO every 12-24 hr)

Non–type I hypersensitivity Clindamycin (30-40 mg/kg/day PO tid) plus cefixime (8 mg/kg/
day PO bid) or cefpodoxime (10 mg/kg/day PO bid)

Risk for antibiotic resistance or 
failed initial therapy

Amoxicillin-clavulanate (90 mg/kg/day PO bid)

Clindamycin (30-40 mg/kg/day PO tid) plus cefixime (8 mg/kg/
day PO bid) or cefpodoxime (10 mg/kg/day PO bid)

Levofloxacin (10-20 mg/kg/day PO every 12-24 hr)

Severe infection requiring  
hospitalization

Ampicillin/sulbactam (200-400 mg/kg/day IV every 6 hr)

Ceftriaxone (50 mg/kg/day IV every 12 hr)

Cefotaxime (100-200 mg/kg/day IV every 6 hr)

Levofloxacin (10-20 mg/kg/day IV every 12-24 hr)

bid, Twice daily; IV, intravenously; PO, by mouth; tid, three times per day.
Adapted from Chow AW, Benninger MS, Brook I, et al: Infectious Diseases Society of America: IDSA clinical practice guideline for acute bacterial rhinosinusitis in 
children and adults, Clin Infect Dis 54(8):e72-e112, 2012.

TABLE 
15-1
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of efficacy of shorter courses of antibiotics is lacking in the 
pediatric population; therefore, 7 to 10 days remains the 
duration recommended by the IDSA for children with 
ABRS.7

Using the same data and rationale, worsening of 
symptoms 48 to 72 hours after starting appropriate ini-
tial empiric antimicrobial therapy or failure to improve 
3 to 5 days after initiation of antibiotic therapy should 
prompt the clinician to consider a nonbacterial cause or 
infection with organisms that are resistant to the initially 
prescribed antibiotic. In the case in which the patient was 
initially treated with amoxicillin-clavulanate, the clinician 
should suspect β-lactamase–producing H. influenzae or M. 
catarrhalis or S. pneumoniae that is resistant to β-lactam, 
macrolide, tetracycline, or trimethoprim-sulfamethoxa-
zole, as these organisms have been identified in aspirates 
in studies that evaluated initial treatment failure for pre-
sumed ABRS.11 Therefore, the IDSA guidelines recom-
mend switching to a second-line antibiotic (see Figure 
15-1) and treating for 7 to 10 days instead of the usual 5- 
to 7-day course.7 Treatment failure, especially worsening 
of symptoms, should also prompt the clinician to evalu-
ate for possible complications of sinusitis as evidenced by 
severe headaches, restricted extraocular muscle movement, 
orbital proptosis, mental status changes, vision changes, 
or periorbital edema, erythema, or inflammation. This 
investigation may include further diagnostic studies as dis-
cussed previously.

Adjunctive Therapies
Symptomatic relief is indicated for the treatment of ABRS 
and VRS. Seeking relief from symptoms of ABRS and VRS 
should begin with counseling on optimizing hydration (e.g., 
6 to 8 glasses of water daily) and optimizing immune system 
function by promoting healthy lifestyle (including adequate 
sleep and nutrition and avoiding irritants such as tobacco 
smoke). Other treatments can include the use of topical 
or systemic decongestants to mitigate symptoms of nasal 
congestion and possibly prevent secondary bacterial infec-
tion, although these have not been shown to consistently 
prevent progression to ABRS. Oxymetazoline and Neo-
Synephrine are topical nasal decongestant sprays that both 
have the advantage of negligible systemic absorption and 
also tend to be more effective than oral systemic deconges-
tants in symptomatically improving nasal congestion. Topi-
cal decongestants, however, have not been shown to prevent 
development of ABRS, and the data in support of their 
use as an adjunct for symptomatic relief are not strong.2 
An important consideration is the possible development of 
rhinitis medicamentosa, or rebound nasal congestion, after 
concluding use of topical decongestant sprays. Therefore, 
treating clinicians often limit their use to 3 to 5 days at a 
time. Furthermore, the sprays themselves can induce further 
inflammation in the sinus mucosa. Systemic decongestants, 
while avoiding the risk of rhinitis medicamentosa, should 
be avoided in patients with known hypertension because 
these agent can exacerbate hypertension. Guidelines differ 

  Antibacterial Regimens for Acute Bacterial Rhinosinusitis in Adults

Indication First-line (Daily Dose) Second-line (Daily Dose)

Initial empiric therapy Amoxicillin-clavulanate (500 mg/125 mg  
PO tid, or 875 mg/125 mg PO bid)

Amoxicillin-clavulanate (2000 mg/125 mg PO bid)

Doxycycline (100 mg PO bid or 200 mg PO daily)

β-Lactam allergy Doxycycline (100 mg PO bid or 200 mg PO daily)

Levofloxacin (500 mg PO daily)

Moxifloxacin (400 mg PO daily)

Risk for antibiotic resistance or 
failed initial therapy

Amoxicillin-clavulanate (2000 mg/125 mg PO bid)

Levofloxacin (500 mg PO daily)

Moxifloxacin (400 mg PO daily)

Severe infection requiring  
hospitalization

Ampicillin-sulbactam (1.5-3 g IV every 6 hr)

Levofloxacin (500 mg PO or IV daily)

Moxifloxacin (400 mg PO or IV daily)

Ceftriaxone (1-2 g IV every 12-24 hr)

Cefotaxime (2 g IV every 4-6 hr)

bid, Twice daily; IV, intravenously; PO, by mouth; tid, three times per day.
Adapted from Chow AW, Benninger MS, Brook I, et al: Infectious Diseases Society of America: IDSA clinical practice guideline for acute bacterial rhinosinusitis in 
children and adults, Clin Infect Dis 54(8):e72-e112, 2012.

TABLE 
15-2
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in their recommendations for using decongestants, with the 
AAO-HNS guidelines leaving decongestants as an option 
and the more recently released IDSA guidelines recom-
mending against their use entirely.

Systemic and topical steroids have also been used as 
adjunctive therapies to improve symptoms in patients with 
acute rhinosinusitis. Theoretically, the use of steroids could 
reduce the swelling of the nasal mucosa because of the aller-
gic response in patients with allergic rhinitis. The medical 
literature, however, does not support the use of systemic 
steroids for the treatment of VRS, and the evidence does 
not strongly support topical steroid sprays in this setting 
either.12 In the case of ABRS, there are no trials that have 
studied systemic glucocorticoids, but there are several that 
have evaluated the benefits of topical corticosteroid sprays 
in combination with antibiotics. Agents studied include 
mometasone, fluticasone, flunisolide, and beclomethasone. 
One of the highest quality of these studies specifically dem-
onstrated significantly improved mean symptom scores dur-
ing days 2 to 15 in patients with nonsevere ABRS treated 
with topical mometasone furoate nasal spray twice daily 
compared with patients treated with amoxicillin or pla-
cebo.13 Patients with a strong history of allergic rhinitis are 
the most likely to benefit from the addition of intranasal 
topical steroid sprays.

Nasal saline irrigation is another adjunctive measure that 
may be beneficial for improved quality of life and decreased 
symptom severity for patients with acute rhinosinusitis. Two 
clinical trials showed modest improvement in mucociliary 
transport and symptoms in patients with acute rhinosinus-
itis treated with hypertonic (3 to 5%) saline irrigation.14,15 
A separate randomized controlled trial, however, found no 
difference in outcomes for hypertonic saline, normal saline, 
or observation for patients with the common cold and acute 
rhinosinusitis.16 In the studies that showed benefit, patients 
with frequent bouts of rhinosinusitis tended to have the 
greatest improvement and, therefore, may be those to whom 
the clinician should particularly recommend nasal saline 
irrigations.14,15

Antihistamines have also been considered for symptom-
atic treatment of acute rhinosinusitis symptoms because of 
a drying effect, but the data to support this practice are 
lacking. To date, no studies have been published specifically 
assessing this possible benefit in VRS. In ABRS, there are 
no studies that support the use of antihistamines in non-
atopic patients, and these may in fact worsen symptoms 
by drying nasal mucosa and exacerbating nasal congestion. 
However, one randomized controlled trial showed improve-
ment in sneezing and nasal congestion for loratadine versus 
placebo in combination with antibiotics and oral steroids 
in allergic patients with ABRS.17 Therefore, antihistamine 
therapy, particularly second-generation H1-antagonists, 
given their decreased drowsiness and fewer anticholinergic 
side effects compared with first-generation drugs, may be 
considered for patients whose symptoms suggest a signifi-
cant allergic component, but are likely not helpful in non-
atopic patients.

Finally, pain management is an important consideration 
in these patients, as it is commonly a major factor that 
leads them to seek medical care. There are no data specifi-
cally evaluating different pain management approaches in 
acute rhinosinusitis, but acetaminophen and nonsteroidal 
antiinflammatory medications alone are usually sufficient to 
 control mild to moderate pain. The use of fixed- combination 
medications with opioids (e.g., acetaminophen or ibuprofen 
with codeine, oxycodone, or hydrocodone) is also appropri-
ate in patients with moderate pain. Severe pain not respond-
ing to oral medications should prompt the clinician to 
investigate other possible causes for the patient’s symptoms, 
including the possibility of the development of extrasinus 
complications.

Chronic Rhinosinusitis and Recurrent 
Acute Rhinosinusitis

Chronic rhinosinusitis (CRS) and recurrent acute rhino-
sinusitis (RARS) generally require a different approach to 
treatment, and as such will be considered separately from 
VRS and ABRS. The effects of these disease processes are 
perhaps more dramatic on public health and well-being, 
with affected patients experiencing worsening mood, bodily 
pain, decreased energy levels, and poorer physical and social 
function in addition to their sinonasal complaints. Further-
more, costs related to treatment of CRS and RARS are high 
because of the need for multiple physician office visits, pre-
scription and over-the-counter medications, and the need 
for surgical therapy (which is much less often indicated in 
the care of acute rhinosinusitis, except in the presence of 
extrasinus complications).

History and Physical Examination

Symptoms of CRS are similar to those of patients with 
ARS, with nasal obstruction (81 to 95%); facial congestion, 
pressure, and fullness (70 to 85%); discolored rhinorrhea 
(51 to 83%); and hyposmia (61 to 69%) being the most 
common.18 The persistence of two or more of these symp-
toms for 12 weeks or longer is highly sensitive for diagnos-
ing CRS; however, patients may additionally complain of 
headache, fever, cough, bad breath, fatigue, dental pain, 
and other nonspecific symptoms. The differential diagno-
sis for these symptoms is broad and includes allergic rhi-
nitis, nonallergic rhinitis, vasomotor rhinitis, eosinophilic 
nonallergic rhinitis, nasal septal deformity, allergic fungal 
rhinosinusitis, invasive fungal rhinosinusitis, and other 
nonrhinogenic causes of facial pain, such as the neurologic 
disorders vascular headache, migraine, trigeminal neuralgia, 
and other facial pain syndromes. Therefore, unlike in acute 
rhinosinusitis, the symptoms alone are insufficiently spe-
cific to diagnose CRS, and the diagnosis ultimately requires 
objective findings of sinonasal inflammation.19,20 Such 
findings include purulent mucus or edema visualized in the 
middle meatus or ethmoid region, polyps in the nasal cavity 
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or middle meatus, or radiographic imaging demonstrating 
inflammation of the paranasal sinuses.

The diagnosis of RARS is made when a patient experi-
ences four or more episodes of ABRS in 1 year, without signs 
or symptoms of rhinosinusitis between episodes. Experts 
have debated in the literature whether to set the cutoff for 
RARS between two and four episodes per year. Studies eval-
uating the common cold document an average incidence 
of 1.4 to 2.3 episodes of colds per adult per year. Given that 
bacterial infection complicates a viral upper respiratory 
infection between 0.5 and 2.0% of the time,21 the average 
adult is expected to suffer an ABRS infection less than once 
per year. Furthermore, as it is sometimes difficult to differ-
entiate a viral illness from ABRS, setting a cutoff as low as 
two infections per year (the natural frequency of the com-
mon cold), could readily lead to overdiagnosis of RARS. For 
these reasons, both a multidisciplinary panel and the AAO-
HNS have set the cutoff at four or more infections per year 
for the diagnosis of RARS. In addition, each episode must 
meet the diagnostic criteria listed in the preceding section 
regarding ABRS to make a diagnosis of RARS.2 Therefore, 
the clinician is encouraged to confirm true bacterial infec-
tion to establish this diagnosis, which may be difficult but 
can be aided through consultation with an otolaryngologist.

Another important consideration when managing CRS 
and RARS is that these conditions are more likely to have 
other factors predisposing to more severe disease burden than 
isolated acute rhinosinusitis. These conditions can include 
allergic rhinitis, cystic fibrosis, immunocompromised state, 
ciliary dyskinesia, and anatomic variations. Allergic rhinitis 
can cause edema that can obstruct the paranasal sinus ostia, 
predisposing to RARS and CRS. Cystic fibrosis has a well-
established association with CRS, and the immunodeficient 
states of immunoglobulin (Ig) A and IgG deficiencies have 
also been documented in patients with CRS and RARS.22 
Increased mucociliary transport time found in CRS may 
be due to ciliary dyskinesia, and studies have shown that 
surgical correction of anatomic obstruction of the paranasal 
sinuses improves objective measure of CRS.23 For these rea-
sons, the clinician should assess for these disease modifying 
factors in patients with RARS and CRS.

Diagnostic Tests
Nasal Endoscopy
In contrast to ARS, nasal endoscopy as a diagnostic technique 
has a well-established role in the management of CRS to 
provide objective documentation of the presence of inflam-
mation in the sinonasal cavity, indicated by the presence of 
purulent mucus or edema in the middle meatus or ethmoid 
region, or polyps in the nasal cavity or middle meatus. Ante-
rior rhinoscopy, consisting of the use of a light source and an 
instrument to dilate the nasal vestibule, only allows evalua-
tion of the anterior one third of the nasal cavity, and given 
there is a presumed underlying cause in patients with RARS 
or CRS, this evaluation does not provide enough informa-
tion to properly manage these conditions. Nasal endoscopy 
is a technique using a rigid or flexible lighted endoscope to 

gain visualization that includes the posterior nasal cavity 
and nasopharynx, and in many instances permits visualiza-
tion of the sinus drainage pathways themselves, including 
the sphenoid ostium in the sphenoethmoidal recess and the 
uncinate process, semilunar hiatus, and ethmoidal bulla in 
the middle meatus that may be performed in the office under 
topical decongestant and anesthetic sprays. The information 
obtained during nasal endoscopy can be vital in planning sur-
gical management for patients with pathology such as poste-
rior nasal septal deviation; polyps in the nasal cavity, middle 
meatus, or sphenoethmoidal recess; neoplasms; soft tissue 
masses; foreign bodies; tissue necrosis; purulent discharge; 
and findings consistent with autoimmune or granulomatous 
disease. Furthermore, nasal endoscopy may permit directed 
cultures. Biopsy can also be performed, but complications 
such as damage to central nervous system structures, orbital 
contents, and potentially life-threatening hemorrhage make 
endoscopic nasal biopsy a procedure often performed under 
general anesthesia in the operating suite.24 Other downsides 
to the use of nasal endoscopy for the confirmation of the 
diagnosis of CRS and RARS are the need for costly equip-
ment, training in the use and care of the equipment, and the 
potential for minor complications, including bleeding and 
mild patient discomfort. For these reasons, referral to an oto-
laryngologist for nasal endoscopy is a useful adjunct in the 
diagnosis of CRS and RARS.

Imaging

Computed tomographic scanning without intravenous con-
trast of the paranasal sinuses is considered the gold standard 
imaging modality of choice for evaluating the paranasal 
sinuses (Figure 15-5). The medical literature provides strong 
support for the use of noncontrast CT to evaluate patients 
with CRS or RARS. Strengths of this technique include the 
ability to provide excellent anatomic detail for evaluating 

• Figure 15-5 Axial computed tomographic scan without contrast 
demonstrating significant thickening of the maxillary sinus mucosa 
(small arrows) and a significant nasal septal deviation to the left (large 
arrow) in a patient with chronic sinusitis.
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the patency of sinus ostia, presence of sinonasal polyposis, 
mucosal thickening, and anatomic variants. The superior 
anatomic detail afforded by CT scans can also be used to 
provide image guidance during endoscopic surgery. CT 
imaging can also be used to exclude other more worrisome 
processes that might mimic CRS or RARS, such as aggres-
sive infections or neoplastic disease. Destruction of bony 
structures, extension of disease beyond the sinuses, and local 
invasion alert the clinician to a possible malignant process, 
and these should be evaluated further with MRI, whereas 
MRI is otherwise infrequently indicated in the evaluation 
of paranasal sinus disease.2

There is some controversy in the medical literature 
regarding the use of CT scans versus nasal endoscopy for 
the evaluation and surveillance of patients with CRS and 
RARS. Benefits of nasal endoscopy over CT scan include 
avoidance of radiation and a higher positive predictive value 
of nasal endoscopy over CT imaging.25 On the other hand, 
a recently published cost analysis estimated an average cost 
savings of $326 to $503 per patient for whom primary care 
clinicians confirmed the diagnosis of CRS with CT without 
contrast before treating or referring to an otolaryngologist 
for further evaluation and treatment.26

Allergy and Immune Function Testing

Patients with concomitant immune dysfunction or allergy 
often suffer more severe or unremitting bouts of RARS and 
flares of their CRS. Allergic rhinitis in particular has a close 
association with CRS, with allergic rhinitis being more 
prevalent among patients with CRS than controls, and a 
higher prevalence of CRS among patients with allergic rhi-
nitis than in controls.27 Furthermore, patients with aller-
gic rhinitis and CRS tend to have more severe symptoms 
than their nonallergic counterparts do.28 Clinicians should 
therefore consider obtaining allergy skin testing in patients 
with CRS and RARS and recommend management strate-
gies such as allergen avoidance, immunotherapy, or both. 
Unfortunately, however, despite a preponderance of data 
demonstrating a relationship between CRS and allergic 
rhinitis, there is a paucity of data showing improvement in 
RARS and CRS symptoms in allergic patients who practice 
allergen avoidance, undergo immunomodulating therapy, 
or both.29

Failure to respond to aggressive management of CRS 
and RARS should raise the suspicion of an immunode-
ficient state. Between 30 and 68% of patients with HIV 
suffer from CRS or RARS,30 and one study found that 
10 and 6% of patients refractory to medical and surgical 
therapy of their sinusitis were ultimately diagnosed with 
common variable immunodeficiency and IgA deficiency, 
respectively.22 Hypogammaglobulinemia is another com-
mon primary immunodeficiency with a known association 
with RARS. Other clues as to the presence of a possible 
immune-deficient state include comorbid infections such 
as bronchitis, bronchiectasis, or recurrent otitis media. In 
this setting, the clinician should consider laboratory studies 

such as quantitative immunoglobulin measurements, pre-
immunization and postimmunization specific antibody 
responses to tetanus toxoid and pneumococcal vaccine, and 
tests such as delayed hypersensitivity skin tests and flow 
cytometric enumeration of T cells to measure T cell num-
ber and function.2

Treatment

Strategies to prevent recurrence or flare-ups are a mainstay 
of management in RARS and CRS. Good hand hygiene in 
the form of soap and water or the use of an alcohol-based 
hand rub can help reduce the risk of contracting a viral 
infection that can precede an episode of ABRS. Smoking 
cessation is also an important preventive measure to discuss 
with patients, as the prevalence of ABRS, RARS, and CRS 
has been shown to be higher in cigarette smokers.31 Gas-
troesophageal reflux disease (GERD) may also be related to 
sinusitis, with some evidence suggesting that the use of a 
proton-pump inhibiter (PPI) in patients with GERD can 
prevent CRS.32

Nasal Saline
The use of nasal saline in the management of CRS and 
RARS has a well-established track record. Potential benefits 
of using nasal saline include improved mucociliary func-
tion, decreased nasal mucosal edema, and mechanical rins-
ing of infection debris and allergens. There are also some data 
demonstrating a decreased reliance on other medications 
when nasal saline irrigations are used.33 Delivery meth-
ods include sprays, nebulization, nasal douching, and bulb 
syringe irrigation. Some studies report improved symptoms 
with hypertonic saline compared with isotonic saline, but 
the data are insufficient to establish superiority of hyper-
tonic saline over isotonic preparations for nasal irrigation.34 
Side effects of nasal saline use includes nasal irritation, 
nosebleeds, nasal burning, tearing, headaches, and nasal 
drainage.2

Antibiotics
Antibiotic treatment of CRS is an important part of man-
aging acute flare-ups of CRS and RARS. However, given 
the chronic nature of the disease, long-term antibiotic 
treatment is often indicated for CRS. Studies have particu-
larly evaluated long-term treatment with macrolide antibi-
otics in patients with CRSsNP, citing a response rate of 60 to 
80%.35 This most frequently consists of a 12-week regimen 
beginning with 2 weeks of erythromycin 500 mg twice 
daily, followed by 250 mg twice daily for the remaining 
10 weeks, but other macrolides (azithromycin, roxithro-
mycin, clarithromycin) have also demonstrated similarly 
encouraging results. Trimethoprim-sulfamethoxazole has 
also been studied and demonstrates comparable efficacy to 
the macrolides.36 Longer duration of treatment seems to 
show better outcomes, with one study showing improved 
outcomes with up to 1 year of antibiotic therapy.37 Short-
term antibiotic use is indicated in the management 
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of exacerbations, and regimens studied in the litera-
ture include ciprofloxacin, amoxicillin-clavulanate, and 
 cefuroxime for a duration of 9 to 14 days, each showing 
improvement in acute exacerbations and recidivism.38 The 
data for use of antibiotics in patients with nasal polypo-
sis (CRSwNP) is less encouraging, showing only modest  
improvement in polyp size or statistically insignificant 
improvement in quality-of-life measures.39 Topical prepa-
rations of antibiotics have also been studied, but data thus 
far lack significant benefit over nasal saline alone.40

Corticosteroids
Steroid therapy is a mainstay in the management of CRS. 
There is a preponderance of data supporting the use of topi-
cal intranasal steroids for treating patients with and without 
nasal polyps. No studies have demonstrated any superiority 
of one preparation over another, aside from negligible sys-
temic absorption of the second-generation corticosteroids 
such as mometasone, fluticasone, and ciclesonide compared 
with up to 34 to 39% systemic absorption of first- generation 
steroids such as budesonide, betamethasone, beclometha-
sone, triamcinolone, and dexamethasone. Several options 
for delivery of topical steroid medications include nasal 
aerosols, turbuhalers (Rhinocort Turbuhaler, AstraZen-
eca, London, England), and sprays, with sprays being the 
least effective at delivering medication to the sinuses. Of 
note, penetration of medication to the sinuses is markedly 
improved after sinus surgery, and may even be as low as 2 
to 3% preoperatively regardless of the delivery method.41 
Side effects of nasal steroid sprays are generally minimal and 
include nasal irritation or dryness and epistaxis, as discussed 
previously.

Oral corticosteroids can sometimes be used in the man-
agement of CRS. Data are sparse to support its use in 
patients without nasal polyps.42 However, there are mount-
ing data to support the use of oral steroids as a means to 
rapidly shrink polyps to allow for improved access of topi-
cal steroid therapy.43 Typical courses studied in the medical 
literature start at 30 to 50 mg daily or tapered for a total of 
approximately 2 weeks.

Surgery
As noted previously, surgery is often an important part of 
the long-term management of CRS, and it particularly 
serves as an effective means for allowing improved delivery 
of medications to the sinus cavities.41 Sinus surgery has also 
been shown to be safe and effective for improving symp-
tom scores and quality of life for patients with CRS with  
and without polyps.44 The exact role of surgery is still some-
what debated in the literature as our understanding of the 
pathophysiological contributors and our ability to address 
them improves. Many authors advocate for surgery as a last 
resort when maximal medical therapy has failed,45 while 
there are also a large amount of data illustrating that early 
surgery with maintenance medical therapy is as good as 
medical therapy alone, with the possible additional benefits 
of improvements in nasal obstruction.46

Odontogenic Sinusitis

Dental infection is another important cause of sinus infec-
tions that deserves consideration. This process is generally 
recalcitrant to initial medical and surgical treatments and 
is usually limited to a unilateral maxillary sinus. Up to half 
of patients will complain of a persistent rotten smell, but as 
few as one third will complain of maxillary dental pain.47 
Physical examination of the dentition may elicit tender-
ness to palpation; unfortunately, this is also surprisingly not 
sensitive for the identification of maxillary sinusitis. In fact, 
dental imaging in the form of a panoramic radiograph is 
also notoriously poor at detecting dental causes of sinusitis, 
and dental pathology is often initially overlooked on CT 
scans. Nevertheless, armed with a high index of suspicion, 
CT may be nearly 100% sensitive for identifying odonto-
genic causes of sinusitis.48 Infections are typically polymi-
crobial, and generally these consist of normal oropharyngeal 
flora. Endoscopically guided cultures can be useful but often 
fail to isolate anaerobic pathogens. Antibiotic therapy such 
as clindamycin or amoxicillin-clavulanate is usually recom-
mended because of their excellent coverage of typical oral 
flora.38

Fungal Rhinosinusitis

Fungi are an important group of pathogens that can cause 
infections of the sinonasal tract. These infections can be 
invasive or noninvasive, with invasive infections almost 
exclusively limited to patients with compromised immune 
function. Fungal infections can be further classified as local-
ized fungal colonization, fungal ball, allergic fungal rhinosi-
nusitis (AFRS), acute invasive fungal rhinosinusitis, chronic 
invasive fungal rhinosinusitis, or granulomatous invasive 
fungal rhinosinusitis.49

Localized Fungal Colonization

Localized fungal colonization most commonly occurs in 
previously operated sinus cavities in areas that may suffer 
from poor mucociliary clearance. Fungal elements then 
grow in the mucus or mucous crusts within the nasal or 
paranasal sinus cavities. The condition is usually asymp-
tomatic, although it may cause malodor, which is why it 
is most often diagnosed incidentally on nasal endoscopy.50 
Findings demonstrate a grossly visible collection of fungal 
hyphae that often appear as a clump of mold on the sinona-
sal mucosa. Treatment consists of simple debridement and 
subsequent sinus rinses to prevent reaccumulation of crusts 
and fungal elements.

Fungal Ball

A fungal ball consists of a noninvasive dense accumula-
tion of fungal hyphae usually in a solitary maxillary sinus, 
although the process has been described to involve other and 
multiple sinuses much less commonly. Diagnostic criteria 
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include (1) sinus opacification with or without heteroge-
neity on radiographic imaging, (2) mucopurulent cheesy 
or claylike material within the sinus cavity, (3) a dense col-
lection of fungal hyphae separate from the sinus mucosa, 
(4) nonspecific chronic inflammation of the mucosa, (5) 
no predominance of eosinophils or granuloma or allergic 
mucin, and (6) an absence of fungal invasion of the mucosa 
on histopathology.51 Several other terms have been used 
historically including mycetoma, aspergilloma, and chronic 
noninvasive granuloma, but more recent publications have 
sought to standardize the term as fungus ball.49 Patients are 
often asymptomatic, but some patients develop chronic 
mucopurulent rhinorrhea. Treatment is surgical, with 
removal of the fungal contents of the involved sinus, and no 
subsequent treatment is indicated, given the process is non-
invasive by definition. Recurrence is infrequent, reported at 
approximately 1%, and complications are uncommon, but 
there are reports of the infection becoming invasive after 
substantial immunosuppression.

Allergic Fungal Rhinosinusitis

Some individuals may develop an IgE-mediated allergic 
reaction to fungal elements, leading to mucosal inflam-
mation. Sensitized individuals may experience generalized 
sinonasal inflammation combined with thick mucinous 
secretions that obstruct outflow pathways of the sinuses. 
The fungi continue to proliferate within the sinus cavity, 
leading to host responses to the organisms and associated 
locally destructive immune responses. This proliferation 
can proceed to cause sinus expansion and bony erosion. 
Often the presentation is mild, consistent with CRS with 
or without polyps, usually in patients who are young with 
significant atopy but are immunocompetent. Occasion-
ally, however, patients may exhibit more dramatic signs or 
symptoms, including acute visual loss, gross facial dysmor-
phia, or complete nasal obstruction.52 The disease also has 
somewhat of a geographic disposition, affecting patients in 
warm, humid climates such as in India and in the southern 
United States.

The diagnostic criteria for AFRS originally proposed by 
Bent and Kuhn53 are (1) type I hypersensitivity to fungi, 
(2) nasal polyps, (3) characteristic findings on CT scan, 
(4) presence of fungi on direct microscopy or culture, and 
(5) allergic mucin containing fungal elements without tis-
sue invasion (Figure 15-6).53 Previously operated patients 
may not demonstrate polyps, however; furthermore, since 
their original proposal, other investigators have noted many 
patients lacking one or more of the criteria but whose dis-
ease process seems to behave similarly. These entities have 
been named eosinophilic fungal rhinosinusitis for those with-
out type I hypersensitivity to fungi54 and eosinophilic muci-
nous rhinosinusitis for those with neither hypersensitivity 
nor identifiable fungal hyphae.55 The International Society 
for Human and Animal Mycology met in 2009 to establish 
a consensus regarding these terms, and they determined that 
they are poorly defined and require further investigation 

to refine the criteria to distinguish each entity from the 
others.49 There is considerable overlap among the three, 
however, specifically regarding the presence of the thick 
eosinophilic mucin, defined as the presence of eosinophil or 
eosinophil-degraded products in mucus. This mucin usually 
appears thick and brown to black in color with a consistency 
often compared to that of peanut butter.

Characteristic radiographic findings on CT scan include 
unilateral or asymmetric involvement of the sinuses; bone 
expansion and thickening of the bony walls of the sinuses, 
orbit, and skull base; and heterogeneous density of the soft 
tissues, usually without the metallic densities often noted 
in fungal balls. MRI will commonly demonstrate central 
hypointensity of the sinus cavity on T1 and an apparent 
signal void on T2, with peripheral enhancement on gado-
linium-enhanced T1 sequences.56

Laboratory and immunologic studies are of special use 
for confirming the diagnosis of AFRS. Cultures of the eosin-
ophilic mucin, usually obtained at the time of surgery, most 
commonly yield Aspergillus species, as well as Alternaria, 
Bipolaris, Curvularia, Paecilomyces, Fusarium, and Scedospo-
rium species.50 Confirmation of type I hypersensitivity can 
be accomplished with skin testing or in vitro tests such as 
modified radioallergosorbent test (mRAST) or Immuno-
CAP (Pharmacia Diagnostics AB, Uppsala, Sweden) assays. 
These tests will often demonstrate sensitivities to multiple 
fungal allergens. Histopathologic evaluation of the mucin 
shows sheets of eosinophils, often with Charcot-Leyden 
crystals representative of eosinophilic breakdown prod-
ucts.57 Special stains are often required to identify fungal 
hyphae on histopathologic analysis.

Treatment is similar to that for non–fungal-related CRS. 
Patients are usually treated medically initially with nasal 

• Figure 15-6 Allergic mucin in a pediatric patient with allergic fungal 
rhinosinusitis as viewed with an endonasal endoscope. (From Thorp 
BD, McKinney KA, Rose AS, Ebert Jr CS: Allergic fungal sinusitis in 
children, Otolaryngol Clin N Am 45:631-643, 2012.)
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saline irrigations, topical steroids, and short courses of oral 
steroids and antibiotics. Many patients require surgery to 
help improve outflow from the sinuses and to remove as 
much of the antigenic and inflammatory load as possible. 
This is to be followed by continued aggressive medical 
therapy as in nonfungal CRS. The role of desensitization 
therapy has yet to be confirmed by randomized controlled 
trials, but retrospective data suggest it may be beneficial for 
reducing symptom scores, improving endonasal signs of 
inflammation as observed on endoscopy, and decreasing the 
need for revision surgeries.58 Studies to evaluate the role of 
antifungal therapies are lacking. There are, however, a hand-
ful of studies that demonstrate a benefit to using topical 
nasal fluconazole and high-dose oral itraconazole or vori-
conazole.59 More research is required to establish the role of 
antifungal therapies in the care of AFRS patients, however.

Acute Invasive Fungal Rhinosinusitis

Acute invasive fungal rhinosinusitis is a locally aggressive 
disease occurring predominantly in immunocompromised 
patients. It is distinguished from chronic fungal infections 
by a duration of less than 4 weeks. The process can progress 
over a course of several hours and can be life-threatening to 
the patient. Patients with neutrophil dysfunction or neu-
tropenia are especially susceptible as in the case of hemato-
logic malignancies, aplastic anemia, uncontrolled diabetes 
mellitus, and hemochromatosis and in those undergoing 
antineoplastic chemotherapy or following transplantation. 
However, the disease has also been reported to occur as a 
complication of HIV infection and in apparently immu-
nocompetent hosts.60 Mucor species are the classic patho-
gens at fault, but more recently Aspergillus species have 
been reported more frequently, with Rhizopus species also 
among the most commonly isolated organisms.50 Patients 
often have nonspecific symptoms; therefore, a high index 
of suspicion is required to make the diagnosis early in any 
patient who is immunocompromised with fever and sino-
nasal symptoms.

Imaging studies generally demonstrate fairly nonspe-
cific findings as well, such as varying degrees of soft tissue 
opacification, particularly in the maxillary and ethmoid 
sinuses. Other findings more suggestive of acute invasive 
fungal rhinosinusitis, such as osseous erosion, facial soft tis-
sue thickening, and soft tissue infiltration of periantral fat, 
unfortunately often do not appear until late in the disease 
course (Figure 15-7).61 MRI is useful for evaluating pos-
sible orbital or intracranial involvement. Biopsy is indi-
cated to confirm the diagnosis; this is usually accomplished 
endoscopically, and attention is given to areas of necrosis 
or ischemia that often will not bleed when biopsied. Tis-
sue samples are then sent for microscopy, histopathology, 
and culture. Microscopic examination of involved tissue 
is characterized by fungal elements invading blood vessels, 
vasculitis with thrombosis, hemorrhage, tissue necrosis, and 
acute neutrophilic infiltrates.62 Tissue culture is necessary to 
identify the causative pathogen.

Treatment consists of seeking to reverse the underlying 
immunocompromised state, initiation of systemic anti-
fungal therapy, and aggressive surgical debridement of all 
devitalized tissue. Amphotericin B or voriconazole is often 
the initial drug of choice, with therapy tailored to culture 
results.63 Duration of antifungal therapy remains an area 
of uncertainty, but oral antifungal agents are often con-
tinued until immunosuppression improves. However, the 
persistence of immune suppression is often accompanied 
by dismal prognosis, with mortality rates as high as 50% 
reported in the literature.64 Significant morbidity related 
to the aggressive surgical debridement required is also an 
important consideration, as orbital exenteration or resection 
of large portions of the palate or maxilla is often necessary to 
establish clear margins.

Chronic Invasive Fungal Rhinosinusitis

Chronic invasive fungal rhinosinusitis has a more indolent 
course lasting longer than 12 weeks. It is much less frequent 
than the acute invasive variety and tends to infect patients 
with less overt immunosuppression, such as diabetes mel-
litus, chronic corticosteroid use, and AIDS.65 Any of the 
paranasal sinuses may be involved, but the ethmoid and 
sphenoid sinuses are most frequently affected and orbital 
involvement is not infrequent. Radiographic imaging will 
usually reveal a soft tissue density. A dense accumulation 
of hyphae with inflammatory reaction, occasional presence 
of vascular invasion, and involvement of local structures 
are characteristic on histopathology.49 Aspergillus species is 
most commonly isolated in culture, with the Mucorales, 

• Figure 15-7 Coronal reformats of a contrast-enhanced computed 
tomographic scan in a patient with invasive fungal sinusitis. The white 
arrow indicates the infectious process has eroded from the maxillary 
sinus into the medial orbit (arrow heads). The black arrow indicates 
dehiscence in the orbital floor where the infection has eroded through. 
(From Branstetter IV BF, Weissman JL: Role of MR and CT in the para-
nasal sinuses, Otolaryngol Clin N Am 38:1279-1299, 2005.)
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Penicillium species and Candida species also reported. Treat-
ment is similar as for invasive AFRS, consisting of surgi-
cal debridement of affected tissue and systemic antifungal 
therapy.66 Fortunately the prognosis is significantly better 
than for invasive AFRS, but some patients may suffer from 
recurrence.

Granulomatous Invasive Fungal Rhinosinusitis

This disease entity is also characterized by a course lasting 
at least 12 weeks but affecting immunocompetent patients. 
Presenting features consist of a slow-growing fibrous mass 
in the cheek, orbit, nose, or paranasal sinuses and often 
include significant orbital proptosis. For unknown reasons, 
the disease is primarily diagnosed in Sudan, India, Pakistan, 
and Saudi Arabia, but Aspergillus flavus is the most com-
monly indicted pathogenic agent isolated in culture.50 CT 
findings are often similar to those in chronic invasive fungal 
rhinosinusitis, but the histopathology is distinguished by 
noncaseating granulomas and Langerhans giant cells, with 
vasculitis, vascular proliferation, and perivascular fibrosis 
sometimes seen as well.49 Patients are treated by surgical 
removal of all involved tissue and structures. Recurrence has 
been reported to be as high as 80%, but some data suggest 
that this can be improved with the use of postoperative sys-
temic itraconazole.67

Complications of Sinusitis

Complications of sinusitis are fortunately rare in the era of 
antibiotics. Complications are often divided into orbital 
complications and intracranial complications, with orbital 
complications occurring more frequently than intracra-
nial ones.68 Orbital complications tend to present more 
frequently in the pediatric population, whereas complica-
tions occurring in adults may frequently be more severe 
than those occurring in children. Intracranial complications 
are more common in adolescents than in younger children 
and tend to be due to ABRS, whereas older adult patients 
with intracranial complications often suffer from preced-
ing chronic rhinosinusitis. For unclear reasons, extrasinus 
complications of sinusitis are more common in males than 
females. Given the close physical proximity of the paranasal 
sinuses to the orbits and skull base, it is easy to see why 
infections can spread from the sinuses to these neighbor-
ing structures. Direct spread, however, is believed to be the 
exception rather than the rule, and spread is most often 
secondary to retrograde thrombophlebitis through the 
extensive valveless venous network in the sinuses, orbit, and 
skull base.69 Ethmoid sinusitis is the most frequent offender 
in patients with orbital complications of their sinusitis,70 
whereas frontal sinusitis is the most commonly involved 
sinus in patients whose disease progresses to cause intra-
cranial complications.71 Orbital complications of ABRS as 
delineated in the Chandler classification include (1) presep-
tal cellulitis, (2) orbital cellulitis, (3) subperiosteal abscess, 
(4) orbital abscess, and (5) cavernous sinus thrombosis. This 

classification schema does not necessarily represent a natural 
progression from one stage to the next. Rather it is a useful 
framework for evaluating the degree of orbital involvement 
to aid in management decisions. Intracranial complications 
of sinusitis include meningitis, cerebritis, epidural abscess, 
subdural empyema, cerebral abscess, and Pott’s puffy tumor. 
An important consideration, however, is that complicated 
cases of sinusitis are more frequently due to Staphylococcus 
and Streptococcus species, with methicillin-resistant S. aureus 
(MRSA), Streptococcus milleri, and polymicrobial and anaer-
obic infections being increasingly prevalent as well. Progno-
sis is generally good for patients with orbital complications 
of sinusitis, with modern rates of mortality and blindness 
near zero since the advent of antibiotics.72 Intracranial com-
plications, however, tend to have a poorer prognosis, with 
8 to 45% of patients suffering persistent neurologic deficits 
and the mortality rate often being higher than 10%.73

Preseptal Cellulitis
Anatomically, the orbit is separated from its neighboring 
structures by a protective barrier in the form of the peri-
orbita, which is simply the periosteum of the bones that 
constitute the orbital skeleton. Anteriorly, this protective 
sheath merges with the periosteum of the bones external 
to the orbit to form the orbital septum. Infection isolated 
to the soft tissues anterior to this septum is termed preseptal 
cellulitis; it can also include preseptal abscess. Patients with 
preseptal cellulitis exhibit eyelid erythema, edema, and ten-
derness. A careful ophthalmologic examination is necessary 
to evaluate the patient’s vision and extraocular movements, 
and consultation from an ophthalmologist is often war-
ranted. Imaging is not generally indicated except to rule out 
orbital involvement, particularly when the patient exhibits 
additional worrisome signs or symptoms such as diplopia, 
decreased vision, limited extraocular muscle function, or 
orbital proptosis. Contrast-enhanced CT and MRI will 
both demonstrate swelling of the eyelids and thickening 
and stranding of the periorbital soft tissues, with an absence 
of the same intraconally.69 Treatment generally consists of 
broad-spectrum systemic and topical antibiotics to cover 
typical flora of the upper respiratory tract with excellent 
prognosis expected.

Orbital Cellulitis
Patients with orbital cellulitis have inflammation and edema 
of the postseptal orbital contents. These patients will exhibit 
varying degrees of orbital proptosis and limitation of extra-
ocular muscle function, depending on the extent of orbital 
inflammation. Imaging is indicated in these patients to deter-
mine the degree of infection and will appear as stranding of 
the orbital fat on contrast-enhanced CT and as ill-defined 
T2 hyperintensity with concomitant postcontrast enhance-
ment on T1-weighted images on MRI (Figure 15-8).69 
These inflammatory changes may be diffuse or localized to 
an area adjacent to the most severely affected sinus. Manage-
ment of these patients includes frequent evaluation of extra-
ocular motion and vision in conjunction with intravenous 
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antibiotics and treatment of the patient’s sinus infection. 
Surgery is generally not indicated unless the examination 
deteriorates, suggesting failure of the infection to respond to 
therapy and worsening of the infection. Repeated imaging 
is often indicated in this situation to determine whether the 
infection has evolved to require surgical decompression of 
an orbital or an adjacent subperiosteal abscess, as discussed 
in the following section.

Subperiosteal Abscess
The presentation of a subperiosteal abscess can be subtle 
and indistinguishable from a mild orbital cellulitis, or it 
can include frank orbital proptosis, significantly impaired 
extraocular motion, and loss of vision, depending on the 
size and degree of orbital compression from the abscess. 
These abscesses most commonly develop from spread across 
the lamina papyracea from ethmoid sinusitis and less com-
monly via the orbital roof or floor from an adjacent frontal 
or maxillary sinusitis, respectively. The infectious process is 
limited by the resilient periorbita, which is stripped from the 
bone and displaced inward. CT imaging of the maxillofacial 
region should be performed with contrast. The appearance 
on imaging can range from a subtle rim-enhancing fluid 
collection to a large, lenticular-shaped lesion with signifi-
cant orbital mass effect (Figure 15-9). Coronal and sagittal 
reformats of CT images are particularly useful to identify 
subtle collection, especially when arising from a frontal or 
maxillary sinus.69 Treatment is as with orbital cellulitis, but 
more frequently it includes surgery to open the sinus drain-
age pathways and decompression of large abscesses to allevi-
ate mass effect on the orbital contents. Decreasing vision 
of 20/60 or worse and progression of symptoms despite 
adequate initial medical therapy are also important indi-
cations to proceed to surgery.74 Intraoperative cultures of 
purulent drainage allow for tailoring of antibiotic therapy 
and assist in choosing appropriate oral antibiotics when the 
patient is stable enough for discharge home. Close clini-
cal evaluation is warranted postoperatively to identify early 

recurrence, and repeated imaging may be necessary to evalu-
ate for recurrence.

Orbital Abscess
Patients with orbital abscess exhibit proptosis, ophthalmo-
plegia, and visual impairment. Orbital apex syndrome can 
also manifest as the infectious process exhibits mass effect 
on cranial nerves II, III, IV, and VI and the ophthalmic 
branch of cranial nerve V as they exit the skull base through 
the optic foramen and superior orbital fissure. CT imaging 
of the maxillofacial and orbital region should be performed 
with contrast. MRI is indicated to further evaluate for intra-
cranial concerns (Figure 15-10). The radiologic appearance 
is that of a discrete rim-enhancing fluid collection within 
the orbital fat with extensive surrounding inflammation.69 
Treatment involves surgical drainage of the abscess, with or 
without debridement of the involved sinuses, and medi-
cal management of the sinusitis with oral decongestants 
and intravenous antibiotics with broad-spectrum cover-
age initially, eventually tailored to culture results obtained 
intraoperatively.

Cavernous Sinus Thrombosis
Clinical presentation of cavernous sinus thrombosis typi-
cally includes fever, headache, periorbital swelling, diplopia, 
chemosis, or proptosis. Cranial nerve palsies may also be 
clinically apparent, most commonly involving the abdu-
cens nerve, but may also include palsies of the third, fourth, 
and fifth cranial nerves. Acute onset bilateral cranial nerve 
involvement in the setting of acute sinusitis is considered 
pathognomonic for cavernous sinus thrombosis. Findings 
on CT with contrast may be subtle, especially early in the 
clinical course, but may include heterogeneously decreased 
enhancement and thickening of the cavernous sinus, with 
an area of nonopacification greater than 7 mm in greatest 
dimension suggestive of cavernous sinus thrombosis, espe-
cially when noted near the posterior aspect of the cavernous 
sinus.75 This widening of the cavernous sinus can also lead 
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• Figure 15-8 Orbital cellulitis in a 55-year-old man with chronic pansinusitis. A, Axial T2-weighted fat-
suppressed sequence showing diffuse edema within the left orbital fat and extraocular muscles (arrows). 
B, Postcontrast axial T1-weighted images demonstrating infiltrative enhancement throughout the post-
septal tissues (arrows) without discrete fluid collection. (From Hoxworth JM, Glastonbury CM: Orbital and 
intracranial complications of acute sinusitis, Neuroimaging Clin N Am 20:511-526, 2010.)
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to a convex contour of the lateral aspect of the sinus. Filling 
defects or dilation of the superior ophthalmic vein, inferior 
petrosal sinus, and sphenoparietal sinus are other findings 
that may help clue the radiologist in to a potential cavern-
ous sinus thrombosis.69 MRI findings are similar to those 
of CT scan, with postcontrast T1-weighted imaging also 
showing increased dural enhancement along the lateral bor-
der of the cavernous sinus, and convexity in the same area 
most readily apparent in the coronal plane (Figure 15-11). 
Treatment usually requires intravenous antibiotics, surgical  
management of the sinuses, decongestants, and saline rinses. 
Most patients do not require anticoagulation, however, 
for the thrombosis. Worsening of the inflammation in the 

cavernous sinus can lead to narrowing and occlusion of the 
ipsilateral internal carotid artery; therefore, frequent neuro-
logic checks are an important part of management.

Pott’s Puffy Tumor
Patients with frontal sinusitis can develop a subperiosteal 
abscess of the frontal bone, termed Pott’s puffy tumor, named 
for Sir Percivall Pott, who first described such an abscess in 
the eighteenth century. Infection of the frontal sinus can 
lead to thrombophlebitis through the valveless diploic veins 
that propagate either anteriorly to the subperiosteal space or 
posteriorly into the subdural or subarachnoid spaces with 
or without frank erosion of the anterior or posterior tables 

A B
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• Figure 15-9 Subperiosteal abscess in an 11-year-old female with acute frontal and ethmoid sinusitis.  
A, Axial computed tomographic scan with contrast of the maxillofacial area demonstrating opacification 
of the left frontal sinus (small arrow), edema of the upper eyelid (arrowhead), and fluid collection within the 
orbit (large arrow). B, Coronal reformatted image showing rim-enhancing lenticular fluid collection in the 
superior aspect of the left orbit (arrows) and opacification of the ethmoid air cells on the left. C, Sagittal 
reformatted image again demonstrating the lenticular fluid collection with rim enhancement (arrows) and 
edema of the upper eyelid (arrowhead). The remainder of the postseptal orbital fat is dark and free of strand-
ing. Note that reviewing images from all three planes helps to distinguish the extent of the abscess and allows 
for identification of a fluid collection that can be missed when evaluating images only in the axial plane.



263CHAPTER 15 Nasal and Paranasal Sinus Infections

of the frontal sinus. Patients with Pott’s puffy tumor will 
have headache, fever, nasal congestion and drainage, and 
frontal swelling with tenderness of the swelling and fron-
tal sinus.76 They might also exhibit focal neurologic find-
ings and depressed level of consciousness, which should 
alert the examiner to the potential presence of intracranial 
involvement as well. Radiographic imaging is indicated to 
confirm the diagnosis and to evaluate for possible intracra-
nial findings. Contrast-enhanced CT will demonstrate rim-
enhancing fluid collection in the subperiosteal space of the 
frontal bone (Figure 15-12). CT is also valuable for identi-
fying bone destruction in the anterior and posterior tables 
of the frontal sinus. CT is also helpful for evaluating for pos-
sible intracranial extraaxial fluid collections or parenchymal 
involvement. MRI, however, is more sensitive and specific 
for intracranial involvement and is also useful for identify-
ing frontal osteomyelitis, which is evident as bone marrow 
edema and enhancement of the frontal bone.69 Treatment 
involves empiric broad-spectrum intravenous antibiotic 
therapy later tailored to surgically obtained culture results 
and surgical drainage of the abscess and affected sinuses, 
with removal of infected bone.

Epidural Abscess and Subdural Empyema
Patients with epidural abscesses often have a surprisingly 
benign clinical presentation of headache and an absence 

• Figure 15-10 Orbital abscess in a 34-year-old woman 4 days after 
open reduction and internal fixation of traumatic facial fractures. Post-
contrast axial T1-weighted image shows rim-enhancing fluid collection 
(arrow). Significant enhancement and thickening of the medial rectus 
muscle are also present. (From Hoxworth JM, Glastonbury CM: Orbital 
and intracranial complications of acute sinusitis, Neuroimaging Clin N 
Am 20:511-526, 2010.)

• Figure 15-11 Cavernous sinus thrombosis in a 62-year-old woman 
with a history of chronic sinusitis. Postcontrast T1-weighted coronal 
image with fat saturation demonstrating convexity of the lateral aspect 
of the cavernous sinuses bilaterally (arrows). Normal flow voids through 
the internal carotid arteries are noted as well (arrowheads). (From Hox-
worth JM, Glastonbury CM: Orbital and intracranial complications of 
acute sinusitis, Neuroimaging Clin N Am 20:511-526, 2010.)

• Figure 15-12 Pott’s puffy tumor and intracranial epidural abscess 
in a 46-year-old man with chronic rhinosinusitis. Sagittal reformat 
of a computed tomographic scan with contrast shows expansion 
of the frontal sinus with erosion of the posterior table but sparing of 
the anterior table (asterisk). A rim-enhancing fluid collection overly-
ing the frontal bone is consistent with frontal subperiosteal abscess, 
or Pott’s puffy tumor (arrowhead). There is also an epidural abscess 
intracranially (arrows). (From Hoxworth JM, Glastonbury CM: Orbital 
and intracranial complications of acute sinusitis, Neuroimaging Clin N 
Am 20:511-526, 2010.)
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of central nervous system symptoms. The abscess collects 
between the calvarium and dura (which is partially com-
posed of the periosteum of the calvarium) and is limited 
by suture lines. Imaging demonstrates a lenticular-shaped 
low-density fluid collection on CT, with MRI findings 
demonstrating hyperintensity on T2 and variable signal 
intensity on T1, with rim enhancement on postcontrast T1 
sequences.69

Subdural empyema has the distinction of being the 
most common intracranial complication of rhinosinus-
itis.73 Patients may have seizures, focal neurologic deficits, 
and coma if untreated within 24 to 48 hours of onset, 
as the infection can spread rapidly through the subdural 
space, leading to elevated intracranial pressures. Findings 
on non–contrast-enhanced CT may include a subtle low-
density crescent-shaped collection that can cross suture 
lines, usually in the supratentorial compartment. MRI 
findings are similar to those described previously for epi-
dural collection, making it difficult to distinguish the two 
when the collection is small and does not overlie a cranial 
suture (Figure 15-13).69 Treatment of epidural and subdu-
ral infected fluid collections consists of intravenous antibi-
otics and surgical drainage of the sinuses and intracranial 
fluid collections.

Meningitis
Patients with the classic signs of fever, headache, and men-
ingismus are often readily diagnosed with meningitis, which 
is an infrequent isolated complication of acute rhinosinus-
itis and more commonly accompanies subdural empyema. 
Imaging is generally unrevealing but may demonstrate 
meningeal enhancement or hydrocephalus on CT scan or 
MRI.77 Lumbar puncture will aid to confirm the diagnosis, 
and treatment involves the usual medical management. Sur-
gery is rarely indicated in these cases.

Cerebritis and Cerebral Abscess
Patients with cerebritis and cerebral abscess may exhibit 
fever, headache, and focal neurologic deficits, although this 
classic triad is more commonly seen in adults than in chil-
dren. New-onset seizures should also prompt the clinician 
to evaluate for intracranial infection, even in patients with-
out sinusitis. However, rhinosinusitis is the most common 
process leading to cerebral abscess.78 The patient’s condition 
may deteriorate rapidly if the abscess ruptures into the ven-
tricular system. Imaging with contrast-enhanced CT will 
demonstrate a rim-enhancing intraparenchymal lesion that 
is sometimes difficult to distinguish from a cystic tumor. 
MRI with contrast demonstrates hypointense T1 signal and 
hyperintense T2 signal in the abscess contents (Figure 15-14).  
Extensive diffusion restriction helps to differentiate abscess 
from cystic tumor on MRI.79 Treatment again requires 
intravenous, broad-spectrum antibiotic coverage coupled 
with surgical drainage of the sinuses and intraparenchymal 
abscess.

Infections of the Soft Tissues of the Nose

Nasal Vestibulitis, Furunculitis,  
and Nasal Abscess

The soft tissues of the nose are susceptible to cellulitic 
infections just like the rest of the face. However, given the 
hair-bearing portion of the anterior portion of the soft 
tissues of the nose known as the vestibule, furunculitis is 
another type of soft tissue infection of the nose. This infec-
tion manifests as pain, tenderness to palpation, and often 
marked erythema, giving the tip of the nose a “Rudolph 
the red-nosed reindeer” appearance. When limited to the 
soft tissue lateral alar wall, the infection is termed vestibu-
litis. Occasionally, the infection may progress to develop 
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• Figure 15-13 Subdural empyema in a 5-year-old boy with periorbital swelling and seizure. A, Non–
contrast axial CT image showing diffuse cerebral swelling and slight left to right midline shift. A subtle, 
thin intermediate-to-low-density collection is identified on the left (arrows). B, T2-weighted coronal 
image of the brain showing a left subdural convex fluid intensity collection (arrows). C, Diffusion-
weighted image showing restricted diffusion (arrows) helps to distinguish the empyema from an effusion.  
(From Hoxworth JM, Glastonbury CM: Orbital and intracranial complications of acute sinusitis,  
Neuroimaging Clin N Am 20:511-526, 2010.)
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into an abscess. S. aureus, including methicillin-resistant 
strains, is the most common offending agent, with com-
munity-acquired MRSA (CA-MRSA) being increasingly 
common.80 CT with contrast may help determine whether 
a drainable fluid collection is present. Topical and oral anti-
biotics are otherwise the treatment of choice. Clindamycin 
has been considered a useful antimicrobial, but resistance 
to this drug is increasing. Trimethoprim-sulfamethoxazole, 
tetracycline, and rifampin are other options to which there 
has been reported less resistance in CA-MRSA infections.80 
Topical mupirocin is also considered first-line treatment for 
these infections. Prognosis is excellent when the infection is 
diagnosed and adequately treated early on. However, given 
the presence of valveless veins connecting the nose to the 
intracerebral dural venous sinuses, including the cavern-
ous sinus, patients should be cautioned against attempting 
to rupture or squeeze any abscesses collecting in this area, 
and appropriate medical or surgical therapy (i.e., incision 
and drainage when indicated), or both, should be promptly 
initiated.

Nasal Septal Abscess

The nasal septum is composed of a midline cartilage and 
bony septum covered on either side by a mucoperichon-
drial–mucoperiosteal membrane. Infection can develop 
deep in the mucoperichondrial layer; it most commonly 
develops in the setting of septal hematoma as a result of 
trauma or surgery on the nasal septum, with the rate of 
septal abscess after septoplasty estimated to range from 0.4 
to 12%. Postoperative antibiotics used as routine prophy-
laxis have not been shown to reduce this rate.81 Patients 
will complain of nasal obstruction and may also experience 
fever and facial pain. Treatment consists of prompt surgical 
drainage with or without packing and systemic antibiotic 

therapy usually targeted to treat S. aureus, a common patho-
gen in soft tissue infections of the nose.82 If left untreated, 
potential complications include septal perforation and loss 
of nasal dorsal support leading to saddle nose deformity, as 
well as progression to cavernous sinus thrombosis, menin-
gitis, or cerebral abscess from thrombophlebitis progressing 
retrograde into the cranial vault.83

Rhinosporidiosis

Rhinosporidiosis is a benign disease caused by infection 
with the organism Rhinosporidium seeberi that can involve 
the nose, throat, ear, or genitalia in males and females. It 
is endemic to India and Sri Lanka, but has been reported 
in Europe, Africa, and the Americas.84 This infection 
causes a chronic and localized process of the mucous mem-
branes, commonly resulting in a polypoid soft tissue mass 
of the affected area. Infection is believed to be acquired as 
the pathogen passes from its natural aquatic habitat and 
penetrates traumatized epithelium. The organism grows 
in the submucosa, developing into thick-walled sporan-
gia ranging from 10 to 200 mm in diameter. These spo-
rangia may be observed grossly as white dots with smaller 
dots within them. These smaller dots are often referred to 
as daughter cells or sporangiospores. These white spots often 
give a strawberry-like appearance to the sessile or pedun-
culated friable, vascular polyp. Infection may be present  
for years as the lesion grows before the patient develops 
symptoms of nasal obstruction, epistaxis, or grossly evident 
mass. Diagnosis is confirmed by tissue biopsy and charac-
teristic appearance on standard hematoxylin and eosin or 
fungal stains. Imaging helps to delineate the extent of the 
lesion. Wide local excision with electrocautery of the base 
is the only known method of cure, because the organism 
is fastidious and efforts at isolating it in culture have failed, 
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• Figure 15-14 Cerebral abscess in a 55-year-old man initially believed to have a high-grade frontal gli-
oma. A, T2-weighted sequence. B, Postcontrast T1 image. C, Diffusion-weighted sequence. The lesion 
is hyperintense on T2 and hypointense on T1 (asterisk) with a surrounding rim that is isointense to slightly 
hyperintense to normal white matter on T2 and enhances on postcontrast T1 imaging (arrows). Dural 
enhancement (arrowheads) and restricted diffusion, combined with sinus opacification, help to differenti-
ate this infectious abscess from neoplasm. (From Hoxworth JM, Glastonbury CM: Orbital and intracranial 
complications of acute sinusitis, Neuroimaging Clin N Am 20:511-526, 2010.)
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thus preventing attempts to test sensitivity to antimicrobial 
agents in vitro. However, empiric adjuvant therapy with the 
antilepromatous agent dapsone and antifungal agents gris-
eofulvin, amphotericin B, trimethoprim-sulfadiazine, and 
sodium stibogluconate in conjunction with more limited 
surgery has been reported with varying degrees of success.84 
Complications of the disease include recurrence or possible 
dissemination via autoinoculation of spores, hematogenous 
spread, lymphatic spread, or sexual contact.85

Tuberculosis

Tuberculosis is caused by the bacillus Mycobacterium tubercu-
losis and can involve the nose internally or externally. When 
involvement is internal, the primary targets are the cartilagi-
nous nasal septum and anterior aspect of the inferior turbi-
nates, with the nasal floor classically spared.85 Patients with 
internal nasal manifestations of tuberculosis will have pain, 
rhinorrhea, and nasal septal perforation. When external, 
patients will exhibit lupus vulgaris, a chronic progressive 
form of cutaneous tuberculosis that manifests as a smooth-
surfaced, brownish-red, soft or friable plaque or patch with 
an overlying scale. This can occur because of hematogenous 
or lymphatic spread from other infected organs or from 
direct inoculation from another infected individual, with 
primary nasal tuberculosis being extremely rare. The infec-
tion often progresses from a soft, friable nodule to destroy 
the cartilage, leading to parrot-beak nasal deformity, ectro-
pion, and atrophied lips. Diagnosis often requires biopsy, as 
swabs and nasal secretions are of low yield for isolating the 
bacillus. Treatment with a four-drug regimen of rifampin, 
isoniazid, pyrazinamide, and ethambutol is usually cura-
tive, although more advanced lesions may leave scarring and 
deformity in their wake as described previously.86

Leprosy

Nasal involvement with Mycobacterium leprae is an extremely 
common early finding in the development of the leproma-
tous form of the infection; it can manifest with chronic 
nasal congestion, crusting, intermittent epistaxis, hyposmia, 
anosmia, and rhinorrhea.85 The nasal discharge harbors large 
numbers of the bacilli and is believed to have an impor-
tant role in the transmission of the disease. Leprous rhinitis 
may appear consistent with other forms of chronic rhinosi-
nusitis, including possible nasal crusting or septal perfora-
tion. More specific findings can include multiple nodules 
or plaques with yellowish thickening of the nasal mucosa 
that later develop into more generalized nodularity of the 
anterior aspect of the inferior turbinate and nasal septum. 
If left untreated, the disease often progresses to destroy the 
nasal septal cartilage, leading to septal perforation, saddle 
nose deformity, and atrophic rhinitis. Biopsy is diagnostic 
of the disease, and nasal swabs are useful for isolating and 
identifying the offending organism. Treatment consists of a 
12-month multidrug regimen of rifampin, clofazimine, and 
dapsone.87 Cure rates are excellent, but long-term sequelae 

of atrophic rhinitis and septal perforation with resultant 
saddle nose deformity can still result.

Syphilis

Involvement of the nose and nasal cavities is uncommon in 
syphilis, with patients most commonly experiencing chan-
cres, inguinal lymphadenopathy, and secondary widespread 
mucocutaneous lesions. However, invasion of the nasal sep-
tum by the sexually transmitted agent Treponema pallidum 
has been described, leading to cartilaginous destruction 
and subsequent nasal septal perforation and saddle nose 
deformity.85 Another possible presentation consisting of a 
smooth intranasal mass with cervical lymphadenopathy has 
been described in the literature.88 Diagnosis is made with 
positive rapid plasma reagin (RPR) or Venereal Disease 
Research Laboratory (VDRL) tests and confirmed with pos-
itive fluorescent treponemal antibody-absorption, quantita-
tive VDRL/RPR, microhemagglutination assay T. pallidum,  
T. pallidum hemagglutination, or T. pallidum particle agglu-
tination tests.88 First-line treatment consists of penicillin G 
monotherapy.

Leishmaniasis

Another group of organisms with a predilection for nasal 
infection are the protozoa Leishmania. Several species of 
Leishmania may cause disease in humans including Leish-
mania tropica, which causes the majority of infections. 
Other less commonly implicated species that have been 
isolated include Leishmania infantum, Leishmania donovani, 
and Leishmania braziliensis. The disease is transmitted by 
the bite of sand flies and can manifest in one of several 
forms including visceral, cutaneous, and mucocutaneous, 
with multiple possible variations of each.85 Mucocutaneous 
leishmaniasis (ML) is more common in the Americas and is 
more likely to involve the nose and nasal cavities, whereas 
visceral leishmaniasis is predominantly found in the Indian 
subcontinent and Sudan, and cutaneous leishmaniasis is 
particularly frequent in the Mediterranean countries. Nasal 
ML most commonly results in septal perforation and facial 
deformity from destruction of the underlying cartilages, 
with Leishmania braziliensis reported as the most common 
agent resulting in nasal septal perforation. Intranasal mass 
is another potential examination finding (Figure 15-15). 
Imaging can further characterize the mass (Figure 15-16). 
Biopsy and culture may be useful to identify the causative 
agent, but polymerase chain reaction has a sensitivity of 
80 to 98%—double that of culture.89 Because of the spe-
cific nature of this test for identifying the pathogen, a high 
degree of suspicion is often required to make the diagno-
sis based on a history of potential exposure in an endemic 
area. The antiparasitic pentavalent antimonials are first-line 
agents against the disease, including sodium stibogluconate 
and meglumine antimonate. Cure rates are excellent, but 
resulting deformity may not be avoidable unless the disease 
is diagnosed and treated early.
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Rhinoscleroma

Inhalation of the organism Klebsiella rhinoscleromatis, a 
gram-negative bacterium endemic to the tropical and tem-
perate zones of Africa, Asia, Eastern Europe, South America, 

and Central America, can lead to the slowly progressive dis-
ease known as rhinoscleroma. Many modern authors prefer 
to refer to the disease simply as scleroma because although it 
primarily affects the nasal cavity in 95 to 100% of affected 
patients, it can also involve the nasopharynx (18 to 43%), 
oropharynx (13 to 35%), larynx (15 to 40%), trachea 
(12%), and bronchi (2 to 7%), as the disease process occurs 
at the transitional regions between two types of epithelium 
(e.g., squamous, ciliary, and respiratory).90 For unclear rea-
sons, males more commonly suffer from nasal and pharyn-
geal scleroma (male-to-female ratio, 2:1), whereas females 
are more commonly afflicted with the laryngotracheal vari-
ant (female-to-male ratio, 4:1). Both tend to manifest in 
the second to fourth decades of life. At the first clinical pre-
sentation, patients may initially be in the first stage of the 
disease (rhinitis) with nasal congestion, crusting, and foul 
smell. As the disease progresses to the granulomatous stage, 
the patients begin to suffer more marked nasal obstruc-
tion, deformity, epistaxis, anosmia, or numbness of the 
soft palate, as masses form of granulation tissue contain-
ing plasma cells, Russell bodies (elliptical bodies believed 
to represent degenerated plasma cells), and Mikulicz cells 
(large histiocytes with foamy cytoplasm containing the 
K. rhinoscleromatis bacilli). The final, sclerotic stage leads 
to scarring throughout the upper aerodigestive tract, with 
patients suffering nasal vestibular stenosis, hoarseness, and 
possibly stridor. MRI can reveal a high-intensity signal on 
T1-weighted images, and it aids in determining the extent 
of disease.90 Tetracycline is the antibiotic of choice after 
diagnosis has been confirmed with tissue cultures from 
biopsy. Surgical management may be indicated to restore 
function when scarring has resulted in narrowing of the 
nasal and upper airways. Unfortunately, even with appro-
priate treatment the disease tends to exhibit a progressive, 
remitting-relapsing course.85

• Figure 15-15 Endoscopic view of fleshy, hyperemic mass obstruct-
ing the left nasal cavity in a patient with mucosal leishmaniasis. (From 
Gul HC, Tosun F, Karakas A, et al: A case of mucosal leishmaniasis: 
mimicking intranasal tumor with perforation of septum, J Microbiol 
Immunol Infect S1684-1182:230-232, 2013.)

A B
• Figure 15-16 A, Coronal and (B) axial non–contrast computed tomographic images of the patient with 
the nasal lesion in Figure 15-15, showing a soft tissue density mass obstructing the left nasal cavity and 
eroding through the septum to the right nasal cavity. (From Gul HC, Tosun F, Karakas A, et al: A case of 
mucosal leishmaniasis: mimicking intranasal tumor with perforation of septum, J Microbiol Immunol Infect 
S1684-1182:230-232, 2013.)
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16
Oropharyngeal  
and Tonsillar Infections
JAMES NAPLES AND KOUROSH PARHAM

Introduction

Infections of the oropharynx and tonsils are common and 
account for significant health care expenditures. Acute 
pharyngitis occurs in both children and adults, and it is one 
of the most frequent reasons for a physician visit, with an 
estimated 15 million outpatient visits per year.1 It is often 
considered a disease of the pediatric population, with some 
estimating that it accounts for 7.3 million pediatric visits 
each year and 37% of all children examined in outpatient 
clinics.2,3 Children affected are commonly 5 to 12 years old, 
and the incidence is estimated to be 12.8/100,000 patient 
years.4 It is also a relatively common complaint in the adult 
population, with an incidence of 4.7/100,000 patient years.4

Because pharyngitis accounts for such a large percentage 
of patient visits to a physician, its negative impact on the 
economy is significant. Most of the economic burden comes 
from time lost at work for parents of children with strep 
throat, and this has been estimated to be anywhere from 
224 to 539 million dollars per year in the United States.5,6

A variety of infectious agents is responsible for acute oro-
pharyngeal infections, and differentiating between the patho-
gens is a challenge for even the most experienced clinician. 
The constellation of symptoms is often concerning to the 
affected patient, but the disease is often self-limited. Viral 
causes of pharyngitis are more common than bacterial ones 
(Table 16-1).7-9 Bacterial causes can have unwanted systemic 
and locally advanced sequelae if not treated appropriately. In 
an era of increasing antibiotic resistance, the workup for phar-
yngitis should be thorough, and the treatment options should 
be strongly considered. A more complete thought process on 
the part of the clinician will ultimately lead to improved diag-
nostic ability and a more judicious use of antibiotics.

Complications do occur with pharyngitis; they are 
uncommon overall, but can be life-threatening. Suppurative  
complications caused by rapid spread of infection to deeper 
spaces of the neck can result in airway compromise if not 
recognized in a timely fashion.10 There are also systemic, 

nonsuppurative complications for bacterial and viral phar-
yngitis that need to be considered when evaluating acute 
oropharyngeal infections. Fortunately, improving antibi-
otic therapies and recognition of worsening symptoms have 
decreased the frequency of complications of pharyngitis.10

It is clear that acute infections of the oropharynx and 
tonsils play a significant role in pathologies of the head 
and neck. The topic of oropharyngeal infections is broad 
and has become much broader with the introduction of 
human papillomavirus as a causative agent in oropharyn-
geal cancer. In this chapter, we will focus our discussion on 
acute oropharyngeal infections. Appropriate workup and 
diagnostic measures will be reviewed along with medical 
and surgical therapies. Finally, we will discuss specific com-
plications and how they can be avoided and managed.

Anatomy

The anatomy of the pharynx can be cumbersome because of 
the great number of structures in a crowded anatomic space. 
There are three distinct regions of the pharynx: the nasophar-
ynx, the oropharynx, and the hypopharynx. The oropharynx 
starts at the anterior tonsillar pillars bilaterally, which consist of 
the palatoglossus muscles. It includes the tonsils, thus making 
tonsillar infections a specific subsite of the oropharynx. Superi-
orly, it extends from the soft palate to the posterior pharyngeal 
wall, where it is separated from the nasopharynx. Inferiorly, 
its boundary is the hyoid bone to the posterior pharyngeal 
wall, where it lies above the hypopharynx (Figure 16-1). The 
major subsites of the oropharynx include the soft palate/uvula, 
tongue base, tonsils, and lateral/posterior pharyngeal walls.11

The blood supply of the oropharynx is provided pri-
marily by the ascending pharyngeal branch of the external 
carotid. The sensory innervation is via the glossopharyngeal 
plexus and includes cranial nerves IX and X.5 A majority of 
the lymphatic drainage is unilaterally to levels II, III, and 
IV in the neck, which explains why infections can manifest 
with anterior cervical adenopathy.
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  Infectious Causes of Acute Pharyngitis

Bacteria Viral Atypical Bacteria

Group A β-hemolytic streptococci Adenovirus Mycoplasma pneumonia

Group C streptococci Herpes simplex virus 1 and 2 Chlamydophila pneumoniae

Neisseria gonorrhoeae Coxsackievirus Chlamydophila psittaci

Corynebacterium diphtheriae Rhinovirus

Fusobacterium necrophorum Coronavirus

Francisella tularensis Influenza A and B

Yersinia pestis Parainfluenza

Treponema pallidum Respiratory syncytial virus

Mixed anaerobes Epstein-Barr virus

Cytomegalovirus

HIV

Data adapted from Weber R: Pharyngitis, Prim Care Clin Office Pract 41:91-98, 2014.

TABLE 
16-1

Etiologies

Viral

Viruses are the most common cause of oropharyngeal and 
tonsillar infections.1,4-6,12,13 These infections occur as a con-
stellation of symptoms related to the common cold or upper 
respiratory illness, but there are some that warrant particular 
attention and different treatments. The viruses most often 

responsible are respiratory viruses: rhinovirus, adenovirus, 
coronavirus, parainfluenza, influenza, and respiratory syn-
cytial virus. These organisms are the ones that cause some 
variation of the common cold. They are usually self-limited 
and of little clinical significance because they do not require 
any intervention on the part of the clinician. The viral causes 
of oropharyngeal infections that have more clinically sig-
nificant implications are Epstein-Barr virus (EBV), human 
immunodeficiency virus (HIV), cytomegalovirus (CMV), 
and herpes simplex virus.

EBV (mononucleosis) is a herpesvirus. The virus infects 
B cells, which serve as a reservoir for the virus. These 
infected B cells circulate throughout a person’s lifetime. The 
body’s T cells respond by attacking the infected B cells, and 
in the acute setting it often causes an infection that can have 
severe complications involving a variety of organ systems. It 
often manifests in the second decade of life with nonspecific 
symptoms of fatigue and cervical adenopathy in addition to 
pharyngotonsillitis. Data suggest that up to 95% of adults 
worldwide are infected with EBV.14 In some cases, the com-
plications can become life-threatening, with upper airway 
obstruction or splenic rupture.12,14

HIV is the causative agent of acquired immunodeficiency 
syndrome and can appear in the acute setting with an acute 
retroviral syndrome.12,13 Symptoms include fever, pharyngi-
tis, rash, headache, and adenopathy.15 These symptoms can 
appear within a few days following incubation of the virus, but 
are often 3 to 5 weeks after acquisition of the infection.12 They 
occur as a result of the immune system’s response to a large 
viral load. There is cytokine release and inflammatory media-
tors that manifest initially as nonspecific symptoms. HIV can 
mimic EBV and mononucleosis with its symptoms of sore 
throat and pharyngitis in addition to malaise and fatigue.

Herpes simplex virus-1 (HSV-1) is another viral cause of 
acute oropharyngeal infection. HSV-1 is an infection that 

Nasopharynx

Oral 
cavity

Oropharynx

Hypopharynx

Larynx

• Figure 16-1 Anatomy demonstrating the boundaries of the orophar-
ynx in relation to other upper aerodigestive anatomy. (Adapted from 
Goldman L, Schafer AI: Goldman’s Cecil medicine, ed 24, Philadel-
phia, 2012, Saunders.)
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manifests with oral lesions, pharyngitis with a prodrome, 
and adenopathy.16 This infection is termed herpetic gingivo-
stomatitis, and it can be severe and cause pain and dehydra-
tion. It is often seen in children with painful swollen vesicles 
on an erythematous base, but there is also asymptomatic 
seroconversion in many people.16 The vesicles of this virus 
often help to differentiate it from other causes of pharyngitis 
or tonsillitis.

CMV is an infection that often manifests itself in immu-
nocompromised patients; however, it can appear in patients 
with a competent immune system. In fact, it has been 
reported that the seroprevalence of CMV ranges from 60 to 
100% worldwide. Most patients with a competent immune 
system have a benign course, but in severe cases, it can 
mimic a mononucleosis-type infection with pharyngitis.17

Bacterial

A number of bacteria cause pharyngitis and tonsillitis, but 
the overwhelming majority of cases are caused by group A 
Streptococcus (GAS). In children, this organism is estimated 
to be responsible for 15 to 36% of cases of sore throat,9,18 
whereas in adults it is reported to account for 5 to 15% of 
cases of pharyngitis. Overall, GAS account for 15 to 30% of 
pharyngitis regardless of age.12

This pathogen occurs among children who are 5 to 15 
years old,10 and it is frequently seen in the winter and early 
spring months. Unlike viral causes, it presents without any 
prodrome, cough, or nasal congestion. One reason that 
GAS is of such great clinical concern is that it can cause 
nonsuppurative complications of rheumatic fever and post-
streptococcal glomerulonephritis. In fact, prevention of 
rheumatic fever is one of the most compelling reasons to 
treat GAS pharyngitis. Fortunately, these complications are 
rare, especially in developed countries.6,7,19

Streptococcal species such as groups C and G β-hemolytic 
streptococci are also thought to be responsible for about 5% of 
pharyngitis and oropharyngeal infections,4,12 but the clinical 
presentation is often milder. These have also been reported to 
cause nonsuppurative complications such as rheumatic fever.7 
Other bacterial species that should be considered in cases of 
oropharyngeal infections are Actinomycetes species, Neisseria 
gonorrhoeae, Corynebacterium diphtheriae, Chlamydia pneu-
moniae, and Mycoplasma pneumoniae, all of which account 
for about less than 1% of pharyngitis in all patients.12

Diagnosis of these other bacterial causes of pharyngitis 
can be difficult, and often a clinical suspicion is necessary 
to make these diagnoses. Actinomycetes species is a bacteria 
that is part of the oral cavity flora; however, it can present 
with a picture of acute infections with suppurative com-
plications in the oral cavity and oropharynx. Typically, an 
infection is caused in an immunocompromised host, but 
it can manifest as recurrent tonsillitis in children.20 Diag-
nosis of actinomycosis infection requires biopsy and tissue 
that shows yellow, sulfur granules.21 This can also mimic 
a tonsillar mass and adenopathy, which increases suspicion 
for malignancy in many patients (Figure 16-2). For patients 

in whom N. gonorrhoeae is considered, an adequate sexual 
history must be obtained. The advent of childhood vaccina-
tions against diphtheria has been monumental in preventing 
C. diphtheriae as a cause of often life-threatening pharyngeal 
infections. It will manifest with a gray membrane coating  
the oropharynx that causes respiratory distress often requir-
ing intubation and airway protection. A history of “walking 
pneumonia” is a likely clue to the diagnosis of chlamydia or 
M. pneumoniae.

History and Examination

The history and physical examination are essential to mak-
ing an accurate diagnosis. An acute oropharyngeal infection 
and tonsillitis caused by a bacteria or a virus often exhibit 
subtle differences, and distinguishing between them is chal-
lenging. Acute infections often occur in younger popula-
tions, but when they do occur in adults, the organisms are 
often different and the strains have a tendency to be more 
resistant to treatment with different disease manifesta-
tions.4,22 Asking whether someone has been exposed to a 
sick contact may help the clinician to diagnose an infection, 
but it does not necessarily indicate the causative organism. 
Many of the symptoms of sore throat, fever, fatigue, and 
dysphagia are overlapping. It is important to ask how long 
the symptoms have been present and whether episodes are 
recurrent, because these are key points that can alert the 
physician to the source of infection and the need for differ-
ent management. Timing and seasonality of the symptoms 
can also be helpful in determining a specific organism. GAS 
and many of the respiratory viruses occur in the winter or 
early fall, whereas EBV and HIV can occur at any time.

• Figure 16-2 Actinomycetes. Note the left-sided asymmetry and rim 
enhancement (white arrow). Biopsy specimen showed sulfur granules 
and actinomycosis without evidence of malignancy.
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Examination findings often are similar between both bac-
teria and viruses. Examination findings include erythema of 
the oropharynx, tonsillar exudates, uvular swelling, and cer-
vical adenopathy. It is important when examining patients 
who have suspected oropharyngeal infections not to over-
look signs of trismus, neck pain, and voice changes, which 
can indicate complications of pharyngitis.

The importance of differentiating GAS from other causes 
of oropharyngeal infections is essential because one of the 
reasons to treat streptococcal pharyngitis is to prevent non-
suppurative complications, such as rheumatic fever caused by 
GAS. Often GAS infections appear with sore throat without 
cough.10 Clinicians have tried to create a set of clinical crite-
ria to help diagnose streptococcal pharyngitis, but its utility is 
uncertain. These criteria, the Centor criteria, include a four-
point scoring scale based on signs and symptoms suggestive 
of GAS bacterial pharyngitis. This scoring system has been 
shown to have a high negative predictive value in some reports 
(81%), as opposed to its positive predictive value (48%).5 
Some studies show that even patients with all four criteria 
have less than a 60% chance of having a positive throat cul-
ture, which is the gold standard for diagnosis.1 The utility of 
a scoring system in making a diagnosis of GAS pharyngitis 
is that it helps to stratify patients into high, medium, or low 
probability of having the disease. These criteria are used to 
guide further workup and should be used with additional 
diagnostic information to confirm GAS.1,5 The use of these 
criteria alone can lead to an incorrect diagnosis of GAS and 
can increase the use of unnecessary antibiotics. It is impor-
tant to note that GAS often manifests differently in children/
adolescents and adults; therefore, the criteria do not neces-
sarily apply equally to all patients. However, there is a newer 
scoring system that accounts for a patient’s age (Table 16-2).

For many of the respiratory viral causes of oropharyngeal 
and tonsillar infections, the history will be slightly differ-
ent and will include symptoms of upper respiratory illness, 
such as cough, coryza, and congestion. For more severe viral 

causes such as EBV and HIV, there will be a stronger his-
tory of fatigue and systemic symptoms. EBV often affects 
patients in the second decade of life, with the highest inci-
dence in patients who are 15 to 24 years old, and it occurs in 
college students or patients in close contact.14 A strong sus-
picion on the part of the clinician is often needed to diag-
nose these viruses, because the symptoms initially closely 
mimic more benign, self-limited diseases.

Examination findings in these more virulent viruses can 
also be more diffuse and can involve organ systems out-
side the head and neck. Thus, if there is any suggestion of 
EBV, CMV, or HIV, a full examination is indicated. EBV 
can appear with bilateral tonsillar hypertrophy and exu-
dates, palatal petechiae, rash, and splenomegaly, which 
occur in 15 to 65% of patients (Figure 16-3).14 HIV can 
mimic a mononucleosis-like infection in an acute retrovi-
ral syndrome. If there is any suggestion of HIV based on 
the patient’s history, a workup should be performed because 
after the acute phase, there is a latent period for the virus, in 
which there are no systemic symptoms for a number of years 
typically.15 CMV can cause pharyngitis with symptoms of 
vasculitis, liver disease, and fatigue.17

An adequate history needs to be taken if N. gonorrhoeae is 
suspected. Systemic symptoms and findings such as arthritis 
or genitourinary symptoms such as pain and discharge can 
be relevant for patients with pharyngitis, and should not be 
ignored if discussed in the history.

C. diphtheriae is a historical point in developed countries 
since the advent of vaccination; however, the symptoms 
should be considered in patients who have not been immu-
nized or are from underdeveloped countries. The orophar-
ynx will be coated with a thick, gray membrane. It can be 
scraped off, and it causes bleeding and edema of the tissues 
beneath the membrane. The membrane over the oropharynx 
is often life-threatening because of upper airway obstruc-
tion. It is associated with cardiotoxicity and neurotoxicity; 
therefore, a full history and examination are mandated.12

  Centor Criteria

Criterion* Points

Fever 1

Absence of cough 1

Anterior cervical adenitis 1

Tonsillar exudate 1

Age (yr)
2-14 1

15-44 0

≥45 -1

*Note the modified version accounts for age.
Data adapted from Weber R: Pharyngitis, Prim Care Clin Office Pract 
41:91-98, 2014.

TABLE 
16-2

• Figure 16-3 Bilateral tonsillar exudates (white arrows). This is an 
example of mononucleosis with erythema and exudates of the tonsils. 
(Adapted from Belleza W, Kalman S: Otolaryngologic emergencies in 
the outpatient setting, Med Clin North Am 90:329-353, 2006. Courtesy 
Joydeep Som, MD.)
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Diagnosis

Bacterial Causes

While the diagnosis of acute oropharyngeal infections can 
often be made based on the history and examination, it is 
important to determine the organism involved. It is essen-
tial to rule out GAS to avoid nonsuppurative complications 
and rheumatic heart disease. Because the symptoms are 
nonspecific for GAS, and clinical judgment is not an effec-
tive means of accurate diagnosis,6 different laboratory tests 
have been created to make this diagnosis.

The appropriate use of clinical scoring systems can help to 
guide the next step in treatment. If two or three of the Cen-
tor criteria are met, a rapid antigen detection test (RADT) 
should be performed. If four of the Centor criteria are met, 
it has been suggested that empiric treatment for GAS can be 
started or RADT can be performed.1 The RADT is a throat 
swab that is used to detect cell wall carbohydrate antigens 
with specific enzyme-immunoassay antibodies.10,12 The sen-
sitivities of this test range from 70 to 90%1,10,12; however, 
the specificity of this test is extremely high at greater than 
95%.1,7,10 Thus, patients who have a positive RADT and 
symptoms of pharyngitis should have antibiotic therapy ini-
tiated. Patients without any symptoms do not need to be 
tested because a positive test without symptoms would indi-
cate carrier status as opposed to being acutely infected. The 
diagnostic ability of the test increases if there is a greater like-
lihood of the patient having GAS pharyngitis.7 If a RADT 

result is negative, then a throat  culture should be used for 
a more definitive test. Throat culture is ultimately the gold 
standard by which the diagnosis of GAS pharyngotonsillitis 
is made. The throat swab for culture needs to be collected 
from the surface of the pharynx or tonsils, because collec-
tions from other sites in the oral cavity reduce diagnostic 
accuracy.1,10 When this algorithm is used, the diagnostic 
sensitivity and specificity are both greater than 95%,1 and it 
is the most cost-effective management10 (Figure 16-4).

Throat cultures take 24 to 48 hours to return a result. In 
the situation with a negative RADT result, antibiotics do 
not necessarily need to be prescribed before a positive throat 
culture result. The delay in treatment does not affect the 
rates of nonsuppurative complications, such as rheumatic 
heart disease or post–streptococcal glomerulonephritis.1,10 
Currently the question of whether to treat GAS has been 
raised because there are such low rates of rheumatic heart 
disease and renal involvement following GAS in the devel-
oped world.7,10 This algorithm of RADT followed by cul-
ture may also be more useful in children and unnecessary in 
adults. Some reports recommend against a throat culture in 
the face of a negative RADT in adults because the incidence 
of GAS is lower, and the incidence of rheumatic heart dis-
ease is minimal.1

Other less common bacterial causes should be worked up 
with throat culture to confirm the diagnosis. N. gonorrhoeae 
can be obtained using a throat culture on Thayer-Martin 
agar. It should be noted that asymptomatic colonization 
with N. gonorrhoeae can occur, however.2 Culture of the 

Group A strep signs and symptoms

RADT and/or culture

(�) RADT or culture (�) RADT or culture(�) RADT

No further workupThroat culture

Treat for GAS with antibiotic

Treat for GAS with antibiotic

No further work-up

No Yes

Child Adult

No further work-up

No further work-up

Negative Positive

Age

• Figure 16-4 Algorithm for workup of acute pharyngitis. (Adapted from Kociolek LK, Shulman ST: In the 
clinic. Pharyngitis, Ann Intern Med 157:ITC3-1–ITC3-16, 2012.)
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pseudomembrane of C. diphtheriae should be performed on 
Loeffler or tellurite selective media.6,12

Viral Causes

For many of the respiratory viruses that cause acute oropha-
ryngeal and tonsillar infections, there is no diagnostic test 
available. Because most of the viral causes of the infection 
are self-limited, it is neither cost effective nor necessary to 
determine the organism; however, workup of EBV and HIV 
warrant special attention.

If EBV is suggested as a cause of acute pharyngotonsil-
litis, workup with laboratory tests is a necessary part of the 
evaluation. Because EBV often causes an infectious mono-
nucleosis, a workup with a complete blood cell count and 
differential is necessary. The complete blood cell count will 
often show a marked lymphocytosis,5 which suggests EBV 
mononucleosis, as opposed to a left-shifted leukocytosis of 
bacterial causes of oropharyngeal infections. Some reports 
indicate that a lymphocyte count of greater than 4.0 × 109 
in patients with symptoms that are strongly suggestive of 
EBV is a reliable predictor of the infection; however, it 
should be still further confirmed with more specific test-
ing.23 Peripheral blood smears with greater than 10% atypi-
cal lymphocytes also strongly suggest infection with EBV.

Further testing involves antigen–antibody interaction. 
EBV induces heterophile antibodies against viral antigens 
that cross-react with antigens from sheep and horse red 
cells, and these are present in approximately 90% of infected 
individuals within the first 2 to 3 weeks of illness.12,14 The 
reported sensitivity and specificity of the heterophile anti-
body test are 85 and 94%, respectively.14 There are also 
rapid monospot tests available as screening for patients with 
possible EBV. Children often do not produce heterophile 
antibodies; therefore, false-negative results are more com-
mon in this age group.12 Some reports indicate only 25 to 
50% of 12 year olds will be positive for this antibody.14 It is 
important to note that these test results may be negative in 
patients with symptoms early in the viral course; therefore, 
a negative test result does not necessarily rule out infection 
with EBV.

The diagnosis of EBV mononucleosis can be made with 
a combination of clinical presentation, atypical lymphocy-
tosis, and the presence of heterophile antibody. The con-
firmatory test is antibody titers to viral capsid antigens. 
Immunoglobulin (Ig) M antibodies are seen within the first 
4 to 8 weeks of a primary infection, and if detected in circu-
lation, acute infection can be diagnosed. IgG can be present 
in the blood throughout one’s lifetime; however, it is not 
present early in the infection, and so will not help much in 
the acute setting.

If a patient presents with mononucleosis-like symptoms, 
but is EBV negative with a negative heterophile antibody, 
HIV and CMV infections should be suspected. CMV is 
often the cause, and it is particularly important in preg-
nant women because of the risk to the fetus. This can be 
confirmed with testing for IgM and IgG antibodies.5,17 The 

Centers for Disease Control and Prevention recommends 
that testing begin with a combination immunoassay that 
detects HIV-1 and HIV-2 antibodies and HIV-1 p24 anti-
gen. All specimens reactive on this initial assay undergo sup-
plemental testing with an immunoassay that differentiates 
HIV-1 from HIV-2 antibodies. Specimens that are reactive 
on the initial immunoassay and nonreactive or indetermi-
nate on the antibody differentiation assay proceed to HIV-1 
nucleic acid testing for resolution.

Treatment (Medical versus Surgical)

The treatment of acute oropharyngeal and tonsillar infec-
tions depends on the causative organism. Bacterial infec-
tions require antibiotics, whereas viral causes are self-limited. 
Treating oropharyngeal infections and tonsillitis is contro-
versial because increased use of antibiotics has led to the 
concern of increased resistance among organisms. Thus, it is 
suggested that treatment be started only for culture-proven 
cases, including GAS.19 The rationale behind treatment is 
to prevent complications from the infection and to shorten 
the duration of symptoms. Studies of cost-effectiveness of 
treatments indicate that starting empiric antibiotics for 
symptomatic adult patients is ineffective, and it leads to 
unnecessary overuse of antibiotics and increased medication 
side effects.10

Medical

Group A Streptococcus is the most common cause of pha-
ryngotonsillitis; therefore, treatment options have been well 
studied for this organism. In fact, it is the only commonly 
occurring organism for which antibiotic therapy is indi-
cated.18 It has been shown that even bacterial infections are 
often self-limited; therefore, treatment goals are essentially 
to avoid complications of the oropharyngeal infection.1,12 
Penicillin used to be the mainstay of antibiotic classes used 
for management of this organism, and there has yet to be a 
case of reported penicillin resistance in GAS.4-6 Initiation of 
a 10-day course of penicillin dosing three to four times per 
day can be used as first-line therapy for penicillin-tolerant 
patients.4,6,24 Amoxicillin is often used as a first-line therapy 
for GAS because of the once-daily dosing regimen. A 10-day 
course of amoxicillin has been shown to be just as effective 
as penicillin against GAS eradication in the oropharynx of 
acutely infected individuals.1,25 If a patient has EBV and is 
being treated with antibiotics for a presumed bacterial phar-
yngitis, he or she will often exhibit a maculopapular rash 
when given amoxicillin or ampicillin; this can be used as a 
clue to aid in the diagnosis of EBV.

Oral cephalosporins are a reasonable second option for 
treatment, because they have good coverage against GAS and 
eradicate the organism completely.26 In patients who are aller-
gic to penicillin, oral macrolide antibiotics are the best options 
for coverage of GAS oropharyngitis. The most commonly 
prescribed macrolides are azithromycin and clarithromycin  
because of their lower side effect profile compared with 
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erythromycin. Duration of treatment with azithromycin is 
typically only 5 days with dosing once daily, which makes 
it an attractive therapy for convenience. The downside 
of treatment with macrolides is that resistance has been 
reported with short-term use of the antibiotic, which has 
not been seen with penicillins.12,26 It is also a more expen-
sive family of antibiotics; therefore, it is typically reserved 
for penicillin-allergic patients and is not used as a first-line 
therapy.

In addition to antibiotic therapy to treat the infectious 
agent in oropharyngitis, there is a role for adjuvant use of 
steroids in patients with GAS pharyngitis. Steroid use has 
been thoroughly studied in adult patients as a single dose 
during an acute infection. The mechanism of their action is 
believed to be mediated through an antiinflammatory effect, 
which helps to reduce pain symptoms associated with severe 
oropharyngeal infections. Therapy can be administered 
either orally or intramuscularly to help reduce symptoms 
of pain in acute infections, and this often leads to a quicker 
recovery.27-29 The data on their use are mixed, however, and 
in GAS pharyngitis only a small clinical improvement can 
be expected.30 There can also be unwanted side effects in 
some patients; therefore, the decision regarding their use 
can be left to the clinical judgment of the clinician.

For EBV infections and mononucleosis, the use of ste-
roids is also an area of uncertainty. The data evaluating its 
efficacy in uncomplicated cases are mixed, and in uncom-
plicated cases steroids do not provide much therapeutic 
benefit. However, the most benefit appears to be derived in 
patients with severe tonsillar hypertrophy causing obstruc-
tion. Antivirals have been shown to be ineffective in treat-
ing EBV.12,14 As with other viruses, the diseases are typically 
self-limited, and steroid treatment is for symptom relief and 
is not routinely required.

Surgical

For patients who have recurrent episodes of acute pharyngo-
tonsillitis that continue despite multiple antibiotic courses, 
there is a surgical option of a tonsillectomy. Other indica-
tions for surgical management with tonsillectomy include 
suppurative complications of a pharyngotonsillitis, such as 
a peritonsillar abscess. The criteria for tonsillectomy in a 
patient with recurrent infection are debated. However, cur-
rent recommendations suggest a tonsillectomy for patients 
with seven episodes of pharyngitis in one year, five episodes 
in two consecutive years, and three episodes in three consec-
utive years31,32; this is known as the Paradise criteria. Much 
of the debate around this topic is centered on the fact that 
there is no universal definition for an acute pharyngotonsil-
litis based on clinical criteria. In the studies used to define 
these surgical criteria, it was not necessary to document a 
cause of the infection.32

The expected benefit of having a tonsillectomy is a 
reduction in the frequency and severity of oropharyngeal 
infections for up to 2 years.33 This benefit may be under-
estimated, however, because the researchers reporting this 

value included only severe cases of recurrent infection in the 
surgical arm of their study.32

Surgical management is not without risk. A tonsillec-
tomy has the known risks of pain, dehydration, and bleed-
ing that may require an additional surgical procedure to 
control it. Thus, the options for management need to be 
strongly considered. Often a 12-month observation period 
is an option before tonsillectomy is performed.

Complications

The complications of acute oropharyngeal infections and 
tonsillitis can be broken down into two different types of 
complications: suppurative and nonsuppurative. The sup-
purative causes occur more frequently, whereas the nonsup-
purative causes are rare in industrialized countries. The rate 
of all complications has been reduced dramatically with the 
introduction of antibiotics; however, serious sequelae can 
occur if these complications are not identified.

Suppurative

The complications often seen with acute pharyngitis are 
abscesses and deep space neck infections. The complex anat-
omy and fascial planes of the head and neck create a number 
of pathways for spread of infection. There are many types 
of deep space neck infections, but the most common one 
in both children and adults is a peritonsillar abscess (PTA; 
Figure 16-5).34 However, the infection of an acute phar-
yngitis can spread to the parapharyngeal space, the buccal 
space, the masticator space, the retropharyngeal space, the 
danger space, the prevertebral space, and the carotid space. 
Each of these spaces is its own distinct plane, and infection 

• Figure 16-5 Left-side peritonsillar abscess demonstrating bulging 
and erythema of the soft palate (white arrows) with the uvula devi-
ated to the right. (Adapted from Belleza W, Kalman S: Otolaryngologic 
emergencies in the outpatient setting, Med Clin North Am 90:329-353, 
2006. Courtesy Joydeep Som, MD.)
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in some of these spaces can be life threatening if not treated 
appropriately. One series review of the literature from 1994 
to 2004 found a mortality rate of 6.1 to 41.7% when life-
threatening complications occurred.35

Acute pharyngitis is becoming a less frequent cause of these 
complications since the advent of penicillins, while there has 
been an increase in deep space neck infection of odontogenic 
origin.8,35 This emphasizes the need for a thorough evaluation 
of the dental structures during the history and physical exam-
ination. Similarly, patients with complex medical histories 
such as diabetes or HIV tend to have atypical complications.8

Diagnosis of these complications can often be suggested 
on history and physical examination. When evaluating for 
deep space involvement, neck pain and range of motion, 
in addition to any trismus or voice changes, help to raise 
the suggestion of complications. Studies have tried to use 
clinical data as predictors of who will develop suppura-
tive complications; however, this has not been shown to 
be useful as a predictive tool.36 The diagnosis often relies 
on imaging with computed tomography with contrast 
enhancement, which has essentially become the standard of 
care to identify deep space suppurative infections.8 Imaging 
is especially important in evaluating for retropharyngeal, 
danger space, and prevertebral infections because they can 
spread into the thoracic cavity. The one exception to that 
would be for an uncomplicated PTA, which often does not 
require imaging.

One other suppurative complication for the clinician to 
be aware of is Lemierre syndrome, which results from PTA 
extension to the tonsillar veins and the internal jugular vein 
(Figure 16-6). The spread of infection into the venous sys-
tem will cause thrombosis in the vein, which leads to septic 
embolization and respiratory failure.37 This complication 
was much more common in the pre-antibiotic era, but it 
still occurs. The organism that is classically associated with 
this syndrome is the anaerobe Fusobacterium necrophorum; 
however, other organisms and polymicrobial infections can 
be responsible as well (Figure 16-7).

The diagnosis of these suppurative complications and 
deep neck infections caused by an acute pharyngitis is 
important because management often requires procedural 
or surgical intervention. Intravenous antibiotics with peni-
cillins such as ampicillin–sulbactam or clindamycin are 
considered first-line antibiotics. Clindamycin provides good 
anaerobic coverage for the polymicrobial environment of 
the abscess. Studies analyzing the complications of a deep 
neck infection found that the only prognostically significant 
factor contributing to complications was the involvement 
of more than one neck space, whereas hospital stays were 
likely to be increased in patients with medical comorbidi-
ties, leukocytosis, and the need for both medical and surgi-
cal treatment.35

The role of the clinician in knowing when to suspect 
a deep space neck infection cannot be overemphasized. 
Despite the fact that medical treatments are improving the 
rates of these complications, they do occur and can have 
serious sequelae if not diagnosed in a timely manner.

Nonsuppurative

Acute rheumatic fever and glomerulonephritis are the non-
suppurative complications that are most concerning fol-
lowing an acute infection of the oropharynx. It is beyond 
the scope of this chapter to discuss how to manage these 
complications or perform a workup; however, it is essential 
to be aware of the fact that there are systemic complica-
tions. These complications are typically a result of a GAS 
pharyngitis. The mechanism is due to cross-reactivity and 
molecular mimicry of the streptococcal antibody within dif-
ferent organs.38 Traditionally, the nonsuppurative compli-
cations of acute pharyngotonsillitis are the reason that this 
often self-limited disease is treated. With the use of anti-
biotics, some studies have reported 80% reduction in the 
incidence of acute rheumatic fever when compared with no 
antibiotics.10

Acute rheumatic fever can cause a wide constellation of 
nonspecific symptoms that include arthritis, carditis, sub-
cutaneous nodules, and chorea. Symptoms usually appear 
2 to 3 weeks after an acute GAS pharyngitis. It is rare in 
developed countries; however, rheumatic heart disease fol-
lowing an acute GAS oropharyngeal infection is the leading 
cause of acquired heart disease in many areas, such as sub-
Saharan Africa, India, and Australia,10 and it is the lead-
ing cause of cardiovascular death in some developing areas 
of the world.38 There is little evidence to support the idea 
that treatment of acute pharyngitis caused by GAS prevents 
acute glomerulonephritis.10,12

Nonsuppurative complications can also occur in con-
junction with acute pharyngotonsillar infections not caused 
by GAS. In EBV infections, systemic complications such as 
splenic rupture occur in 0.5 to 1% of cases of primary EBV 
infection.14 EBV has the potential to cause multiple hema-
tologic complications, such as hemolytic anemia, thrombo-
cytopenia, and hemolytic-uremic syndrome.14 There can 
also be superimposed bacterial pharyngitis, with EBV pha-
ryngotonsillitis causing deep space neck abscess.

Awareness of these potential nonsuppurative complica-
tions is essential, because their management can be complex 
and can involve multiple medical teams. Timely diagnosis is 
necessary to prevent complications or organ failure resulting 
from the systemic involvement.

Conclusion

Oropharyngeal and tonsillar infections are responsible for a 
large percentage of visits to the physician each year. The caus-
ative organisms can be bacterial, viral, or both. Although viral 
causes are more common, the bacterial causes often require 
a more involved workup because failure to treat them can 
have more severe consequences. Viral causes are treated with 
supportive care, but particular care should be taken not to 
overlook EBV and HIV as potential viral organisms causing 
pharyngitis. GAS pharyngitis is the most common bacterial 
cause of oropharyngeal infection. Fast and accurate diagnosis 
of GAS is essential because antibiotic therapy will help to 
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• Figure 16-6 Twenty-four-year-old male patient with a history of recurrent tonsillitis. A, Coronal cut of soft 
tissue neck computed tomographic scan with contrast demonstrating thrombosis of right internal jugular 
vein (white arrow) owing to acute tonsillitis leading to retropharyngeal phlegmon. B, Axial cut demonstrat-
ing retropharyngeal phlegmon (short white arrow), tonsillar edema, and right internal jugular vein thrombo-
sis (long white arrow). C, Sagittal cut demonstrating retropharyngeal phlegmon (white arrow).
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prevent both suppurative and nonsuppurative complications. 
This diagnosis can be facilitated with rapid antigen detection 
test and confirmed with throat culture. Once the causative 
organism is identified, prompt initiation of antibiotics with 
either penicillin or cephalosporin should be started. For 
recurrent infections or suppurative complications, surgi-
cal intervention should be given consideration as well. For 
the clinician, the balance must be weighed between treating 
promptly and being too aggressive and increasing antibiotic 
resistance. This area of study will continue to make acute 
pharyngitis and tonsillitis a topic of discussion in the future.
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Laryngitis, Epiglottitis,  
and Tracheitis
TIMOTHY O’BRIEN

Infections of the larynx and trachea can vary from viral ill-
ness, such as the common cold, to life-threatening airway 
obstruction related to edema from bacterial infections. Both 
pediatric and adult infections are discussed.

Anatomy

The larynx is located anteriorly to the fourth, fifth, and sixth 
cervical vertebrae. It is localized by the neighboring bound-
aries of the oropharynx superiorly, the hypopharynx poste-
riorly and inferiorly, and the trachea inferiorly. The larynx 
is composed of multiple cartilages, one bone (hyoid), and 
multiple ligaments and muscles. The laryngeal framework is 
composed of the cartilages and hyoid bone. The hyoid bone 
is not articulated to any other bone, but rather is connected 
distantly via muscular and ligamentous attachment. The 
hyoid is analogous to the “wishbone” or furcula of poultry.

The thyroid and cricoid cartilages compose the main 
framework. The thyroid cartilage has a notch superiorly that 
makes the protuberance of the Adam’s apple. The cricoid 
cartilage marks the narrowest portion of the adult airway, 
because it is the only complete circular ring of the airway (as 
opposed to the tracheal rings that are truly arches and not 
complete circular rings).

The epiglottis is composed of fibroelastic cartilage covered 
with a mucosal surface that tapers inferior to the petiole of 
the epiglottis. It has both a lingual surface that is considered 
within the boundaries of the oropharynx and a laryngeal sur-
face that is part of the larynx. Anterior to the epiglottis is the 
preepiglottic space, a frequent route for spread of malignancy 
in this region. The vallecula signifies the base of the tongue 
and the base of the lingual surface of the epiglottis. This is 
a familiar landmark for the placement of a commonly used 
laryngoscope blade utilized to facilitate endotracheal intuba-
tion in the securing of a patient’s airway during surgery.

Posteriorly along the larynx are the arytenoids, a paired 
set of pyramid-shaped cartilages that rest upon the cricoid 
cartilage posteriorly. The arytenoids allow for a forward 

rocking and a rotational motion that lead to the adduction 
and abduction of the vocal folds. The three functions of the 
larynx—swallowing, phonation, and respiration—all rely 
on the motion of the vocal cords. The intrinsic muscles of 
the larynx allow for vocal fold motion of the vocal folds. The 
true motion is more than just adduction and abduction; it is 
a complex movement in all three dimensions. The vocal fold 
on either side is primarily composed of the thyroarytenoid 
muscle, ligament, and a fibroelastic epithelial layer.

The larynx is divided into three parts: the supraglot-
tis, glottis, and subglottis. The supraglottis involves the tip 
of the epiglottis down along the aryepiglottic folds down 
to the false vocal folds (ventricular bands). The glottis is 
composed of the true vocal fold and posterior commissure. 
The subglottis begins at the inferior aspect of the true vocal 
folds at the junction of the squamous and respiratory epi-
thelium down to the inferior edge of the cricoid cartilage 
(Figure 17-1).

Supraglottitis (Including Epiglottitis)

Supraglottitis involves the inflammation and edema of the 
epiglottis and frequently the aryepiglottic folds and ary-
tenoids. An interesting bit of history surrounds the the-
ories of the death of George Washington. Many sources 
have assigned epiglottitis as the cause of death for the first 
president of the United States. However, further evalua-
tion of the events surrounding his death raise a periton-
sillar abscess or Ludwig angina as other possibilities, and 
perhaps the bloodletting of 3.5 L of blood might shift 
more of the blame for his hastened death to his attending 
physicians.1

Epidemiology and Etiology

The more daunting history of epiglottitis involves the 
infection in children during most of the twentieth cen-
tury. Traditionally, in 75 to 90% of cases, the cause of this 
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infection has been a bacterial infection of Haemophilus 
influenzae type B (Hib).2 Before the Hib vaccine introduc-
tion in the 1980s, the most common age of contracting 
the disease was between 2 and 5 years. With the reduction 
of Hib infection with the vaccine, the incidence of the dis-
ease in children has decreased dramatically. The vaccine is 
currently given at 2, 4, and 6 months of age. The incidence 
of epiglottitis after the first 2 years of the vaccination pro-
gram dropped 75%. By 1996, the incidence of invasive 
Hib disease in children younger than 5 years had dropped 
by an astonishing 99%.3

Other pathogens such as Streptococcus pyogenes, Strep-
tococcus pneumoniae, Staphylococcus aureus, nontypable H. 
influenzae, Haemophilus parainfluenzae, Pseudomonas spe-
cies, Klebsiella species, and Moraxella catarrhalis have been 
implicated. Nontypable H. influenzae is the most frequent 
pathogen in children who have received the vaccine. In 
adults, the incidence has not changed and has been approxi-
mately 1 to 4 per 100,000 per year. Adults are more likely 
to have the first two streptococcal pathogens listed. There is 
a slight seasonal variation in nontemperate climates.4

Noninfectious causes can often lead to epiglottitis. 
Trauma to the throat can lead to supraglottitis. A child who 
has ingested a foreign object and then expelled it may have a 
delayed onset of edema. Inhaled recreational drugs, or other 
chemicals, gases, or smoke inhalation can all lead to edema 
of the supraglottis in adult patients.5 In adult patients, 
supraglottic edema can be related to angioedema or angio-
tensin-converting enzyme inhibitor use.6

Symptoms

Sore throat is the most common symptom of epiglottitis, 
occurring nearly 100% of the time. A muffled voice, often 
characterized as a “hot potato” voice, is a classic  presentation. 
The altered volume of the upper airway from the edema of the 
supraglottis will change the resonance of the patient’s voice, 
leading to a muffled quality. This voice quality should alert 
the clinician to a possibility of a severe infection.  Frequently, 
a patient with epiglottitis will be drooling, unable to handle 
one’s own salivary secretions. Cervical lymphadenopathy 
and fever are also commonly present. When severe airway 
compromise is present, a child or adult can have stridor 
or tripod positioning (Figure 17-2). The tripoding is also 
referred to as the sniffing position; it occurs when a patient is 
sitting forward with his or her hands on the knees with the 
neck projected anteriorly with slight extension of the head. 
The presence of stridor and positioning is often a sign that 
the edema is severe and airway compromise is imminent; 
this is a true medical emergency. It should be noted that a 
child with epiglottitis has one symptom definitively absent. 
Cough is not present in epiglottitis, whereas it is the hall-
mark symptom of laryngotracheobronchitis (croup).

Evaluation

An ill-appearing child with stridor, posturing, and drooling 
can have the diagnosis made purely based on history and 
clinical findings. A well-appearing older child, teen, or adult 

A B

• Figure 17-1 A, Midsagittal section of the larynx. Note fenestrations in lower aspect of the epiglottic 
cartilage. B, Coronal section of the larynx. c, Cricoid cartilage; e, epiglottis; HEM, hyoepiglottic membrane; 
PESP, preepiglottic space; PL, prelaryngeal (Delphian) lymph nodes; Quad. m., quadrangular membrane; 
SBSP, subglottic space; SPSP, supraglottic space; t, thyroid cartilage; TEL, thyroepiglottic ligament; tg, 
thyroid gland; THM, thyrohyoid membrane; Vocal l, vocal ligament. (From Gnepp DR: Diagnostic surgical 
pathology of the head and neck, ed 2, Philadelphia, 2009, Saunders/Elsevier.)
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with a sudden onset of muffled voice with sore throat may 
be more commonly seen in physician offices and emergency 
departments. However, in a fairly well-appearing patient, a 
simple oropharyngeal examination can help to differentiate 
between a common acute tonsillitis versus a more inferiorly 
based and usually more severe infection such as supraglot-
titis. Acutely hypertrophied tonsils resulting from infec-
tion will give the same quality of muffled voice and severe 
sore throat, but this hypertrophy rarely leads to any sort of 
concerning airway compromise, except for a possible short-
term duration of obstructive sleep apnea. A patient with an 
acute change of a muffled voice with sore throat and a nor-
mal oropharyngeal examination result should be considered 
to have a supraglottic process until proved otherwise.

When considering epiglottitis or supraglottitis, the ton-
sils and oropharynx are normal without exudate or hyper-
trophy. A lateral neck radiograph may be considered when 
evaluating the patient; however, this should not be done 
if it means a delay in properly securing a patient’s airway 
in the operating room with a strong clinical suspicion for 
epiglottitis. The epiglottitis can be readily seen on a lateral 
neck radiograph. In supraglottitis, the epiglottis is usually 
enlarged and thickened; this yields the classic teaching of a 
“thumbprint sign” (Figure 17-3). A computed tomographic 
(CT) scan of the neck is not necessary for the evaluation of 
epiglottitis and may actually exacerbate the patient’s dys-
pnea with a supine positioning for the examination. A CT 
scan may be helpful when evaluating deep neck space and 
parapharyngeal or retropharyngeal abscesses. However, with 
epiglottitis, having a patient lie supine on the table for a CT 
scan can often exacerbate his or her dyspnea, and it is not 
usually recommended.

Management

Airway management is the most critical component in the treat-
ment of this infection. Consultation and further evaluation 

should be obtained from both an anesthesiologist and oto-
laryngologist when epiglottitis is suggested (Figure 17-4).  
This is especially true with children who are suggested to have 
acute epiglottitis. A child who is tripoding or who has stridor 
should be handled with extreme caution. When  considering 
all patients with possible airway concern or compromise, it 
is extremely important to have intravenous access for the 
administration of medications in emergency situations; how-
ever, this is often postponed in children with a  concerning 
presentation. Upsetting a young child can worsen their 
already compromised airway and lead to complete obstruc-
tion. Intravenous access, attempts at an oropharyngeal exami-
nation or rectal temperature, or even obtaining a lateral neck 
radiograph is often postponed. Instead, urgent otolaryngo-
logic consultation is obtained for airway stabilization because 
of imminent acute respiratory failure.

Heliox (a mixture of 30 to 40% oxygen and 60 to 70% 
helium) is often used when airway edema is present as a 
temporary bridge until the airway is secured with intuba-
tion or tracheotomy. Helium mixed with oxygen allows for 
the gas mixture to be composed of smaller molecules (con-
trasted to our ambient nitrogen with oxygen), and this may 
pass through a narrowed region with greater ease.

A child with stridor and positioning has his or her airway 
secured with intubation in a controlled setting, usually in 
an operating room. Anesthetic gases are used to “breathe 
down” the child without any paralytic agents. This leaves 
the child with spontaneous respiration but sufficiently 

• Figure 17-2 A child assuming the tripod position. (From Subrama-
niam R: Acute upper airway obstruction in children and adults, Trends 
Anaesthsia Crit Care 1:67-73, 2011.)

• Figure 17-3 Lateral neck radiograph reveals a classic thumb-
print sign of epiglottic edema. (From Sobol SE, Zapata S: Epiglottitis 
and croup, Otolaryngol Clin North Am 41:551-566, 2008. Courtesy  
M. Bitner, MD, MEd, FACEP.)
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sedated for laryngoscopy and intubation. A culture swab 
can be obtained of the supraglottis at the time of intuba-
tion for culture. Inability or difficulty with intubation may 
necessitate tracheotomy or in an adult patient cricothyroid-
otomy, or needle catheter jet ventilation. Needle catheter jet 
ventilation can lead to development of a pneumothorax if 
there is also compromise of the egress of the ventilated gases.

Airway stabilization is usually necessary in these severe 
cases for 24 to 72 hours. Sedated evaluation with laryngos-
copy, often at the bedside in the intensive care setting, can 
be used to visualize and document improvement in supra-
glottic edema before extubation. In adults, conservative air-
way management with vigilant monitoring in the intensive 
care unit setting is often successful, although intubation is 
necessary at times.

Antibiotics

The standard empiric antibiotic treatment has traditionally 
been a third-generation cephalosporin, such as ceftriaxone. 
Ampicillin–sulbactam has also been used. Metronidazole is 
often added to provide anaerobic coverage. Intravenous ste-
roids are often given to reduce edema, although no random-
ized controlled data exist to support or dissuade the usage. 
Fortunately, the severe presentation is not nearly as com-
mon now that we are in the post–Hib vaccine era. However, 
with a small but growing trend against vaccination, there is 

a potential for young children to exhibit severe traditional 
Hib epiglottitis in the future.7

Laryngitis (Including Laryngobronchial 
Tracheitis)

Laryngitis is a global term referring to inflammation of the 
vocal folds that commonly leads to dysphonia. There are 
many noninfectious etiologies for laryngitis. Acute vocal 
abuse, such as shouting, will often lead to an acute inflamma-
tion or even hemorrhage that will cause hoarseness. Chronic 
vocal abuse can lead to nodules, cysts, or polyps. Dysphonia 
not resolving in an older adult may represent laryngeal can-
cer, especially in a patient with a significant smoking history. 
Infectious etiologies will be the focus of this section.

Laryngotracheal bronchitis is commonly referred to as 
croup. Croup is the most common laryngeal inflammatory 
disease in childhood, and 15% of respiratory disease sick 
visits to pediatricians are related to croup. There is certainly 
a seasonal peak in the winter months of nontemperate 
regions. The most common age is between 6 months and 3 
years. This pediatric infection has a high prevalence as a viral 
infection. The diameter of the subglottis is 4 mm in neo-
nates, approximately 8 mm in children, and  approximately 
14 mm in adults. Inflammation and edema of the subglottic 
region, for example with 1 mm of edema circumferentially, 
will decrease the cross-sectional area by 75% in neonates, 
by 44% in children, and by less than 25% in adults.8 The 
subglottis, being bound by a complete cricoid ring, is often 
prevented from outward expansion from any edema. The 
epithelium of the subglottis is loosely adherent to the 
underlying perichondrium, and there are numerous mucus-
secreting glands in this region.9

Symptoms

Initial symptoms of croup include a phase of common 
upper respiratory illness symptoms. The child may have a 
mild cough, low-grade fever, and perhaps rhinitis. As the 
inflammation and edema progress, the patient may develop 
hoarseness, dyspnea, stridor, and the classic croupy “seal” 
or barking cough. Stridor may be inspiratory or biphasic. 
The child with croup can be differentiated from the child 
with epiglottitis. Epiglottitis is usually a rapid onset over a 
few hours, and the child may be drooling or posturing and 
have no cough. The child with croup has the classic croup 
cough, with the symptoms increasing gradually over a few 
days. The child has a normal supine posture.

In a child with possible croup, lateral and anteroposterior 
views of the chest and neck may be obtained. The epiglot-
tis is crisp on the lateral view, and the anteroposterior view 
may have a “steeple sign” (Figure 17-5). This sign is a nar-
rowing of the subglottis and is helpful to differentiate from 
a supraglottitis.

Most children are treated in the outpatient setting. 
The need for hospitalization depends on the severity of  

Epiglottitis suspected and/or confirmed

Contact otolaryngologist,
anesthesiologist, and intensivist

Deterioration

Respiratory distress or at least 50%
narrowing of laryngeal lumen

Establish artificial
airway in the OR

Establish IV access and provide support

Monitor in
ICU setting

Obtain CBC, blood cultures, and
radiographic images

Treat with second- or third-generation
cephalosporin �/� corticosteroids

NoYes

• Figure 17-4 Algorithm for treatment of epiglottitis.
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the dyspnea and lack of improvement with treatment in 
the emergency room setting. The most common therapy is 
inhaled humidity, which will loosen any dried mucus and 
allow for expectoration and thus an improved airway diam-
eter. Nebulized racemic epinephrine can decrease tissue 
edema and improve symptoms temporarily. Corticosteroids 
are commonly used in both oral and parenteral forms, the 
latter being in the emergency department or an inpatient 
setting. Antipyretics and decongestants are also often used 
as adjuncts.

Endoscopy as a diagnostic tool or also therapeutic with 
intubation is not usually necessary and is reserved for those 
clinically worsening despite medical and inhaled therapies. 
Those with severe situations may have developed a second-
ary bacterial infection that can require cultures and debride-
ment of the airway. Children with recurrent episodes of 
croup can be referred to an otolaryngologist for a laryngos-
copy and bronchoscopy when they are well in between epi-
sodes to look for any predisposing anatomic factors, such as 
subglottic cysts or stenosis. These children might be start-
ing with a narrower airway. Only a small amount of edema 
would be necessary to give symptoms of croup and therefore 
might be an explanation of why they are having recurrent 
episodes. Patients with a history of intubation, even perhaps 
as a newborn or neonate, are more likely to have a baseline 
subglottic stenosis present.

Bacterial Tracheitis

Bacterial tracheitis is a unique entity that is rarely seen but 
can be a highly morbid infection in children; it should be 
included in the differential diagnosis for an acutely strident 
child. Bacterial tracheitis is associated with a superinfection 
that leads to thick membranous tracheal secretions that do 
not clear effectively with coughing. Children will often have 
a history of symptoms for several days, which might suggest 
a viral upper respiratory infection. After a 2- to 3-day pro-
drome, the child with bacterial tracheitis would then begin 
to have a rapid onset of a high fever, respiratory distress, 
and a toxic appearance. Typical croup therapies are not usu-
ally helpful. S. aureus has been seen in 33 to 75% of cases. 
Other bacteria isolated on culture include H. influenzae, 
group A Streptococcus, Streptococcus pneumoniae, Streptococ-
cus viridans, Klebsiella species, Escherichia coli, and Neisseria 
species.

A chest radiograph may often reveal subglottic narrow-
ing and haziness along the trachea suggestive of membra-
nous secretions. Bronchoscopy is the gold standard for 
diagnosis. Bronchoscopy is often necessary as a therapeu-
tic measure in addition to its diagnostic value. Sloughed 
mucosa often is obstructive of the tracheal lumen and 
must be debrided with forceps and suction. The secretions 
should be sent for culture. Frequently, subsequent endo-
scopic debridements are necessary. The child will often 
require intubation for 3 to 7 days. Antibiotic coverage 
with a penicillin or first-generation cephalosporin should 
be used to treat S. aureus infection. Vancomycin might be 
necessary in a clinical setting in which methicillin-resis-
tant Staphylococcus aureus (MRSA) is suggested. A 3 to 4% 
mortality rate with bacterial tracheitis seems to be improv-
ing, and less severe presentations at an older age seem to be 
the current trend of the disease.

Other Forms of Infectious Laryngitis

Fungal infection of the true vocal folds can commonly occur. 
This infection is often related to inhaled steroid use, espe-
cially in the inhaled steroid powder disk type of inhalers. A 
patient with hoarseness lasting more than a few weeks, and 
who is using inhaled corticosteroids, should be referred to 
an otolaryngologist for a laryngeal evaluation. Treatment for 
candida laryngitis usually involves oral fluconazole as topi-
cal troches or swish-and-swallow antifungal medications 
will not sufficiently coat the larynx. Other fungal infections, 
such as blastomycosis, histoplasmosis, and coccidioidomy-
cosis, are also rarely seen infections of the larynx.
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Infections of the Thyroid 
Gland
JACOB GADY AND ROBERT PIORKOWSKI

The majority of pathology of the thyroid gland is made up of 
thyroiditis (granulomatous, de Quervain, lymphocytic, and 
radiation induced), autoimmune conditions (Hashimoto’s), 
Graves’ disease, primary and metastatic neoplasms, hemor-
rhage into an existing cyst, amiodarone-associated thyrotox-
icosis, infarction, amyloidosis, and sarcoidosis. The thyroid 
gland is highly resistant to infection because of its rich blood 
supply and lymphatic drainage, and high iodine content.1, 2 
Thyroid infections and abscesses account for approximately 
0.7% of surgical pathology of the thyroid gland.1-3 Despite 
the rarity of these infections, it is important to appreciate 
that thyroid infections can occur.

Thyroid infections occur secondarily to congenital or 
anatomical abnormalities and to disseminated infections in 
the immunocompromised hosts, and in some cases can be 
idiopathic. There is the potential for significant morbidity, 
and even mortality, with thyroid infections.4-9 Age, gender, 
and comorbidities can help the clinician determine whether 
to consider thyroid infections or abscess when assessing a 
patient with signs of thyroid pathology.

A thyroid infection will present with one or more of 
the following symptoms: (1) acute anterior neck swelling,  
(2) pain, (3) odynophagia, and (4) pyrexia.1-10 Often, 
these patients have normal thyroid function tests.1-12 
Transient or permanent hypothyroidism can occur in 
about 2 to 3% of patients, and thyrotoxicosis may occur 
in 5% because of the disease or treatment. Most patients 
will present with a mild to moderate leukocytosis, elevated 
erythrocyte sedimentation rate, and elevated C-reactive 
protein.1,7,9,12

Ultrasound is usually the first imaging modality of 
choice. Often it will show a hypoechoic or heterogeneous 
area within the gland. If an abscess cavity is visualized, fine-
needle aspiration can be attempted to drain the fluid and 
provide for culture. A computed tomographic (CT) scan 
with contrast and magnetic resonance imaging (MRI) can 
aid in the diagnosis, as well (Figure 18-1). If congenital 
anomalies are suspected, direct laryngoscopy and barium 
studies may show a fistulous tract (Figure 18-2).1-4, 7-12

In some cases, systemic antibiotics are sufficient to man-
age thyroid infections; however surgical intervention is 
often necessary. Without culture and sensitivity, empiric 
antibiotic treatment targets the most common pathogens 
in thyroid abscesses, including Staphylococcus aureus and 
Streptococcus spp.a Less common pathogens include Klebsi-
ella spp., Salmonella spp., Nocardia spp., Acinetobacter, Hae-
mophilus influenzae, Escherichia coli, Eikenella corrodens, and 
fungi. As many as 30% of suppurative thyroiditis cases are 
found to be polymicrobial infections.a Surgical intervention 
includes biopsy, incision and drainage, or open neck sur-
gery, depending on the underlying pathology.

Congenital or Anatomical Anomalies 
Associated with Thyroid Infections

Congenital anomalies leading to thyroid infections may be 
a result of branchial sinuses, cysts, or fistulas. In particu-
lar, branchial pouch anomalies have been associated with 
neck abscesses and acute suppurative thyroiditis.19, 20 Bran-
chial cysts have no external connection and therefore retain 
secretions. Branchial sinuses communicate with the skin 
or pharynx (typically hypopharynx). Branchial fistulas will 
connect the pharynx to the skin through the intervening 
tissue, which can be the perithyroid tissues or the thyroid 
parenchyma itself. Most branchial anomalies arise from the 
fourth branchial arch and, less commonly, from the third 
branchial arch.19-21

The pyriform sinus is most often involved with branchial 
arch anomalies. The pyriform sinus is bounded medially by 
the aryepiglottic fold, and laterally by the thyroid cartilage 
and thyrohyoid membrane. Pyriform sinus fistulas are a 
remnant of the third and fourth pharyngeal pouch. The pyr-
iform sinus fistula typically courses anteroinferiorly through 
the perithyroid tissues or the thyroid gland substance itself. 
If the fistulous tract becomes inflamed, the swelling of the 

a References 2,3,7,9,12-18.
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adjacent tissues can cause obstruction of the fistulous tract 
and development of an acute infection.20-25

Fourth branchial arch anomalies are the most com-
mon congenital anomaly thought to be related to thyroid 
abscesses in children and adults (Figure 18-3). The fourth 
branchial arch anomalies originate from the apex of the pyr-
iform sinus and pass through the cricothyroid membrane 
beneath the superior laryngeal nerve. The presentation of 
both third and fourth branchial arch anomalies will vary 
with age. Neonates will present with respiratory distress and 

failure. Young children (typically 8 years or older) will pres-
ent with acute onset neck pain, typically on the left; swelling; 
suppurative thyroiditis; pyrexia; elevated erythrocyte sedi-
mentation rate; C-reactive protein; and leukocytosis.20-26

Third branchial arch anomalies originate from the base 
of the pyriform sinus and pass superior to the superior 

• Figure 18-1 CT scan demonstrating a recurrent abscess arising 
from the pyriform fossa. (From Houghton DJ, Gray HW, MacKenzie K:  
The tender neck: thyroiditis or thyroid abscess? Clin Endocrinol 
48:521-524, 1998.)

• Figure 18-2 Anterior and lateral view of barium swallow demonstrating sinus tract from the left pyriform 
fossa. (From Houghton DJ, Gray HW, MacKenzie K: The tender neck: thyroiditis or thyroid abscess? Clin 
Endocrinol 48:521-524, 1998.)

• Figure 18-3 Path of fourth branchial arch fistula. (Adapted from 
Nicoucar K, Giger R, Pope HG, et al: Management of congenital fourth 
branchial arch anomalies: a review and analysis of published cases. J 
Pediatr Surg 44:1432-1439, 2009.)
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laryngeal nerve. Third branchial arch anomalies can present 
as neck abscess or acute suppurative thyroiditis. The major-
ity of third branchial arch anomalies occur on the left side 
and are typically identified in childhood. However, Nicou-
car et  al22 found that patients presenting with acute sup-
purative thyroiditis were older at the time of diagnosis (8 
years or older). These patients presented with acute painful 
neck swelling, and neonates and infants may present with 
respiratory distress.22-26

Organisms associated with branchial arch anomaly infec-
tions are typically S. aureus, Streptococcus spp. Less common 
infections were found to have Klebsiella, E. coli, Pseudomo-
nas aeruginosa, or Haemophilus spp., Eikenella corrodens, 
Citrobacter, and Proteus spp.b

Children and adults with recurrent cervical abscess or 
suppurative thyroiditis, particularly on the left, should be 
initially evaluated with direct laryngoscopy, barium swal-
low, and/or CT scan to rule out a pyriform sinus fistula. 
CT scan, barium swallow study, or a thyroid scan with 
technetium 99 will help with the diagnosis. CT scan can 
demonstrate the location and extent of the pyriform sinus 
fistula, particularly if performed shortly after a barium swal-
low study (see Figures 18-1 and 18-2). Fine-needle aspira-
tion of abscess or fluid will aid in directing medical therapy 
and reduce edema on adjacent tissues. Conventional radio-
graphs do not appear to aid in the diagnosis.4-12

Treatment remains combined surgical and medical 
management. Incision and drainage, and open neck proce-
dures, with or without partial thyroidectomy, are typically 
performed, but endoscopic procedures with cauterization 
of the fistulous tract have been described. Nicoucar et al22 
found that of the 64% of patients that initially underwent 
incision and drainage, 94% required additional surgery 
including incision and drainage and open neck surgery. In 
a series of seven patients that underwent endoscopic cau-
terization, four were followed for 18 months and had no 
evidence of recurrence. Open neck surgery and removal of 
the fistulous tract is curative and currently is the treatment 
of choice.21

Tuberculous Thyroid Infection

There have been multiple case reports describing acute 
tuberculous abscesses of the thyroid gland or tuberculous 
thyroiditis. Typically, these are associated with tubercu-
lar foci elsewhere in the body. However, there have been 
cases described in which other tubercular foci were not 
identified.27,28

These patients will present with acute neck swelling 
for less than 1 month. There is associated erythema, pain, 
pyrexia, and, often, cervical lymphadenopathy on the 
affected side. Laboratory values are typically euthyroid. 
There may be a leukocytosis, and typically the erythrocyte 
sedimentation rate and C-reactive protein levels are elevated. 
These patients should be evaluated with the enzyme-linked 

b References 2,3,7,9,12-18.

immunosorbent assay test for human immunodeficiency 
virus (HIV).

Ultrasound evaluation will demonstrate an irregular, cys-
tic-appearing mass with patchy hypodense, nonenhancing 
areas of the gland involved with the disease process. These 
patients should also have radiographic examination of their 
chest, with either a chest CT or an anteroposterior chest 
film. Contrast-enhanced CT scan will sometimes show an 
abscess in the thyroid gland (Figure 18-4).27-29

As with any infection, surgical incision and drainage 
is often required. The areas of the gland believed affected 
should be removed, as well.

Histopathological evaluation, in addition to Gram stain 
and culture and sensitivity, should be performed. Histologi-
cal evaluation has demonstrated five pathological varieties 
of tuberculosis of the thyroid: (1) multiple lesions through-
out the gland in association with miliary tuberculosis, (2) a 
goiter with caseation, (3) cold abscess formation sometimes 
presenting on the surface of the gland, (4) chronic fibrosing 
tuberculosis, and (5) acute abscess formation. Histopatho-
logical evaluation will demonstrate epithelioid cells and mul-
tinucleated giant cells with areas of normal thyroid follicles.29

Gram stain will be positive for acid-fast bacilli, and cul-
ture will be positive for Mycobacterium tuberculosis. Most 
patients respond well to combined surgical therapy and 
antituberculous chemotherapy and demonstrate resolution 
of their disease.

Infections of the Thyroid Gland in the 
Immunocompromised Host

Infections of the thyroid are rare but can occur, particularly 
in immunocompromised patients. Aside from congeni-
tal anomalies, patients with autoimmune diseases, organ 
transplant patients on chronic immunosuppressive therapy, 
patients on chronic corticosteroids, and those with advanced 

• Figure 18-4 CT scan demonstrating abscess in the thyroid gland. 
(From Parmar H, Hashmi M, Rajput A, et al: Acute tuberculous abscess 
of the thyroid. Australas Radiol 46:186-188, 2002.)
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acquired immunodeficiency syndrome are at particular risk. 
Thyroid infections in the immunocompromised host usu-
ally spread from neighboring tissues or by lymphatics and 
hematologic spread.12-19

Patients will present with anterior neck pain, edema, 
erythema, odynophagia, and often pyrexia. Bacterial infec-
tions are more common than fungal infections, and seem 
to occur more often in patients with a history of thyroid 
disease. The bacteria species cultured from thyroid infec-
tions in immunocompromised patients are similar to those 
discussed previously in this chapter. Treatment is typically 
combined antimicrobial, incision and drainage, and total or 
subtotal thyroidectomy.

There have been approximately 40 cases described in the 
literature of fungal thyroid infections in the immunocom-
promised host. The fungal species most frequently isolated 
are Aspergillus spp., followed by Candida spp., Coccidioides 
spp., Cryptococcus neoformans, and Pseudallescheria boydii. 
Patients presenting with fungal thyroid infections may be 
euthyroid, hypothyroid, or hyperthyroid at presentation. 
They may have a leukocytosis (depending on their underly-
ing disease state), elevated erythrocyte sedimentation rate, 
and C-reactive protein.12-19

Acute infectious thyroiditis should be considered in immu-
nocompromised patients. Clinicians should have a low thresh-
old to perform ultrasound-guided fine-needle aspiration if the 
clinical presentation suggests thyroid infection but the gland 
appears structurally normal on imaging. Most pathology is 
consistent with hematogenous spread or a focal abscess.

Treatment should include antifungals, such as flucon-
azole and amphotericin B. Surgical treatment is incision 
and drainage of any abscess or fluid, and potentially total or 
subtotal thyroidectomy.

The majority of thyroid gland pathology is not infec-
tious. However, the clinical picture can be confusing, and 
patients may present with symptoms similar to those of an 
infection. It is therefore important to be aware and under-
stand some of these more common entities, including auto-
immune conditions (Hashimoto’s thyroiditis), thyroiditis 
(granulomatous, de Quervain, lymphocytic, and radiation-
induced), and Graves’ disease.

Hypothyroidism can exist as congenital hypothyroidism 
because of inborn errors of thyroid metabolism and enzy-
matic defects. Worldwide, iodine deficiency is the leading 
cause of hypothyroidism. Acquired hypothyroidism can be 
surgically or radiation induced, secondary (i.e., thyroid-
stimulating hormone [TSH] deficiency), or autoimmune. 
The most common autoimmune hypothyroidism cases are 
due to Hashimoto’s thyroiditis.30-32

Patients suffering from Hashimoto’s thyroiditis may 
present with a painless, diffusely enlarged, goitrous thyroid 
gland. These patients are usually females in their fourth to 
sixth decade of life. Some patients in the postpartum period 
can develop autoantibodies similar to those in Hashimo-
to’s. Serum analysis will reveal circulating autoantibodies, 
including antimicrosomal, antithyroid peroxidase, and anti-
thyroglobulin. In the early stages of the disease, patients 

can develop thyrotoxicosis (“Hashitoxicosis”). Laboratory 
values demonstrate elevated triiodothyronine (T3) and thy-
roxine (T4), which are being released from the damaged 
thyroid follicles, and a decrease in TSH. Most patients will 
present with hypothyroidism, with low T3 and T4, and an 
increase in TSH. There is a wide range of symptoms, includ-
ing fatigue, cold intolerance, weight gain, myxedema, and 
alopecia. These patients are managed with thyroid hormone 
supplementation medications.30-34

Subacute granulomatous thyroiditis (de Quervain thy-
roiditis) may also present with anterior cervical neck pain 
and thyroid enlargement. This condition seems related to 
a recent viral infection, particularly upper respiratory tract 
infections (URI). This disease is seen more commonly in 
females between their fourth and fifth decade of life. Thy-
roid tests may reveal thyrotoxicosis, with elevated T3 and T4 
released from thyroglobulin and thyroid follicles, and TSH 
levels are low. Evaluation with ultrasound will demonstrate 
thyroid hypoechogenicity, and thyroid scan will demon-
strate low thyroid radionuclide uptake. This condition is 
self-limiting, and these patients rarely develop long-term 
thyroid dysfunction. It is treated nonsurgically, with antiin-
flammatory medications and with systemic corticosteroids 
for more severe cases.34-37

Subacute lymphocytic thyroiditis will often pres-
ent with painless enlargement of the thyroid gland. Like 
most other thyroid disorders, subacute lymphocytic thy-
roiditis is commonly found in females in their fourth 
to sixth decade. This condition is usually self-limiting, 
but patients can develop transient hyperthyroidism and 
hypothyroidism.33,34,37,38

Graves’ disease is a thyroid disorder most commonly 
seen in women between the ages of 30 to 60 years. It may 
be associated with thyroiditis and thyrotoxicosis. Patients 
will present with either one or a combination of the follow-
ing: hyperthyroidism, diffuse thyroid enlargement, exoph-
thalmos, and myxedema. Treatment for Graves’ disease is 
typically antithyroid medication, radioactive iodine-131 
(131I) ablation, and/or surgery. Antithyroid medications are 
methimazole and propylthiouracil (PTU). Both methima-
zole and PTU prevent the synthesis of T3 and T4 via 
inhibiting the enzyme thyroperoxidase. If the antithyroid 
medications are ineffective, then patients are either treated 
with 131I or surgery. Surgery is indicated for patients that 
have either failed medical management or developed thy-
rotoxic Graves’ disease. Surgery involves subtotal thyroidec-
tomy or near-total thyroidectomy.33,34,38
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Infections of the Ear  
and Mastoid
JAMES NAPLES AND MARC D. EISEN

Infections of the ear and mastoid encompass a broad cat-
egory of infections. Acute ear infections can be broken 
down into infections of the external ear (acute otitis externa 
[AOE]) and acute infections of the middle ear (acute oti-
tis media [AOM]). Acute middle ear infections are among 
the most common causes of bacterial infection, especially in 
children.1-3 They are also the most common cause of anti-
biotic prescriptions in children in the United States.4 When 
AOM extends from the middle ear into the mastoid cavity, it 
results in acute mastoiditis, the most common complication 
of AOM.5,6 AOE occurs in children and adults. It is often 
an uncomplicated infection; however, in immunocompro-
mised or diabetic patients, it can have serious sequelae.

Diagnosis is often based on clinical findings for these 
infections; however, radiology plays an adjunct role in 
diagnosing AOM by confirming extension of infection to 
the mastoid and assessing for intracranial complications.7,8 
There is also a role for different types of imaging in assessing 
AOE complications.9

The bacterial organisms responsible for AOM and mas-
toiditis are Streptococcus pneumoniae, Moraxella catarrhalis, 
and Haemophilus influenzae. However, with the advent of 
the pneumococcal conjugate vaccine (PCV), the microbiol-
ogy of these acute middle ear and mastoid infections is also 
evolving toward a decreasing incidence of S. pneumoniae.10 
AOE treatment has been unaffected by vaccinations. Pseu-
domonas aeruginosa, along with Staphylococcus aureus, are 
the organisms linked with this infection.

Treatment modalities vary based on the type of infection 
and degree of extension of disease. Some guidelines suggest that 
uncomplicated AOM in children older than 2 years old may 
not need any treatment, but rather a period of observation.1,2,4 
When there is concern for complications of AOM or AOE, 
such as acute mastoiditis, antibiotic therapy is indicated, but 
the changing pathogens of AOM have complicated the discus-
sion on antibiotic options. Not only is medical management an 
option for acute ear infections and mastoiditis; there is a defini-
tive role for surgical and procedural management as well.11-13

Complications of acute ear infections and mastoiditis can 
be life-threatening because of the proximity to the intracra-
nial contents. Complications of external ear infections are 
often self-limited, but mortality was not infrequent before 
the advent of appropriate antibiotic therapy. In AOM and 
mastoiditis, the complications can be divided into intracra-
nial and extracranial complications. Neurologic complica-
tions can occur and progress rapidly if not addressed.

Overview

It is not feasible to discuss all types of ear infections in a single 
chapter. The focus here will be on acute infections. Chronic 
middle ear infections and cholesteatoma are different topics 
altogether and will not be covered. There is little published 
literature on AOM and mastoiditis in adults; therefore, much 
of the discussion is based on the pediatric population. AOM 
and AOE will be discussed separately because they are two 
independent processes. There will be a brief introduction to 
relevant anatomy of the ear and mastoid followed by the epi-
demiology of each type of infection. The focus will then be 
on the pathophysiology and the organisms causing each type 
of infection. The role of radiology will be discussed, but it 
should be emphasized that an adequate physical examination 
is essential, and this should be supplemented with imaging, 
not replaced by it. Finally, treatment options—both medical 
and surgical—along with complications will be discussed, 
with emphasis on mastoiditis as a complication of AOM. 
The goal of this chapter is to outline the etiology, pathology, 
diagnosis, and management of AOM and AOE.

Anatomy14

The anatomy of the ear and mastoid is complex and often 
confusing. One logical way to approach this complexity 
is from the outside in, starting with the external ear, fol-
lowed by the middle ear, and finally the mastoid cavity 
(Figure 19-1).
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The external anatomy of the ear consists of a number 
of cartilaginous ridges. The external ear canal (EAC) begins 
laterally at the external auditory meatus and extends to the 
tympanic membrane (TM). It is 2.5 cm in length and con-
sists of a lateral cartilaginous portion and a medial bony por-
tion. The skin overlying the cartilaginous portion contains 
sebaceous and apocrine glands with hair follicles, whereas 
the medial bony portion consists of overlying skin without 
hair or glands. Its blood supply is the posterior auricular 
and superficial temporal arteries from the external carotid. 
The external ear lymphatic drainage varies by location. The 
anterior and superior part of the EAC and the tragus are 
drained by the preauricular nodes. The concha and antihelix 
are drained posteriorly into the mastoid lymph nodes. The 
inferior EAC and helix drain to the infra-auricular nodes.

The middle ear can be divided into three distinct spaces: 
the mesotympanum, the hypotympanum, and the epitym-
panum. The mesotympanum is bounded medially by the 
TM, anteriorly by the eustachian tube, and posteriorly by 
the facial nerve. Inferiorly the mesotympanum extends to 
the inferior annulus of the TM. The hypotympanum is 
bounded inferiorly by the jugular bulb and inferomedi-
ally by the cochlea and superiorly by the mesotympanum. 
Finally, the epitympanum consists of the ossicular chain, its 
ligaments, and associated mucosal folds. The lateral border 
is the scutum, whereas the posterior border is the aditus 
before entry into the mastoid cavity. Medially and inferiorly 
the epitympanum is bounded by the lateral semicircular 
canal and fossa incudis, respectively. The arterial supply to 
the middle ear is via branches of the internal and external 

carotid. From the internal maxillary branch of the external 
carotid, the anterior tympanic and deep auricular arteries 
supply the middle ear. From the middle meningeal branch 
of the internal carotid are the superior petrosal and the 
superior tympanic artery. The lymphatic drainage travels to 
the superficial nodes of the neck.

When considering middle ear infections, it is important 
to remember that the mastoid is an extension of the middle 
ear. It is a pneumatized region of the temporal bone that 
communicates directly with the middle ear via the aditus 
ad antrum. The medial border consists of the semicircu-
lar canals and the vestibule, while laterally it is bound by 
Körner’s septum, which is the thin bony segment separating 
the squamous and petrous parts of the temporal bone. The 
degree of pneumatization is clinically relevant because it is 
often an indicator of a patient’s ability to aerate his or her 
middle ear.

Acute Otitis Media

Epidemiology

The incidence of acute ear infections and mastoiditis varies 
based on the age of the patient. AOM is more likely to occur 
in young children because of a more horizontal position of 
the eustachian tube. As development occurs, it assumes a 
more vertical position, which allows for better aeration of 
the middle ear. AOM is particularly common in children 
between the ages of 6 and 24 months, and is the most com-
mon bacterial infection of childhood.1,2,15,16 Some studies 

• Figure 19-1 Anatomy of the external and middle ear. (From Ball JW, Dains JE, Flynn JA, et al: Seidel’s 
guide to physical examination, ed 8, St Louis, Mosby, 2015.)
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indicate that up to 80 to 85% of children will experience an 
episode of AOM by 3 years of age,17,18 with children who 
attend day care and have siblings at increased risk for infec-
tion.15,19 The PCV was first introduced in the United States 
in 2000, covering seven serotypes of the organism (PCV-7).  
The PCV-13 was introduced in 2010; it provided more 
coverage against different serotypes. Since the introduction 
of the PCV-7 in 2000, the rate of resistant invasive pneu-
mococcus has decreased, and there has been a downward 
trend in health care costs related to AOM since the updated 
PCV-13 vaccine was introduced.17 However, the serotype 
of pathogens is changing, which alters the biological make-
up and effectiveness of therapy against the organisms.10 The 
incidence of AOM in adults has decreased compared with 
children, and the reason for the decline is mostly anatomic.

Pathophysiology

Acute middle ear infections are caused by a dysfunction of 
the eustachian tube, which connects the nasopharynx to 
the middle ear. The normal middle ear is sterile and aerated 
by a normally functioning eustachian tube that opens with 
contraction of the tensor and levator veli palatini muscles. 
When there is edema or inflammation of the eustachian 
tube—commonly caused by preceding upper respiratory 
infection (URI)—the normal mechanism of aerating the 
middle ear is disrupted. There is a negative pressure in the 
middle ear, and organisms from the nasopharyngeal secre-
tions are refluxed into the middle ear. This creates an envi-
ronment ideal for bacterial organism growth and AOM.3,20 
A preceding URI also induces damage to the respiratory 
mucosal epithelium that prevents normal mucociliary clear-
ance of the middle ear into the nasopharynx.3,16 In children 
with a more horizontal eustachian tube, this is especially 
problematic. It should be noted that eustachian tube dys-
function can be caused by a variety of other pathologies, 
such as cleft lip or palate, nasopharyngeal mass, allergy, or 
reflux.18,21

Microbiology

The bacterial organism most often responsible for AOM 
has traditionally been S. pneumoniae. Other species asso-
ciated with AOM are H. influenzae, M. catarrhalis, and 
S. aureus. Since the advent of the pneumococcal vaccine 
PCV-7 in 2000 and the PCV-13 in 2010, there has been 
a shift in the microbiology of AOM. The incidence of S. 
pneumoniae has declined, whereas newer data suggest that 
nontypable H. influenzae is now the dominant strain of 
organism associated with AOM, with relative increases in 
M. catarrhalis.16,18,22 There has also been a trend toward 
more virulent strains of S. pneumoniae, with an emphasis on 
serotype 19A as a common cause of streptococcal infections  
(Figure 19-2).10,18 The organism responsible for AOM can 
only be determined by tympanocentesis, but this is rarely 
necessary because it would be unlikely to affect manage-
ment. Studies examining complications of AOM, such as 

mastoiditis, have shown similar trends in the microbiology 
of the disease; however, recent studies report continued 
infections with S. pneumoniae in the postvaccine era.23 The 
vaccine has not reduced the number of patients who get 
mastoiditis, and the organisms are showing trends toward 
antibiotic resistance.22 The role of viruses alone causing 
AOM directly is unclear. The implication is that it predis-
poses to bacterial infection, but isolates of viruses have not 
been reported and have little clinical significance.

Diagnosis

AOM is also a clinical diagnosis, and otoscopy is essential 
for a full evaluation of the middle ear and TM. It is not pos-
sible to diagnose AOM without evaluating the TM. Symp-
toms include new onset otalgia (<48 hours), which typically 
causes fever and irritability and interrupts sleep.3,16,19,24 His-
tory usually indicates a preceding URI. On otoscopy, one 
should look for bulging of the TM, erythema of the TM, 
otorrhea, and the presence of middle ear fluid or puru-
lence (Figure 19-3).25 If pneumatic otoscopy is available, 
there will be decreased mobility of the TM because of the 
middle ear infection. If otorrhea is present, TM perfora-
tion should be suspected. The sensitivity and specificity of 
clinical signs can be difficult to interpret, especially in the 
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• Figure 19-2 A, The number of positive bacterial cultures resulting 
from organisms causing acute otitis media (AOM). Note that Hae-
mophilus influenzae has become more common since the introduction 
of the pneumococcal vaccine. B, Serotype distribution of Staphylococ-
cus pneumoniae. Since the advent of the pneumococcal vaccine, the 
serotypes causing AOM have shifted, making serotype 19A the most 
prevalent. (Data from Parra MM, Aguliar GM, Echaniz-Aviles G, et al: 
Bacteriology and serotypes of acute otitis media in Mexican children, 
Vaccine 29:5544-5549, 2011.)
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pediatric population. However, ear pain, rubbing of the ear, 
excessive crying, and vomiting were shown to be the most 
specific.16 Hearing will be decreased in the affected ear 
during acute infections because of the fluid present in the 
middle ear; however, it is not often tested in the acute set-
ting. Persistent fluid after a bout of otitis media is possible.  
Thus, unresolved AOM should be evaluated with audiome-
try and tympanometry. Persistent serous fluid is termed otitis 
media with effusion (OME), which is distinct from an AOM. 
It can be difficult to distinguish AOM from OME at times, 
especially since a TM retraction with overlying erythema can 
appear similar to bulging TM. Otoscopy will differentiate 
between the two diagnoses: a retracted TM will move with 
negative insufflation, whereas a bulging TM will not.

Treatment
Medical
The medical treatment of AOM with oral antibiotics has 
been a source of considerable controversy. Guidelines were 
established in the pediatric population to help reduce the 
use of antibiotics in an era of concern for increasing anti-
biotic resistance. The guideline accounts for age, severity 
of symptoms, and certainty of diagnosis when considering 
treatment options.25 For children older than 2 years with 
less severe infections or uncertain diagnosis, observation 
is a reasonable option if close follow-up is certain for any 
worsening symptoms. If the infection in this age group 
is severe (i.e., body temperature > 39° C, severe otalgia), 
treatment with antibiotics is recommended.16,24 For chil-
dren younger than 2 years with certain infection and AOM, 
antibiotic therapy should be initiated.16,25 The reason-
ing behind this observation period in children older than  

2 years and initiation of therapy for children younger than 2 
years is based on data suggesting that children with risk fac-
tors for AOM at a young age are at increased risk for recur-
rent AOM as they get older. Despite the introduction of 
this guideline, adherence to it varies by specialty, and poor 
compliance rates are noted when it comes to observation of 
an AOM.4,26 It should be noted that despite the guideline 
recommending an observation period, some studies indicate 
that when compared with placebo, antibiotics reduce the 
need for additional treatments and promote an improve-
ment in symptoms.1,2

If antimicrobial therapy is initiated, the first-line ther-
apy should be high-dose amoxicillin (80 to 90 mg/kg/day). 
This therapy provides good coverage against S. pneumoniae, 
a common AOM pathogen, and ensures appropriate dose 
delivery to the middle ear.1 H. influenzae and M. catarrhalis  
produce β-lactamase; therefore, the efficacy of amoxicil-
lin alone is reduced, but not zero. Amoxicillin alone can 
be used as empiric therapy; however, the addition of a 
β-lactamase inhibitor is warranted when these pathogens 
are suggested.16,18 These organisms are more likely to occur 
in patients with increasing risk factors for AOM.15 Studies 
recommend that amoxicillin should not be used as an agent 
if it was used within the last month.18

Cephalosporin antibiotics can be used as an alternate 
to amoxicillin. Cefdinir or cefuroxime are often used. The 
cross-reactivity of medication allergy is only 10 to 15%, and 
it does not need to be avoided in allergic patients. Intramus-
cular ceftriaxone is also a reasonable alternative to amoxicil-
lin, and requires at least two to three doses and follow-up 
for injection. Macrolide antibiotics have been studied and 
found to be effective, but when compared with amoxicillin-
clavulanate, they have a significant clinical failure rate.18,24 
One other option for antibiotic therapy is clindamycin, 
which does not provide adequate coverage for H. influenzae 
and M. catarrhalis, but it can be used in conjunction with 
cephalosporins to provide good microbial coverage.18

In patients who have continued signs of infection despite 
appropriate antibiotic therapy, clinical treatment failure 
should be considered. If this is the case, tympanocentesis 
and culture are reasonable next steps. This procedure is rou-
tinely performed in the otolaryngologist’s office in compli-
ant patients, but it carries risk to the TM and middle ear. 
The role of myringotomy does not appear to be superior to 
antibiotics alone.13,16

Surgical
The role of surgery in AOM is somewhat limited in uncom-
plicated cases. Tympanostomy tubes are placed to maintain 
patency of the TM so that the middle ear can drain and the 
negative middle ear pressure is relieved. It is performed in 
the operating room for children and in the office for adults. 
The indications for tympanostomy tubes have been the 
source of debate. Recurrent AOM, defined as three episodes 
of AOM in 6 months or four episodes in the last 12 months, 
was considered an indication for tympanostomy tube place-
ment. However, recent guidelines suggest that recurrent 

• Figure 19-3 Otoscopic view of the ear. Note the presence of a 
bulging tympanic membrane and purulence in the middle ear. (From 
Lambert E, Soham R: Otitis media and ear tubes, Ped Clin North Am 
60:809-826, 2013.)
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AOM without middle ear effusion is not an indication for 
placement of tympanostomy tubes, because the natural his-
tory of the disease is such that a lack of effusion indicates a 
functioning eustachian tube.27 If middle ear effusion is pres-
ent, a tympanostomy tube should be placed. In certain pop-
ulations, such as patients with cochlear implant, AOM can 
be a more serious problem and urgent drainage of middle 
ear purulence should be considered. The observation period 
does not apply to this population because of the risk for seri-
ous, potentially life-threatening complications.28

Mastoiditis: A Complication of AOM

Acute otitis media can spread beyond the borders of the 
middle ear, creating complications. There are a variety of 
ways in which spread of the infection from the middle ear 
and the mastoid, and spread of the infection beyond the 
confines of the mastoid, can have serious consequences 
because of adjacent intracranial contents. Anatomic spread 
is common, but it can also spread directly through bony 
erosion or thrombophlebitis.8 If AOM becomes sufficiently 
severe, it can spread to the mastoid air cells through the 
aditus ad antrum. If there is blockage of the aditus because 
of mucus and exudates from the middle ear, it creates con-
tinued inflammation in the mastoid. Acidosis ensues with 
ischemia, thus causing bony resorption and breakdown of 
the septa of the air cells. Acute mastoiditis is the result.6,8,29

Acute mastoiditis is a disease of young children, most 
often because children develop AOM more frequently. The 
incidence of acute mastoiditis has decreased rapidly since 
the preantibiotic era of the first half of the twentieth cen-
tury. Some reports indicate a 50% decline in admissions 
for AOM and 80% in the number of mastoidectomies per-
formed since the introduction of sulfonamines.29 However, 
there is some recent evidence to suggest that its incidence 
is increasing.6,8,30,31 This increase is thought to be due to a 
change in algorithm that withholds antibiotic treatment for 
some patients with AOM or possibly the increasing viru-
lence of organisms since the introduction of PCV-7.31,32 
Regardless of the cause, it is important to note this recent 
trend because acute mastoiditis is a diagnosis that cannot 
be overlooked because of the life-threatening nature of the 
complications.

Mastoiditis, like AOM and AOE, is a clinical diagno-
sis. It has been demonstrated that acute mastoiditis can be 
diagnosed without the use of computed tomography (CT) 
or magnetic resonance imaging (MRI) in many cases33; 
however, this is controversial. The classic presentation of 
mastoiditis is with otalgia, fever, postauricular swelling, and 
mastoid tenderness (Figure 19-4).5 Pain was the most fre-
quent symptom, with persistent fever being second most 
common in one study.29 The clinician should suspect mas-
toiditis in the setting of an AOM with clinical signs of mas-
toiditis. It is important to note that mastoiditis can occur 
in the setting of adequate AOM treatment, thus masking 
the effects of mastoiditis.6 The TM is commonly hyperemic 
and bulging with middle ear purulence. The TM may also 

be normal. As such, clinical suspicion is often necessary to 
make this diagnosis.

CT scan will typically show breakdown of the bony septa 
within the mastoid and opacification and fluid within the 
mastoid air cells (Figure 19-5). CT scan is often available 
to evaluate for complications of mastoiditis. The utility of 

• Figure 19-4 Acute mastoiditis with erythema and swelling behind 
the affected ear. (From Neslon D, Jeanmonod R: Bezold abscess: a 
rare complication of mastoiditis, Am J Emerg Med 31:1626.e3-1626.
e4, 2013.)

• Figure 19-5 Coalescent mastoiditis demonstrated on computed 
tomographic scan. There is fluid extending from the middle ears into 
the mastoid air cells bilaterally with breakdown of bony trabeculae 
(white arrows). (From Alwedyani E, AlSanosi A: Bilateral simultaneous 
acute coalescent mastoiditis: a rare complication, Inter J Ped Otorhi-
nolaryngol Extra 6:226-228, 2011.)
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imaging lies in identification of these complications.7,8 MRI 
should also be ordered if intracranial extension is suspected, 
because it will give more information regarding the soft tis-
sues of the cranial contents. Patients can have intracranial 
complications with little symptomatology; therefore, there 
should be a low threshold to order imaging if mastoiditis is 
suspected. Ultimately, imaging should be ordered to evalu-
ate for suspected complications, no clinical response to 
intravenous (IV) antibiotics, or an abnormal result from a 
neurologic examination.5

Management of Mastoiditis

Historically, the management of mastoiditis was surgical. 
Currently, with potent intravenous antibiotic therapy, it is 
becoming more amenable to conservative medical treatment 
with myringotomy, without the need for mastoidectomy. 
Myringotomy with antibiotics is regarded as the first-line 
therapy by many and has been shown to be adequate in 
patients with uncomplicated mastoiditis.5,6,34 It should be 
noted that just as different age groups present differently 
with acute mastoiditis, it is thought that the different age 
groups also respond differently to treatments. Young chil-
dren often respond more quickly to IV antibiotics, whereas 
older patients are more likely to require surgical drainage.5 
There are a variety of adequate antibiotics for treatment of 
acute mastoiditis, and because it is generally an extension 
of an AOM, the pathogens are similar. Geva et al6 reported 
frequent use of amoxicillin-clavulanate and cefuroxime. 
Broad-spectrum antibiotics should be started in docu-
mented cases of mastoiditis because of the risk of complica-
tions.34 A lack of response suggests resistant S. pneumoniae 
and antibiotics should be changed appropriately.6 If one is 
not responding to antibiotics after approximately 48 hours, 
surgical intervention should be considered, and if possible, 
cultures should be taken at that time if they were not taken 
during myringotomy.

In the era preceding IV antibiotics, acute mastoiditis 
was a common complication of AOM, and up to 2 to 6% 
of patients developed intracranial complications of mas-
toiditis.7,12 Thus, operative intervention and mastoidec-
tomy was a common procedure for this disease. The use 
of this procedure declined with the introduction of anti-
biotics.29 In general, surgical procedures are required for 
complications of acute mastoiditis, whether intracranial 
or extracranial. Another indication is failure to improve 
with antibiotics and myringotomy tube placement.12 The 
procedure to be performed depends on the complication. 
Imaging is also necessary before operative intervention is 
undertaken because it helps to define the extent of dis-
ease and can confirm extracranial or intracranial complica-
tion.7,8 If there is exteriorization of the abscess, incision 
and drainage is indicated, whereas intracranial or neuro-
logic complications require mastoidectomy with or with-
out a ventilating tube.12 Neurosurgical intervention may 
also be necessary if there is any concern for intracranial 
abscess.

Other Complications of Acute Otitis Media 
and Mastoiditis

In AOM, life-threatening complications can occur that are 
associated with spread of infection to the adjacent structures. 
The infection can spread into the cranium and surrounding 
structures or it can spread out to the overlying soft tissue. 
These are best classified as intracranial and extracranial com-
plications. Each complication will be discussed here.

Intracranial
Meningitis
Meningitis is the most common intracranial complication 
of AOM and mastoiditis. The route of spread is either via 
hematogenous seeding or direct extension through the bony 
portions of the temporal bone. Diagnosis is suspected on 
clinical grounds, and imaging is used to rule out other causes 
of similar symptoms. Imaging will show dural enhancement 
and thickening.8 Treatment with IV antibiotics and steroids 
is necessary. Steroids help to decrease neurologic and audi-
tory complications.35

Lateral or Sigmoid Sinus Thrombosis
When AOM or mastoiditis extends through the bony aspects 
of the temporal bone, a thrombophlebitis of the surround-
ing dural sinuses occurs. This predisposes to thrombus and 
potentially serious complications and should be suspected in 
patients who have mastoiditis and a “picket fence” pattern 
of fevers with associated headaches. Imaging shows a filling 

• Figure 19-6 Complications of mastoiditis: lateral sinus thrombosis 
and subperiosteal abscess. There is a flow void of the dural sinus (small 
arrow). There is also extracranial extension into the subperiosteal space 
(large arrow) with inflammatory changes in the skin soft tissues. (From 
Kaplan DM, Kraus M, Puterman M, et al: Otogenic lateral sinus throm-
bosis in children, Inter J Ped Otorhinolaryngol 49:177-183, 1999.)
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defect on CT (Figure 19-6) with contrast and a flow void 
within the affected dural sinus on MRI. Managing this com-
plication is controversial, and there is no consensus regarding 
whether the sinus should be managed surgically during a mas-
toidectomy. Ligation of the affected sinus is also something 
that should be considered if there is concern for propagation 
of septic emboli; however, this is not routine.35 Anticoagula-
tion is also a consideration with this complication.

Epidural Abscess or Brain Abscess
Continued extension of the infection through surround-
ing bony structures can create coalescence of infection that 
results in abscess formation. The degree of abscess exten-
sion will classify it as either epidural or intracranial. Epi-
dural abscess can often be insidious in onset and will have 
symptoms and signs that are subtle when compared with a 
brain abscess. A brain abscess results from hematogenous 
spread of infection and is more likely to result from chronic 
otitis media, but it can occur with AOM. It is the second 
most common intracranial complication of AOM.35 These 
complications occur most often in the posterior fossa and 
are diagnosed with contrast-enhanced CT or MRI.8 MRI 
is superior in the diagnosis of brain abscesses, and CT gives 
valuable information on the bony structure of the mas-
toid.35 Mastoidectomy is indicated, and collaboration with 
a member of the neurosurgical team is often necessary.

Otitic Hydrocephalus
Otitic hydrocephalus is a rare, poorly understood complica-
tion described as the signs and symptoms of hydrocephalus 
with normal cerebrospinal fluid (CSF) opening pressure 
and lack of dilated ventricles. It is a diagnosis of exclusion, 
and it is likely made only by an investigator with a high 
degree of suspicion. Otitic hydrocephalus is possibly related 
to irritation of the sagittal sinus that interrupts absorption 
of CSF through the arachnoid villi. As with other causes of 
intracranial hypertension, presentation is often with neu-
rologic symptoms of headache, vision changes, and nausea 
and vomiting. Urgent management is necessary to preserve 
vision, often requiring surgery with mastoidectomy.35

Extracranial (Extratemporal)
Extracranial complications of AOM and mastoiditis can be 
further classified as extratemporal and intratemporal.

Subperiosteal Abscess
Subperiosteal abscess is the most common type of mas-
toid abscess; it is an extension of the infection that occurs 
as it erodes the overlying mastoid bone.36 It is seen often 
in children with AOM, but it can be seen in patients with 
chronic otitis media as well. Clinically, signs of an abscess 
will be present behind the affected ear, and the patient will 
show signs of infection. CT scan is also recommended to 
determine the full extent of the abscess and to rule out 
other pathologies (see Figure 19-6). Management is trend-
ing toward options that are more conservative without the 
need for full mastoidectomy. Intravenous antibiotics are 

necessary, and incision and drainage with a myringotomy 
can be considered. If this initial conservative treatment fails, 
mastoidectomy will likely be necessary.35

Bezold Abscess
Extension of an AOM or mastoiditis through the mastoid 
tip will cause tracking of an abscess into the neck, deep to 
the sternocleidomastoid muscle. This pathology is called a 
Bezold abscess, after the nineteenth-century otologist Fried-
rich Bezold.36 The pathology is similar in this type of abscess 
formation with bony erosion caused by infection. The loca-
tion is the only difference between Bezold and subperiosteal 
abscess. Despite the well-described pathophysiology of this 
entity, it is rare in an era of antibiotics and imaging. Only 
seven cases were reported between 1975 and 1991. Manage-
ment involves cervical approach incision and drainage with 
mastoidectomy.35

Extracranial (Intratemporal)
Facial Paralysis
The facial nerve courses through the middle ear and tempo-
ral bone and is covered by a bony canal called the fallopian 
canal. When there is an AOM edema and pressure is exerted 
on the nerve, weakness or paresis can result. A small area of 
dehiscence is often present, and it predisposes to this compli-
cation of AOM. This complication is more likely to develop 
in children with congenital dehiscence, and the paralysis is 
often temporary. It resolves with treatment, which includes 
tympanostomy tube placement and antibiotics.35 Imaging 
is useful here in evaluating for any cholesteatoma and com-
ponent of chronic middle ear disease that may require more 
extensive surgical intervention. It is important to delineate 
between a facial paralysis secondary to an acute infection in 
a patient with a dehiscent fallopian canal and a facial weak-
ness in a patient with chronic ear disease that is eroding the 
fallopian canal causing a facial nerve weakness because the 
management of both is different. Eye care is important with 
facial nerve paralysis. The paralysis is often only temporary 
and rarely lasts more than 3 weeks.14,35

Acute Suppurative Labyrinthitis
Acute suppurative labyrinthitis is often seen in patients who 
have an underlying congenital ear anomaly or have had 
otologic surgical intervention. It has been reported to be 
the most common extracranial complication of AOM.37 
Through a similar mechanism as other complications, there 
is often invasion of infection through a dehiscent area within 
the labyrinth. Patients exhibit acute vestibular symptoms of 
vertigo, nausea and vomiting, and hearing loss. The hear-
ing loss is permanent. There is no indication for imaging, 
although many patients may have imaging if they are evalu-
ated in the emergency department; however, it may help 
to differentiate labyrinthitis caused by acute infection from 
cholesteatoma eroding the labyrinth. Treating the AOM is 
the only intervention typically necessary.14 Although dis-
concerting to the patient, the vestibular system will undergo 
central compensation as the infection resolves.
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Petrous Apicitis
When AOM infection erodes into a well-pneumatized 
petrous apex, it can create a complex of symptoms that occur 
with or without mastoiditis symptoms. Clinically, extension 
of infection here can manifest as Gradenigo syndrome: ret-
roorbital pain caused by irritation of trigeminal V2, abdu-
cens nerve palsy, and otorrhea on the affected side.8,14

Acute Otitis Externa

Epidemiology

Acute otitis externa can occur in any age group, but tends 
to occur in children and teenagers, with a second peak of 
incidence in patients older than 65 years.20 Its predisposing 
factors are dependent on the age group. Adult patients who 
wear hearing aids are at particular risk, because of repetitive 
mild ear canal trauma. Children who have congenital ear 
anatomic abnormalities, such as external canal stenosis, are 
at risk as well. Self-induced trauma with cotton swabs and 
exposure to swimming pools in the summer is also a risk 
factor for otitis externa.20,38

Pathophysiology

The introduction of pathogens to the external auditory canal 
is often a result of local trauma or exposure to contami-
nated water. The anatomy and chemical environment of the 
external ear can also predispose to infection. Narrowed or 
stenotic ear canals prevent the natural self-migratory mech-
anism of otic debris, thus predisposing to infection. Hearing 
aid use in hearing-impaired people creates a similar situa-
tion. The normal pH of the external ear is slightly acidic 
because of the production of cerumen and other products 
from the sebaceous glands of the cartilaginous portion of 
the canal. This acidity creates an inhospitable environment 
for bacteria. However, when this environment is disrupted, 
the pH is altered, creating an environment more condu-
cive to bacterial growth.9,20 With the growth of bacteria, 
local inflammation and edema occurs, thus worsening the 
 infection and symptoms. The spread of the infection occurs 
at the junction of the cartilaginous and bony canal through 
the fissures of Santorini. As the infection reaches the bony 
canal more medially, there is only skin overlying the perios-
teum and bone, and spread of the infection here becomes 
extremely painful. If the infection continues to spread, an 
osteomyelitis of the underlying temporal bone can occur, 
causing a dreaded complication of malignant otitis externa.

Microbiology

The organisms most commonly associated with AOE are  
P. aeruginosa and S. aureus.20,39 There are trends of changes 
in pathogens, however. The decline in P. aeruginosa has been 
accompanied by an increase in S. aureus.40 The reason for 
this change in pathogens is unclear, but is likely related to 
resistance patterns with frequent use of fluoroquinolones. 

In an AOE that does not appear to be resolving with otic 
antibiotic drops, secondary fungal infection should be con-
sidered.20 Clinically, symptoms will be similar; however, the 
pruritic component may be more pronounced. The fungal 
isolate is often Candida.

Diagnosis

Acute infection of the external ear canal is defined as dif-
fuse inflammation of the ear canal that is rapid in onset in 
the past 3 weeks with signs and symptoms of canal inflam-
mation. The hallmark of AOE is tenderness of the tragus, 
pinna, or both disproportionate to what is expected based 
on inspection.38 Symptoms can also include pruritus, dis-
charge, and fullness.20 Uncomplicated AOE is a clinical 
diagnosis, and there is no need for imaging or additional 
workup unless there are predisposing factors that lead to 
concern for spread to underlying bone and malignant otitis 
externa.9 History will often include reports of swimming or 
water exposure, water irrigations, or cotton swab use. On 
examination, visual inspection of the external anatomy of 
the ear will demonstrate edema, erythema, and discharge. 
Otoscopy is necessary to evaluate the tympanic membrane 
and to rule out chronic drainage from the middle ear with 
perforation of the tympanic membrane. Palpation of the 
pinna and tragus will often elicit extreme discomfort for 
the patient, but it is often helpful for diagnostic purposes. 
A culture can be taken to confirm infection; however, it is 
not essential in uncomplicated cases. The clinician should 
be vigilant not to overlook other causes of external canal 
inflammation that can cause overlapping symptoms, such as 
contact dermatitis, eczema, or more serious processes such 
as carcinoma or Ramsay Hunt syndrome caused by herpes 
simplex virus.20,38

Treatment
Medical
There are three treatment modalities in uncomplicated 
AOE. Canal debridement, topical otic preparations, and 
adequate pain control and analgesia are all recommended 
(Table 19-1). Canal debridement facilitates normal 
migratory function of the external ear canal by removing 
 obstructions. It can often be difficult for patients to tolerate 
canal debridement because of the extreme pain. For pain 
management, it is typical that narcotic pain medication is 
necessary for control of symptoms.20,38 This aspect of man-
agement should not be overlooked.

An acidic pH often creates a hostile environment that 
prevents growth of microorganisms; therefore, acetic acid 
solution is a reasonable first treatment option. This therapy 
creates an environment similar to the natural environment 
of the EAC. It also comes as an acetic acid hydrocortisone 
preparation. It is most useful in patients who have mild 
symptoms of AOE, with minimal underlying pain.

The topical preparations for treatment of otitis externa 
are numerous, and there is little clinical evidence to sup-
port the use of one preparation over another.14,38 There are 
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a variety of topical antibiotic preparations; some have an 
antibiotic alone, some have both an antibiotic and steroid, 
and some have a steroid alone. It is essential that the anti-
biotic preparation cover Pseudomonas sp., because it is the 
most common organism in AOE.

Neomycin/polymyxin/hydrocortisone and quinolone 
antibiotic drops are two readily available preparations. Neo-
mycin is potentially ototoxic, and evidence suggests that it 
should be avoided in patients with TM perforations.38 This 
makes visualization of the tympanic membrane essential 
before prescribing this medication.

Ofloxacin is a drop commonly used for AOE. There is 
no known risk for ototoxicity and it can be prescribed for 
patients with tympanic membrane perforation. Ciprofloxa-
cin is another quinolone preparation that comes with dexa-
methasone or hydrocortisone. These steroid preparations 
are considered better than nonsteroid preparations for the 
treatment of canal granulation. Other antibiotic options 
include tobramycin-dexamethasone and gentamicin, which 
provide additional coverage in the case of antibiotic resis-
tance. However, these options should be used with caution 
because both are aminoglycoside antibiotics and, as with the 
neomycin drops, should not be used in patients with tym-
panic membrane perforations.14,38

When comparing the otic preparations, Ciprodex (cipro-
floxacin-dexamethasone) has been shown to reduce pain and 
infection more quickly than neomycin/polymyxin/hydro-
cortisone.41 However, the neomycin/polymyxin/hydrocor-
tisone is much cheaper. The role of oral antibiotic coverage  
is not necessary in uncomplicated AOE unless there is  
extension outside the EAC or additional patient factors caus-
ing concerns for an additional process.38 Studies have indi-
cated no difference in treatment with topical therapy alone 
when compared with topical and oral antibiotics.42 Acetic 
acid has been shown to be less effective than antibiotic and 
steroid preparations because of prolonged symptoms.20

Surgical
There is rarely an indication for surgical management 
in AOE. Complications of AOE such as malignant otitis 

externa may require surgical debridement in recalcitrant 
cases, but with the advancement in antipseudomonal anti-
biotic therapy, this has become rare.43

Complications
Malignant Otitis Externa
There are few concerning complications for AOE; how-
ever, AOE in patients who are immunocompromised or 
have poorly controlled diabetes can progress to malig-
nant otitis externa through spread of adjacent tissue can 
be  life-threatening. This is essentially an osteomyelitis of 
the underlying temporal bone that is typically caused by  
P. aeruginosa; however, methicillin-resistant S. aureus is now 
an implicated organism.40 It occurs through extension of 
the AOE through the skin overlying the bony cartilaginous 
junction. The local environment of the EAC can predispose 
patients to malignant otitis externa. For example, diabetic 
patients and immunocompromised patients have a higher 
pH of the cerumen produced along with poor leukocyte 
function.9 Clinically, the presentation of malignant otitis 
externa can vary; however, otalgia is always present, and 
otorrhea is common with a history of AOE refractory to 
treatment. There may be granulation tissue at the bony–
cartilaginous junction where the infection has spread and 
cranial neuropathies are common, with facial nerve palsy 
being most common because of its proximity to the adja-
cent temporal bone.43

There is no single confirmatory diagnostic test for malig-
nant otitis externa. The clinician should have a high index 
of suspicion in a patient who has pain out of proportion to 
the findings on exam, especially in diabetic patients or those 
with poor immune function. Once the disease is suspected, 
workup should include laboratory analysis, such as eryth-
rocyte sedimentation rate (ESR) and complete blood cell 
count, along with imaging, such as a CT scan. The ESR will 
typically be elevated, and the complete blood cell count may 
be normal. CT scanning can show nonspecific bony changes. 
Although not diagnostic, a CT scan can be useful for track-
ing disease and localizing it (Figure 19-7).43 Nuclear medi-
cine scans are useful in suspected malignant otitis externa.  

  Treatment Modalities for Uncomplicated AOE

Component Brand Name Dose Notes

Acetic acid 2% Vosol 3-5 drops q 4-6 h Irritation if tympanic membrane 
ruptured

Acetic acid 2%/hydrocortisone Vosol HC 3-5 drops q 4-6 h Irritation if tympanic membrane 
ruptured

Neomycin/polymyxin B/hydrocortisone Cortisporin 3-4 drops q 6-8 h Potential ototoxicity

Ciprofloxacin/hydrocortisone Cipro HC 3-4 drops q 12 h 7-day course adequate

Ciprofloxacin/dexamethasone Ciprodex 3-4 drops q 12 h 7-day course adequate

Ofloxacin Floxin Otic 10 drops daily 7-day course adequate

From Wipperman J: Otitis externa, Prim Care 41(1):1-9, 2014.

TABLE 
19-1
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A technetium Tc-99m methylene diphosphonate scan is 
sensitive but not specific. Tc-99m tests cannot be used to 
monitor disease because the test stays positive after adequate 
treatment.9 On the other hand, gallium-67 (Ga-67) scans 
are useful for tracking infection because they will become 
negative once infection is resolved. Thus, a follow-up Ga-67 
scan at 4 to 6 weeks can be used to help with the duration 
of treatment.9

Treatment of this disease in diabetic patients requires 
strict glucose control. Long-term intravenous antipseudo-
monal antibiotics had been the mainstay of treatment until 
the introduction of fluoroquinolones. As a result, the use of 
IV antibiotics such as penicillins and aminoglycosides has 
decreased. This is useful because it avoids the ototoxic and 
nephrotoxic side effects of the drugs.9,43 Oral fluoroquino-
lones such as ciprofloxacin are used for at least 6 weeks. If 
there is still evidence of disease on follow-up Ga-67 scan, 
the oral regimen is continued until further scan shows lack 
of disease.44

Conclusions

Acute infections of the ear are a common problem. AOM is 
a problem that occurs more often in young children because 
of unfavorable anatomy of the eustachian tube. It is often 
medically managed and self-limited in many cases; however, 
it can have severe complications and sequelae that require 
surgical intervention. It is important to be aware of the 
potential complications because they can progress rapidly 
with devastating neurologic complications if not recog-
nized early. Mastoiditis is a complication that occurs as an 
extension of an AOM. The trends in management of mas-
toiditis are becoming more conservative with good results.  

The treatment options for AOM and mastoiditis will likely 
continue to evolve as antibiotic resistance increases and vac-
cines create a changing microbiological environment.

AOE is a clinical problem often seen in all age groups, 
with certain populations being predisposed to this infection.  
Diagnosis is made by clinical assessment, and the disease is 
often uncomplicated with good response to topical treat-
ments. In patients with compromised immune systems, 
there is a concern that the infection will spread beyond the 
confines of the external ear canal, creating an osteomyeli-
tis of the underlying temporal bone. The treatment of the 
complications continues to be antibiotics with a rare need 
for surgical intervention. As with AOM, the profile of the 
organisms causing AOE is evolving, with S. aureus playing a 
bigger role than it did previously.

In an era with improving antibiotics and preventative 
measures such as vaccines, the profile of these acute infec-
tions will likely change. It will be the responsibility of the 
clinician to be aware of the evolution of these diseases to 
prevent acute complications. Doing so will be a challenge, 
but a worthwhile undertaking. New solutions to old prob-
lems are the future of these infections.

References

 1.  Tahtinen PA, Laine MK, Huovinen P, et al.: A placebo- controlled 
trial of antimicrobial treatment for acute otitis media, N Engl J Med  
364:116–126, 2011.

 2.  Hoberman A, Paradise JL, Rockette HE, et  al.: Treatment of 
acute otitis media in children under 2 years of age, N Engl J Med 
364:105–115, 2011.

 3.  Hendley JO: Clinical practice. Otitis media, N Engl J Med 
347:1169–1174, 2002.

 4.  Celind J, Sodermark L, Hjalmarson O: Adherence to treatment 
guidelines for acute otitis media in children. The necessity of an 
effective strategy of guideline implementation, Int J Pediatr Oto-
rhinolaryngol 78:1128–1132, 2014.

 5.  Chesney J, Black A, Choo D: What is the best practice for acute 
mastoiditis in children? Laryngoscope 124:1057–1058, 2014.

 6.  Geva A, Oestreicher-Kedem Y, Fishman G, et al.: Conservative 
management of acute mastoiditis in children, Int J Pediatr Oto-
rhinolaryngol 72:629–634, 2008.

 7.  Luntz M, Bartal K, Brodsky A, et al.: Acute mastoiditis: the role 
of imaging for identifying intracranial complications, Laryngo-
scope 122:2813–2817, 2012.

 8.  Minks DP, Porte M, Jenkins N: Acute mastoiditis–the role of 
radiology, Clin Radiol 68:397–405, 2013.

 9.  Carfrae MJ, Kesser BW: Malignant otitis externa, Otolaryngol 
Clin North Am 41:537–549, viii-ix, 2008.

 10.  Kyaw MH, Lynfield R, Schaffner W: Effect of introduction of the 
pneumococcal conjugate vaccine on drug-resistant, Streptococcus 
pneumoniae, N Engl J Med 354:1455–1463, 2006.

 11.  Shaikh N, Hoberman A, Kearney DH, et al.: Videos in clinical 
medicine. Tympanocentesis in children with acute otitis media, 
N Engl J Med 364(2):e4, 2011.

 12.  Zanetti D, Nassif N: Indications for surgery in acute mastoiditis 
and their complications in children, Int J Pediatr Otorhinolaryn-
gol 70:1175–1182, 2006.

 13.  Perkins JA: Medical and surgical management of otitis media in 
children, Otolaryngol Clin North Am 35:811–825, 2002.

• Figure 19-7 Malignant otitis externa. There is bony erosion of the 
posterior canal and extension of inflammation into the mastoid cortex 
(white arrow). (From Carfrae MJ, Kesser BW: Malignant otitis externa, 
Otolaryngol Clin North Am 41:537-549, viii-ix, 2008.)



303CHAPTER 19 Infections of the Ear and Mastoid

 14.  Flint PW, Cummings CW: Cummings otolaryngology: head and 
neck surgery, Philadelphia, 2005, Mosby–Elsevier, p 3.

 15.  Gisselsson-Solen M, Henriksson G, Hermansson A, et al.: Risk 
factors for carriage of AOM pathogens during the first 3 years of 
life in children with early onset of acute otitis media, Acta Otolar-
yngol 134:684–690, 2014.

 16.  Pichichero ME: Otitis media, Pediatr Clin North Am 60:391–407, 
2013.

 17.  Marom T, Tan A, Wilkinson GS, et al.: Trends in otitis media-
related health care use in the United States, 2001-2011, JAMA 
Pediatr 168:68–75, 2014.

 18.  Thomas NM, Brook I: Otitis media: an update on current phar-
macotherapy and future perspectives, Expert Opin Pharmacother 
15:1069–1083, 2014.

 19.  Lustig LR, Niparko JK: Clinical neurotology: diagnosing and man-
aging disorders of hearing, balance and the facial nerve, London and 
New York, 2003, Martin Dunitz, p 356.

 20.  Lee H, Kim J, Nguyen V: Ear infections: otitis externa and otitis 
media, Prim Care 40:671–686, 2013.

 21.  Sone M, Kato T, Nakashima T: Current concepts of otitis media 
in adults as a reflux-related disease, Otol Neurotol 34:1013–1017, 
2013.

 22.  Choi SS, Lander L: Pediatric acute mastoiditis in the post- 
pneumococcal conjugate vaccine era, Laryngoscope 121:1072–1080,  
2011.

 23.  Zevallos JP, Vrabec JT, Williamson RA, et al.: Advanced pedi-
atric mastoiditis with and without intracranial complications, 
Laryngoscope 119:1610–1615, 2009.

 24.  Harmes KM, Blackwood RA, Burrows HL, et al.: Otitis media: 
diagnosis and treatment, Am Fam Physician 88:435–440, 2013.

 25.  American Academy of Pediatrics Subcommittee on Management 
of Acute Otitis: Diagnosis and management of acute otitis media, 
Pediatrics 113:1451–1465, 2004.

 26.  Stewart MG, et al.: Practice patterns versus practice guidelines in 
pediatric otitis media, Otolaryngol Head Neck Surg 124:489–495, 
2001.

 27.  Rosenfeld RM, Schwartz SR, Pynnonen MA, et al.: Clinical prac-
tice guideline: tympanostomy tubes in children–executive sum-
mary, Otolaryngol Head Neck Surg 149:8–16, 2013.

 28.  Rubin LG, Papsin B: Committee on Infectious Diseases and 
Section on Otolaryngology-Head and Neck Surgery: cochlear 
implants in children: surgical site infections and prevention 
and treatment of acute otitis media and meningitis, Pediatrics 
126:381–391, 2010.

 29.  Harley EH, Sdralis T, Berkowitz RG: Acute mastoiditis in chil-
dren: a 12-year retrospective study, Otolaryngol Head Neck Surg 
116:26–30, 1997.

 30.  Luntz M, Brodsky A, Nusem S, et  al.: Acute mastoiditis–the 
antibiotic era: a multicenter study, Int J Pediatr Otorhinolaryngol 
57:1–9, 2001.

 31.  Benito MB, Gorricho BP: Acute mastoiditis: increase in the 
incidence and complications, Int J Pediatr Otorhinolaryngol 
71:1007–1011, 2007.

 32.  Daniel M, Gautam S, Scrivener TA, et al.: What effect has pneu-
mococcal vaccination had on acute mastoiditis? J Laryngol Otol 
127(Suppl 1):S30–S34, 2013.

 33.  Anthonsen K, Høstmark K, Hansen S, et al.: Acute mastoiditis in 
children: a 10-year retrospective and validated multicenter study, 
Pediatr Infect Dis J 32:436–440, 2013.

 34.  Tamir S, Shwartz Y, Peleg U, et al.: Shifting trends: mastoiditis 
from a surgical to a medical disease, Am J Otolaryngol 31:467–471,  
2010.

 35.  Smith JA, Danner CJ: Complications of chronic otitis media and 
cholesteatoma, Otolaryngol Clin North Am 39:1237–1255, 2006.

 36.  Spiegel JH, Lustig LR, Lee KC, et al.: Contemporary presenta-
tion and management of a spectrum of mastoid abscesses, Laryn-
goscope 108:822–828, 1998.

 37.  Wu JF, Jin Z, Yang JM, et al.: Extracranial and intracranial com-
plications of otitis media: 22-year clinical experience and analysis, 
Acta Otolaryngol 132:261–265, 2012.

 38.  Rosenfeld RM, Schwartz SR, Cannon CR, et al.: Clinical prac-
tice guideline: acute otitis externa, Otolaryngol Head Neck Surg 
150(1 Suppl):S1–S24, 2014.

 39.  Schaefer P, Baugh RF: Acute otitis externa: an update, Am Fam 
Physician 86:1055–1061, 2012.

 40.  Hobson CE, Moy JD, Byers KE, et al.: Malignant otitis externa: 
evolving pathogens and implications for diagnosis and treatment, 
Otolaryngol Head Neck Surg 151:112–116, 2014.

 41.  Roland PS, Younis R, Wall GM: A comparison of ciprofloxacin/dexa-
methasone with neomycin/polymyxin/hydrocortisone for otitis  
externa pain, Adv Ther 24:671–675, 2007.

 42.  Roland PS, Belcher BP, Bettis R, et al.: A single topical agent is 
clinically equivalent to the combination of topical and oral anti-
biotic treatment for otitis externa, Am J Otolaryngol 29:255–261, 
2008.

 43.  Rubin Grandis J, Branstetter BFT, Yu VL: The changing face of 
malignant (necrotising) external otitis: clinical, radiological, and 
anatomic correlations, Lancet Infect Dis 4:34–39, 2004.

 44.  Courson AM, Vikram HR, Barrs DM: What are the criteria for 
terminating treatment for necrotizing (malignant) otitis externa? 
Laryngoscope 124:361–362, 2014.



304

20
Orbital Infections
KATHERINE J. ZAMECKI

Orbital infections are among the most serious of all infec-
tions of the face. This is due to the possibility of the infec-
tious process affecting the critical sense of vision, as well as 
to the close proximity and ease of spread of the infection to 
the central nervous system. This chapter will discuss the eti-
ology, diagnosis, and management of infections of the orbit. 
Primary emphasis will be on bacterial infection, with some 
mention made of fungal infections affecting the orbit.

Bacterial Orbital Cellulitis

Of all the infectious processes involving the orbit, bacterial 
infection is by far the most common variety encountered 
clinically. Bacterial infection involving the tissues posterior to 
the orbital septum is categorized as orbital cellulitis. Orbital 
cellulitis should be differentiated from preseptal cellulitis, 
which is a superficial infection limited to the eyelids and aris-
ing most commonly from skin infection (e.g., a secondarily 
infected hordeolum, insect bite), penetrating trauma (e.g., 
surgery), or foreign body. A patient with preseptal celluli-
tis may have significant erythema, edema and induration of 
the eyelids, and mechanical ptosis, but will have a white and 
quiet eye with full ocular motility. In contrast, orbital cel-
lulitis involves the retroseptal structures and will often result 
in chemosis (fluid accumulation under the conjunctiva), 
ophthalmoplegia, axial or nonaxial proptosis, and elevated 
orbital and intraocular pressures (Figure 20-1). Patients will 
typically have more pain and will appear more toxic.

Orbital cellulitis requires urgent attention because it can 
lead to blindness, significant morbidity, or death if untreated 
or undertreated. It must be recognized and treated early 
with appropriate antibiotic therapy, typically in a hospital 
setting and with close monitoring for involvement of the 
visual system.

Most cases of orbital cellulitis arise from an endog-
enous source, such as the adjacent paranasal sinuses, with 
the ethmoid sinuses being the most commonly involved. 
Infection can also occur secondary to trauma (including 
surgical trauma),1,2 acute dacryocystitis, extension of a den-
tal abscess, intraorbital foreign body, and metastatic seed-
ing from an underlying septicemia. There are several reasons 

that an infection can readily spread to the orbit. These rea-
sons include the paper-thin lamina papyracea separating the 
orbit from the adjacent ethmoid sinuses and anastomosis of 
the ophthalmic venous system with that of the facial, pter-
ygoid, and cranial venous systems. In addition, the orbit 
lacks lymphatic tissue via which to drain infectious mate-
rial. Only a minority of cases of orbital cellulitis develop an 
intraorbital abscess, but this is a feared complication and 
always requires surgical drainage (Figure 20-2).

A subperiosteal abscess can be a complication of orbital 
cellulitis in children and adults. It occurs most commonly 
in the setting of acute bacterial sinusitis. Subperiosteal 
abscesses are seen more commonly in the pediatric popula-
tion, most likely because of the thicker, more elastic nature 
of the periosteum in the pediatric orbit. When purulent 
material from the adjacent sinuses (most commonly the 
ethmoids) traverses the thin lamina papyracea, it will accu-
mulate in the potential space under the periosteum, caus-
ing a characteristic convex, enhancing opacity on orbital 
imaging (Figure 20-3). A subperiosteal abscess occurs in 
approximately 15% of cases of pediatric orbital cellulitis 
and can result in various visual sequelae in 15 to 30% of 
these patients.3 It is most common along the medial rec-
tus and will result in nonaxial proptosis and impaired gaze 
toward the side of the abscess.

The microbiology of subperiosteal abscesses may depend 
on the age of the patient, as demonstrated by Harris in his 
retrospective review of 37 immunocompetent patients with 
subperiosteal abscesses.4 Patients younger than 9 years more 
often have monomicrobial infections and negative cultures. 
Patients older than 9 years often have polymicrobial infec-
tions and anaerobic organisms on culture. This is believed to 
explain why younger children may respond better to conser-
vative management with intravenous antibiotics alone.

Management of a subperiosteal abscess should be guided 
by factors such as size of the abscess, location within the 
orbit, anticipated microbiology based on age of the patient 
and history, and visual status of the patient.5 Management 
strategies fall into three categories: expectant observation, 
urgent (within 24 hours) surgical drainage, and emergent 
(as soon a possible) surgical drainage.4,6 If the abscess is 
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small, along the medial orbital wall, occurring in a patient 
younger than 9 years and there is no visual compromise, 
broad-spectrum intravenous antibiotics with close observa-
tion may often be adequate therapy. Some of these patients 
may still require surgical intervention. Prompt surgical 
drainage should be considered if and when there is visual 
deterioration (e.g., development of a relative afferent pupil-
lary defect, decreased vision, decreased color vision), the 
patient fails to improve on the appropriate antibiotic ther-
apy, or the patient worsens clinically. If the abscess is large, 
the source of infection or age of the patient suggests a poly-
microbial–anaerobic infection, there is evidence of frontal 
sinusitis, the abscess is not along the medial orbital wall, or 
there is any evidence on examination of visual compromise, 

then urgent surgical drainage is necessary to minimize per-
manent visual complications and other potentially devastat-
ing complications. Surgical drainage can be accomplished 
endoscopically or via an external incision. The technique 
used will be dictated by the location of the abscess and the 
patient’s underlying anatomy.

There are no universally accepted guidelines regarding 
treatment, and each case must be approached indepen-
dently. Some small children with subperiosteal abscesses 
will require surgical drainage. Likewise, some older children 
may respond to conservative management. Most important, 
however, is the prompt and accurate recognition of any 
visual compromise or other serious complications, such as 
intracranial spread. A case-by-case approach and a coopera-
tive approach between ophthalmologists and other surgeons 
are often necessary.

Microbiology

The most common causative organisms in orbital cellulitis are 
Staphylococcus and Streptococcus species. Less common caus-
ative agents include Haemophilus influenzae type B (HiB), 
Pseudomonas, Klebsiella, Enterococcus, Peptostreptococcus, Fuso-
bacterium, and Bacteroides species.7-10 Since the advent of the 
HiB vaccine in 1985, H. influenzae has gone from being the 
most common causative pathogen in pediatric orbital cel-
lulitis to an infrequent cause.11 With recent expanded use 
of Streptococcus pneumoniae vaccination in children, a similar 
downtrend may be observed for this organism.

In recent years, there has been an increased incidence of 
orbital cellulitis cases caused by methicillin-resistant Staph-
ylococcus aureus (MRSA).12-15 In a retrospective review of 

• Figure 20-1 Left orbital cellulitis with significant erythema and 
edema of the eyelids. There is mechanical ptosis.

• Figure 20-2 Coronal computed tomographic scan with contrast 
showing a loculated, enhancing mass in the left superolateral orbit 
consistent with an abscess.

• Figure 20-3 Coronal computed tomographic scan with contrast 
showing a subperiosteal abscess along the right medial orbital wall. 
Note the significant opacification of the bilateral maxillary and ethmoid 
sinuses.
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pediatric orbital cellulitis cases, 36% of positive cultures 
yielded MRSA.10 The rising incidence of a variety of MRSA 
infections is of public health concern because of the limited 
number of effective antibiotics presently available. MRSA 
periocular infections may also have a poorer outcome. Rutar 
et al15 reported a case of bilateral blindness resulting from 
orbital cellulitis caused by community-acquired MRSA.  
In a small retrospective review of 15 cases of culture-positive 
MRSA orbital cellulitis, Mathias et  al16 found that eyelid 
swelling was the predominant presenting sign, there was a 
low incidence of concomitant paranasal sinus disease (17% 
in the pediatric group, 22% in the adult group), there was  
a high percentage of lacrimal gland abscesses in the pedi-
atric group (typically a rare finding in orbital cellulitis), 
27% of cases demonstrated multiple orbital abscesses, and 
27% of patients had a final visual acuity of light percep-
tion or worse. This was a small, retrospective study and 
larger studies are needed, but the authors concluded that 
MRSA orbital cellulitis should be suspected when there is a 
lack of associated paranasal sinus disease, there is a lack of 
antecedent trauma or upper respiratory infection, and there 
are multiple orbital abscesses. Treatment consists of appro-
priate antibiotic coverage and surgical intervention for the 
abscesses.

Rarely, group A β-hemolytic streptococcus can cause 
necrotizing fasciitis of the periocular area. Necrotizing fasci-
itis of the head and neck region is rare (accounting for 10% 
of cases), but can result in significant morbidity, including 
blindness.17 Infection can occur in healthy or chronically 
ill patients and after minor trauma or surgery. Necrotizing 
fasciitis of the eyelids is even less common and has a mortal-
ity of 10%.18 It can occur in the bilateral periocular area, 
and it has been described as occurring after blepharoplasty 
and dacryocystorhinostomy.18 Elner et al19 described seven 
cases of periocular necrotizing fasciitis; six of the patients 
developed blindness in one eye. The most common reason 
for loss of vision was central retinal artery occlusion. Nec-
rotizing fasciitis should be suspected when there is rapid 
spread of infection and cyanosis of the tissues. Patients usu-
ally need systemic monitoring because of the high level of 
concomitant septic shock. Treatment is with systemic anti-
biotic treatment and surgical debridement. The amount of 
debridement will depend on the level of involvement by 
the infection. In serious periocular infection, this treatment 
may involve orbital exenteration.

Atypical organisms such as Mycobacterium tuberculosis 
should be suspected in immunocompromised patients with 
a clinical history suggestive of extrapulmonary tuberculosis.

Examination

The examination of the patient with orbital cellulitis is criti-
cally important in deciding the severity of infection, level 
of concern for negative sequelae, and treatment. Patients 
with orbital cellulitis are often systemically ill with fever and 
an elevated white blood cell count. Blood cultures may be 
positive. A thorough history may reveal the possible source 

of infection. Many patients will have a history of a recent 
upper respiratory infection or active sinus disease symptoms.

Ophthalmic examination should consist of measurement 
of visual acuity, evaluation of ocular rotations, assessment for 
an afferent pupillary defect, color vision evaluation (in each 
eye individually), intraocular pressure measurement, and a 
dilated fundus with careful examination of the optic nerve. 
It is best to consult the ophthalmology service to follow the 
patient closely. Any signs of possible optic nerve compro-
mise, such as decreased vision, presence of a relative afferent 
pupillary defect, decreased color vision, or optic nerve swell-
ing, demand aggressive treatment with emergency surgical 
intervention. Aggressive treatment is also warranted in cases 
of orbital compartment syndrome, orbital apex syndrome, 
and cavernous sinus thrombosis, as these complications can 
result in significant morbidity and even possible mortality. 
Examinations should be performed anywhere from every 
few hours to once daily, depending on the clinical situation 
and level of concern. It is helpful for the same examiner to 
examine the patient serially so that improvement or deterio-
ration can readily be observed. Examiners should document 
specific objective examination findings that can be clearly 
followed. It is helpful for the patient to keep his or her head 
elevated most of the time to avoid exacerbating any orbital 
or periorbital edema that could be interpreted as clinical 
worsening.

Imaging should be obtained in every patient to confirm 
the diagnosis and to assess the extent of disease in the orbit 
and paranasal sinuses. Imaging is of critical importance if 
the clinical examination suggests an abscess, if there is uncer-
tainty about the diagnosis and possible suspicion for a dif-
ferent orbital process (i.e., idiopathic orbital inflammation, 
tumor), or if a patient is continuing to worsen despite appro-
priate antibiotic therapy. In the latter case, there should be 
a high suspicion for an orbital abscess. Contrast-enhanced 
computed tomography (CT) of the orbits and sinuses with 
3-mm cuts is the preferred imaging modality. An abscess 
will be radiopaque on CT with an area of enhancement and 
possible air-fluid level. Magnetic resonance imaging (MRI) 
with gadolinium and fat suppression should be obtained if 
there is a need to image the cavernous sinus or intracranial 
structures, or if no abscess was found on CT but clinical sus-
picion remains high.20 If there is a concern about radiation 
exposure with CT in a young child, MRI can be performed. 
MRI using diffusion-weighted imaging has recently been 
demonstrated as effective in identifying an abscess.21 The 
advantages of diffusion-weighted imaging are that it does 
not require contrast administration and has a rapid acqui-
sition time. Imaging can also help to differentiate orbital 
cellulitis from other inflammatory conditions of the orbit 
if clinical examination alone is not sufficient to tell them 
apart. The clinical examination should always be relied on 
more heavily than the radiologic examination. Radiologic 
evidence of disease resolution might not reflect clinical 
improvement and can make management decision making 
difficult, especially if surgical intervention or oral corticoste-
roid therapy is being considered.
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Treatment

Before the antibiotic era, 17% of patients with orbital cel-
lulitis died from meningitis and 20% of patients went blind. 
Today, prompt treatment with broad-spectrum intravenous 
antibiotics and close observation make these unfortunate 
sequelae a rarity. The chosen antibiotic should have good 
central nervous system penetration in case of intracranial 
spread of infection. If anaerobic organisms or drug-resistant 
organisms (e.g., MRSA) are suggested, appropriate antibi-
otics should be chosen. Blood cultures may be completed;  
if the results are positive, they can help with focusing anti-
biotic therapy. Blood cultures may not need to be used 
routinely, because they seem to be of low yield, especially 
in the pediatric population.10 If blood is to be drawn for 
cultures, it is best to draw blood before initiating intrave-
nous antibiotics to maximize the chance of a positive culture 
result. A consultation with an infectious disease specialist 
is highly recommended, especially in atypical cases such as 
an immunocompromised patient or an atypical organism. 
Intravenous antibiotics are typically continued until the 
patient defervesces and it is clear that the orbital cellulitis 
is improving. With clinical improvement, there should be 
improvement in periorbital and ocular edema, improve-
ment in ocular motility, and decreased pain. Return of 
appetite and improvement in general appearance is often a 
good indicator of improvement in children with a subperi-
osteal abscess.22 The patient can then be switched to oral 
antibiotics and discharged home. Antibiotic treatment for 2 
to 3 weeks is typical.

If an orbital abscess is identified, it requires urgent sur-
gical drainage to decrease the chance for the development 
of any negative sequelae. Intraoperative cultures should be 
taken to help further tailor antibiotic treatment. A sub-
periosteal abscess can be initially treated with intravenous 
antibiotics and with the patient being followed closely (see 
discussion on subperiosteal abscess). Any sign of clinical 
decompensation will require surgical drainage as well. An 
orbital compartment syndrome may require decompres-
sion with a lateral canthotomy and inferior cantholysis to 
relieve intraorbital pressure. Evaluation of the sinuses and 
correction of any underlying structural abnormality that 
may predispose the patient to recurrent sinusitis should be 
identified and corrected by an otolaryngologist.

There has been increased interest in the role of adjunct 
corticosteroids in the treatment of the significant orbital 
inflammation that often accompanies orbital cellulitis. It is 
known that significant and prolonged inflammation can lead 
to complications. A small, prospective, randomized, com-
parative clinical trial by Pushker et al23 from India compared 
patients with orbital cellulitis treated with broad-spectrum 
intravenous antibiotics with and without oral corticoste-
roids. Corticosteroids were started after patients demon-
strated a clinical response to antibiotic therapy. Patients 
treated with adjuvant oral corticosteroids had statistically 
significantly less ptosis, proptosis, and extraocular motility 
deficit at 3 months. These patients also achieved better vision 

more rapidly and had faster resolution of ocular and orbital 
edema and pain. Final visual outcome was the same in the 
two groups. These authors advocate for judicious use of oral 
corticosteroids in orbital cellulitis and recommend further 
exploration of the subject. Yen et al24 in their small, retro-
spective study found that intravenous corticosteroids given 
early in the treatment of pediatric subperiosteal abscess had 
no adverse effects. More patients not treated initially with 
intravenous corticosteroids required outpatient intravenous 
antibiotic therapy, but patients in both groups had even-
tual resolution of the abscess. Unfortunately, the retrospec-
tive and small nature of the study severely limits its power. 
Going forward, randomized, controlled, prospective studies 
are needed to demonstrate whether and when adjunct corti-
costeroids should be started, at what dose, and for how long.

The eye and adnexa may require supportive care during 
the orbital infection. If there is proptosis resulting in lagoph-
thalmos, frequent lubrication should be initiated to mini-
mize the effects of corneal exposure. If exposure keratopathy 
is significant and the vision is threatened, a temporary tar-
sorrhaphy may be required. This can be done at the bedside. 
If there is significant inflammation of the conjunctiva, topi-
cal antibiotic–corticosteroid drops can be administered.

Complications

Complications arising from orbital cellulitis can be classified 
as visual or neurologic. Both can be potentially devastating 
to the patient, but luckily are rare.

Visual loss by a variety of mechanisms and to a varying 
degree occurs in approximately 11% of patients with orbital 
cellulitis.25 Visual complications range from corneal expo-
sure owing to proptosis and lagophthalmos to optic nerve 
compression from an abscess with loss of vision. An orbital 
“compartment syndrome” can occur secondary to edema and 
inflammation that accompany an infection; this can lead to 
optic nerve compression, elevated intraocular pressure, and 
ischemia to the extraocular muscles and globe. There can be 
inflammation-related occlusion of intraocular or orbital vas-
culature resulting in profound loss of vision. Rarely, infection 
spreads intraocularly and causes an acute endophthalmitis, a 
condition with a very poor visual prognosis. An orbital apex 
syndrome can occur when inflammatory or infectious mate-
rial infiltrates or compresses the apex of the orbit and results 
in visual loss, ophthalmoplegia, and sensory deficits because 
of involvement of branches of the trigeminal nerve.

Neurologic complications include meningitis, intra-
cranial abscess, cavernous sinus thrombosis, and second-
ary complications resulting from central nervous system 
spread. Central nervous system involvement can occur 
because of thrombophlebitis, direct transmission of infec-
tion through orbital bony dehiscences, or osteomyelitis.26 
Meningitis has been reported to occur in 1.9% of patients 
with orbital cellulitis receiving antibiotic therapy.27 Patients 
may exhibit altered mental status, fever, lethargy, a stiff 
neck, and possibly focal neurologic signs. Meningitis is usu-
ally treated medically. Intracranial abscess formation occurs 
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in approximately 3% of patients with orbital cellulitis (or 
sinusitis) and nearly always requires neurosurgical interven-
tion.28 As previously mentioned, a subperiosteal abscess 
along the orbital roof can increase the risk for intracranial 
spread and should be monitored appropriately. Cavern-
ous sinus thrombosis, a complication occurring in 19.2% 
of patients with orbital cellulitis, manifests with unilateral 
proptosis, ophthalmoplegia, and multiple cranial nerve pal-
sies.23 Involvement of the contralateral cavernous sinus can 
occur rapidly, and meningeal signs are often present. Cav-
ernous sinus thrombosis can be differentiated from orbital 
apex syndrome by the direct involvement of the optic nerve 
seen in the latter condition.

Fungal Orbital Cellulitis

Fungal infections of the orbit are uncommon and usu-
ally arise secondarily to involve the orbit in the setting of 
nasal, sinus, and skull base infection. This is a potentially 
devastating type of infection with a high mortality rate and 
usually occurs in immunocompromised patients, although 
there are forms of aspergillosis affecting immunocompetent 
patients. Common fungal organisms include aspergillus 
and those from the Mucor genus. Primary fungal orbital 
infection can be seen secondary to an orbital foreign body. 
Treatment includes intravenous antifungal therapy and sur-
gical debridement. Especially with mucormycosis, which is 
an especially aggressive organism, debridement may need 
to include exenteration to decrease the chances for further 
spread of infection. Unfortunately, no clear guidelines exist 
as to when to exenterate or not, and each patient should be 
managed on a case-by-case basis.29
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21
Brain and Meningeal 
Infections
RYAN ZENGOU AND MATTHEW ANDERSON

A healthy and normally functioning brain is critical to life. 
Thus, an infection of the brain or meninges is typically life-
threatening and calls for speedy diagnosis and treatment. 
Although infections of this region can occur de novo, due 
to its abundant vasculature and location next to other sites 
prone to infection, many infections of the brain arise due to 
hematogenous or direct spread. This chapter discusses the 
pathophysiology and management of infections of the brain 
and its enveloping meninges.

Meningitis

Meningitis, an inflammation of the leptomeninges, affects 
millions of patients annually. The two most common 
causes of meningitis are pneumococcus (Figure 21-1) and 
meningococcus (Figure 21-2). It is one of the most dreaded 
nosocomial infections associated with neurosurgical proce-
dures. Risk factors for meningitis associated with neurosur-
gery include cerebrospinal fluid (CSF) leakage, nonelective 
surgery, clean-contaminated and dirty wounds, operative 
time longer than 4 hours, and multiple surgeries.1 Many 
of the classic organisms that affect these patients include 
gram-negative bacteria (Klebsiella pneumoniae, Escherichia 
coli, Pseudomonas species, and Acinetobacter species) as well 
as gram-positive bacteria (Staphylococcus aureus, coagulase- 
negative staphylococci, Streptococcus pneumoniae, and Group 
B Streptococcus).2 Thus, it is important to provide antibi-
otic prophylaxis. Antibiotic prophylaxis should be aimed at 
the hospital’s most common organisms. Many surgeons use 
cloxacillin or amikacin at induction and provide dosing of 
either of these medications for 24 hours after the surgery is 
complete. It is thought that the reason for the association 
between neurosurgical procedures and meningitis is due to 
CSF leakage and not the actual surgery itself.3

Signs of community-acquired meningitis (headache, 
neck stiffness, fever, and impairment of consciousness) 
are very different than postsurgical meningitis.2 Fever or a 
delayed postsurgical recovery should prompt evaluation for 
meningitis. However, suspicion for meningitis must be high 

on the differential because many patients, especially those 
with diabetes mellitus or cardiopulmonary disease, do not 
present with the classic symptoms. If the patient is suspected 
of having meningitis, it is important to perform a lumbar 
puncture to help differentiate between bacterial and viral 
infections. In bacterial meningitis, the opening pressure is 
elevated (>180 mm H2O), white blood cell count (WBC) is 
elevated (10 to 10,000 cells/μL), percentage of neutrophils is 
increased (>80%), protein is increased (100 to 500 mg/dL),  
glucose is decreased (<40 mg/dL), and CSF/serum glucose 
ratio is below 0.4. In contrast, CSF findings in patients with 
viral meningitis include moderately increased WBCs with 
25 to 500 cells/μL of CSF lymphocytes, normal or slightly 
increased elevated protein (20 to 80 mg/dL), normal glu-
cose concentration, and a negative Gram stain.4

Initial therapy for post-neurosurgical meningitis should 
include ceftazidime, which covers Pseudomonas aeruginosa 
and other gram-negative bacteria, and vancomycin, which 
covers S. aureus and other gram-positive bacteria.5 Once 
Gram stains and CSF cultures have been obtained, antibiot-
ics can be narrowed down accordingly. Imaging for men-
ingitis should be performed after the lumbar puncture has 
been performed and the patient has been started on antibi-
otics. Imaging is important in the neurosurgical patient who 
develops meningitis to establish the possible entry point of 
the bacteria. Furthermore, both neurosurgical and non- 
neurosurgical patients with meningitis who develop hydro-
cephalus require neurosurgical intervention. While the 
patient is being treated for the infection, a ventriculostomy 
should be placed; once the patient has cleared the infection, 
he or she should receive a ventriculoperitoneal shunt if the 
natural drainage does not return.6

It is important to have a high index of suspicion for menin-
gitis in a neurosurgical patient because missing the diagnosis 
can lead to debilitating complications or death. These com-
plications include, but are not limited to, seizures, sensori-
neural hearing loss, intellectual impairment, cerebral edema, 
and cranial nerve palsies.7 Thus, it is important to recognize 
the signs of meningitis and promptly begin treatment.
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Encephalitis

Encephalitis is a diffuse inflammation of the brain paren-
chyma with clinical evidence of brain dysfunction. It is 
often viral in nature.8 The main feature of encephalitis 
that distinguishes it from meningitis and cerebritis is the 
presence of brain impairment associated with encephalitis. 
The most common presenting symptoms of patients with 
encephalitis are fever accompanied by headache, altered 

level of consciousness, and evidence of cerebral dysfunc-
tion.9 If the patient begins to show signs of meningismus 
(nuchal rigidity, photophobia, and headache), the infec-
tion has likely spread to the meninges. Once the enceph-
alitic infection has spread to the meninges, the process is 
now called meningoencephalitis. The most common viral 
causes of encephalitis are herpes simplex virus (HSV-1 
and 2), varicella-zoster virus (VZV), Epstein-Barr virus 
(EBV), cytomegalovirus (CMV), and human herpesvirus  

A B C

• Figure 21-1 Pneumococcal meningitis. CT scan (A) and coronal T2-weighted (B) and gadolinium-
enhanced T1-weighted (C) MR images demonstrate enhancing subdural collections (A to C, top long 
and short arrows), venous thromboses (B, top short arrows and arrowheads), and infarctions (A and 
B,  bottom short arrows). (From Blickman JG, Parker BR, Barnes PD: Pediatric radiology: the requisites, 
ed 3,  Philadelphia, 2007, Mosby.)

A B

• Figure 21-2 Patient with pneumococcal meningitis. A, CT scan on presentation reveals moderate 
cortical atrophy. B, CT scan 3 days later reveals diffuse swelling of the cerebral hemispheres bilaterally, 
with effacement of the ventricular system. (From Bennett JE, Dolin R, Blaser MJ: Mandell, Douglas, and 
 Bennett’s principles and practice of infectious diseases, ed 8, Philadelphia, 2015, Saunders.)
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(HHV-6 being the most common). Bacteria that are known 
to cause encephalitis include Rickettsia, Ehrlichia, and Bor-
relia burgdorferi. Encephalitis can also be caused by proto-
zoa, fungi, and parasites.9

History and physical examination are important in 
determining the causal organisms that have led to the 
clinical picture. Bacteria causing encephalitis often pres-
ent suddenly, whereas viral encephalitis presents in a more 
insidious fashion. If there is a clinical picture of encepha-
litis along with cranial nerve damage, listeriosis should be 
at the top of the differential.10 If a patient presents with 
encephalitis along with a cerebellar syndrome, the patient 
should be tested for VZV11 (Figure 21-3). Encephalitis in 
the setting of respiratory damage should alert the clinician 
of possible mycoplasma, tuberculosis (TB), or adenovirus 
infection.10 Other important historical clues include time of 
year (e.g., mosquito season suggests arboviruses), geography 
(e.g., being in a western state such as California or Arizona  
can point to West Nile virus),12 and animal exposure (expo-
sure to an animal bite can lead to suspicion of rabies). The 
physical examination can also help to differentiate the cause 
of encephalitis. The presence of parotitis suggests mumps, 
grouped vesicles in a dermatomal pattern suggests VZV, and 
flaccid paralysis that evolves into encephalitis suggests West 
Nile virus.13 It is important to determine the cause of the 
encephalitis to prevent further exposure to the causal organ-
ism and ensure proper treatment.

The initial diagnostic tests in patients presenting with 
encephalitis should include a complete blood cell count, 
complete metabolic profile, coagulation studies, blood cul-
ture, CSF for cell count, glucose, protein, cultures, HSV 
polymerase chain reaction (PCR), electroencephalogram 
(EEG), and magnetic resonance imaging (MRI) or com-
puted tomography (CT) with and without contrast.8 Imag-
ing can also help to elucidate the cause of encephalitis. 

HSV encephalitis often begins in the anterior part of the 
temporal lobe and extends to the inferior orbital cortex, the 
cingulate gyrus, and the insula.10

Management of encephalitis should be tailored toward 
the etiologic agent, but often patients with acute viral 
encephalitis receive acyclovir to treat herpes simplex viral 
encephalitis until diagnostic studies (both imaging and PCR 
of the CSF) prove otherwise.14 For other etiologies, care is 
mostly supportive.14 Supportive care includes treatment of 
raised intracranial pressure with intravenous (IV) mannitol 
and/or steroids, anticonvulsants if seizures are present, and 
correction of fluid and electrolyte imbalances.15

Complications of encephalitis include increased intra-
cranial pressure, cerebral infarction, cerebral venous throm-
bosis, syndrome of inappropriate antidiuretic hormone 
(SIADH), aspiration pneumonia, and disseminated intra-
vascular coagulation, which should all be monitored in the 
intensive care unit (ICU) setting. Furthermore, long-term 
sequelae of encephalitis include difficulties in concentra-
tion, behavioral and speech disorders, and memory loss.14

Rhombencephalitis

Rhombencephalitis (RE) refers to inflammatory diseases of 
the rhombencephalon, or hindbrain. The most common 
etiology is infection, although autoimmune disorders and 
paraneoplastic syndromes are also sources. Regardless of eti-
ology, 75% of cases present with some type of cranial nerve 
paresis. Infectious causes also commonly present with cer-
ebellar ataxia and an altered level of consciousness.

The most common cause of RE is Listeria monocyto-
genes (Figure 21-4). Listerial RE affects immunocompetent 
patients, who typically present with a prodrome of head-
ache, fever, nausea, vomiting, and malaise lasting for 1 to 
15 days, followed by brainstem dysfunction. This involves 

A BB

• Figure 21-3 VZV encephalitis. Coronal T2-weighted images passing through occipital (A) and frontal 
(B)  lobes show cortical gray and subcortical white matter involvement of cerebellum and frontal lobes. 
(From Bulakbasi N, Kocaoglu M: Central nervous system infections of herpesvirus family, Neuroimag Clin 
North Am 18(1):53-84, 2008.)
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unilateral cranial nerve deficiency (CN VII most com-
monly), and is often accompanied by ipsilateral long tract 
signs, cerebellar deficits, respiratory failure, and menin-
gismus. CSF cultures are the most specific diagnostic test. 
MRI abnormalities consist of increased signal intensity in 
the rhombencephalon and upper cervical cord; some cases  
show ring-enhancing abscesses on T2-weighted and fluid 
attenuation inversion recovery (FLAIR) sequences. Early 
administration of antibiotics reduces mortality, which is 
between 20 and 30%. Roughly 55% of recovered patients 
will have neurologic sequelae.

Viral etiologies for RE include enterovirus 71 (EV71) 
and, less commonly, HSV. Epidemics of EV71 have 
occurred regularly in the Asian-Pacific and, more recently, 
in European countries. Patients with EV71, typically chil-
dren and teenagers, present with hand-foot-and-mouth 
disease, rhombencephalitis, and pulmonary edema. Neuro-
logical symptoms include myoclonic jerks, tremors, ataxia, 
CN palsies, coma, and respiratory failure. HSV patients 
present with neuro-ophthalmologic symptoms and other 
CN deficits; some cases show concurrent inflammation of 
the temporal and/or frontal lobes. The diagnosis is made 
with CSF analysis, MRI, and virus isolation, if possible. No 
standard therapy exists for EV71, although there is anec-
dotal support for the use of IV immunoglobulin. For HSV, 
treatment with acyclovir reduces mortality.

Cerebritis

Cerebritis is defined as an area of brain parenchyma with 
poorly demarcated acute inflammation accompanied by an 

increase in local vascular permeability. Without interven-
tion, these local pockets of inflammation can progress to 
pyogenic brain abscesses over a period of 10 to 15 days. Cere-
britis occurs in two stages: The early stage is characterized by  
neutrophil accumulation, tissue necrosis, and edema; the 
late stage is marked by an accumulation of lymphocytes and 
macrophages. Once a well-vascularized fibrous wall forms, 
an abscess has formed, and cerebritis is rarely discussed in 
the literature outside the context of brain abscesses.

Three routes of infection cause cerebritis. The first, which 
accounts for 25 to 50% of cases, is the spread of an infection 
from a pericranial nidus such as the middle ear, sinuses, or 
mouth. The second, which occurs in 15 to 30% of cases, 
is hematogenous spread from a distant source of infec-
tion. The third route of infection is direct exposure of brain 
parenchyma from trauma or surgery and accounts for 8 to 
19% of cases. Streptococcus is cultured in 70% of bacterial 
brain abscesses. Other bacterial causes depend on origin of 
location. Brain abscesses are more common in men than 
women and are mostly seen in elderly or pediatric male 
patients. Symptoms are nonspecific and include headache 
and severe pain ipsilateral to the lesion, with focal neuro-
logic deficiency and fever seen in about 50% of patients. 
MRI is preferred to CT for diagnosis, as it is especially sen-
sitive for picking up early cerebritis. Cerebritis is treated 
with appropriate antibiotics. Surgical drainage is commonly 
indicated once cerebritis has progressed to the abscess stage.

Brain Abscess

A brain abscess is a collection of pus that forms within 
the brain parenchyma (Figure 21-5). There are multiple 
causes of brain abscesses. They most commonly form from 
contiguous spread from a sinus abscess, otitis media, or 
dental infection.16 They can also form via hematogenous 
spread of infections such as chronic pulmonary infections, 

• Figure 21-4 MRI image of a patient with Listeria monocytogenes 
rhombencephalitis. Patient’s symptoms included facial numbness, 
peripheral facial weakness, and rapid obtundation. (From Pruitt AA: 
Neurologic infectious disease emergencies, Neuro Clin 30(1):129–159, 
2012.)

• Figure 21-5 Brain abscess of invasive aspergillosis with ring 
enhancement and extensive edema. (From Bennett JE, Dolin R, Blaser 
MJ: Mandell, Douglas, and Bennett’s principles and practice of infec-
tious diseases, ed 8, Philadelphia, 2015, Saunders.)
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intra-abdominal infection, or endocarditis.16 Direct con-
tamination after surgery or trauma can also occur, but 
is less common. Patients predisposed to brain abscesses 
include those who are immunocompromised, those with 
pulmonary arteriovenous malformations, and those with 
congenital heart malformations.6 These abscesses develop 
from a stage of cerebritis and massive white matter edema 
to finally encapsulate into the abscess form that is seen on 
presentation. The causal organism depends on the source of 
the infection. For patients with infections in the paranasal 
sinuses and lungs or with congenital cardiac malformations, 
Streptococcus species are the most likely cause. In patients 
with concurrent endocarditis, viridans streptococci and 
S. aureus are the most common causes. In patients with pen-
etrating head trauma or a recent neurosurgical procedure, 
S. aureus, Streptococcus species, P. aeruginosa, and Enterobac-
ter are the most common causes of brain abscesses.

Brain abscesses tend to present in the first three decades 
of life.17 Although there are various ways for brain abscesses 
to present themselves, the classic clinical presentation of a 
patient with a brain abscess is that of an isolated mass syn-
drome with signs of intracranial hypertension (headache, 
nausea, vomiting), epilepsy attacks, and progressive neuro-
logic deficit. The pain usually localizes to the side of the 
abscess and can be either gradual or sudden. Frontal lobe 
abscesses, however, tend to show no signs or symptoms for 
a long time. Abscesses in the cerebellum may present with 
cranial-nerve palsy, gait disorder, or symptoms of hydro-
cephalus (headache or altered mental status).18 Further-
more, signs of infections, such as fever, are not consistently 
present in patients with brain abscesses.

Brain CT with contrast is a valuable initial diagnostic tool 
because it can provide quick information on the location, 
size, number, mass effect, shifts, and the presence of intra-
ventricular rupture.17 Although contrast-enhanced MRI is 
more sensitive, it is not as useful in the acute setting. Clas-
sically, CT shows a thick and diffuse ring-enhancing lesion 
following contrast injection.17 However, in the early cere-
britis phase of the infection, it may just show an irregular 
area of low density that does not enhance following contrast 
injection.19 Furthermore, once the lesion has matured and 
becomes encapsulated, the contrast studies will likely show 
a thin ring, which may not be uniform in thickness. Use of 
CT has drastically reduced the mortality of this infection.

Once the diagnosis of a brain abscess has been made, 
treatment of the lesion should take place. Antibiotics should 
be started promptly after neurosurgical intervention has 
taken place unless the disease is severe, the patient is clinically 
unstable, or surgery cannot be performed in a few hours.16 
If the causal organism is not known, it is recommended 
to aspirate all abscesses greater than 1 cm in diameter to 
determine the causal organism and provide the most specific 
medical treatment.16 If the causal organism is known, treat-
ment depends on the size and extent of the lesion. Small 
abscesses (lesions <2.5 cm) and lesions in the cerebritis phase 
tend to respond well to medical therapy alone (i.e., appro-
priate antibiotics and symptom management).20 If there are 

multiple abscesses, the largest abscess should be aspirated 
and antibiotics should be subsequently administered along 
with weekly CT scans to monitor the size of the abscess.20 
Craniotomy and excision should also be done for abscesses 
that enlarge after 2 weeks of antibiotic therapy, that fail to 
shrink after 3 to 4 weeks of antibiotics, that are larger than 
2.5 cm on presentation, that are multiloculated on presenta-
tion, or that are large and have significant mass effect.16, 17 
Furthermore, excision of all abscesses in the cerebellum is 
recommended as well. In either case, total excision of the 
abscess is not required, although it should be considered 
in abscesses that are superficial, are not located in eloquent 
brain tissue, and/or are caused by fungi or TB.16

Neurocysticercosis

Neurocysticercosis (Figure 21-6) is an infection of the brain 
parenchyma caused by the larval form of Taenia solium. It is 
the most common parasitic infection of the central nervous 
system, affecting approximately 2.5 million people world-
wide. It is most prevalent in the northern coast of Africa, 
India, and southern Africa.21 It is acquired by ingesting eggs 
of T. solium shed in the stool of a human tapeworm car-
rier, such as pork, although people who do not eat pork can 
auto-infect themselves through ano-oral contamination. 
After ingesting the cysts, the embryos can spread hema-
togenously to various areas of the body and form cysts. 
Depending on where the cysts are located in the brain, there 

• Figure 21-6 Neurocysticercosis in a 13-year-old immigrant from 
Africa. Patient presented with seizures. Fairly homogeneous solid 
enhancement identified in the right frontal lobe on a postcontrast spin 
echo T1-weighted image. (From Dahmoush HM, Vossough A, Roberts 
TPL: Pediatric high-field magnetic resonance imaging, Neuroimag Clin 
North Am 22(2):297–313, 2012.)
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are different presenting symptoms. In general, if the cysts 
are located in the brain parenchyma, patients present with 
seizures and headache, while patients with extraparenchy-
mal cysts present with signs of elevated intracranial pres-
sure or hydrocephalus along with altered mental status.22 
To confirm clinical suspicion of the disease, imaging and 
serodiagnosis are used. With respect to imaging, CT pro-
vides the best detection of parenchymal calcification, while 
MRI is most sensitive for detecting cysts in the ventricles.23 
For a serodiagnosis, the most reliable immunological test 
that is currently available is the enzyme-linked immuno-
electrotransfer blot (EITB) which can detect antibodies to 
T. solium cysts.22 Treatment consists of albendazole or pra-
ziquantel, and possibly seizure medications if the patient 
presents with seizures.22 Surgery is reserved for patients 
with complicated disease. Endoscopic procedures are used 
to remove free intraventricular cysts. If endoscopic efforts 
are not successful, ventriculoperitoneal (VP) shunts are the 
treatment of choice in patients with obstruction of the ven-
tricular system and hydrocephalus. Additionally, large cysts 
with scolex in the interior should be completely removed.6

Prion Diseases

Prion diseases are rare and unusual, due to the fact that the 
causal pathogen is an abnormal, mutated form of a cellular 
protein that resists proteolysis. On interacting with normal 
proteins, this abnormal protein can induce a conformation 
change that propagates the formation of more abnormal pro-
teins. This, combined with their resistance to proteolysis, causes 
an accumulation of prion proteins in neurons. Although the 
underlying mechanisms are not completely elucidated, this 
eventually leads to neuronal death. These diseases are known 
for having incubation periods upward of several decades.

Kuru, a form of prion disease endemic to Papua New 
Guinea, is thought to be transmitted from person to per-
son through now-ceased practices of ritual cannibalism. 
New cases have been identified as recently as 2004, and are 
thought to have had over a 50-year incubation period. Kuru 
occurs in well-defined stages. The early stage is characterized 
by tremors, ataxia, and postural instability. The sedentary 
stage follows, with a loss of ambulation from worsening of 
symptoms, and the appearance of involuntary movements. 
Dementia occurs in the late stage of the disease, and patients 
usually die from pneumonia 9 to 24 months after onset.

Creutzfeldt-Jakob disease (CJD), another form of prion 
disease, occurs in several forms. The iatrogenic form, dis-
cussed here, has occurred after a variety of procedures, such 
as administration of human pituitary hormones from cadav-
eric origins, dural graft transplants, liver transplants, and 
the use of contaminated neurosurgical instruments or deep 
implantation electrodes. Iatrogenic transmission of CJD is 
thought to be under control currently; however, cases still 
occur and, similar to kuru, are likely to be due to very long 
incubation periods. CJD classically presents with rapid, pro-
gressive mental deterioration and myoclonus. Brain biopsy 
is the gold standard for diagnosis. Unfortunately, there is no 

known effective treatment, and death occurs within a year 
of symptom onset.

Progressive Multifocal 
Leukoencephalopathy

Progressive multifocal leukoencephalopathy (PML) (Figure 
21-7), an opportunistic infection, involves demyelination 
of the central nervous system instigated by a reactivation 
(asymptomatic primary infection occurring in childhood) 
of the polyomavirus JC (JC virus). In severely immunocom-
promised individuals, the virus can reactivate and spread to 
the central nervous system (CNS), where it causes an infec-
tion characterized by lysis of oligodendrocytes. The preva-
lence of PML in the HIV/AIDS population is estimated 
at 5%. PML classically presents with subacute neurologic 
deficits such as altered mental status, neuro-ophthalmologic 
symptoms, hemiparesis, ataxia, and occasionally seizures. 
Neuroimaging results will appear with multifocal lesions 
spread across multiple vascular territories, without contrast 
enhancement or mass effect. Despite being considered the 
gold standard of diagnosis, brain biopsy carries significant 
morbidity and mortality in these populations. Taking con-
text and presentation into account, a reliable diagnosis can 
often be made with CSF analysis. No definitive treatment 
approach exists for PML. The main goal of treatment is to 
increase immunocompetency.

• Figure 21-7 CT appearance showing a hypodense lesion typical 
of PML involving the subcortical white matter in the right posterior 
frontal lobe. The overlying cortex is not involved and there is no mass 
effect. (From Shah R, Bag AK, Chapman PR, et al: Imaging manifesta-
tions of progressive multifocal leukoencephalopathy, Clin Radiol 65(6): 
431–439, 2010.)
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Immunosuppression-Related Infections

Toxoplasmic Encephalitis

Toxoplasma gondii is an intracellular protozoan parasite that 
can be present asymptomatically in immunocompetent 
patients. Infection is often acquired through ingestion of 
food and water that are contaminated with oocysts shed 
by cats or by eating undercooked or raw meat containing 
tissue cysts. In immunocompromised people, the parasite 
can reactivate and lead to infection, which most commonly 
manifests as cerebral abscesses. Toxoplasmic abscesses are 
characterized by a necrotic center with surrounding inflam-
mation.10 The clinical course of neurocysticercosis can range 
from an insidious course developing over a few weeks to 
acute confusional state with or without focal neurologic def-
icits.24 Other manifestations of this disease process include 
cranial nerve disturbances, sensory abnormalities, move-
ment disorders, and cerebellar signs.24

It is important to screen for T. gondii in patients with 
newly diagnosed HIV because toxoplasmic encephalitis is 
commonly observed in patients who have a latent infection 
with T. gondii.25 If a patient with newly diagnosed HIV tests 
positive for toxoplasma immunoglobulin G (IgG) and there 
is a CD4 count of less than 100 cells/μL, the patient should 
be started on trimethoprim-sulfamethoxazole (TMP-SMX) 
prophylaxis. In patients with toxoplasmic encephalitis, an 
“eccentric target sign” is seen on post contrast T1-weighted 
imaging, although a “concentric target sign” with areas of 
hypointensities and hyperintensities on T2-weighted imag-
ing is more specific for cerebral toxoplasmosis.26 Often, 
these lesions show evidence of edema. Although definitive 
diagnosis requires a brain biopsy, it has been shown that 
the combination of oral sulfadiazine and pyrimethamine is 
effective when the clinical picture (CD4 cell count <100, 
seropositivity for T. gondii IgG antibody, patient has not 
been receiving effective prophylaxis for toxoplasma) and 
imaging suggest infection with T. gondii.27 If the patient 
does not improve with treatment, a brain biopsy should be 
performed to rule out CNS lymphoma27.

Cytomegalovirus Encephalitis

HIV-associated CMV is an uncommon complication of 
late-stage AIDS that has decreased in incidence due to the 
institution of highly active antiretroviral therapy (HAART). 
This disease process often occurs in patients with a CD4 
count below 100 cells/mm3 and results from hematogenous 
spread of CMV.28 People are often infected in an immu-
nocompetent state; once the host becomes immunocom-
promised, such as in AIDS, the virus becomes reactivated. 
CMV infection can lead to multiple CNS manifestations. 
It can cause focal parenchymal necrosis, microglial nodules 
of the gray or white matter, or ventriculoencephalitis, with 
focal or diffuse destruction of the ependymal lining and 
periventricular tissue.29 Patients with CNS disease tend to 
present with an altered mental status that may be confused 
with HIV dementia. The diagnosis of CMV encephalitis 

requires detection of pp65 antigen in leukocytes and can be 
further confirmed with CSF analysis showing an elevated 
protein level and mononuclear leukocytosis, as well as PCR 
of CMV present in the CSF.30-32 A CT or MRI of the cere-
bral hemisphere and brain stem showing encephalitis or 
ventriculitis helps to confirm the diagnosis. Once the diag-
nosis of CMV encephalitis has been made, patients should 
be started on an aggressive course of ganciclovir or foscarnet 
because the prognosis of the disease is only about 50%, even 
with antiretroviral therapy.32

Tuberculous Meningitis

TB is a mycobacterial infection that continues to increase 
in incidence globally. Although there are three categories 
of CNS TB (tuberculous meningitis, intracranial tuber-
culoma, and spinal tuberculous arachnoiditis), the most 
severe extrapulmonary manifestation of TB is tuberculous 
meningitis, which has a high mortality rate and leaves 
many of the survivors with chronic neurologic sequelae.33 
There are multiple ways in which TB may reach the menin-
ges. In one model, a tuberculous focus may form in the 
meninges, subpial, or subependymal region of the brain 
and later rupture into the subarachnoid space or ventricu-
lar system, leading to meningitis.34 In another model, the 
meninges may be secondarily involved due to rupture of 
a tuberculoma into a vessel in the subarachnoid space.34 
Once the tuberculous focus has reached the subarachnoid 
space, it forms a thick, gelatinous, inflammatory exudate, 
which can lead to hydrocephalus, cerebral infarction, or, in 
rare cases, abscesses. Patients with tuberculous meningitis 
can present in one of three stages. During stage I, patients 
are lucid and have no focal neurologic signs. Patients in 
stage II exhibit lethargy and confusion and may show mild 
focal neurologic signs such as cranial nerve palsy or hemi-
paresis. Finally, in stage III, patients present with delirium, 
stupor, coma, seizures, multiple cranial nerve palsies, and/
or dense hemiplegia.35 Often the course of tuberculous 
meningitis is chronic. Because it does not usually present 
with the classic meningitis picture, there should be a high 
index of suspicion in certain patient populations, such as 
those that are immunocompromised. It is important for 
this infectious process to be recognized early because clini-
cal outcome is greatly dependent on the stage at which 
treatment is started. Diagnosis of TB includes both an 
analysis of the CSF and radiologic testing. CSF analysis 
consists of culture and sensitivity for Mycobacterium tuber-
culosis. Contrast-enhanced MRI is the superior imaging 
technique in evaluating patients with tuberculous menin-
gitis. It can show meningeal thickening of the peripontine, 
perimesencephalic cisterns and sylvian fissures. Meningeal 
thickening is often accompanied by dilation of the third 
and lateral ventricles.34 Treatment of the disease requires 
four-drug therapy: isoniazid, rifampin, pyrazinamide, and 
a fluoroquinolone (either moxifloxacin or levofloxacin).33 
Patients with hydrocephalus may require surgical decom-
pression of the ventricular system.6
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Cryptococcal Meningitis

Cryptococcus is an encapsulated saprophytic yeast that is 
spread by aerosolized spores, which can disseminate to 
the CNS, leading to meningitis. Cryptococcus neoformans 
causes meningitis in immunocompromised people due to 
impaired cell-mediated immunity. Cryptococcal menin-
gitis is particularly prevalent in Southeast Asia and East 
Africa.36 Patients usually present with subacute headache, 
fever, malaise, and altered mental status of several weeks’ 
duration. Notably, the “classic” features of meningitis 
(e.g., neck stiffness) are not as prevalent.37 Ocular symp-
toms, such as papilledema and uveitis with multifocal cho-
rioretinitis, are relatively common signs of cryptococcal 
meningitis.37 The diagnosis of cryptococcal meningitis is 
done with India ink preparations of CSF and cryptococ-
cal antigen testing of the blood.36 Radiologic confirmation 
of the disease is not necessary, but is useful in detecting 
the complications of the disease. Flucytosine and ampho-
tericin B remain the mainstay of induction therapy for 
immunocompromised patients.38 Furthermore, aggressive 
management of raised CSF pressure associated with this 
infection is an important part of management and usually 
requires serial lumbar puncture and occasionally place-
ment of a shunt.38 Due to the poor prognosis, prevention 
programs are vital to the management of immunocompro-
mised patients who are at risk for contracting this organ-
ism. One prevention program aims to treat patients with 
asymptomatic antigenemia, while another program aims 
at treating all patients who have a CD4 count of below 
100 cells/μL with fluconazole.38 Unfortunately, both of 
these programs have shown varying efficacy and the search 
for an effective prevention program remains elusive.
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22
Infections of the Facial Skin and Scalp
ALI BANKI AND FRANK M. CASTIGLIONE JR.

The most important function of the epidermal tissues in 
the maxillofacial region is to act as a barrier from poten-
tial infectious organisms. When this barrier is broken, the 
underlying soft tissue can become infected, resulting in 
significant morbidity and sometimes mortality. Although 
facial soft tissues are resilient and may resist infection, sev-
eral diseases can occur when the infectious organisms colo-
nize and spread.

Anatomy of Facial Skin, Fascia, and Muscle

The skin is the largest organ in the body; it has two distinct 
layers with various appendages. When these layers are inter-
rupted, infections can develop. In addition to warding off 
infection, the skin is important in temperature and fluid 
regulation and sensorineural function.

The outer layer of the skin, the epidermis, rests on 
a basement membrane and contains germinal cells in 
the basal layer of the skin. These cells are important in 
producing keratin with overlying stratum corneum. The 
inner mesoderm layer of the skin, the dermis, lies just 
below the basement membrane of the epidermis. It is 
divided into papillary, mid, and reticular regions, which 
contain collagen and elastin fibers. Within the dermis are 
many appendages, including hair follicles, eccrine and 
apocrine sweat glands, and nerve endings. Many of these 
appendages also extend into the superficial fascia just 
below the dermis.

There are no blood vessels, nerves, or lymphatics in the 
epidermis, although T and B cell function has been noted 
to be important in the response to skin infection. Many 
of these cells derive from the basal cell layer of the epider-
mis. In addition, the arterial supply to the skin arises from 
a flat plexus of vessels located in the superficial fascia near 
the junction with the dermis. Blood flow is controlled by 
smooth muscle function around the endothelium of the 
blood vessels, and the profusion of blood helps to regulate 
skin temperature. There are also venules and lymphatics that 
accompany the arteries. The lymphatics contain no valves in 
the dermis, although there are a few valves in the superficial 
fascial lymph vessels.

There are sweat glands, sebaceous glands, and hair fol-
licles in the maxillofacial region; these are primarily located 
in the dermis, although they descend to the superficial fascia 
and extend into the epidermal cells.

The fascia, which is fibrous connective tissue, is in super-
ficial, deep, and subserous locations in many areas of the 
body. However, there is no deep fascia in the maxillofacial 
region. The striated muscle of the face has elongated cells 
covered by an acellular sarcolemma surrounded by epimy-
sium, which contains muscles and nerves. The facial muscles 
lay deep to the superficial fascia and are superficial to the 
underlying periosteum.

Pathophysiology of Soft Tissue Infections

The barrier function of the skin has a number of charac-
teristics, such as secreting low pH sebaceous fluid and fatty 
acids to lessen an infection. The most important factor in 
preventing skin infections is the overall integrity of the skin. 
When there is an interruption in skin integrity, resident and 
transient bacteria invade tissues. Local factors such as mois-
ture and occlusion will also affect skin integrity and prevent 
the natural beneficial shedding via desquamation. In addi-
tion, associated skin conditions such as atopic eczema can 
predispose an area of skin to infection with pathogens, such 
as staphylococcal organisms.

The acidic pH of the outer stratum corneum is termed 
the acid mantle, and it is important in antimicrobial defense 
and as a barrier against skin permeability. The barrier lipids, 
which are part of this layer, require the acidic environment. 
Normal skin pH is 5.4 to 5.9 because of sebum, sweat secre-
tion, and the stratum corneum.

The development of skin infections depends on the 
nature of the bacteria and the environment that allows bac-
teria to grow. Frequent scrubbing of the skin with antibacte-
rial solutions, such as hexachlorophene, may be helpful in 
reducing the number of skin bacteria. Studies have shown 
that 2 × 109 bacteria/mL are needed to produce an infec-
tion. When there are foreign materials on the skin, such as 
dirt or suture material, the inoculum size to cause an infec-
tion is lowered.
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Local immunity depends primarily on the vascularity of 
the tissue. Because of the rich blood supply of the head and 
neck, skin infections are less common than in more depen-
dent areas, such as the back and lower extremities. Other 
considerations regarding the reduced infection rate of the 
head and neck relate to the pathogenicity of the local flora, 
the likelihood of an area of skin to be injured, and the con-
centration of local bacteria.

Maintaining epidermal integrity is the most important 
factor in preventing infections of the skin and adjacent 
soft tissues. When the epithelium is disrupted by incisions, 
wounds, disease, or irritants, bacteria can invade the tissues.

Epidermal antimicrobial peptides (AMPs) and Lang-
erhans cells are the most prominent factors in the defense 
against bacteria. These AMPs are produced by keratino-
cytes, neutrophils, sebocytes, or sweat glands. There are two 
major classes of dermal peptides that express antibacterial 
activity—cathelicidins and B-defensins. There is an inverse 
relationship between the severity of disease and the level of 
AMP production.1

Manifestations of Soft Tissue Infections

Several terms are used to describe soft tissue lesions. A 
macule is a flat, circumscribed area of skin that is less than 
1 cm in size. In infectious processes, macules usually are 
red because of vasodilation or blue-black because of tissue 
infarction.

A wheal is an elevated papule or plaque caused by der-
mal and epidermal edema. The term is generally used to 
describe a hive-like lesion, often because of a hypersensi-
tivity reaction. In addition, several infections manifest as 
maculopapular eruptions (e.g., scarlet fever). A papule is 
a raised, solid lesion less than 1 cm in diameter. Vesicles 
(<0.5 cm) and bullae (>0.5 cm) are elevated, fluid-filled 
lesions usually containing serum. These may be intraepi-
dermal or subepidermal. A pustule is a vesicle containing 
purulent material. A crust is produced by the rupture of a 
vesicle or pustule. An ulcer is an area in which a break in 
the continuity of the epithelium exists because of tissue 
destruction. Scales develop as desquamation of epidermal 
keratin cells accumulate, and may sometimes be shed or 
scraped off in thin sheets.

Subcutaneous manifestations of infection are less spe-
cific than cutaneous signs. Cellulitis represents an area of 
redness and tenderness of the dermal and subcutaneous 
tissues, often secondary to streptococcal or staphylococcal 
infection. A nodule is a solid lesion caused by swelling and 
accumulation of cells within the dermal and subcutaneous 
tissue. Such lesions are often seen in granulomatous infec-
tions. An abscess is a localized accumulation of purulent 
material within the epidermis and subcutaneous tissue. 
Gangrene refers to death of a body tissue after compro-
mised blood flow or bacterial infection. The process can 
involve the subcutaneous tissue, fascia, and muscle. The 
diminished blood flow in areas of gangrene can cause a 
bluish-black discoloration. Crepitus can occur when there 

is gas accumulation within the tissues. Lymphadenitis 
develops when there is swelling and tenderness in the tis-
sues around the lymph within regional zones of drainage 
of a primary infection.

Identification of the nature of the infectious agent that 
causes these lesions can be difficult with skin examination 
alone. Culture and sensitivity, as well as a biopsy, may be 
necessary to establish the nature of the infecting organism.

Acne

Acne vulgaris is a disorder of the pilosebaceous glands of 
the head, neck, and trunk. It is characterized by obstruc-
tion of the hormonally stimulated sebaceous gland ducts 
with sebum and keratin. As the surface is occluded with oil, 
Propionibacterium acnes proliferates. This bacteria produces 
lipase that then hydrolyzes the sebum to form a free fatty 
acid within the follicle. This process creates an inflamma-
tory response characterized by papules and cysts (Figures 
22-1 and 22-2).2,3

• Figure 22-1 Mild acne with papules, pustules, and comedones. 
(From Habif TP: Clinical dermatology: a color guide to diagnosis and 
therapy, ed 5, St Louis, 2010, Elsevier.)

• Figure 22-2 Severe acne with papules, nodules, and cysts covers the 
entire face. Scarring is extensive. (From Habif TP: Clinical dermatology: 
a color guide to diagnosis and therapy, ed 5, St Louis, 2010, Elsevier.)
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Clinical Presentation and Diagnosis

Acne is often a disorder of adolescents and young adults, 
although it can persist well into adulthood. It is often due 
to overstimulation of the oil glands, and on occasion may be 
associated with hormonal abnormalities in women (polycystic 
ovarian cyst syndrome)4 and emotional stress.5 Other factors 
that can trigger acne include medications such as glucocor-
ticoids, lithium, phenytoin, isoniazid, and halogens such as 
bromides and iodides. In addition, photodamage and occupa-
tional exposures (to machine and cutting oils) can trigger acne.

Some genetic syndromes, such as Apert syndrome, are 
also associated with acne. SAPHO syndrome (synovitis, acne, 
pustulosis, hyperostosis, and osteitis) may be seen when acne 
and a variety of inflammatory bone disorders coexist. Tuber-
ous sclerosis, which is often characterized by multiple small 
facial angiofibromas, can sometimes be confused with acne.

Treatment

Treatment has improved over the past few decades. The 
mainstay of treatment involves the use of topical retinoids 
such as tretinoin, adapalene, and tazarotene. This treatment 
modality dissolves the comedones, and reduces inflamma-
tion.6 Benzyl peroxides are also used, alone or in combination 
with topical antibiotics (e.g., clindamycin, erythromycin) 
to reduce the inflammation around the lesions; they also 
inhibit the emergence of bacterial resistance.

Systemic tetracyclines (including doxycycline) have been 
the mainstay of oral medication over the years, although 
erythromycin and trimethoprim-sulfamethoxazole have 
also been used. Tetracycline is contraindicated in children 
with developing teeth, because it can cause permanent yel-
low-gray horizontal staining. Topical dapsone has also been 
used recently with improvement. Of note, there has been 
increasing resistance of P. acnes to antibiotics.7 Resistance to 
retinoids and benzyl peroxides has not been noted, although 
these agents might not be effective topically in cystic acne.

Systemic isotretinoin has been used for chronic cystic 
acne that has not cleared with the usual medications. Its 
response is often remarkable, and it may work by decreas-
ing sebum formation, reducing colonization of P. acnes, and 
reversing the retention of follicular keratin in the piloseba-
ceous unit. However, systemic isotretinoin has multiple side 
effects, including birth defects (if used during pregnancy), 
psychiatric disturbances, alopecia, cheilitis, pseudotumor 
cerebri, hypertriglyceridemia, and liver enzyme abnormali-
ties. The course of treatment is often 3 to 5 months.

Finally, acne cysts may be injected with an intralesional 
steroid, incised and drained, or even excised. In addition, 
it is important to address infected cysts on the “danger tri-
angle of the face” (i.e., central brow and perinasal area). 
This will avoid the unusual but serious retrograde infection 
into the cavernous sinus and brain. A midline dermoid cyst 
with deep underlying sinus tract should be considered if 
the patient has a long-standing cyst on the glabella since 
childhood.

Folliculitis

Folliculitis involves an infection characterized by papules, 
pustules, or deeper nodules centered around a hair fol-
licle. It can be superficial or deep, and can produce chronic 
inflammation, scarring, or alopecia.

Clinical Presentation

There may be follicular papules and pustules on the hair-
bearing areas of the face, scalp, and neck. On occasion, the 
lesions coalesce and form abscesses, draining sinuses, or a 
larger group of infected hair follicles called carbuncles. Many 
of the lesions may have pustules centrally. On the face, the 
folliculitis can arise from disruption of the hair follicle by 
trauma, such as shaving. In the beard area, this is called fol-
liculitis barbae or sycosis barbae. In addition, folliculitis can 
be aggravated in the face by epilating agents or depilatories. 
There may also be occupational factors, such as exposures to 
oils or chemicals like halogens (e.g., chloracne; see Acne), 
which induce folliculitis on the face or scalp.

In the scalp, the folliculitis can extend to form a dissect-
ing cellulitis: perifolliculitis capitis abscedens et suffodiens. 
This condition may be seen in association with acne vulgaris 
or a folliculitis tetrad syndrome of acne conglobata, hidrad-
enitis suppurativa, dissecting cellulitis, and pilonidal cysts. 
In addition, there may be scarring alopecia and keloid for-
mation. On the neck, the chronic folliculitis is often called 
acne keloidalis nuchae. The etiology involves different bacte-
ria, including Staphylococcus aureus, and colonization of the 
nares may be a factor in causing the infection. In addition, 
folliculitis can be caused by gram-negative bacteria such as 
Klebsiella and Pseudomonas species, which can be seen in 
“hot tub folliculitis.” There may also be mixed flora, includ-
ing P. acnes (which is also causative in acne vulgaris), that 
cause folliculitis. Yeast, such as Malassezia species and mites 
(Demodex folliculorum), can also cause folliculitis.

In HIV-infected individuals, folliculitis can occur and is 
diagnostic of eosinophilic folliculitis. Clinically, there are groups 
of itchy urticarial papules and occasional pustules on the scalp, 
face, neck, and trunk. These papules are sometimes seen in the 
setting of peripheral eosinophilia. Histopathologically, there are 
collections of lymphocytes and eosinophils around the follicu-
lar infundibulum. In addition, there may be elevated immuno-
globulin E (IgE) levels and peripheral eosinophilia.8

Diagnosis

The diagnosis can be confirmed by the clinical appearance 
of papules or pustules around hair follicles on the scalp or 
face. Bacterial culture is often useful in determining the 
causative agent and appropriate treatment of the eruption.

Treatment

Common treatment options include oral tetracycline, doxy-
cycline, erythromycin, clindamycin, and topical agents such 
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as benzyl peroxides and retinoic acid. Although some lesions 
may resolve spontaneously, warm compresses and topical 
antibiotics such as mupirocin, clindamycin, or erythromycin 
solution may also be helpful. Bacterial culture is also impor-
tant to rule out methicillin-resistant S. aureus (MRSA).

Pseudomonas folliculitis, which is often caused by con-
taminated water from a hot tub or swimming pool exposure, 
is often self-limited and clears spontaneously. If severe, it 
can be treated with ciprofloxacin or quinolone antibiotics.9

Scalp folliculitis can be treated with mild shampoo or 
an antidandruff shampoo containing antifungal agents 
such as ketoconazole or ciclopirox. In addition, isotreti-
noin can be helpful with chronic folliculitis, presumably 
by altering the follicular size of the pilosebaceous unit. This 
affects the microenvironment, making it less favorable for 
the overgrowth of P. acnes. It also reduces comedogenesis 
by reducing sebum production, and has antiinflammatory 
properties. Individual lesions may respond to intervention 
with an intralesional steroid and cryosurgery.

Finally, topical treatment with antibacterial cleansers, 
such as triclosan or chlorhexidine, may be useful in reduc-
ing folliculitis. For men, growing a beard is often helpful. 
Shaving techniques, such as shaving in one direction, using 
a protective shaving cream such as a gel-based soap, or using 
a hair clipper, can lessen the outbreaks of folliculitis barbae.

Anthrax

Anthrax is a rare illness caused by the gram-positive, aerobic 
bacteria Bacillus anthracis. The organism exists in soil and 
on animals, but it has recently received much attention as a 
potential bioterrorism agent. This was highlighted when B. 
anthracis spores were sent in powder form through the mail. 
This infection otherwise is rare, although it may be seen in 
individuals who handle animal hides.

Although anthrax is not a contagious disease, it is con-
tracted as three major syndromes: cutaneous, inhalation, 
and alimentary tract anthrax. The usual infection is by con-
tact with B. anthracis spores via open wounds, the mucosa 
of the gastrointestinal tract, or inhalation.10,11

Clinical Course

The cutaneous form of anthrax is the most common form of 
the disease. It manifests as small pruritic papules that develop 
at the site of cutaneous abrasions 1 to 13 days after contact 
with the spores. The papule then enlarges and forms a vesicle 
with edema before ulceration occurs from the release of tox-
ins by the spores. The ulceration develops a black necrotic 
and depressed eschar. The spores often vegetate and multiply 
because the spore capsule has antiphagocytic properties.

Regional lymphadenopathy is present. There may be 
systemic symptoms with cutaneous lesions, including fever 
and headache. However, if the disease is treated early in its 
course with antibiotics, the symptoms often resolve. With-
out treatment, the mortality rate of cutaneous anthrax may 
be as high as 20%.

The gastrointestinal form of anthrax is much more seri-
ous; it can progress to life-threatening symptoms if not 
treated promptly. It can develop from eating uncooked 
food from animals that are infected with B. anthracis. This 
disease can affect both the lower gastrointestinal tract and 
the pharynx. There may be nausea, vomiting, anorexia, 
and fever, with abdominal pain and bloody diarrhea. The 
fatality rate of alimentary tract anthrax ranges from 4 to 
60%.12,13 The oropharyngeal form of anthrax is character-
ized by oral lesions, which are edematous initially and then 
progress to necrotic ulcers with a pseudomembrane cover-
ing. There may be cervical lymphadenopathy, pharyngitis, 
and fever.

The pulmonary form of anthrax develops when the  
B. anthracis spores are inhaled. The incubation period can 
vary from 1 to 43 days, and can result in 90% mortality rate 
if left untreated. The spores can spread rapidly through the 
pulmonary tissue and destroy lung parenchyma.14

Diagnosis

Diagnosis of cutaneous or oropharyngeal lesions may be 
through Gram stain, culture, and polymerase chain reac-
tion (PCR) testing. Similar testing can be done on pleural 
effusion, stool, rectal, or ascites fluid. In addition, blood 
cultures and acute and convalescent serum samples may 
be diagnostic. More than 50% of patients with systemic 
anthrax may have meningitis; therefore, lumbar puncture 
is advised for all patients who have systemic anthrax, unless 
otherwise contraindicated.15

Treatment

Penicillin G has been the historic treatment of choice for 
infection with anthrax spores. Naturally occurring strains 
may also be sensitive to fluoroquinolones, chloramphenicol, 
tetracycline, erythromycin, and streptomycin. It is, how-
ever, not susceptible to cephalosporins or trimethoprim–
sulfamethoxazole. Bacterial resistance can emerge during 
treatment with β-lactam–resistant organisms.16,17

Anthrax antitoxin is available through the Centers for 
Disease Control and Prevention (CDC) and is advised for 
those who have systemic disease. In addition, raxibacumab 
(a monoclonal antibody) has shown to be effective for inha-
lation anthrax, and the CDC should be consulted regarding 
its use.18

Intravenous fluids, ventilatory assistance, and supportive 
treatment are important for nondermatologic disease.

Cellulitis and Erysipelas

Cellulitis refers to an acute spreading infection involving the 
skin and subcutaneous tissues. The most common causative 
agents are group A streptococci and S. aureus. In addition, 
in the immunocompromised patient, there may be other 
infectious agents such as Pseudomonas species and other 
gram-negative bacteria.
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Clinical Presentation

Cellulitis often manifests with redness, edema, and tender-
ness of the affected tissues. The clinical lesions are often 
warm and are associated with lymphangitis. Cellulitis is 
often accompanied by systemic complaints such as fever, 
malaise, pain, and tenderness. The lesions often have associ-
ated lymphadenopathy.

Erysipelas tends to be superficial, and is generally more 
raised than cellulitis, with well-demarcated borders (Figure 
22-3). Microscopically, it involves the upper dermis and super-
ficial lymphatics, and is often due to Streptococcus pyogenes, 
which is a β-hemolytic group A Streptococcus. In addition, 
group B streptococcus may be causative.19

The initial description of erysipelas was described as having 
a butterfly-like distribution on the face, with the rash caused 
by production of exotoxin rather than the streptococcus itself. 
The infection does not involve the deeper subcutaneous tis-
sues, although there may be associated edema of the tissue.

Cellulitis, in contrast, has plaques that are not as well 
defined as erysipelas, but may have a deeper, more indurated 
component with associated lymphangitis. The patient may 
be toxic in either infection. Cellulitis in the scalp can pro-
duce nodules and draining abscesses, and is termed dissect-
ing cellulitis. Cellulitis may be recurrent in many cases. In a 
study of 209 cases of cellulitis, recurrences were observed in 
17% of patients; among 143 patients with erysipelas, 29% 
had recurrent infection.

Diagnosis

The diagnosis is made by the appearance of erythematous, 
warm, advancing plaques, often with pain, fever, edema, or 
lymphangitis.

The lesions are not to be confused with what is termed 
pseudocellulitis, which may, for example, be due to viral 
infections such as herpes simplex or, more commonly, her-
pes zoster. These entities can have prominent redness, heat, 
and edema, although the presence of a primary vesicle is 
more typical of a viral infection than of a bacterial cellulitis. 
Other diagnostic considerations include an acute contact 
dermatitis, which may be red and edematous. The presence 
of vesicles, with occasionally linear morphology and itching, 
rather than pain or fever, is often helpful to differentiate 
this.

It is even more difficult to differentiate an acute eczema-
tous dermatitis that has become secondarily infected. In this 
situation, there may be associated fever and lymphadenopa-
thy that would not otherwise be present with an allergic 
contact dermatitis. Culturing of the skin lesions themselves, 
or sometimes the nasopharynx, is helpful in identifying the 
causative agent. These results would help confirm the cor-
rect therapeutic options.

Treatment Options

The usual treatment of cellulitis includes antibiotics, both 
oral and intravenous. The majority of staphylococcal and 
streptococcal cellulitis cases are sensitive to many antibi-
otics, including cephalosporins, erythromycin, clindamy-
cin, and amoxicillin-clavulanic acid. However, with the 
advent of MRSA, antibiotics such as oral doxycycline, 
trimethoprim-sulfamethoxazole, or intravenous vancomy-
cin may be necessary. In the setting of drainage or exudate, 
treatment for possible MRSA infections is appropriate.20 
In addition, there may be symptomatic relief from open 
wet dressings and topical therapy, such as mupirocin oint-
ment.21 In recurrent cellulitis or erysipelas, prophylactic 
continuous antibiotic therapy may be useful to prevent fur-
ther outbreaks. Penicillin V (250 mg bid) can reduce the 
frequency of recurrent infections.22,23

Streptococcal Infections

Scarlet Fever

Scarlet fever, which is also known as scarlatina, can be due 
to either a primary acute systemic infection by strains of 
Streptococcus pyogenes or a secondary response to localized 
streptococcal infections, such as a streptococcal pharyngitis 
or impetigo. The rash is generally caused by a delayed hyper-
sensitivity reaction to the erythrogenic toxin produced by 
usually type A, B, or C streptococcal infection.24-26

Clinical Presentation
A rash appears 2 to 4 days after the symptoms of streptococ-
cal infection, and is characterized by a diffuse erythema that 
blanches with pressure and causes flushing of the facial region 
with circumoral pallor. There are multiple 1- to 2-mm papules 
that have small, punctate elevations diffusely over the skin sur-
face, producing a sandpaper-like texture. The exanthem rapidly 

• Figure 22-3 Erysipelas. Streptococcal cellulitis. The acute phase 
with intense erythema. (From Gawkrodger D, Ardern-Jones MR: Der-
matology: an illustrated colour text, ed 5, Edinburgh, 2012, Churchill 
Livingstone.)
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expands to cover the entire trunk and then undergoes desqua-
mation after 4 to 5 days. The rash is often more intense in the 
body folds and in the antecubital fossa and axillary folds, and 
may form pink or red hemorrhagic transverse lines known as 
Pastia sign. The palms and soles are often affected by the rash. 
Additionally, there may be an enanthem with edema, redness, 
and petechiae on the soft palate. The tongue may have a white 
coating that then resolves, leading to a red “strawberry tongue” 
with swollen papillae (Figure 22-4). It then progresses over a 
few days to a beefy red “raspberry” tongue.

Diagnosis
The diagnosis of scarlet fever is based on the characteristic 
rash and enanthem following pharyngitis or systemic flu-
like illness, a positive throat culture for streptococcus, or 
increasing anti-streptomycin O antibodies.

The differential diagnosis of a strawberry tongue includes 
toxic shock syndrome, which is a life-threatening illness char-
acterized by high fever and toxemia owing to S. aureus or the 
toxins of group A Streptococcus. This condition often has dif-
fuse macular erythroderma without the punctate papules of 
scarlet fever. In addition, a strawberry tongue may be seen in 
Kawasaki disease, also known as mucocutaneous lymph node 
syndrome. The cause of this autoimmune condition is not 
known, but it may be infectious. In addition to a strawberry 
tongue, there may be a red rash on the trunk without the 
sandpaper papules, and there may be more prominent crack-
ing of the lips and cervical adenopathy of at least 15 mm size. 
In addition, there is often involvement of the palms and soles 
with swelling and redness unlike scarlet fever.

Treatment
Scarlet fever may be treated with the appropriate antibiotics 
to control the streptococcal infection. It is important to rec-
ognize this condition, as untreated streptococcal pharyngitis 

can progress to acute rheumatic fever, shock or multiple 
organ failure, and poststreptococcal glomerulonephritis.27 
In addition, there may be suppurative tonsillopharyngeal 
cellulitis or abscess, sinusitis, otitis media, or necrotizing 
fasciitis.

Necrotizing Fasciitis

Necrotizing fasciitis is an aggressive necrosis of subcuta-
neous fat and fascia. The disease usually affects the trunk 
and extremities, but it can also be seen in the maxillofa-
cial region. Early recognition and aggressive treatment 
with intravenous antibiotics and fluid resuscitation, as well 
as surgical debridement, are essential in treating this life-
threatening condition.28-30

Clinical Features and Presentation

At first, the affected area becomes red, tender, and edem-
atous. The initial stage could resemble cellulitis. The area 
changes to a dusky gray color as the disease progresses. 
Anesthesia might ensue as the cutaneous nerve endings are 
being destroyed and a malodorous smell is common as the 
fascia and fat become necrotic. The tissue becomes tense 
and wooden and hemorrhagic bullae formation is com-
mon at this stage. Gas can form between the fascia and the 
overlying skin. Eventually, frank gangrene can occur with 
sloughing of the skin, thereby exposing necrotic subcutane-
ous fat and fascia (Figure 22-5).

Systemic manifestations of this condition can include 
fever, tachycardia, sepsis, shock, hemolysis, and intravascu-
lar volume depletion. The patient can appear jaundiced and 
anemic as a result of hemolysis caused by the bacteria.29

Pathogenesis

Group A streptococci account for 10% of infections, but 
other organisms have been reported including, but not 

• Figure 22-4 Portions of the white coat remain in the center, but 
the remainder of the tongue is red with engorged papillae (“strawberry 
tongue”). (From Zitelli BJ, McIntire SC, Nowalk AJ: Zitelli and Davis’ atlas 
of pediatric physical diagnosis, ed 6, Philadelphia, 2012, Saunders.)

• Figure 22-5 Necrotizing fasciitis of the face. (From Hupp JR, Ellis E,  
Tucker MR: Contemporary oral and maxillofacial surgery, ed 6,  
St Louis, 2014, Mosby. Courtesy Dr. Robert Ord, Department of 
Oral and Maxillofacial Surgery, Baltimore College of Dental Surgery, 
 University of Maryland, Baltimore.)
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limited to, Bacteroides species, Clostridium species, Esch-
erichia coli, S. aureus, Pseudomonas aeruginosa, and Hae-
mophilus influenzae.

Some of the predisposing factors for this condition 
include an immunocompromised host, diabetes, periph-
eral vascular disease, and alcoholism. Necrotizing fasciitis 
usually occurs after trauma or surgery when fascia is being 
exposed to the organisms.31

Diagnosis

The diagnosis is based on clinical grounds; however, mag-
netic resonance imaging (MRI) can help to determine the 
depth of tissue involvement. Swab sampling of necrotic tis-
sue for culturing, blood culture, and gram staining may also 
be helpful. Frozen section biopsy of the tissue can also be a 
valuable tool for the early diagnosis of this condition. Blood 
chemistries including, but not limited to, complete meta-
bolic panel, complete blood count, electrolytes and calcium, 
urea, and creatinine levels might be useful in determining 
the extent of systemic involvement.32

Treatment

High-dose intravenous antibiotics to cover streptococci, staph-
ylococci, and gram-negative bacteria, as well as some of the 
anaerobes, must be initiated and continued until the culture 
and sensitivity results are finalized. Intravenous access with a 
central venous line helps with the determination of intravascu-
lar volume status, as well as rapid fluid administration.

Surgical debridement of the affected tissue, including 
resection of necrotic tissue and packing the area with gauze, 
is essential. Daily debridement is sometimes necessary to 
remove all necrotic tissue. Hyperbaric oxygen, although 
controversial in the treatment of this condition, has been 
thought to be beneficial in some cases.29,33

Lyme Disease

Lyme disease is a tick-transmitted infection caused by Borrelia-
species. It usually presents as an annular erythematous lesion 
(erythema migrans). Lyme disease could have detrimental 
neurologic, cardiac, and arthritic sequelae if early diagnosis is 
delayed and proper antibiotics are not initiated.28,34

Clinical Features and Presentation

The clinical presentation can be divided into an early-localized 
phase, an early-disseminated phase, and chronic disease. The 
lesions tend to occur on the trunk, legs, groin, axillae, and, on 
rare occasions, face.

Early Localized Phase

The most recognized early manifestation of Lyme disease 
is erythema migrans, which presents as an annular red 
patch with central clearing or with a red patch at the center 

(bull’s-eye appearance [Figure 22-6]). The lesions can range 
from 1 to 5 cm in diameter. They appear 7 to 15 days after 
the patient becomes infected and can last up to 6 weeks. 
During the early phase, patients also experience constitu-
tional symptoms of malaise, fever, arthralgia, lymphadenop-
athy, headache, and conjunctivitis.

Early Disseminated Phase

Some patients experience a diffuse form of the disease, rang-
ing from 2 to 100 annular red patches. These lesions usually 
emerge days to weeks after the original erythema migrans 
lesion and are much smaller in size. Of the patients who are 
left untreated, about 60% experience arthritis, 10% experi-
ence neurologic sequelae including facial nerve palsy, and 
5% have cardiac manifestations including atrioventricular 
block and pericarditis.

Chronic Disease

Some of the manifestations of chronic disease include encepha-
lopathy, encephalomyelitis, neuropathy, chronic arthritis, and 
acrodermatitis chronica atrophicans (bluish-red diffuse patches 
of skin with underlying atrophy) usually seen in Europe.

Pathogenesis

The main culprit is Borrelia burgdorferi, a spirochete that 
is usually transmitted by various families of Ixodidae ticks. 
Ixodes scapularis is the main tick in the northeast and mid-
west areas of the United States. In Europe, Borrelia garinii 
and Borrelia afzelii are the main spirochetes and are trans-
mitted by the tick Ixodes ricinus.

Diagnosis

The diagnosis is made mainly by the clinical presentation 
of erythema migrans rash occurring with some of the con-
stitutional symptoms. The enzyme-linked immunosorbent 

• Figure 22-6 Erythema migrans rash (bull’s-eye appearance). (Cour-
tesy Centers for Disease Control and Prevention, Atlanta, GA.)
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assay (ELISA) and Western blot tests (detecting IgM anti-
bodies against the Borrelia antigen) can be useful; how-
ever, these tests are usually positive 3 to 6 weeks after the 
initial infection and therefore are not of great diagnostic 
value in the early infection. Sometimes tissue biopsy of 
the erythema migrans can isolate Borrelia organisms as 
well.29

Treatment

Early localized disease usually responds well with a dose of 
doxycycline 100 mg twice a day for 14 to 21 days. Patients 
with an early disseminated disease or mild chronic disease 
with cranial nerve palsy and second-degree heart block also 
respond well to doxycycline 100 mg twice a day for 14 to 
28 days. For pregnant women and children under the age 
of 8, amoxicillin 500 mg every 8 hours for 14 to 21 days is 
sufficient for early-localized disease.29,34

Actinomycosis

Actinomyces israelii is an anaerobic gram-positive bac-
terium that causes purulent abscesses and sinus tract 
formation. This organism can affect the cervicofacial, 
pulmonary/thoracic, gastrointestinal, and female repro-
ductive tract. This section focuses on cervicofacial acti-
nomycosis, which represents the majority of infections 
caused by this organism.

Clinical Features and Presentation

In cervicofacial actinomycosis, patients present with a hard 
swelling associated with the jaw. As the swelling progresses, 
a bluish discoloration of the skin appears. Over time, a fistu-
lous abscess forms within the hard swelling and sinus tracts 
develop (Figure 22-7). A yellowish purulent material is usu-
ally discharged from these sinuses.

A

B

C

• Figure 22-7 A, View of the extraoral termination of actinomycotic sinus tract. Note the shallow depres-
sion with cheek motion. B, Intraoral view of the dissected sinus tract. Note the unusual thickness of the 
sinus tract. C, Macroscopic view of the resected sinus tract. (From Göçmen G, Varol A, Göker, K, et al: 
Actinomycosis: report of a case with a persistent extraoral sinus tract, Oral Surg Oral Med Oral Pathol Oral 
Radiolo Endod 112(6):e121-e123, 2011.)
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Pathogenesis

Actinomyces israelii, an anaerobic, gram-positive, non–acid 
fast filamentous bacterium is the causative agent. This 
organism is part of the natural flora of the mouth. The 
main factor for infection in the cervicofacial region is usu-
ally trauma or injury (e.g., dental procedures) in the area. 
Actinomycosis is usually not pathogenic on its own, but its 
pathogenicity increases by polymicrobial co-infection. Cer-
vicofacial actinomycosis mainly affects the soft tissues and 
rarely originates or localizes in the bone.28

Diagnosis

Clinical presentation of hard swelling in the maxillofacial 
region, as well as microscopic examination and culture, should 
help to make a definite diagnosis.35 Microscopic examination 
of purulent discharge usually demonstrates “sulfur granules.” 
On hematoxylin-eosin stain, these granules appear as an 
eosinophilic branching network at the periphery, with collec-
tions of basophilic actinomycosis at the center.

The organism can also grow in an anaerobic condition 
(e.g., beef infusion glucose agar) within 5 to 7 days. How-
ever, culturing this organism can be difficult; therefore, 
direct microscopy or Gram stain showing a long filamen-
tous gram-positive organism can be very useful.28,29

Treatment

Surgical management and correct dose and duration of anti-
biotic treatment are the key to management of this condition. 
Penicillin has remained the standard of treatment for cervicofa-
cial actinomycosis. Penicillin G IV 10 to 20 million units/day 
for 2 to 6 weeks followed by several months of oral penicillin V, 
2 to 4 g/day is usually effective. Several other antibiotics have 
proven to be good alternatives for penicillin-allergic patients. 
These include minocycline, clindamycin, and erythromycin. 
Surgical management, including drainage of purulent material 
as well as surgical excision of sinus tracts, is sometimes neces-
sary in addition to the use of antibiotic treatment.36

Tinea Faciei

Fungal infections of the skin can occur on many areas, includ-
ing the scalp, body, groin, hands, and feet. Superficial or der-
matophyte infections involving the face are less common. The 
causative organisms include Epidermophyton, Trichophyton, 
and Microsporum species.37 On the hair-bearing areas of the 
face and moustache, it is termed tinea barbae.

These dermatophytes release keratinases that invade the stra-
tum corneum and promote inflammatory reactions. The infec-
tion with zoophilic fungi, such as Microsporum canis, promotes 
more severe reactions than do anthropophilic infections.38

Clinical Presentation

The presentation of tinea faciei is often characterized by 
red scaly superficial plaques. The plaques are often annular, 

and may have central clearing and scale at the perim-
eter (Figure 22-8). It is frequently misdiagnosed39 as an 
eczematous dermatitis or seborrheic dermatitis. Other 
conditions in the differential diagnosis include contact 
dermatitis and lupus erythematosus.40

Diagnosis

The diagnosis is confirmed by potassium hydroxide exami-
nation. Keratinocytes are obtained by scraping the perimeter 
of the plaques, mounting the scale on a glass slide with 10% 
potassium hydroxide solution, and then heating, which 
demonstrates the dermatophyte within the keratinous scale. 
Dimethyl sulfoxide can be added and does not require heat-
ing. In addition, staining with dye-like chlorazol/black E or 
Parker blue-black stain can identify tinea.

Fungal cultures with Sabouraud medium are also helpful 
in diagnosis and to identify the nature of the dermatophyte, 
although they may take 3 to 4 weeks. There are rapid media 
that rely on color change from yellow to red to diagnose a 
dermatophyte, and these may also be useful. On occasion, 
the lesions can become pustular or nodular, particularly 
within the hair-bearing areas, and can be spread by shaving 
or trauma. In addition, there may be associated local ade-
nopathy. Conditions such as Majocchi granuloma develop 
when the dermatophyte invades the dermal and subcutane-
ous tissue via penetration of hair follicles.41

Treatment

The dermatitis can usually be treated with topical anti-
fungals, such as imidazoles, ciclopirox, or allylamine anti-
fungals. If topical antifungal therapy does not work, and 
particularly for the deeper granulomatous lesions or in tinea 
barbae, systemic agents such as terbinafine,41 itraconazole, 

• Figure 22-8 Facial tinea. The active border is sharply defined. The 
initial diagnosis was eczema. (From Habif TP: Clinical dermatology: a 
color guide to diagnosis and therapy, ed 5, St Louis, 2010, Elsevier.)
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or griseofulvin may be required. Treatment duration is gen-
erally 3 to 4 weeks, either topically or with systemic therapy.

Herpes Simplex Virus Type I Infection

Herpes simplex virus (HSV) infections may be categorized 
as primary, nonprimary, or recurrent in nature. In a pri-
mary infection, the patient develops lesions without preex-
isting antibodies to either HSV-1 or HSV-2. A nonprimary 
HSV infection occurs when a patient develops lesions 
for the first time with preexisting antibodies. A recurrent 
infection refers to the reactivation of a previously dormant 
HSV lesion. These lesions may be sexually or non-sexually 
acquired.

The HSV type I (HSV-1) is also known as herpes labialis 
when it is inoculated into the mucosal surface of the lips. 
It can also infect other areas of the body, including the eye 
and scalp. The immunocompromised patient may develop 
devastating central nervous system infection, hepatitis, or 
pneumonitis. In addition, HSV-1 gingivostomatitis can 
occur often in children before the age of 5 years, and can 
be associated with fever, painful oral lesions, and secondary 
dehydration.42,43

Clinical Presentation
Primary Infection
When the virus is inoculated into the mucosal surface or 
other areas of the skin, the virus enters the epidermis, der-
mis, and then the sensory and autonomic nerve endings. 
The initial lesions become vesicles that are clustered on a 
red base with associated inflammation. In the mouth, the 
oral lesions may coalesce to form punched-out, painful oral 
ulcerations. There may be fever and malaise associated with 
the initial infection, although subsequent outbreaks are fre-
quently without systemic symptoms.

The lesions usually last for 10 to 14 days, although this 
can be shortened by the use of antiviral drugs (discussed 
later). Although the symptoms may initially be severe, at 
times infections may be asymptomatic. It is estimated that 
20 to 25% of patients have HSV-1 antibodies, and that 
10 to 20% of patients with HSV-2 antibodies have a his-
tory of either oral or genital infections.44 Transmission can 
occur because of viral shedding from infected areas. Some-
times the shedding lasts for days after apparent clearing of 
the clinical lesions.

Recurrent Infections
After initial inoculation of the HSV virus, the virus remains 
latent along the nerve ganglia and can reactivate at a later 
time. This reactivation can be triggered by multiple factors, 
including sunlight, emotional or physical stress, menstrual 
cycles, and immunodeficiency. Dental trauma, as with 
extraction of a tooth in a trigeminal distribution, can also 
trigger a recurrence.45

Before a recurrence of lesions, there may be a prodrome of 
itching, burning, or tingling. The symptoms may be present 
for several hours to 2 days before the eruption develops. The 
patterns and frequency of recurrence vary among patients. 

There may be triggering factors such as sunlight, illness, or 
menstrual cycles that can produce a similar pattern within the 
same patient. Recurrent episodes are generally milder than 
the primary outbreaks, with less in the way of constitutional 
signs and lymphadenopathy with a speedier resolution of 
lesions, usually within 1 week (Figure 22-9).

Diagnosis

Herpes simplex infections can be diagnosed with vari-
ous methods. Viral culture is common, but it can take 
several days to obtain a result. DNA polymerase testing 
is more sensitive and sometimes more accessible.45 Skin 
biopsy, serologic testing, or immunofluorescence tests are 
also useful. A Tzanck preparation done by scraping the 
roof of an active blister is often performed in the office; it 
measures the presence of multinucleated viral giant cells, 
although this method is less sensitive based on the age of 
the lesions.

The differential diagnosis of HSV gingivostomatitis 
includes aphthous ulcers, hand-foot-and-mouth disease, 
oral candidiasis, Stevens-Johnson syndrome, erythema mul-
tiforme, or Behçet syndrome. Herpes labialis may be con-
fused with impetigo or contact dermatitis.

Treatment
Primary Infections
Prompt treatment of primary HSV infections is important. 
Treatment within the first 72 hours of developing lesions 
is helpful and decreases the duration needed for antiviral 
therapy and decreases viral shedding.

Treatment agents include acyclovir, famciclovir, and vala-
cyclovir. The dosing frequency varies between these medica-
tions, but all are effective in shortening the duration of the 
outbreak. Most of the initial studies performed with acyclo-
vir show that it significantly reduces pain, healing time, and 
shedding of HSV virus. Constitutional symptoms are also 
lessened relative to placebo.46

Famciclovir, which is the precursor oral form of penci-
clovir, shows increased bioavailability and a longer half-life 

• Figure 22-9 Herpes simplex virus, right lower lip. (Courtesy David 
Suhocki.)
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than acyclovir does; therefore, the dosing can be less fre-
quent. Acyclovir was given in studies five times daily, and 
famciclovir was equally effective at three times daily. Dosing 
of famciclovir ranges from 125, 250, 500, to 750 mg tid.

Valacyclovir appears equally as effective as acyclovir, and it 
requires less frequent dosing. Studies with acyclovir at 200 mg 
by mouth five times daily were found to be equivalent to 
valacyclovir at 1000 mg twice daily with initial genital her-
pes simplex infections.47,48 There have been no direct stud-
ies comparing valacyclovir versus famciclovir in primary 
herpes simplex infections.

The CDC guidelines from 2010 recommend the follow-
ing doses for primary herpes simplex genital infections, and 
can be used for cutaneous infections49:
 •  Acyclovir 400 mg three times daily or 200 mg five times 

daily for 7 to 10 days
 •  Famciclovir 250 mg three times daily for 7 to 10 days
 •  Valacyclovir 1000 mg twice daily for 7 to 10 days

Supportive care is important for herpes simplex gingi-
vostomatitis, with particular attention required to avoid 
dehydration. Topical treatment with diphenhydramine, 
viscous lidocaine, or benzocaine has been used with some 
improvement, but the risks of toxicities may outweigh their 
benefit. In particular, lidocaine can make the child more 
predisposed to aspiration if the area is numb, and can cause 
difficulty swallowing including secretions with subsequent 
choking. Topical benzocaine can induce methemoglobin-
emia; therefore, it is not recommended before the age of  
2 years.50 Rinsing with saline can be helpful and soothing 
for the lesions, and topical aluminum/magnesium hydroxide 
antacid preparations or hydroxypropyl cellulose film can be 
protective of the oral mucosa.

Recurrent Infections
Treatment of recurrent outbreaks using these three medica-
tions varies between lower-dose treatment for 3 to 5 days, 
versus high-dose treatment for 1 day based on the specific 
medication.

The 2010 CDC prevention guidelines recommend:
 •  Acyclovir 800 mg three times daily for 2 days or 800 mg 

twice daily for 5 days
 •  Famciclovir 1000 mg twice daily for 1 day or 125 mg 

twice daily for 5 days
 •  Valacyclovir 500 mg twice daily for 3 days or 1 g once 

daily for 5 days
Chronic suppressive therapy is often used for patients who 
have six or more episodes per year.

Studies using acyclovir, famciclovir, and valacyclovir 
versus placebo indicate that all three drugs lessen the frequency 
of HSV recurrence and decrease the time for viral shedding. 
Head-to-head comparisons of these drugs show similar degrees 
of efficacy, although there was a dose-related response. A head-
to-head comparison showed that there was some increased 
efficacy for valacyclovir (1.3% of days free of virus) versus 
famciclovir (3.2% of days free of virus). Studies showed that 
valacyclovir and acyclovir have similar degrees of efficacy as 
suppressive therapy for HSV. One study indicated a slight 

benefit of valacyclovir although dosing and cost may influence 
the choice of which agent to use.

The CDC 2010 treatment guidelines49 for suppressive 
therapy include:
 •  Acyclovir 400 mg twice daily
 •  Famciclovir 250 mg twice daily
 •  Valacyclovir 500 mg once daily or 1 g once daily (if vala-

cyclovir is used, a dose of up to 1 g is recommended if 
there are more than 10 recurrences per year)

Herpes Zoster

Varicella-zoster virus (VZV) causes both chickenpox and 
herpes zoster. Primary infection with VZV can cause chick-
enpox, characterized by vesicles in various stages of develop-
ment on the face, trunk, and extremities. Varicella is often 
associated with fever, malaise, and other constitutional 
symptoms, such as headache and cough. Rarely, there may 
be complications of meningitis and pneumonia.

Herpes zoster, which is also known as shingles, is repre-
sented by a similar vesicular eruption that occurs along a der-
matome. It frequently occurs among individuals who have had 
varicella in the past, and it is sometimes triggered as the VZV 
cell-mediated immunity wanes. It is estimated that 32% of 
the U.S. population will develop zoster during their lifetime.51

Clinical Presentation

The clinical presentation of this condition is unilateral and 
painful and may involve more than two or three adjacent 
dermatomes. The eruption starts as red papules that then 
coalesce into grouped vesicles and sometimes hemorrhagic 
or pustular lesions. The lesions are often painful and some-
times itchy. They may heal with pain in the dermatomal 
distribution called post-herpetic neuralgia (PHN). This can 
occur in up to one third of patients with herpes zoster vac-
cine (HZV), although it is found to increase with age.52

Herpes zoster often represents the reactivation of a latent 
VZV, which resides in the nerve ganglia. The pain can often 
be severe, and the virus may sometimes have devastating 
results when in areas like the eye, known as herpes zoster 
ophthalmicus. In this situation,53 VZV can be reactivated 
within the trigeminal ganglion, and the patient may develop 
conjunctivitis, episcleritis, keratitis, or iritis (Figure 22-10). 
If the virus progresses to involve the cornea, there may 
be loss of vision. One prognostic factor that can indicate 
impending ocular involvement is Hutchinson’s sign, which 
is involvement of the tip of the nose; this is part of the naso-
ciliary branch of the ophthalmic nerve.

If herpes zoster involves the eighth nerve, there may be 
vesicles around the ear and complications such as facial 
paresis, vertigo, and deafness (known as Ramsay Hunt syn-
drome).54 There may also be effects on taste and lacrima-
tion. The eruption is due to reactivation of the virus in the 
geniculate ganglion; it may also involve cranial nerves V, IX, 
and X.55 Although it may respond to antiviral treatment, 
the damage may be permanent.56
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Diagnosis

The diagnosis of HZV is based on the presentation of 
vesicles within a dermatomal distribution. Pain may often 
precede the appearance of the cutaneous lesions on the 
head or neck by hours or several days. It can be triggered 
by local trauma, such as dental work, and many cases 
of herpes zoster on the head and neck usually follow 
craniofacial trauma.57 The diagnosis can be confirmed 
with a Tzanck preparation, which may reveal multinucle-
ated viral giant cells when the blister roof is debrided or 
scraped.

Age is the most common risk factor in herpes zoster 
with the increase because of the waning of cell-mediated  
immunity in patients older than 50 years. Certainly immuno-
compromised patients are at more risk, including transplant 
patients,58 patients receiving chemotherapy, or HIV-infected 
patients.59 These patients also have a higher incidence of 
recurrent zoster, which in immunocompetent patients can 
occur in 1 to 3% of individuals.

Treatment

Therapeutically, the treatment involves antiviral therapy 
with acyclovir, valacyclovir, or famciclovir. It is important 
to initiate treatment within the first 48 to 72 hours to 
enhance the antiviral effect. The dosing is higher than for 
HSV, and involves acyclovir 1 g five times daily, valacyclovir 
1 g three times daily, or famciclovir 500 mg three times 
daily for 1 week. The latter two drugs are more convenient 
with less frequent dosing and may have somewhat lesser 
gastrointestinal side effects. The overall efficacy of these 
drugs, however, is comparable.60,61

In herpes zoster ophthalmicus, topical steroid drops can 
also be used to reduce the inflammation, episcleritis, and 
keratitis—corneal involvement that occurs in up to two 
thirds of patients. In addition, iritis can occur in 40% of 
patients with dysfunction of the pupillary response.62,63

In HZV, secondary infection may need to be ruled out 
by bacterial culture and sensitivity, in the event of increased 
purulent drainage or associated inflammation. Treatment 
with an antibiotic for secondary impetiginization, which 
often includes streptococcal or staphylococcal organisms, is 
important.

One of the more devastating effects of HZV is the 
development of PHN, which occurs in 10 to 15% of 
patients, half of whom are older than 60 years. As a result, 
vaccination with a HZV is often recommended. This live 
attenuated VZV vaccine has been shown to reduce the 
incidence of herpes zoster and PHN. There are some data 
indicating that the vaccine may reduce herpes zoster and 
PHN in adults between 50 and 59 years old. It is possible 
for herpes zoster to occur more than once in the same 
individual; therefore, the vaccine is often recommended 
even for those who have a history of previous zoster.

The incidence and severity of PHN is greater in those 
older than 60 years, and antiviral therapy is often given 
to individuals within the first 72 hours of symptoms to 
lessen the severity of the outbreak. Glucocorticoids, such 
as prednisone, have been used with acyclovir to lessen 
the degree of pain and to hasten the resolution of HZV.  
A recent study, however, did not demonstrate any appre-
ciable difference with acyclovir alone versus acyclovir with 
systemic steroids.64,65 In fact, the potential for secondary 
bacterial infection when taking glucocorticoids outweighs 
its benefit.

A B

• Figure 22-10 A and B, Patient with left herpes zoster ophthalmicus. (Courtesy Dr. Elie M. Ferneini.)
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There have been a number of treatments for PHN, 
including tricyclic antidepressants, which inhibit the reup-
take of norepinephrine and serotonin in the central nervous 
system. Amitriptyline was shown to be more effective than 
a placebo or lorazepam for pain relief in one study. Pain 
medication including opioids and nonsteroidal antiinflam-
matory drugs are sometimes used, as are topical lidocaine or 
topical capsaicin. The latter, derived biochemically from hot 
pepper, interferes with substance P, a pain neurotransmitter. 
It can cause some burning, stinging, and redness, but may 
be of some benefit with pain reduction.

Anticonvulsant medications such as gabapentin and pre-
gabalin are also used to treat PHN. Studies show some mod-
est improvement in pain reduction with these medications, 
although the potential for side effects including dizziness, 
dry mouth, weight gain, and somnolence can sometimes 
limit their usefulness.66

Impetigo

Impetigo is a superficial skin infection, usually caused by  
S. aureus and less commonly group A Streptococcus pyogenes. It is 
the most common cause of bacterial infection in children. The 
two clinical forms of this disease are bullous and nonbullous.67

Clinical Presentation

Nonbullous impetigo is the most common form of impe-
tigo. It accounts for 70% of cases and affects mostly chil-
dren. It usually presents with vesicles, bullae, and pustules 
that rupture, releasing yellowish fluid that dries up easily. 
This leaves a honey-colored crusted area that is the hallmark 
of the disease (Figure 22-11).28,29

Bullous impetigo presents as flaccid bullae or mostly 
as shallow erosions with peripheral collarette of scale 
(Figure 22-12). In this entity, there are no thick crusts 
and no surrounding erythema. It usually presents in the 
neonatal period and less commonly in children.29

Pathogenesis

Impetigo occurs usually after a minor injury, trauma, insect 
bite, or laceration. The most common agent is S. aureus, 
which accounts for 50 to 70% of cases. Nasal carriers of  
S. aureus are at a higher risk for recurrent infections. The 
other less common pathogen is group A β-hemolytic strepto-
coccus. At the cellular level, bullous impetigo results from the 
exfoliative toxin of S. aureus, which binds to desmoglein-1 
(a desmosomal protein that joins cells to one another) at the 
granular level of epidermis, leading to acantholysis (loss of 
intercellular connection) and blister formation.29,34

Diagnosis

The diagnosis is primarily based on clinical grounds. How-
ever, bacterial culture of exudates could be positive. White 
blood cell counts are also sometimes elevated in impetigo.

Treatment

In healthy individuals with limited disease topical mupi-
rocin ointment is an effective first-line treatment. For 
widespread infections oral antibiotics including penicillin, 
β-lactamase–resistant penicillin, macrolides, and cepha-
losporins are treatment options. With an emergence of 
methicillin-resistant S. aureus (MRSA), recalcitrant cases 
that do not respond to treatment should have culture and 
sensitivity testing so that an appropriate antibiotic can be 
selected. Additionally, for nasal carriers of S. aureus who 
will get recurrent infections, nasal application of mupiro-
cin can be highly effective.

If effectively treated the disease usually runs a benign, 
self-limited process. In 2 to 5% of cases of nonbullous 
impetigo caused by S. pyogenes, acute poststreptococcal 
glomerulonephritis (APSG) can occur. The important 
predisposing factors are S. pyogenes serotypes 1, 4, 12, 

• Figure 22-11 Nonbullous impetigo on the face. (From Cordoro KM, 
Ganz JE: Training room management of medical conditions: sports 
dermatology, Clin Sports Med 24(3):565-598, 2005.)

• Figure 22-12 Bullous impetigo. (From Bennett JE, Dolin R, Blaser MJ:  
Mandell, Douglas, and Bennett’s principles and practice of infectious 
diseases, ed 8, Philadelphia, 2015, Saunders.)
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25, and 49. The early treatment with antibiotics will not 
prevent occurrence of APSG in this group of patients. 
There is no association between impetigo and rheumatic 
fever.29,34,67

Molluscum Contagiosum

Molluscum contagiosum (MC) is a self-limited viral infec-
tion caused by the poxvirus family. It is the most common 
infection in humans. The condition can be transmitted by 
skin-to-skin contact and autoinoculation. It usually affects 
children, sexually active adults, and immunocompromised 
(e.g., AIDS) patients.

Clinical Features and Presentation

MC usually presents as 1- to 2-mm flesh-colored, shiny 
dome-shaped papules (Figure 22-13). Most of the lesions 
have a central umbilication that can be best observed by mag-
nification or when lesions get frozen with liquid nitrogen. 
During the course of the disease, the papules become redder 
and central umbilication becomes more obvious. The lesions 
that are untreated last about 9 months before resolving.68

In children, lesions tend to number from a few to several 
dozen and usually affect the face, trunk, and extremities. 
In adults, MC is a sexually transmitted disease and lesions 
tend to be more common in the lower abdomen, thighs, 
and penile shaft.69,70

In HIV patients, lesions occur when patients have been 
diagnosed with AIDS and have T cell counts of less than 
100. In these individuals lesions tend to occur on the face 
and genitalia. The presentation could be the typical dome-
shaped umbilicated papules as well as large lesions greater 
than 1 cm. Involvement of the oral mucosa implies AIDS 
with a T cell count of less than 50.71

Pathogenesis

MC virus (MCV), a DNA virus, is a member of the pox-
virus family. There are MCV 1 to 4 serotypes, but MCV 
1 induces the majority of the infections in children. The 
disease is transmitted by skin-to-skin contact, by autoin-
oculation, and during sexual activity, and it also occurs in 
immunocompromised hosts including AIDS patients.68-70

Diagnosis

Diagnosis is usually based on the clinical presentation. Biopsy 
of the specimen can be helpful to confirm the diagnosis. The 
histological evaluation has characteristic intracytoplasmic 
viral inclusion bodies known as molluscum bodies or Hen-
derson-Paterson bodies within the infected keratinocytes.68,71

Treatment

Treatment varies depending on the location, age, and immune 
status of the patient. Lesions usually resolve spontaneously in 
healthy hosts, and since there is a risk of scarring with treat-
ment, no intervention sometimes is the best course.

Children should be educated on the risk of transmis-
sion with autoinoculation and direct contact with MC. The 
treatment options for children have to be based on the loca-
tion, number of lesions, and risk and benefits of treatment.

Curettage is one of the treatment options. It could cause 
scarring and it may be traumatic for patients; therefore, an 
anesthetic is required prior to the procedure. It is usually not 
recommended for the pediatric patient.

Topical treatment modalities include tretinoin cream, 
salicylic acid gel 12%, topical cantharidin (although the 
Food and Drug Administration has not approved it for use 
in the United States), imiquimod, and 40% silver nitrate 
paste. Most of these topical agents will induce redness, irri-
tation, scar formation, and changes in the skin color; there-
fore, parents of pediatric patients should be aware of the 
possible side effects before treatment.

Cryotherapy is another treatment option that is very 
effective, but it has side effects of pain, redness, hypopig-
mentation/hyperpigmentation, blister formation, and rarely 
scarring. Patients most likely need several treatments before 
lesions resolve.

In AIDS patients both imiquimod and topical cidofo-
vir 3% (competitive inhibitor of DNA polymerase) have 
shown to be effective. However, most of the MC lesions 
usually resolve after improvement of immune status.71-73
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Neck Infections Related  
to Vascular Interventions
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Although uncommon, infectious complications following 
vascular interventions in the neck do occur. Because of the 
wide range of clinical presentation, these complications can 
mimic other entities, such as a pulseless mass of a pseudoan-
eurysm. In this chapter, we will briefly discuss complications 
that can occur after the most common vascular procedures 
in the neck including carotid endarterectomy and stenting, 
and superficial thrombophlebitis.

Carotid Endarterectomy and Stenting

Introduction

In the United States, cerebrovascular disease is the fourth 
leading cause of mortality, accounting for 130,000 deaths 
annually.1 Ischemic-embolic events are the main cause of 
stroke, with as much as 20% being related to carotid ath-
erosclerotic disease and stenosis.1-3 Medical therapy is the 
standard of care for the treatment of carotid stenosis. This 
therapy includes dietary and lifestyle modifications, along 
with medical therapy such as aspirin, clopidogrel, and 
statins. But when surgery is indicated for critical stenosis, 
carotid endarterectomy (CEA) is the gold standard and 
has been shown in multiple randomized clinical trials to 
reduce the risk of stroke and death in both symptomatic 
and asymptomatic patients.4-8

Multiple techniques have been used in the past to close 
the carotid endarterectomy arteriotomy, but the most com-
mon one is the patch angioplasty closure. This technique 
is proven to decrease the chances of recurrent stenosis and 
stroke.9-12 Different materials have been used for the patch 
angioplasty, including autologous vein, prosthetic mate-
rial (polytetrafluoroethylene [Dacron]), and bioprosthetic 
materials such as bovine pericardium.

The use of vein has fallen out of favor because it requires a 
donor site (usually the groin) and has an increased reported 
risk of carotid blowout.13 More than 95% of the patches cur-
rently being used are bovine pericardium because it is readily 

available, is easy to handle, has less needle-hole bleeding, is 
resistant to thrombosis, has no ultrasound interference, and 
is theoretically resistant to infection (with a cost and compli-
cation rate comparable to prosthetic material).4

The most common complications for CEA are periop-
erative stroke and myocardial infarction, with the latter 
being the most common cause of death.1 Patch infection 
is an uncommon but feared complication14-17 that can lead 
to patch rupture or pseudoaneurysm formation; it usually 
requires further surgical intervention, with higher morbid-
ity and mortality.18

The incidence of wound and patch infection after CEA is 
rare and usually limited to case reports. In a recent National 
Surgical Quality Improvement Program (NSQIP) inquiry, 
the reported incidence of surgical site infection was only 0.5 
to 1%.1 In fact, only 125 cases of prosthetic graft infection 
have been reported from 1962 to 2012.19 One of the largest 
series on bovine pericardium closure reported that only 3 
of 457 cases (0.6%) were complicated with patch infection. 
In addition, there was no significant difference, in terms of 
complications, compared with other closure techniques.4

The most common bacteria involved in patch infections 
are gram-positive cocci (staphylococci or streptococci), 
including 11 cases of methicillin-resistant Staphylococcus 
aureus (MRSA) infections. Other bacteria include Entero-
bacter (four cases), Pseudomonas (three cases), Bacteroides 
(three cases), coliforms (three cases), Proteus (two cases), and 
Enterococcus and Corynebacterium species (one case each).19

Of the few reported cases of patch infection, the presen-
tation was often insidious. The most commonly reported 
symptoms include pseudoaneurysm (33% of cases), local 
draining sinuses (30%), and neck swelling (24%). Less fre-
quently, it can present with signs of a local infection (16%), 
systemic sepsis (8%), pain (5%), and stroke (3%).20 Some 
cases present with a nontender neck mass prompting unnec-
essary testing and consults (Figure 23-1).

Post-CEA infection has a bimodal distribution, with 
39% of the cases developing 2 months postoperatively and 
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63% developing after 6 months.18 The early presentation 
is usually associated with local wound complications, such 
as a wound infection, hematoma, or dehiscence. Patients 
with a late infection exhibit with a draining sinus tract or a 
pseudoaneurysm.

Multiple imaging modalities can be used diagnostically, 
including duplex ultrasound, computerized tomographic 
angiography, magnetic resonance angiography, or the angio-
gram, which is the traditional gold standard for pseudoan-
eurysm diagnosis.21,22

Duplex ultrasound is noninvasive, cost-effective, and 
readily available. It facilitates evaluation of the internal 
carotid artery (ICA) and its patency. It is also used to visu-
alize the surrounding tissues to identify fluid collections, 
and it is highly sensitive for detecting pseudoaneurysm for-
mation.23 It can also be used to detect early signs of patch 
infection. Although rarely used, Dacron patches can show 
early ultrasound changes before a clinical infection is appar-
ent. This change appears as a patch corrugation (as early as 
11 months before clinical manifestations).24

Plain angiography has been traditionally considered the 
gold standard test; however, it is invasive and has known 
complications, including groin wound infection and 
embolic complications (e.g., transient ischemic attack, cere-
bral vascular accident).25-27 Plain angiography also has a 
high false-negative rate, in some cases missing pseudoan-
eurysm. Diagnostic angiography is not recommended for 
suspected post-CEA infection.

Because of the low number of cases reported, there is no 
consensus regarding how to treat CEA patch infections, but 
patch excision and reconstruction are considered the stan-
dard of care. This procedure carries a higher morbidity and 
major stroke rate than a traditional CEA does (9 to 12% 
compared with 50% for carotid ligation in the same set-
ting).15 Carotid ligation is reserved for patients with MRSA 
infections, because of the high virulence of this organism or 

the preoperative presence of internal carotid artery occlu-
sion (seen on ultrasound).

Reconstruction with autologous tissue is recommended, 
using either a vein patch or bypass or an arterial conduit.26 
When using a vein, there is concern about vein patch blow-
out after repair on an infected field.28 These reports are 
usually anecdotal and underreported in the literature. To 
improve the outcomes, it is advisable to use the saphenous 
vein from the groin; however, this results in sacrificing the 
saphenous vein, which could be used as a conduit for other 
procedures, and an increased infection rate of the groin 
incision.

The use of a prosthetic patch or conduit should be 
avoided at all cost because it carries a high risk of reinfec-
tion.15,29,30 A more conservative approach has been used in 
some patients in whom comorbidities or overall health sta-
tus does not allow for lengthy procedures. This approach 
involves antibiotic treatment for a long period and local 
debridement of grossly infected tissue (i.e., leaving the patch 
intact).20 The use of a muscle flap, mainly sternocleidomas-
toid, has been described to assist with closure and antibiotic 
delivery to the infected field.15,31,32

The recent availability of cryopreserved human allografts 
presents another option for revascularization. It has actually 
been used successfully in a few reported cases.33-35

There are five reported cases of the use of covered stents 
on post-CEA infection. These cases show good short-term 
results with no long-term follow-up.18 At this point, the use 
of covered stents in these cases is not recommended.

Carotid Stenting

As a primary procedure, carotid artery stenting has been 
used for limited indications, including those patients with 
comorbidities that preclude them from having a CEA or 
patients after radiotherapy to the neck. Only four cases of 

A B

• Figure 23-1 Carotid painless mass associated with a patch infection. A, Soft tissue mass in the right 
anterior triangle. B, Intraoperative photograph of the excised encapsulated lesion from the right carotid 
artery. (From Knight BC, Tait WF: Dacron patch infection following carotid endarterectomy: a systematic 
review of the literature, Eur J Vasc Endovasc Surg 37:140-148, 2009.)
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carotid stent infection have been reported. Although rare 
and underreported, this complication is serious, with a 
reported mortality as high as 50%. Early recognition and 
management improve outcomes. Like post-CEA infections, 
symptoms are nonspecific, ranging from postoperative fever 
and sepsis to neck swelling or a carotid-cutaneous fistula.36

It is unclear how an infection of the stent occurs. The 
most likely explanation is transient bacteremia that seeds 
the stent or a primary infection at the time of insertion.

The time of presentation can be insidious, and most cases 
present late (usually 1 to 2 years after the procedure). One 
case reported an early infection, with symptoms starting as 
early as 48 hours after stenting and rapidly progressing to a 
pseudoaneurysm and rupture requiring urgent surgery with 
carotid resection and saphenous vein bypass revasculariza-
tion.37 Treatment solely with antibiotics is an option but 
carries high mortality; therefore, the recommended treat-
ment is resection and revascularization similar to what is 
done for post-CEA infections.37

Carotid Pseudoaneurysm

Only 4% of peripheral aneurysms are carotid ones, and only 
0.7% of CEA are complicated with a carotid pseudoaneu-
rysm. Other causes for pseudoaneurysm include infection, 
patch degeneration,38-41 central lines, and neck trauma.39

Conventional treatment, as explained earlier for CEA 
infection, is excision and revascularization, with a few 
reported cases of the use of carotid stents to exclude the 
pseudoaneurysm in a controlled infection setting with a low 
virulent organism or following trauma.42,43

Thrombophlebitis

Thrombophlebitis is a localized venous disorder that, as its 
name implies, is defined by an inflammatory reaction of that 
venous segment.44 It represents a broad entity with varying 
degrees of severity that are actually well illustrated in the 
case of neck veins. Although this inflammation makes the 
affected vein susceptible to at least two factors of Virchow 
triad (endothelial damage and stasis) by its damage and scar-
ring of the vein walls, it is also not necessarily associated 
with thrombosis.45 It is important to distinguish between 
superficial venous thrombophlebitis and deep venous 
thrombosis or thrombophlebitis, especially in the neck 
veins. The internal jugular (deep) venous thrombophlebitis 
carries with it far more dire consequences and requires an 
aggressive intervention.

Superficial venous thrombophlebitis (SVT) restricts its 
definition to the superficial veins underlying the skin. In 
the neck, this would usually imply the external jugular vein; 
however, it can affect any other vein in the neck as well, 
especially if the patient was exposed to trauma or infection. 
SVT can arise in any superficial vein of the body, but is 
mostly seen in the lower extremities and the external jugular 
veins.46 The vast majority of the reported literature and clin-
ical trials regarding SVT relate to lower-extremity disease. 

The data and management of SVT in the neck are largely 
extrapolated from these reports. It should be noted that 
conditions, such as valvular reflux and varicosities, which 
have been reported to be the most common risk factors for 
SVT, will not generally apply.47

The reported incidence of SVT in the United States is 
125,000 cases per year.46 There is an increasing incidence 
with increased age, and it is more common in women (with 
the incidence in men rising from 0.05 per 1000 per year 
in the third decade to 1.8 per 1000 per year in the eighth 
decade compared with 0.31 per 1000 per year to 2.2 per 
1000 per year in women).48 SVT will often resolve indepen-
dently, without intervention or specific medical treatment; 
therefore, these numbers are likely underreported.

The risk factors and etiology for SVT are the three factors 
of Virchow triad: endothelial damage, venous stasis, and 
hypercoagulability. Endothelial damage is probably most 
applicable to the external jugular vein SVT, as this is a com-
monly used vein for peripheral intravenous catheters, par-
ticularly in patients with otherwise difficult vascular access. 
Direct endothelial injury is associated with this puncture 
and subsequent infusion of medications and other inflam-
mation-inducing solutions. Chemotherapeutic infusions 
can increase the likelihood of SVT.46 Infection may also be 
associated with intravenous (IV) catheterization. Organisms 
such as Staphylococcus aureus, Pseudomonas species, Klebsiella 
species, Peptostreptococcus species, Propionibacterium species, 
Bacteroides fragilis, Prevotella species, and Fusobacterium spe-
cies have all been implicated in more severe septic thrombo-
phlebitis.49 Severe infections can develop into suppurative 
SVT, requiring removal of any foreign body that might be 
present and the administration of IV antibiotics. Rarely will 
actual excision of the vein be required to treat this entity.47

Regarding venous stasis, varicose veins, usually associated 
with a saphenous vein reflux, are the most prominent exam-
ple of venous stasis leading to SVT. This, as mentioned pre-
viously, is the most common risk factor for SVT; however, 
such a mechanism will not usually be present in neck veins 
given the typical absence of valves and the direct assistance 
of gravity in draining the head and neck venous blood.

Any number of exposures and conditions may put a 
patient in a hypercoagulable state, such as pregnancy, oral 
contraceptives, smoking, prothrombotic conditions, and 
malignancy. The phenomenon of migratory thrombophlebi-
tis deserves special mention given its association with malig-
nancy. Migratory thrombophlebitis describes the repeated 
thrombosis and inflammation of superficial veins most 
commonly in the lower extremities but possible at varying 
sites; it was associated with adenocarcinoma in the tail of 
the pancreas by Trousseau in 1856 (Trousseau syndrome).46 
Other studies have demonstrated that patients with SVT as 
a first thrombotic episode were more likely to have several 
hypercoagulable states compared with a control population. 
Patients with two or more episodes were more likely to have 
antibodies against anticardiolipin.50,51

Diagnosis of SVT is still mostly based on a clinical exam-
ination alone. Tenderness, pain, and erythema along the 
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course of the affected vein are the classic symptoms. These 
symptoms may appear over the course of hours to days, but 
generally resolve over the course of days to weeks. A pal-
pable nodule or cord will usually indicate the presence of 
a thrombus in the varicosity or vein, and this may persist 
for months after initial symptom onset.46 After the initial 
inflammation resolves, a brown or bruised discoloration of 
the area may also persist.

In the case of septic or suppurative thrombophlebitis, 
patients may have constitutional symptoms such as high-
grade fever, in addition to purulent drainage, and sometimes 
frank abscess. Risk of septic thrombophlebitis increases if 
peripheral IV catheters are left in place for more than 2 to 
3 days.52 For this reason, peripheral IV catheters should be 
removed or switched to new locations after the same time 
period.

Duplex ultrasonography is helpful in diagnosing a SVT. 
This test is inexpensive, noninvasive, and reliable for deter-
mining the location and extent of thrombotic disease. 
Duplex ultrasound findings in SVT can include surround-
ing soft tissue edema, vein wall thickening, and increased 
echogenicity. The affected vein may have evidence of 
thrombosis, including incompressibility. It is also valuable 
for assessing for a deep vein thrombosis (DVT). There may 
be a thrombus extending beyond the limits of the outward 
inflammatory changes seen on clinical examination. This 
may be particularly useful if there is concern for disease 
occurring in proximity to a junction with the deep system. 
Upper extremity SVT and thrombosis is less likely to prog-
ress to DVT compared with lower extremity SVT.53 One 
could postulate that the same would hold true for exter-
nal jugular SVT progression to internal jugular DVT. This 
could possibly be explained by the reduced impact of venous 
reflux in the upper extremities and neck; however, there are 
no data to confirm this.

The management of SVT will depend on the clinical 
severity of the presentation and risk or presence of a concur-
rent DVT. The mainstay of treatment in most cases will be 
supportive care with warm or cool compresses and nonste-
roidal antiinflammatory drugs (NSAIDs). Most cases will 
respond to treatment within several days, and complete 
resolution should occur over 7 to 21 days.46 A palpable cord 
or nodule of the thrombosed vein may remain for the next 
several months.

NSAIDs have been shown to effectively treat the pain 
and inflammatory symptoms of SVT in addition to reduc-
ing extension and recurrence. A randomized controlled trial 
comparing NSAIDs to placebo demonstrated 15% recur-
rence or extension, or both, with NSAID treatment com-
pared with 30% for placebo.54

Anticoagulation for SVT has been studied with gener-
ally favorable results. The same study demonstrating the 
reduced recurrence and extension with NSAIDs found 
further reduction with 40 mg of daily subcutaneous enoxa-
parin and 1.5 mg/kg daily of subcutaneous enoxaparin to 
8% and 7%, respectively54; 2.5 mg of subcutaneous daily 
fondaparinux has also been studied and shown to reduce 

recurrent thrombus and phlebitis. However, enoxapa-
rin has not been shown to reduce DVT incidence and 
fondaparinux had an absolute risk reduction of 0.3%.55 
Given the generally benign course of SVT and high cost of 
low-molecular-weight heparin (LMWH) and fondaparinux, 
anticoagulation has not been found to be cost-effective, and 
these treatments are usually avoided in favor of NSAIDs 
in otherwise low-risk patients.56 The American College of 
Chest Physicians recommends anticoagulation in SVT for 
patients at higher risk of thromboembolism, specifically 
with an affected venous segment greater than 5 cm, proxim-
ity less than 5 cm to the deep system, or positive medical 
risk factors.57 It should be noted that all these studies are in 
patients with lower-extremity SVT, and all conclusions may 
not necessarily apply to SVT of the neck; however, symp-
tomatic treatment with NSAIDs will usually be acceptable.

For suppurative thrombophlebitis, treatment should con-
sist of immediate removal of any source of infection (espe-
cially intravenous catheters), and initiation of intravenous 
antibiotics. Antibiotics should have activity against usual 
skin flora, such as staphylococci, and may include first-gen-
eration cephalosporins or vancomycin in the case of MRSA. 
Antibiotic treatment should be tailored based on culture 
and sensitivity testing. The duration of treatment has not 
been studied, but 2 weeks is usually appropriate. Surgery is 
rarely required; however, if the patient is not responding to 
antibiotics, incision and drainage of any purulent collection 
and excision of the affected vein segment in the operating 
room is advised.58,59

Other considerations in the management of SVT should 
include workup for other hypercoagulable disorders or 
malignancy. SVT that is recurrent or migratory could sug-
gest malignancy as with Trousseau syndrome. Such patients 
may warrant further evaluation of the deep venous system 
with ultrasound, blood testing as part of a hypercoagulable 
panel, or other imaging such as computed tomography 
(CT) or colonoscopy to screen for malignancy.

Lemierre syndrome is a rare but dire disease worthy of 
special mention in the realm of thrombophlebitis of the head 
and neck. Also known as human necrobacillosis and anaero-
bic post-anginal sepsis, it is sometimes used to describe a 
primary infection of the head and neck with Fusobacterium 
necrophorum. Classically, it involves a constellation of find-
ings involving a recent history of pharyngotonsillar disease, 
evidence of ipsilateral internal jugular vein thrombosis, 
metastatic lesions in the lungs or other remote site such as 
the joints, and isolation of the bacteria F. necrophorum from 
blood or other sterile body sites.60

Lemierre syndrome is worthy of mention. Andre 
Lemierre, for whom the entity is named, neither discovered 
the bacteria nor initially described the entity; however, he 
provided a clear description of this pattern of findings in 
association with the bacteria in a 20-case series for The Lan-
cet in 1920.61 Although there is little supporting documen-
tation, this syndrome is believed to have been a much more 
common disease before the introduction of antibiotics in 
1940. With penicillin, this syndrome became the “forgotten 
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disease.”60 It is a rare disease, but because of increasing 
awareness and changing patterns of antibiotic use and resis-
tance, its incidence has been noted to be increasing. Two 
studies from Denmark estimated the incidence from 1990 
to 1995 at 0.8 to 1.5 cases per 1 million people per year, 
compared with 1998 to 2001 when it rose to 3.6 cases per 1 
million people per year.62,63

Lemierre first associated the syndrome with bacteria now 
known as F. necrophorum; a gram-negative, anaerobic, beta-
hemolytic rod that is part of the normal flora of the human 
mouth, vagina, and gastrointestinal (GI) tract. A review of 
further cases reports that 57% of cases were associated with 
F. necrophorum, 30% with Fusobacterium spp, and 3% with 
F. nucleatum.64 Occasionally, Lemierre syndrome has been 
associated with other bacteria such as Staphylococcus, Strep-
tococcus, Proteus, Eikenella, Bacteroides, and Peptostreptococ-
cus species. In the setting of a recent or ongoing internal 
jugular vein catheterization, one should suspect skin flora 
such as Staphylococcus species.65

Most often this syndrome follows an episode of pharyn-
gitis. No specific mechanism has been confirmed to describe 
the spread of Fusobacterium species to the internal jugu-
lar vein; however, it has been shown that F. necrophorum 
activates high-molecular-weight kininogen and factor XI, 
which leads to activation of the intrinsic pathway of coagu-
lation and can precipitate the characteristic internal jugular 
vein thrombosis.66

Pharyngitis is the most common initial symptom for the 
disease and occurs in 87% of cases. Patients subsequently 
manifest more symptoms of infection including fever, chills, 
rigors, night sweats, and malaise. These symptoms usually 
occur 4 to 12 days after the onset of pharyngitis. Local symp-
toms from the intravascular spread of infection can evolve 
over the same time frame and often include lateral cervical 
neck pain, dysphagia, dyspnea, hemoptysis, and arthralgias.60

Laboratory workup is not usually used for diagnosis 
except for cultures showing the characteristic Fusobacterium 
species. However, leukocytosis, thrombocytopenia, and 
liver and renal function abnormalities may also be present. 
Septic arthritis, usually of the hip, occurs in up to 27% of 
cases, and synovial fluid cultures can also show the associ-
ated bacteria.67

Imaging studies are a crucial part of the diagnosis of 
Lemierre syndrome. Routine chest radiographs are usually 
obtained first because of the pulmonary complaints. These and 
subsequent chest CT scans can show multiperipheral, nodu-
lar, or wedge-shaped pulmonary lesions and possibly empy-
ema. Often these lesions will have a feeding blood vessel.61,67

Lateral neck pain will usually prompt evaluation of the 
cervical vasculature. This is most easily and noninvasively per-
formed with a duplex ultrasound of the jugular veins, which has 
high specificity and sensitivity for thrombosis of the internal 
jugular vein. This can be limited in the evaluation of the tissue 
and vessel adjacent to the mandible, clavicle, and skull base.60 
More often, CT with contrast media is more diagnostic. It 
has high sensitivity and specificity for jugular vein thrombosis. 

This can also evaluate the soft tissue of the remaining neck and 
oropharynx for abscesses and other lesions.60

Prolonged antibiotic treatment is the mainstay of ther-
apy for Lemierre syndrome. Metronidazole, penicillin G, 
clindamycin, β-lactam/β-lactamase combinations (ampi-
cillin-sulbactam, piperacillin-tazobactam), carbapenems, 
imipenem, meropenem, and chloramphenicol have demon-
strated in  vitro activity against F. necrophorum.68,69 Metro-
nidazole is generally considered the drug of choice.60 If the 
syndrome is related to a recent IV catheterization, it would be 
appropriate to start empiric coverage against skin flora such 
as vancomycin. Culture and sensitivity testing should be fol-
lowed up for the most effective and narrow final antibiotic 
regimen. The duration of treatment may range from 3 to 6 
weeks. A longer course (up to 6 weeks) is thought to be suf-
ficient for penetration of infected fibrin clot associated with 
internal jugular vein thrombosis.61,68 Antibiotic treatment 
should be started intravenously, but may be converted to oral 
once the patient’s fever is resolved and oral intake is tolerated.

Therapeutic anticoagulation in this disease has been a 
controversial point. Theoretically, this should reduce septic 
thromboembolic complications from the infected throm-
bus. Clinically, there has been varied reported experience, 
with some authors reporting heparin anticoagulation to be 
beneficial, but at least one series of 53 cases claims favorable 
outcomes with only 21% receiving anticoagulation.70-72 
Ultimately, the patient’s clinical course, comorbidities, and 
bleeding risk should be taken into account. However, in the 
presence of confirmed thrombosis on radiographic imaging 
and septic embolic complications, it is not unreasonable to 
proceed with therapeutic anticoagulation.

Surgical intervention for Lemierre disease is rarely 
described with surgical excision of the thrombosed vein. 
Surgery appears to be most beneficial for incision and drain-
age of abscess collections within the neck, lung, or other 
areas with septic embolic complications.60 Surgical excision 
of the vein is described mainly for patients with persistent 
septic complications refractory to medical therapy and anti-
coagulation.65 Regarding excision of the internal jugular 
vein, surgical exploration can be performed with exposure 
of the internal jugular vein. Surgeons should be wary during 
exploration and mobilization of structures for friability in 
the setting of ongoing inflammation and infection. In addi-
tion, one should also be mindful that the clot burden may 
extend further toward the skull base than in more typical 
cervical vascular surgery procedures, and exploration may 
require more extensive dissection.
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24
Infection in the Craniomaxillofacial 
Trauma Patient
AMIR F. AZARI AND R. BRYAN BELL

Historical Perspective

There have been considerable historical changes in the 
management of traumatic injuries that have contributed 
to lower rates of infection and improved outcomes. Guide-
lines for frontal sinus trauma, for example, previously 
involved exenteration of the sinus,1 but have now shifted 
to the preservation of the sinus mucosa in uncomplicated 
cases.2 As more data become available, time-limited lac-
eration repair has long passed the “6-hour golden period”3 
and the duration of antibiotic therapy following reduction 
and rigid fixation of maxillofacial fractures has declined 
significantly.4 Improved protocols for antibiotic prophy-
laxis and debridement have also allowed for earlier and 
more comprehensive reconstruction of high-velocity inju-
ries. Prompt diagnosis and management with antibiotics 
decreased the infectious complications of facial injuries in 
each successive conflict during times of war in the twenti-
eth century.5 Although some domains of infection in oral, 
head, and neck trauma patients are limited by a lack of 
randomized, controlled outcome data, many of the new 
trends described are bolstered by pooled data from large 
multicenter trials.

Principles

Classification of Maxillofacial Trauma Wounds

Surgical wounds are classified by level of contamination 
as established by the Centers for Disease Control and Pre-
vention.6 Common wounds encountered in maxillofacial 
trauma involve a spectrum of bacterial invasion that can 
be classified as clean-contaminated (class II), contaminated 
(class III), or infected (class IV). An example of a clean-
contaminated wound is that which occurs during the repair 
of closed fractures. Noninfected, open fractures and soft 
tissue wounds are considered contaminated at the time of 

repair. Infected traumatic wounds occur because of bacterial 
infection or environmental debris being present at the time 
of repair.7 An algorithm for wound debridement, irriga-
tion, and antibiotic prophylaxis exists and depends on accu-
rate classification at the time of surgical intervention. The 
majority of maxillofacial trauma management is categorized 
as clean-contaminated.8

Epidemiology of Infections in  
Maxillofacial Trauma

The collateral blood supply to the face is extensive and 
allows for treatment of contaminated fractures without 
infection after routine open reduction and internal fixa-
tion. Composite soft and hard tissue injury, however, with 
loss of periosteal blood supply may predispose fractures to 
healing complications because of contracture, infection, or 
fibrosis.9 It is no surprise that the oropharyngeal flora is 
a frequent contaminant of traumatic wounds in the head 
and neck.

Head and facial trauma account for 36 and 24% of 
presenting injuries, respectively, according to the National 
Trauma Data Bank. Facial fractures can be subdivided by 
prevalence, with midfacial trauma being most common 
(72%), followed by the mandible (24%) and frontobasal 
and supraorbital bone fractures.10 Because these injuries 
commonly require operative management, reducing the 
burden of postoperative infection is an important goal in 
improving outcomes.

Bacterial Flora

Postoperative wound infections of the head and neck are 
usually polymicrobial, and have been examined in multiple 
studies to show gram-positive (Staphylococcus and Strepto-
coccus) and gram-negative (Escherichia, Klebsiella, Serratia, 
Proteus, and Pseudomonas) organisms, aerobic and anaerobic 
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bacteria, and fungi.7 Saliva harbors numerous bacterial spe-
cies, with anaerobes approximately five times more com-
mon than aerobes. Nevertheless, intraoral lacerations do not 
commonly become infected. Wounds of the head and neck 
that become infected are often contaminated with biofilms, 
which are typically resistant to antimicrobial therapy alone. 
Commonly, mechanical disruption by drainage or debride-
ment is required for successful treatment, in addition to 
therapeutic doses of antimicrobials; this is especially true of 
osteomyelitis.11

Wound management and prophylaxis should be directed 
toward the mechanism of injury, as the environmental 
pathogens can also become embedded within wounds. A 
frequent example is road burn injuries, which may be con-
taminated with Bacillus species.12 Contamination with Clos-
tridium tetani has high mortality in unimmunized patients 
and prophylaxis should be established in traumatized 
patients. Indications for prophylaxis with tetanus immuno-
globulin are described later.

Risk Factors

A number of risk factors may predispose trauma patients to 
infection, including presence and types of fractures, delay 
in treatment, and treatment method.8 Delay in treatment 
has been the focus of many studies with respect to antibi-
otic prophylaxis. Patients with multiple traumatic fractures 
and open facial fractures have been found more likely to 
develop an infection and may warrant additional antibiotic 
prophylaxis.13

Timing of Repair

There is considerable historical controversy over the so-called 
golden period for laceration repair, with time periods ranging 
from 3 to 24 hours to avoid infectious complications.3 Cur-
rent evidence suggests that there is no supporting evidence 
for the effects of delayed wound closure on infection rates 
following laceration repair.3 Lacerations in the head and 
neck may in fact afford greater flexibility in delayed closure 
when compared with extremity wounds.14,15 Earlier repair 
may also facilitate a more acceptable cosmetic outcome in 
facial wounds.

The repair of maxillofacial fractures is often delayed sev-
eral days after the injury, whether by availability of resources 
or comorbid conditions. Fracture mobility is thought to con-
tribute to a correlation between treatment delay and surgical 
wound infection.8 However, the evidence for the association 
between treatment delay and increased or decreased risk of 
infection is equivocal.16 Despite the paucity of prospective, 
controlled, randomized data with appropriate statistical 
analysis, there have been numerous guidelines proposed to 
quantify the effects of treatment delay.12 A recent literature 
review has identified the commonly reported complica-
tions from delayed treatment to include infection includ-
ing abscess and osteomyelitis, wound dehiscence, delayed or 
nonunion, and need for revision surgery, among others.16 

The benefits of delayed treatment have also been identified, 
in allowing for a single anesthetic in the extensively injured 
patient,17 more complex imaging,17 and resolution of soft 
tissue edema in zygomatic complex fractures18 and of diplo-
pia in orbital fractures.19 In general, it is advisable to mini-
mize the time between injury and definitive repair of facial 
fractures as well as the time spent in the hospital to avoid 
nosocomial infection by colonization of hospital-acquired 
bacteria.

The goal to timing of repair is to achieve open reduc-
tion and internal fixation within 1 to 3 days of injury for 
uncomplicated mandibular fracture and between 1 and 14 
days for uncomplicated midfacial fractures. Highly com-
minuted or displaced fractures are generally stabilized with 
interdental fixation in the emergency department upon ini-
tial assessment to avoid gross mobility of bony segments. 
High- velocity injuries, such as those that occur with gun-
shot wounds or other degloving injuries, are generally 
washed and repaired on the day of injury. Some trauma ser-
vices have a “direct to OR” policy for the most severe or life-
threatening injuries. Therefore, complex facial wounds that 
are characterized by massive contamination or tissue loss are 
often repaired within hours of occurrence.

Prevention

Systemic Wound Management

Optimizing systemic conditions in patients after injury is 
important for successful wound healing. This is especially 
critical in the multisystem trauma patient with a prolonged 
hospitalization and need for resuscitation. For example, mild 
hypothermia can lead to threefold higher infection rates and 
leads to increased intraoperative blood loss.12 Nutritional 
goals for the trauma patient include maximizing tissue 
perfusion and oxygen delivery to the wound bed. Patients 
receiving parenteral nutrition are often at risk for impaired 
wound healing secondary to essential fatty acid deficien-
cies. Supplementation with lipids is important for trauma 
patients, especially those with preexisting poor nutritional 
status. Malnutrition is best evaluated with a complete his-
tory and physical examination and includes unintentional 
weight loss, cachectic appearance, or history of malabsorp-
tion.7 In addition, fluid supplementation exceeding the 
amount normally given for optimization of blood pressure 
and urine output has been shown to increase oxygenation in 
surgical patients.12

Cross-Infection

An important consideration in the prevention of iatro-
genic infections is avoidance of glove perforations associ-
ated with manipulation of bone, metal, deep cavities, and 
confined spaces.20 In maxillofacial surgery, this has been 
traditionally noted with wire penetration and arch bar 
placement.21 Methods of fracture reduction that reduce 
or obviate the need for intermaxillary fixation with wires, 
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such as bone-anchoring screws or manual reduction, signifi-
cantly reduce this risk.22,23 Double-gloving will also reduce 
the incidence of bacterial or viral cross-contamination by 
reducing perforations of the inner glove,24 but it has not 
been shown to reduce the dexterity of the operator.20,25

Debridement

Debridement of the traumatic wound involves the removal 
of nonviable tissue to reduce the incidence of wound infec-
tion or in management of an established infection.26 This 
is especially important in the multiply wounded patient 
with both hard and soft tissue trauma or in the patient with 
necrotizing infection of the soft tissues. Early debridement 
is required in necrotizing fasciitis, because rapid infectious 
spread along avascular tissue planes causes fascial necrosis 
and loss of skin perforators.27

Irrigation of the wound also decreases bacterial load, 
depending on the type and pressure of irrigation. Tradition-
ally, antiseptics such as dilute povidone-iodine or hydrogen 
peroxide have been used for wound irrigation, but data 
have shown that these delay wound healing because of cyto-
toxic effects on fibroblasts and keratinocytes.28 Instead, it 
is now recommended to irrigate with sterile normal saline 
for noninfected wounds29,30 and to reserve irrigation with 
antiseptics (e.g., povidone-iodine) for localized treatment 
of infected or dehisced wounds.31 High-pressure irrigation 
is indicated in cases of obvious contamination by environ-
mental debris or with bite wounds.12

Multiple retrospective and prospective studies have 
established that shaving is no longer recommended before 
the repair of scalp lacerations.14,32 It is thought that micro-
abrasions created during shaving actually increase the risk 
of infection, and that shaving should be performed only 
for reasons other than prevention of postoperative wound 
infection.33 Routinely shaving the scalp for either laceration 
repair or for elective coronal incisions is not advised. The 
risk of infection in either of these settings is low.

Retention of foreign bodies following penetrating trauma 
can delay healing, especially if of porous or organic composi-
tion. Unlike metallic implants, environmental foreign bodies 
can be difficult to localize with imaging, delaying diagnosis 
until prolonged inflammation and infection are realized.34 
Wound infection caused by contaminated, retained foreign 
bodies can be persistent despite antibiotics and can progress 
beyond superficial skin infections to involve adjacent tissue 
spaces. Suction-assisted pulse irrigation with sterile saline 
is the preferred method of mechanical debridement during 
initial debridement, followed by mechanical scrubbing with 
“brown and bubbly” dilute hydrogen peroxide and water for 
highly contaminated wounds.

Prophylaxis

Guidelines for surgical antibiotic prophylaxis have been 
established by extensive review from Bratzler et al; it is rec-
ommended that patients with clean-contaminated injuries 

receive cefazolin or cefuroxime plus metronidazole or ampi-
cillin-sulbactam.35 Clindamycin is recommended for patients 
who are allergic to penicillin. These recommendations are 
based on well-conducted cohort, case control, and limited 
randomized control studies, and are appropriate for most 
maxillofacial trauma surgeries. Preoperative antibiotics should 
be administered within 60 minutes before surgical incision, 
dosing should be weight based, and administration generally 
should not extend beyond 24 hours postoperatively. Certain 
circumstances, such as in immunocompromised patients, 
grossly contaminated wounds, delayed wound closure, open 
fractures and joint wounds, those at risk for endocarditis, 
and high-velocity gunshot wounds, warrant additional post-
injury prophylaxis.36 Analyses of combat-related injuries with 
risk factors for early infection or sepsis also meet the criteria 
for postinjury prophylaxis.30 Antibiotic administration can-
not be used in place of surgical management of the infected 
traumatic wound.12

Postoperative Antibiotics

Prolonged postoperative antibiotic administration (5 days 
or greater) after the operative management of maxillofacial 
trauma has not demonstrated a benefit in reducing the inci-
dence of infection. Antibiotics have been shown effective 
only within the first 24 hours after treatment.13,31 How-
ever, increasing severity of trauma may warrant additional 
antibiotic prophylaxis. The duration and type of antibiotic 
therapy have not been elucidated in the literature.

Soft Tissue Injury

Lacerations

Lacerations of the head and neck are not frequently associ-
ated with infection, because of the increased vascularity of 
this area compared with other locations.37 Scalp and face 
wounds nevertheless constitute a majority of lacerations 
seen in the emergency department. Infection rates for 
scalp, face, and ear and nose wounds have been reported 
as 1.7, 3.9, and 3.6%, respectively.38 However, age, diabe-
tes, jagged and stellate wound edges, visible contamina-
tion, and foreign body involvement are all associated with 
higher infection rates and warrant additional attention 
to the need for wound management and prophylaxis.14  
Prevention of wound dehiscence is made more challenging 
because of the variable depth and shape of facial soft tissue 
wounds in association with numerous muscles of facial 
expression.39 Aggressive management is sometimes advocated 
because of the potential poor cosmetic outcomes associated 
with wound infection, especially in children and in bite 
wounds.

A prospective multicenter trial has found no correla-
tion between infection and either delay in wound closure 
or in method of closure, including in facial lacerations. In 
the same study, history of diabetes, wound contamination, 
and wound length greater than 5 cm were all significant risk 
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factors for wound infection. In the latter high-risk cases, 
antibiotic prophylaxis and closer follow-up may be war-
ranted.15 Timely closure of lacerations is still important, 
as delays can result in soft tissue swelling and distortion of 
anatomic landmarks that might predispose the wound to 
premature dehiscence, exposure, and ultimately infection.40 
Primary closure generally leads to more rapid healing and 
a better cosmetic outcome than secondary closure does. A 
meta-analysis has shown that in addition to equally accept-
able cosmesis, resorbable (versus nonresorbable) suture use 
has not been found to influence wound infection rates sig-
nificantly.41 Nonsterile glove use is also not associated with 
adverse outcomes when closing wounds, when compared 
with sterile gloves.42

All patients with contaminated wounds should receive 
the tetanus vaccine if they have not had primary tetanus-
diphtheria vaccination and a booster within 5 years. Those 
without primary immunization should receive both teta-
nus immune globulin and the vaccine. Otherwise, most 
lacerations do not require prophylaxis as described previ-
ously, but they may be indicated for patients with animal 
or human bites, excessive wound contamination, vascular 
insufficiency (e.g., peripheral artery disease), or immuno-
deficiency. The use of stents, bolsters, or nasal packing may 
warrant antibiotic prophylaxis until they are removed.43

It is advisable to perform primary closure on even most 
contaminated facial wounds. Although the incidence of 
infection may be slightly higher than that of healing by 
secondary intent, the cosmetic benefits of primary wound 
closure outweigh the ensured risk of facial scarring resulting 
from delayed wound closure.

Intraoral
Lacerations in the mouth are often considered to be con-
taminated because of mucosal involvement, but as with 
other lacerations of the head and neck, they are not often 
associated with infection. Larger wounds, wounds contami-
nated with environmental debris, and lacerations that pen-
etrate through both facial skin and oral mucosa (“through 
and through”) may warrant particular care, because they 
may require significant debridement or multiple layers of 
closure. Unfortunately, there are few guidelines for the use 
of antibiotic prophylaxis for all intraoral lacerations; Mark 
and Granquist44 found only one randomized control trial of 
such injuries treated within 24 hours of arrival to the emer-
gency department, but did not demonstrate a benefit for 
prophylaxis because of inadequate sample size. Therefore, 
it is recommended that antibiotic use should be guided by 
individual clinician judgment.44

Ear
Because of its anatomic location, the external ear is suscep-
tible to laceration in the setting of head trauma. Shear forces 
can separate the perichondrium from the cartilage, causing 
a hematoma to form in the subperichondrial space. Because 
the cartilage is avascular, disruption of its blood supply can 
lead to necrosis and infection, especially with prolonged 

exposure of cartilage. Auricular hematoma requires prompt 
incision and drainage and placement of bolster dressings to 
prevent recurrence. Bolster dressings, in addition to anti-
staphylococcal prophylaxis, can help to prevent long-term 
complications, such as cauliflower ear. Auricular cellulitis 
and chondritis may require similar management. In addi-
tion to local wound care, leech therapy has been used for 
improvement of local tissue perfusion.45 Precautions must 
also be taken with traumatic tympanic membrane rupture, 
as bacteria entering the inner ear can cause infection and 
subsequent permanent hearing loss, otitis media, or mas-
toiditis. Ear protection is advised along with otic drops of 
ofloxacin.46

Neck

Aerodigestive tract injury may involve esophageal or laryn-
geal perforation in addition to disruption of other neck 
structures. The diagnosis of aerodigestive injury and preven-
tion of infection should be prioritized in selective manage-
ment through physical examination with esophagoscopy 
or esophagography as needed.47 Esophageal injury is par-
ticularly worrisome as morbidity is high because of bacte-
rial contamination of the wound.48 In a 10-year multicenter 
study of perforating esophageal injuries, Asensio et  al49 
showed that cervical injuries are more common (67%) than 
thoracic or abdominal esophageal injuries, and that timely 
diagnosis and repair (within 13 hours) of esophageal injury 
are most critical for reducing complication rate and there-
fore morbidity and mortality.49 A review of cervical esopha-
geal injuries from seven studies found a mortality rate of 
approximately 6%, less than the 21 to 27% mortality in 
other segments—likely because of containment of contami-
nated tissue by the fascial layers of the neck.50 The signifi-
cantly greater complication rate of patients with esophageal 
injuries is attributed to infection, such as abscess or medias-
tinitis.49 Repair should include irrigation, debridement, lay-
ered primary closure, and establishing drainage, along with 
antibiotic prophylaxis.50,51 Traumatic esophageal and com-
bined tracheoesophageal injuries are frequently associated 
with other injuries that might also contribute to infectious 
complications.52 There are no conclusive data regarding the 
change in infectious complications secondary to the now 
fewer number of selective neck explorations performed in 
the management of penetrating neck injuries.51,53

Eye

The eye is an immunologically privileged organ, and many 
portions of it are relatively avascular; it is especially suscep-
tible to infection with traumatic contamination. Posttrau-
matic endophthalmitis may follow penetrating eye injury 
with or without presence of an intraocular foreign body. 
Infection is frequently due to contamination by gram- 
positive, coagulase-negative staphylococci or streptococci, 
but may also involve other bacteria or may be polymicro-
bial. Because of the poor outcomes of endophthalmitis in 
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trauma, especially in association with intraocular foreign 
body, broad-spectrum antibiotics should be considered 
while the patient is awaiting definitive management. Moxi-
floxacin (400 mg) or levofloxacin (500 mg) offers coverage 
for the most common microbes implicated in endophthal-
mitis, and each is able to reach the aqueous and vitreous 
humors.30,54 These regimens should also be considered for 
corneal abrasion.

The periorbita may also be affected in ocular or orbital 
trauma, resulting in preseptal cellulitis, orbital cellulitis, or 
cavernous sinus thrombosis. Necrotizing fasciitis should be 
included in the differential diagnosis of penetrating wound 
infections; it requires urgent operative debridement and 
broad-spectrum antibiotics.27 As part of the maxillofacial 
trauma triage, prevention of further injury to the globe 
includes irrigation with a balanced salt solution, conserva-
tive debridement, initiation of antibiotic therapy, the use of 
a Fox shield if needed, and prompt referral to the ophthal-
mology service for primary closure of ocular wounds.51

Bite

Bite wounds can be characterized as penetrating, crush, or 
avulsion injuries and are all heavily contaminated by the oral 
flora of the offending organism. In a minority of cases, iso-
lated pathogenic organisms may originate from the patient’s 
own skin flora or secondary invaders at the time of the bite 
injury.55 The most common bacterial species isolated from 
human bite wounds is Eikenella corrodens, whereas cat and 
dog bites are often contaminated with Pasteurella species. 
However, the bacteriology of bite wounds is diverse, and up 
to 7% of infected wounds are not culturable.55 Late wound 
infection can also occur, and prophylaxis against rabid ani-
mals is an important preventive measure. Wounds involving 
cartilage exposure, as in the ear and nose, and those involv-
ing crush injuries involving tissue ischemia are more prone 
to the development of infection.56,57 It is important to 
meticulously examine penetrating wounds for occult neuro-
vascular injury. Long-term sequelae of meningitis have been 
reported due to missed diagnosis of intracranial injury in 
pediatric bite traumas, because neurologic injury can be dif-
ficult to detect in the acute setting.58

Treatment of bite wounds involves high-pressure irriga-
tion with normal saline solution. Primary debridement and 
closure of such wounds in the head and neck have been well 
established, although the need for antibiotic prophylaxis is 
debated. It is more uniformly supported for cat and human 
bites compared with dog bites. The authors prescribe pro-
phylactic antibiotics if it is not possible to completely 
debride wounds or for concern of poor cosmetic outcome if 
infection does occur.56

Burn

Topical therapy rather than systemic antibiotics guides 
prevention of infection in patients with burns. Silver sulfa-
diazine cream alternating with mafenide acetate cream has 

been described as an effective combination after primary 
debridement of the wound. However, wounds that are pos-
sibly colonized or presently infected should have antibiotic 
coverage against pseudomonas.30

Hard Tissue Injury

Dentoalveolar

Dentoalveolar trauma can lead to infection by interruption 
of intact mucosa or of alveolar integrity, leading to contami-
nation by a heterogeneous oral flora. In alveolar fractures, 
concomitant mucosal exposure or fracture instability fol-
lowing splinting can lead to prolonged wound infection. 
Fracture of both buccal and lingual alveolar cortices and 
the development of full-thickness mucoperiosteal flaps may 
contribute to the devitalization of the wound area and pro-
mote infection.59

With tooth injuries, the greatest risk of infection is 
related to tooth avulsion. Replantation of avulsed perma-
nent teeth is often the treatment of choice, but it involves 
the introduction of bacteria and foreign material into the 
tooth socket, depending on the amount of posttraumatic 
debridement. In cases of intrusion or luxation, infection 
can be controlled with endodontic therapy and either 
spontaneous eruption or orthodontic extrusion.60 Post-
traumatic infection involving teeth is generally related to 
the incidence of pulpal necrosis, which more commonly 
affects permanent teeth with closed apices. Either end-
odontic therapy or systemic antibiotic prophylaxis with 
penicillin or tetracycline is used to manage posttraumatic 
infection.59

In immature teeth, topical antibiotics such as minocy-
cline or doxycycline, 1 mg diluted in 20 mL of saline, have 
been successful in promoting pulpal revascularization and 
periodontal health when applied before replantation. Sys-
temic penicillin or tetracycline antibiotics can also be used 
as prophylaxis, although unlike with topical antibiotics, 
comprehensive clinical studies have not demonstrated their 
value.61

Mandible

Posttraumatic mandibular infections are a result of delayed 
treatment without antibiotic prophylaxis or the early or late 
complications of operative management. This incidence of 
infection is an area of active research, as a significant propor-
tion of facial trauma involves mandible fractures.62 Because 
of its association with the alveolus, teeth, and oral mucosa, 
the mandible’s propensity for infection is much higher than 
other bones in the facial skeleton. The overall postopera-
tive infection rate for mandibular fractures, including the 
incidence of wound dehiscence, is approximately 20%.4 In 
general, infection accounts for one third of complications in 
the mandible. While most infections are superficial, some 
may cause debilitating injury in the form of malunion, 
nonunion, or osteomyelitis.63 The mandibular angle is the 
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most common site of fracture and of postoperative infec-
tion, whereas condylar fractures have the lowest infection 
rate.64,65

Patient-related factors such as teeth in the fracture line, 
substance abuse, and poor systemic or nutritional health are 
found to be significant predictors of increased infectious 
risk.64,66-68 Furthermore, the use of intraoperative inter-
dental wires to aid in fixation of mandible fractures con-
tributes to cross-infection caused by glove perforations.21,25 
In suitable cases of isolated mandibular fractures, manual 
reduction simplifies accurate fixation while reducing disease 
transmission.22 Maxillomandibular bone-anchoring screws 
also reduce the need for manipulation of metal wires.23

Placement of fixation plates at the superior border of 
the fracture or near the mucosal incision is implicated in 
inflammation, reduced mucosal blood supply, and even-
tual wound dehiscence. Avoiding wound dehiscence is ulti-
mately guided by watertight closure of the mucosa and oral 
antibiotic rinses to avoid infection of the wound margin 
and subsequent hardware inoculation.63 In general, greater 
infectious complications may be found more often when 
there are teeth in the line of fracture (25%) than when 
they are not (15%).4 Teeth that prevent adequate fixation 
and those that are associated with periodontal or alveolar 
damage should be managed with extraction at the time of 
repair.69

Late infections occurring in the weeks following opera-
tive management may be due to inadequate fixation or 
infected teeth in the fracture line, which may be treated by 
local incision and drainage or tooth removal as necessary. 
Wound dehiscence or superficial purulence may also be 
treated with antiseptic wound irrigation, such as povidone-
iodine.4 The role of antibiotics in these situations is unclear, 
but prudent use of local or systemic antibiotics may be nec-
essary to prevent further wound complications.70 In cases of 
radiographic or clinical evidence of nonunion, screw loos-
ening, plate exposure, or osteomyelitis, surgical retreatment 
is required.71 Culture of the wound, drainage, and debride-
ment of fibrous tissue or nonvital bone should precede sta-
bilization with repeated fixation.72

Antibiotic therapy should be initiated on presentation of 
a mandibular fracture and continued until at least the time 
of intervention.73,74 This protocol is frequently cited in the 
literature, with the exception of isolated mandibular con-
dyle fractures, for which there is no clear indication for anti-
biotic prophylaxis at all.74,75 The majority of recent evidence 
suggests that increased duration of postoperative antibiotic 
therapy does not reduce infection rates.64,76,77 Studies have 
determined that a range of zero76 to 48 hours65 is an effec-
tive time period for postoperative antibiotic administra-
tion. In addition, a prospective randomized trial has shown 
recently that prophylaxis beyond 24 hours does not signifi-
cantly influence infection rates.4 This is true even for open 
reduction and internal fixation of compound mandibular 
fractures, where a prospective study has found no difference 
between only two postoperative doses of antibiotic pro-
phylaxis compared with longer durations of 5 to 7 days.78  

In addition, treatment delay has been found to be unrelated 
to the rate of postoperative complications, including risk 
of infection.64,67,73,75 It is important to note that because 
few randomized controlled studies exist, further studies are 
needed to define the risks of treatment delay, presence of 
teeth in the fracture line, and oral hygiene with the inci-
dence of infection.79 Management should consider the 
individualized nature of each fracture with regards to man-
dibular biomechanics.80

Midface

Unlike mandibular fractures, maxillary and zygoma frac-
tures rarely become infected; they do not warrant post-
operative antibiotic prophylaxis.65 The rate described for 
postoperative zygoma fracture infection is 1.5%, and infec-
tion is more likely to occur with an intraoral approach 
than with a skin approach.81 Other studies looking more 
comprehensively at midfacial trauma have reported infec-
tion rates of 9%13 and 4.3%.82 In general, repair of these 
fractures frequently involves mucosal surfaces and may also 
involve cartilage exposure and coverage.

Nasal trauma can lead to disruption of the mucoperi-
chondrium, allowing hematoma formation adjacent to the 
cartilaginous nasal septum. The hematoma must be evacu-
ated by incision of the septal mucosa with a Killian or 
L-shaped incision and drainage, followed by placement of 
nasal packing and antibiotic prophylaxis.83 If the hematoma 
persists, nasal septal abscess can form with bacterial colo-
nization (typically Staphylococcus aureus), which can spread 
and cause sepsis, orbital, or cranial infections. Abscess for-
mation can lead to rapid necrosis of the cartilage because of 
the release of bacterial collagenases, resulting in a posttrau-
matic saddle-nose deformity. In children, such a defect can 
influence future growth of midfacial projection; therefore, 
it is especially important to evaluate the septum in children 
with nasal trauma.84

As in mandibular trauma, a randomized prospective 
placebo-controlled trial of Le Fort and zygomatic fractures 
has shown no difference in infection rates with antibiotic 
prophylaxis beyond the immediate postoperative period (24 
hours) compared with a more prolonged course (5 days).82 
Le Fort level fractures or naso-orbito-ethmoidal complex 
fractures may present with cerebrospinal fluid (CSF) leaks 
(rhinorrhea), for which antibiotic prophylaxis is also not 
recommended (see Cranial Base section).

Orbit

Orbital cellulitis resulting from trauma or orbital fracture 
repair is a relatively rare occurrence. Infection of the orbital 
space can lead to sequelae of compression, such as optic 
neuritis, atrophy, and blindness. Cranial spread of bacteria 
can lead to cavernous sinus thrombosis and meningitis.85 It 
is thought that orbital wall fractures can result in contami-
nation of the wound by paranasal sinus mucosa and war-
rant treatment as compound fractures with prophylaxis.86,87 
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Although there are no clear guidelines regarding the need 
for antibiotics after orbital trauma, a prospective random-
ized controlled trial has found that the orbital wound infec-
tion rate is not affected by antibiotic prophylaxis greater 
than 24 hours after surgical repair. The overall infection rate 
after orbital repair has been found to be 5%.85

Often, infections are associated with preexisting soft 
tissue lacerations in the infraorbital tissues, sinusitis, or 
implanted foreign bodies. A history of penetrating trauma 
should consider the possibility of occult foreign body and 
the risk of bacterial inoculation, leading to orbital cellulitis 
or abscess.88 Surgical intervention includes orbital decom-
pression with subperiosteal approach or via the paranasal 
sinuses.89 Consultation with the ophthalmology service is 
recommended for close monitoring of ocular changes.

Cranial Base

Evidence of skull base fracture can be seen in maxillofacial 
trauma as CSF otorrhea or rhinorrhea, displacement of cra-
nial bones on imaging, or pneumocephalus. Pneumocepha-
lus is sometimes viewed as evidence of occult CSF leak when 
it is otherwise difficult to detect in the acute setting.90 Risk 
of meningitis is increased with open skull base traumas, 
where the intracranial space communicates with surround-
ing tissues of the pharynx or skin. Surgical management of 
anterior skull base trauma, for example, necessarily includes 
ensuring drainage via patent ducts or obliteration of muco-
sal tissues harboring infectious microorganisms.

A current literature review of randomized controlled 
trials shows no clear evidence supporting antibiotic pro-
phylaxis of anterior skull base injuries, regardless of whether a  
CSF leak is present.91 In fact, alteration of the normal 
wound site flora with antibiotics can paradoxically create 
an infectious environment, and many posttraumatic CSF 
fistulas close spontaneously (85% within the first week).92 
Surgical intervention should be performed in cases of clear 
dural disruption, contamination, or failure of lumbar drain-
age and other more conservative measures to lower the risk 
of long-term meningitis.

Frontal Sinus
Frontal sinus trauma is particularly worrisome because of 
the anatomic location near the meninges and brain. Frac-
tures can result in short-term, intracranial infections, as well 
as long-term infectious sequelae because of obstruction of 
the nasofrontal outflow tract. Traditionally, treatment of 
these fractures involved exenteration of the sinus to prevent 
mucus collection and subsequently became more conserva-
tive, with preservation of the supraorbital rims.9 Manage-
ment has continued to become more conservative, with 
the goal of protecting intracranial structures, reestablishing 
normal forehead contour, and preventing infectious com-
plications.93 Currently established guidelines for treatment 
are based on patency of the frontonasal duct, comminution 
and displacement of the posterior table, and significance 
of brain injury or dural embarrassment.94 Patients with 

severely displaced and comminuted frontal sinus fractures 
with significant posterior table involvement, dural lacera-
tions, persistent CSF leak, or brain injury often benefit from 
cranialization. Those without posterior table involvement, 
however, benefit from sinus obliteration. Otherwise, sinus 
function is preserved in patients with repair of the dis-
rupted anterior table.2,93,94 This protocol allows for sinus 
preservation in the majority of patients with frontobasilar 
injury with minimization of short- and long-term infectious 
sequelae.

The foramina of Breschet, which provide venous drain-
age for the sinus into the subdural venous system, can 
become a pathway for bacterial infiltration.95 Obstruction 
of the duct may then lead to recurrent sinusitis, menin-
gitis, encephalitis, brain abscess, frontal sinus abscess, or 
osteomyelitis.96 Late complications, or those occurring 6 
months after the initial injury, can also include mucocele, 
mucopyocele, or both. Mucoceles are slow-growing lesions 
that obliterate the sinus space and eventually erode through 
thin posterior bone, usually a result of failure to reestablish 
frontonasal drainage.95,97 For complex frontal sinus injuries 
with dural embarrassment, timing of surgical repair (crani-
alization or obliteration) before 48 hours has elapsed from 
the time of injury is associated with significantly reduced 
risk of infection.98

Temporal
Temporal bone fractures are implicated in the development 
of posttraumatic meningitis, especially when there is evi-
dence of CSF rhinorrhea (13%) versus CSF otorrhea (6%). 
Historically, antibiotic prophylaxis has not been recom-
mended in the treatment of fractures even with CSF fis-
tulae; however, the presence of concurrent infection may 
independently raise the risk of meningitis by 20%. Instead, 
operative closure of CSF fistula is recommended after 7 to 
10 days of conservative management. Initial management 
includes CSF diversion by placement of a lumbar drain for 
5 to 7 days.9 Most leaks, however, will undergo early spon-
taneous closure.96,99

A Cochrane review of multiple prospective randomized 
trials and retrospective cohort studies has indicated that cur-
rent evidence does not support antibiotic prophylaxis for 
the prevention of meningitis in patients with basilar skull 
fractures regardless of CSF leakage.91 In fact, proliferation 
of opportunistic infections following prophylaxis caused by 
disruption of normal bacterial flora has been demonstrated 
in multiple cases. Therefore, it has been recommended to 
reduce postoperative antibiotic use to only higher-risk cases, 
such as those with operative delay, external CSF drainage 
catheters, or concurrent soft tissue infection.98,100

Osteomyelitis

The development of osteomyelitis is an uncommon but 
debilitating consequence of maxillofacial trauma. It is not 
often possible to distinguish the causative agent, although 
immune status, fracture contamination, and fracture mobility 



349CHAPTER 24 Infection in the Craniomaxillofacial Trauma Patient

have been cited as possible causes.101 If left unresolved, these 
causes lead to acute osteomyelitis contiguous with the area of 
injury.102 One study of more than 1400 mandible fractures 
found that a majority of osteomyelitis cases of the mandible 
were associated with nonunion.72 Other documented clini-
cal features include intense pain, intermittent fevers, pares-
thesia or anesthesia of the mental nerve, sequestra, trismus, 
lymphadenopathy, and dental pain.103

Although treatment for osteomyelitis has traditionally 
involved high doses of parenteral antibiotics for long peri-
ods (6 weeks), it has been demonstrated that oral antibiotics 
are as efficacious as parenteral forms—with less cost and 
concern for intravenous access—and that type and dura-
tion of antibiotic should be individualized to the patient’s 
clinical picture.104 Hyperbaric oxygen therapy has also been 
used with some success after debridement and sequestrec-
tomy.105 Removal of necrotic and infected bone, teeth, 
and soft tissues remains a mainstay in the treatment of 
osteomyelitis.

High-Velocity Injury

The hallmark of high-velocity injury is the presence of tis-
sue damage far outside the area immediately surrounding 
the projectile. Terminal ballistic characteristics determine 
the size of the temporary and permanent wound cavities, 
which may be contaminated by foreign particles and the 
bacteria carried by them. Soft-point bullets, for example, 
are far more likely to fragment and contaminate a decep-
tively larger area than the entry wound.106 Because of this, 
high-velocity injuries are often categorized as contaminated 
or infected instead of clean-contaminated.107 Nosocomial 
infections are more common in these patients, as they tend 
to be more severely injured.108

Treatment algorithms for high-velocity wounds empha-
size early surgical debridement and irrigation as necessary, 
primary reconstruction of hard and soft tissues if possible, 
and establishment of drainage. Delayed closure of wounds 
will result in scar contracture, making later definitive repair 
much more difficult. Antibiotic prophylaxis plays a major 
role in the prevention of infection, as debridement can be 
difficult with enlarged temporary and permanent wound 
cavities.108,109 Some surgeons prefer conservative debride-
ment to preserve anatomic landmarks, which can be facili-
tated in part because of the availability of antibiotics.107 The 
senior author (RBB) prefers early, aggressive debridement 
and early reconstruction with free tissue transfer in cases of 
severe composite tissue injury.110

Hardware Removal

Fixation plates used for repair of maxillofacial fractures 
can become infected and may necessitate incision and 
drainage of sterile abscesses or removal of hardware. 
In general, mandibular hardware necessitates more fre-
quent removal than hardware placed in the midface; this 
is thought to be due to greater tensile and compressive 

forces found in the mandible.111 Plates that lie directly 
under the mucoperiosteum along the external oblique 
line or the mandibular body are also more prone to mas-
ticatory trauma.64 The removal rate of titanium plates 
ranges from 3 to 32% in the literature, and a large por-
tion of removals are cited to be due to infection.22,112,113 
Most hardware complications requiring removal occur 
within the first year.114

Summary

Infections following maxillofacial trauma represent a 
concerning but potentially avoidable complication with 
appropriate intervention. Maximizing outcomes requires 
an appreciation of the principles of traumatic wound 
treatment and the prevention of infection with antibiotic 
prophylaxis and surgical debridement. Both hard and soft 
tissue injuries are managed based on their location and 
severity, with emerging emphasis on avoiding prolonged or 
unnecessary use of antibiotics. Instead, the importance of 
irrigation and surgical debridement has come to the fore as 
a crucial part of antimicrobial therapy. Further research will 
help to solidify indications for medical and surgical man-
agement in reducing rates of infection following oral, head, 
and neck trauma.
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Microbiologic Considerations 
with Dental Implants
STUART E. LIEBLICH AND SCOTT T. CLAIBORNE

The restoration of the dental structures with the use of 
endosseous implants has arguably been one of the defin-
ing advances in dentistry over the past 40 years. Once 
thought to be impossible to predictably achieve, implants 
are placed routinely in dental and craniofacial practice 
with excellent success rates. Much has been written about 
the ability of titanium to form a direct attachment to liv-
ing bone, with Brånemark coining the term osseointegra-
tion to describe this bone–metal fusion.1 Other materials 
such as hydroxylapatite, zirconia,2 and various treatments 
of titanium surfaces have more recently emerged as poten-
tial ways to decrease the time needed to obtain osseoin-
tegration and to increase the success rates. Although the 
modifications of titanium surfaces do increase the success 
rates, materials such as zirconia have not shown advantages 
in clinical success other than in more closely approximat-
ing tooth color.3

This chapter reviews the issues associated with the pre-
vention and management of infections associated with sur-
gical implant placement. The factors that are known to cause 
infection, the putative bacteria involved, and the means to 
control infection once it occurs are reviewed. Two types of 
implant infections—one affecting the apical region similar 
to a periapical lesion around teeth—are identified along 
with the means for treatment. The etiology of the disease 
state of periimplantitis is discussed including its manage-
ment. Finally, as with any surgical procedure, the potential 
for serious and even life-threatening infections can occur. 
The surgeon involved with implant placement must there-
fore appreciate these potential infections and be trained and 
experienced to deal with them appropriately.

Prophylaxis and Surgical Preparation

Implant placement for the restoration of teeth, partial eden-
tulous segments, and entire dental arches are now considered 
a routine part of patient care. The benefits of implants and 
their ability to restore form and function for a patient have 
led to their widespread use in clinical practice. However, 

as noted from the orthopedic literature, the dental implant 
needs to survive in a potentially contaminated field.4

As with any foreign body, the amount of bacteria neces-
sary to create an infection around an implant will be sub-
stantially less than in a clean surgical wound that does not 
involve any foreign body placement. For example, the place-
ment of a suture reduces the number of bacteria necessary 
to create a wound infection by a factor of 1000. In addition, 
the placement of an intraoral endosseous implant is com-
plicated by the initial bacterial load present at the time of 
surgery, as well as the continued bombardment of the tissue 
to implant bond by bacteria throughout the lifespan of the 
fixture.5

Endosseous implants are also placed in extraoral sites 
for the restoration of craniofacial defects. Other types of 
implants are placed transcutaneously, perhaps in conjunc-
tion with free flap reconstructions into the oral cavity, thus 
having to resist infection by both skin and intraoral bacte-
rium. The vast majority of implant cases are successful and 
without complications. However, the development of infec-
tion can lead to loss of the implant, as well as the surround-
ing bone, teeth, nerves, and extension into adjacent spaces. 
The practitioner placing implants needs to be acutely aware 
of these risks, practice appropriate technique to minimize 
the chances of infection, and be able to intervene rapidly if 
an infection should occur.

Most authors recommend the administration of prophy-
lactic antibiotics in conjunction with implant surgery.6,7 As 
with any type of antibiotic administration, the most impor-
tant dose for the patient is administered before the initia-
tion of the surgical procedure. The decision to continue 
the antibiotics postoperatively has not been investigated in 
well-controlled studies. Certain patient situations, such as 
complex grafting or preexisting compromise of the immune 
system, may dictate an empiric decision to continue antibi-
otics for a 5- to 7-day course.

Gynther et  al8 studied the response of patients who 
received 1 g of penicillin preoperatively and every 8 hours 
thereafter for 10 days in comparison with a group that did 
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not receive any antibiotics. They found no difference in the 
survival of implants in patients who did not receive any anti-
biotics preoperatively or postoperatively. They also reported 
no difference in the frequency of infections between the 
two groups. Despite this study, most other authors and pro-
tocols suggest the use of perioperative antibiotics. Verify-
ing the use of antibiotics is the study by Dent et al,9 who 
showed a failure rate of 2.6% with presurgical antibiotics 
and 4.0% without. Recent meta-analyses by Ati-Ali et al10 
and Sharf et al11 seem to present similar conclusions. Both 
reviews indicate that implant survival is improved with the 
use of a preoperative dose of antibiotics. The occurrence of 
postoperative infections is not clearly reduced with the use 
of antibiotics, but the survival rate of the implants is. Evi-
dence supporting the continued use of antibiotics following 
surgery is not correlated with improved outcomes in most 
cases. However, both articles do discuss that implant proce-
dures are highly heterogeneous because the sites may differ, 
grafting may be used, and host issues are difficult to control 
for (e.g., systemic disease, smoking). Therefore, the deci-
sion regarding postoperative antibiotic management is also 
dictated by the patient’s condition. Certain medical con-
ditions, such as diabetes, may increase the risk of implant 
failures, although a recent study by Oates et al12 showed no 
difference in implant stability after 1 year in patients with a 
normal hemoglobin A1C in comparison with elevated levels. 
In their study of implants placed in the anterior mandible, 
the success rates with moderately elevated A1C levels (6 to 
8%) and those with levels greater than 8% were equivalent. 
They used only postoperative antibiotics for 7 days with-
out a preoperative dose. No site-specific infections were 
noted. Other host factors, such as cigarette smoking,13 have 
an increased risk of implant failures, but not necessarily 
because of infection.

The actual surgical procedure described by Brånemark 
and promulgated in the original protocols taught through-
out the world used a full surgical patient draping technique. 
This originated through Dr. Brånemark’s training as an 
orthopedic surgeon. Kraut14 has written on this controversy 
as to whether a full surgical drape is necessary for work-
ing in a known contaminated field. Newer implant surgi-
cal protocols recommended by other implant companies 
do not specifically promote the use of full surgical draping. 
It is reported that the use of full surgical preparation may 
increase the “awareness” of the surgical team to maintain 
asepsis as much as clinically possible with the understand-
ing that the procedures are being performed in a contami-
nated field. However, surgically “clean” procedures using 
sterile instruments and gloves are acceptable as a minimum 
preparation.

There are two major classifications of endosseous 
implants placed: the endosseous fixture placed transorally 
and extraoral placement. Endosseous implants are typically 
placed intraorally into the maxilla, mandible, or zygoma. 
Occasionally, endosseous fixtures are placed extraorally 
to support prosthetic ears, eyes, or other facial structures. 
Transosseous implants, such as the Small staple implant and 

Boskar transmandibular implant, were placed using a sub-
mental incision; they are rarely used at this time because of 
the successful outcomes of intraoral placement of endosse-
ous implants. A suggested antibiotic regimen for implant 
placements is outlined in Box 25-1.

Chlorhexidine gluconate rinses (Peridex, Perioguard, and 
others) are recommended for use immediately preoperatively 
and to be continued for 5 to 7 days postoperatively. With 
the use of chlorhexidine, the rate of complications caused by 
infection was reduced from 8.7 to 4.1%.15 This will supple-
ment the patient’s use of saline rinses, as often their oral 
hygiene regimen will be negatively affected because of the 
discomfort of the surgical site.

Before placing an implant, it is important to survey the 
surgical site clinically and radiographically to ascertain that 
no residual infection is present in the bone. Adjacent teeth 
should be evaluated for the presence of an occult periapi-
cal lesion, which could spread to and infect the implant.16 
This evaluation is critical because many patients now having 
implant procedures are partially dentate, in contrast to the 

Intraoral Endosseous Implants (Routine)
 •  Penicillin V (2 g PO), or amoxicillin (2 g PO), or clindamycin 

(600 mg PO)

Intraoral Endosseous Implants (Entering  
Maxillary Sinus)
 •  Amoxicillin (2 g PO then 500 mg qid for 3 days) or
 •  Clindamycin (600 mg PO then 300 mg tid for 3 days)

Intraoral Implants with Extensive Local Grafting
 •  Penicillin V (2 g PO) plus metronidazole (500 mg PO), then 

penicillin V (500 mg qid) and metronidazole (250 mg bid) 
for 3 days or

 •  Clindamycin (600 mg PO then 300 mg PO tid for 3 days)

Intraoral Endosseous Implants with Sinus Grafting
 •  Augmentin (875 mg PO then 875 mg bid for 3 days) or
 •  Clindamycin (600 mg PO then 300 mg tid for 3 days) or
 •  Clarithromycin (500 mg PO then 500 mg bid for 3 days)

Transosseous Implants (with skin and  
intraoral communication)
 •  Augmentin (875 mg PO then 875 mg bid for 3 days) or
 •  Penicillin V (2 g PO) and metronidazole (500 mg PO), then 

penicillin V (500 mg qid) and metronidazole (250 mg bid) 
for 3 days, or

 •  Clindamycin (600 mg PO then 300 mg PO tid for 3 days)

Extraoral Implants
 •  Cephalexin (1 g then 500 mg qid for 5 days) or
 •  Cephazolin (1 g IV) then cephalexin (500 mg qid) for 5 

days, or
 •  Clarithromycin (500 mg then 500 mg bid for 5 days)

Note: All initial doses of antibiotics to be given preoperatively (ideally one 
hour before incision if oral route or just prior to incision if intravenous route.
IV, Intravenous; PO, by mouth.

 • BOX 25-1   Antibiotic Administration for Implant 
Surgery
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fully edentulous patients in Brånemark’s original treatment 
groups. Most protocols recommend waiting at least 2 to 3 
months following the removal of a tooth before inserting 
an implant. During that time, any residual infection in the 
bone should clear and form a soft tissue covering over the 
planned surgical site.

Infection adjacent to an implant site can potentially 
infect the implant as well. The surgical site needs to be 
clearly radiographed preoperatively to ascertain that the 
adjacent teeth are not endodontically involved. Ideally, any 
active endodontic lesions adjacent to the implant site are 
treated before endosseous implant placement.17 Endodonti-
cally involved teeth typically exhibit a mixed flora type of 
infection. The most common of these organisms are Propi-
onibacterium acnes, Staphylococcus epidermidis, Streptococcus 
intermedius, Wolinella recta, and Porphyromonas and Pre-
votella species.18 These bacteria, when harbored in teeth or 
the periapical regions adjacent to an implant site, can con-
taminate the newly placed implant. The natural dentition 
can also be a source of bacteria that have been implicated 
in implant infections.19 Reducing plaque and overt bacte-
rial contamination by presurgical hygiene visits should be 
considered.

The placement of an immediate implant into an extrac-
tion socket is a controversial procedure. Many authors 
advocate waiting a period of months following the removal 
of a tooth to ensure that any residual infection has cleared 
and early bone healing has been initiated. Others recom-
mend immediate placement if the extraction can be done 
atraumatically and no preexisting infection is present. A 
final group proposes that even implants can be placed into 
infected teeth sockets. Novaes and Novaes20 have published 
a protocol for infected sites that includes starting antibiotics 
24 to 48 hours before the surgery, thorough debridement 
and irrigation of the socket, and continuation of the anti-
biotics for 10 days. Their results have been confirmed by 
others at this point via meta-analysis of smaller clinical and 
animal studies,21 with a recommendation that antibiotics be 
used (although a protocol is not defined for the duration).

Patients with recalcitrant periodontal disease (defined 
as one not responding to conventional periodontal ther-
apy and continuing to lose attachment around teeth) have 
not been shown to reduce implant survival if the teeth are 
extracted first.22 In fact, two important periodontal patho-
gens, Actinobacillus actinomycetemcomitans and Porphy-
romonas gingivalis, are not found in the sites of implants of 
previous periodontal disease patients who have had all of 
their teeth extracted.23 However, the microbiology of the 
periimplant region will differ in patients with periodontal 
disease who are still only partially edentulous with the per-
sistence of organisms known to be periodontal pathogens 
around teeth.24

Overview of Implant Infections

Although the nonintegrated implant may exhibit a localized 
bacterial infection, it is often unclear whether the infection 

causes the failure to integrate or the infection is a result of 
the mobility of the implant and the presence of a connective 
tissue encapsulation. Reports as to the causes of failures of 
implants include factors such as increased load (especially 
during the healing phase), heat generated during the surgery, 
local contamination of the implant site, and host factors.25 
Since implant failures are not frequent, with 5-year success 
greater than 90% with most systems, it is difficult to control 
for all variables. Animal models may provide indications of 
what factors actually lead to infection and eventual loss.

The microbiologic findings will differ significantly in 
the gingival tissues of healthy and failing implants. Unsuc-
cessful implants with mobility, pain, and bleeding exhibit a 
large proportion of gram-negative anaerobic rods (Bacteroi-
des species) and Fusobacterium species.26 In contrast, healthy 
implant sites have predominately coccoid cells without the 
presence of spirochetes.27 Other species identified in failing 
implants, including Actinobacillus actinomycetemcomitans, 
Porphyromonas gingivalis, and Prevotella intermedia, were 
detected by DNA probes.28 The identification of the bacte-
rial contamination of failing implants will therefore assist in 
the choice of antibiotic management. In testing the micro-
bial sensitivity to antibiotics in failing implants, Sbordone 
et  al29 noted penicillin G and amoxicillin to have greater 
activity than even clindamycin, amoxicillin-clavulanate, 
and the combination of amoxicillin and metronidazole 
against the putative organisms isolated.

In addition to local bacterium surrounding an implant, 
the surfaces of contaminated implants are coated with a bio-
film.30 Biofilms develop on inert and living tissues, releasing 
antigens and reacting with the local tissues. Although the 
antibiotic treatment may temporarily reverse the symptoms, 
unless the surgical removal of the biofilm occurs, the symp-
toms will persist.7

The source of bacteria can come from the endogenous 
population of oral bacteria. The implant and its vari-
ous components can harbor bacteria as well once inserted 
into the oral cavity. The space between the abutment and 
implant, as well as the internal aspect of the fixture, act as 
reservoirs for bacteria.31

Regarding hyperfunction as a cause of implant failure, 
Celletti et  al32 studied intentionally overloaded osseointe-
grated implants in a baboon model. Although they found 
failures of components and fractures of implants in some 
cases, the loss of integration or crestal bone loss with sec-
ondary infection did not occur.

The surface of an implant may predispose it to develop-
ment of infection. Many authors report that the increased 
roughness may provide isolation of the bacteria from the 
systemic circulation to remove them. Polished metal cylin-
ders required fortyfold more bacterial inoculum than for 
porous implants to create infection.33 The concern with 
the use of hydroxyapatite implants is that they may be pre-
disposed to bacterial contamination progressing to loss of 
osseointegration.34 Although hydroxyapatite is reported 
to increase the success and speed of osseointegration, the 
potential for increased bacterial contamination has changed 
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its use. Previous implants with hydroxyapatite on the gin-
gival surface have been replaced with a polished titanium 
collar to reduce the risk of periimplantitis (Figure 25-1).

Early Implant Infections

Following implant placement, the raising of a subperiosteal 
flap with development of a hematoma can create a nidus 
for bacterial growth. Patients may have a vestibular fullness 
that creates difficulty with the seating of their prosthesis. 
If the patient has been taking antibiotics, the presence of a 
penicillinase-resistant bacterium, such as Prevotella species, 
should be suspected. The addition of metronidazole should 
be effective at eliminating the infection. The use of the pro-
visional prosthesis may need to be delayed for 1 week. Early 
infections rarely require surgical drainage.

The transmission of a load to a submerged implant can 
lead to the loosening of the cover screw from the inter-
nal aspect of the implant. This usually creates an opening 
in the overlying mucosa, causing a localized superficial 
infection (Figure 25-2). A sinus tract may also be present. 

A B

C

• Figure 25-1 A, Bone level at final abutment placement. The anterior implant is a hydroxyapatite-coated 
implant. B, Bone level 4 months after abutment placement. Constant drainage from the anterior hydroxy-
apatite implant causing bone loss. Persistent drainage despite two surgical debridement procedures that 
included the placement of a local doxycycline delivery system. C, Anterior hydroxyapatite implant tre-
phined out and replaced with a solid titanium fixture.

• Figure 25-2 Local infection caused by loosening of a cover screw 
from forces transmitted to it by an overlying removable prosthesis. This 
infection will clear with reseating of the cover screw or alternatively 
placing a longer healing abutment to keep the site open and easier to 
clean. Antibiotics are generally not needed unless an adjacent space 
infection has occurred.
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Reopening the incision and reseating the cover screw may 
resolve the local infection. In persistent cases of localized 
drainage, exposing the implant completely to the oral cav-
ity by placing a longer healing abutment will resolve these 
localized infections. This maneuver is indicated only if the 
implant was solidly placed in bone at the initial surgery 
without the use of an associated graft.

Early implant failures can lead to the fixture being 
spontaneously exfoliated from the osteotomy site. The 
patient may acutely notice the surgical site being somewhat 
inflamed and painful, followed by immediate relief with 
the spontaneous loss of the implant. This type of implant 
failure is typically due to an acute infection that resolves 
with the loss of the implant. Further treatment with anti-
biotics are unnecessary if no other spaces are involved with 
the infection. A new implant, usually of a wider diameter, 
can be replaced after 4 to 8 weeks. Other signs of early fail-
ure include acute severe pain at the implant site. The place-
ment of the fixture with mechanical retention and intimate 
contact to the native bone can create a compartment-type 
syndrome because of the effects of inflammation and infec-
tion. If a course of antibiotics (or supplemental antibiotics if 
the patient is already being treated) fails to resolve the pain, 
then consideration for early removal should be entertained, 
particularly for mandibular fixtures. Failure to address these 
issues promptly can lead to osteomyelitis of the mandible 
and extensive damage (discussed later).

Implants that compromise adjacent teeth can lead to 
development of an acute infection (Figure 25-3). Iatrogenic 
devitalization of an adjacent tooth to an implant site can cre-
ate a periapical infection. This infection can then spread to 
involve adjacent implants in the region, leading to their loss 
as well. At least 3 mm of bone should separate the implant 
from a tooth to reduce this risk of local vascular compromise 
to an adjacent apex of a tooth. However, the surgeon needs 
to be aware that, because of the length of the implant and 
angulation of insertion, the apical end of the implant can 
impinge on adjacent structures even though an adequate 
space is present at the initial bone penetration site. In addi-
tion, a “plaque front” has been shown to move laterally 2 
mm to affect adjacent teeth35 via an infrabony pocket. It 
seems likely that an implant within 2 mm of a periodontal 
pocket could also be adversely affected.

Apical Implantitis

Apical implantitis is a unique infection associated with the 
apical region of an implant (Figure 25-4). It has drawn some 
parallels to an endodontic infection, because it localizes to 
the apical region of the implant and may exhibit symp-
toms of pain and fistula formation.36 The spread of infec-
tion within the medullary bone has been shown to create 
pressure on the inferior alveolar nerve causing paresthesia 
and dysesthesia. In other cases, the finding is coincidentally 
noted as an asymptomatic radiolucency on a radiograph.

It is possible that the bone around the apical end of the 
newly placed implant can become compromised during the 

surgical procedure, permitting the build-up of heat. The lack 
of irrigation to the apical end of the drill can cause heat for-
mation, which can be exacerbated if the drills become dull 
or excessive pressure is used. Gentle pressure and removing 
the bur every 15 to 20 seconds is recommended to clear any 
bone fragments from the drill flutes.37 Compression of the 
bone and vascular compromise at the apex can also occur 
because of the biomechanics of achieving primary implant 
stabilization. This devitalized bone can then sequester, 
forming a nidus for bacterial contamination. Other poten-
tial causes and sources for the periapical implant infection 
to form are listed in Box 25-2.

Implants with apical infections that are removed and 
studied show extensive bacterial contamination, often in the 
apical vents or antirotational holes that are present in certain 
implant designs. The adjacent bone shows a histologic pat-
tern consistent with localized suppurative osteomyelitis.38 
As expected from the extent of bone involvement, attempts 
at treating this type of infection solely with antibiotics have 
been unsuccessful.18

McAllister et al39 described a surgical procedure to treat 
this type of infection. The procedure involves a thorough 
curettage of the apical region of all granulation tissue. This 
curettage should be completed with a titanium or plastic 
scaler to reduce the potential for damage to the implant. 
Resection of the exposed portion of the implant may be 
necessary if a large section is exposed and without bone 
coverage. Resection of the apical third may also remove the 
antirotational hole, which can continue to harbor bacteria 
and is mechanically difficult to debride thoroughly. Doxy-
cycline powder can then be placed into the defect, left for 
3 to 5 minutes, and then removed with irrigation. This will 
further debride and identify soft tissue remnants because of 
the cauterization effect of the acid environment it creates. 
The defect is filled with freeze-dried demineralized bone, 
autogenous bone, or alloplastic material (see Figure 25-4). 
A membrane can be placed over the defect, and the patient 
is prescribed antibiotics for a 10-day course. Balshi et al40 
reviewed three options for surgically approaching the apex 
of infected mandibular implants: an intraoral transman-
dibular approach, a periosteal dissection, and an extraoral 
approach in select cases.

Periimplantitis

The marginal tissues around implants have been of inter-
est ever since osseointegrated implants were developed. 
The effect of plaque and bacterial contamination on the 
bone–implant junction was initially studied in the fully 
edentulous population. Adell et al41 found that the presence 
of gingivitis around implants could occur with or without 
the presence of plaque, leading to the conclusion that the 
attachment and periodontal problems around implants are 
different than teeth. In contrast to teeth, the periodontal 
attachment to the implant abutment at the gingival level 
differs significantly. The collagen fibers from cementum are 
orientated in a perpendicular arrangement from the tooth, 
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C

• Figure 25-3 A, Fixture placement in close proximity of the apex of an adjacent tooth causing an 
iatrogenic infection of the tooth and implant. B, Subsequent infection required endodontic treatment 
of the tooth and removal of the grossly infected implant. C, After 3 months, resolution of the infection 
is demonstrated radiographically. Replacement of a new implant at an appropriate distance from the 
tooth facilitated successful completion of the case.
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forming a direct attachment. Around implants, the colla-
gen fibers are orientated parallel to the implant surface and 
without evidence of a direct attachment to the smooth tita-
nium surface.42 The term periimplantitis is used to describe 
the diseased attachment state around implants.43 The pro-
gression of periimplantitis to loss of osseointegration is dis-
cussed as follows.

Periimplantitis occurs when radiographic evidence of 
bone loss around the implant is found in conjunction with 
the clinical signs of localized infection. Biologic markers 
have identified that the bacteria associated with periimplan-
titis are similar to that found in periodontal infections, lead-
ing to similar treatment recommendations.

Many authors report anecdotally that it is critical to have 
keratinized tissue around implants.44 The theory is that 
since the attachment of soft tissues to the implant abutment 
is of a different nature than around natural teeth, the peri-
implant area has a greater risk of breakdown. Indeed, the 
benefit to having immobile tissue around implants may be 
its ability to preserve the integrity of the connective tissue 
attachment at the gingival margin. However, the benefits 
of a keratinized border around the abutment in reducing 
the impact of periimplantitis has only been shown around 
hydroxyapatite implants45 and titanium plasma-sprayed 
implants.44

Clinical classifications of periimplant complications have 
been designated into various groups by authors. Meffert 
used the terminology, “ailing, failing and failed” to describe 
implants in progressive stages of infection.46 Ailing implants 
are defined as having bone loss with pocket formation. The 
failing implant has bone loss irrespective of therapy, bleed-
ing on probing, and a purulent exudate. Failed implants 
have mobility, a dull sound on percussion, and periim-
plant radiolucency. According to his classification system, 
implants that are ailing or failing may be able to be treated 
and maintained. Failed implants with frank mobility neces-
sitate removal.

Periimplantitis is defined as the pathologic changes con-
fined to the surrounding hard and soft tissues adjacent to 
the implant. It is differentiated from periimplant mucositis, 
which is a reversible inflammatory change in the soft tissue 

A B

• Figure 25-4 A, “Periapical lesion” associated with apical end of implant. A chronic sinus tract was noted 
in the mucobuccal fold. B, Treatment with surgical debridement, tetracycline powder, and extraction of the 
adjacent mobile, endodontically treated incisor.

 1.  Contamination of the implant surface
 2.  Fenestration of the vestibular bone
 3.  Bone overheating during surgery
 4.  Excessive tightening of the implant with compression of 

the apical bone chips
 5.  Presence of preexisting bone pathology
 6.  Overloading of the implant
 7.  Poor quality of the bone site

Data from Piatelli A, Scarano A, Balleri P, et al: Clinical and histologic 
evaluation of an active “implant periapical lesion”: a case report, Int J Oral 
Maxillofac Implants 13:713-716, 1998.

 • BOX 25-2   Causes of Implant Periapical Lesion
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surrounding the implant. Periimplant mucositis is analo-
gous to gingivitis and is primarily an inflammatory disor-
der caused by plaque accumulation.47,48 Once normal oral 
hygiene resumes, the mucositis will resolve with no perma-
nent changes or bone loss.

Periimplantitis is caused by the detrimental effects of 
anaerobic bacteria on the periimplant tissue health. Support 
for this conclusion comes from various studies, including 
an experimental induction in humans47 and development 
of an animal model of periimplantitis.49 The evidence for a 
bacterial cause is summarized in Box 25-3.

Periimplantitis begins with bone loss at the coronal por-
tion of the implant that becomes progressive and associ-
ated with a purulent exudate. The apical end of the implant 
maintains its osseointegration; therefore, the implant exhib-
its no mobility until the final stage of periimplantitis is 
reached. The clinical diagnosis includes increased probing 
depths, patient reports of pain and spontaneous bleeding, 
and radiographic evidence of bone loss. Diagnostic mark-
ers such as interleukin 1B, proteases, glycosaminoglycan, 
and prostaglandin E2 (PGE2) levels may provide predictive 
information of ongoing periimplantitis that has not devel-
oped clinical manifestations.50

The microbiology of failing implants is associated with 
various species of bacteria. The typical periodontal patho-
gens (Porphyromonas gingivalis, Prevotella intermedia and 
Actinobacillus actinomycetemcomitans) are found in approxi-
mately half the cases of periimplantitis. Other microorgan-
isms such as Staphylococcus species, enteric bacteria, and 
Candida species are also found just as frequently around 
compromised implants.51 These organisms are not typi-
cally associated with odontogenic periodontal disease states. 
Therefore, antimicrobial therapy needs to be directed by 
culture and sensitivity testing. Periimplantitis has an overall 
frequency of 5 to 10%, although rates of specific implant 
systems cannot be compared because of differences in 
reported diagnostic criteria.43

As periimplantitis persists, additional attachment is lost. 
Bone levels will decrease and eventually can lead to the loss 
of integration. Periodontal probing is useful to determine 
whether bleeding on probing is present or if suppuration 
is found. Actual pocket depths are not as indicative of the 
disease, in contrast with teeth; however, increasing pocket 
depths over time are indications of the progression. Radio-
graphic evidence of additional bone loss requires well-posi-
tioned parallel films. Digital radiography may provide a 
more sensitive indication of bone loss.

Certain types of implants may be more susceptible to 
periimplantitis, based on the type of implant surface.52 
Hydroxyapatite-coated implants can harbor bacteria 
because of the surface roughness creating localized tissue 
reactions.34 These reactions can persist and lead to loss of 
the implant. Wolinsky et al53 reported that certain species of 
bacteria such as Actinomyces viscosus, Fusobacterium species, 
and Peptostreptococcus prevotii may preferentially adhere to 
hydroxyapatite, causing the increased propensity for periim-
plantitis around these fixtures.53

The initial treatment of periimplantitis is to confirm that 
all the components are seated on the implant fixture. Abut-
ments with internal hexes can become offset and create a 
gap that traps plaque and bacteria, leading to a fistula. Loose 
components may also exhibit a localized tissue infection. 
After components are removed, the stability of the fixture is 
checked to ensure that the tissue response is not secondary 
to a failed implant.

Therapy for periimplantitis involves subgingival debride-
ment and removal of calculus. Calculus is not as adherent to 
titanium and is removed with graphite or plastic scalers to 
avoid damage to the implant surface. Cases of more exten-
sive attachment loss will require open flap procedures and 
pocket reduction surgery. Doxycycline powder placed into 
the defect has been shown to be effective as a topical means to 
suppress putative periodontal pathogens in the periimplant 
defect.54 Irrigation with subgingival chlorhexidine gluconate 
should be completed at the office, with the patient instructed 
on continuation of therapy at home. Antibiotic therapy is 
often instituted as well. Some authors have recommended 
guided tissue regeneration procedures with membrane place-
ment.55 However, the placement of membrane into an area 
of infection often leads to complications of the membrane 
becoming secondarily infected and failure to restore bone 
height.2 The use of autogenous bone blocks to treat the bone 
defects successfully has been described by Behneke et  al.56 
The protocol included debridement of soft tissues without 
touching the implant and air abrasion of the implant surface. 
Autogenous block grafts were harvested from either the ret-
romolar or the symphysis region of the mandible. The blocks 
were stabilized against the implant with bone screws, and 
fibrin glue was used to retain bone chips to fill the residual 
defect. Their long-term successful treatment of 23 of 25 fix-
tures over a 6-month interval makes this one of the most 
successful protocols to be studied in a prospective fashion.

The propensity of rough-surfaced implants to retain 
bacteria and associated biofilm often requires special 

 1.  Experimentally induced periimplant mucositis: plaque 
accumulation leads to periimplant mucositis

 2.  Distinct differences in microflora of successful versus failing 
implants

 3.  Successful implants experience no shifts in microflora over 
time

 4.  Periodontal pathogens may be transmitted from residual 
teeth to implants

 5.  Therapy that reduces periimplant microflora improves 
symptoms

 6.  Periimplantitis can be induced by placing plaque retentive 
ligatures in animals

 7.  Edentulous implant patients with poor oral hygiene have 
more bone resorption than those with good hygiene

Adapted from Mombelli A, Lang LP: The diagnosis and treatment of peri-
implantitis, Periodontol 2000 17:63-76, 1998.

 • BOX 25-3   Evidence for a Bacterial Cause  
of Periimplantitis
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management to remove the coating. Removal can be accom-
plished with the use of rotary burs57 and then decontami-
nation with citric acid solutions. The tissue height is then 
reduced to permit easier access for hygiene.

An iatrogenic cause of periimplantitis is the expression of 
cement hydraulically forced past the normal soft tissue barrier 
(Figure 25-5); this may be due to using an excessive amount 
of cement, as the restorative dentist may have more expe-
rience with tooth-supported restorations typically having a 
larger cement space. In contrast, the precision of implant 
reconstructions requires little cement. Wadwani et  al58 
described this as a complication of cemented restorations and 
presented clinical techniques to reduce this occurrence.

An analogous situation to periimplantitis is associated 
with endosseous implants placed for craniofacial reconstruc-
tion (Figure 25-6). Localized infections can form around the 
soft tissue surrounding the implants. The frequency of these 
infections is high, with 15 to 20% of patients experiencing an 

infection at some point.59 Sebaceous crusting acts in a man-
ner similar to calculus, causing a local tissue inflammation 
and perhaps creating a nidus for bacterial infection. Most of 
these infections are associated with Staphylococcus aureus, with 
additional reports implicating Streptococcus species and other 
gram-negative bacilli. As with intraoral implants, the devel-
opment of an infection of the soft tissues does not always lead 
to osseointegration failure; however, the pain and erythema 
associated with the infection is substantially problematic.

There is a site-specific relationship to the success of cranio-
facial implants. In general, the endosseous fixtures placed in 
the mastoid and for ear reconstruction have a higher success 
rate than orbital implants.60 The loss of orbital implants is 
related to a higher infection rate and exposure of the implant 
flange. The proximity of these implants to the nasal cavity and 
its native bacteria may account for the increased infection rate.

To improve the patient’s ability to perform adequate 
hygiene, the dermal tissues are thinned as much as possible at 
the time of surgery. This also removes local skin appendages 
and reduces the mobility of the tissue around the implant 
that is critical to reduce local reactions.61 Patients benefit 
from having a sufficiently long extension of the abutment 
and reduction of overhangs to facilitate hygiene.

When managing the infections associated with cranio-
facial implants, attention is directed at improving hygiene 
with removal of all sebaceous crusting daily by the patient. 
Antimicrobial therapy is initiated on the basis of culture 
and sensitivity testing. Additional benefits of topical therapy 
with mupirocin (Bactoban) or oxytetracycline-hydrocorti-
sone (Terra-Cortril) will help to resolve the infection. The 
placement of palatal tissue free grafts around the abutments 
of craniofacial implants has been suggested as a means to 
prevent the chronic infection (MP Powers, personal com-
munication). This tissue has a higher degree of keratiniza-
tion and will reduce the mobility around the implant site.

The potential for yeast infections must be considered 
as well, especially under facial prostheses that create a 
warm, moist environment ideal for fungal growth. This 
consideration is supported by Abu-Serriah, who found 
yeasts associated with ear prosthesis implants but not with 
bone-anchored hearing aids in the same region.59 Yeasts 
are not part of the normal microflora of skin and can be 
opportunistic with the removal of normal coagulase-nega-
tive staphylococci caused by antibiotic therapy. The most 
commonly isolated yeast is Candida parapsilosis, which is a 
known pathogen of endocarditis, ocular and dermal infec-
tions, arthritis, and peritonitis.62

A protocol for managing periimplantitis is shown in  
Figure 25-7. The surgical treatment is a necessary adjunct 
to the need for home care and frequent office management.

Other Infections Associated  
with Implant Surgery

The reflection of a local flap and insertion of an implant can 
lead to severe infection in rare cases. The surgeon must be 

A

B

• Figure 25-5 A, Radiograph of implant with excessive cement.  
B, Fixture explanted because of chronic infection caused by excessive 
cement.
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• Figure 25-6 A, Local tissue infection following external implants for an ear prosthesis. Cultures grew 
a methicillin-resistant Staphylococcus epidermidis, demonstrating the need for culture and sensitivity 
testing. The overhanging plastic healing caps further impeded this patient’s ability to perform adequate 
hygiene around the fixtures. B, Resolution of the infection with appropriate antibiotics, local cleansing, and 
placement of the final bar prosthesis that facilitated hygiene.

Periimplant pockets 
≤3 mm

Periimplant pockets 
>3 mm

Take periapical 
radiograph

No loss 
of bone

Pockets 
4–5 mm

Loss of 
bone

Localized 
problem

Pockets 
>5 mm

No visible plaque
No bleeding

● No therapy
● Consider reduction of 

recall frequency

● Clean implants
● Improve oral hygiene

● Consider correction of 
unfavorable soft tissue 
morphology

● Clean implants
● Improve oral hygiene
● Consider correction of 

unfavorable soft tissue 
morphology

● Consider correction of 
unfavorable soft and 
hard tissue morphology

● Clean implants
● Improve oral hygiene
● Consider use of 

antiseptic agent
● Consider correction of 

unfavorable soft tissue 
morphology

● Treatment with local 
delivery device

● Treatment with local 
delivery device

● Surgical intervention

● Comprehensive treatment 
of periodontal and 
periimplant infection, 
including mechanical 
debridement, systemic 
antibiotics, surgical 
intervention

Plaque index >1, and/or 
bleeding on probing

No visible plaque
No bleeding

Plaque index >1, and/or 
bleeding on probing

No visible plaque
No bleeding
No suppuration

Plaque index >1, and/or 
bleeding on probing, 
and/or suppuration

Moderate bone loss

Extensive bone loss

Generalized or 
associated with 
periodontal disease

●   Take microbial sample

• Figure 25-7 Protocol for managing periimplantitis. (From Mombelli A, Lang NP: The diagnosis and treat-
ment of peri-implantitis, Periodontol 2000 17:71, 1998.)
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aware of the potential space involvement and urgently treat 
infections of the maxillofacial region should they occur. 
Because the implant is a persistent foreign body, it should 
be removed once an infection has spread from the local area 
adjacent to the fixture. The area around the implant should be 
explored, and necrotic bone should be removed. Specimens of 
bone and soft tissue are sent for culture and sensitivity testing.

Serious cases of infections have been reported when 
attempting to maintain a fixture in face of a spreading infec-
tion. Descending necrotizing fasciitis has been reported to 
be a consequence of implant surgery.63 The cases in Figure 
25-8 depict severe infections that developed into an osteo-
myelitis with pathologic fracture of the mandible. Of note 
in the author’s (SEL) experience is that the development of 
osteomyelitis occurs in the anterior mandible. As expected, 
the blood flow to the distal aspects of the mandible is dimin-
ished, and the increased density of the bone leads to a more 
severe outcome. Aggressive treatment is indicated once the 
bone infection develops. Definitive treatment includes early 
removal of the implants and necrotic bone and stabilization 
of the pathologic fractures.

The placement of implants creates a site that is sus-
ceptible to the distant spread of osteomyelitis. Goldberg 
reports a case of Klebsiella osteomyelitis, which occurred 
1 month after a severe urinary tract infection (MH Gold-
berg, personal communication). Enteric rods such as these 
are not associated with failing implants.27 The isolates from 
the bone in this case were consistent with the bacteria 
cultured from the urinary tract, with the same sensitivity 
profile. Therefore, the osteomyelitis was of a blood-borne 
spread. As again illustrated in this case, the infection did 
not resolve until the implants were removed, the necrotic 
bone was debrided, and the appropriate antibiotics were 
administered.
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Introduction

Infections associated with facial aesthetic surgery are fortu-
nately very rare; therefore, there are few published clinical 
reports. Reasons for a low infection rate include a lower risk 
of contamination of the surgical site, the generous blood 
supply of the head and neck, and patient selection factors. 
Facial aesthetic surgery sites are almost always rated as clean 
or clean/contaminated, and studies have shown very low 
associated infection rates.1-7 Elective plastic surgery infec-
tion rates are lower than rates for other types of surgery. In 
general, patients undergoing elective surgery have a lower 
rate of postoperative infections than those undergoing 
emergent or semi-emergent surgery; the rate is even lower 
for aesthetic surgery.

Patients undergoing facial aesthetic surgery are generally 
concerned about their skin and overall facial appearance, 
and as a result tend to use good skin care techniques. Facial 
skin is cleansed frequently, often exfoliated, and blemishes 
or acne are treated before surgery. Even for procedures 
involving intraoral and intranasal incisions, the risk of con-
tamination is low. The use of facial or nasal implants may 
increase the risk of infection, but again the risk is relatively 
low.1-3

As with other types of surgery performed in the head 
and neck region, the abundant vascularity of the region 
lowers the risk of infections after facial aesthetic surgery. 
This allows for better healing and more resistance to infec-
tion. Grafted tissues are revascularized faster, and implants 
are integrated more quickly. Skin necrosis is less common; 
when it does occur, it will heal relatively quickly and with 
less risk of secondary infection.

Patient selection factors are most important. Facial aes-
thetic patients are usually healthy, even when older. Most 
surgeons performing aesthetic surgery will not operate on 
patients with significant comorbidities. Surgical site infec-
tions are greater in patients with obesity, diabetes mellitus, 
hypertension, and chronic obstructive pulmonary disease. 
Patients with significant cardiac or pulmonary disease are 

not candidates for such elective surgery. Diabetes mellitus 
and hypertension must be under control. Elevated blood 
pressure can lead to hematomas, which in turn can cause 
tissue necrosis and infection. Diabetes is associated with 
wound healing issues and infection. Patients are also encour-
aged to lose weight before surgery. This will lower the risk 
of infection and tissue necrosis. Finally, smokers must stop 
smoking 3 weeks before surgery and maintain this cessation 
after surgery until the surgical site is well healed. Smoking 
is one of the greatest causes of wound healing problems. 
Because of these selection factors, the overall health of the 
patients having facial aesthetic surgery is better, thereby 
lowering the risk of infection.1

Prevention of wound infection is paramount for the 
facial aesthetic surgeon and for patients. Although patient 
selection is key, a careful execution of the surgical technique 
is also important. Appropriate skin washing and preparation 
are necessary, as well as attention to strict sterile technique. 
Meticulous surgical technique must be used to minimize tis-
sue damage, avoid hematoma, and reduce wound tension, 
all of which can lead to tissue necrosis. Hematoma and 
necrotic skin provide a good medium for bacterial growth 
and can lead to both primary and secondary infections. Skin 
resurfacing techniques create large but superficial wounds 
that, with proper wound care, usually heal uneventfully. 
However, herpes simplex viral infections are of great con-
cern, and prophylactic antiviral therapy is often given. The 
use of prophylactic antibiotics for facial aesthetic surgery 
is controversial, because most cases are clean or clean/con-
taminated. However, the consequences of infection after 
aesthetic surgery can be significant, including increased 
scarring and soft tissue distortion. This has prompted many 
surgeons to use at least a short course of prophylactic antibi-
otics. In cases involving bone or cartilage manipulation, or 
cases requiring the insertion of synthetic implants or nasal 
packing, antibiotic use is more common and for a longer 
duration.8

If an infection is encountered after facial aesthetic surgery, 
treatment must be prompt and appropriately aggressive. 
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Wound drainage, hematoma evacuation, and debridement 
of macroscopically necrotic tissue are necessary. Infected 
implants or foreign bodies must be removed. Culture and 
sensitivity testing should be taken to help identify the infec-
tious organism, and broad-spectrum antibiotic coverage to 
include methicillin-resistant Staphylococcus aureus (MRSA) 
should be started initially. Once the causative bacterium is 
determined, antibiotic therapy can be modified as indicated 
by culture and sensitivity. Frequent office follow-up is usu-
ally necessary. In some cases, consultation with an infectious 
disease specialist will be needed, particularly if the infec-
tion is not responding to routine therapeutic measures. 
MRSA has become a more common infectious agent, even 
for infections of the face. In cases of late developing and/
or chronic infections, atypical mycobacterium should be 
considered. These cases require frequent serial drainage and 
debridement initially, as well as coordinated treatment by an 
infectious disease specialist.8-11

As with any surgical infection or complication, frequent 
and careful evaluation by the clinician and the staff members 
is needed. The problem must be openly acknowledged, and 
a closely supervised treatment plan should be developed. 
Surgeons must be honest and empathetic with the patient, 
as these situations can be highly emotional. Patients often 
want the problem to “be fixed” quickly, but the surgeon 
must not rush to a quick solution, and must use sound clini-
cal judgment to treat the infection and the wound appro-
priately. Late revision surgery may be necessary and can be 
discussed as part of the overall treatment plan. If clinicians 
are truthful and supportive, patients are more satisfied and 
less likely to seek legal action.

Skin Resurfacing

The most commonly used skin resurfacing techniques are 
dermabrasion, chemical peel, and laser.12 Many surgeons 
use antibacterial agents during the perioperative period to 
prevent infections despite lack of strong evidence to support 
effectiveness of such a practice. The most common bacterial 
pathogens are Staphylococcus and Streptococcus species and 
Pseudomonas aeruginosa. Cephalexin (500 mg qid) or cipro-
floxacin (500 mg bid) are used. In patients with a history of 
previous infections with MRSA, doxycycline (100 mg bid) 
or trimethoprim/sulfamethoxazole (160 mg/800 mg bid) 
may be prescribed. Patients undergoing skin resurfacing 
procedures may be given one of these antibacterial agents 
on the day preceding the procedure and maintained on the 
drug for 7 days after.13

Candida albicans is the most common fungal infection 
of the skin after skin resurfacing procedures. The use of a 
preventive antifungal regimen is indicated, especially when 
occlusive dressings are used, particularly when these dress-
ings are applied for longer than 48 hours. These dressings 
promote healing by maintaining a moist environment that 
facilitates reepithelialization and reduces the discomfort 
associated with the procedure; however, this also creates a 
medium for fungal and bacterial growth. Fluconazole (100 

mg qd) starting on the day preceding the procedure and con-
tinued for 7 days can be used as a preventative measure.14,15

Viral infections, particularly with herpes simplex virus, 
are the most feared infections after any skin ablative pro-
cedure because they may lead to significant scarring. All 
patients begin a preventive antiviral regimen. The risk of 
such infections is highest among individuals with a history 
of herpetic outbreaks and, in particular, when the procedure 
involves the perioral region where the virus is often dor-
mant. Although the use of antiviral therapy does not always 
ensure suppression of such infections, the following agents 
have been proved effective: acyclovir (400 mg five times 
daily), valacyclovir (1000 mg bid), and famciclovir (500 
mg bid). These agents should be started the day preceding 
the resurfacing procedure and continued from 7 to 14 days 
postoperatively.16,17

When an actual infection is noted as evidenced by 
increased pain, erythema, discharge, and even fever, it is 
imperative to treat the patient aggressively and concurrently 
for all three bacterial, fungal, and viral etiologies, as it is 
often difficult to determine the cause clinically. A consul-
tation with an infectious disease specialist is indicated to 
prevent unsightly permanent scarring.18

Soft Tissue Fillers

Infection from soft tissue fillers is a rare event. It can mani-
fest as single or multiple erythematous, fluctuant, and pain-
ful nodules. Treatment is usually with antibiotics against 
common skin flora. In fact, some authors have hypoth-
esized that inflammatory nodules may be caused by a low-
grade infection of bacteria (e.g., Staphylococcus epidermidis 
or Propionibacterium acnes) maintained around the soft tis-
sue filler.19,20 Abscess formation is usually more common in 
patients with HIV infection or facial lipoatrophy.21

Filler injections should not be performed if there is an 
adjacent site of infection (e.g., intraoral, mucosal, skin, or 
Herpes labialis [for lip injection]). There are no evidence-
based data to support the idea that fillers play a triggering 
role in recurrent herpes infection; therefore, there is no ratio-
nale in using an antiherpes prophylaxis regimen with every 
patient. However, patients with a history of developing a 
cold sore after a filler injection could benefit from it.19,20

Late infections can also occur, often as a tender, erythem-
atous, warm nodule that may be fluctuant. The patient may 
also develop systemic symptoms such as fever, chills, and 
malaise. Late presentation raises suspicion for atypical bac-
teria, especially mycobacteria. Empiric antibiotic therapy 
should be started. In addition, tissue or aspirate should be 
sent for culture.22 If the patient’s condition does not improve 
after 48 hours, a punch biopsy should be performed to 
guide the tailored use of antibiotic therapy.22 Some recent 
studies have shown that bacterial biofilms can be resistant 
to antibiotics and prevented by prophylactic antibiotics.23

Hypersensitivity reactions have been reported with vari-
ous soft tissue fillers.24 This is usually due to trace amounts 
of proteins present in the filler.25 The surgeon must be able 
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to differentiate between a hypersensitivity reaction and an 
infection. In fact, nodule formation is a common complica-
tion following the use of soft tissue fillers. It is commonly 
categorized as inflammatory or noninflammatory in nature. 
The timing of its occurrence is important for diagnosis: an 
inflammatory nodule can appear anywhere from days to 
years after treatment; however, a noninflammatory nodule 
is usually seen immediately following implantation and is 
usually secondary to improper filler placement. Inflamma-
tory nodules are more common with permanent fillers, such 
as silicone. These nodules can be secondary to infection 
or biofilm formation. Appropriate and prompt diagnosis 
is important in avoiding delay of treatment or long-term 
complications.26

Rhinoplasty

The overall incidence of infections associated with rhino-
plasty has been reported at 3%. The use of prophylactic 
antibiotics has been advocated in nasal surgery, but there is 
no evidence to suggest that their use actually lowers the rate 
of infection. The severity of such infections can range from 
minor incision site erythema to septicemia, toxic shock syn-
drome, necrotizing fasciitis, cavernous sinus thrombosis, or 
brain abscess. The use of antibiotics has been recommended 
when the host’s immunity is compromised or suppressed, as 
well as with the use of alloplastic implants or when a hema-
toma is present. The use of nasal packing, especially beyond 
24 hours, may also necessitate antibiotic coverage.27-29

Localized granulomas, cellulitis, or abscesses respond 
well to incision and drainage and the use of antibiotics. 
Septicemia, while rare, has been reported and can lead to 
circulatory failure, multiorgan system dysfunction, and 
disseminated intravascular coagulation. Intervention is 
directed at source control through surgery and supportive 
therapy with antibiotics, steroids, and fluid resuscitation.

The use of nasal packing after nasal surgery can lead to 
staphylococcal toxic shock syndrome (STSS). The incidence 
of STSS associated with rhinoplasty has been reported at 
0.016%, and carries a mortality rate of approximately 11%. 
A patient with postnasal surgery fever, nausea, vomiting, 
diarrhea, hypotension, and an erythematous rash should 
quickly raise the suspicion of STSS. These nonspecific symp-
toms usually develop 3 to 5 days postoperatively. Suscepti-
ble individuals are the nasal carriers of S. aureus (18 to 50% 
of the healthy population). The syndrome is caused by the 
toxic shock syndrome toxin-1.27,30,31 The use of antibiotics 
does not completely eliminate the risk of STSS in susceptible 
individuals. These patients are profoundly hypotensive and 
require intensive care with aggressive hemodynamic sup-
port, removal of any nasal packing, and immediate admin-
istration of intravenous broad-spectrum antibiotics while 
culture and Gram stain results are pending.27,30,31 Because 
of the life-threatening nature of this infection, obtaining an 
infectious disease consultation is indicated.

Manipulation of the perpendicular plate of the ethmoid 
bone during septoplasty can lead to the traumatic fracture 

of the cribriform plate, causing cerebrospinal fluid (CSF) 
leak and pneumocephalus.32 This, in turn, can result in an 
ascending intracranial infection.33 Meningitis, subdural 
empyema, cerebral abscess, and carotid cavernous fistula 
have all been reported to occur after rhinoplasty through 
this mechanism.33-35

Acute and chronic sinusitis could occur after a rhino-
plasty procedure secondary to disruption of the osteomeatal 
complex. If medical management fails to address the prob-
lem, functional endoscopic sinus surgery may be required 
for definitive treatment.36

Postnasal surgery infections are often associated with the 
use of alloplastic implants. The most commonly used mate-
rials in such implants are silicone, expanded polytetrafluoro-
ethylene (Gore-Tex; WL Gore & Associates, Newark, DE), 
and porous high-density polyethylene (Medpor; Stryker, 
Kalamazoo, MI). Nasal reconstruction presents a signifi-
cant challenge in trying to achieve the dual goals of restor-
ing an aesthetic nasal contour and nasal airway patency for 
respiratory function. Silicone rubber implants have been 
the most commonly used material worldwide. Silicone has 
had popularity, especially for the augmentation of the Asian 
nose.  Silicone polymer implants, however, have a smooth 
surface and a lack of porosity, which precludes any soft tis-
sue ingrowth. This property leads to infection through frank 
exposure or late infection by hematogenous bacterial seeding. 
Extrusion rates of 24 to 55% have been reported. Expanded 
polytetrafluoroethylene is a microporous woven polymer, 
and host tissue ingrowth is often limited by the small pore size  
(22 μm). These implants are usually well tolerated with a less 
than 2% risk of infection. Porous high-density polyethylene 
has larger internal pores (100 to 250 μm) that allow for soft 
tissue and bone ingrowth. This, in turn, provides an avenue 
for host immune response and leads to better resistance to 
exposure and infection. In general, regardless of the material 
used, all alloplastic implants used for nasal reconstruction 
are prone to infection if inoculation with a pathogen occurs. 
Minimal handling of these materials during surgery and 
the use of perioperative antibiotics may reduce the infec-
tion risk. In addition, soaking the implant in an antibiotic 
solution (bacitracin, 50,000 U in 1 L of normal saline) will 
reduce the incidence of implant-related infections.37-39

Facelift and Forehead Lift

Because of the rich vascularity of the face, postoperative 
rhytidectomy infection rates are extremely low and range 
from 0.1 to 1% (Figure 26-1). There is little evidence that 
the use of antibiotics prevents or lowers an already low rate 
of infection, and yet most surgeons still debate their neces-
sity. Among the surgeons using antibiotics, there is a sig-
nificant difference in the type of antibiotics used. It appears 
that the more experienced surgeons tend to use antibiotics 
less frequently. The use of antibiotics by surgeons seems to 
be higher when operating on patients who are immuno-
compromised, such as those with diabetes, the ones receiv-
ing immune-suppressive therapy, and smokers. The signs 
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and symptoms of infection can include the onset of local-
ized tenderness especially with associated erythema and the 
presence of exudative discharge, swelling, and fever. Periop-
erative prophylactic antibiotics, if used, should be started 
between 30 and 120 minutes before the initial skin incision 
and discontinued within 48 hours of surgery. Principles of 
infection management should be applied when an infec-
tion is noted, including culture and sensitivity testing, inci-
sion and drainage or aspiration of any abscesses, removal 
of any infected sutures, and initiation of empiric antibiotic 
therapy until speciation and susceptibility studies are avail-
able. Proper wound care after a facelift with the use of half-
strength hydrogen peroxide and application of a topical 
antibiotic ointment may reduce the infection rate. When 
the infection appears unremitting despite the above mea-
sures, or is spreading, an infection disease consultation is 
appropriate.9

The incidence of infections associated with MRSA is on 
the rise in all surgical fields, including in soft tissue and cos-
metic surgery.9 Recent hospitalization, recent use of anti-
microbial therapy, history of MRSA colonization, diabetes, 
obesity, and smoking are some of the risk factors associated 
with soft tissue infections with MRSA after rhytidectomy. 
Early detection and treatment can tremendously reduce the 
morbidity associated with this resistant strain, because the 
infection can spread rapidly along the surgical dissection 
planes. Vancomycin, linezolid, daptomycin, tigecycline, 
trimethoprim-sulfamethoxazole, minocycline, clindamycin, 
fluoroquinolone, and rifampin are among the antibiotics 
used to combat MRSA infection.9 Given its ever-evolving 
resistance profile, it is critical to determine the susceptibility 
of MRSA to these agents on a case-by-case basis.

Although a search of the literature yields few if any 
 evidence-based studies on infections associated with 

forehead lift, the surgical and medical management of 
such infections follows the general guidelines presented 
earlier for facelift.

Blepharoplasty

Infections following aesthetic eyelid surgery are uncommon 
and can range from mild wound dehiscence secondary to 
epidermal inclusion cysts and granulomas to significant 
periorbital cellulitis and abscess that can lead to blind-
ness. The minor wound separations are readily amenable 
to local wound care and application of topical ophthal-
mic antibiotics. These wounds normally heal without any 
sequelae and rarely need further surgical revision. Patients 
with orbital cellulitis often exhibit sudden onset of perior-
bital erythema, swelling, and pain. Examination may also 
reveal conjunctival injection, chemosis, and restrictions in 
the range of motion in the affected eye. Although the most 
feared postoperative blepharoplasty complication is a retro-
bulbar hemorrhage that results in permanent loss of vision, 
there are rare reports of blindness secondary to postseptal 
orbital cellulitis also due to compartment syndrome phe-
nomenon. In addition to intense erythema and pain, the 
globe appears tense, proptotic, and resistant to retropulsion. 
There is also the presence of concomitant ophthalmoplegia 
and relative afferent pupillary defect (Marcus Gunn pupil). 
This constitutes a surgical emergency requiring immediate 
orbital decompression, which most commonly is achieved 
through lateral canthotomy and cantholysis. Failure to do 
so will lead to the compression and occlusion of the central 
retinal artery and optic nerve vasculature with the resultant 
permanent blindness. An ophthalmologic consultation after 
performing the immediate sight-saving surgical decompres-
sion is indicated. Medical management is directed at reduc-
ing orbital content inflammation, edema, and optic neuritis 
with the use of intravenous acetazolamide, mannitol, and 
corticosteroids.40-43

Otoplasty

Similar to other structures of the head and neck, the ears are 
also highly vascular and therefore a low infection rate after 
otoplasty of approximately 2% has been reported (Figure 
26-2). Infections are usually caused by normal flora of the 
skin and ear canal. The most common responsible micro-
organisms are S. aureus, Escherichia coli, and Pseudomonas 
aeruginosa. The initial presentation of an infection is usu-
ally on the third to fifth postoperative days, and it involves 
sudden onset of pain refractory to analgesic medications. 
Because hematomas are also painful, it is critical to exam-
ine the patient’s ear to institute the proper management. 
Aural hematomas require evacuation followed by applica-
tion of a pressure dressing to prevent fluid reaccumula-
tion, whereas a cellulitic process or an abscess is treated by 
removing the sutures at the affected site to allow for drain-
age. Any purulent exudate is cultured and empiric enteral 
antibiotic therapy is initiated. Appropriate antimicrobials 

• Figure 26-1 Unilateral infected hematoma 6 days after rhytidec-
tomy. (Courtesy Dr. Michael Will.)
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for these infections are amoxicillin plus clavulanate (875 mg 
bid) or ciprofloxacin (750 mg bid). The choice of antibi-
otic may have to be modified after culture and sensitivity 
study results become available. A rapidly progressing infec-
tion may require intravenous antibiotics and an infectious 
disease consultation.44,45

Facial Implants

The use of alloplastic implantable materials to achieve 
improved facial contours has revolutionized the field of 
facial cosmetic surgery. These implants are used to aug-
ment different facial areas including the chin, mandible, 
malar area, nose, ear, and orbit and periorbital areas. Most 
alloplastic facial implants are synthetic polymers. They may 
be solid polymers, such as polydimethylsiloxane and poly-
methylmethacrylate; porous polymers, such as high-density 
porous polyethylene and expanded polytetrafluoroethylene; 
or meshed polymers, such as polyethylene terephthalate.  
The ideal implant material is nonantigenic, durable, non-
toxic, and resistant to infection.46 Infection and extrusion 
of alloplastic implants are serious complications and for-
tunately are rare. However, infection can occur with any 
facial implantation procedure and is more common with 
intraoral approaches. Some studies have recommended 
soaking the implant in an antibiotic solution (bacitracin, 
50,000 U in 1 L of normal saline), and using periopera-
tive antibiotics to reduce the incidence of implant-related 
infections.46,47 The use of prophylactic antibiotics, proper 
dissection, and implant fixation can reduce the rate of acute 

and late infection rates to 3%.48 Commonly cultured organ-
isms include staphylococcal and streptococcal species and 
anaerobes. Preoperative antibiotics (ideally 30 to 45 min 
before the initial incision) and postoperative antibiotics for 
5 to 7 days are usually recommended to decrease the risk of 
infection. Antibiotics should be broad spectrum and have 
good gram-positive and anaerobic coverage. Infection usu-
ally requires implant removal; however, some facial implants 
with good vascular ingrowth (e.g., high-density porous 
polyethelene) may be salvageable with only an incision and 
drainage and antibiotics.

Infection rates vary depending on the type of facial 
implant and the site of implantation. The mean rates vary 
from 0 to 5.3%.48 The highest rate of infection has been 
associated with nasal surgical mesh (5.3%), and the lowest 
with porous polyethylene in the malar area (0%).48 When 
performing chin augmentation, the submental approach 
is favored over the transoral one to decrease the chance of 
infection. There are cases of late infection of these implants, 
even 10 years after placement; this is most likely due to 
seeding from a dental source.49

Hair Transplantation

Hair transplantation is generally safe and is the most com-
mon cosmetic surgery procedure performed in men.50 An 
infection rate less than 0.1% associated with this procedure 
has been reported in the literature.51 Although most of 
these infections are limited to pustular lesions that respond 
to antimicrobial therapy and local wound care, significant 
infections such as bacteremia and sepsis, septic pulmonary 
embolism, and S. aureus osteomyelitis of the calvarium 
have been reported.52,53 A sudden onset of increased pain, 
erythema, and the presence of a purulent exudate or fever 
should raise the suspicion for a wound infection. Local mea-
sures such as incision and drainage, possible debridement, 
and obtaining a sample of any wound fluid for culture and 
sensitivity would be the first steps in the management of 
these infections. Broad-spectrum antimicrobials are then 
initiated and later adjusted to a narrower, species-specific 
coverage once the culture and sensitivity results become 
available.

Summary

Infections after facial aesthetic surgery are rare because the 
surgical site has less risk of contamination, the blood supply 
to the area is excellent, and patients tend to be healthier. 
Prevention of infection is paramount, and it requires good 
patient selection, proper patient preparation, and meticu-
lous surgical technique. The use of prophylactic antibiot-
ics is controversial, but they should be strongly considered 
for procedures involving bone or cartilage manipulation, 
implant or graft placement, or packing insertion. Skin resur-
facing procedures may be associated with herpes simplex 
viral infections. Treatment of infection should be prompt 
and should include adequate drainage/debridement, foreign 

• Figure 26-2 Perichondritis 7 days after otoplasty. (Courtesy  
Dr. Michael Will.)
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body removal, culture and sensitivity testing, initial broad-
spectrum antibiotic therapy, and eventual tailored therapy 
based on culture and sensitivity results, and the use of an 
infectious disease consultant for complex cases. MRSA 
should be considered in cases of early infection. For late or 
chronic infections, atypical mycobacterial infections should 
be suspected. In all cases, frequent follow-up with the sur-
geon and the staff members is required, and sound surgical 
judgment and empathetic care are necessary.
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Infections Following Head 
and Neck Reconstruction
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Introduction

Surgery of the oral cavity, mandible, midface, cranium, cuta-
neous tissues, and scalp have benefited from technological 
advancements in reconstruction during the past few decades, 
especially regarding the use of free vascularized flaps. How-
ever, flap, donor site, and remote infections are important 
causes of reconstruction failure; in addition, the incidence 
of these complications can be high, depending on risk expo-
sures discussed in this chapter. In general, the surgical infec-
tion rate for head and neck reconstruction varies widely 
among institutions, with reported values such as 4,1 20,2 
and 39%.3 Infection is an especially common problem in the 
postoperative course of head and neck cancer reconstruction, 
requiring readmissions, additional surgical procedures, and 
prolonged hospital stays.2 Post-reconstruction complications 
are among the most frequently reported causes of morbid-
ity despite antibiotic prophylaxis4-6; therefore, they warrant 
careful attention to risk classification and prevention.

Limitations of the Literature

Unfortunately, much of the literature guiding the prevention 
of surgical site infections is retrospective in nature. Potential 
risk factors are numerous, and although many have been 
identified, studies are often incomparable because of differ-
ences in wound infection definitions, surgical indications, 
resection and reconstructive donor sites, and inclusion or 
exclusion of donor or recipient site infections.7 Successful 
modalities in facial reconstruction are often reported as case 
series that are generally biased toward positive results. Ulti-
mately, the goal of this chapter lies in optimizing outcomes, 
while considering institutional and surgeon preferences.

Disease Characteristics

To some extent, the infection risk in head and neck sur-
gery is related to the defect being reconstructed. Clean, 
uncontaminated head and neck procedures (typically those 

that do not violate mucosal barriers) are thought to have 
low postoperative infection rates,8 which could influence 
reconstruction outcomes. However, one recent retrospec-
tive review counters this assumption by describing no sta-
tistically significant difference between flap and donor site 
infections in clean-contaminated versus clean procedures.9 
Nevertheless, the stage of disease and extent of the ablative 
defect generally portend a greater chance of wound infec-
tion because of increased reconstruction complexity.10

Health Status

Higher American Society of Anesthesiology (ASA) physical 
status has been cited as a general factor in increased infection 
risk,11 especially in relation to age. It is likely that comorbid 
conditions that increase with age have a greater role in the 
development of site infections than age itself.12 This conclu-
sion has been corroborated in large studies that have shown 
no significant increase in reconstructive complications con-
sidering age alone.13-16 In a sample of 10 patients older 
than 90 years who underwent free flap reconstruction, only 
one donor site and one recipient site infection was noted.17 
Nevertheless, wound infections and pneumonia remain the 
most common sources of infection in patients older than 80 
years who have undergone head and neck reconstruction.18

Other patient characteristics, such as smoking, dental 
health, and presence of infections other than surgical site 
infections (SSIs) have been implicated as risk factors in 
some studies, but not in others.3,12 Trials and retrospective 
reviews conducted involving reconstruction of oral cavity 
tumor ablations demonstrate varying significance of dia-
betes, ASA score, and duration of surgery.12,19,20 There is 
some agreement that dental health and intraoperative dental 
extraction are not related to increases in SSI.3

Transfusion

Allogenic blood transfusions are relatively common in 
patients undergoing head and neck free flap reconstruction, 
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and have been implicated as a risk factor for SSIs in some 
studies. Transfusion is often a function of surgical complex-
ity and patient comorbidity, and is difficult to isolate as an 
independent factor for wound infection.21 Operative blood 
loss is the relevant predisposing factor, especially in rela-
tion to patients with higher T stages; reports have described 
the extent of blood loss as a significant contributor to 
SSIs.5,11,19,22 Furthermore, institutions may have threshold 
criteria for transfusion, especially for free vascularized flaps. 
Studies have shown that flap outcomes are adversely affected 
by transfusion,23 and patient outcomes improve with fewer 
units being transfused. This result includes fewer wound 
infections reported in those who received 0 to 2 units of 
blood compared with greater than 3 units in a review of 167 
patients.24 A dose-response relationship has been suggested, 
with each additional unit of leukocyte-depleted red cells 
increasing the number of postoperative complications.25 
Authors of another review of 129 free flaps suggested lower-
ing the threshold criteria for transfusion to 25% hematocrit, 
reduced from the traditional 30%.23

Radiation and Chemotherapy

Tissue scarring and fibrosis related to prior radiation or 
chemotherapy increases the complexity of primary and sec-
ondary reconstruction. Radiation therapy leads to fibroblast 
dysfunction, collagen disrepair, and prolonged wound heal-
ing, all of which contribute to an increased risk for wound 
infection in reconstruction.26-28 Because of the variation of 
radiation doses, protocols, and timing in relation to surgery, 
there is little consensus in the literature regarding the extent 
or significance of this risk.22 Some studies suggest that radi-
ation therapy is a risk factor in the development of SSIs,27 
but not for flap loss.29,30 On the other hand, one prospec-
tive study found that previous neck dissection was strongly 
correlated with wound infection, as well as flap loss and 
need for revision.31 It has been postulated that these com-
plications are caused by the alteration of anatomy, ligation, 
or prior injury of potential recipient vessels.31 It follows 
that distortions of anatomy, whether by previous surgery or 
radiation, can mask the detection of occult infections and 
require careful attention to signs and symptoms of wound 
breakdown.

Free vascularized flaps avoid complications associated 
with fibrotic changes in the recipient bed, and can be used 
to mitigate the risk of wound dehiscence in cases with prior 
radiation.20 However, it is important to recognize that the 
effects of radiation therapy extend up to 6 months after the 
last radiation dose, with increased levels of transforming 
growth factor-β1 implicated in infection and wound dis-
ruption; this process will affect both free tissue transfers and 
pedicled flaps.32 When combined with hardware implan-
tation for fixation purposes, radiation has been associated 
with double the number of plate infections and increased 
risk of fracture, exposure, or nonunion.33,34 Patients who 
undergo radiation therapy as part of their treatment for 
head and neck cancer are at increased susceptibility for 

osteoradionecrosis (ORN), which has potentially deleteri-
ous effects on outcomes of subsequent reconstruction. In 
the irradiated patient, free flap reconstruction has been 
shown to be most advantageous in introducing nonirradi-
ated tissue and an independent blood supply, both of which 
can be compromised with local flaps.29

Chemotherapy complicates surgery further in modifying 
the normal immunologic response to bacteria by reducing 
immune cell chemotaxis, opsonization, and agglutination, 
lysis of bacteria, and destruction of bacterial toxins.7 A pro-
spective trial of wound infections with and without previous 
chemotherapy found the incidence to be 65 versus 41%, 
respectively.7

Mucosal Involvement

Data from hypopharyngeal tumor removal suggest that 
opening of the aerodigestive tract is an independent risk fac-
tor for wound infection, although the true risk is frequently 
confounded by increased surgical complexity, preoperative 
or postoperative chemoradiation, and comorbidities of 
heavy drinking or smoking.4,5 Opening of the oral mucosa 
has been cited as less likely to predispose patients to infec-
tion compared with opening the oropharynx, although this 
may be due to less frequent communication with the neck 
wound than any property of the oral mucosa.21 In the oro-
pharynx, direct exposure to the aerodigestive mucosa with 
establishment of adequate tumor margins may expose the 
reconstruction site to polymicrobial flora within the oral 
cavity.12 Similar exposure by proximity can occur in skull 
base reconstruction, which must include separation of the 
contaminated aerodigestive mucosa from the dura, thereby 
avoiding occult infection.35 Unsurprisingly, open wounds 
created by flap exposures (especially pharyngocutaneous fis-
tulas) are considered worrisome, as they signify a persistent 
underlying infectious risk.36

Overall, it is clear that reconstruction of cutaneous 
wounds not involving mucosal surfaces is less prone to bac-
terial contaminants. Cutaneous defects offer the advantage 
of ready sterility and access, shorter insetting time, and eas-
ier postoperative monitoring, all of which may contribute 
to a lesser infection rate. Therefore, it is not surprising that 
patients with cutaneous defects experience shorter hospital 
stays and fewer complications.14

Osteomyelitis

Osteomyelitis of the craniofacial skeleton presents diffi-
culty in reconstructing intricate contours of the face that 
have usually already been disturbed by previous surgical 
manipulation. In general, defects left after debridement of 
this infected tissue lend themselves toward reconstruction 
with vascularized flaps, in consideration of possible second-
ary infection of alloplastic materials.37 Nevertheless, allo-
plastic materials in reconstruction of calvarial, lateral skull 
base, temporal bone, orbit, midface, and mandibular defects 
allow for customized and prefabricated reconstructions.37
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Reconstruction Options

Free Flap

The major types of flaps used in head and neck reconstruc-
tion include the fibula, radial forearm, anterolateral thigh, 
latissimus dorsi, scapula, iliac crest, and jejunum. Refine-
ments in surgical technique and widespread use of these flaps 
have allowed for more complex and successful reconstruc-
tions than in the past. Improved outcomes from an indepen-
dent vascular supply relative to nonvascularized bone grafts 
and pedicled flaps in an irradiated field include fewer cere-
brospinal fluid leaks, site infections, and meningitis rates,38 
regardless of recipient site in the craniofacial skeleton.39

The literature provides conflicting reports40,41 regarding 
the infectious complication rates of various flaps, as flap 
choice is often guided by institutional or surgeon preference 
and reconstructive requirements. In a large retrospective 
cohort, the type of microvascular free flap was not found to 
significantly influence complication rate.14 In other smaller 
cohorts, the opposite has been found,27 including greater 
postoperative infections associated with iliac crest compared 
with fibula flaps.41

Donor site infections are a significant consideration in 
harvesting the vascularized flap and include wound dehis-
cence with subsequent tendon exposure, cellulitis, or abscess 
formation42 (Figure 27-1). The skin paddle site is typically 
covered by a split-thickness skin graft from a third surgi-
cal site, which contributes to the infectious risk. Negative-
pressure dressings have been proposed to facilitate graft 
success, although they may be associated with an increase 
in infectious complications.43 Adjunct allograft materials44 
and full-thickness skin grafts from the neck45 have also been 
used with no significant increased infectious risk. There is 
no significant difference reported in donor site infections 
between osteocutaneous and soft-tissue flaps46 or between 
osteocutaneous and osseous flaps.42 As long as the vascular 
pedicle remains patent, infections of the graft generally will 
not lead to total flap failure (Figure 27-2).

There is evidence that case volume also plays a role in 
treatment outcomes. The majority of hospitals in which 
surgeons perform head and neck cancer surgeries are low-
volume centers, performing approximately six cases per 
year.47 One study found a significantly lower incidence (by 
44%) of mortality in higher volume centers following flaps 
needing rescue, although this was not associated with an 
increased rate of overall complications.47

Pedicle Flaps

The complication rates for both local and free flaps have 
been reported as 27%, with infection accounting for 7%, in 
a review of 77 patients.48 Although infectious complications 
of pedicled versus free flaps have not been found to be sig-
nificantly different, the recipient site and type of flap used 
are viewed as independent risk factors to complications, 
perhaps because of the increased operating time and added 
complexity.12 For example, in skull base surgery, selected use 
of pedicled flaps (temporalis muscle, pericranial) in limited 
defect sizes has been reported to be very predictable, with 
shorter operative time and hospital stay, and complication 
rates similar to those for free flaps.49 Successful reconstruc-
tion of defects involving violation of the dura has been 
reported to be less contingent on the type or origin of the 
flap, but on appropriate dural repair and coverage with well-
vascularized tissue.48

Nonvascularized Bone Grafts

To promote optimal healing, nonvascularized autogenous 
grafts should be kept away from mucosal or other contami-
nated surfaces and protected by watertight sutures. In one 
review, the most common indicator of infection and most 
common cause of graft failure was wound dehiscence50 
 (Figure 27-3). Bone extrusion following dehiscence can then 
hasten or compound the inflammatory response and graft 
resorption.51 One method to avoid this problem includes 

• Figure 27-1 Infected radial forearm free flap donor site with exposed 
tendon.

• Figure 27-2 Infected recipient site with fibular osteocutaneous free 
flap failure. The previously operated, radiated, soft tissue and vessel-
depleted neck offers perhaps the most significant reconstructive 
challenge anywhere in the body, with an increased infection rate con-
tributing to a higher risk of flap failure.



376 PART 3  Special Topics Related to Head, Neck, and Orofacial Infections

a staged procedure, with secondary reconstruction through 
an extraoral approach. Reports from this method indicate a 
lower infection and loss rate of the graft at 3% and donor 
site morbidity at 2% with harvesting at the posterior iliac 
crest.52 Reconstruction using allogenic bone grafts avoids 
many of the potential complications of donor sites com-
pared with vascularized flaps, and is generally less time con-
suming and less resource intensive.

Some surgeons have advocated the use of nonvascular-
ized bone grafts for reconstruction of oncologic defects,53 
but this approach has largely been abandoned in the free 
flap era, given the reliability of vascularized free tissue trans-
fer and the need for postoperative radiation in many head 
and neck cancer patients. If nonvascularized bone grafts are 
used to reconstruct oncologic defects because of poor recipi-
ent sites for the vascular pedicle or other reasons, the general 
principles of osteosynthesis must be followed strictly to pre-
vent mobility, nonunion, and infection. Sites of composite 
resections are less favorable for this type of reconstruction, 
as dead space from tissue loss may persist. Thus, two-layer 
watertight closure and the presence of a sufficient soft tissue 
envelope in a healthy wound bed are requirements for graft-
ing success.54

Distraction Osteogenesis

Transport-disc distraction has been used successfully in the 
reconstruction of large segmental defects, but it requires 
an intact soft tissue bed and periosteum to facilitate bone 
growth. Favorable settings include benign conditions not 
involving radiation and conditions not involving soft tissue 
defects.54 Because there is no donor site, complications are 

limited to the surgical site; however, it is unclear whether 
this leads to improved outcomes with fewer overall infec-
tions or complications compared with free tissue transfer.55

Fixation

Trials in maxillofacial trauma have demonstrated that cer-
tain fixation plate combinations are less likely to result in 
postoperative complications. In reconstructive surgery, fixa-
tion techniques must also account for compromised blood 
flow and healing capabilities of the previously operated and 
irradiated tissue bed. Hardware infections can result from 
loosened screws (with the use of nonlocking plates), biofilm 
formation on the plate surface, osseous mobility, plate frac-
ture, or plate exposure.33 Reconstruction plates themselves 
are not associated with increased risk of infection, even in 
irradiated bone.56 The current trend toward using 2-mm 
miniplates instead of or as adjuncts to reconstruction plates 
has also not been associated with increased complication 
rates.33

Biomaterials

Prefabricated and custom implants avoid donor site com-
plications entirely, and can be manipulated to replicate the 
normal contour of the defect site. These implants may be 
composed of materials such as natural or synthetic poly-
mers, bioactive ceramics (e.g., hydroxyapatite), metals, or 
other scaffolds.57 A review of these materials has found that 
outcome differences between these could be attributed more 
often to the size and location of the defect than to the prop-
erties of the implants themselves.58 In particular, coloniza-
tion of implants near mucosal surfaces should be avoided to 
reduce osteomyelitis or chronic infections requiring implant 
removal.57,59 Recombinant human bone morphogenic 
proteins have also been reported with some success in the 
reconstruction of segmental defects of the mandible,60 and 
while determination of efficacy and outcomes is ongoing, 
there does not appear to be an increased risk of infection 
with their use.

Dental Implants

Dental implants are used in areas of bone reconstruction 
for replacement of teeth and masticatory function. In 
patients who undergo reconstruction with osteoseptocuta-
neous flaps, thick subcutaneous tissue might not function 
as well as native keratinized gingiva, leading to increased 
mucositis and poor prosthesis hygiene.61 Implants placed 
within the transplanted fibula free flap, however, have been 
shown to have similar complication rates compared with 
native mandibles or maxillae.62 Palatal mucosal grafts and 
double-barreled fibulae have been reported as helpful in the 
optimization of dental implant outcomes.63 Implant fail-
ures caused by infection have not been reported with sig-
nificant difference in nonvascularized bone grafts versus free 
flaps.64 Implant loss caused by periimplantitis is greater in 

• Figure 27-3 Recipient site infection after nonvascularized bone graft 
reconstruction of a continuity defect of the mandible. Continuity man-
dibular defects greater than 6 cm should be reconstructed with micro-
vascular free tissue transfer.
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patients who have undergone radiation therapy65,66; there-
fore, a waiting period (6 to 12 months)67,68 has been recom-
mended to allow the implanted bone to revascularize. To 
that end, hyperbaric oxygen therapy has not been found to 
reduce implant failure or decrease infection rates.69

Computer-Assisted Design

Comparison of conventional fibular free flap reconstruction 
versus computer-aided design using surgical cutting guides 
has shown similar rates of postoperative infection and flap fail-
ure in a retrospective review of 68 patients.70 A recent system-
atic review of 33 cases validates the potential of virtual surgical 
planning in improving oncologic reconstruction outcomes.71 
Another review of virtually planned iliac crest vascularized 
grafts found a statistically significant reduction in donor defect 
size and ischemia time compared with conventional surgery.72 
Operating time might be reduced73 because of better presurgi-
cal planning, but it is unclear whether this modality can reduce 
infection or other complication rates. As research expands in 
this domain, the benefits of improved intraoperative efficiency 
may be realized for free vascularized flaps.

Infectious Complications

One of the primary goals for reconstruction of maxillofa-
cial defects is optimization of the wound to prevent infec-
tious complications. Dead space from the extirpation of the 
muscles of mastication, salivary glands, buccal fat, and other 
structures is complicated by constant motion of the remain-
ing facial musculature: deglutition, mastication, and the 
cough reflex.19 Poorly drained dead spaces can develop sero-
mas or hematomas that lead to infection.35 In turn, infection 
may spread and compromise the flap pedicle vasculature. 
Early identification and aggressive debridement, antibiotic 
therapy, and watertight closure are required,74 especially 
in anticipation of contamination with upper aerodigestive 
tract flora. The infectious source should be controlled sur-
gically, and the patient should be treated with appropriate 

antibiotic therapy, because spread can lead to thrombosis of 
the vascular pedicle and complete flap loss.35,36,75-77

Superficial infections (Table 27-1) have not been shown 
to alter morbidity after reconstructive surgery.4 In an attempt 
to identify patients at risk for deep-incisional infections, one 
study has reported success in culturing wound drainage every 
other day following surgery, with a statistically significant, 
decreased incidence of deep infection after the third post-
operative day of no culture growth.78 Salivary fistulas occur 
infrequently (<5%); most fistulas will heal with secondary 
intention and only rarely pose a risk to anastomotic patency.75

Passive drains are not recommended, as wounds will 
contain persistent dead spaces, which contain inoculum 
for bacteria. The importance of proper drainage to prevent 
dead space and fluid accumulation in the head and neck 
reconstruction patient is paramount. Although some con-
sideration has been given to the potential for active drains 
to compromise the patency of the vascular pedicle, they are 
generally preferred over passive drains in both free and ped-
icled flap anastomoses.79 Of note, based on the guidelines 
published by the American Society of Health System Phar-
macists, there are no data to support the continuation of 
antibiotics for the duration of indwelling drain placement.80

Microbes

The majority of infectious species in oncologic head and neck 
surgery are gram-negative aerobes and anaerobes, especially 
those that produce β-lactamases. Nosocomial pathogens 
are also frequent causes of SSI; P. aeruginosa is a predomi-
nant species and frequently resistant to standard periop-
eratively administered antibiotics.81 Methicillin- resistant 
 Staphylococcus aureus (MRSA), Klebsiella pneumoniae, 
and other enteric bacteria are other common nosocomial 
sources. However, the rate and causative organism of infec-
tions is not necessarily correlated to the number or type of 
bacterial contaminants in the surgical field.6 In one report of 
more than 500 cultured free flap cases, existing skin or oral 
flora introduced to the wound during surgery were found to 

  Criteria for Defining Surgical Site Infections in Head and Neck Reconstruction

Classification Historical Findings Physical Findings

Superficial incisional SSI Infection occurs within 30 days after operation and 
extends to skin or subcutaneous tissue only

Purulent drainage, pain, swelling, redness, heat, 
or growth of organisms in tissue culture

Deep incisional SSI Infection occurs within 30 days after operation, or 1 
year if related to an implanted material, and involves 
deeper soft tissues (e.g., fascia, muscle)

Purulent drainage, fever, pain, growth of 
organisms in tissue culture, or radiologic 
evidence of abscess

Organ or space SSI Infection occurs within 30 days after the operation, 
or 1 year if related to an implanted material, and 
involves spaces manipulated during surgery but 
outside the area of incision

Purulent drainage, fever, pain, growth of 
organisms in tissue culture, or radiologic 
evidence of abscess

Adapted from Mangram AJ, Horan TC, Pearson ML, et al: Guideline for prevention of surgical site infection, 1999. Hospital Infection Control Practices Advisory 
Committee, Infect Control Hosp Epidemiol 20(4):250–278, 1999.
SSI, Surgical site infection.

TABLE 
27-1
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cause early wound infections, whereas late-onset infections 
included other bacteria acquired secondarily.9 In this study, 
the majority of both donor and recipient site infections 
occurred more than 1 week postoperatively, leading to a rec-
ommendation for effective patient monitoring, follow-up, 
and perioperative antibiotic dosing as described in the fol-
lowing section. The tracheostomy site has been reported as a 
significant infectious risk in this regard, likely secondary to 
colonization with respiratory secretions.5,26 Owing to mul-
tiple potential sources of contamination, wounds are often 
polymicrobial and may culture positive for fungi, especially 
Candida albicans.12

Hospital-Acquired Conditions and Remote 
Infections

Hospital-acquired infections are the most commonly 
acquired conditions described in head and neck cancer 
patients, and are likely prevalent to the same degree in 
reconstructed patients with other diagnoses. In a nation-
wide cross-sectional sample, vascular catheter– and central-
line–associated infections accounted for greater than 80% 
of such infected patients. Overall, the incidence of nosoco-
mial infections was described as very low (less than 1%) and 
associated with more fragile patients, major surgical proce-
dures, or urgent or emergent admissions.82 In another study 
of 225 patients, non-wound infections accounted for 10% 
of the patient population, with the most common causes 
being pneumonias or urinary tract infections. These patients 
had a statistically significant prolonged hospital stay by at 
least 3 days.83 Atelectasis in the lungs should be minimized 
with the understanding that head and neck surgery often 
impairs the natural mechanisms of mucus clearance from 
the airways. Another retrospective study of oropharyngeal 
cancer removal with concomitant free flap reconstruction 
found that these remote infections are significantly more 
likely to occur in the setting of existing SSI.19 The relation-
ship between infection at either the wound or remote site 

may be related to the systemically compromised host, and 
demonstrates the importance of early detection and prompt 
treatment of either infectious site. In fact, a large retrospec-
tive review of general head and neck surgical patients found 
that the first two postoperative days are most important for 
the surveillance of cardiac and respiratory complications, 
and that high-risk patients may benefit from more intensive 
care during this period.84

Prevention

Prophylaxis

Prophylaxis is recommended for all clean-contaminated 
reconstructive surgeries of the head and neck,85 although 
there is little consensus regarding the type of antibiotic 
prophylaxis in the literature (Table 27-2).4 Antibiotic regi-
mens are generally directed toward bacteriologic flora found 
along the mucosal lining of the upper aerodigestive tract. 
Importantly, coverage for Pseudomonas species, oral flora, 
and MRSA has been recommended for both early and late 
wound infections.9 In tumor reconstruction, duration of 
antibiotic therapy beyond 24 hours has not been found clin-
ically useful in reducing wound infections9,74,86,87; in fact, it 
might actually increase the rate of opportunistic infections.3 
Empiric therapies are used in cases of active infection. Insti-
tutional practice may deviate from these  evidence-based 
recommendations because of the tremendous costs of fail-
ure88 and poor outcomes, especially in the setting of post-
operative infection.

Methicillin-Resistant Staphylococcus aureus

In a trial screening for MRSA before free flap reconstruction 
of the head and neck, only those who had previous MRSA 
infection, had a preexisting wound, or were from high-risk 
environments benefitted from screening. Although some 
investigators do not recommend routine screening,89 standard 

  Recommendations for Surgical Antimicrobial Prophylaxis

Procedure Type Recommended Agents Alternative Agents Strength of Evidence*

Clean None None B

Clean with prosthesis Cefazolin, cefuroxime Clindamycin C

Clean-contaminated (oncologic) Cefazolin plus metronidazole,
cefuroxime plus metronidazole,
ampicillin–sulbactam

Clindamycin A

Clean-contaminated (nononcologic) Cefazolin plus metronidazole,
cefuroxime with metronidazole,
ampicillin–sulbactam

Clindamycin B

Adapted from Bratzler DW, Dellinger EP, Olsen KM, et al: Clinical practice guidelines for antimicrobial prophylaxis in surgery, Am J Health Syst Pharm 70:195-283, 2013.
*Strength of evidence involves randomized controlled trials or well-conducted cohort trials (A), case control studies or conflicting but generally positive studies (B), 
or expert opinion (C). Based on the comprehensive guideline, these recommendations would cover prophylaxis for surgery at donor sites for free vascularized or 
pedicled flaps commonly used in reconstruction.

TABLE 
27-2
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contact precautions and limited contact with multiple health 
care workers play an important role in limiting nosocomial 
exposure. Others advocate routine screening and decoloniza-
tion of all surgical patients, citing successes in reduced SSI 
in general surgery and orthopedic procedures.9 Most MRSA 
infections are acquired from the hospital environment, but 
prolonged courses of antibiotics are not an indication for 
MRSA prevention; instead, a standard course of periopera-
tive and less than 1 day of postoperative antibiotics is recom-
mended.46 Nasal mupirocin has been reported to reduce the 
risk of MRSA infection, and has been recommended for use 
in prolonged surgical cases in high-risk patients (e.g., poor 
nutritional status, prolonged antibiotic courses, ongoing ste-
roid use). Case-by-case selection should be used to reduce 
the incidence of mupirocin-resistant MRSA.90 Prolonged use 
(>24 or 48 hours) of systemic antibiotics is a prominent risk 
factor for resistant infections,3 including MRSA.

Topical Antibiotics

Topical antimicrobials have been proposed as an adjunct in 
the prevention of surgical site infections, although the data 
in favor are not definitive. One randomized controlled trial 
evaluating 2% mupirocin ointment applied intranasally 
with 2% chlorhexidine gluconate showers for 5 days pre-
ceding surgery showed a strong but statistically insignificant 
trend toward benefit (seven patients needed to treat to pre-
vent infection).11 This regimen may be useful in patients 
who are at high risk for infection.11 Oral cavity rinses are a 
mainstay in the decontamination before reconstructive sur-
gery involving the oral mucosa. Most commonly, solutions 
containing chlorhexidine-gluconate are used in 0.12, 0.2, 
and 1% concentrations. These solutions have an antiseptic 
effect that lasts longer than povidone-iodine solutions, espe-
cially against anaerobes and with some effectiveness against 
aerobes. A randomized prospective trial comparing saline, 
iodine, chlorhexidine, and cetrimide found that mechani-
cal cleansing with cetrimide or 1% chlorhexidine solution 
resulted in a statistically significant decrease in bacterial 
load.91 Clindamycin has also been proposed for oral cavity 
rinses and for intraoperative irrigation of the neck and sur-
gical sites with beneficial results.92

Nutrition

Extensive reconstruction often follows ablation for condi-
tions predisposing patients to malnutrition through tumor-
induced cachexia, excessive alcohol consumption, or poor 
dietary habits. Preoperative hypoalbuminemia (<3.5 g/dL) 
has been considered as a prognostic marker for nutritional 
and inflammatory status and as a risk factor for SSI.26,93 This 
has been corroborated in the gastrointestinal surgery litera-
ture, and is thought to be due to impairment of the immune 
system, of antibiotic penetration, and of wound edema.94 
Immunonutrition has been proposed as a method to reduce 
infectious complications in the postoperative period.95 For 
example, enteral and parenteral feeds supplemented with 

arginine, which serves in the formation of nitric oxide, are 
thought to promote immune function and reduce infec-
tion.96 A recent multicenter, prospective, randomized, 
double-blinded study found that immunonutrition has 
significant benefit when administered preoperatively, and 
postoperatively only when administered at greater than 
75% of goal feeds. Near the goal feeding volume, systemic 
infections, surgical site infections (at the primary site, neck 
wound, and donor sites), and length of stay were signifi-
cantly reduced.97 A systematic review of arginine-enriched 
formulas found similar reductions in length of hospital stay 
even when only postoperative enteral immunonutrition was 
used.96 It is less clear whether immunonutrition, also called 
pharmaconutrition, provides more or less benefit to mal-
nourished versus well-nourished patients. Although there 
is significant clinical evidence of benefits in both head and 
neck reconstruction and other surgical specialties, improved 
clinical outcomes are thought to depend more on dosing 
of individual nutrients rather than standard formulations 
of immunonutrients.98 Preoperative evaluation of nutri-
tional status should help to guide preoperative nutrition, 
perioperative adherence to feeding goals, and postoperative 
supplementation with immunonutrition when possible.99

Hyperbaric Oxygen

Postoperative infection complications in irradiated patients 
should be managed aggressively, regardless of hyperbaric 
oxygen (HBO) therapy, to prevent fistula formation or vessel 
rupture. Findings from the literature are equivocal regarding 
the role of preoperative or postoperative HBO therapy in 
reducing such complications, and it is the authors’ opin-
ion that HBO need not be routinely recommended in 
the treatment of ORN.29 In fact, one study found a para-
doxical increase in postoperative infections in patients who 
underwent HBO therapy,100 whereas another randomized, 
double-blinded, and placebo-controlled multicenter trial 
found no benefit in cases of reconstruction for mandibu-
lar ORN.101 There is some evidence for potential benefit 
in head and neck reconstruction,102 but appropriate patient 
selection and therapeutic timing have yet to be defined. It 
is recommended that referral for HBO therapy should be 
considered in selected situations, such as in compromised 
recipient sites or large composite grafts, or to aid in the sur-
vival of compromised or salvaged flaps.103

Summary

Despite the lack of high-level evidence from clinical trials 
regarding risk factors predisposing patients to SSI, it seems 
prudent to assess patients’ risk preoperatively based on a 
general state of health and preexisting comorbidities. Pre-
vious history of surgery, radiation, or chemotherapy, poor 
nutritional status, length and complexity of reconstruc-
tion, and immune status may be useful indicators for closer 
patient observation. Reconstruction involving mucosal sur-
faces of the oral or nasal cavities, pharynx, or larynx, should 
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be covered for gram-positive and anaerobic microbes both 
perioperatively and postoperatively for 24 hours. Topical 
antibiotic rinses in the oral cavity may also be useful in 
reducing infectious risk.
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Infections in Critically Ill Patients
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Nosocomial Infections

Although intensive care units (ICUs) account for less 
than 10% of total beds in most U.S. hospitals, more than 
20% of all nosocomial infections are acquired in ICUs.1 
ICU-acquired infections account for substantial mor-
bidity, mortality, and expense. The risk of nosocomial 
infection increases with the length of patient stay in the 
ICU, and patients become more susceptible to resistant 
pathogens.

This chapter discusses the common causes of infections 
in the critically ill, hospitalized patient. Strategies for man-
aging and preventing these infections are presented as well.

Etiologies

Several factors contribute to the high incidence of these infec-
tions in the ICU, and the associated poor patient outcomes.
 •  Critically ill patients have more chronic comorbid ill-

nesses and more severe physiologic derangements.
 •  The high frequency of indwelling catheters among ICU 

patients provides a portal of entry for microorganisms 
and infection.

 •  The use and maintenance of catheters necessitate frequent 
contact with health care personnel, which predisposes 
patients to colonization and infection with nosocomial 
pathogens.

 •  Multidrug-resistant pathogens are being isolated with 
increasing frequency in ICUs.2,3

The most common and clinically important infections 
in the ICU are those associated with the supportive devices 
that critically ill patients often require. These include 
catheter-associated urinary tract infections, ventilator-
associated pneumonia, and intravascular catheter-related 
bloodstream infections. These types of infections are not 
only the most common, but are also to some extent pre-
ventable. Another increasingly common nosocomial infec-
tion that causes serious morbidity and potential mortality 
is Clostridium difficile infection, which is also a preventable 
nosocomial infection.

Catheter-Associated Urinary Tract 
Infection

Epidemiology

Urinary tract infection (UTI) is the most common nos-
ocomial infection, accounting for more than 40% of 
all nosocomial infections.4 Although many individual  
catheter-associated UTIs (CAUTIs) do not cause severe 
morbidity and mortality or increase hospital cost signifi-
cantly, the cumulative effect of these frequent infections is 
significant. In the United States, CAUTIs are the second 
most common cause of nosocomial bloodstream infection 
(i.e., urosepsis), which has an attributable mortality of 15 
to 25%.5-7

CAUTI is diagnosed by laboratory evaluation of a urine 
sample from a patient with an indwelling catheter, or a 
patient who is no longer catheterized but had an indwelling 
urinary catheter within the previous 48 hours. The Infec-
tious Diseases Society of America guidelines define catheter-
associated bacteriuria as follows8:
 •  Symptomatic bacteriuria (UTI)—Culture growth of 

at least 103 colony-forming units (cfu)/mL of bacteria 
in the presence of symptoms or signs compatible with 
UTI, without other identifiable source in a patient with 
indwelling urethral, indwelling suprapubic, or intermit-
tent catheterization. Symptoms include fever and supra-
pubic or costovertebral angle tenderness. Otherwise 
unexplained systemic symptoms include altered mental 
status, hypotension, or evidence of a systemic inflamma-
tory response syndrome.

 •  Asymptomatic bacteriuria—Culture growth of at least 
105 cfu/mL of bacteria in the absence of symptoms com-
patible with UTI in a patient with indwelling urethral, 
indwelling suprapubic, or intermittent catheterization.
These definitions are different from those used by the 

Centers for Disease Control and Prevention (CDC) National 
Health Safety Network, which were created for surveillance 
purposes, and not specifically for clinical care. The CDC 
uses the same definition for asymptomatic bacteriuria, but 
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defines CAUTI as the presence of fever, suprapubic tender-
ness, or costovertebral angle pain in a patient with urine 
culture bacterial counts of 105 cfu/mL or greater, or counts 
of 103 or greater but less than 105 cfu/mL with a positive 
urinalysis (pyuria, leukocyte esterase, nitrite positive). Of 
those patients with bacteriuria, 10 to 25% develop symp-
toms of UTI.9,10

Risk Factors

The duration of catheterization is an important risk factor 
for catheter-associated bacteriuria, and UTI and is a major 
target of prevention efforts. Other risk factors include:
 •  Female gender
 •  Older age
 •  Diabetes mellitus
 •  Bacterial colonization of the drainage tubing or bag
 •  Errors in catheter care (e.g., errors in sterile technique, 

not maintaining a closed drainage system)
CAUTI can be extraluminal or intraluminal. Extralu-

minal infection occurs via entry of bacteria into the blad-
der along the biofilm that forms around the catheter in 
the urethra. Intraluminal infection results from urinary 
stasis caused by drainage failure, or because of contamina-
tion of the urine collection bag with subsequent ascend-
ing infection. Extraluminal infection is more common 
than intraluminal infection and therefore speaks to the 
preventable nature of these infections and the focus on 
early removal.

The causative pathogens in catheter-associated bacte-
riuria and UTI commonly include Escherichia coli and 
other Enterobacteriaceae, but Pseudomonas aeruginosa, 
enterococci, staphylococci, and fungi are also significant 
causes. Some of these organisms associated with catheter-
related bacteriuria may lack some of the virulence fac-
tors that allow the usual uropathogens to adhere to the 
uroepithelium, but they take advantage of access to the 
bladder via the catheter. An example of such an organism 
is Candida species, which almost never cause UTI in the 
absence of an indwelling catheter. In contrast, candiduria 
is a common finding in patients with indwelling blad-
der catheters, particularly in those who are taking anti-
biotics or are diabetic. Most patients with candiduria are 
asymptomatic, and this merely represents colonization. 
Progression to candidemia is uncommon, and therefore 
in patients with long-term catheterization, it is often not 
treated.

Clinical Presentation

Symptoms of CAUTI are often subtle, especially in criti-
cally ill patients, and do not necessarily refer to the urinary 
tract. Fever is the most common symptom, although it is 
nonspecific. Localizing symptoms can include flank or 
suprapubic discomfort, costovertebral angle tenderness, 
and catheter obstruction. In the ICU, more often the find-
ings are nonspecific, such as fever, leukocytosis, malaise, 

delirium, a drop in blood pressure, metabolic acidosis, or 
respiratory alkalosis.

Diagnosis

The diagnosis of a CAUTI is made by the laboratory find-
ing of bacteriuria in a catheterized patient who has signs 
and symptoms that are consistent with UTI, or a systemic 
infection that is otherwise unexplained. If the diagnosis is 
based on nonspecific findings, the evaluation should rule 
out the possibility of other infections before attributing the 
findings to a UTI. Certain findings, such as pyuria and the 
appearance or smell of the urine, are particularly nonspecific 
and should not be used to diagnose a UTI when found in 
isolation. Pyuria is frequently found in catheterized patients 
with bacteriuria, whether they have symptoms or not, and 
odorous or cloudy urine has not been demonstrated to be 
indicative of either bacteriuria or a UTI that requires treat-
ment. The majority of patients with CAUTI have bacterial 
counts of 105 cfu/mL or greater.

Treatment

Antimicrobial selection should be based on the culture 
results when available. Patients who are septic or otherwise 
seriously ill warrant prompt treatment before the availability 
of culture data. In such cases, empiric antibiotics should be 
tailored to results of past cultures, use of prior antimicro-
bial therapy, hospital or community patterns of antimicro-
bial resistance, and any allergies of the patient. Urine Gram 
stain, if available, can also guide empiric antibiotic choice. 
If Gram stain is not available, empiric therapy should pro-
vide coverage against gram-negative bacilli. Gram-negative 
bacilli can be treated empirically with a third-generation 
cephalosporin (e.g., ceftriaxone 1 g intravenously [IV] once 
daily or cefotaxime 1 g IV every eight hours) or a fluoro-
quinolone (e.g., ciprofloxacin at 500 mg by mouth [PO] or 
400 mg IV twice per day or levofloxacin 250 to 500 mg PO 
or IV once daily). If P. aeruginosa is suspected, treatment 
with ciprofloxacin, ceftazidime (1 g IV every 8 hours), or 
cefepime (1 g IV every 12 hours) can be administered. If an 
extended-spectrum β-lactamase–producing organism is sus-
pected (usually based on prior cultures), treatment options 
are generally limited to carbapenems. Gram-positive cocci 
on urine Gram stain may represent enterococci or staphy-
lococci, and empiric management with vancomycin is gen-
erally appropriate until further susceptibility information 
is available. Duration of treatment can vary depending on 
isolated pathogens and host comorbidities; however, 7 to 14 
days of therapy for a CAUTI is generally appropriate.8

The optimal approach to catheter management in the 
setting of urinary tract infections is unclear, especially in 
critically ill patients in whom the need for fluid calcula-
tions and immobility are factors. Minimization of the use of 
indwelling catheters, when possible, is preferred. In general, 
patients who no longer require catheterization should have 
the catheter removed and receive appropriate antimicrobial 
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therapy. If long-term catheterization is needed and intermit-
tent catheterization is not feasible, the original indwelling 
catheter should be replaced at the initiation of antibiotic 
therapy.11 Catheter replacement is associated with fewer and 
later relapses than retaining the original catheter, as biofilm 
penetration of most antibiotics is poor. Complications of 
CAUTIs that can be avoided with proper detection and 
treatment include involvement of the upper urinary tract, 
leading to pyelonephritis and bacteremia.

Prevention

The important aspects of prevention for CAUTI are avoid-
ance of unnecessary catheterization and removal of the cath-
eter as soon as possible. Antimicrobial agents have a limited 
role in the prevention of CAUTI, and there is no clear 
benefit to using prophylactic antibiotics during catheteriza-
tion to reduce the risk of infection. Although many surgical 
patients, especially those who are critically ill, are routinely 
managed with an indwelling bladder catheter, the extent of 
morbidity related to this practice has led to concerns regard-
ing overuse. In October 2008, the Centers for Medicare and 
Medicaid Services stopped reimbursing hospitals for CAU-
TIs. Although this decision has led to increased vigilance 
regarding catheter placement and removal, and some insti-
tutions have seen a decline in incidence, CAUTIs and the 
reimbursement changes have created a cost burden on hos-
pitals across the United States. In 2014, a panel sponsored 
by the Society for Healthcare Epidemiology of America 
released recommendations on the prevention of CAUTIs. 
The guidelines stress the importance of the judicious use of 
urethral catheters only for appropriate indications, expertise 
and sterile technique in catheter placement, continual reas-
sessment for the need for the catheter, and maintenance of 
a closed drainage system that is sterile with unobstructed 
flow.12

Ventilator-Associated Pneumonia

Epidemiology

Hospital-acquired pneumonia (HAP) is the second most 
common hospital-acquired infection; it occurs frequently 
in the setting of endotracheal intubation and mechanical 
ventilation.13 It is a common and serious problem, with an 
estimated incidence of 10 to 25% and an all-cause mortal-
ity of 25 to 50%.14,15 Early diagnosis is important because 
prompt, appropriate treatment can be lifesaving. Ventilator-
associated pneumonia (VAP) is a type of hospital-acquired 
lung infection that develops in patients who receive mechan-
ical ventilation 48 hours or longer after intubation.

The primary route of infection of the lungs is through 
microaspiration of organisms that have colonized the oro-
pharyngeal tract. Pathogens can also come from the gas-
trointestinal (GI) tract. Approximately 45% of healthy 
subjects aspirate during sleep, and an even higher propor-
tion of severely ill patients aspirate frequently. Although 

often regarded as partially protective, the presence of an 
endotracheal tube still allows aspiration of oropharyngeal 
material or bacteria of GI origin. Depending on the number 
and type of microorganisms that reach the lower respiratory 
tract, pneumonia may develop.

HAP can be caused by a wide variety of pathogens and 
can be polymicrobial. Common pathogens include aerobic 
gram-negative bacilli (e.g., Escherichia coli, Klebsiella pneu-
moniae, Enterobacter species, P. aeruginosa, Acinetobacter 
species) and gram-positive cocci (e.g., Staphylococcus aureus, 
methicillin-resistant S. aureus [MRSA], Streptococcus spe-
cies). Nosocomial pneumonia owing to viruses or fungi is 
significantly less common, except in the immunocompro-
mised patient. There are few data regarding to what extent 
pathogens that cause VAP differ from nonintubated patients 
with HAP.

Risk Factors

Risk factors for the development of HAP coexist with 
mechanical ventilation. The risk factors include age greater 
than 70 years, underlying chronic lung disease, immuno-
suppression, previous thoracoabdominal surgery, depressed 
level of consciousness, malnutrition, enteral nutrition, and 
supine positioning. The frequency of multidrug-resistant 
(MDR) bacteria causing HAP is increasing, especially 
among patients in ICUs. Risk factors for infection with 
MDR pathogens include:
 •  Receipt of antibiotics within the preceding 90 days
 •  Current hospitalization of 5 days or longer
 •  High frequency of antibiotic resistance in the commu-

nity or in the specific hospital unit
 •  Immunosuppressive disease or therapy, or both
 •  Severe septic shock16

Clinical Presentation

VAP typically manifests with a new or progressive pulmo-
nary infiltrate and one or more of the following findings: 
fever, purulent tracheobronchial secretions, leukocytosis, 
or increased respiratory rate. These symptoms and signs 
can develop gradually or suddenly. Patients with VAP are 
typically unable to provide any history because they are 
sedated or their ability to communicate is impaired by the 
endotracheal or tracheostomy tube. The few patients who 
are able to convey symptoms often report dyspnea or chest 
congestion. On auscultation, patients typically have diffuse, 
asymmetric rhonchi. The rhonchi are often accompanied by 
focal findings, such as crackles and decreased breath sounds. 
Bronchospasm (wheezing and increased expiratory time) 
and hemoptysis can also be present. Again, these pulmo-
nary signs are often accompanied by systemic abnormalities, 
such as fever, encephalopathy, or sepsis.

Patients with VAP may exhibit deterioration in respira-
tory parameters, as identified during routine assessment of 
the mechanical ventilator. This may even be the initial sign 
of a developing VAP. Respiratory findings include increased 
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respiratory rate, decreased tidal volumes, increased min-
ute ventilation, and decreased oxygenation. Many patients 
will require more ventilatory support or inspired oxygen to 
maintain previous levels of oxygenation.

Diagnosis

Diagnostic evaluation is required when VAP is suspected, 
because clinical features alone can be nonspecific. The goal 
is to confirm VAP and to identify the likely pathogen so 
that the appropriate treatment can be initiated. After physi-
cal examination, the evaluation proceeds with a chest radio-
graph. A normal chest radiograph excludes VAP, whereas 
an abnormal radiograph in a patient with suspected VAP 
should prompt the collection of respiratory tract secretions. 
An abnormal chest radiograph for a patient with VAP can 
include alveolar infiltrates, air bronchograms, and silhouett-
ing of adjacent solid organs. Patients with VAP will have an 
abnormal chest radiograph in addition to clinical signs of 
infection. These patients should have their respiratory tract 
sampled and specimens sent for Gram stain and culture to 
confirm the diagnosis and to guide therapy. Empiric anti-
biotic therapy is indicated for all cases of suspected VAP; 
ideally, it should be initiated after the collection of respira-
tory samples because antibiotic administration before speci-
men collection can reduce the sensitivity of the microscopic 
analysis and culture. It is only unless the clinical suspicion is 
low and the microscopic analysis of lower respiratory tract 
samples is negative that antibiotic coverage would not be 
started. Occasionally, severe illness or delay in sampling 
requires that empiric antibiotic therapy be initiated before 
diagnostic sampling.

Lower respiratory tract sampling is indicated for all 
patients who are suspected of having VAP and have an 
abnormal chest radiograph. There are a variety of methods 
available to sample material from the airways and alveoli, 
including nonbronchoscopic (i.e., blind) and broncho-
scopic techniques. Nonbronchoscopic lower respiratory 
tract sampling includes tracheobronchial aspiration or 
mini-bronchoalveolar lavage (mini-BAL). Tracheobron-
chial aspiration is performed by advancing a catheter 
through the endotracheal tube until resistance is met and 
then applying suction. Mini-BAL is performed by advanc-
ing a catheter through the endotracheal tube until resis-
tance is met, infusing sterile saline through the catheter, 
and then aspirating. Nonbronchoscopic sampling can be 
performed by a respiratory therapist without clinician 
supervision, and therefore reduces the cost, allows speci-
mens to be obtained quickly, and facilitates serial sam-
pling, if necessary. Bronchoscopic sampling is performed 
using either BAL or a protected specimen brush (PSB). 
BAL involves the infusion and aspiration of sterile saline 
through a flexible bronchoscope that is introduced through 
the endotracheal tube and then advanced into a bron-
chial segmental orifice. A PSB is a brush that is contained 
within a protective sheath. It is designed to minimize the 
likelihood that the brush will be contaminated during 

bronchoscopy. The procedure involves placing the bron-
choscope tip next to a bronchial segmental orifice, pushing 
the sheath through the bronchoscope, and then advancing 
the brush out of the sheath and into the airway. Specimens 
are collected by brushing the airway wall, withdrawing the 
brush into the sheath, and then removing the sheath from 
the bronchoscope. Bronchoscopic sampling and nonbron-
choscopic sampling have been compared in the setting of 
suspected VAP. The evidence indicates that bronchoscopic 
sampling does not improve mortality, length of hospital 
stay, duration of mechanical ventilation, or length of ICU 
stay. However, it minimizes airway contamination of the 
alveolar samples and provides an accurate assessment of the 
alveolar cell population. Bronchoscopic sampling can lead 
to a narrower antimicrobial regimen and more rapid de-
escalation of antimicrobial therapy, which could possibly 
reduce antibiotic resistance.

The respiratory specimens obtained should be sent for 
Gram stain and culture. This can be used to semiquantitate 
cell types and to characterize the morphology of bacteria. 
The presence of abundant neutrophils is consistent with 
VAP, and the bacterial morphology may suggest a likely 
pathogen. Gram stain analysis may decrease the incidence of 
inappropriate antimicrobial therapy and improve diagnostic 
accuracy when correlated with culture results.

Quantitative or semiquantitative cultures of respira-
tory samples are both acceptable, with the choice depend-
ing largely upon availability. Quantitative cultures can be 
performed on bronchoscopic or nonbronchoscopic speci-
mens. VAP is supported when an established threshold 
of bacterial growth is exceeded. Only bacteria that are 
pulmonary pathogens should be counted. For example, 
Staphylococcus epidermidis, enterococci, and most gram-
positive bacilli should not be counted, as they rarely cause 
pneumonia, and may represent a contaminant. Thresh-
olds of 106 cfu/mL for samples obtained by tracheobron-
chial aspiration, 104 cfu/mL for samples obtained by 
BAL, or 1000 cfu/mL for samples obtained by PSB are 
acceptable for diagnosis. Generally, quantitative cultures 
derived from nonbronchoscopic specimens tend to have 
a lower specificity than do quantitative cultures derived 
from bronchoscopic specimens; however, this is balanced 
by a higher sensitivity, resulting in comparable diagnostic 
accuracy.

The final diagnosis of VAP is made when a patient who 
has been on mechanical ventilation for 48 hours or longer 
develops a new or progressive infiltrate, with clinical signs 
of pneumonia, and the respiratory specimens are positive 
(i.e., increased neutrophils are seen in the microscopic anal-
ysis and growth of a pathogen in culture exceeds the pre-
defined threshold). VAP cannot be confirmed or excluded 
until the culture results are complete, which generally takes 
2 to 3 days. At that time, the patient should be reevalu-
ated to determine whether additional diagnostic evaluation 
or changes in management are warranted. These decisions 
are based on the culture results and the patient’s response to 
empiric therapy.
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Differential Diagnosis

There are many reasons for patients to have changes in ven-
tilatory status with abnormal chest radiographs, so that in 
addition to pursuing a diagnosis of VAP, other diagnoses 
should be considered, including:
 •  Aspiration pneumonitis
 •  Pulmonary embolism
 •  Acute respiratory distress syndrome
 •  Pulmonary hemorrhage
 •  Pulmonary contusion
 •  Infiltrating tumor
 •  Radiation pneumonitis
 •  Drug reactions, most notably antineoplastic medications

Treatment

Patients with negative cultures who have not improved may 
not have VAP; therefore, other diagnoses or sites of infection 
should be sought. Patients with negative cultures who have 
improved might not have VAP and antimicrobial therapy 
should be discontinued. Patients with positive cultures who 
have not improved probably have VAP, but they may be 
receiving inappropriate antimicrobial therapy, have a com-
plication of the VAP (e.g., abscess, empyema), have another 
source of infection, or have a second diagnosis. The antimi-
crobial regimen should be adjusted, and potential causes 
for failing to improve should be sought. Patients with posi-
tive cultures who have improved after antibiotic treatment 
likely have VAP; the antimicrobial therapy should therefore 
be narrowed according to the culture results.

Antibiotic therapy significantly improves survival for 
patients with HAP, VAP, or health care–associated pneu-
monia. Establishing the diagnosis of VAP in such patients 
can be difficult, especially those in whom clinical, radio-
logic, and microbiologic findings can be due to other causes 
besides pneumonia. This difficulty in diagnosis can lead to 
overtreatment and therefore increase the risk of superinfec-
tion and antibiotic toxicity. Antimicrobial selection should 
be based on risk factors for MDR pathogens, including any 
recent antibiotic therapy, the flora specific to the hospital or 
ICU, the presence of underlying diseases, and available cul-
ture data. Once the results of cultures are available, therapy 
should be narrowed on the basis of the susceptibility pattern.

In critically ill patients who have been receiving antibiot-
ics before the onset of pneumonia, and in institutions where 
drug-resistant pathogens are frequent, coverage of MRSA, 
P. aeruginosa, and antibiotic-resistant gram-negative bacilli 
such as Acinetobacter species and Legionella species should 
be considered. If MRSA is a frequent nosocomial pathogen 
in the institution, linezolid or vancomycin is a necessary 
first choice for staphylococcal coverage, but it should be dis-
continued if MRSA is not isolated.

Although combination antimicrobial therapy for HAP 
caused by gram-negative pathogens (especially Pseudomonas 
species) is commonly administered, there is no conclusive 
evidence to support this practice. The best rationale for 

the use of combination therapy is that it provides a greater 
spectrum of activity when there is risk for MDR pathogens 
(e.g., if the pathogen is resistant to one agent, then it may 
be susceptible to the other).14 Other commonly cited rea-
sons for combination therapy include the potential for syn-
ergistic efficacy and the potential to reduce the emergence 
of resistance. However, it is not clear that two agents offer 
improved outcomes for treating gram-negative pneumonia. 
Patients who have diabetes mellitus, renal disease, or struc-
tural lung disease or who have been recently treated with 
glucocorticoids may require coverage for Legionella spe-
cies (using azithromycin or a fluoroquinolone). HAP and 
VAP caused by Legionella species are also more common 
in hospitals where the organism is present in the hospital 
water supply. Patients who have aspirated or had recent 
abdominal surgery may warrant coverage for anaerobes 
(using clindamycin, β-lactam-β-lactamase inhibitor, or a 
carbapenem).

Guidelines have been created for antibiotic regimens 
and empiric coverage of HAP and VAP in patients with 
no known risk factors for MDR pathogens; however, the 
growing emergence of MDR pathogens makes most ICU 
patients susceptible to MDRs by virtue of meeting ICU 
admission criteria and requiring mechanical ventilation. It 
is common for ICUs with high acuity to adopt protocols 
for empiric coverage of these organisms. The following is an 
example of empiric antibiotic coverage for VAP:
 •  Vancomycin IV to cover gram-positive bacteria, includ-

ing MRSA, dosing based on renal function
Plus

 •  Cefepime for gram-negative coverage (2 g IV q 8 h)
Plus

 •  Tobramycin (7 mg/kg IV once daily) for double coverage 
of gram-negative and Pseudomonas species17

The choice of a specific agent for empiric therapy should 
be based on knowledge of the prevailing pathogens (and 
susceptibility patterns) within a specific institution or ICU, 
often guided by a committee including multidisciplinary 
staff members (e.g., pharmacy, infectious diseases, internal 
medicine, and critical care), as is the case with this regimen.

When the etiology of VAP has been identified on the 
basis of reliable microbiologic methods, treatment regi-
mens should be simplified and directed to that pathogen. 
The choice of agent should be dictated by the results of sus-
ceptibility testing. It is important to avoid broad-spectrum 
therapy once a pathogen has been identified, to minimize 
any selective process. Patients who are improving clinically, 
hemodynamically stable, and able to take oral medications 
can be switched to oral therapy. If the pathogen has been 
identified, the choice of antibiotic for oral therapy is based 
on the susceptibility profile for that organism. If a pathogen 
is not identified, the choice for oral therapy is either the 
same antibiotic as the intravenous antibiotic or an agent in 
the same drug class that achieves adequate lung penetration 
when administered orally.

The duration of therapy should be based on the clini-
cal response. The standard duration of therapy in the past 
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was 14 to 21 days in part because of a concern for difficult 
to treat pathogens (e.g., Pseudomonas species). However, it 
is generally accepted that a shorter course can significantly 
reduce the amount of antimicrobial drugs used in hospi-
tals where the emergence of resistant pathogens is a concern 
while providing adequate treatment for VAP. It is currently 
recommended that if a patient has improved after 48 to 
72 hours and a pathogen is isolated, antimicrobial therapy 
should be tailored on the basis of the susceptibility pat-
tern, and be continued to complete a total course of 7 days. 
Depending on the specific patient, if P. aeruginosa were 
the isolated pathogen, then a 15-day regimen may be war-
ranted, and for up to 21 days for MRSA, again, depending 
on the extent of infection and clinical course. If the patient 
has not improved and a resistant pathogen is suspected, 
therapy should be changed to provide coverage for MDR 
pathogens until a specific pathogen is identified, in which 
case pathogen-directed treatment should be chosen on the 
basis of the susceptibility pattern. In addition, failure to 
improve at 72 hours should prompt a search for infectious 
complications, other diagnoses, or other sites of infection.

Prevention

Mechanical ventilation and endotracheal intubation is a risk 
factor for the development of pneumonia, and at times an 
unavoidable intervention for adequate support of the criti-
cally ill patient. As such, there are steps that should be taken 
to minimize the risk of VAP in the ICU. These steps include 
head-of-bed positioning, maintaining patients in a semire-
cumbent or upright position (greater than 45 degrees), oral 
hygiene and the use of chlorhexidine mouthwash, subglottic 
drainage to avoid pooling of secretions, maintaining endo-
tracheal cuff pressures at 30 cm H2O to decrease aspiration 
of secretions, using noninvasive ventilation when possible, 
and considering extubation daily. Other strategies include 
maximizing patients before extubation with spontaneous 
breathing trials and minimal sedations to decrease the need 
for reintubation. The implementation of VAP preventive 
measures into bundles is an effective strategy to assure com-
bined interventions and to minimize the risk of this com-
mon nosocomial infection.

Catheter-Related Bloodstream Infections

Epidemiology

The variety and number of intravascular devices used for 
vascular access in the U.S. health care system have increased 
greatly in the last 30 years. They are a common, standard 
means of administering treatment and monitoring hemo-
dynamics in critically ill patients. Infections, however, can 
and do result from the use of these devices, and they cause 
significant morbidity, mortality, and financial cost each year. 
This is especially true in the ICU, where approximately 
48% of patients or more have a central venous catheter in 
place.18 In 2009, the CDC reported an estimated 23,000 

episodes of central line–associated bloodstream infection 
(CLABSI) in ICUs in the United States with a mortality 
of 12 to 25%.19 There are two variations of bloodstream 
infection (BSI) that require clarification: catheter-related 
BSI (CRBSI) and central line associated BSI (CLABSI). 
CRBSI is the clinical definition, used when diagnosing or 
treating patients. It defines the catheter as the cause of the 
BSI. As now recommended by the CDC, the Joint Com-
mission on Accreditation of Healthcare Organizations and 
the Agency for Healthcare Research and Quality, the risk 
of central venous catheter (CVC)-related BSI is expressed 
as catheter-associated BSIs per 1000 CVC days. All health 
care–associated BSIs that cannot be reasonably linked to a 
site of local infection are attributed to the patient’s CVC. 
The implication of this definition is that the true risk of 
CVC-related BSI is overestimated, given that some BSIs are 
secondary from unrecognized sites of infection, or may be 
due to other intravascular devices.20

Risk Factors

Although the difference between CLABSI and CRBSI are 
somewhat difficult to discern, the risk factors, diagnosis, and 
treatment remain the same. Common risk factors for BSIs 
include total parenteral nutrition, granulocytopenia, che-
motherapy, burns, infection at another site, or bone marrow 
transplant. The size of the catheter, number of lumens, loca-
tion, type, function, duration of use, emergent placement, 
skill of the provider placing the line, and hand washing all 
play a role in the development of a BSI as well.

Clinical Presentation

Local signs of infection, such as phlebitis or inflammation 
at the insertion site, are uncommon initial manifestations 
of catheter infection. Catheter-related bloodstream infec-
tion should be suspected when bacteremia occurs in the set-
ting of a CVC with no other apparent source of infection. 
Fever is the most sensitive clinical manifestation, although 
it is nonspecific. Other clinical signs of BSI include hemo-
dynamic instability, altered mental status, catheter dysfunc-
tion, and signs of sepsis that start abruptly after catheter use. 
Patients can also develop complications from bloodstream 
infections as well, including suppurative thrombophlebi-
tis, endocarditis, osteomyelitis, or hematologic spread of 
infection to other sites. Clinical improvement shortly after 
catheter removal can suggest CRBSI, but routine catheter 
removal is not necessary without microbiologic confirma-
tion of infection.

Diagnosis

Diagnosis of CRBSI requires establishing the presence of 
bacteremia and that the bloodstream infection is related 
to the catheter. Confirmation of CRBSI can be made on 
blood cultures obtained before initiating antibiotics in 
patients with suspected CRBSI. Ideally, paired peripheral 
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and central blood cultures should be obtained. One of the 
following criteria must be met:
 •  Culture of the same organism from both the catheter tip 

and at least one percutaneous blood culture
 •  Culture of the same organism from at least two blood 

samples (one from a catheter hub and the other from  
a peripheral vein or second lumen) that meet criteria 
from quantitative blood cultures or differential time to 
positivity
Quantitative blood cultures that indicate CRBSI require 

a bacterial colony count from the catheter hub sample that 
is threefold to fivefold greater than that from a peripheral 
blood sample or second lumen. Semiquantitative cultures 
demonstrating greater than 15 cfu/mL of the same microbe 
from the insertion site, hub site, and peripheral blood cul-
ture also support a diagnosis of CRBSI. Differential time to 
positivity refers to growth from the catheter hub sample at 
least 2 hours before growth detected from the peripheral 
vein sample. Sensitivity and specificity for differential time 
to positivity are approximately 85 and 91%, respectively.21

Catheter cultures should be performed when a catheter is 
removed for a suspected catheter-related bloodstream infec-
tion; however, there is no role for routine catheter cultures in 
the absence of clinical suspicion of infection. Blood cultures 
positive for S. aureus, coagulase-negative staphylococci, or 
Candida species should increase suspicion for CRBSI when 
no other source of infection is identified.

Treatment

Empiric antibiotics should be initiated for patients with 
suspected BSI after blood cultures are obtained. The choice 
of antibiotics for CRBSI depends on clinical circumstances, 
including severity of illness and general risk factors for 
infection. Given that coagulase-negative Staphylococcus spe-
cies and S. aureus are the most common BSI pathogens, and 
isolates are often resistant to methicillin, vancomycin is con-
sidered appropriate empiric coverage. Daptomycin can be 
used as an alternative in institutions in which MRSA has an 
increased minimum inhibitory concentration of vancomy-
cin greater than 2 μg/mL.5 Situations in which antibiotic 
therapy is not required include:
 •  Positive tip culture in the absence of clinical signs of 

infection
 •  Positive blood cultures from a catheter with negative cul-

tures from a peripheral vein
 •  Phlebitis without infection

Additional empiric coverage for gram-negative organisms 
depends on the circumstances and the severity of illness. For 
example, if CRBSI is suspected in a patient with neutrope-
nia or sepsis, then empiric therapy should include coverage 
for gram-negative bacilli. If CRBSI from Candida species 
is suspected, empiric therapy with echinocandins should 
be given for patients with certain risk factors, including 
total parenteral nutrition, prolonged use of broad-spectrum 
antibiotics, hematologic malignancy, bone marrow or solid 
organ transplant, femoral catheterization, or colonization 

by Candida species at multiple sites. Fluconazole is appro-
priate antifungal coverage for patients without azole expo-
sure in the previous 3 months.

When the results of cultures become available, anti-
biotic therapy should be tailored. Patients who have 
received vancomycin for empiric treatment and have 
CRBSI because of methicillin-susceptible S. aureus should 
be switched to oxacillin or nafcillin. Duration of antibi-
otic treatment depends on the clinical circumstances, the 
isolated pathogen, and susceptibility profiles. In cases of 
coagulase-negative Staphylococcus BSI, treatment for 5 to 
7 days is sufficient if the catheter is removed.22 The treat-
ment for S. aureus is variable: for hematologic complica-
tions such as endocarditis, patients should be treated for 
4 to 6 weeks. The absence of hematologic complications  
calls for a shorter duration of therapy, approximately  
14 days. The antibiotic choice for S. aureus would be depen-
dent on methicillin resistance. A 7- to 14-day course of  
treatment is recommended for Enterococcus species using 
ampicillin with or without aminoglycoside, or vanco-
mycin, linezolid, or daptomycin for ampicillin-resistant 
organisms. Gram-negative bacilli require treatment with 
a third- or fourth-generation cephalosporin, carbapenems, 
β-lactam/β-lactamase, with or without an aminoglycoside 
for a 7- to 14-day course.

In general, catheter removal is recommended. Cases in 
which catheter removal could be optional include infection 
with coagulase-negative Staphylococcus species, in which 
case antibiotic therapy should be extended to 10 to 14 days. 
Another circumstance in which catheter removal may be 
optional is infection with Enterococcus species in a patient 
with a long-term catheter. Salvage of the catheter may be 
attempted in the setting of uncomplicated CRBSI that 
involves long-term catheters and uncommon pathogens 
other than S. aureus, P. aeruginosa, fungi, or mycobacteria. 
Systemic and antimicrobial lock therapy may be given via 
the catheter for the duration of the therapy depending on 
the organism. Efficacy of antibiotic lock therapy remains 
uncertain, and there are concerns regarding antimicrobial 
resistance and fungal infection.

Regardless of pathogen, catheter removal is recom-
mended in cases of complicated infections, which include 
severe sepsis, hemodynamic instability, endocarditis, evi-
dence of another site of infection, suppurative thrombo-
phlebitis, osteomyelitis, or bacteremia that persists at least 
72 h after initiation of antimicrobial therapy. After catheter 
removal, antibiotics should be continued for 4 to 6 weeks 
for complicated BSI, possibly longer for osteomyelitis.22 
Guidewire exchange is generally not advised, but is accept-
able in circumstances where catheter removal is necessary 
for CRBSI, but there is a high risk for mechanical com-
plications or bleeding for catheter reinsertion. If catheter 
removal is not possible, antibiotics should be administered 
through the colonized catheter. When removed, the tip of 
the catheter should be sent for culture. If the culture results 
are positive, then any newly inserted central venous catheter 
should again be moved to a new site.
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Prevention

Through adherence to best practices, BSIs are believed to be 
largely preventable. These prevention measures are empha-
sized in guidelines from the Healthcare Infection Control 
Practices Advisory Committee, the CDC, and work groups 
from professional organizations representing an array of 
medical disciplines. Adherence to hand hygiene recommen-
dations and aseptic technique during catheter insertion and 
dressing changes remain the most important measures for 
the prevention of catheter-associated infections. Other pre-
ventive measures include:
 •  Appropriate site selection
 •  Barrier precautions
 •  Changing catheter administration kits at appropriate 

intervals
 •  Ensuring proper catheter-site and catheter hub care
 •  Removal and replacement of lines in less than 48 hours if 

placed emergently
 •  Ensuring catheter removal when no longer needed
 •  Catheter-related bundles and checklists

Determinants of Infection Risk

Three major determinants of CRBSI risk exist: location of cath-
eter placement, duration of catheter placement, and type of 
catheter. All types of catheters are associated with a risk of both 
local and CRBSI, including peripheral IV catheters, peripher-
ally inserted central catheters, arterial catheters for hemody-
namic monitoring, CVCs, and pulmonary artery catheters.

The risk of infection for peripheral venous catheters is 
higher when they are placed in the lower extremity versus 
upper extremity and higher in the wrist or upper arm com-
pared with the hand. Site selection for CVCs is also impor-
tant; CRBSI is more common with catheters placed in the 
femoral region, compared with the internal jugular vein. 
The site with the lowest risk of infection is the subclavian 
line; however, the inability to place it with ultrasound guid-
ance or limited operator experience may not make this the 
overall safest site.

The duration of the catheter is also a risk factor for CRBSI 
for both venous and arterial catheters. For peripheral venous 
catheters, most hospitals have a policy for replacement at 
regular intervals, commonly every 4 days or earlier if there 
are signs of phlebitis or malfunction.

The risk of infection with central venous and pulmonary 
artery catheters increases over time23,24; however, a defined 
period to change the catheters routinely has not been estab-
lished. Given the lack of consensus, and the other potential 
complications of central line placement, routine replace-
ment of CVCs is not currently recommended. Indications 
for catheter replacement include purulence at the insertion 
site, hemodynamic instability suspected to be due to CRBSI, 
or confirmed CRBSI by culture. Again, guidewire exchanges 
are not advised because this approach increases the risk of 
bloodstream infection versus selecting a new site.25

Arterial catheters, primarily used for hemodynamic 
monitoring, are ubiquitous in ICUs and are often over-
looked as possible sources of infection. These catheters 
are among the most heavily manipulated catheters in 
the ICU and operating room. Some studies show the 
risk of arterial CRBSI to be comparable to traditional 
multilumen CVCs.20 The risk of infection increases 
after 4 to 6 days. Given the limited number of arterial 
access sites, routine replacement of these catheters is not 
recommended.

Peripherally inserted central catheters (PICCs) have 
been associated with lower rates of bloodstream infec-
tions than centrally inserted catheters have; however, 
many initial studies were conducted among outpatients. 
Studies among inpatients have demonstrated infec-
tion rates comparable to those of other central venous 
catheters.26

Many hospitals have adopted checklists to standardize 
procedures when placing catheters. These bundles are a col-
lection of interventions, similar to VAP, adherence to which 
has shown reductions in CRBSIs. This decreases morbidity 
and mortality associated with CRBSIs and decreases subse-
quent financial impact.

Clostridium Difficile Colitis

Epidemiology

Clostridium difficile infection (CDI) is one of the most 
common hospital-acquired infections, and is the lead-
ing cause of hospital-associated infectious diarrhea. It is 
a growing cause of morbidity and mortality, especially 
among elderly patients. Colonization of the intestinal 
tract occurs via the fecal-oral route by the ingestion of 
spores. Most often, C. difficile colonizes the human intes-
tinal tract after the normal gut flora has been disrupted 
by antibiotic therapy. Once introduced into the altered 
intestinal tract, the organism creates exotoxins that bind 
to epithelial cells of the large intestine. The toxins A and 
B disrupt the cytoskeleton of the cells, causing fluid shifts 
and creating an inflammatory response, leading to diar-
rhea and colitis. The dysregulation caused by the toxins 
can be variable, ranging from a mild case of focal colitis, 
to severe sepsis, toxic megacolon, multiple organ dysfunc-
tion, and death.

Patients are at increased risk of developing diarrhea while 
in the hospital, and the majority of ICU patients have diar-
rhea at some point during their ICU stay. Most episodes 
of diarrhea are noninfectious; however, infectious causes of 
diarrhea in the ICU are concerning because of the increased 
likelihood of complications and the potential ease of trans-
mission. C. difficile was identified in 1978 as the causative 
agent for 15 to 25% of antibiotic-associated diarrhea and 
colitis. Since its recognition, the incidence and severity 
of nosocomial C. difficile–associated diarrhea have been 
steadily increasing.18
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Risk Factors

The risk factors for CDI encompass three general categories. 
These include changes in the intestinal mucosa or immune 
system, host factors, and environmental causes. Changes in 
the intestinal mucosa or immune system can be due to med-
ications, procedures, or radiation. Medications include the 
aforementioned antibiotics, where the majority of hospital-
ized patients with CDI will have had antibiotic exposure 
within the previous 30 days. The earliest cases of CDI were 
largely attributed to clindamycin,19,20 which, in addition 
to fluoroquinolones and cephalosporins, remains the most 
common antibiotic class implicated in the development of 
CDI.21 Virtually all antibiotics, including metronidazole 
and vancomycin, can predispose patients to CDI. Chemo-
therapeutic agents and radiation treatment also change the 
immune system and can upset the GI flora, allowing the 
overgrowth of C. difficile and toxin production. GI prophy-
laxis is standard in most ICUs, yet some studies have shown 
proton pump inhibitors and H2-blockers to be associated 
with an increased risk of CDI.27,28 Studies are conflicting, 
however, and a direct cause and effect relationship has not 
been established.29 Other disruptions in the GI tract have 
been implicated in the development of CDI, including 
abdominal surgery, nasogastric tubes, and enemas.

Host factors that are associated with an increased CDI 
risk include age greater than 65 years, multiple comorbidi-
ties, peripartum women and children, inflammatory bowel 
disease, HIV (likely because of associated antibiotic use), 
and chronic kidney disease requiring hemodialysis, pre-
sumably because of frequent contact with the health care 
environment. Previous episodes of CDI also put patients at 
risk for repeat infection, especially if they require ongoing 
antibiotic treatment for other infections.

Lastly, environmental factors can put patients at risk for 
development of CDI. Patients become infected primarily 
from spores present on the hands of health care workers,21 
thus making hand hygiene a priority among all hospital staff 
members. The length of stay in the hospital also increases the 
risk of CDI, because the longer patients are admitted, the 
more likely they will be exposed to spores and antibiotics.

Clinical Presentation

The clinical manifestations of CDI can range from asymp-
tomatic carrier to mild or moderate diarrhea, to fulminant 
colitis leading to sepsis or death. Approximately 20% of 
adults in hospitals are C. difficile carriers who do not have 
diarrhea, but do shed C. difficile in their stool. Watery diar-
rhea is the cardinal clinical symptom of CDI, often 10 to 15 
times a day, with associated lower abdominal pain, disten-
tion, nausea, and loss of appetite. Melena and hematochezia 
are rarely seen in CDI. Low-grade fevers and leukocytosis 
are common findings in patients with C. difficile–associated 
diarrhea. Severe abdominal pain, without diarrhea, can indi-
cate toxic megacolon with ileus, especially if accompanied 

by fever greater than 38.5° C and profound leukocytosis, 
but this is a rare presentation.

Fulminant colitis can manifest as severe lower or diffuse 
abdominal pain, diarrhea, distention, high fever, hypovo-
lemia, and lactic acidosis. Recognition of deterioration 
toward fulminant colitis is essential because it can progress 
to toxic megacolon or colonic perforation, sepsis, and death. 
Timely recognition and surgical intervention can be poten-
tially lifesaving.

Diagnosis

The definition of CDI includes the presence of diarrhea (three 
or more unformed stools in less than 24 hours), a stool test 
result that is positive for the presence of toxigenic C. difficile 
or its toxins, or endoscopic or histopathologic findings dem-
onstrating pseudomembranous colitis.18 Rarely, a patient will 
have an ileus and colonic distention without significant diar-
rhea. Confirming the diagnosis in these patients can prove 
difficult without the appropriate sample.

Generally, testing for C. difficile or its toxins should only 
be performed on unformed stool. Testing stool from asymp-
tomatic patients does not change clinical indications for 
treatment and is not recommended, nor is it recommended 
to test stool for evidence of cure.18 There are a variety of 
methods to detect toxigenic C. difficile in stool, each with 
advantages and limitations. These methods include:
 •  Polymerase chain reaction
 •  Enzyme immunoassays (EIAs) for C. difficile glutamate 

dehydrogenase
 •  EIA for C. difficile toxins A and B
 •  Cell culture cytotoxicity assay
 •  Selective anaerobic culture

Polymerase Chain Reaction

Polymerase chain reaction (PCR) testing is becoming more 
common. This sensitive and specific molecular test can rap-
idly detect the C. difficile toxins A and B gene in a stool sam-
ple and is highly accurate. Results from PCR can be available 
in 1 hour. Given the high sensitivity of PCR and the pos-
sibility for false-positive test results, this test is sometimes 
paired with an enzyme immunoassay for confirmation.

Enzyme Immunoassay for Clostridium difficile 
Glutamate Dehydrogenase

Glutamate dehydrogenase (GDH) antigen is an enzyme that 
is produced by C. difficile bacteria. The detection of GDH 
does not distinguish between toxigenic and nontoxigenic 
strains. These EIA tests were initially not very sensitive and 
therefore were often used as an initial screening tool, paired 
with other tests to confirm positive results. The testing has 
improved over time, and newer tests have a sensitivity of 85 
to 95%, with a specificity of 89 to 99%. GDH antigen test-
ing results are usually available in less than 1 hour.
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Enzyme Immunoassay for Clostridium difficile 
Toxins A and B

Most C. difficile strains produce both toxins A and B, 
although some produce only one. The sensitivity for EIA 
for toxins is variable (63 to 94%), but it is highly specific 
(up to 99%). There is a higher false-negative rate because of 
the amount of toxin that is needed to be detected for the test 
to be positive. This testing has become popular in hospitals 
across the United States because it is easy to use and cost 
effective.

Cell Culture Cytotoxic Assay

Cell culture cytotoxic assay is the gold standard for the diag-
nosis of C. difficile. A sample is added to a layer of cultured 
cells, and the presence of toxin is detected by the cytotoxic 
effect on fibroblasts. The cytotoxicity assay is more sensitive 
than EIAs, but is labor intensive and can take up to 2 days 
for results.

Selective Anaerobic Stool Culture

Stool culture is the most sensitive diagnostic test and is most 
often used for epidemiologic studies; however, it is not clini-
cally practical because of the length of time to obtain results.

Diagnostic imaging is generally nonspecific in CDI, and 
although abdominal radiographs may show colonic dila-
tion, or a computed tomographic scan can confirm colitis, 
the diagnosis of CDI is finalized with laboratory testing or 
endoscopy.

Pseudomembranous colitis is essentially pathognomonic 
for CDI, but can be diagnosed only by visualization of 
pseudomembranes on sigmoidoscopy or colonoscopy, or by 
histopathologic examination. Unfortunately, direct visual-
ization using any of these techniques will detect pseudo-
membranes in only 51 to 55% of CDI cases diagnosed by 
combined clinical and laboratory criteria with both a posi-
tive stool culture and a positive stool cytotoxin test.18

Treatment

Treatment for CDI should include supportive therapy with 
fluid and electrolyte replacements. If possible, the inciting 
antimicrobial agents should be discontinued, as these can 
increase the risk of recurrence. For 25 years, metronidazole 
and vancomycin have been the mainstays of treatment for 
CDI. When severe or complicated CDI is suspected, initi-
ating empiric therapy is appropriate. Metronidazole is the 
drug of choice for an initial episode of mild to moderate 
CDI. The dosage is 500 mg orally three times per day for 
10 to 14 days.18 Vancomycin is the drug of choice for ini-
tial episodes of severe CDI. The dosage is 125 mg orally 
four times per day for 10 to 14 days. Vancomycin orally (or 
via rectal enemas in the case of ileus or GI surgery), with 
or without metronidazole intravenously, is the appropriate  
regimen for the treatment of severe, complicated CDI.  

For a severe presentation, the vancomycin dosage is increased 
to 500 mg four times per day or 500 mg per 100 mL of nor-
mal saline rectally every 6 hours. The metronidazole dosage 
is also increased to 500 mg IV every 8 hours. In patients 
with hemodynamic instability requiring vasopressor sup-
port, a combination of IV metronidazole and oral vanco-
mycin is recommended. Oral vancomycin is not absorbed 
systemically and achieves appropriate therapeutic levels in 
the colon. Intravenous forms of vancomycin, therefore, 
have no role in the treatment of CDI. Intravenous metro-
nidazole, however, is excreted via the biliary system with 
exposure across the intestinal mucosa. Fecal concentrations 
reach therapeutic levels, making intravenous administration 
useful in patients with an ileus or in whom oral therapy is 
not feasible. Administration of both agents does not have 
any synergistic effect, but it is recommended in acutely ill 
patients as a way to get antibiotics to the colon as quickly 
as possible.

In patients who become severely ill (e.g., lactic acido-
sis, hemodynamic instability, worsening abdominal pain), 
surgical consultation should be obtained and colectomy 
should be considered. Checking the trend in the serum lac-
tate level and peripheral white blood cell count can provide 
information that can aid in surgical decision making. In 
the event that surgical intervention is necessary, subtotal 
colectomy with ileostomy and preservation of the rectum 
is performed.

Relapse or reinfection occurs in 10 to 25% of treated  
C. difficile cases. The clinical presentation may be similar to or  
more severe than the initial presentation. Recurrent CDI 
is treated with the same regimen as an initial occurrence, 
providing the severity is the same. Treatment of a second 
or later recurrence of CDI with vancomycin therapy is the 
preferred strategy.18

There are numerous investigations into adjunctive ther-
apies for C. difficile infection. These therapies include IV 
immune globulin, probiotics, human monoclonal anti-
bodies, bacteriotherapy using fecal transplant, and new 
antibiotics. Some new antibiotics may hold promise in the 
treatment of CDI, such as fidamoxicin,22 but as yet have not 
become standard therapy.

Prevention

The approach for preventing transmission of CDI in the 
hospital is to decrease patients’ risk of exposure and to pre-
vent transmission to other patients. Decreasing the risk of 
CDI must involve a degree of antimicrobial stewardship, 
because the first line of defense against CDI is healthy 
intestinal flora. Strategies to interrupt transmission include 
proper and consistent hand hygiene, and contact precau-
tions including gloves and gowns for health care workers. If 
possible, patients should have single rooms or be cohorted 
together, with each patient provided a dedicated commode 
if possible. Contact precautions should be maintained while 
the patient is symptomatic with diarrhea. Identification and 
removal of environmental sources of infection is important, 
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as well as cleaning with chlorine-containing agents or spori-
cidal agents in areas of contamination.18

Sepsis and Septic Shock

Despite advances in medicine and critical care, the incidence 
of sepsis in ICUs continues to rise.23 Sepsis is a systemic, 
deleterious host response to infection. It is the presence of 
infection (probable or documented) together with systemic 
manifestations of infection. Severe sepsis refers to acute organ 
dysfunction or tissue hypoperfusion secondary to infection. 
Septic shock is defined as severe sepsis plus hypotension that 
is not reversed with fluid resuscitation, requiring the use of 
vasopressors to maintain organ perfusion.

Initial Resuscitation

Treatment of severe sepsis and septic shock often requires 
the placement of invasive catheters to provide aggressive 
treatment and monitoring—namely, central venous access, 
urinary catheterization, arterial catheterization for hemo-
dynamic monitoring, and endotracheal intubation with 
mechanical ventilation. Goals during the first 6 hours of 
resuscitation include:
 •  Central venous pressure 8 to 12 mm Hg
 •  Mean arterial pressure of 65 mm Hg or greater
 •  Urine output of 0.5 mL/kg/hr or greater
 •  Central venous (superior vena cava) or mixed venous 

oxygenation saturation of 70 or 65%, respectively
 •  Targeting resuscitation to normalize serum lactate

Because of profound vasodilation during the inflamma-
tory response, patients with sepsis will need aggressive fluid 
resuscitation, often followed by vasopressor therapy if they 
progress to shock. Norepinephrine is the initial vasopressor 
of choice, with vasopressin as a second agent at a fixed dose 
of 0.04 U/hr when increasing doses of norepinephrine are 
needed to maintain mean arterial pressure. Some patients 
will experience adrenal insufficiency and require stress-dose 
steroids to maintain hemodynamic stability.23

Diagnosis

Cultures from different sources as clinically appropriate 
should be obtained before initiating antimicrobial therapy 
if there is no significant delay in the start of treatment (>45 
minutes). At least two sets of blood cultures (aerobic and 
anaerobic) should be obtained before antimicrobial therapy. 
At least one should be drawn percutaneously, and one drawn 
from each vascular access device. Routine laboratory tests 
should be sent, including complete blood count, chemis-
try panel, liver enzymes, bilirubin, coagulation studies, and 
an arterial blood gas. Imaging studies to identify a source 
of infection should be performed promptly. A chest radio-
graph should be part of the imaging workup, with com-
puted tomographic scanning possibly needed to identify a 
source of sepsis. In patients who are extremely ill and hemo-
dynamically unstable, it is important to optimize treatment 

and resuscitation before proceeding with diagnostics if it 
requires travelling out of the ICU.

Antimicrobial Therapy

Administration of effective intravenous antimicrobials 
within the first hour of recognition of septic shock can 
improve patient outcomes.23 Initial empiric therapy that 
has activity against all likely organisms and that penetrates 
tissues in adequate concentrations should be chosen. The 
antibiotic regimen should be reassessed daily for potential 
de-escalation as laboratory and diagnostic information is 
finalized. Ideally, combination empirical therapy should not 
be administered more than 3 to 5 days. Duration of therapy 
is typically 7 to 14 days, although longer courses are certainly 
appropriate for specific clinical situations. Antiviral therapy 
should be initiated as early as possible in patients with severe 
sepsis or shock of viral origin. Antimicrobials should not be 
used in patients with inflammatory states or hypotension 
determined to be of noninfectious cause, although this may 
be a diagnosis of exclusion and patients often receive antibi-
otics over the course of the diagnostic workup.

Source Control

A specific anatomic location of infection, possibly requiring 
emergent intervention for source control, should be sought 
and diagnosed or excluded. When source control in a severely 
septic patient is required, the effective intervention with the 
least physiologically damaging insult should be used (e.g., 
percutaneous rather than surgical drainage of an abscess). If 
intravascular access devices are thought to be a possible source 
of infection, then the catheter should be removed. Addressing 
the source of infection is often the key to controlling sepsis 
and the inflammatory cascade; however, once the cascade has 
been set into motion, patients can have profound metabolic 
derangements, even after the source of infection is identified 
and treated. Care at this point is supportive in nature to main-
tain the goals of resuscitation and reestablish homeostasis.

The challenge of critical care lies not only in the initial 
resuscitation and maintenance of adequate oxygenation 
and perfusion, but also in the subsequent management of 
patients after sepsis has resolved. The interventions per-
formed to support patients through an acute episode are 
commonplace in the ICU, but vigilance and appropriate 
stewardship over intravascular devices, endotracheal tubes, 
and antibiotics are essential to minimize the opportunities 
for nosocomial infections.
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The pediatric patient population is constantly exposed to 
pathogens through mechanisms ranging from a toddler’s 
attempt at ingesting various fomites to exposures to patho-
gens at day cares and schools. The growing child’s immune 
system is under a seemingly constant threat, and when func-
tioning properly, it is able to ward off many of its assailants 
prior to signs of clinical infection. On occasion, the combi-
nation of a portal of entry, sufficient number of pathogens, 
and a susceptible host manifests as a clinical infection. It is 
the clinician’s job to determine the nature and severity of the 
infection and to render the appropriate treatment, which 
may only be observation. The clinician should be familiar 
with the more commonly encountered infections. Whereas 
full textbooks are devoted to infectious diseases in the pedi-
atric population, this chapter is meant to familiarize the cli-
nician with a summary of the more commonly encountered 
infections affecting the head and neck region.

Bacterial Infections

Skin Infections
Impetigo
Impetigo is a superficial infection that is limited to the epi-
dermis resulting from group A streptococcal species and 
Staphylococcus aureus. The infection is usually the result of 
colonization of skin or nasal passages. Impetigo is highly con-
tagious and often spreads in settings such as childcare centers 
and schools, with a peak incidence in children 2 to 5 years 
of age.

Impetigo can be classified into bullous and nonbullous 
forms. The nonbullous type accounts for 70% of reported 
cases.1 Small vesicles arise and are surrounded by erythema. 
The oozing from these lesions produces the honey-colored 
crusting that is characteristic of this infection (Figure 29-1). 
The bullous form can give rise to larger lesions that can 
be filled with clear or sometimes dark fluid, which is the 
result of S. aureus exotoxins A and B (and can be cultured 

from intact vesicles). Topical treatments such as mupiro-
cin are usually effective in eliminating nonbullous forms, 
whereas antibiotic resistance in some regions and bullous 
forms of impetigo may require oral antibiotics (cephalexin 
or clindamycin) for resolution.

Erysipelas
This superficial infection of the dermis and upper lym-
phatics is commonly encountered in the pediatric popula-
tion. It is most often caused by streptococcal species that 
are common skin flora (β-hemolytic Streptococcus species). 
However, it can also be caused by group B streptococcal 
species (particularly in neonates who are exposed during 
vaginal birth to a mother positive for group B Streptococ-
cus) as well as staphylococcal species (including methicillin-
sensitive and methicillin-resistant S. aureus). The bacteria’s 
portal of entry is often via insect bites, scratches, or abra-
sions; this leads to the presence of abundant organisms that 
produce an exotoxin, causing the manifestations of erysip-
elas. Although lesions in the extremities are most often pre-
ceded by compromise of skin integrity, this is not always 
the case in infections involving the face.2 The patient often 
exhibits fever, malaise, leukocytosis, and skin signs. These 
signs include an erythematous region with sharp demarca-
tions, warmth on palpation (rubor), and edema/induration. 
Hematologic assays show positive titers for anti-streptolysin 
O, but it can take 10 days to obtain adequate levels to be 
evident on assays, and in one study it was positive in only 
40% of cases of erysipelas.3 For this reason, ASO levels are 
of low clinical significance in cases of erysipelas. Outpatient 
treatment regimens include β-lactamase penicillins, cepha-
losporins, and clindamycin, as these are usually effective 
against streptococcal and staphylococcal species.3 A patient 
with constitutional symptoms may require admission for 
parenteral antibiotics. It should be noted that although the 
patient will often begin to feel better within a few days of 
antibiotic administration, skin manifestations may take lon-
ger to resolve.
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Methicillin-Resistant and Methicillin-Sensitive 
Staphylococcus aureus
Staphylococcus aureus, particularly community-acquired 
methicillin-resistant S. aureus (CA-MRSA), has been 
seen at an increasing rate over the past two decades. This 
alarming increase has been evidenced in centers such as 
San Francisco General Hospital, which saw a rise in prev-
alence of CA-MRSA from 7 to 29% over 6 years (1993 to 
1999).4 A large percentage (34%) of the U.S. population 
are asymptomatic carriers of S. aureus, and just less than 
1% carry the more troublesome methicillin-resistant 
strain.5 As this trend continues, abscess formation that is 
resistant to multiple antibiotics will continue to plague 
pediatric clinics. The infections caused by these bacte-
ria often result in abscess formations that are commonly 
loculated. Appropriate drainage (and obtaining cultures) 
with specific attention to breaking up loculations should 
be performed. Copious irrigation and drain placement (if 
necessary) are also advised. Antibiotic regimens should 
be tailored to cultures. Clindamycin, doxycycline, and 
sulfamethoxazole-trimethoprim have each been effica-
cious in treating CA-MRSA, although increasing rates 
of resistance to these regimens are being seen in various 
regions. Hospital-acquired MRSA can be treated with 
vancomycin, daptomycin, tigecycline, or linezolid while 
awaiting culture data that allow for specific antibiotic 
tailoring.

Bite Wounds

Domestic animal and human bites are the bite wounds 
most commonly encountered in the head and neck region. 
Children are most at risk for bites to the face, whereas 
adults typically sustain extremity injuries. With any bite 
wound, the patient’s immunization status (especially 
regarding tetanus) should be verified. Tetanus immuno-
globulin and toxoid should be given to patients without 
prior immunization for tetanus. If the patient has not 
received a tetanus booster within the 5 years preceding 
the injury, they should receive the tetanus toxoid vaccine.  

In addition, the animal’s immunization status should be 
verified for an up-to-date rabies vaccination, as this diag-
nosis carries a 100% mortality rate and can be avoided 
with proper prophylaxis.

Cat Bites
Cat bites represent approximately 5 to 10% of animal bite 
wounds.6 Cat bites are usually puncture wounds without 
significant loss of tissue. They are prone to infection because 
of the presence of bacteria such as Pasteurella multocida and 
Pasteurella septica. The bite wound should be copiously irri-
gated with sterile normal saline or dilute povidone-iodine 
solution. Small puncture wounds should be left open to heal 
by secondary intention.

Dog Bites
Approximately 20% of the 4.5 million Americans bit-
ten by a dog annually seek treatment.7 Although a bite 
can be sustained from any breed, the more devastating 
injuries occur from breeds that many consider aggres-
sive; therefore, universal prevention should be taught 
and practiced in any home with a domesticated animal.8 
Dog bites or attacks can result in significant loss of tis-
sue and devastating lacerations with resultant cosmetic 
deformities despite the best efforts of a well-trained sur-
geon. These wounds require copious irrigation, debride-
ment of ragged skin margins and compromised tissues, 
and primary closure with close postoperative monitoring 
for infection. Pasteurella canis, P. multocida, and Capno-
cytophaga canimorsus are a few of the bacteria responsible 
for dog bite infections.

Human Bites
Human bites are treated much like other bite wounds in 
that they require aggressive washout (debridement). In 
addition, when a bite from another human is sustained, 
the HIV and hepatitis status should be verified; although 
transmission through a bite wound is unlikely, it is not 
impossible. Human bite wounds can become infected, 
and they are often polymicrobial in nature. Cultures of a 
wound can produce aerobic staphylococcal and strepto-
coccal species (skin flora), Eikenella corrodens, and various 
gram-negative organisms such as Pseudomonas or Proteus 
species (oral flora).

Antibiotic prescription following a bite wound is rec-
ommended and should provide coverage for the aforemen-
tioned organisms. Amoxicillin-clavulanate (Augmentin) or  
cefuroxime for the penicillin-allergic yet cephalosporin- 
tolerant patient is the recommended antibiotic for each of the  
aforementioned bite wounds; it provides broad coverage. 
However, patients who are allergic to penicillins and cepha-
losporins should be prescribed clindamycin plus a fluoroqui-
nolone or trimethoprim-sulfamethoxazole. A 7-day course 
of either regimen should suffice. Patients who are admitted 
to the hospital and are unable to take oral antibiotics can be 
given intravenous ceftriaxone, ampicillin-sulbactam, cefoxi-
tin, or clindamycin with a fluoroquinolone.

• Figure 29-1 Impetigo. (From Neville BW, Damm DD, Allen CM, et al, 
editors: Oral and maxillofacial pathology, ed 4, St. Louis, 2016, Elsevier.)
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Acne

Various forms of acne exist, and the differentiation is 
paramount to the treatment rendered. Acne is prevalent, 
occurring in moderate to severe forms in up to 20% of the 
adolescent population as part of pubertal growth.9 Seba-
ceous glands enlarge and increase production of sebum 
because of increased androgen levels. Acne vulgaris devel-
ops within the sebaceous follicles, where the glands drain 
into follicular canals. These areas, known as comedones, are 
dilated follicular sacs filled with keratin, lipids, and bacteria. 
Blackheads are open comedones, with the visualization of 
the obstructing “plug,” whereas whiteheads are closed com-
edones with a minute opening. The bacterium most often 
responsible for these lesions is Propionibacterium acnes. Mild 
disease consists of comedones, as outlined earlier, whereas 
increased severity to moderate or moderately severe dis-
ease is based on the number of papules and pustules pres-
ent. Further worsening of the inflammation can result in 
severe acne, which is characterized by large, painful lesions. 
Severe acne is classified as nodulocystic acne or, occasion-
ally, acne conglobata. Treatment is based on the severity and 
ranges from topical treatments (6 to 8 weeks) of retinoid, 
benzoyl peroxide, or both. Acne of increased severity often 
requires regimens of oral antibiotics (usually tetracycline, 
doxycycline, or trimethoprim-sulfamethoxazole) or isotreti-
noin. There are no widely accepted evidenced-based data to 
support the idea that ingestion of certain foods exacerbates 
acne, but recent studies suggest that diets with high glyce-
mic loads may exacerbate acne.10

Acne may be seen in neonates and most often manifests 
as closed comedones. In fact, up to 20% of neonates will 
develop one or more comedones in the first few months 
of life.11 It is a result of hypertrophic sebaceous glands and 
does not usually require treatment, as it will resolve spon-
taneously over a few months. Acne that develops after the 
age of 1 year is termed infantile acne; it most often consists 
of papules and pustules with lesions that can last several 
months. Topical benzoyl peroxide and tretinoin is usually 
efficacious in resolving this problem. Occasionally, oral anti-
biotics are required; as tetracyclines should be avoided in the 
pediatric population, erythromycin is often the antibiotic 
of choice.

Intraoral Bacterial Infection
Acute Necrotizing Ulcerative Gingivitis and 
Periodontitis
Colloquially known as trench mouth, acute necrotizing 
ulcerative gingivitis is relatively rare in North America, 
but it shows an increased incidence in developing coun-
tries. It often manifests with malodorous breath, a gray 
pseudomembranous slough on the gingival mucosa, and 
blunting or obliteration of the interdental papilla. In addi-
tion, patients may have rapid onset of pain and can have 
systemic symptoms such as fever, malaise, and dehydration 
owing to poor oral intake.12 The bacteria most often respon-
sible include Prevotella intermedia, Fusobacterium species, 

Treponema denticola, and other oral spirochetes.13 Predis-
posing factors include poor nutritional status, smoking, and 
immune compromise. The treatment includes mechanical 
debridement, improved and vigilant oral hygiene, and anti-
biotics (penicillin, metronidazole).

Aggressive Localized Periodontitis
Aggressive localized periodontitis, formerly known as juve-
nile periodontitis, primarily affects the first molars and inci-
sors. By definition, it is localized to the “first molar/incisors 
with interproximal attachment loss on at least two perma-
nent teeth, one of which is a first molar, and involving no 
more than two teeth other than first molars and incisors.”14 
It occurs in less than 1% of adolescents, and most com-
monly manifests at the onset of puberty. Black male teen-
agers exhibit the highest predilection for this disease. The 
associated bone loss occurs at threefold to fourfold the rate 
of chronic periodontitis. Aggregatibacter actinomycetem-
comitans and Porphyromonas gingivalis appear to have a 
role because of the association of these bacteria with these 
defects seen in adolescents.15,16

Odontogenic Abscess
The oral flora involved in abscesses of odontogenic ori-
gin is similar to that in adults. At birth, the oral cavity is 
sterile and uncolonized, but within the first few days of 
life it begins to become colonized with Streptococcus sali-
varius and subsequently the other bacteria that comprise 
those found in the adult population (e.g., Staphylococcus, 
Actinomyces, Nocardia, Bacteroides species).17 The eruption 
of dentition allows for the anaerobic bacteria to populate 
the gingival sulci, and also allows Streptococcus mutans and 
Streptococcus sanguinis (responsible for a large portion of 
dental caries) to colonize the enamel. Untreated dental car-
ies that progresses to the pulp creates a portal of entry into 
the root apices, alveolus, maxilla, mandible, and surround-
ing spaces as the disease progresses. Infections in the sub-
mandibular and lingual spaces in a child are infrequent, but 
necessitate the close attention of the treating team to ensure 
that the smaller, developing airway is not compromised 
(Figure 29-2). Incision and drainage is recommended for 
the definitive abscess, as well as extraction or treatment 
of the offending tooth. Patients with developing, partially 
erupted third molars are at risk of developing pericoro-
nitis and associated abscesses (most notably the adjacent 
pterygomandibular space). Impacted teeth that present an 
impediment to maintaining proper oral hygiene should be 
extracted, preferably before the development of infections 
or complications.

Osteomyelitis
An entire chapter (Chapter 13) in this book is devoted to 
the topic of osteomyelitis. It should be noted, however, that 
osteomyelitis in the pediatric population mainly affects the 
long bones of the axial skeleton. It rarely affects the skull 
or bones of the facial skeleton. Although osteomyelitis is 
extraordinarily rare, patients who complain of persistent 
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pain in an area after an extraction (with or without puru-
lence) should have the appropriate workup to rule out this 
destructive, infectious process.

Chronic Nonbacterial Osteomyelitis
Chronic nonbacterial osteomyelitis is also known as chronic 
recurrent multifocal osteomyelitis (CRMO). It is classi-
fied within the rheumatic literature as an autoinflamma-
tory bone disease. It is mentioned here to avoid confusion, 
because it is a noninfectious process that occurs mainly in 
the pediatric population and is often confused with infec-
tious osteomyelitis. Hopefully, the new nomenclature will 
help to avoid future confusion.

Viral Infections

Human Papillomavirus

As a papovavirus, human papillomavirus (HPV) is a DNA 
virus that can give rise to oral papillomas. These lesions 
can be encountered on the epidermis of the face or any 
intraoral mucosal site. Intraorally, the lesions are most 
commonly encountered on the hard and soft palate and 
uvula. The lesions are usually found in isolation, and 
although they can be large, they are commonly smaller 
than 1 cm. Lesions encountered are sessile or peduncu-
lated masses amenable to excision and should be sent for 
micropathologic analysis (Figure 29-3). There are more 

A B

• Figure 29-2 A, Left canine space infection of maxillary odontogenic origin. B, Left submandibular space 
infection of mandibular odontogenic origin. (A, courtesy Dr. Brian Alpert; B, courtesy Dr. George Kushner).

A B

• Figure 29-3 A, Condyloma on buccal mucosa. B, Multiple exophytic and somewhat papillary nodules 
of the lip, buccal mucosa, and gingiva. (A, From Newman MG, Takei HH, Klokkevold PR, et al, editors: 
Carranza’s clinical periodontology, ed 111, St Louis, 2012, Saunders. B, From Neville BW, Damm DD, 
Allen CM, et al, editors: Oral and maxillofacial pathology, ed 4, St Louis, 2016, Saunders.)
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than 100 subtypes of HPV. Subtype 16 has been related to 
neoplastic changes and oral cancer.18

Pediatric patients with HPV that may be the result of 
sexual abuse should be appropriately questioned in a sensi-
tive manner and reported to the appropriate authorities for 
further investigation to ensure the patient’s safety.

Parvovirus B19

A single-stranded DNA virus, parvovirus B19 causes erythema 
infectiosum, also known as fifth disease, which is notable for its 
“slapped cheek” appearance in children affected by the virus 
(Figure 29-4). It most often manifests in children aged 5 to 15 
years, and lasts 1 to 3 weeks before fading. More troublesome 
is the aplastic anemia crisis that this virus can precipitate in a 
small subset of patients. Rarely, a patient’s symptoms manifest 
as a pure red cell aplasia caused by inadequate host response to 
the infection. The infection with parvovirus is verified by sero-
logic and DNA tests. This disease is most often self-limiting, 
and supportive care including transfusion should be adminis-
tered as deemed necessary. Finally, infection of a fetus can lead 
to anemia, hydrops fetalis, or miscarriage.

Molluscum Contagiosum

Molluscum contagiosum is caused by a poxvirus and is a 
viral infection of the epithelium. It gives rise to multiple 
2- to 3-mm papules, each with a central depression. These 
papules are most often located on the face, extremities, and 
trunk and generally spare the mucous membranes and pal-
mar surfaces. The diagnosis is most often made on the basis 
of clinical appearance alone. Treatment of the disease may 
require topical agents (a wide variety are used depending 
on the affected area), but spontaneous resolution has also 
been noted in immune-competent patients. Although single 
lesions typically last only 2 to 3 months, autoinoculation 
causes persistent infection and usually lasts 6 to 12 months.

Coxsackie Virus

Coxsackie virus, which causes hand, foot and mouth dis-
ease, is common in children younger than 10 years. It is 

transmitted by respiratory droplet and is highly transmissi-
ble. Generalized symptoms of fever and sore throat are shortly 
followed by development of oral vesicular lesions. These  
2- to 3-mm vesicles might not be seen intact, but may appear  
as ulcerations if the vesicles have already sloughed the super-
ficial layer. Following the appearance of oral lesions, cutane-
ous lesions are noted in approximately three fourths of all 
cases and are most often found on the palmar surfaces of 
the hands and feet. Coxsackie virus A 16 is the most com-
monly implicated virus, but other strains of A and B have 
also been isolated. Diagnosis is based on clinical examina-
tion results, and as the disease is self-limiting, the only treat-
ment required is therapy to help to alleviate symptoms.

Paramyxovirus

Measles most often begin with fever, cough, coryza, and 
conjunctivitis. Koplik spots typically manifest on the second 
day of illness and are usually found on the buccal mucosa, 
but can be found on other mucosal surfaces. The maculo-
papular rash then begins at the face and ears and descends 
with the lesions often coalescing and covering the body 
within an additional 48 hours. The rash will then fade in the 
same order that it appeared. Serious complications that may 
result from the disease include pneumonia and encephalitis. 
Diagnosis is based on clinical examination, although it can 
be confirmed with PCR or specific antibody testing. Finally, 
the introduction of the live-attenuated measles, mumps, and 
rubella vaccine given to children at 2 years of age (and often 
revaccination at an older age in grade or middle school) has 
caused a sharp decline in the number of cases.

Primary and Secondary Herpetic 
Gingivostomatitis

Herpes simplex virus 1 exhibits a seroprevalence in the United 
States of approximately 60%.19 Luckily, not all that have 
become infected have manifestations of primary herpetic 
gingivostomatitis. Herpes simplex virus 1 causes this disease; 
in its initial form, it can cause ulcerations on any mucosal 
surface. Recurrence of the illness is confined to the keratin-
ized mucosa of the hard palate, gingiva, and the vermilion 
and surrounding tissues. The primary lesions are commonly 
encountered in the pediatric population and are accompanied 
by fever, malaise, and cervical lymphadenopathy. The lesions 
themselves are multiple small erythematous ulcerations that 
remain present for 7 to 10 days. Resolution of the lesions 
occurs without intervention, and the virus then enters a dor-
mant phase in the nerve tissue and can return later as second-
ary or recurrent herpes simplex infection.

Fungal Infections

Oral Candidiasis

Thrush (oral candidiasis) is a superficial candidal infec-
tion of the mucous membranes of the oral cavity. It affects 

• Figure 29-4 Erythema infectiosum (fifth disease) caused by par-
vovirus B19. (Courtesy Centers for Disease Control and Prevention, 
Atlanta, GA.)
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approximately 5% of immunocompetent newborns, and 
obviously a larger percentage of newborns who are immu-
nocompromised. It is uncommon to develop thrush after  
1 year of age, except when the child is currently taking anti-
biotics. The infection manifests as a white plaque that can 
be wiped away. Once wiped away, the underlying mucosa 
is erythematous or ulcerated. Minor infections may resolve 
without treatment. When indicated, treatment usually con-
sists of nystatin oral rinse. Occasionally in breast-fed infants, 
the mother should be treated as well and can be given oral 
fluconazole. Persistence after 1 year of age in the absence of 
antibiotics, or persistent disease in an infant who is refrac-
tory to the treatments rendered, necessitates further workup 
for underlying immunologic disorders.

Tinea Capitis

Tinea capitis, or ringworm as it is colloquially known, is 
a disease that mainly affects prepubescent children.20 
These cutaneous fungal infections are mainly caused by 
the Trichophyton and Microsporum genera. They present on 
the scalp with inflammation, resulting in scaling and hair 
loss. This hair loss often results in a “black-dot” pattern in 
which the hair shaft is broken at the level of the scalp (how-
ever, this only holds true for individuals with black hair, 
the “dot” pattern being dependent on hair color). These 
lesions can result in hair loss (with permanent alopecia if 
significant scarring occurs) and can also lead to pustules 
and/or abscess formation. First-line therapy for tinea capi-
tis in children is griseofulvin and terbinafine. Griseofulvin 
has a long history of use in the treatment of tinea capitis, 
but requires a long duration of therapy (6 to 12 weeks), 
whereas terbinafine treatment only requires 2 to 6 weeks 
with similar efficacy.21

While thrush and tinea capitis infections comprise the 
bulk of fungal pediatric disease encountered, deep fungal 
infections can present in immunocompromised patient 
populations, such as patients undergoing chemotherapy.22 
These diseases, such as blastomycosis, coccidioidomycosis, 
and histoplasmosis, are systemic in nature and rarely present 
with isolated features to the head or neck region.

Parasitic Infections

Lice and Scabies

Various parasites can inhabit the scalp (e.g., Bott flies), 
but they are uncommon in most patient populations. In 
developed countries, the main parasites affecting pediatric 
populations are scabies and pediculosis (i.e., lice). Pediculo-
sis affects an estimated 6 to 12 million children per year in 
the United States.23 Head lice are approximately 1 to 3 mm 
long. Females lay up to 300 eggs, which are a yellow–white 
color, that hatch and mature into an adult in approximately 
20 days.24 Lice cannot jump or fly; therefore, transmission 
can occur only with close proximity from one host to the 
next. The main presentation is pruritus caused by a delayed 

hypersensitivity reaction, but prolonged infection can result 
in anemia, which can be profound. Treatment is with topi-
cal permethrin (1%) shampoo. Nonpharmacologic man-
agement with heat and wet combing are also options, but 
studies show mixed results.

Another common parasite encountered is scabies, which 
manifests as intense pruritus. Scalp scabies occurs mainly 
in infants and children. The crusted lesions are usually not 
limited to the scalp; they may also be present on the face, 
palms, and soles of the feet. Diagnosis is based on clini-
cal presentation and microscopic examination for mites, 
eggs, or feces. Transmission occurs by skin-to-skin contact 
or close quarters, such as bed sharing. Treatment options 
include topical permethrin 5% cream (normally the first  
line of treatment) or two doses of oral ivermectin (200 μg/kg)  
given 14 days apart.

In both of these infections, it is imperative that the sur-
rounding persons that may be affected are also examined 
and that peripheral fomites that may harbor organisms that 
could cause reinfection (e.g., bedding, clothing) are also 
treated with washing (hot water at 140° C) and drying in 
a hot dryer.

Tickborne Infections (Bacterial/Parasitic)

Depending on geographic location, children found to have a 
tick may be at risk for various diseases, such as Lyme disease, 
Rocky Mountain spotted fever (RMSF), babesiosis, and 
tularemia. These diseases are grouped together here based on 
their mode of infection, but comprise both bacterial (Lyme 
disease, RMSF, ehrlichiosis, and tularemia) as well as para-
sitic (babesiosis) diseases. The ticks often require many hours 
of attachment to transmit the disease; therefore, timely 
removal is crucial. In some cases, the patient (or patient’s 
parents) might not recall a tick bite despite the diagnosis of a 
tickborne infection. Hard ticks (Ixodidae) will feed for days 
if left undisturbed, and removal within the first 24 hours of 
attachment is believed to help prevent contracting Lyme dis-
ease. In the head and neck, the scalp provides good coverage 
or camouflage for a tick to be hidden and should be carefully 
inspected for a residing tick in any patient or child who is 
at risk for tickborne infections. In addition, some patients 
affected by one tickborne infection will actually have multi-
ple infections resulting from a single tick bite.25 This section 
will discuss the two most common tickborne illnesses in the 
United States: Lyme disease and RMSF.

Lyme Disease (Vector: Ixodes scapularis; 
Pathogen: Borrelia burgdorferi)
A typical or classic case involving this bacterial infection will 
manifest with erythema migrans—a large, flat, red rash with 
central clearing, causing the lesion to appear like a target (or 
“bull’s eye”) with the central cleared portion as the site of the 
tick bite. Eighty percent of patients with erythema migrans 
will have a single lesion, whereas others will have multiple 
lesions.26 Erythema migrans can resolve without antibiot-
ics; however, the patient remains at risk for progression of 
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the disease to further stages. The rash can also be general-
ized, and it is often accompanied by a fever, headache, and 
myalgias. Arthralgias and neurologic symptoms can also 
be present, including meningitis, encephalitis, ascending 
weakness like that of Guillain-Barré, or cranial nerve VII 
paralysis (Bell’s palsy). Heart block (first, second, or third 
degree) can also manifest as a sign of disseminated Lyme 
disease. The diagnosis is usually made with the presentation 
of the erythema migrans lesion in a patient that lives in or 
has visited a region with known endemic disease. This can 
be confirmed with serologic testing, but even this is unreli-
able. The treatment regimens depend on the stage at which 
the disease is discovered, but doxycycline or ceftriaxone are 
often used, whereas children younger than 8 years can be 
given amoxicillin or erythromycin. Disseminated or late 
disease requires parenteral antibiotics, and the treatment 
period may be prolonged for 1 to 2 months. Consultation 
with an infectious disease specialist is advised.

Rocky Mountain Spotted Fever (Vector: 
Dermacentor variabilis; Pathogen:  
Rickettsia rickettsiae)
The bacterial infection known as RMSF includes high fevers 
and a maculopapular rash that can appear as multiple small 
lesions that begin peripherally at the extremities (usually at 
the wrists and ankles) and spread centrally. However, up to 
15% of patients with RMSF never exhibit a rash forma-
tion.27 Headaches, myalgia, and malaise are also common 
in the presentation of this tickborne illness. Less common 
symptoms include seizures, encephalopathy, confusion, 
thrombocytopenia, and hyponatremia. Treatment for life-
threatening manifestations of RMSF is doxycycline and 
chloramphenicol (even in children).

Babesiosis, tularemia, Q-fever, Colorado tick fever, and 
ehrlichiosis are other, less prevalent tickborne diseases with 
a low incidence; however, they can manifest in conjunction 
with Lyme disease or RMSF.

Infections Based on Anatomic Site 
(Varying Etiology)

Pharyngitis and Tonsillitis

A “sore throat” is a common complaint with an exhaustive 
list of possible precipitating factors. Examination of the oro-
pharynx in these patients may show erythema in varying 
severity. Inspection of the tonsillar bed should also be per-
formed, and any hypertrophy or exudates should be noted 
(Figure 29-5). Pharyngitis may be part of a constellation of 
symptoms associated with a systemic infection, and inspec-
tion for rhinorrhea, conjunctivitis, and cough may direct 
the practitioner to consider a viral etiology for the pharyn-
gitis or tonsillitis (rhinovirus, influenza virus, parainfluenza 
virus, adenovirus, coxsackievirus, and respiratory syncytial 
virus are among the possibilities). Bacterial infection can be 
ascertained with an assay for group A Streptococcus (GAS) 
with a rapid strep test or additional cultures can help to elu-
cidate the nature of the infection. Peak incidence for acute 
Streptococcus tonsillitis is at 5 to 6 years of age. The Centor 
criteria help to identify patients who are at risk for GAS 
consisting of (1) body temperature greater than 100.5° F 
(38.1° C), (2) absence of cough, (3) tonsillar exudates, and 
(4) cervical lymphadenopathy.28 Patients with fewer than 
two of these criteria require no additional test, whereas 
two or more factors indicate the need for rapid strep test 
and possibly throat culture depending on the result of the 
rapid strep assay. Other bacteria implicated in tonsillitis and 
pharyngitis include Neisseria gonorrhoeae, Arcanobacterium 
haemolyticum, Mycoplasma pneumoniae, and Chlamydophila 
pneumonia. It is important to treat GAS pharyngitis/ 
tonsillitis to avoid rare but serious complications, including 
scarlet fever, rheumatic fever and heart disease, and acute 
glomerulonephritis. Proven bacterial infections should be 
treated with antibiotics tailored to the bacteria and sensi-
tivities of cultures.

A B C

• Figure 29-5 Pharyngotonsillitis. This common syndrome has several causative pathogens and a wide 
spectrum of severity. A, The diffuse tonsillar and pharyngeal erythema seen here is a nonspecific finding 
that can be produced by a variety of pathogens. B, This intense erythema, seen in association with acute 
tonsillar enlargement and palatal petechiae, is highly suggestive of group A β-streptococcal infection, 
although other pathogens can produce these findings. C, This picture of exudative tonsillitis is most com-
monly seen with either group A streptococcal or Epstein-Barr virus infection. (From Zitelli BJ, McIntire SC, 
Nowalk AJ, editors: Atlas of pediatric physical diagnosis, ed 6, Philadelphia, 2012, Saunders. B, Courtesy 
Michael Sherlock, Lutherville, MD.)
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Concerning signs and symptoms of a patient with a com-
plicated “sore throat” include stridor or other respiratory 
distress, dysphagia or inability to handle oral secretions, or 
a palpable mass or discrete swelling. Infection of the tonsil 
can lead to accumulation of purulence between the tonsil 
and the tonsillar capsule, resulting in a peritonsillar abscess. 
This is the most common complication of acute tonsillitis 
and is often treated with aspiration, and occasionally inci-
sion and drainage (depending on severity). Once the abscess 
is drained, the patient should respond well to the antibi-
otic regimen prescribed, usually penicillin (erythromycin or 
azithromycin if the patient is allergic to penicillin). Exten-
sion beyond the peritonsillar region into the lateral or poste-
rior pharyngeal space requires hospital admission, incision, 
drainage, and intravenous antibiotics.

Infections of the Sinuses

The maxillary sinuses are not pneumatized until approxi-
mately age 4, the sphenoid sinus becomes distinct by age 5, 
and the frontal sinuses begin to develop at age 7 and con-
tinue to develop into the late teenage years. These sinuses 
drain through small ostia, which can become obstructed 
with surrounding edematous mucosa, thus preventing ade-
quate drainage and creating an environment in which bac-
teria can flourish. These conditions can result in sinusitis.

Sinusitis is divided into the acute and chronic forms. 
Much of the acute sinusitis follows a recent upper respiratory 
tract infection (often viral). The paranasal sinuses can then 
become secondarily infected with bacteria. Acute sinusitis is 
classified as lasting for up to 4 weeks. The more common 
bacteria associated with acute sinusitis are Moraxella catarrh-
alis, Streptococcus pneumoniae, and Haemophilus influenzae. 
Patients with acute sinusitis complain of headache, mucopu-
rulent nasal discharge, pressure sensation in the areas overly-
ing the sinuses involved, pain in the maxillary teeth, and soft 
tissue swelling adjacent to the sinus involved. Patients predis-
posed to sinusitis include those with immunocompromise, 
cystic fibrosis, patients with nasal polyps, anatomic defects 
(clefting), ciliary dysfunction, allergic rhinitis, and smok-
ers. The diagnosis is often made based on clinical examina-
tion alone. Plain films such as a panoramic or Water’s view 
may show sinus opacification indicative of current disease. A 
computed tomographic scan is not usually indicated in an 
isolated acute sinusitis. A case that is complicated with soft 
tissue swelling or abscess formation warrants further workup 
that can include imaging, but usually, sinusitis in and of itself 
is not an indication for computed tomography.

Subacute sinusitis (4 to 12 weeks of symptoms) and 
chronic sinusitis (>12 weeks of symptoms) are often char-
acterized by different bacteria.29 The major bacteria respon-
sible for the chronic sinusitis are Pseudomonas aeruginosa, 
group A Streptococcus, S. aureus, and anaerobes such as Bac-
teroides and Fusobacterium species. Imaging including CT 
scans of chronic sinus disease will demonstrate thickening 
of the affected sinus mucosa (or even complete opacification 
of the affected sinus) (Figure 29-6).

Treatment for uncomplicated sinusitis consists of anti-
biotic therapy. First-line agents are amoxicillin-clavulanate, 
sulfamethoxazole-trimethoprim, and azithromycin, adding 
metronidazole or clindamycin when anaerobic infection is 
suspected. Because of the increased risk of serious complica-
tions including intracranial extension of infection, or osteo-
myelitis of the adjacent frontal bone (Pott’s puffy tumor), 
frontal sinusitis is often treated with parenteral antibiotics 
initially. Once clinical improvement is noted, the patient can 
be transitioned to oral therapy. In addition, children with 
orbital cellulitis without an obvious dental or skin source 
should be evaluated for sinus disease, because infection of 
the paranasal sinuses can lead to periorbital swelling or cel-
lulitis. This process is also often treated initially with par-
enteral antibiotics including ceftriaxone. Mucolytics such 
as guaifenesin may help to thin the secretions and improve 
drainage. Local vasoconstrictors like oxymetazoline (ages 6 
years and up) or phenylephrine (ages 2 years and up with 
appropriate dose formulation) may help to open the osteum 
and allow for drainage, but patients should be forewarned 
of developing rhinitis medicamentosa with prolonged use. 
Refractory, chronic sinusitis or recurrent acute sinusitis 
(four or more episodes within 1 year) might not respond 
to medical therapy alone, and treatment with sinus surgery 
(e.g., functional endoscopic sinus surgery) may be indicated 
for surgical drainage including enlargement of ostia.

Dacryocystitis

Acute infection of the nasolacrimal sac is a common prob-
lem in the infant population. Swelling in the medial canthal 
region that is noted at birth is often not infection, but may 

• Figure 29-6 Noncontrasted axial CT image demonstrating right 
maxillary chronic sinusitis with evident mucosal thickening.
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be distention caused by amniotic fluid that has no port for 
egress because of a blockage of the nasolacrimal duct or the 
valve of Hasner. Digital massage can often lead to resolu-
tion of this swelling. If there is no resolution, then surgery 
involving probing and cannulation of the ducts with stents 
may be indicated. More troubling is the newborn or infant 
with medial orbital edema with overlying erythema that is 
concerning for orbital cellulitis or dacryocystitis. The swell-
ing of the medial canthal region develops with extreme 
tenderness and erythema overlying the edematous region. 
Bacteria associated with these infections are upper respira-
tory tract organisms such as Streptococcus and Staphylococ-
cus species. The practitioner should have a low threshold 
for admission and intravenous antibiotics (cefuroxime or 
similar) to prevent progression of disease, such as orbital 
cellulitis.

Conjunctivitis

Conjunctivitis is most easily separated into infectious and 
noninfectious causes. Noninfectious causes include allergies, 
foreign body (including contact use or overuse), and chemi-
cal conjunctivitis. Infectious causes are mainly attributed to 
bacterial or viral sources. Bacterial conjunctivitis accounts 
for half to three fourths of all infectious conjunctivitis, 
with the most common bacteria isolated from these cases 
being S. aureus, Staphylococcus epidermidis, S. pneumoniae, 
M. catarrhalis, Pseudomonas, Haemophilus, Neisseria, Chla-
mydia, and Bartonella species.

Symptoms and signs associated with bacterial conjunc-
tivitis include unilateral or bilateral hyperemia, tearing, 
drainage, or discharge, notably in the morning, that could 
result in “gluing” of the eyes upon awakening. Involvement 
of preauricular lymph nodes with notable adenopathy in a 
sexually active youth (possibly present with concomitant 
urethritis) is concerning for Neisseria or Chlamydia species 
conjunctivitis. Exposure to felines in the setting of conjunc-
tivitis with preauricular and submandibular adenopathy is 
concerning for Bartonella species as the infectious agent. 
(Bartonella species is one of the more common causes of 
Parinaud oculoglandular syndrome.)

Bacterial conjunctivitis is usually treated based on exami-
nation, although most cases are self-limiting. Any cultures 
obtained can help to guide antibiotic therapy. Usually, warm 
compresses and topical antibiotics successfully treat bacte-
rial conjunctivitis. Chronic and severe cases (with increased 
amount of discharge) should have cultures taken to guide 
therapy. Any discovery of bacteria associated with sexually 
transmitted diseases should raise concern for abuse, and 
appropriate reporting should occur. Neisseria or Chlamydia 
species infection warrants systemic, topical antibiotic therapy.

Viruses that are most often associated with conjuncti-
vitis are adenovirus, enterovirus, and coxsackievirus. The 
process usually begins as a unilateral conjunctivitis that 
can spread to the contralateral eye. Foreign body sensation 
is often reported, as are more generalized viral symptoms 
of fever, sore throat, and preauricular adenopathy. In some 

cases, subconjunctival hemorrhage may be noted. Viral 
conjunctivitis is also a diagnosis that is based on clinical 
impression. If herpes simplex virus is suspected (because 
of an ipsilateral facial vesicular rash), prompt referral to 
an ophthalmologist for a corneal examination to deter-
mine its possible involvement is paramount. Otherwise, 
treatment for viral conjunctivitis is supportive, and the 
affected child should be kept from contact with others 
(e.g., school, daycare) for several days to 1 week as the 
symptoms resolve.

Ophthalmia neonatorum (conjunctivitis within the first 
month of life) is most often caused by normal skin flora 
 (Streptococcus and Staphylococcus species), but can be caused by 
vertical transmission of chlamydia, gonorrhea, or herpes simplex  
virus. The involvement of bacterial conjunctivitis owing to 
 vertical transmission is often prevented by erythromycin 
 ointment that is placed on the newborn after birth.  However, 
some centers use povidone iodine to prevent ophthalmia 
 neonatorum, and up to 5 to 10% of infants develop chemical 
conjunctivitis (which manifests in the first 24 hours of life).30

Airway Infections

Airway infections that may be encountered by the prac-
titioner focused on the head and neck include bacterial 
tracheitis, croup, and epiglottitis. Bacterial tracheitis is an  
uncommon infection that predominantly affects children  
8 years of age and younger. The typical patient exhibits cough,  
inspiratory stridor with prolonged inspiration, fever, and 
purulent secretions in the airway that may or may not be 
noted depending on the patient’s ability to mobilize these 
secretions. Causative agents include S. aureus, H. influenzae, 
and β-hemolytic streptococcal species. Patients frequently 
have a history of a preceding viral infection of the upper 
airway. Direct laryngoscopy allows differentiation between 
epiglottitis and tracheitis depending on the findings noted 
on examination. A lateral radiograph of the neck will display 
no distinct findings, and the epiglottis will appear normal 
(in contrast to epiglottitis with the “thumb sign”). Treat-
ment includes protection of the airway (with intubation in 
a controlled setting), debridement of the pseudomembranes 
if present, and broad-spectrum antibiotics (e.g., ceftriaxone 
that can be tailored as aspirate cultures return).

Epiglottitis has declined significantly with the increased 
immunization against H. influenzae (specifically type B). 
These patients exhibit high fever, stridor owing to upper air-
way obstruction, and a muffled voice. The patient may pos-
ture by leaning forward and have tongue protrusion in an 
effort to maintain airway patency. Lateral films may dem-
onstrate a “thumb” sign with edema of the epiglottis. This 
condition, like bacterial tracheitis, is treated by immediate 
airway control with intubation, preferably in a controlled 
setting followed by supportive care.

Croup commonly affects the upper airway and manifests 
with a barking cough that has typically been preceded by 
nonspecific upper airway symptoms. It typically affects chil-
dren between the ages of 6 months and 3 years. As swelling 
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of the airway continues, breathing becomes more difficult 
for the patient. This process is usually caused by parain-
fluenza virus, but can be caused by other viruses such as 
influenza, adenovirus, and respiratory syncytial virus. Treat-
ment modalities include racemic epinephrine and oral dexa-
methasone (0.6 mg/kg). The patient should be monitored 
until there is no longer a concern for airway obstruction. 
Prolonged monitoring may be warranted.

Otitis Externa

Otitis externa usually manifests as inflammation of the 
external auditory canal, usually with rapid onset. The 
patient will often complain of a sense of fullness, pain, or 
itching. The most common bacteria associated with otitis 
externa are P. aeruginosa, S. epidermidis, and S. aureus. A 
10-day course of steroids with or without antibiotics (both 
topical) is often successful in treating this condition; immu-
nocompromised patients may require oral antibiotics in 
addition to the topical regimen prescribed.

Otitis Media

Pelton31 showed that the cluster of cloudy tympanic membrane 
(TM), bulging TM, and TM with impaired mobility corre-
lated with acute otitis media; therefore, position and mobil-
ity should each be assessed. Common bacterial  pathogens 
include S. pneumoniae, H. influenzae, and M. catarrhalis. It 
can also be caused by viruses (respiratory  syncytial virus, rhi-
novirus, adenovirus, influenza). Although many practitioners 
will prescribe antibiotics for acute  otitis media, this has con-
tributed to antibiotic resistance; an attempt to prescribe more 
prudently and allow many of the patients to resolve without 
intervention is increasingly common. According to guidelines 
by the American Academy of Pediatrics and the American 
Academy of Family Physicians, children with suspected diag-
nosis of acute otitis media at less than 6 months of age should 
be given antibiotics, those with certain diagnosis and ages 
6 months to 2 years should also take antibiotics, and those 
older than 2 years of age have the option for observation, but 
only if follow-up is certain and there is no severe illness (e.g., 
high fever, severe pain). Follow-up visits must be performed 
to ensure resolution, especially in the developing patient who 
may have an undiagnosed  effusion that can impair hear-
ing and speech development. Treatment for patients who 
are not allergic to penicillin should be amoxicillin unless  
M. catarrhalis or a β-lactamase–producing organism is 
 suspected, in which case amoxicillin-clavulanate should be 
 prescribed. The dosing regimen is a high dose (80 to 90 mg/kg  
for amoxicillin). Penicillin-allergic patients can be prescribed 
azithromycin or clarithromycin.

Cervical Lymphadenitis

Cervical lymphadenitis has multiple possible causes in pedi-
atric patients. The pediatric facial/head/neck surgeon will 
often be a consulting clinician during the treatment of this 

process. Familiarity with the anatomy of this region is impor-
tant, including the superficial and deep cervical chains, jugu-
lodigastric, and submaxillary, and the regions they each drain. 
Infectious agents causing cervical lymphadenitis include viral 
agents (adenovirus, Coxsackie virus, HIV, cytomegalovirus, 
Epstein-Barr virus being the most notable), bacterial (e.g., 
Staphylococcus, Streptococcus, Mycobacterium, Bartonella spe-
cies), fungal (e.g., histoplasmosis, Candida species), and para-
sitic (e.g., toxoplasmosis). The treatment team should attempt 
to elucidate other signs and symptoms that may point to the 
cause of the lymphadenitis. A definitive swelling with fluctu-
ance (by examination or by imaging such as ultrasound or 
computed tomography) will often require drainage and cul-
tures, including aerobic, anaerobic, acid-fast, and fungal. Of 
course, congenital lesions in the pediatric population must 
be considered when dealing with swelling in this region (e.g., 
thyroglossal duct cyst, branchial cleft cysts, cystic hygromas). 
In addition, any neck swelling that persists beyond 6 to 8 
weeks requires reassessment of the history and physical and 
consideration and workup for underlying disorders.32

Antibiotic Considerations in  
Pediatric Populations

Antibiotic use in pediatric populations requires the practitio-
ner to be aware of contraindications of classes of antibiotics 
in some of the pediatric populations as well as the appro-
priate weight-based dosing regimens. Dosing regimens are 
most often based on the weight (milligrams per kilograms) 
of the child, up to a maximum daily dose, which is usually 
the equivalent of the adult dosing regimen. Occasionally 
(e.g., amoxicillin dosing for acute otitis media), the regimen 
may exceed that of a typical adult dosing regimen, depend-
ing upon the child’s weight. In addition, the use of fluo-
roquinolones should be avoided in children younger than  
18 years. According to the American Academy of Pediatrics,  
the only indications for their use in patients younger than 
18 years are for complicated urinary tract infections, pyelo-
nephritis, and postexposure anthrax treatment.33 The use 
of fluoroquinolones in pediatric populations is avoided 
because of their effects on developing cartilage, which can 
result in arthropathy. Tetracycline antibiotics should also be 
avoided in some pediatric populations because of the per-
manent discoloration it causes on the developing dentition. 
The clinical crowns of the esthetic, anterior teeth develop 
until the age of 8 years, and for this reason should be avoided 
until this age unless clinical judgment in cases such as RMSF 
requires appropriate dosing of doxycycline.34,35 Although 
these two classes of antibiotics are generally avoided in the 
pediatric populations because of their known side effects, it 
is advisable to become familiar with the additional possible 
side effects of any prescribed medicines. This knowledge of 
the medicines prescribed should include the possible drug-
drug interactions, as unwanted and deleterious side effects 
are often magnified in the pediatric populations because of 
drug-related pharmacokinetic changes.
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The progression toward a clinical infection rests on the out-
come of a complex interplay between a pathogen and its 
host. For the infection to manifest, it often requires some 
physical or chemical imbalance to tip the scale in favor of 
the pathogen. This chapter reviews relevant host defenses 
and how defects in these systems can influence the risk of 
infection in the head and neck region.

Host Response to Infection

The first impediment to infection is the epithelial barrier 
that covers the surface and lines cavities in the head and 
neck area. Epithelial cells adhere to each other via tight 
junctions that aid in the prevention of passive intrusion by 
microorganisms and small molecules. In addition, excre-
tory products from cells within the lining epithelium aid in 
aggregation and clearance of presenting pathogens. Non-
specific surface products such as saliva, tears, sweat, and 
sebum help to clear the epithelial surface via dilution and 
washout. More specifically, surface defense is afforded by 
products such as immunoglobulin A and lysozyme, which 
have direct microbicidal activity. Next in line to stem the 
invasion of microbes are the complement cascade, phago-
cytic cells of the immune system (neutrophils, eosinophils, 
macrophage–monocytes), and the release of chemical medi-
ators that aid in the recruitment of the adaptive immune 
response.

Compared with the innate immune response, the adap-
tive response is the more complex and specific system and 
is divided into humoral and cellular immunity. Within the 
cellular immune response, a microbial antigen is presented 
to T lymphocytes by antigen-presenting cells, which selects 
certain populations to proliferate. The subset of T lympho-
cytes that is involved in antigen recognition and down-
stream signaling are called helper T lymphocytes. This clonal 
expansion leads to immunologic memory for a pathogen 
and confers improved defense in the setting of a repeated 
presentation. Other subsets of T lymphocytes aid in iden-
tifying and eliminating non-self or infected cells and help 

to regulate the immune system. (See Chapter 1 for an 
expanded discussion of this topic.)

Humoral immunity refers to immunoglobulin elabora-
tion and the complement cascade, which help in identify-
ing pathogens and marking them for elimination. B cells, 
which are responsible for immunoglobulin synthesis, also 
maintain a memory for recently identified antigens and can 
quickly respond in the setting of a repeat encounter.

Primary Immunodeficiency States

Immunodeficiency relates to any failing of the immune 
system in its ability to produce a normal response to a 
pathogen. A deficit in host immunity can occur anywhere 
along the complex series of interactions that compose the 
immune response. These defects can be classified as either 
primary, in which there is an inherited or intrinsic flaw in 
the immune system, or secondary, in which the immune 
system is adversely affected by an infectious agent, pharma-
cologic therapy, or a metabolic state.

Primary immunodeficiency (PID) includes a complex 
group of more than 150 immunologic deficits with many 
various clinical manifestations. When compared with their 
immunocompetent counterparts, patients with PID are at 
increased risk of infection, autoimmune diseases, and some 
malignancies.1 The prevalence of PID in the United States 
is estimated to be between 1 in 500 and 1 in 1200 people.2 
More than half of the known PID diseases primarily affect 
the humoral immune response,3 and any or all of the immu-
noglobulins can be deficient. The most common infections 
seen in cases of immunoglobulin deficiency are bacterial sin-
opulmonary infections, including sinusitis, bronchitis, pneu-
monia, and otitis media.4 When there is a primary defect 
in the cellular immune response, there is an elevated risk of 
infection with salmonella and nontuberculoid mycobacte-
rial infections, and infections with opportunistic pathogens 
including Pneumocystis jiroveci, Cryptosporidium parvum, and 
Candida spp.5 Finally, defects in complement and phago-
cyte function increase the risk of infections by encapsulated 
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bacteria, including Streptococcus pneumoniae and Haemophi-
lus influenzae.1,6 There can also be defects in both cellular and 
humoral immunity. Examples of conditions in which there 
is a primary defect in both cellular and humoral immunity 
include Wiskott-Aldrich syndrome, DiGeorge syndrome, 
and ataxia telangiectasia. These patients are particularly sus-
ceptible to opportunistic infections, but the most common 
infectious presentations are candidiasis, diarrhea, respiratory 
infection, and failure to thrive.7

PID prevention consists of early detection and manage-
ment of an acute infection. When the infection is present, 
it should be treated in a timely and aggressive fashion. It is 
important to note that in some cases of immunoglobulin 
deficiency, the serologic markers used to identify a patho-
gen might not be effective. Currently, there are no defini-
tive recommendations for antibiotic prophylaxis for surgical 
procedures that go beyond perioperative dosing in select 
cases; therefore, one should consider involving the patient’s 
primary care provider, immunologist, and pulmonologist in 
the perioperative planning.

Acquired Immunodeficiency States

Of particular importance to ancillary providers are the 
acquired immunodeficiency states in which the underly-
ing immunodeficiency may be the result of the treatment 
of another condition, a side effect of therapy, or a conse-
quence of an unrelated but uncontrolled disease process. 
These acquired immune deficits can disrupt any pathway 
of the normal immune response, and the specific pathway 
involved determines how the deficiency will manifest.

Granulocyte Disorders

Granulocyte disorders can be qualitative or quantitative; 
however, management considerations are similar. Some 
conditions that lead to qualitative dysfunction include some 
hematologic disorders, diabetes mellitus, uremia associated 
with renal failure, liver failure, burns, chronic infection, and 
some pharmacotherapies. As mentioned elsewhere in this 
chapter, the specific qualitative dysfunction can include dys-
function of diapedesis, chemotaxis, phagocytosis, and pro-
duction of reactive oxygen species.

Granulocytopenia was first correlated with increased 
risk of infection as early as the 1960s.8 The demonstrated 
risk was found to start at neutrophil counts less than 1000/
mm3, and was greatest at counts less than 100/mm3. In fact, 
between 48 and 60% of neutropenic patients who become 
febrile have an established or occult infection, and between 
16 and 20% of patients with profound neutropenia (neu-
trophil count less than 100/mm3) have bacteremia.8,9 In 
addition, the duration of neutropenia has also been linked 
to increased morbidity and mortality. In early studies of 
neutropenia in patients receiving chemotherapy for cancer, 
the probability of acquiring a bacterial or fungal infection 
approached 100% when the duration of neutropenia was 
greater than 3 weeks.10 Patients in whom the duration of 

neutropenia is less than 7 to 10 days are considered low risk, 
compared with those in whom the duration is greater than 
15 days (high risk).11

The causes of granulocytopenia are numerous and include 
disease states such as hematologic malignancies or malnutri-
tion, suppression from select pharmacotherapies, trauma, or 
radiation therapy. Observation that morbidity and mortal-
ity significantly increased when febrile neutropenic patients 
went untreated led to the recommendation to start early 
empiric antibiotic therapy.12 It has even been demonstrated 
in a large meta-analysis study that antibiotic prophylaxis in 
the early afebrile period of neutropenia reduces the rate of all 
cause, and infection-related, mortality. The number needed 
to treat for each instance was 34 and 48, respectively.13 
Febrile neutropenia is a medical emergency. Patients should 
be hospitalized and observed closely with extensive expo-
sure history, review of systems, and physical examination. 
Another management strategy that has evolved to combat 
serious infections in neutropenic patients is the administra-
tion of hematopoietic growth factors, including granulocyte- 
and granulocyte- macrophage-colony-stimulating factors 
(G-CSF and GM-CSF). Although initially tried as adjuncts 
to empiric antibiotics, G-CSF and GM-CSF appear to have 
benefit only in preventive strategies in which the aim is to 
limit the degree and duration of neutropenia.10

Humoral Immunodeficiency

Humoral or soluble factors of the immune system include 
immunoglobulins and complement. Defective immuno-
globulin production is the most common cause of pri-
mary immunodeficiency and accounts for more than half 
of all cases of immunodeficiency.14 In general, humoral 
immunodeficiencies do not manifest until after the first 6 
months of life because of conferred protection from circu-
lating maternal antibodies. These humoral immunodefi-
ciencies range from total lack of serum immunoglobulins 
(Bruton’s agammaglobulinemia) to conditions in which 
levels of immunoglobulins are normal; however, they are 
deficient in their function. A variety of primary humoral 
immunodeficiencies are the result of genetic defects, such 
as common variable immunodeficiency, X-linked infan-
tile agammaglobulinemia, hyperimmunoglobulin M syn-
drome, and selective immunoglobulin A deficiency.14 These 
patients are subject to recurrent sinopulmonary infections 
with encapsulated organisms such as H. influenzae and 
S. pneumoniae.14 A second, more heterogenous group of 
patients are also humorally immunodeficient. In this group, 
there is an acquired hypogammaglobulinemia because of 
increased catabolism, accelerated protein loss, or pharma-
cologic inhibition.15,16 The most common conditions in 
this category include nephrotic syndrome; protein-losing 
enteropathies such as intestinal lymphangiectasia17 and 
Crohn’s disease18; cytomegalovirus, Epstein-Barr virus, 
and rubella; corticosteroid or anticonvulsant treatment; 
burns19; and some malignancies (chronic lymphocytic leu-
kemia20 and multiple myeloma).21 This group of patients,  
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like those with genetic defects that result in humoral 
immunodeficiency, is also subject to recurrent sinopulmo-
nary infections.

As with immunoglobulins, complement factors can be 
deficient in multiple ways. Complement deficiencies are 
grouped into where the deficiency lies in the complement 
cascade. Complement deficiencies, in general, increase a 
patient’s risk of infection, but also predispose patients to 
developing autoimmune diseases. Early deficiencies (C1, 
C2, and C4) and C3 deficiency increase the risk of infection 
from pyogenic bacteria, and predispose patients to devel-
oping a systemic lupus erythematosus–like syndrome and 
vasculitis or glomerulonephritis, respectively.14 Late com-
plement deficiencies (C5 to C9) increase the risk of infec-
tion with encapsulated bacteria, but do not increase the risk 
of developing an autoimmune condition.14

Cellular Immunodeficiency

It is generally understood that the humoral immune response 
predominates in the clearance of soluble antigens and extracel-
lular microorganisms, and that the cellular immune response 
has a main role in the eradication of intracellular pathogens, 
including some bacteria, parasites, and viruses.22 Despite this 
distinction, both immune responses are coordinated largely 
through the assistance of T cells.22 In particular, CD4 T cells 
have the potential to activate phagocytes to eliminate micro-
organisms contained in their phagosomes, and CD8 T cells 
aid in the elimination of any cell harboring microbes or for-
eign proteins in their cytoplasm.23 Of all primary immuno-
deficiencies, deficiencies of T lymphocytes can be the most 
severe because they have roles in the antigen-specific and anti-
gen-independent immune responses.24 Some clinical manifes-
tations of T cell deficiency include opportunistic infections, 
recurrent bacterial and viral infections, autoimmune hemo-
lytic anemia, lymphoid hepatitis and dermatitis, and Hodg-
kin lymphoma.24 In addition to falling into the category of 
primary immunodeficiencies, T cell dysfunction is also found 
in lymphoproliferative malignancies; chronic viral infections 
including cytomegalovirus, HIV, and Epstein-Barr virus; and 
with some immunosuppressive therapies including corticoste-
roids, cyclophosphamide, cyclosporine, and tacrolimus.25

Non-neoplastic Conditions Associated 
with Acquired Immunodeficiency

As described in other textbooks, immunodeficiency is most 
practically divided into subgroups based on the principal 
cause for the deficiency. With this in mind, numerous 
immune defects arise from conditions unrelated to a malig-
nant or neoplastic process.

Splenectomy

The spleen is a solid organ with several immune-modulating 
properties. Normally, the spleen is responsible for processes 

such as fetal hematopoiesis, filtering of microorganisms and 
erythrocytes, elaboration of IgM and immune synthesis, 
acting as a cellular reservoir for platelets and granulocytes, 
and iron metabolism.26 More controversially, the spleen also 
has a role in the complement cascade with production of 
properdin, opsonin, and tuftsin, which stimulates IL-1 pro-
duction and facilitates phagocytosis.26 Hence, the loss of the 
spleen can have far-reaching effects on host response to spe-
cific organisms. Functional hyposplenism or asplenia, com-
monly associated with sickle cell disease, can also be present 
in other conditions such as celiac disease, sarcoidosis, sys-
temic lupus erythematosus, ulcerative colitis, amyloidosis, 
and bacterial endocarditis.26 After undergoing splenectomy, 
patients are weakly responsive to foreign polysaccharides 
and are uniquely susceptible to organisms with polysaccha-
ride capsules,27 such as H. influenzae, S. pneumoniae and 
Neisseria meningitidis, and can even develop osteomyelitis 
from species of Salmonella.28

Of specific interest is how to manage traumatic injuries 
with high potential for infection, and chemoprophylaxis for 
elective procedures on patients who are asplenic. Capnocyto-
phaga canimorsus, found in the saliva of 16 to 24% of dogs 
and 17% of cats, can lead to overwhelming postsplenectomy 
infection.29,30 As a result, it is widely accepted that splenec-
tomized patients receive immediate prophylactic antibiotics 
after an animal bite.31,32 For bite wounds, a commonly used 
regimen is amoxicillin-clavulanate (Augmentin) for 3 to 5 
days following the injury, although this does not substitute 
for proper wound management. Splenectomized patients 
should also receive prophylactic antibiotics for any febrile 
episode.33 In the case of fever, ceftriaxone with or without 
vancomycin is reasonable, which covers S. pneumoniae, H. 
influenzae, N. meningitidis, and capnocytophaga.33 Simi-
larly, antibiotic prophylaxis in the form of penicillin V, 
amoxicillin, or clindamycin can be used for head and neck 
procedures in which there will be contamination from 
highly colonized surfaces and secretions.34

Diabetes Mellitus

Immune compromise caused by the physiologic derange-
ments in diabetes mellitus has been studied extensively. The 
primary source for the increased risk and difficulty control-
ling infection appears to be hyperglycemia.35,36 Blood glu-
cose in the range of 198 to 270 mg/dL and greater appears 
to be able to cause immunologic dysfunction.37 By itself, 
hyperglycemia has significant effects on innate and cellular 
immunity. Neutrophils have poor adherence, impaired che-
motaxis, and decreased ability to produce reactive oxygen 
species as part of their oxidative burst.38,39 Indeed, in the 
hypoxic environment of some infections there is a decreased 
expression of genes involved in encoding enzymes that take 
part in glycolysis, oxidative metabolism, and mitochondrial 
function.40 In addition, monocytes and macrophages may 
have elevated catabolism of proinflammatory cytokines 
and increased production of matrix metalloproteases.41,42 
Phagocytosis by host immune cells has also been found to 
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be significantly compromised. Patients with diabetes have 
an elevated cytosolic Ca++ content,43 which can decrease 
adenosine triphosphate production and reduce phago-
cytic ability of neutrophils.44 Phagocytosis is also impaired 
through the effect of hyperglycemia on complement and Fc 
receptor-mediated identification of pathogens.45

Fortunately, many of the immune defects related to 
hyperglycemia can be alleviated through tight glycemic 
control.46 In studies involving cardiothoracic surgery, goal 
blood glucose of less than 200 mg/dL was found to signifi-
cantly decrease the incidence of deep sternal wound infec-
tions in patients with diabetes46 and improved neutrophil 
phagocytosis.47 The findings of increased risk of postsurgi-
cal infection go beyond cardiothoracic surgery as well. In a 
study of a variety of elective procedures, it was found that 
patients with blood glucose measurements greater than 
220 mg/dL on postoperative day 1 had a 2.7-fold greater 
risk of infection than did patients whose blood glucose was 
maintained at less than 220 mg/dL.96 In general, there is 
no strong indication for prophylactic antibiotics in routine 
surgery for patients with good glycemic control; however, 
strong consideration should be given for antibiotic prophy-
laxis in patients with poor glycemic control.

In addition to increased susceptibility to infections that 
are found in normal immunocompetent and nondiabetic 
hosts, patients with diabetes are also at risk for infections 
that are relatively unique to immunocompromised indi-
viduals. Rhinocerebral mucormycosis is an acute fungal 
infection with high mortality (15 to 34%).48 It is highly 
aggressive and stems from the nasal or oral mucosa with 
rapid extension to the orbit and central nervous system via 
the paranasal sinuses. Growth of the fungus is enabled by 
the glucose-rich and acidic environment of the diabetic 
nasal and oral cavities. Intranasal or palatal necrotic lesions 
are pathognemonic,49 and orbital involvement leads to 
ocular pain, proptosis, and ophthalmoplegia (Figure 30-1). 
Definitive diagnosis is made based on frozen section and 
demonstration of branching hyphae. Treatment consists 
of correcting the underlying metabolic derangement, dis-
continuation of all immunosuppressive agents, and early 
surgical debridement. Antifungal treatment with ampho-
tericin B should also be instituted as early as possible, with 
broad-spectrum triazoles being used as an equally successful 
alternative.48 Hyperbaric oxygen therapy, although not yet 
proved successful in large trials, has the potential to limit 
fungal growth, improve healing, augment neutrophil func-
tion, and aid in reversing lactic acidosis.50

Malignant or invasive otitis externa is another infection 
that is unique to patients with diabetes. Approximately 
90% of cases are associated with diabetes,48 with diabetic 
microangiopathy being a significant predisposing factor.51 
It is a severe infection of the external auditory canal with 
extension into the adjacent soft tissues and eventual involve-
ment of the skull base. Pseudomonas aeruginosa is the caus-
ative organism in virtually all cases.52 Presenting symptoms 
include severe otalgia, otorrhea, hearing loss, and occa-
sionally temporomandibular joint pain. Advanced disease 

involvement of cranial nerves VII, IX, X, and XI can lead to 
palsies and is an indicator of a poor prognosis.51 On physi-
cal examination, there is often intense cellulitis of the exter-
nal auditory canal and polypoid granulation tissue at the 
junction between bone and cartilage.53,54 Evaluation of sus-
pected malignant or invasive otitis externa should include 
computed tomography or magnetic resonance imaging, 
culture of any drainage, and biopsy of the site of infection 
to aid in ruling out other invasive diseases (Figure 30-2).  

• Figure 30-1 Black necrotic lesions involving the nose, hard palate, 
left cheek, and left orbit consistent with rhinocerebral mucormycosis 
in a patient with diabetes. (From Tryfon S, et al: Rhinocerebral mucor-
mycosis in a patient with latent diabetes mellitus: a case report, J Oral 
Maxillofac Surg 60:328-330, 2002.)

• Figure 30-2 An axial computed tomographic scan of a diabetic 
patient with left malignant otitis externa showing bony erosion of the 
posterior external auditory canal and mastoid cortex. (From Carfrae 
MJ, Kesser BW: Malignant otitis externa, Otolayrngol Clin North Am 
41(3):537-549, 2008.)
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The standard for treatment is systemic antipseudomonal 
antibiotics for 6 to 8 weeks. In advanced disease, hospital-
ization, surgical debridement, and an extended course (>12 
weeks) of parenteral antibiotics may be necessary.51

Alcohol Abuse and Liver Disease

Alcohol alone, and in conjunction with other states that 
commonly coexist with alcohol abuse (e.g., malnutrition), 
can have a profound negative influence on the immune sys-
tem. Function55 and production56 of phagocytic cells and T 
cell subpopulations, respectively, can be impaired. Specifi-
cally, CD4 cell count numbers rivaling those found in AIDS 
have been found in patients with chronic alcoholism and 
protein calorie malnutrition.57

Renal Disease

Immune deficits in chronic renal disease can result from the 
uremic state, from the underlying condition that led to renal 
failure, or directly from the interventions used to manage 
chronic kidney disease.58 In 1961, Schreiner was the first 
to note unique susceptibility to infections in patients with 
renal failure.59 Since then, additional observations such as 
poor response to vaccination and prolonged skin graft sur-
vival have confirmed that renal disease greatly impairs host 
defenses.60,61 Renal disease can cause impairments to both 
cell-mediated and humoral immune responses, albeit in 
largely different methods. Except in nephrotic syndrome, 
in which a patient may lose significant quantities of IgG in 
his or her urine, humoral immunity remains largely intact.62 
The depressed cell-mediated immunity in renal failure 
appears to be multifactorial. Fc-mediated phagocytosis and 
monocyte-dependent antigen presentation have been shown 
to be reproducibly impaired in uremic states. In addition, 
a suppressor molecule found in uremic patients has been 
shown in studies to downregulate the mitogenic responses of  
normal lymphocytes.27 Finally, the proinflammatory cyto-
kines tumor necrosis factor, interleukin-6, and interleukin-10 
are increased, which produces a catabolic state. Many of these 
abnormalities do not improve with dialysis, and may even be 
exacerbated, because of complement activation by dialysis 
membranes and consumption of immune products.63 There 
is a general consensus that perioperative antibiotic prophy-
laxis is successful in many surgical procedures; however, there 
is no universal guideline for use of routine antibiotic pro-
phylaxis for outpatient or office procedures in the setting of 
renal failure. Both surgical site and vascular access infections 
can have devastating consequences in patients with severe 
chronic renal disease, and consultation with a nephrologist 
may be warranted on an individual basis for indications and 
dosing of antibiotics when warranted.

Intravenous Drug Abuse

Infections are a common cause of morbidity and mortality 
in the context of intravenous drug abuse (IVDA). Compared 

with the repeated violation of skin and mucosal barriers, and 
injection of non-scrutinized substances, any immune defect 
that directly results from IVDA probably plays a minor role 
in the contraction of infection. Most immune deficits in 
intravenous drug abusers are in natural killer and antibody-
dependent cellular cytotoxicity.64 In treatment of infec-
tions in IVDA patients, it is important to consider coverage 
with broad-spectrum antibiotics, at least initially, as the 
IVDA patient may have had many prior infections treated 
with typical antibiotic therapy. As with other infections in 
immunocompromised hosts, there is a role for culture and 
sensitivity. It is also essential to consider the possibility of 
hematogenous spread of the infection to distant sites includ-
ing cardiac valves and joints, which are not uncommon.65,66

Malnutrition

Malnutrition is known to be associated with multiple forms 
of immunodeficiency, with different specific nutritional 
deficiencies having variable effects on the immune system. 
For example, protein calorie malnutrition and pyridoxine, 
folate, and vitamin A deficiencies can lead to insufficiency 
of the cell-mediated immune response.27 In addition, pro-
tein-calorie malnutrition and zinc deficiency can result in 
thinning of skin or epidermolysis. The generalized malnu-
trition of kwashiorkor can also cause impaired chemotactic 
response and microbicidal activity of neutrophils67 and low 
levels of immunoglobulin A.27

It is crucial to note that malnutrition is often not a pri-
mary diagnosis in these patients, and that it often accom-
panies other chronic illnesses and conditions, such as 
diabetes mellitus, chronic renal failure, depression, alcohol-
ism, chronic gastrointestinal conditions, and chemotherapy.

Aging

Increased susceptibility to infection in older patients is 
the result of a combination of age-related effects on skin 
and mucous membranes, accumulation of illness, and 
immunosenescence. Although routine aging is thought to 
contribute heavily to skin changes seen in older people, 
accumulation of actinic damage from ultraviolet light seems 
to account for the majority of these alterations.68 Regarding 
its function as a barrier, skin changes in aging include thin-
ning of dermis, loss of elasticity, and decreased water con-
tent. The number and size of sweat glands also diminish,69 
and sebum production from sebaceous glands decreases at 
a rate of 23% per decade in men and 32% per decade in 
women starting in adolescence.70 This decrease in phys-
iochemical defense also has a significant role in increased 
susceptibility to infection in the aging population, as lipid-
rich sebum prevents water loss and inhibits growth of cer-
tain fungi and bacteria.68 Lastly, aged skin shows a reduced 
quantity of dermal blood vessels. The significance of this 
finding is that older skin has diminished nutrient exchange, 
impaired thermoregulation, lower skin surface temperature, 
and decreased pericyte synthetic activity.68
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Not only is there a baseline change in skin structure 
and function; wound healing is also affected. In the short 
term, dehiscence of surgical wounds is notably higher with 
increasing age.71 This finding, however, is short-lived. Two 
weeks after wounding, age does not seem to adversely affect 
collagen synthesis.72 Interestingly, the visual quality of scar-
ring on microscopic evaluation has even been shown to be 
superior in older subjects.73

Organ Transplant Recipients

Since the first successful solid organ transplant in 1954, 
there have been many improvements in surgical technique 
and maintenance therapy. With these improvements, it is 
increasingly likely that providers outside transplant cen-
ters will encounter transplant recipients. Before transplant, 
patients suffer from immune suppression related to their 
pretransplant disease. With transplantation, the premor-
bid condition may improve; however, immunosuppression 
related to the medications used in preventing graft rejec-
tion can lead to significant immunocompromise. Medi-
cations used in prevention of graft rejection fall into four 
categories: corticosteroids, antibodies, antimetabolites, and 
calcineurin inhibitors. The effects of corticosteroids on 
the immune system are broad and described elsewhere in 
this chapter. Antibodies used in rejection prevention are 
monoclonal or polyclonal antibodies that bind to B and T 
cell receptors. The target cells are then eliminated from the 
circulation via opsonization, lysis. or apoptosis.74 Antime-
tabolites act by interfering with different phases of cellular 
reproduction. Lastly, calcineurin inhibitors block calcineu-
rin phosphatase activity, which is responsible for cytokine 
expression.75

Generally, only the universal guidelines for surgical 
antibiotic prophylaxis should be in effect for transplant 
recipients.75,76 Moreover, there is no indication for expand-
ing coverage to include specific atypical or opportunistic 
organisms.76 Transplant recipients are usually administered 
long-term antibiotic prophylaxis (for Pneumocystis jiroveci, 
candida, cytomegalovirus), and this should be continued 
through the perioperative period.75 After 6 months, graft 
recipients receiving maintenance doses of immunosuppres-
sive therapy and with good graft function are at risk of the 
same infections as the general population and rarely con-
tract an opportunistic infection.77 In this regard, elective 
head and neck surgery should be delayed until maintenance 
therapy has been instituted and acceptable graft function 
has been achieved.76

Collagen Vascular Disease

Collagen vascular disease (CVD) as a group has the poten-
tial to significantly impede normal immune function, 
which is often compounded by therapies used in its treat-
ment. Systemic lupus erythematosus (SLE), scleroderma, 
rheumatoid arthritis, and polymyositis are some of the 
more well-known and well-studied forms of CVD. As a 

mark of their influence on the immune response, infec-
tions are a main cause of morbidity and mortality in 
patients with SLE.78,79

SLE greatly influences both humoral and cellular aspects 
of the immune response. In SLE, there is commonly a 
reduced number of complement proteins and receptors80,81 
and a reduced number of immunoglobulins.82 Neutrophils 
show abnormalities in chemotaxis, phagocytosis, cytokine 
production, and oxidative metabolism.80,81 Monocytes 
also have defective phagocytosis and oxidative metabo-
lism because of autoantibodies against Fc gamma receptors 
and decreased tumor necrosis factor α.81,83 To inhibit the 
immune response further, both SLE and the corticosteroids 
used in treatment of SLE reduce the number and activity 
of T helper cells, predisposing SLE patients to infection 
by intracellular pathogens.84 At present, there is conflict-
ing evidence regarding how to objectively account for the 
degree of increased risk of infection in patients with SLE, 
but some suggest that the SLE disease activity index is a 
predictive factor for hospitalization.85

In contradistinction to SLE, scleroderma and polymyositis 
lead to increased risk of infection by their local influence on 
specific tissues. In cases of significant esophageal involvement, 
there is an increased incidence of aspiration pneumonia.86 
Similarly, in patients with significant Raynaud phenomenon, 
there is an increased risk of superinfection when there is digi-
tal ischemia and ulceration.87

Lastly, pharmacotherapeutic immunosuppression seems 
to play the most important role in the immunodeficiency 
found in patients with rheumatoid arthritis (RA). In a 
large series, it was found that variables most closely asso-
ciated with infection included cumulative methotrexate 
dose and duration of steroid therapy. Patients with CVD 
present a unique problem when considering prophylactic 
antibiotics for certain routine procedures. SLE and, to a 
different extent, RA are not only associated with increased 
risk of infection because of immunosuppression; they 
can lead to other conditions that predispose patients to 
developing specific infections. With SLE, there is a sig-
nificantly increased risk of developing cardiac valvular dis-
ease, and in RA, total joint replacement may be one aspect 
of therapy. Recently, in a joint statement the American 
Dental Association and American Academy of Orthope-
dic Surgeons proclaimed that routine antibiotic prophy-
laxis is no longer indicated for total prosthetic joints.88 In 
this statement, there was reference to an increased odds 
ratio for prosthetic joint infection in patients with some 
forms of immunocompromise, including those receiving 
immunosuppressive therapy or with RA. However, it was 
questioned whether this odds ratio was clinically signifi-
cant.88 To date, there is still no conclusive evidence that 
supports the use of antibiotic prophylaxis in SLE; how-
ever, given the increased risk of infection in patients with 
SLE, many sources, including the Lupus Foundation of 
America, continue to recommend antibiotic prophylaxis 
before dental treatment and surgical procedures.89 In the  
setting of the speculation regarding antibiotic prophylaxis 
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for prosthetic joints in immunosuppressed individuals 
with SLE and RA, a conclusion should be decided on a 
case-by-case basis in conjunction with the patient’s other 
providers.

Corticosteroid Use

Corticosteroids are synthetic analogues to endogenous hor-
mones produced in the adrenal cortex. Despite some of 
their well-known systemic side effects (e.g., atrophy, poor 
wound healing),90 they are often used for management 
of specific pulmonary and rheumatologic diseases, and 
for induction and maintenance of immunosuppression in 
transplant patients. Corticosteroids have numerous actions 
on the immune system, although their primary avenue for 
influence appears to be that of inhibition of the production 
of specific T cell cytokines that promote Th1 differentiation 
and promote cellular immunity91,92 and suppression of anti-
body and complement binding.74 Even a single steroid dose 
can cause significant lymphocytopenia and monocytopenia 
because of the redistribution of cells out of the circulation.93 
At high doses, steroids can impair neutrophil adherence to 
endothelium94 and inhibit reactive oxygen species elabora-
tion in phagocytes, thus permitting continued growth of 
microorganisms intracellularly.93

The risk of infectious complications from steroid use is 
related to dose and duration of treatment. In a large meta-
analysis including 71 trials, it was found that the rate of 
infection was 12.7% in patients undergoing steroid treat-
ment compared with 8.0% in the control group.95 Further-
more, the rate of infectious complication was not increased 
in patients who received a cumulative dose less than 700 mg 
of prednisone equivalent, or less than 10 mg of prednisone 
per day.95 Total time of exposure to steroid therapy has also 
been correlated with incidence of infection, with a cumu-
lative duration of less than 21 days leading to a decreased 
risk.93 At this time there is no definitive role for prophylac-
tic antibiotic administration in patients being treated with 
long-term, low-dose corticosteroids; however, strong con-
sideration should be given to the use of prophylactic anti-
biotics in the setting of high-dose steroids or when a large 
microbial inoculum is anticipated.96 For transplant recipi-
ents receiving corticosteroids, there are specific guidelines 
found elsewhere for antibiotic prophylaxis targeting specific 
opportunistic pathogens.

HIV and AIDS

HIV is characterized by infection and destruction of CD4 
T cells. Untreated HIV can lead to opportunistic infections 
or malignancy. Two major variants of the virus exist, with 
HIV-1 being the more virulent and more ubiquitous.27 
In 2012, there was an estimated 35.3 million people liv-
ing with HIV,97 owing to the increased efficacy and avail-
ability of antiretroviral therapy. In the United States, more 
than 50,000 new infections occur annually. Among those 
living with HIV, approximately 18% are unaware of it.91  

At diagnosis, approximately one third of patients have CD4 
counts less than 200/mm3.98

The immunologic defects in HIV/AIDS are numer-
ous. As mentioned previously, at the root of the profound 
immune compromise in AIDS is CD4 T cell depletion.  
This depletion is due to direct cytotoxicity during the 
viral replicative cycle, anergy, superantigen stimulation of  
T cell subpopulations, induction of apoptosis via gene 
cross- linking, and cellular immunity-related cytotoxicity.27

Classically, most opportunistic infections (OIs) in HIV 
occur when CD4 cell counts are less than 200/mm3. Recent 
studies, however, show that some of these OIs (i.e., esopha-
geal candidiasis, Kaposi sarcoma, pulmonary TB) have 
been found in patients with CD4 counts greater than 200/
mm3.99 Some premorbid conditions that increase the risk of 
AIDS-defining illness in patients with CD4 counts greater 
than 500/mm3 include intravenous drug use, advanced age, 
and HIV viral loads greater than 10,000 copies/mL.99 At 
CD4 cell counts greater than 750/mm3, incidence of OIs 
appear to decline, leading one to believe that immune recov-
ery approaches completion at this level.99

Of particular note, a common presenting sign or symp-
tom of infection in an HIV-positive patient is an enlarged 
lymph node. Enlarged cervical lymph nodes in HIV-posi-
tive individuals should be investigated as they may represent 
infection with Mycobacterium tuberculosis or Pneumocystis 
jiroveci, lymphoma, Kaposi sarcoma, or other processes.100 
Of the HIV-positive patients with cervical lymphade-
nopathy, approximately 40% will have benign reactive 
lymphadenopathy,100 and 20 to 30% may be associated 
with tuberculosis.100 The first method of surgical diagno-
sis should be a fine-needle aspiration, which is successful 
at obtaining a definitive diagnosis in greater than 50% of 
instances.100 Circumstances in which there should be higher 
suspicion for a cause other than benign reactive lymphade-
nopathy include a node larger than 2 cm and growing; onset 
associated with an episode of low CD4 count; asymmet-
ric, unilateral, or localized lymphadenopathy; unexplained 
constitutional symptoms; associated mediastinal lymphade-
nopathy; or hepatosplenomegaly.100

Another presentation of increased incidence and related 
to the head and neck is that of rhinosinusitis. The maxillary 
and ethmoid sinuses are the most frequently involved,100 
and patients may complain of fever, facial pain, nasal con-
gestion, and mucopurulent nasal drainage. The increased 
susceptibility to sinusitis is believed to be due to local and 
systemic immune compromise and impaired mucociliary 
clearance times. As with sinusitis in the general population, 
the most common causative agents in sinusitis in patients 
with HIV are S. pneumoniae, H. influenzae, and Moraxella 
catarrhalis in acute sinusitis and Staphylococcus species, Pseu-
domonas species, and anaerobes in chronic sinusitis. How-
ever, under circumstances in which the CD4 count is less 
than 50 cells/μL, the absolute neutrophil count is less than 
600 cells/μL, or there are unilateral symptoms with or with-
out fever, one should consider invasive fungal sinusitis as 
the cause.100
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Neoplastic Conditions Associated  
with Acquired Immunodeficiency

With malignancy, and to a lesser extent with benign neo-
plasm, there may be immune system compromise from 
breakdown of cutaneous or mucosal barriers, immunosup-
pression because of a chemotherapeutic regimen, or as a 
consequence of the disease process itself. Many subclasses of 
malignancy and anatomic locations of involvement, as well 
as the chemotherapy or radiotherapy used in their treatment, 
can lead to episodes of profound neutropenia. As mentioned 
earlier, the incidence of infection drastically increases as the 
neutrophil count falls to less than 1000/mm3, with signifi-
cant risk of bacteremia at less than 100/mm3.13 One inter-
vention to combat the degree and duration of neutropenia 
when possible is the use of G-CSF and GM-CSF, which has 
been found to be cost effective in cases of neutropenia with 
fever or documented infection.101

Prevention and Management of Infection 
in the Immunocompromised Host

The primary steps in prevention of the immunocompro-
mised host are similar to those used in preventing infection 
in the immunocompetent host. Meticulous surgical tech-
nique, careful tissue manipulation, debridement of non-
viable tissue, and elimination of dead space are of prime 
importance in preventing infections at surgical sites. In 
addition, although there is a lack of definitive evidence for 
antibiotic prophylaxis for specific immunodeficient condi-
tions, multidisciplinary consultation and the patient’s his-
tory of illness may be useful in the decision-making process.

There are often steps that can be taken to optimize immu-
nodeficient patients for elective procedures that depend on 
their underlying immune deficit. For instance, planning 
procedures and evaluations around planned rounds of 
chemotherapy may be prudent if the degree of immuno-
suppression is expected to be severe. In addition, objective 
measures such as assessing HIV-positive patients’ absolute 
neutrophil count and diabetic patients’ glycosylated hemo-
globin levels will help in making an educated assessment of 
risk for infectious complication.

Conversely, there are steps that can be taken to optimize 
patients from a head and neck surgery perspective before a 
planned immunosuppressive therapy regimen. For example, 
oral mucositis is a well-documented adverse effect of some che-
motherapeutic regimens; therefore, steps to optimize oral health 
should be considered before any induction chemotherapy.96

In the setting of overt infection in an immunocompro-
mised individual, culture and sensitivity testing should 
be considered. Until results are returned, interval broad- 
spectrum coverage to include pathogens to which the indi-
vidual is most susceptible should be initiated. Attention 
should also be given to the setting of treatment, with con-
sideration for inpatient monitoring based on both the sever-
ity of infection and the degree of immune compromise.
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31
Tuberculosis and Mycobacterial 
Infections of the Head and Neck
SKYE ZELLER AND ELIE M. FERNEINI

Mycobacterial infections are a global problem, with more 
than 9.4 million incident cases annually.1 Of those cases, 
1.1 million cases involve immunocompromise owing to 
HIV infection,1 illustrating that the HIV pandemic still 
presents a major challenge to global tuberculosis control.2,3 
Although pulmonary tuberculosis is the most common 
manifestation of a mycobacterial infection, in 2009 almost 
one fifth of all mycobacterial infections in the United States 
were extrapulmonary,4 with infection of the head and neck 
being the most common form of extrapulmonary mycobac-
terial disease.5,6 This chapter discusses tuberculosis and non-
tuberculous mycobacterial infections of the head and neck, 
including cervical lymphadenitis, mycobacterial otic infec-
tions, mycobacterial ocular infections, and laryngeal, nasal, 
pharyngeal, salivary gland, and oral cavity tuberculosis.

Cervical Lymphadenitis

Mycobacterial infection involving the cervical lymph nodes 
is the most common extrapulmonary manifestation of 
tuberculosis.7 Patients exhibit an isolated affected node or 
a collection of involved nodes. The skin overlying the lesion 
can appear erythremic and may be tender to palpation.8 It is 
important to differentiate between a tuberculous and non-
tuberculous lymphadenitis as the clinical course and treat-
ment are different (Table 31-1).

Tuberculous Lymphadenitis

Tuberculous lymphadenitis is thought to be a result of 
lymphohematogenous dissemination of Mycobacterium 
tuberculosis (MTB) following initial pulmonary exposure. 
As the incidence of MTB infections in childhood has 
decreased, the peak age of patients with MTB lymphad-
enitis has shifted to 30 to 40 years. Although pulmonary 
MTB is more common in males and older patients, MTB 
lymphadenitis is more common in females and in patients 
from areas with endemic MTB. Adult patients generally 
exhibit slowly enlarging, painless lymph nodes that most 

often involve the cervical and supraclavicular nodes. Chest 
radiographs will generally appear normal and any abnor-
malities usually represent healed MTB infections, suggest-
ing that in adults MTB lymphadenitis is a consequence 
of reactivation of latent infection.9 Children and immu-
nocompromised adults, in contrast, show a rapid progres-
sion from initial exposure and infection to involvement of 
the cervical lymph nodes.9 Therefore, radiographs in these 
populations will generally show evidence of active MTB 
infection. Classic constitutional symptoms of fever, chills, 
night sweats, anorexia, weight loss, and hemoptysis are 
generally absent, but may be present in immunocompro-
mised patients.10

Mantoux purified protein derivative (PPD) skin test will 
be positive in up to 96% of immunocompetent patients 
with MTB lymphadenitis. For definitive diagnosis, acid-
fast bacilli must be identified by culture, in a polymerase 
chain reaction (PCR) smear of biopsy, or in fine-needle 
aspirate material. Biopsy has traditionally been used to aid 
in diagnosis through visualization of granulomatous inflam-
mation; it is still recommended in cases involving multiple 
nodes (Figure 31-1).11 However, fine-needle aspiration is 
less invasive and has comparable sensitivity for diagnosis by 
culture of acid-fast bacteria.12 Molecular techniques such as 
PCR have shown up to 100% sensitivity with 96% specific-
ity,13 with a more rapid turnaround time than conventional 
methods and the potential to allow speciation of mycobac-
terial strains.14

The treatment of MTB lymphadenitis involves a 6-month 
course of antibiotics.15 A 2-month, four-drug regimen with 
isoniazid, rifampin, pyrazinamide, and ethambutol should 
be followed with an additional 4 months of isoniazid and 
rifampin. A relatively common effect of therapy is a par-
adoxical upgrading reaction (PUR) involving enlarged 
nodes, new nodes, or new draining sinuses in patients who 
have received at least 10 days of treatment.16 Symptoms 
are thought to be a result of a robust immune response 
to MTB following the release of mycobacterial antigens 
from antibiotic treatment. PUR may be exacerbated in 
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HIV-positive patients who initiate antiretroviral treatment. 
When PUR or treatment failure occurs, surgical excision is 
recommended.16

In pregnant patients, medical therapy should be delayed, 
and involved cervical nodes should be excised during the 
second or third trimesters.17 Any fluctuant abscesses should 
be frequently aspirated during pregnancy. After delivery, a 
full course of antimicrobial drugs should be administered.

Nontuberculous Lymphadenitis

Nontuberculous mycobacterial (NTM) lymphadenitis is 
likely acquired through the oral mucosa via contaminated 
water or soil. The Mycobacterium avium complex accounts 
for 80% of infections, with the other 20% being caused by 
M. kansasii, M. haemophilum, M. szulgai, M. malmoense, 
and M. genavense (Box 31-1).18 NTM lymphadenitis is gen-
erally a disease of children between 1 and 5 years of age and 
immunocompromised adults. Patients exhibit nontender, 
unilateral inflammation of the submandibular, anterior 

cervical, or submental lymph nodes. The overlying skin may 
appear thin, shiny, and erythematous and may suppurate 
and form a draining sinus tract.19

Systemic symptoms are absent, chest radiographs almost 
always appear normal, and a PPD skin test result is generally 
negative. Therefore, diagnosis requires a high degree of clin-
ical suspicion. Positive identification of the bacteria must be 
performed as with MTB lymphadenitis. In addition, fluid 
from draining wounds should be collected and evaluated for 
acid-fast bacteria.20

Treatment for NTM lymphadenitis involves three 
options: surgical excision, medical management, and obser-
vation. Surgical excision has been the preferred treatment 
because of the reduced healing time, complete cure rate, 
and better cosmetic outcome.21 Direct comparison of sur-
gical excision to antimicrobial therapy has shown a 96% 
versus a 66% cure rate.18 For patients in whom complete 
excision is not an option because of disease near the facial 
nerve or recurrent disease, a 3- to 6-month therapy regi-
men with clarithromycin or azithromycin combined with 
ethambutol or rifampin may be beneficial.20 Many cases 
of NTM lymphadenitis will resolve without intervention 
within 6 to 12 months with scarring of the overlying skin.22 
Therefore, treatment should account for the risks associated 

  Common Features of Tuberculous and Nontuberculous Cervical Lymphadenitis

Characteristic Tuberculous Nontuberculous

Age Adults (30-40 yr) Children (1-5 yr), immunocompromised adults

Involved nodes Posterior cervical, supraclavicular,  
unilateral or bilateral

Submandibular, submental
Unilateral

Classical symptoms Usually absent Absent

History of tuberculosis exposure Common in children, 
uncommon in adults

Uncommon

Tuberculin skin test Usually positive Usually negative

Radiograph findings Abnormal in children, normal in adults Usually normal

Primary treatment Antimicrobial therapy Surgical excision

TABLE 
31-1

• Figure 31-1 Granulomatous reaction of tuberculosis in cervical 
lymph node. (From Durucan G, et  al: Simultaneous mycobacterial 
infection of tonsil and cervical lymph node: evidence to portal of entry, 
Int J Pediatr Otorhinolaryngol Extra 5(3):97-98, 2010.)

 •  Mycobacterium avium
 •  Mycobacterium bohemicum
 •  Mycobacterium chelonei
 •  Mycobacterium fortuitum
 •  Mycobacterium genavense
 •  Mycobacterium haemophilum
 •  Mycobacterium kansasii
 •  Mycobacterium malmoense
 •  Mycobacterium marinum
 •  Mycobacterium scrofulaceum
 •  Mycobacterium szulgai

 • BOX 31-1   Nontuberculous Mycobacterial Head 
and Neck Pathogens
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with surgery compared with the prolonged course of treat-
ment with antimicrobial drugs and cosmetic outcomes of 
observation.

Mycobacterial Otic Infections

Mycobacterial otic infections may be of MTB or NTM 
origin. Otic mycobacterial infection is not common and 
accounts for only 0.04% of all otitis media infections.23 
MTB otitis media can result from hematogenous dis-
semination or local spread following pulmonary infection. 
NTM otitis, in contrast, develops from a preexisting middle 
ear disease with a perforation of the tympanic membrane 
(Figure 31-2).19 In both cases, patients exhibit otorrhea and 
granulation tissue in the external and middle ear and mas-
toid cavity. If the infection is caused by MTB, 16 to 40% of 
patients will also exhibit facial palsy, abscess formation, or 
bone necrosis.24

Children infected with MTB will frequently have abnor-
mal chest radiographs, but adults with MTB or patients 
with NTM infections will have normal radiographs. A 
PPD skin test result is positive in 88% of MTB cases and 
negative in NTM cases.25 Identification of acid-fast bacilli 
from external ear canal cultures has been reported to be 
positive in 5 to 35% of cases, and confirmation by stain-
ing or culture can be hampered by secondary bacterial 
infection.26

Treatment for MTB aural infections includes 6 months 
of chemotherapy, with otorrhea and granulation tissue 
reported to resolve within 2 months.27 After completion 
of therapy, surgery may be indicated to improve hearing 
or treat facial paralysis. In contrast, for treatment of NTM 
aural infection, removal of tympanostomy tubes, surgical 
removal of the granulation tissue, and chemotherapy are 
recommended.

Mycobacterial Ocular Infections

Ocular infections are common in disseminated MTB infec-
tion and occur with an incidence of 1 to 2% in immuno-
competent individuals.28 Up to 60% of ocular MTB cases 
were in patients with HIV comorbidity.29 Most patients 
are asymptomatic, but 27% have visual impairment.30 The 
most common ocular manifestation is choroiditis, affecting 
the iris, ciliary body, or choroids; this can manifest as a cho-
roidal tuberculoma and appears as multiple disseminated 
nodules or a single nodule.31 In children, the orbit may be 
involved as an extension of tuberculosis in the orbital struc-
tures, such as lacrimal ducts or sinuses. Infrequently, infec-
tion can be due to hematogenous dissemination.32 Painful 
swelling of the eyelids, epiphora, diminished vision, photo-
phobia, redness, and scleritis are also signs of orbital MTB 
infection. Other ocular involvement includes retinitis, vitri-
tis, scleritis, and conjunctivitis. Because isolation of bacteria 
from the orbit is difficult, diagnosis often relies on the pres-
ence of bacteria in other sites along with the ocular findings. 
Treatment relies on systemic antituberculosis therapy.

It bears mentioning that some ocular diseases are sec-
ondary to infection with MTB. These diseases manifest as 
an allergic reaction (phlyctenular keratoconjunctivitis) or 
immune-mediated hypersensitivity (tuberculous keratitis) 
to tuberculous antigens.19 Treatment of these secondary 
infections includes the use of topical corticosteroids in addi-
tion to antimicrobial therapy.

NTM ocular infections are most commonly caused 
by Mycobacterium fortuitum and Mycobacterium chelonae. 
The most common diagnoses were keratitis, scleral buckle 
infections, and socket or implant infections.33 Infection is 
delayed after corneal trauma by contact lens, ocular sur-
gery, or foreign-body injury. Clinical presentation is indis-
tinguishable from fungal infection, and includes cracked 
windshield appearance, ring infiltrate, satellite lesions, and 
infectious crystalline keratopathy.34 Corneal scraping or 
biopsy is required to obtain sufficient material for positive 
identification of NTM. Because most first-line drugs used 
against MTB have no activity against M. fortuitum and  
M. chelonae, susceptibility screening is suggested. Reports 
suggest that clarithromycin is effective against 93% of 
isolates, amikacin is effective against 81% of isolates, and 
moxifloxacin is effective against 21% of isolates.33 Despite 
these excellent in vitro susceptibility profiles, treatment out-
comes still remain generally poor and illustrate the need to 
recognize and treat ocular infection early.35

Laryngeal Tuberculosis

Laryngeal tuberculosis is rare, with an incidence of 
1%.36 The spread of infection is direct from a bronchus 
or hematogenous spread. The most common symptom 
associated with laryngeal tuberculosis is hoarseness that 
may be accompanied by odynophagia, dysphagia, cough, 

• Figure 31-2 The tympanic membrane showing a small perforation 
with copious, serous otorrhea caused by Mycobacterium abscessus. 
(From Sugimoto H, et  al: A case of chronic otitis media caused by 
Mycobacterium abscessus, Auris Nasus Larynx 37:636-639, 2010.)
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otalgia, and stridor.31 Tuberculous lesions are ulcerofun-
gative, ulcerative, nonspecific inflammations, or polyp-
oid masses. These lesions are seen most frequently in the 
posterior glottis and anterior glottis, but have been seen 
throughout the larynx and may be difficult to distinguish 
from cancerous lesions.17 Histopathologic examination is 
required to differentiate between the two. Because laryn-
geal MTB occurs in association with pulmonary MTB, 
a chest radiograph normally shows abnormalities and 
PPD skin test result is positive. Sputum microscopy is 
also positive in up to 20% of patients.37 Treatment with a 
standard antituberculin regimen results in a quick clinical 
response.36,38

Nasal Tuberculosis

Primary nasal tuberculosis can be caused by inhalation of 
MTB particles or from digital inoculation. Patients com-
plain of nasal obstruction and catarrh. Physical examination 
may reveal pale nasal mucosa with nodules, more frequently 
on the nasal septum than on the lateral walls.17,39 Confir-
mation of the diagnosis must include culture to rule out 
other acid-fast bacilli such as Mycobacterium laprae.40 Nasal 
secretions and swab specimens are low yield and should 
not be used to rule out MTB infection.41 Treatment for 
nasal tuberculosis with standard antituberculin therapy has 
shown improvement of symptoms.42

Pharyngeal Tuberculosis

The nasopharynx and oropharynx are the two pharyngeal 
sites involved in MTB infections. MTB infections of the 
pharynx are rare and are more frequently primary infections 
with no involvement of the lungs seen on radiograph.40,43 
Clinical presentations of nasopharyngeal tuberculosis are 
varied, and case reports range from patients with no symp-
toms to patients with epistaxis, chronic cough, postnasal 
drip, and nasal obstruction.44 Adenoid hypertrophy and 
cervical lymphadenopathy commonly accompany pharyn-
geal MTB infections.45 Patients respond rapidly to treat-
ment with standard antituberculin drug regimens.

Salivary Gland Tuberculosis

Salivary gland MTB infection is extremely rare and when 
present is more commonly found in the parotid gland 
than in the submandibular gland. Infection of the glands 
is thought to follow a preceding tooth or tonsil infection 
that spreads through the lymphatics or via retrograde 
migration through Stensen’s duct.17 The course of infec-
tion proceeds as a slow-growing, firm, nodular mass, and 
weeks to months may pass before a patient seeks medical 
attention. Patients are generally healthy with no evidence 
of MTB systemic disease, and masses are difficult to dis-
tinguish from salivary gland neoplasms, making diagnosis 
a challenge.46 Confirmation of suspected cases requires 
fine-needle aspiration and positive PCR identification.46,47 

Incisional biopsy should be avoided because it can lead to a 
chronic fistula.48 Treatment with standard antituberculosis 
chemotherapy has been successful when given for up to 12 
months. In cases of treatment failure, rescue surgery should 
be performed.49

Oral Cavity Tuberculosis

Infection of the oral mucosa by MTB represents less than 
1% of the extrapulmonary MTB infections, with secondary 
infections occurring more frequently than primary infec-
tions.50 Despite the high levels of MTB in the oral cavity 
during a pulmonary infection, the paucity of lesions in the 
oral cavity suggests a protective effect of saliva among other 
barriers in the oral cavity, such as thick epithelial covering.51 
Injury to the mucosa through poor dental hygiene, local 
trauma, or irritation can lead to self-inoculation through 
sputum. Lesions occur most commonly on the tongue; they 
may also be found on the palate, lips, buccal mucosa, gin-
giva, palatine tonsil, and floor of the mouth.40 These lesions 
appear in many forms as ulcers, nodules, tuberculomas, or 
periapical granulomas, and they are commonly painful.52 
Cases should be confirmed by histopathologic examination 
to differentiate from carcinoma and treated with a standard 
tuberculosis chemotherapy regimen. As the majority of 
cases are secondary to pulmonary infection, a case of oral 
MTB should lead the clinician to evaluate the patient for 
underlying systemic infection.

Summary

Mycobacterial infections remain a global health problem 
spurred by the prevalence of immunocompromised HIV-
positive patients. These infections can be divided into two 
categories: M. tuberculosis and nontuberculous mycobacte-
rial infections. MTB is a systemic infection that originates 
as a pulmonary infection and then spreads to regions of the 
head and neck, including the cervical lymph nodes and the 
ocular, aural, laryngeal, pharyngeal, and oral spaces. Treat-
ment of MTB infection includes systemic antituberculosis 
chemotherapy with careful monitoring for resistance. In 
contrast, NTM lymphadenitis can establish infection in 
the cervical lymph nodes and ocular and aural spaces, but 
cannot be managed with traditional chemotherapy. These 
infections often require surgical intervention; therefore, it 
is imperative that the distinction between mycobacterial 
infections be made quickly to allow proper control and 
management of the course of disease. The introduction 
of molecularly based diagnostics, such as PCR, allows for 
rapid speciation, and they can be used with less invasive 
techniques, such as fine-needle aspiration. Cervical lymph-
adenitis is the most common manifestation of a head and 
neck mycobacterial infection. Although infection of other 
spaces is a rare condition, it is imperative to consider MTB 
and NTM when developing the differential diagnosis 
to avoid mistreatment of patients, particularly in MTB-
endemic regions.
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Few situations present the surgeon with a more challeng-
ing situation than the anesthetic management of the patient 
with a head and neck infection. A maxillofacial infection can 
distort normal anatomical structures, leading to a compro-
mised airway and respiratory system. Airway obstruction is 
a potential result of a head and neck infection. Securing the 
airway is a vital step in managing complex head and neck 
infections. This is usually complicated by trismus, swelling, 
edema, and airway deviation. This chapter will focus on the 
anesthetic and airway management of patients presenting 
with a head and neck infection.

Importance of the Airway in Maxillofacial 
Infections

Patients with head and neck fascial space infections present 
a potentially complex and emergent situation. The major 
concern is that most fascial neck infections are adjacent to 
the airway and can potentially lead to airway compromise. 
The lateral pharyngeal and retropharyngeal spaces are sepa-
rated from the pharynx by thin layers of the pharyngeal con-
strictor muscles. A peritonsillar space infection is separated 
from the oropharynx by only mucosa.1 Spontaneous or iat-
rogenic disruption of the mucosa can contaminate the lower 
airway. An infection of the submandibular or sublingual 
space results in a superior and posterior displacement of 
the tongue, leading to airway obstruction (Figure 32-1). In 
addition, cleavage planes exist within the base of the tongue 
that allow sublingual and submandibular infections to pass 
posteriorly toward the epiglottis.2 The submasseteric, ptery-
gomandibular, lateral pharyngeal, and infratemporal spaces 
are bordered by the muscles of mastication. Infections of 
these spaces cause trismus (Figure 32-2). The clinician 
should always be concerned that the infection will continue 
to expand and spread beyond the boundaries detected on 
initial examination. In summary, fascial space infections 
often result in morbidity and mortality by impeding airway 

access and causing bronchopneumonia as a result of aspira-
tion of infected material.3,4

Airway Examination

Initial Airway Assessment

The initial survey of the patient should occur within the first 
minute and must assess whether the patient is in respiratory 
distress and therefore in an imminent, life-threatening con-
dition. This survey consists of observation of the patient’s 
ventilatory and oxygenation status. The clinician should 
observe the patient’s ability to move air into and out of 
the respiratory passages. The astute clinician may also look 
for subtle changes, such as irritability and agitation, which 
may be early signs of hypoxia. As hypoxia worsens, it can 
progress to deteriorating levels of altered consciousness, ulti-
mately resulting in unconsciousness.

The adequacy of oxygenation can be inferred by assess-
ing the patient’s oxygen saturation from pulse oximetry. 
The actual oxygen saturation value provides more clinical 
meaning if the initial value is obtained before supplemen-
tal oxygen is administered. In a healthy patient, an ini-
tial value of 97% or greater generally indicates respiratory 
sufficiency. A baseline oxygen saturation of less than 97% 
requires further evaluation. The decreased oxygen satura-
tion may be related to an underlying medical condition. 
An oxygen saturation of less than 94% or a diminishing 
trend suggests the need for more urgent airway interven-
tion. Although pulse oximetry provides insight into the 
patient’s oxygenation, it is limited in the information pre-
sented. Once supplemental oxygen is administered, sat-
isfactory oxygen saturation may provide a false sense of 
security.

If the infected patient has a total or near-total airway 
obstruction, definitive treatment is required. In the com-
plete absence of inspired oxygen, brain damage begins 
within 4 to 6 minutes.5 The urgency of this situation may 
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preclude obtaining a complete medical history. Once the 
airway is secured, the surgical team can resume the process 
of obtaining a detailed medical history.

History

If the patient is not in acute respiratory distress, the surgeon 
can conduct a more orderly and detailed history and physi-
cal examination. The surgeon must collect the appropriate 
findings to establish an appropriate treatment plan and to 
determine the potential for airway compromise.

When obtaining the history of the present illness, the 
clinician should inquire about the time of onset and the 
progression of symptoms. An infection that appeared sud-
denly or progressed rapidly over the past few hours requires 
more urgent attention than one that has increased gradually 
over several days. Symptoms such as dyspnea, dysphonia, 
or dysphagia suggest involvement of the upper airway. Fur-
ther investigation is important to grade the severity of these 
symptoms. Patients who allow themselves to be placed in 
a semisupine or supine position generally are not in acute 

respiratory distress. On the other hand, as the supraglot-
tic and pharyngeal airway becomes more edematous, the 
patient may assume the “sniffing” position—an upright 
position with the neck flexed and the head extended (held 
forward). Patients who are in respiratory distress will remain 
in the upright position, which will optimize their airway 
patency.

Many patients with head and neck infection complain 
of dysphagia because of affected muscles of mastication, 
lingual swelling, or pharyngeal swelling. However, most of 
these patients usually demonstrate no drooling. The ability 
to handle secretions demonstrates a level of airway patency. 
If a patient is unable to handle secretions, this finding is 
usually associated with significant narrowing of the air-
way or lingual involvement. This patient will most likely 
require urgent or emergent attention. The experienced 
practitioner must be familiar with these special findings. 
A coarse or hoarse voice suggests progression of the infec-
tion to the level of the glottis, whereas a muffling of the 
voice is characteristic of a supraglottic or pharyngeal space 
involvement.6,7

An additional factor is patient maturity. Younger patients 
and mentally challenged patients pose a unique challenge. 
These patients may lack the ability to cooperate. Techniques 
selected for the typical adult patient for safety purposes may 
need to be modified because they require a degree of patient 
cooperation, such as awake intubations.8

Physical Examination

Several components of the physical examination are per-
tinent to the airway and anesthetic management of the 
infected patient. These include:
 1.  Limited ability to extend or flex the neck
 2.  Limited interincisal opening
 3.  Edematous, displaced, or immobile tongue
 4.  Decreased airway space
 5.  Distorted oral or pharyngeal anatomy
 6.  Skeletal deformity of the maxillofacial complex
 7.  Factors that increase the risk of aspiration9

As the practitioner inspects for pathologic conditions 
associated with the infection, he or she also should note 
congenital conditions that may predispose the patient to 
difficulty in airway manipulation if artificial airway sup-
port is required. Areas of erythema may be the first sign 
of an expanding infection, especially when the erythema 
extends along the anterior aspect of the neck. If erythema is 
noted, the patient’s voice should be assessed. Asymmetries 
are suggestive of edema in one or more of the deep fascial 
spaces. Deviation of the thyroid cartilage or trachea is an 
ominous sign. The patient should demonstrate the ability 
to flex and extend the neck. Limitation may indicate a deep 
fascial space infection. Regardless of its cause, infection 
can affect the ability to secure the airway artificially. As the 
head and neck are inspected, the clinician should simulta-
neously palpate for tenderness, induration, or fluctuance 
and differentiate between an abscess and cellulitis. Areas 

• Figure 32-1 Sublingual infection with erythema and elevation of floor 
of the mouth.

• Figure 32-2 Trismus resulting from an infection involving the ptery-
gomandibular and lateral pharyngeal spaces.
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of tenderness suggest deep fascial space involvement. One 
example is tenderness above the zygomatic arch, which 
may indicate the presence of an infratemporal space infec-
tion. This finding should alert the clinician to the potential 
development of trismus and airway restriction at the level 
of the soft palate.

The patient should be asked to open the mouth widely 
to evaluate the severity of trismus. Normal incisal opening 
should be at least 3.5 cm. Decreased opening compromises 
the ability to satisfactorily perform direct laryngoscopy and 
visualize the glottis.7,10 Video laryngoscopy can be per-
formed but requires a minimal incisal opening to place the 
device. A significant decrease in interincisal opening also 
impairs the surgeon’s ability to inspect the soft palate and 
pharynx. This inspection should not be dismissed because 
of its associated discomfort.

In addition, the surgeon must thoroughly inspect the 
floor of the mouth and tongue mobility. Unless ankylo-
glossia is present, a patient should be able to protrude the 
tongue past the vermilion border of the upper lip. The 
patient also should be able to close the mouth into maxi-
mal intercuspation without discomfort in the tongue or 
floor of the mouth. The surgeon should look for purulent 
drainage or areas in which the infection is pointing and 
drainage may occur because of iatrogenic manipulation. 
Both pose a risk for aspiration during airway intubation 
or management.

Diagnostic Tests

Radiographic imaging can help to define the extent of the 
infection and any distortion of the airway. Historically, 
soft tissue radiographs of the neck taken in the lateral and 
posteroanterior positions demonstrate airway shadows. 
They can be helpful in distinguishing a deep space infec-
tion involving the airway from a more superficial infection. 
However, computed tomography (CT) is the standard of 
care for diagnosing head and neck infections. It is fast and 
the information obtained demonstrates the specific areas of 
airway involvement from the nasopharynx to the glottis. 
Except for patients in acute or imminent respiratory dis-
tress requiring immediate airway management, the CT scan 
should be a component of the evaluation to provide infor-
mation pertinent to airway management. An exception to 
obtaining a CT scan is that not all hospitals have 24-hour, 
in-house CT technicians. The delay in waiting for the study 
may have deleterious results; however, if the CT study can 
be obtained expediently, it provides invaluable informa-
tion and is recommended. The emergency department may 
establish a protocol of contacting the radiology technician 
at the same time that the surgical consultation is requested 
when a patient comes to the emergency department with 
a severe oral or facial swelling. The immediate availability, 
the high quality of anatomic detail, and the ability to create 
multidimensional images make CT scan with intravenous 
contrast the optimal modality for imaging head and neck 
infections.11

Soft tissue swelling and trismus can impair the surgeon’s 
ability to inspect the airway, and radiographs do not provide 
a clear view of the airway. Fiberoptic examination or video 
laryngoscopy can allow direct inspection of the airway. Both 
endoscopic techniques also provide details of the glottis that 
otherwise would not be obtainable.

Criteria for Assessment of Airway Compromise

Many methods have been proposed to predict the success of 
laryngoscopy and intubation.9,12-14 These methods should 
be straightforward and rapidly performable. The Mallam-
pati test assesses the airway based on the ability to visual-
ize the faucial pillars and uvula when the mouth is wide 
open, the tongue is maximally protruded, and the neck is 
extended forward. The more the base of the tongue conceals 
the faucial pillars and the uvula, the greater the difficulty 
in intubation.9 The thyromental distance is a measurement 
from the prominence of the thyroid cartilage to the men-
ton with the neck in full extension. A distance less than  
6 cm may predict difficulty with visualizing the larynx. 
Alignment of the three axes of the airway also optimizes 
direct laryngoscopy. The occiput is elevated approximately 
10 cm above the shoulder blades, and the neck is hyper-
extended. Inability to achieve appropriate positioning has 
been associated with failed intubations. Interincisal opening 
was noted as one of five predictors of difficult intubation.10

The Mallampati and thyromental distance tests, when 
used individually, lack sensitivity and specificity.15-17 How-
ever, combining the information from more than one test 
increases the ability to predict a difficult intubation. Frerk 
suggested that all preoperative patients undergo the Mal-
lampati and thyromental distance tests to significantly 
decrease the false-positive rate.18 However, in an assessment 
of a patient with significant orofacial infection, missing dif-
ficult intubations is more problematic than an artificially 
high false-positive rate. Karkouti et  al19 suggested assess-
ment of mouth opening, chin protrusion, and atlantooc-
cipital extension. They predict that only three (0.15%) 
difficult intubations would be missed among every 1000 
cases, in which the incidence of difficult intubations would 
be 2%.19 The Mallampati classification better correlates the 
prediction of difficult laryngoscopy with the extremes of the 
classification scheme.20 A 93% correlation with the inability 
to visualize the glottis adequately on laryngoscopy has been 
reported with grade IV Mallampati classification.9 Although 
these tests have limitations, they may provide an objective 
indication of suspected difficult intubation in patients with 
a head and neck infection.

Although many tests address difficulty with intubation, 
they do not directly address the potential difficulty with mask 
ventilation.21 Soft tissue swelling can result in posterior dis-
placement of the tongue and pharyngeal soft tissues. Although 
the patient may not be in distress while awake, the soft tissues 
may collapse after the administration of sedative medication 
or supine positioning. Soft tissue swelling also may distort the 
anatomy so that a satisfactory mask fit cannot be achieved.
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The onset of acute infection and the need for urgent air-
way intervention are not planned. Therefore, the patient 
frequently has not fasted for the appropriate period. Con-
cerns regarding full stomach, with increased gastric content 
and acidity, relate to the potential risk of gastric aspiration 
in the patient who is anesthetized before intubation. Anes-
thetic induction compounds the complexity of the situ-
ation, and it must be considered in airway management. 
For the patient whose airway does not require emergency 
intubation, the clinician should consider delayed surgical 
intervention and the risk of gastric aspiration associated 
with anesthetic induction. However, gastric emptiness is 
delayed or arrested because of multiple factors, including 
pain, anxiety, or both. Fortunately, many patients with a 
significant head and neck infection have limited their oral 
intake because of their physical inability to eat.

Airway Management Strategies

Triage

The goal of triage is to classify patients into various catego-
ries identifying the urgency and immediacy of treatment. 
Brown and Sataloff suggest three categories22:
 1.  Occult impending respiratory distress
 2.  Obvious respiratory distress
 3.  Total or nearly total airway obstruction

They defined the patient with occult impending respi-
ratory distress as being at risk for airway difficulties after 
they are medicated or manipulated. Patients in this cat-
egory initially may have one of four distinctly different 
patterns of potential airway compromise. A patient may 
have a mild or moderate supraglottic or lateral pharyngeal 
infection for which he or she has compensated by muscular 
effort. The administration of sedative medication can result 
in sufficient muscular relaxation, so that the patient no 
longer compensates and airway patency is compromised. 
Airway compromise might not resolve with simple eleva-
tion of the chin. An example of a patient in this category 
would be one with trismus but no severe swelling imping-
ing directly on the airway. The administration of a seda-
tive medication does not resolve the trismus and thus access 
to the airway is limited. This creates a potential problem 
because the patient now may have depressed respirations 
and an unprotected airway that cannot be easily secured. 
Another problem exists when a patient is sedated and an 
incision and drainage is performed. The proximity of the 
surgical site and the quantity of purulent discharge could 
result in aspiration. The last type of patient in this cate-
gory may have a moderate infection with no overt signs of 
respiratory distress. Although the patient demonstrates no 
signs of respiratory distress, the potential for development 
of distress exists. The infection (e.g., cellulitis associated 
with a salivary gland infection) does not require immediate 
surgical intervention. However, observation is required and 
pharmacological techniques to minimize reactive airway 
edema should be considered.

The patient with obvious respiratory distress is defined as 
initially having stridor, labored breathing, intercostal retrac-
tions, and tracheal tug.22 Although alert, these patients may 
be fatigued. However, their ventilation barely maintains 
adequate oxygenation. Such situations are urgent because 
near-total or total airway obstruction can result from fur-
ther fatigue, sedation, or both.

Total or Near-Total Obstruction

Patients with total or near-total airway obstruction have 
hypoxia, hypercarbia, and delirium and may be uncon-
scious. Patients in this category should be identified during 
the primary survey and require immediate establishment of 
a patent airway. The most certain and rapid technique to 
artificially secure the airway is required. The initial interven-
tion to relieve upper airway obstruction should be delivery 
of positive-pressure ventilation by mask with 100% oxygen, 
which may require a two-person technique in which one 
individual holds the mask against the patient’s face forming 
an airtight seal while the other individual compresses the 
bag. The gentle insertion of an artificial airway facilitates 
mask ventilation. The clinician should remain cognizant of 
the urgency of the situation. If the ventilation attempt fails, 
laryngoscopy and intubation should be attempted. This 
attempt requires optimal patient positioning and selection 
of the most appropriate laryngoscope (Macintosh or Miller 
blade or video laryngoscope). Optimal external laryngeal 
manipulation may facilitate visualization.23 Laryngoscopy 
may traumatize the pharyngeal mucosa, resulting in drain-
age from an abscess that may soil the lower airway. Although 
this may be considered a relative contraindication, the alter-
native is a surgical airway with potential complications asso-
ciated with the infection. Laryngoscopy may be the most 
appropriate first choice, although in some situations its 
use is contraindicated. If laryngoscopy and intubation fail, 
immediate creation of a surgical airway is required. The need 
for a surgical airway should be determined before airway 
manipulation. Next, the patient should be positioned prop-
erly and the anatomical landmarks appropriately outlined 
on the patient to facilitate the surgical procedure. A surgi-
cal airway may entail a cricothyrotomy or a tracheotomy; 
surgical details of these procedures are discussed later in the 
chapter. If a surgical airway cannot be achieved, a needle cri-
cothyrotomy can be used as a temporary lifesaving measure. 
High-frequency jet ventilation may provide greater protec-
tion against aspiration than percutaneous transtracheal ven-
tilation; however, neither provides protection comparable to 
a cuffed endotracheal or tracheotomy tube.

Corticosteroids in Airway Management

Inflammation increases dilation and permeability, contrib-
uting to an exudation into the tissue. Macrophages and leu-
kocytes within the tissues promote cell breakdown. Enzymes 
from cell breakdown cause cell destruction and propagation 
of the inflammation. In the patient with an infection, the 
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inflammation can be caused by the infective process or be 
the result of the surgical incision and drainage of the infec-
tion. The inflammation is a reactive process that can extend 
beyond the boundaries of the infection. Regardless of the 
causes of inflammation, the consequence is airway edema 
with resultant airway narrowing.

Corticosteroids suppress the inflammatory response of 
disease regardless of the cause. They prevent or suppress 
capillary dilation and permeability, leukocyte migration, 
and phagocytosis, which results in less cellular destruction 
and swelling. Corticosteroids are used as adjunctive therapy 
in the management of various infective processes including 
central nervous system bacterial infections, laryngotrache-
itis, and epiglottitis.24,25 Literature reports spanning more 
than four decades disagree about the value of steroid admin-
istration. Some studies demonstrate therapeutic efficacy, 
whereas others show no beneficial effect of administration 
of steroids. The diagnostic criteria and methodological stan-
dards used in several of these studies may have contributed 
to the equivocal findings. Regardless of the lack of therapeu-
tic efficacy, the risks associated with short-term administra-
tion of a corticosteroid are minimal.26 None of the studies 
reported a statistical difference in the rate of bacterial com-
plications in patients receiving corticosteroids compared 
with placebo. The use of corticosteroids in reducing postex-
tubation stridor and swelling has been studied.27-29 The lit-
erature is also inconclusive on this topic.

Corticosteroids have been used extensively in facial 
surgery to reduce postoperative edema30-32; however, few 
reports have addressed the use of corticosteroids in the 
management of orofacial infections.33 Studies of the admin-
istration of corticosteroids in the management of laryngo-
tracheitis show that optimal results are obtained with high 
doses of drug administered early in the course of the dis-
ease.33 Doses for adult patients should exceed the equivalent 
of 100 mg of hydrocortisone administered intravenously 
every 8 to 12 hours for the first 24 hours. Dexamethasone, 
methylprednisolone, or hydrocortisone in appropriate doses 
should also be effective. Because literature reports are incon-
clusive, the routine use of corticosteroids during infections 
cannot be recommended. However, their use should be con-
sidered to avoid the need for intubation or to decrease the 
duration of intubation. If the surgical team uses steroids in 
the management of a patient with a fascial infection, it must 
be understood that an artificially elevated white blood cell 
count will occur secondary to the margination of the white 
blood cells associated with steroid administration.

In summary, the administration of corticosteroids as 
adjunctive therapy in the management of head and neck 
infections is controversial. The concerns of immunosup-
pression and dissemination of the infection must be always 
balanced against the antiinflammatory benefits of steroids.

Patient Age

For many situations in which a significant head and neck 
infection compromises the airway, the preferred method of 

airway control requires that the patient be sedated but con-
scious. The goal is achievable in most adults and adolescents. 
However, young children, children with special needs, or 
adults with mental impairments might not understand or 
cooperate with an awake-sedated technique.34 These situa-
tions dictate consideration of alternative techniques. Several 
of the following techniques have been described:
 1.  Premedication with oral midazolam or ketamine- 

midazolam
 2.  Intramuscular administration of ketamine with or with-

out a benzodiazepine and anticholinergic agent
 3.  Intranasal dexmedetomidine
 4.  Induction of general anesthesia with sevoflurane
Intravenous access is established once the patient is sedated 
or asleep.

Local Anesthesia

For the patient who is not in respiratory distress, local 
anesthesia can be used to achieve adequate pain control so 
that incision and drainage is possible. This technique takes 
advantage of the conscious patient’s naturally protective air-
way reflexes. Most clinicians agree that adequate local anes-
thesia is difficult when acute inflammation or infection is 
present.

Biological Basis for Failure of Local Anesthesia

Local anesthetics are weak acids that in their un-ionized 
form (the base, or RN) are able to diffuse rapidly through 
cell membranes and other tissue barriers to reach nerve tis-
sue. However, the ionized form, the cation or RNH+, is 
the active form of the molecule. When a local anesthetic 
is injected into human tissue, it exists in an equilibrium 
between two states: a non-ionized free base for diffusion 
and an ionized cation for clinical effect. This equilibrium 
is governed by the dissociation constant (pKa) of the anes-
thetic and the pH of the surrounding tissues. The chemical 
equation for this equilibrium reaction is:

RNH+ ↔RN+H+

An infected area is likely to have a lower pH than nor-
mal tissues because of the products of inflammation (e.g., 
pus has a pH of 5 to 6). Therefore, infected tissues have an 
excess of the hydrogen ion H+, which drives the equilibrium 
reaction toward the left, resulting in a greater proportion of 
the local anesthetic molecule in the cationic form (RNH+) 
than in the RN form. The clinical effect of this shift in 
equilibrium is that the local anesthetic is less able to diffuse 
through infected tissues than through normal tissues, result-
ing in delayed onset and decreased intensity of local anes-
thesia. However, this process does not explain why a nerve 
block proximal to the site of infection may be unsuccessful.

Another possible mechanism for the failure to establish 
adequate regional anesthesia in the presence of infection 
has been proposed.35 In a histochemical study of nerve tis-
sues at sites proximal to the area of infection, degenerate 
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inflammatory changes were found in nerve structures 
and their protein constituents. Brown reported dimin-
ished local anesthetic effect at neutral pH using nerve 
preparations that were exposed to inflammatory cells for  
18 hours or longer.36 This finding suggests that inflam-
matory changes can travel along the nerves innervating a 
site of infection and support the use of nerve block tech-
niques rather than infiltration for infected sites. The work 
of Kimberly and Byres37 and others38 clearly indicates that 
morphologic changes occur in inflamed nerves, including 
axonal sprouting, which might explain the hyperalgesia-
infected sites.

Local Anesthesia in Infected Sites
Nerve Block Techniques. The nerve block technique for 

establishment of local anesthesia of infected areas has several 
advantages over infiltration. First, it avoids passing a needle 
directly into an infected region. Nerve blocks avoid problems 
associated with the decreased pH of infected tissues, prevent 
contamination of the local anesthetic needle, and minimize 
trauma to the inflamed friable infected tissues. Second, a 
regional nerve block provides more profound anesthesia over 
a broader area for a greater duration. During an incision and 
drainage procedure, the surgeon frequently must explore an 
entire fascial space for loculations of pus. Successful local 
anesthesia for these spaces depends on a greater depth and 
distribution of anesthesia than infiltration alone typically 
provides.

Accessory Innervation. The oral cavity is one of the 
most highly innervated areas of the body. At several 
sites in the oral cavity, accessory innervation can 
interfere with successful local anesthesia for surgical 
procedures, even in uninfected cases. Mandibular molars 
often receive additional sensory nerve supply from the 
mylohyoid and lingual nerves. Infiltration of the soft 
tissues just medial to the retromolar pad and posterior 
to the last molar can block the accessory mylohyoid and 
lingual innervation of the mandibular molars. The mild 
discomfort associated with the injection is soon followed 
by profound anesthesia of the mandibular molar teeth 
because of blocking accessory nerve fibers in this region. 
Similar techniques can be used for the mandibular 
anterior region, where crossover innervation from the 
other side can be problematic, and for maxillary teeth, 
where maxillary anterior teeth can receive nerve fibers 
from the middle superior dental plexus (Bochdalek 
plexus). Similarly, overlapping innervation can occur in 
the palate between the nasopalatine and greater palatine 
nerves.

Anesthetic Volume. By increasing the total amount of 
local anesthesia in proximity to the nerve tissues, the local 
anesthetic dissociation equation is driven to the right. 
Therefore, the amount of non-ionized base form (RN) of 
the local anesthetic would be increased, which is critical to 
diffusion of the anesthetic molecule through tissues toward 
the nerve structures. Once the local anesthetic molecule has 
diffused through the nerve membrane into the nerve cell, 

the equilibrium reaction is reestablished at the intracellular 
pH, which should be much closer to normal.

Techniques for increasing the volume of local anesthetic 
in the infected site include:
 1.  Reinjection at the site of nerve block
 2.  Periodontal ligament injection
 3.  Intraseptal injection
 4.  Intrapulpal injection
 5.  Local infiltration

Two precautions must be observed if local anesthesia is 
used. First, the toxic dose of the local anesthetic used must 
not be exceeded. Because infected areas are hyperemic, local 
anesthetics injected into them are likely to reach the sys-
temic circulation more rapidly than in uninfected tissues. 
Second, a contaminated needle and syringe must not be 
reused later in an uninfected site, because it can spread the 
infection into a deeper fascial space.

Supplemental Intraoral and Extraoral Nerve Blocks. 
Successful use of local anesthesia in infected cases depends 
primarily on the accurate deposition of local anesthetic in 
close proximity to the nerve to be anesthetized. Precisely 
placed nerve blocks can overcome the obstacles to successful 
local anesthesia imposed by the acidic pH of infected 
tissues and the possible inflammatory nerve degeneration 
progressing proximal to the infected site. The most common 
intraoral nerve block techniques are described in textbooks 
of dental local anesthesia.39-41

In addition, several other special intraoral nerve block 
techniques that are advantageous in odontogenic infections 
are the intraoral second division nerve block through the 
palatine approach and the anterior extraoral approach to 
maxillary nerve block.42,43 Other intraoral and extraoral 
techniques for maxillary and mandibular nerve blocks also 
have been described.39,44

Sanders described modifications of the inferior alveo-
lar nerve block technique in children.45 An alternative 
open-mouthed technique for inferior alveolar nerve block, 
described originally by Gow-Gates,46 has been popularized 
by Malamed.47 Levy48 reported superior local anesthesia 
for mandibular third molars using the Gow-Gates injec-
tion compared with conventional inferior alveolar nerve 
block, perhaps as a result of blocking accessory innervation. 
However, the Gow-Gates technique might not be effective 
in infected sites. The closed-mouth technique is useful in 
patients with trismus; however, the clinician must be careful 
not to pass the local anesthetic needle through an infected 
site into an uninfected one, such as the pterygomandibular 
space. Correct technique is important because a misdirected 
needle may pass into the infratemporal or lateral pharyngeal 
space.

Patient Communication

Several options exist if satisfactory anesthesia has not been 
achieved despite the use of the aforementioned techniques. 
These techniques include proceeding with the surgery with-
out use of additional drugs, using sedation and analgesia, 
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or using general anesthesia. Partial local anesthesia may be 
achieved, or the patient may react to the mechanical stimuli 
of surgical manipulation and not to truly painful stimuli. 
A good rapport is established with the patient by this time, 
and after discussion of the options, the surgeon may be able 
to proceed as rapidly as possible. This approach often is 
effective with an extraction because the pain rapidly ceases 
once the dental nerve has been severed. In turn, the sur-
geon should promise to stop the procedure instantly on the 
patient’s request and allow either a rest period or the use of 
another form of pain control.

This technique requires that the patient never be over-
stressed. Sedation and analgesia techniques establish a 
quiet, relaxed state, often accompanied by analgesia, espe-
cially when a narcotic is used. If local anesthesia has been 
unsuccessful, sedation and analgesia might also not provide 
adequate pain relief.

General anesthesia is the final option in the management 
of failed local anesthesia. As with any outpatient general 
anesthesia, the usual precautions and contraindications are 
important in the case of inadequate local anesthesia. Fasting 
and no liquid intake must be strictly observed, especially 
because gastric emptying time is delayed and gastric pH is 
reduced by pain and anxiety. Several additional contraindi-
cations to ambulatory general anesthesia may occur in the 
presence of maxillofacial infections, such as trismus, swelling 
encroaching on the airway, and the possibility of discharge 
of the infected material into the airway. Other techniques, 
whether conscious or unconscious, should be considered if 
these contraindications are present.

Sedation and Analgesia Techniques

Parenteral conscious sedation provides analgesia, anxioly-
sis, and sedation. Although conscious sedation can be done 
safely, overly deep sedation can cause airway obstruction, 
depress the hypoxic or hypercapnic respiratory drive, and 
obtund the protective airway reflexes. Airway swelling 
caused by infection can increase the susceptibility to airway 
obstruction. Obtunded airway reflexes can increase the sus-
ceptibility to pulmonary aspiration of purulent discharge 
from an abscess. The surgeon must be aware that airway 
reflexes may be obtunded at the same time that a nominally 
conscious state has been maintained.49

Strict attention to the patient preparation and case selec-
tion is essential. Impingement of the infected fascial space 
on the airway, the ability of the patient to open the mouth, 
and the location of the incision for surgical drainage are 
important factors. Infection of the buccal space, space of 
the body of the mandible, or submasseteric space does not 
impinge directly on the airway. In addition, the placement 
of the incision is such that an adequate pharyngeal curtain 
can be placed to protect against pulmonary aspiration. Alter-
natively, an infection involving the lateral pharyngeal space 
or lingual soft tissues compromises the airway. Administra-
tion of sedative and analgesic medications may jeopardize 
the integrity of the airway.

Infections affecting the muscles of mastication cause 
trismus. One benefit of a combined sedative-analgesic tech-
nique is that increased mouth opening can occur with the 
relief of pain. However, the patient who is debilitated may 
be extremely sensitive to the respiratory depressant effects of 
the anesthetic medication; thus, extra caution is necessary.

The surgeon or anesthesiologist must proceed slowly 
and with extreme diligence in considering administration 
of sedative and analgesic medications. An appropriate fast-
ing period before the procedure is essential. For a scheduled 
anesthetic, an appropriate period of no oral intake requires 
at least an 8-hour fast of solid foods (6 hours is the suggested 
guideline in some countries) and at least 2-hour abstinence 
from clear liquids. For a patient who has been in distress 
for the past several hours, this period may be inadequate. 
However, these guidelines are satisfactory for patients with 
mild infection when an incision and drainage in the office 
or emergency department is feasible. Sometimes a patient 
has not fasted according to these guidelines. Administra-
tion of opioids to increase the pain threshold may allow the 
necessary surgical intervention. This technique can be con-
sidered comparable with postoperative analgesia. Generally, 
less medication would be administered than used for a seda-
tive and analgesic technique; however, monitoring must be 
consistent with anesthesia guidelines.

Before administering sedative and analgesic medications, 
the surgeon must be able to control the airway. If trismus 
is present, insertion of a ratchet-type (molt) mouth prop 
between the upper and lower canines and premolars is 
prudent. The stability of these teeth should be checked to 
ensure that the force applied to them will facilitate mouth 
opening and not compromise their integrity. The mouth 
prop is opened until the slight pressure against the teeth 
makes the mouth prop stay in place. As the sedative and 
analgesic medications are titrated, the ratchet-type mouth 
prop is gradually opened by one-tooth increments on 
the ratchet until adequate access is achieved. The patient 
should be instructed before the procedure that a brief period 
of pain might ensue with each increment of opening the 
mouth prop. If the surgeon is unable to overcome the tris-
mus, administration of sedative and analgesic medications 
should be discontinued.

Benzodiazepines and opioids are an appropriate com-
bination for sedation and analgesia. Benzodiazepines pro-
vide anxiolysis, sedation, and amnesia. Opioids provide 
analgesia. They are beneficial especially when optimal local 
anesthesia cannot be achieved. Alternatively, opioids have 
a proportionately greater degree of respiratory depressant 
effects compared with benzodiazepines. Despite the respira-
tory depressant effects of opioids and benzodiazepines, both 
drugs have specific antagonists.50-52 Appropriate anesthetic 
management should avoid the need for reversal agents. 
Sedation and analgesia should be titrated slowly; maximal 
anesthetic effect may require several minutes. If the surgeon 
intends to titrate the medication to achieve partial ptosis of 
the upper eyelids (Verrill sign), the patient may become too 
deeply sedated.
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Failure to achieve complete local anesthesia is not uncom-
mon in the management of orofacial infections. Therefore, 
the patient experiences some degree of discomfort unless 
a greater anesthetic depth is achieved. In select situations 
when the infection does not impinge directly on the air-
way, the surgeon has complete control of the airway, and the 
patient has fasted appropriately, the surgeon may consider 
the administration of propofol or another induction or hyp-
notic agent to increase the anesthetic depth.

The respiratory depressant effects of the anesthetic 
medication persist into the recovery period. Generally, sup-
plemental oxygen should be administered into the postop-
erative period. Despite the administration of supplemental 
oxygen, the patient may still experience periods of oxygen 
desaturation. This desaturation alerts the individual moni-
toring the patient to intervene. Intervention may entail sim-
ple stimulation of the patient. A greater concern should be 
the lack of recognizing an impending respiratory problem 
because the patient has satisfactory oxygen saturation. This 
situation is less likely if the patient is not receiving supple-
mental oxygen. Therefore, respiratory rate and depth and 
oxygen saturation should be monitored during the postop-
erative period.

Ketamine
Ketamine has several effects that are advantageous in man-
aging a patient with a compromised airway. Ketamine can 
be titrated intravenously to establish a dissociative state that 
is different from general anesthesia. The patient maintains 
their airway reflexes, ventilatory drive, and functional resid-
ual capacity. When subhypnotic doses are used, the patient 
appears “dazed” and has a blunted physical response to stim-
uli that has been described as a “chemical straight-jacket.” 
An additional advantage of ketamine is its slow transition 
from a deeper anesthetic depth to a more awake and respon-
sive state. The transition is usually depicted by a patient who 
develops slow, jerky, robotic movements with their limbs. 
As these signs are recognized, additional drug can be admin-
istered to maintain the desired anesthetic depth.

Intravenous ketamine is frequently combined with other 
agents (e.g., benzodiazepines, propofol) to establish a con-
trolled environment in which the patient is comfortable 
with an intact airway. The combination of various drugs 
maximizes the properties of each agent while minimizing 
the adverse effects of each as well. When used as an adjunct 
agent, intravenous ketamine dosing can be as low as 0.25 to 
0.5 mg/kg. Such a minimal dose can minimize the prolonga-
tion of recovery that is sometimes associated with ketamine.

Ketamine can also be administered intramuscularly. 
Intramuscular ketamine is frequently used for unmanage-
able patients (e.g., pediatric, intellectually impaired) to 
establish an anesthetic depth in which intravenous access 
can be established. Intramuscular administration of a drug 
cannot be titrated and must be reserved for the unique 
situation in which the other alternatives are unacceptable.  
If intramuscular ketamine is used, the goal is not to estab-
lish a deep anesthetic depth. A ketamine dose of 2 mg/kg 

should sedate most patients such that intravenous access can 
be established and a mask can be applied for inhalational 
induction.

Dexmedetomidine
Dexmedetomidine is an α2-adrenoreceptor selective agonist 
that produces hypnosis and analgesia without respiratory 
depression. The effect on respirations is comparable to that 
of a patient during “natural” sleep. The minimal effect on 
respirations makes this agent a good choice in managing 
patients with a compromised airway, such as those with a 
head and neck infection or obstructive sleep apnea.

Dexmedetomidine can be administered intranasally and 
intravenously. Intranasal administration has been recom-
mended for pediatric patients as an alternative to intrana-
sal or oral midazolam. There is literature that describes the 
intranasal route as superior to midazolam as a premedica-
tion for pediatric patients.53 Dexmedetomidine is not acidic 
like midazolam and thus avoids the burning sensation with 
intranasal midazolam administration. Intranasal dosing is  
1 to 2 μg/kg administered 30 minutes before induction, 
producing an observer’s assessment alertness/sedation scale 
of 2 (responds only after mild prodding or shaking) and 
1 (does not respond to mild prodding or shaking), respec-
tively. Recovery is slower with dexmedetomidine than with 
midazolam. The anesthetic depth and potential for hypo-
tension and/or bradycardia combined with the prolonged 
recovery limit the benefit of this route in managing a patient 
with a compromised airway.

Dexmedetomidine is typically administered via a slow 
bolus supplemented with continuous infusion. As an intra-
venous agent, it can be used as a primary or adjunctive agent. 
It is most beneficial in that it establishes sedation, anxiolysis, 
and analgesia with minimal respiratory compromise, which 
makes it an ideal agent for an awake–sedated intubation.

Intubation Techniques
Topical and Regional Airway Local Anesthesia
When planning an awake intubation, it is beneficial to 
reduce the pharyngeal and laryngeal reactive response to 
physical stimulation. This can be achieved with topical 
agents, laryngeal nerve blocks, or both. Topical anesthesia 
is frequently administered by having the patient swish and 
swallow viscous lidocaine or having the patient breathe neb-
ulized lidocaine through a facemask or mouthpiece. This 
topically applied anesthesia frequently reduces the gag reflex. 
Laryngeal anesthesia is supplemented with the transtracheal 
administration of lidocaine. The combination of both of 
these modalities has been demonstrated to be effective. The  
anesthetist may also consider the use of either or both 
the superior laryngeal or glossopharyngeal nerve blocks.  
The superior laryngeal nerve block provides anesthesia to the 
base of tongue, vallecula, epiglottis, aryepiglottic folds, and 
the arytenoids. The glossopharyngeal nerve block provides 
anesthesia to the posterior one third of the tongue, vallecula, 
anterior surface of the epiglottis, posterior and lateral walls 
of the pharynx, and tonsillar pillars. Involvement of various 
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fascial space infections may prevent the use of these blocks. 
Both authors have more frequently used a combination of 
the topical and transtracheal local anesthetic applications.

Nasotracheal versus Orotracheal Intubation
Except when awake intubation is indicated, nasotracheal 
intubation should not be used to establish emergency control 
of the airway in patients with maxillofacial infections. Oral 
endotracheal intubation is quicker and has a greater success 
rate than nasotracheal intubation does. The less experienced 
anesthetist may require multiple attempts at nasotracheal 
intubation, requiring additional minutes. In the obtunded 
or paralyzed patient (and even in the awake patient), mul-
tiple attempts increase the risk of complications, including 
iatrogenic perforation of an abscess and tracheal soilage. 
In addition, with the use of topical and regional anesthe-
sia, frequently combined with sedation, awake intubation 
can be achieved through the oral route. However, nasotra-
cheal intubation may be beneficial for patients in whom 
prolonged intubation is anticipated. Patients generally can 
tolerate a nasal tube more easily and thus require less seda-
tive medication. In addition, the tube can be secured more 
safely with less chance of accidental extubation. When naso-
tracheal intubation is ultimately preferred, a later conver-
sion to nasal intubation can be established after the airway 
is protected emergently with an orotracheal tube. Chronic 
sinusitis is a disadvantage of prolonged nasotracheal intu-
bation.54 The primary contraindication to a nasotracheal 
intubation is a lateral pharyngeal or retropharyngeal space 
infection. However, in many situations, when the infection 
is not bilateral, nasotracheal intubation may be considered 
through the naris on the uninfected side, provided care is 
taken to guide the tip of the tube manually past the area of 
infection.

Success with awake intubation depends on patient com-
fort and cooperation, which includes careful explanation 
of the procedure to the patient. Sedation also minimizes 
potentially detrimental hemodynamic fluctuations.

Sedation that is too deep can compromise the integrity 
of the patient’s airway, which can cause airway obstruc-
tion, oxygen desaturation, or increased risk of pulmonary 
aspiration. If the patient becomes agitated or combative 
during airway manipulation, the clinician must determine 
whether these signs are manifestations of hypoxia. Moni-
toring of oxygen saturation is mandatory. Supplemental  
oxygen administered during awake intubation also mini-
mizes hypoxemia. Ventilatory monitoring with capnogra-
phy can be accomplished similarly. A nasopharyngeal airway 
attached to an endotracheal tube adaptor can be connected 
to the anesthetic circuit, allowing oxygenation and capno-
graphic monitoring.55

Intubation in the awake individual can be a stimulating 
process. In the patient with underlying cardiovascular dis-
ease, stimulation may have significant detrimental effects. 
Anesthetizing the upper airway can improve patient comfort 
and lessen the stimulation associated with the procedure. The 
gag reflex can be controlled effectively with a nerve block of 

the lingual branch of the glossopharyngeal nerve, the supe-
rior laryngeal nerve, or both nerves. Both nerve blocks are 
relatively straightforward techniques. The glossopharyngeal 
nerve block requires bilateral deposition of 1 or 2 mL of 
local anesthetic agent into the inferior aspect of the anterior 
tonsillar pillar. The superior laryngeal nerve block is accom-
plished by the bilateral percutaneous deposition of 1 to 2 mL  
of local anesthetic agent into the thyrohyoid membrane 
along the inferior lateral margin of the hyoid bone. A needle 
should not be inserted through an infected site. Therefore, 
the location of the infection may preclude the administra-
tion of these nerve blocks. Local anesthetic agents also can be 
topically administered orally (as swish, spray, or atomizer) or 
transtracheally. Transtracheal administration is achieved by 
inserting a needle into the trachea through the cricothyroid 
membrane. Approximately 4 mL of lidocaine 4% is injected 
into the trachea after a positive aspiration of air confirming 
appropriate needle placement. The patient generally coughs 
and the lidocaine is dispersed, anesthetizing the mucosa of 
the trachea and upper airway. Topical application of lido-
caine is as effective as nerve blocks in blunting the response 
to an awake intubation.56 Although these techniques are 
relatively safe, the local anesthetic may blunt the protective 
reflexes against pulmonary aspiration. For nasal intubation, 
additional preparation includes topical application of a local 
anesthetic and a vasoconstrictor to the nasal mucosa.49,57

Nasoendotracheal Intubation
Nasoendotracheal intubation can be accomplished blindly 
or with the aid of a fiberoptic stylet, a laryngoscope, a video 
laryngoscope, or a fiberoptic laryngoscope. Difficulty with 
the technique results when the posterior nasopharynx does 
not align directly with the glottic opening. Inflation of the 
cuff of the endotracheal tube has been reported as a tech-
nique to align the tip of the endotracheal tube with the 
glottic opening. After the tip of the tube is advanced past 
the epiglottis, the cuff is deflated and the tube is advanced 
between the vocal cords and into the trachea.58,59 Rota-
tion and flexion of the head and neck also can facilitate 
intubation. Persistent attempts at nasotracheal intubation 
without laryngoscopy and direct visualization of the glottis 
can result in nasal bleeding. Once the endotracheal tube is 
passed through the nasal passages into the oropharynx, the 
tube does not need to be removed if intubation is unsuccess-
ful and ventilation is subsequently required. If this situation 
were to occur, the endotracheal tube is positioned into the 
oropharynx, the mouth and nares are held closed, the airway 
is held in an open position, and the patient’s lungs are ven-
tilated through the endotracheal tube. Persistent attempts 
at nasoendotracheal intubation without laryngoscopy and 
direct visualization of the glottis can result in nasal bleed-
ing, mucosal lacerations, abscess rupture, and false passage 
of the endotracheal tube, with or without stimulation of 
the gag reflex. Therefore, blind awake intubation should be 
used cautiously when the possibility of discharge of infected 
material into the airway exists, such as an infection medial 
to the mandible.
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Lighted Stylet Tracheal Intubation
The American Society of Anesthesiologists recognizes lighted 
stylet tracheal intubation in its guidelines for management 
of the difficult airway.60,61 The lighted stylet provides a fiber-
optic light source at the tip of the endotracheal tube. When 
the device is inserted, the transillumination of the external 
neck indicates the position of the tip of the endotracheal 
tube. The device may be used to facilitate blind nasotracheal 
and orotracheal intubation. In a study comparing lighted 
stylet tracheal intubation with blind nasal intubation, the 
lighted stylet technique was favored because it required 
fewer attempts and less time.62 For an anticipated difficult 
intubation, the device can also optimize the laryngoscopic 
view when used in conjunction with direct laryngoscopy.63

Video Laryngoscope
The video laryngoscope has developed over the past several 
years and is now standard instrumentation in operating 
rooms. The device provides an indirect view of the glottis. 
The rapidity and quality in which glottic visualization can 
be achieved is faster and better than with traditional direct 
laryngoscopy. For the inexperienced practitioner, this does 
not necessarily translate into a more rapid intubation.

For the experienced practitioner, the video laryngoscope 
provides an alternative. The device does not require align-
ment of the airway axes, and it can be performed with a 
less incisal opening. In situations in which the airway is 
narrowed, such as a lateral pharyngeal space infection, an 
improved visualization is achieved with the video laryn-
goscope when compared with direct laryngoscopy. Video 
laryngoscopy may be an alternative to nasal fiberoptic 
intubation.

Fiberoptic Intubation
Fiberoptic endoscopic nasal intubation is the technique of 
choice for the awake–sedated patient. The advantage of this 
technique is that the fiberoptic laryngoscope can be directed 
at its tip, under vision through the fiberoptic cable, and 
navigate the distorted anatomy of the edematous infected 
airway. The success of this technique depends on the skill 
and experience of the anesthesiologist. To improve the con-
ditions for a successful intubation, the intensity of the room 
lights should be decreased, allowing the intubating team to 
determine the position of the endoscope as the fiberoptic 
light is transilluminated through the anterior neck. This 
technique can be difficult in patients with an oromaxillo-
facial infection that distorts normal anatomic structure.64 
If the trachea is deviated to one side, the nostril on the side 
toward which the deviation has occurred may be used.

General Anesthesia
Preoxygenation
In preparation for intubation, the patient should be pre-
oxygenated to minimize the potential for hypoxemia. Pre-
oxygenation is accomplished by administration of 100% 
oxygen for 3 minutes or four “vital capacity” breaths with 
100% oxygen.65 Preoxygenation displaces nitrogen within 

the functional residual capacity and replaces it with oxygen. 
Oxygen saturation can be maintained above 80% in a 70-kg 
adult, a moderately ill 70-kg adult, an obese adult, and a 
healthy child for approximately 8, 5, 3.5, and 2.5 minutes 
after preoxygenation, respectively.

Oxygen Insufflation
Normal physiology results in transference of 250 mL/min of 
oxygen from the lung to the bloodstream and 200 mL/min  
of carbon dioxide from the bloodstream to the lung.  
This results in an alveolar pressure that is slightly subatmo-
spheric. This physiologic gradient will result in the net flow 
of oxygen into the alveoli, when the patient is not venti-
lating, if the airway is patent. The technique of directing 
an oxygen flow into the lungs in the nonbreathing patient 
can maintain an acceptable oxygen saturation for up to  
10 minutes.

Trismus
Limitation of the interincisal opening to 30 mm or less will 
likely cause difficulty with direct laryngoscopy for intuba-
tion. When a physical effect, such as a muscle spasm, or 
the actual mass effect of the infection causes the mechani-
cal obstruction of the oral opening, it may persist despite 
the induction of general anesthesia. When the trismus is 
caused by pain or mild inflammation, it may disappear or at 
least partially resolve after the administration of anesthetic 
medication.66,67 An indication that the trismus may resolve 
after induction of general anesthesia may be the degree of 
resistance encountered when attempting to open a patient’s 
mouth during the initial examination. If a “spongy soft” stop 
is detected, the ability to substantially increase the mouth 
opening may be possible after achieving an appropriate 
anesthetic depth. In such situations, if no other factors com-
promise the integrity of the airway, the clinician may plan to 
sedate the patient as discussed in the sedation and analgesia 
section. As the patient becomes more sedated, an attempt 
is made to open the mouth further. When adequate open-
ing occurs, general anesthesia can be induced and intuba-
tion can be performed. If an adequate mouth opening does 
not occur after the administration of sedative and analgesic 
medications, then several options exist: (1) awake–sedated 
intubation is planned; (2) with the upper airway topically 
anesthetized, the anesthetist may attempt a view of the glot-
tis to determine if visualization can be achieved once general 
anesthesia is induced; or (3) the anesthetist may induce gen-
eral anesthesia while maintaining spontaneous ventilation 
such that the airway is minimally compromised in the event 
that intubation cannot be achieved.

Glottic Visualization
The danger in anesthetic induction in the patient with a 
maxillofacial infection is loss of the airway. All aspects of 
patient assessment and preparation are directed to avoiding 
this catastrophic event. When a patient’s airway is satisfac-
torily topically or regionally anesthetized and the patient 
is sedated, the anesthetist can frequently “sneak a peek” of 
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the glottis using either direct or indirect laryngoscopy. If 
an adequate view of the glottis is achieved in the sedated 
patient, the anesthetist will have knowledge of his or her 
ability to perform laryngoscopy and intubation (Figures 
32-3 and 32-4). This provides the anesthesiologist with the 
option to induce general anesthesia and proceed with laryn-
goscopy and intubation with a reasonable degree of comfort 
that such can be accomplished.

Sellick Maneuver
The Sellick maneuver (cricoid pressure) consists of down-
ward pressure on the cricoid cartilage causing temporary 
esophageal occlusion between the cricoid cartilage and the 

cervical vertebrae. The Sellick maneuver prevents gastric 
regurgitation and insufflation during anesthetic induction 
and positive-pressure ventilation. Its efficacy depends on 
application of adequate pressure to the cricoid cartilage. The 
technique is considered the gold standard for prevention of 
aspiration of gastric contents in obtunded and anesthetized 
patients. The Sellick maneuver does not prevent aspiration 
of purulent discharge from a head and neck infection.

Mask Induction of General Anesthesia
Although artificially securing the airway before induction 
of a general anesthetic may be preferred in patients with 
potentially compromised airways, extenuating circum-
stances may preclude the clinician’s ability to intubate or 
achieve a surgical airway until the patient is asleep. Inhala-
tion induction with a potent volatile agent is a recognized 
technique. A primary advantage of an inhalation induction 
compared with an intravenous induction is the ability to 
maintain spontaneous ventilation as anesthetic depth is 
increased. The spontaneous ventilation of the patient main-
tains airway patency and is the means by which the anes-
thetic depth may be reversed, ensuring a degree of safety. 
Although intravenous agents can be titrated to achieve the 
intended anesthetic depth, the respiratory-depressant effects 
of intravenous drugs can compromise airway patency, and 
they are not reversed as readily. In a patient who is debili-
tated, even a low dose of an induction agent may have a 
profound respiratory-depressant effect, potentially increas-
ing the risk of such an occurrence.

The technique of inhalation induction depends on the 
selection of a volatile agent that does not irritate the airway. 
Sevoflurane is the agent with fewer respiratory-depressant 
effects and less airway irritability compared with isoflurane 
(Forane) and desflurane. Sevoflurane has a low blood-gas 
partition coefficient, which is clinically manifested as a 
rapid ability to change anesthetic depth.68-71

Preservation of spontaneous ventilations is not always 
possible. As the patient becomes anesthetized, the possi-
bility of airway obstruction exists. Regardless of the cause, 
progression from a patent to an obstructed airway may be 
sudden. If the anesthesiologist cannot correct the airway 
obstruction, the exhalation of the anesthetic gases cannot 
reverse the anesthetic depth. The anesthesiologist should 
identify the most likely cause of the obstruction. If it is an 
upper airway obstruction, the first step should be to care-
fully establish an oral airway to prevent iatrogenic disrup-
tion of the mucosa, resulting in purulent drainage into the 
airway. If that patency of the airway is reestablished, the 
decision can be made to alter the anesthetic depth and at 
the appropriate time proceed with intubation. If the oral 
airway is not effective, alternative airway devices to facilitate 
ventilation may be considered depending on the location of 
the infection (e.g., supraglottic airways such as the laryn-
geal mask airway [LMA]). If the airway remains obstructed, 
laryngoscopy and intubation can be attempted. However, 
if the airway cannot be immediately secured by intuba-
tion and the patient’s lungs cannot be ventilated, a surgical 

• Figure 32-3 Supraglottic edema (day 2) after a traumatic intubation. 
The patient remained intubated for several days because of glottic and 
supraglottic edema.

• Figure 32-4 The same patient (see Figure 32-3) with supraglottic 
and glottic edema (day 5 after a traumatic intubation). Edema is almost 
resolved.
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airway is required. If the cause of the obstruction is believed 
to be a laryngospasm, administration of succinylcholine 
may be considered. Succinylcholine should be administered 
only if the anesthesiologist believes that the administration 
of a neuromuscular blocking agent will result in relaxation 
and a high likelihood that the airway can be intubated, and 
airway patency will be reestablished and the patient’s lungs 
can be ventilated if intubation fails. If any concerns exist, 
succinylcholine should not be administered; the anesthesi-
ologist may make one attempt at laryngoscopy and intuba-
tion. However, if the airway cannot be secured immediately 
by intubation and the patient’s lungs cannot be ventilated, a 
surgical airway is required.

When discharge of pus into the airway is a possibility, 
the patient can be placed in the lateral decubitus position or 
midway between the lateral and prone positions with no pil-
low or support under the head to facilitate gravity drainage 
of secretions or pus from the oral cavity. Adjusting the oper-
ating table to a few degrees from the Trendelenburg position 
can prevent passage of any pus down the trachea. When an 
adequate depth of anesthesia has been achieved, laryngos-
copy can be performed with the patient in full lateral (right 
or left, according to the anesthesiologist’s preference) posi-
tion with no support under the head. Some anesthesiolo-
gists prefer the patient to be supine on the operating table in 
a slight Trendelenburg position. High-volume suction must 
be available with a Yankauer suction tip to evacuate any pus 
or secretions.

Laryngeal Mask Airway
The LMA is designed to form an airtight seal in the hypo-
pharynx. It establishes a direct connection with the patient’s 
airway, providing a possible route of ventilation in rare sit-
uations when ventilation is not possible with a facemask 
or tracheal intubation. The LMA can be inserted blindly 
with the head and neck in any position. Its disadvantage 
over the endotracheal tube is that it provides a direct con-
duit between the esophagus and the trachea; therefore, it 
does not protect against pulmonary aspiration. Increased 
pulmonary resistance tends to cause gastric insufflation, 
which is associated with an increased risk of pulmonary 
aspiration.72

Once the LMA is inserted and satisfactory ventilation is 
achieved, a more definitive airway should be secured. The 
LMA is designed to enhance intubation. The 30-degree 
angle at the junction of the mask and tube of the LMA 
is designed to facilitate visualization of the glottis when a 
fiberoptic endoscope is inserted through the LMA. With 
direct fiberoptic intubation a No. 6.0 or No. 5.0 endotra-
cheal tube can be passed through a No. 3 or No. 4 LMA, 
respectively.

Use of the LMA might not be possible in a patient with 
an oromaxillofacial infection. Because the LMA sits within 
the hypopharynx, it cannot be used if the patient has a 
pathologic condition impinging on the pharyngeal space. 
It is also placed orally and thus cannot be used if significant 
trismus is present.

Surgical Airway: Cricothyrotomy  
versus Tracheotomy

Unlike elective oral intubations in uncomplicated cases, 
failure to achieve oral intubation in a patient with an oro-
maxillofacial infection may require the establishment of 
an emergency surgical airway. The advantage of a surgical 
airway accomplished under local anesthesia (with or with-
out sedation and analgesia) is that control of the airway can 
be established in the cooperative patient by sealing off the 
lower airway from the upper airway with a cuffed endotra-
cheal or tracheotomy tube. Some consider this approach the 
gold standard for severe airway infections, such as Ludwig’s 
angina.73,74 The patient remains conscious until the airway 
is secured; therefore, the protective reflexes are maintained 
throughout the procedure. Traumatic rupture of an abscess 
with discharge of infected material into the airway is less 
likely. However, a surgical airway is not risk free. Incision 
into an infected area can result in contamination of the lower 
airways and spread of infection into the mediastinum.75

When the airway must be secured surgically, cricothyrot-
omy or tracheotomy can be effective.76,77 Cricothyrotomy 
provides the fastest airway access, but is not satisfactory for 
long-term airway management. Tracheotomy technically is 
more complex and requires more time, but can be left in 
position for an extended period.

Complications of Cricothyrotomy  
and Tracheotomy

If the infection extends to the cervicofacial region, the risk 
of aspiration of purulent material is increased. The higher 
location of entry into the airway associated with a crico-
thyrotomy may be a disadvantage, although the potential 
is probably more theoretical than clinically significant. 
Despite the risk of airway contamination, an alternative to a 
surgical airway might not exist in certain situations.

Because of the anatomic location of a cricothyrotomy, 
short-term complications are unlikely unless the surgi-
cal landmarks are confused or the procedure is performed 
significantly off the midline. If the endotracheal tube or 
tracheotomy tube remains in a cricothyrotomy site for 
an extended period, significant damage to the subglottic 
region of the larynx can occur, but this complication can 
be avoided easily by conversion to a standard tracheotomy 
if the need for more extended airway access is anticipated.

Short-term complications of standard tracheotomy are 
bleeding, displacement of the tracheotomy tube, or creation 
of a “false passage” anterior or lateral to the trachea in the 
process of inserting the tracheotomy tube. Pneumothorax or 
pneumomediastinum can occur from positive-pressure ven-
tilation through a false passage or direct injury to the apex 
of the pleura. Long-term complications of tracheotomy 
include formation of a tracheocutaneous fistula after decan-
nulation or tracheal stenosis at the site of the tracheotomy. 
If cartilage is removed from the anterior tracheal wall during 
the tracheotomy, the likelihood of a symptomatic long-term 
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stenosis at the level of the tracheotomy is increased. Symp-
tomatic tracheal stenosis does not occur in adult patients 
until a significant proportion of the trachea is obstructed. 
Milder stenosis probably occurs after many tracheotomies, 
but remains undetected because no serious problems ensue.

Jet Ventilation

An alternative technique to open tracheotomy or cricothy-
rotomy is the use of transtracheal ventilation or jet venti-
lation. A preformed or large-gauge intravenous catheter 
attached to a syringe is used to enter the trachea. Aspiration 
of air from the trachea confirms placement of the needle tip. 
The catheter is advanced and the needle is withdrawn from 
the airway. Plastic tubing with a Luer adaptor is used to 
connect the ventilation apparatus to the hub of the catheter. 
Manual ventilation with this technique can provide ade-
quate oxygenation on a temporary basis, but carbon dioxide 
is not eliminated efficiently.78-80 Alternatively, jet ventila-
tion provides adequate gaseous exchange.81 Jet ventilation 
also can protect against pulmonary aspiration.78,82-84 Any 
type of jet ventilation entails risk and must be performed 
with caution to avoid pneumothorax or pneumomediasti-
num.85 Most hospital operating rooms are equipped for jet 
ventilation when a difficult airway is anticipated. The tech-
nique is a rapid and safe method of providing ventilation in 
a patient with a difficult airway.

Needle aspiration before airway management is achieved 
is an important adjunct when an abscess threatens to rupture 
or drain into the airway. An 18-gauge needle can be inserted 
into a fluctuant abscess cavity to aspirate as much pus as 
possible into the syringe. This technique decompresses the 
abscess before induction of anesthesia and manipulation of 
the airway and drains the abscess into the oral cavity or onto 
the skin rather than into the oropharynx or hypopharynx. 
An additional advantage of this technique is that a good 
culture specimen can be obtained, allowing the institution 
of antibiotic therapy immediately thereafter.

The surgeon must stand by the patient at all times during 
airway management procedures if infection threatens the 
airway. All tracheotomy instruments should be readily avail-
able. If the anesthesiologist encounters difficulty in main-
taining the airway, an immediate emergency tracheotomy 
or cricothyroidotomy should be considered.

Criteria for Extubation

The advantage of intubation in the patient with a compro-
mised airway is assurance of airway patency. However, intu-
bation has complications, including obstruction, collapse, 
displacement or kinking of the tube, dehydration of respi-
ratory mucosa by dry gases, hemorrhage, necrosis, scarring 
or granuloma formation in the upper airway and trachea, 
and sinusitis from prolonged intubation.54,86,87 Therefore, 
extubation of patients recovering from an infection as 
soon as safely possible is important. Serious adverse events 
resulting from airway extubation have been documented 

in the literature; these accounted for 7% of the respiratory 
complaints reported in the American Society of Anesthesi-
ologists Closed Claims Study.88 The potential for such prob-
lems would be anticipated to be greater in the compromised 
airway, such as in patients with oromaxillofacial infections. 
The determination of when to perform extubation can be as 
challenging as the decision as to when and how to perform 
intubation.

For this discussion, satisfaction of the essential require-
ments for extubation, such as adequate negative inspiratory 
pressure, is assumed. The patency of the patient’s airway is 
unique to this situation. Patients frequently receive main-
tenance anesthetic medications for comfort and tolerance 
of the endotracheal tube, and these sedative medications 
decrease the electromyographic activity of the strap mus-
cles.89,90 Decreased electromyographic activity of the strap 
muscles leads to clinical obstruction of the airway; there-
fore, residual sedation in the patient with a narrowed airway 
can cause unfavorable consequences.

The surgical team must understand airway evaluation. 
The most important aspect is clinical inspection of the 
airway. An intraoral and extraoral examination should be 
performed to evaluate edema, erythema, trismus, and lin-
gual mobility and displacement. The pharynx should be 
inspected. In select situations, administration of a bolus of 
short-acting anesthetic (e.g., propofol) may facilitate ade-
quate assessment of the pharynx. Alternatively, a fiberoptic 
examination can be beneficial in providing a good view of 
the airway to the level of the glottis. If available, postop-
erative CT scans should be obtained to assess the adequacy 
of surgical intervention. The CT scan may demonstrate the 
need for further surgical drainage; if so, extubation would 
be delayed. The scan may indicate significant airway edema 
to suggest a delay in extubation. However, the supine posi-
tioning of the patient and the relaxation of the soft tissue 
around the endotracheal tube may show an airway that 
appears more compromised than it actually is. Finally, the 
surgeon may consider deflation of the cuff of the endotra-
cheal tube and assessment if the patient can breathe around 
the tube. The practitioner must use all available information 
to establish the plan of action.

The American Society of Anesthesiologists Task Force on 
Management of the Difficult Airway provided recommenda-
tions for extubation strategy.60 These guidelines suggest the 
use of a device that can serve as a guide to facilitate rein-
tubation. The endotracheal tube changer (guide) should be 
semirigid with a hollow core that will allow jet ventilation. 
The rigidity is required so that the guide maintains its form 
throughout the period of intubation. Several endotracheal 
tube changers are available.91,92 The device should be inserted 
below the level of the tip of the endotracheal tube just above 
the carina. Commercial devices have markings that identify 
the depth of insertion. The device must be stabilized while 
the endotracheal tube is being removed. At first, the endo-
tracheal tube can be withdrawn to the level of the pharynx; 
however, once initial airway patency is ensured, the endotra-
cheal tube can be removed fully. If reintubation is necessary 
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and the endotracheal tube has been removed completely, 
intubation should be accomplished with a new endotracheal 
tube. The tube changer can be left in place for several hours 
to facilitate reintubation. In some instances, the device has 
been left in place for up to 72 hours. Generally, the guide is 
removed within 1 hour of extubation.93 The tube changer is 
not risk free. If the airway is compromised, the tube changer 
may act as a conduit for the passage of purulent material. The 
tube changer is not always successful; therefore, the surgeon 
should not consider extubation until he or she is confident 
that the patient can maintain the airway.

The surgeon may consider using a fiberoptic laryngoscope 
as a tube changer. This practice requires a second individual 
to hold the fiberoptic laryngoscope in place. In addition, the 
size of the internal lumen is significantly less than the lumen 
within the tube changer, which limits the ability to use jet 
ventilation if necessary. Alternatively, when the broncho-
scope is inserted parallel to the tube changer (either through 
the opposing naris or orally), it may provide a visual aid in 
passing an endotracheal tube over the tube changer when 
the endotracheal tube does not pass easily into the trachea.94

Effect of Anesthetics on the Immune System

No single anesthetic agent or technique is associated with 
depression of the immune system.95 Associated hypoxia, 
uremia, and metabolic and respiratory acidosis all increase 
the severity of infection. When associated with anesthesia, 
these conditions may modify the clinical course of an infec-
tion. Despite the results of some animal studies that imply 
that anesthesia can decrease the survival rate in experimental 
infections, studies of human postoperative infections pro-
vide little information on the role of anesthetic factors in 
the development of these infections. Therefore, few conclu-
sions can be drawn regarding whether individual anesthetic 
agents affect postoperative infection.96

Pulmonary Aspiration of Infected Material

The true incidence of aspiration of infected material from 
deep space odontogenic infections is unknown. Hought 
et  al97 reported airway obstruction and pulmonary arrest, 
but not aspiration pneumonia as a cause of death. Toews 
and de la Rocha98 reported two cases of retropharyngeal 
abscess with mediastinal involvement. One of these patients 
aspirated pus from the ruptured abscess but survived. Toews 
and de la Rocha also reviewed 16 cases of oropharyngeal 
infection with endothoracic spread. Ten patients had odon-
togenic infection; three of these patients died. Of the seven 
patients with reported aspiration pneumonia, only one died. 
The true mortality rate of aspiration of pus from odonto-
genic infections is probably underreported.

The aspiration of large amounts of pus undoubtedly car-
ries a grave prognosis. LeFrock et al99 reported a 70% mor-
tality rate as a result of massive aspiration of any sort, and 
studies of aspiration pneumonia in general report an overall 
30-day mortality rate of 21%.100

The oral flora is the common thread in most cases of 
aspiration pneumonia.101 Gorbach and Bartlett102 found 
that Fusobacterium nucleatum, Bacteroides melaninogeni-
cus, Bacteroides oralis, Peptostreptococcus species, Peptococcus 
species, and Veillomella species, all of which are compo-
nents of the flora of maxillofacial infections, were the most 
common anaerobic isolates from the lungs in aspiration 
pneumonia102-104

Clindamycin is the empirical antibiotic of choice in 
nonallergic patients. Specific antibiotic therapy should be 
directed to the organisms isolated from the odontogenic 
abscess that has ruptured into the airway. However, because 
aspiration-induced pneumonia or lung abscess can be pro-
tracted, periodic reculturing of the infected lung should be 
performed to detect changes in the bacterial flora of the pul-
monary infection. The most reliable technique for culture of 
pulmonary infections is transtracheal aspiration.101
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Health Care–Associated Infections

There has been tremendous focus on prevention of health 
care–associated infections (HAI) over the past decade—for 
good reason. As of 2008, it was estimated that 5 to 10% 
of hospitalized patients (nearly 2 million) develop an HAI, 
leading to approximately 100,000 deaths and 4.5 to 6.5 bil-
lion dollars in extra costs per year.1 In response, a task force 
was appointed by the Society for Healthcare Epidemiology 
of America and the Infectious Diseases Society of America 
Standards and Practice Guidelines Committee. The pur-
pose of the task force was to publish concise recommen-
dations for the prevention of common HAI’s in acute care 
hospitals. The first iteration of this compendium was pub-
lished in 2008 and an update was published in 2014.1,2 The 
2008 Compendium addressed four device- and procedure- 
associated HAIs: central line–associated bloodstream infec-
tions (CLABSIs), ventilator-associated pneumonia (VAP), 
catheter-associated urinary tract infections (CAUTIs), and  
surgical site infections (SSIs). Two organism-specific cat-
egories were also addressed due to an increasing incidence 
and high morbidity: methicillin-resistant Staphylococcus 
aureus (MRSA) infection and Clostridium difficile infection 
(CDI). The 2014 Compendium added some changes to the 
2008 recommendations and added an additional category 
of targeted improvement in hand hygiene. Although not all 
head and neck surgery patients are at risk for all these infec-
tions, we as surgeons must be aware of the risk factors of 
the various HAIs, as well as how to best prevent them. The 
following section highlights the major recommendations of 
moderate or high level of evidence to prevent these various 
HAIs. For full details of the Compendium recommenda-
tions, the reader is referred to the 2014 update.2

Central Line–Associated Bloodstream 
Infection

Several recommendations exist for the prevention of CLABSI, 
spanning the time period before insertion, at insertion, and 
after insertion. In addition to ensuring adequate education 

about proper placement of central venous catheters (CVCs) 
and CLABSI prevention, it is recommended that inten-
sive care unit (ICU) patients over the age of 2 months be 
bathed daily with a chlorhexidine preparation.2 At the time 
of insertion, use of an alcohol-chlorhexidine solution is rec-
ommended for skin preparation. The femoral vein should be 
avoided, especially in obese patients. It is also recommended 
that ultrasound guidance be used for internal jugular catheter 
insertion. Antiseptic or antimicrobial impregnated CVCs are 
recommended for use in adults. In patients over 2 months 
of age, chlorhexidine-containing dressings should be used 
and in nontunneled CVCs in adults and children, transpar-
ent dressings should be changed and the site cleaned with 
chlorhexidine every 5 to 7 days or immediately if the dressing 
is loose, damp, or soiled.2

Ventilator-Associated Pneumonia

In order to decrease the risk of VAP, the Compendium rec-
ommends avoiding intubation whenever possible in favor 
of noninvasive positive pressure ventilation (NIPPV). Once 
intubated, in order to achieve extubation as soon as possible, 
sedation should be minimized (or eliminated when possible) 
and sedation should be interrupted once daily so that spon-
taneous breathing trials with assessment for extubation can 
be completed every day. Interventions that decrease secretion 
pooling superior to the endotracheal tube cuff are especially 
important in patients who require intubation for 48 to 72 
hours. Head of bed elevation was a recommendation in 2008 
with moderate evidentiary support, but in the 2014 Com-
pendium, elevation of the head of the bed to 30 to 45 degrees 
received a low quality of evidence rating.1,2 Interventions 
that are believed to decrease VAP include selective decon-
tamination of the oropharynx, performance of oral care with 
chlorhexidine, and provision of mechanical tooth brushing 
(low evidence). Administration of prophylactic antibiotics 
was indicated as an intervention with moderate evidentiary 
support that may lower the risk of VAP, but there is not suf-
ficient data to indicate its effect on length of mechanical ven-
tilation, hospital length of stay, or mortality.1,2
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Catheter-Associated Urinary Tract Infection

To reduce CAUTIs, it is recommended that catheters be 
inserted only when necessary and be removed as soon as 
possible. Other methods of bladder management should be 
considered, including the use of bladder scanners and inter-
mittent catheterization. Recommendations of low eviden-
tiary quality, but that make sense, are that as small a catheter 
as possible should be used to decrease urethral trauma and 
that catheters should only be placed by trained, dedicated 
personnel.1,2

Surgical Site Infection

The prevention of surgical site infection has been exten-
sively studied. In a subsequent section of this chapter, the 
various methodologies for preventing surgical site infection 
will be discussed in greater detail; however, the Compen-
dium recommendations will be summarized here. Antibi-
otic prophylaxis is recommended to be administered based 
on evidence-based standards and guidelines. Hair should 
not be removed at the surgical site unless it interferes with 
the procedure, and when it is removed, razors should not 
be used. Blood glucose should be controlled, especially in 
cardiac patients. Core temperature of 35.5° C should be 
maintained perioperatively. Tissue oxygenation should be 
maximized by the administration of supplemental oxygen 
during and immediately after surgery. Alcohol-containing 
preparatory solutions should be used to prepare the skin 
whenever possible. Approaches thought to be of moderate 
evidentiary value include screening for S. aureus and decolo-
nizing patients with antistaphylococcal drugs preoperatively 
for high-risk procedures (some orthopedic and cardiotho-
racic procedures) and the use of antiseptic wound lavage.1,2

Hand Hygiene

Hand hygiene should be performed with either antimi-
crobial or non-antimicrobial soap when hands are visibly 
soiled. Generally, hand hygiene should be performed with 
an alcohol-based rub or an antimicrobial or non-antimicro-
bial soap. Hospitals are instructed to monitor compliance 
with hand hygiene and implement multimodal strategies 
for adherence. Situations that require specific approaches 
include outbreaks of norovirus or of C. difficile. In addition 
to contact precautions, hands should be washed with soap 
and water after caring for patients with known or suspected 
infection of norovirus or C. difficile.2

Methicillin-Resistant Staphylococcus Aureus

It is recommended that hospitals conduct MRSA risk assess-
ments and monitoring and implement an active surveillance 
testing (AST) program to control and prevent MRSA. If 
health care providers are linked epidemiologically to a clus-
ter of MRSA infections, it is recommended they be screened 
for MRSA infection or colonization. As part of the AST, it is 

recommended that MRSA-colonized patients receive targeted 
decolonization therapy. A recommendation of high evidentiary 
value was that ICU patients be treated with universal decolo-
nization; the use of gowns and gloves when treating all ICU 
patients was thought to be of moderate evidentiary support.1,2

Clostridium Difficile

Most strategies mentioned in the Compendium to address 
CDI were believed to be of low or moderate evidentiary 
support. Basic strategies to reduce CDI include appropriate 
use of antimicrobials, use of contact precautions for infected 
patients, and ensuring adequate cleaning and disinfection 
of equipment and environment (with Environmental Pro-
tection Agency–approved sporicidal disinfectant or diluted 
sodium hypochlorite). Patients who have diarrhea should 
be placed under contact precautions while C. difficile test-
ing is pending (low evidence). The duration of contact pre-
cautions should be extended beyond the patient becoming 
asymptomatic and extend until hospital discharge (low evi-
dence). As mentioned previously, during outbreaks of CDI, 
hand hygiene should be completed with soap and water on 
exiting the room of a patient with a CDI.1,2

Outcomes Assessment
Since the publication of the initial Compendium in 2008, the 
Centers for Disease Control and Prevention (CDC) began 
conducting surveys to assess the prevalence of HAI. These 
efforts culminated in 2011 with the compilation of a multi-
state prevalence survey.3 Surveys were completed at 183 hos-
pitals and included 11,282 patients. Of these patients, 452 
had one or more HAI (4% with a 95% confidence interval of 
3.7 to 4.4%, or 1 in 25 patients). Active HAI were defined as 
those not present on admission to the hospital. In addition, 
infections present on admission that were SSI related to sur-
gery performed at the survey hospital within the previous 30 
days (or 1 year if surgery involved an implant) were included 
as HAI. Of the 504 hospital-acquired infections identified, 
the most common type was pneumonia (21.8%), followed 
by SSIs (21.8%), and gastrointestinal infections (17.1%). The 
most commonly reported pathogen was C. difficile (12.1% 
of HAI). Device-related infections (CLABSI, CAUTI, and 
VAP) together accounted for 25.6% of infections. Based on 
these data, it was estimated that during 2011, in U.S. acute 
care hospitals, there were approximately 648,000 patients 
with 721,800 HAI.3 These data were evaluated by the CDC 
in combination with other reports, and it was found that there 
was a 46% decrease in CLABSI between 2008 and 2013, a 
10% decrease in SSI related to 10 select procedures between 
2008 and 2013, an 8% decrease in hospital-onset MRSA 
bacteremia between 2011 and 2013, and a 10% decrease in 
hospital-onset CDI between 2011 and 2013; however, CAU-
TIs increased by 6% between 2009 and 2013, although it was 
indicated by early 2014 data that CAUTIs were beginning to 
decrease.4 In their survey population, Magill et al found that 
42.9% of non-SSIs developed during or within 48 hours of a 
stay in the critical care unit.3 Procedure types most commonly 
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associated with SSIs included colon surgery (14.5%), hip 
arthroplasty (10%), small bowel surgery (6.4%), and other/
unspecified (9.1%). For patients in whom symptom onset 
was reported, the median interval from admission to symp-
toms of HAI was 6 days. Some 19.4% of infections were pres-
ent on admission and were related to a previous admission 
to the survey hospital, most of which were SSI. The ultimate 
outcome was known for 436 of the 452 patients identified in 
the survey as having HAI—11.5% of patients with HAI died 
during their hospitalization. Multivariable regression analysis 
revealed that an increased risk of HAI was associated with the 
following: increased age, increased hospital length of stay, stay 
in a larger hospital, presence of a central catheter, mechanical 
ventilator support, or a stay in the critical care unit. In con-
clusion, pneumonia and SSI were the most common types 
of infection and C. difficile was the most common bacteria 
involved. Therefore, it was felt that more attention should 
be paid to preventing infections other than those related to 
devices such as catheters and ventilators, as device-related 
infections had significantly decreased and did not account for 
a majority of HAI.3

Focus on Surgical Site Infections
As noted above, SSIs still account for a significant propor-
tion of health care–associated infections (21.8%).3 SSIs are 
categorized as either superficial incisional SSI, deep incisional 
SSI, or organ/space SSI.5 Superficial incisional SSIs occur 
within 30 days of the procedure and include only the skin 
or subcutaneous tissue. Suture abscesses are not included. A 
deep incisional SSI involves the deep soft tissue such as the 
fascia and muscle. Again, it must occur within 30 days of sur-
gery, unless an implant was placed, in which case if it occurs 
within 1 year of the surgery, it is defined as a SSI. An organ/
space SSI involves any organ or space that was opened up 
during surgery, and is defined as occurring within 30 days 
of surgery unless an implant was placed, in which case, it is 
defined as occurring within 1 year of the surgery.5 Patients 
are most likely to be infected by their own endogenous flora 
on their skin, on their mucosa, or in their viscera. The most 
commonly involved organisms include S. aureus, coagulase-
negative Staphylococcus, Escherichia coli, and Enterococcus spe-
cies.5 An endless number of factors may contribute to the 
development of SSI. Factors that have been associated with an 
increased risk of developing an SSI include diabetes/poor glu-
cose control, nicotine use, steroid use, malnutrition, age, obe-
sity, coexisting infections, prolonged hospitalization, altered 
immune response, and perioperative transfusions.5 One of 
the most well-supported methods of prevention, however, 
is the judicious administration of prophylactic antibiotics. 
Other preventative topics warrant discussion as well, includ-
ing skin care, operating room environment, temperature, glu-
cose control, wound treatment, and oxygenation.

Prophylactic Antibiotics

The concept of antibiotic prophylaxis to prevent surgi-
cal site infections has been well established in orthopedic 

and general surgery. Antibiotic prophylaxis is defined as 
the administration of antibiotics before contamination by 
surgical incision has occurred and is given with the inten-
tion of preventing infection. A review of meta-analyses of 
antibiotic prophylaxis including 250 clinical trials of 4809 
patients undergoing 23 different types of surgery concluded 
that antibiotic prophylaxis is effective in preventing wound 
infection.6 This meta-analysis also found that there was not 
a relationship between the cleanliness of the case and the 
effectiveness of the antibiotic prophylaxis. This study sup-
ported the use of antibiotic prophylaxis, but noted that 
it did not take into account possible patient side effects, 
effect of antibiotic use on microbial resistance, and the cost- 
effectiveness of antibiotic prophylaxis.6

Effective antibiotic prophylaxis must include proper 
timing of administration as well as proper antibiotic selec-
tion and dose. To allow adequate tissue concentrations, 
in general, a parenteral prophylactic antibiotic should be 
administered 30 minutes before an incision occurs.7 It was 
demonstrated many decades ago by Burke8 and Miles et al9 
that if antibiotics were not given until 4 or more hours after 
injection of bacteria into a surgical site, the site became 
involved with the same amount of inflammation or cellu-
litis as if no antibiotic had been administered, underscor-
ing the importance of preprocedure antibiotics. Numerous 
studies support administration of prophylactic antibiotics 
within 1 hour prior to incision, with most studies conclud-
ing that antibiotics should be administered within 30 min-
utes prior to incision.10 Additionally, multiple studies have 
demonstrated no additional benefit in providing antibiotics 
for longer than 24 hours; in fact this procedure may increase 
the risk of developing antibiotic resistance.10 Redosing of 
antibiotics should occur if the length of surgery extends 
beyond the half-life of the antibiotic being used, with con-
sideration of creatinine clearance in patients who need renal 
dosing. Some authors recommend that an additional dose 
should be provided if the procedure is 1 to 2 times the half-
life of the antibiotic or when there has been substantial 
blood loss.11 For most head and neck surgeries, including 
oral and maxillofacial surgery and plastic and reconstructive 
surgery, cefazolin is the routine preoperative antibiotic, with 
clindamycin as the choice in patients allergic to penicillin 
or cephalosporins.10 Otolaryngology surgery recommenda-
tions usually include cefazolin plus or minus metronidazole, 
with clindamycin plus or minus ciprofloxacin as an alter-
native in those patients potentially allergic. Vancomycin 
is more commonly being recommended as prophylaxis in 
procedures in which prosthetic materials are placed and in 
craniotomies.10 As a routine preoperative antibiotic prior to 
neurosurgery, cefazolin and vancomycin are recommended, 
with vancomycin only being recommended in those patients 
allergic to penicillins or cephalosporins. Appropriate dos-
ing and timing of vancomycin is less clear than with other 
antibiotics. Vancomycin does not have the same distribu-
tion as beta-lactams do and it could take several doses at 
an every 12 hour dosing regimen to achieve a steady state. 
Therapeutic dosing in patients with normal renal function 
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is usually around 15 to 20 mg/kg every 8 to 12 hours. A 
loading dose of 25 to 30 mg/kg may be administered in 
the treatment of critically ill patients. Vancomycin should 
not be dosed faster than 1 gram per hour. This means that 
in some patients, appropriate administration of prophylaxis 
may take 2 hours. Because this may be an excessive amount 
of time to wait prior to incision, Alexander et al recommend 
that when used as a prophylactic antibiotic, vancomycin 
should be infused for 1 hour preoperatively, with the rest of 
the infusion continuing while the procedure is occurring.10 
Additionally, fluoroquinolones have a prolonged half-life, 
making them useful for long surgeries, and they should also 
be given 1 to 2 hours prior to incision.10 There has gener-
ally not been support for administration of antibiotics once 
the surgical incision has been closed and there should no 
longer be the routine administration of 3 doses of antibiot-
ics.10 Specific antibiotic prophylaxis recommendations for 
various head and neck procedures may be found later in 
this chapter.

Skin Care
Hair Removal
Preoperative hair removal has been examined, because theo-
retically it was believed that hair removal would result in a 
decreased incidence of SSI. A recent Cochrane review by 
Tanner et  al found insufficient evidence to support hair 
removal as a means for reducing SSIs.12 However, it did rec-
ommend that if hair must be removed, using clippers rather 
than a razor was preferred because it resulted in fewer SSIs. 
Use of a razor to shave the skin in the operating room or 
the night before surgery has been denounced because the 
microscopic cuts that occur from the razor may harbor bac-
teria.11 Various studies have concluded that SSIs are low-
est when hair is not removed at all. Additionally, infection 
rates are the highest when the hair is shaved with a razor as 
opposed to using clippers. If hair is to be removed, most 
studies agree that it should be removed immediately prior 
to surgery.10

Skin Preparation (Patient)

Appropriate skin disinfection prior to surgery is an impor-
tant step in reducing SSIs. There are several skin prepara-
tion products available and the surgeon should be aware of 
their efficacies as well as their contraindications. The most 
commonly used agents include alcohol-based solutions, 
chlorhexidine gluconate, and iodophors such as povidone-
iodine. Alcohol is an excellent germicidal against bacteria, 
viruses, and fungi; however, its benefit is limited by its  
flammability and lack of residual germicidal activity. 
Chlorhexidine and povidone-iodine are both very effective 
in reducing bacterial counts on contact and have excellent 
activity against skin structure bacteria, but chlorhexidine is 
superior in terms of long-lasting activity. Additionally, the 
iodophors can be inactivated by contact with blood or serum, 
so the prep must be allowed to dry in order to take advan-
tage of its full antibacterial activity. A further concern with 

iodophors is that even small concentrations of povidone-
iodine (0.5%) are very toxic to fibroblasts and keratinocytes, 
so it should never be used on open wounds or in postoperative 
dressings.11 Alcohol is often added to either chlorhexidine 
or povidone-iodine to augment the antiseptic properties, 
although the use of alcohol alone is limited by its lack of 
residual activity. For head and neck surgery, it is important 
to remember that certain prep solutions should not be used 
on the face because they can cause serious injuries to the eyes 
(those containing alcohol or chlorhexidine). The following 
prep solutions should not be used on the face for this rea-
son: iodophor 0.7%/isopropyl alcohol 74% (DuraPrep),  
chlorhexidine gluconate 4% (Hibiclens), chlorhexidine glu-
conate 2%/isopropyl alcohol 70% (Chloraprep), or alcohol 
73%/zinc pyrithione (Actiprep).13 Additionally, these prep 
solutions should be avoided around the ears as well because 
they may cause ear damage. Chlorhexidine-containing 
products should be avoided in contact with the meninges. 
Contraindications to the use of povidone-iodine include an 
allergy to iodine and age less than 2 months. Solutions that 
are safe to use in the head and neck region are limited to 
povidone-iodine 7% scrub/10% paint (Scrub Care) or chlo-
roxylenol 3% (Techni-Care). Scrub Care is applied using 
the scrub first for 5 minutes, which is then blotted dry with 
a sterile towel; this is followed by application of the paint, 
which is allowed to dry. The scrub soap from the Scrub Care 
should be used with caution around the eyes. Chloroxylenol 
is applied full strength to the surgical site and blotted with 
a sterile towel or allowed to air dry.13 Generally, in head 
and neck surgery, one will choose either povidone-iodine 
7% scrub/10% paint (Scrub Care) or chloroxylenol 3% 
(Techni-Care) for the head and neck prep, but when distant 
sites are also prepped for bone or soft tissue harvest, one 
may wish to consider a chlorhexidine gluconate–containing 
solution for the distant prep site since it has superior length 
of activity.

There is no scientific support that preoperative bathing 
with an antiseptic decreases the risk of SSI. Studies have 
demonstrated that preoperative showering with chlorhexi-
dine decreases the number of organisms on the skin com-
pared with povidone-iodine or soap and water.10 However, 
various meta-analyses have been performed regarding the 
ability of a preoperative shower to reduce the incidence of 
SSI. Webster and Osborne evaluated 6 trials with 10,007 
patients, all of which included evaluation of 4% chlorhexi-
dine gluconate.14 Chlorhexidine gluconate was compared 
with either bar soap or placebo or with no bathing. There 
was no evidence that chlorhexidine gluconate bathing 
decreased the risk of SSI. Another meta-analysis was per-
formed by Chlebicki et al, which yielded similar results.15 
Their meta-analysis included 16 trials and 17,932 patients. 
Again, chlorhexidine gluconate was compared with various 
comparators. It was found that chlorhexidine gluconate did 
not significantly reduce SSI when compared with soap, pla-
cebo, or no shower or bath. Considering the results of these 
two large meta-analyses, there is no support for preoperative 
bathing with chlorhexidine gluconate.
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Iodophor-impregnated drapes (Ioban) have been shown 
to reduce wound contamination in the critical care and 
obstetrical literature.11 It also has been demonstrated to 
reduce wound contamination in orthopedic surgery with-
out a concomitant decrease in wound infections.11 In head 
and neck surgery, the use of these drapes would not gen-
erally be practical except in cases of distant surgical sites, 
such as in anterior iliac crest harvesting. In general, how-
ever, the use of impregnated occlusive drapes does not 
seem to reduce the risk of SSI.11 A more recent technique 
involves the use of a cyanoacrylate microbial sealant (Inte-
guSeal). This sealant is applied to the skin after prep is 
completed with an iodophor or chlorhexidine gluconate. 
On contact with the skin, it forms a barrier that prevents 
migration of flora onto the incision, and it seals micro-
abrasions on the skin. It has not been associated with any 
local or systemic toxicity and has activity for several days. 
This microbial sealant was compared with 10% povidone-
iodine in a multicenter randomized trial including 177 
patients undergoing inguinal hernia repair.16 The study 
found that the incidence of wound contamination with 
the sealant was 53%, while with povidone-iodine it was 
68.7%, a significant difference. This study was corporation 
funded. A well-designed randomized controlled prospec-
tive study was carried out by Iyer et al in which patients 
undergoing coronary bypass grafting had one leg prepped 
in a conventional fashion and the other leg prepped with 
the sealant.17 Microbiological swabs were obtained from 
each leg wound at 5 days and wounds were assessed for 
signs of infection. The study was stopped after inclusion of 
47 patients because of significant results. Legs treated with 
the sealant had a 2.1% rate of wound infection and con-
ventionally prepped legs had an infection rate of 25.5%. 
There were 13 positive cultures from legs that had been 
treated with the sealant and 22 positive cultures from legs 
that had been prepped conventionally. It was the con-
clusion of these authors that the sealant was effective in 
reducing SSIs, was easy to use, and was nontoxic to the 
skin.17 In contradistinction, this sealant was also studied 
in 998 patients undergoing elective cardiac surgical pro-
cedures, which included a median sternotomy.18 Patients 
were assigned to one of two groups based on alternating 
days of surgery; one group received InteguSeal as part of 
their prep while the other did not. The two groups were 
thought to be well matched despite not being randomized. 
The incidence of postoperative mediastinitis and SSI was 
not found to be significantly different between the two 
groups, so this study did not support the use of cyanoacry-
late sealant to reduce the incidence of SSI.18 Despite these 
contrasting findings, more research should be done in dif-
ferent patient populations. Given the significant findings 
of the Iyer study, those who perform head and neck sur-
gery may wish to consider using a cyanoacrylate sealant as 
part of their prep of distant sites, but not of the head and 
neck. It is not recommended for use in areas where it may 
have contact with mucous membranes or with the eyes or 
on skin with signs of active infection.

Skin Preparation (Surgical Team)

The available skin scrubs for the surgical team are simi-
lar to those available to prep the patient. There have been 
innumerable studies on this subject and an overall conclu-
sion may seem mind boggling, but the salient feature is 
this: aqueous alcohol rubs are very well tolerated by surgi-
cal team members and are equally effective as traditional 
povidone-iodine or chlorhexidine scrubs.11 Additionally, 
aqueous alcohol rubs are nonirritating and tend to have bet-
ter compliance rates. Various investigators have compared 
chlorhexidine gluconate to povidone-iodine scrubs. Aly and 
Maibach compared 2-minute scrubbing with chlorhexi-
dine gluconate versus povidone-iodine versus chloroxylenol 
immediately after scrubbing and at 3 and 6 hours later.19 
Chlorhexidine resulted in significantly reduced bacterial 
counts compared with both chlorhexidine gluconate and 
chloroxylenol at all measured time points. A more recent 
study was performed by Parienti et al in which hand rub-
bing with an aqueous alcohol solution was compared with 
scrubbing with either 4% povidone-iodine or 4% chlorhex-
idine and the primary end point was SSI at 30 days.20 They 
found that hand rubbing with the alcohol solution pre-
ceded by a non-antiseptic hand wash was not significantly 
different compared with the traditional scrubbing methods 
with regards to preventing SSI. Use of the aqueous alcohol 
was better tolerated by surgical teams who showed better 
compliance than with the traditional scrubs. Pereira et  al 
examined various methods of scrubbing including some 
alcohol-based products.21 They found that prolonged (at 
the end of a week) use of an alcohol and chlorhexidine scrub 
protocol resulted in lower colony-forming units than either 
traditional povidone-iodine or chlorhexidine gluconate 
alone. Although this small sampling of the available stud-
ies may seem confusing, the message is this: chlorhexidine 
gluconate provides longer antibacterial coverage than povi-
done-iodine, but aqueous alcohol provides just as effective 
antibacterial coverage with respect to reducing the risk of 
SSIs. So, when choosing a method for scrubbing in, aque-
ous alcohol is fully effective as long as gross contamination 
has already been removed. However, if one prefers a more 
traditional method of scrubbing, a combination of alcohol 
with chlorhexidine gluconate is preferable to chlorhexidine 
gluconate alone, which is preferable to povidone-iodine.

Temperature Control
During anesthesia, heat is lost via various methods: radia-
tion, evaporation, convection, and conduction, with radia-
tion being the biggest contributor to heat loss.5 Core body 
temperature can drop as much as 1.6° C within the first hour 
of a general anesthetic.22 Perioperative hypothermia has 
been studied extensively and has been determined to have 
several deleterious effects on surgery, including increased 
blood loss and transfusion requirements, increased cardiac 
events, increased length of hospital stay, and increased risk 
of SSI.5,10,23,24 Kurz et al studied a group of 200 patients 
undergoing colorectal surgery and randomized them to 
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intraoperative hypothermia (34.7 +/– 0.6° C) or intraop-
erative normothermia (36.6 +/– 0.5° C); also, patients were 
evaluated in a double-blind manner for signs of infection.25 
The study was ended early due to significant results of a 
19% wound infection rate in the hypothermia group and a 
6% infection rate in the normothermia group. The authors 
found that lowering core temperature 2° C below normal 
resulted in a tripling of wound infection rates and pro-
longed hospital length of stay by 20%.25 The hypothermic 
patients did have a greater transfusion requirement (another 
effect of hypothermia), but the products transfused were 
leukocyte depleted and according to the authors’ multivari-
ate regression analysis, the transfusion requirement did not 
independently contribute to the risk of SSI. The potential 
contribution of transfusion requirements was controlled for 
in a more recent study by Flores-Maldonado et al in which 
290 cholecystectomy patients were randomized to hypother-
mia (35.4 +/– 0.4° C) or normothermia (36.2 +/– 0.2° C)  
and patients receiving perioperative transfusions were 
excluded.26 These authors found an 11.5% incidence of SSI 
in the hypothermic group and a 2% SSI incidence in the 
normothermic group, thus removing the potential influence 
of transfusions. It is believed that hypothermia increases the 
risk of SSI because it decreases perfusion (and thus oxy-
genation) and reduces neutrophil function by reducing 
superoxide radical production.23,24 Methods for maintain-
ing normothermia intraoperatively that are best supported 
include the use of warmed intravenous fluids and forced air 
warmers.22 In head and neck surgery, although the anes-
thesia team will likely take the role of ensuring patient nor-
mothermia, it is essential for the surgeon to be aware of the 
significant impact of maintaining normothermia through-
out the perioperative period so as to decrease the risk of SSIs 
and other complications.

Glucose Control

It is well known that patients with diabetes have an increased 
incidence of poor wound healing and an increased risk of 
infection, especially with poor diabetic control. The effects 
of hyperglycemia on the immune response are well known—
decreased white blood cell numbers, impaired chemotaxis 
and phagocytosis, and decreased complement binding to 
the surface of bacteria. Various studies have demonstrated 
increased morbidity and mortality in critically ill patients 
with hyperglycemia, even in nondiabetic patients.24,27 Van 
den Berghe et  al performed a landmark prospective, ran-
domized controlled trial involving surgical ICU patients on 
mechanical ventilation.27 There were 1548 patients enrolled 
and assigned to either intensive insulin therapy or conven-
tional glucose management at the time of ICU admission. 
Intensive insulin therapy involved starting an insulin infusion 
once blood glucose reached 110 mg/dL, and it was adjusted to 
maintain a blood glucose of 80 to 110 mg/dL. Conventional 
therapy consisted of maintenance of blood glucose between 
180 and 200 mg/dL. On discharge from the ICU, all patients 
were placed on conventional therapy. The authors found 

that intensive insulin therapy reduced mortality during ICU 
stay from 8% with conventional management to 4.6% with 
intensive management. The most significant mortality reduc-
tion involved multisystem organ failure related to sepsis. In-
hospital bloodstream infections were also reduced by 46%.27 
In preventing SSI, most studies evaluating hyperglycemia 
have been completed in cardiac surgery patients, although 
other surgical populations (colorectal, spinal, pancreatic, 
vascular, and breast surgery) have been studied as well.10,28 
Furnary et al studied 2467 matched diabetic patients under-
going open heart surgery who were managed with one of two 
glucose control protocols: sliding scale intermittent subcuta-
neous insulin injections versus a continuous insulin infusion 
with a goal of keeping blood glucose below 200 mg/dL.28 
Patients who received continuous insulin infusion had an 
incidence of deep sternal wound infection of 0.8%, whereas 
the intermittent group had an infection rate of 2%, which 
was a significant difference. Throughout the literature there 
has been a demonstrated increased risk of SSI associated with 
hyperglycemia in diabetic and nondiabetic populations.10 
This topic has not been extensively studied in head and neck 
surgery populations, but close monitoring of blood glucose 
is likely to be beneficial in this population as well. Clearly, 
hypoglycemia should be avoided, and having a glucose tar-
get of at least 180 mg/dL or less for the perioperative period 
would be prudent.10

Oxygenation
Hyperoxia has been theorized to reduce SSI. Adequate oxy-
gen tension at the wound increases superoxide production 
by neutrophils, which leads to greater bacterial destruction. 
Additionally, adequate oxygen tension is believed to be 
essential in the development of collagen and epithelium.24 
Several studies have examined this question and the results 
are controversial. A prospective randomized trial compared 
Fio2 of 80% with an Fio2 of 30% in 500 patients under-
going colorectal surgery—patients were randomized to 
receive one of these interventions intraoperatively, as well 
as for 2 hours postoperatively.29 Some 5.2% of the patients 
who received 80% Fio2 versus 11.2% of the patients who 
received 30% Fio2 developed SSIs, which was a significant 
difference. However, there have been other studies that 
failed to demonstrate a protective effect of hyperoxygen-
ation; still, each of these studies had some issues, such as 
being underpowered or involving nonstandardized surger-
ies.10 There have been three meta-analyses published on this 
subject. The conclusion of each has been that hyperoxia 
does result in a decreased risk of wound infection, especially 
in colorectal surgery. However, there was enough heteroge-
neity of studies that it was generally thought that additional 
study is warranted.30-32 There has not been enough study on 
hyperoxygenation in head and neck surgery to determine 
whether it is beneficial in this population. Generally, it is 
believed to be beneficial to provide supplemental oxygen on 
induction and throughout surgery. Postoperatively, it seems 
to be of benefit as well, but the appropriate amount of time 
for administration has not been established.10,24
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Tissue Damage
To decrease SSI, it is recommended to handle tissue gently, 
and remove foreign bodies and devitalized tissue. The use 
of electrocautery in order to create an incision is somewhat 
controversial. An animal study performed by Ji et al used a 
rat model for abdominal surgery and found that abdominal 
incisions created with electric surgical knives have a signifi-
cantly higher risk of wound infection.33 This has led to a 
consensus by some that electrocautery use is a risk factor 
for SSI, poor wound healing, and even worsened scarring. 
However, a number of human studies have been performed 
that did not demonstrate a higher risk of SSI with diathermy 
use. Kearns et al performed a randomized prospective trial 
in which 100 patients requiring a midline laparotomy inci-
sion were randomized to having all layers of the incision 
performed with a scalpel versus having all layers of incision 
performed with diathermy.34 The investigators found that 
use of diathermy significantly decreased blood loss, incision 
time, and postoperative pain for the first 48 hours after the 
procedure, and decreased morphine requirements during 
the first 5 postoperative days. There was not a significant 
difference between the two groups as far as wound com-
plications were concerned. Shamim performed a random-
ized controlled trial of 369 patients who underwent either 
elective or emergent general surgery.35 Again, incisions were 
performed with either a scalpel or diathermy. Drains were 
placed as indicated. The authors found that patients who 
had incisions created with a scalpel experienced significantly 
longer incision time, greater blood loss, and increased pain 
during the first 48 hours. There was no significant difference 
between the two groups with regards to length of hospital 
stay, time for complete wound healing, and postoperative 
complication rate by wound classification. Sheikh evaluated 
the use of electrocautery in neurosurgery patients.36 The use 
of a steel scalpel was compared to microneedle electrocau-
tery in performing skin incisions in 177 neurosurgical pro-
cedures. Each incision was performed with half using a steel 
scalpel and half using microneedle electrocautery. Incisions 
were created in the scalp, as well as in the abdomen, neck, 
extremities, and trunk. Portions of the incisions opened 
with electrocautery took less time and resulted in less blood 
loss. Two patients experienced wound infections. The inves-
tigator concluded that electrocautery is safe and effective in 
creating neurosurgical incisions, and that it should be espe-
cially considered in cases when blood loss can be critical, as 
in pediatric patients. It seems that for head and neck sur-
gery, electrocautery should be used whenever necessary to 
reduce blood loss; the concern that it may increase the risk 
of SSI has not been validated.

Topical Antibiotics/Irrigation
The reasons for wound irrigation are to clean a wound, 
decontaminate it, and decrease the risk of infection. Most 
studies related to wound irrigation have been performed 
in cardiothoracic, general, and orthopedic surgery popula-
tions. Sterile saline is the most commonly used irrigant, but 
many surgeons add other substances to the irrigation fluid. 

Solutions containing antiseptics, such as chlorhexidine 
and povidone-iodine, have been evaluated as wound irrig-
ants; they have been found to be ineffective and potentially 
harmful.10 There has been significant debate as to whether 
something should be added to irrigation to enhance its 
effectiveness in wound irrigation. Surfactants such as castile 
soap and benzalkonium chloride have been added to irrig-
ants because of their ability to interfere with the bacteria’s 
ability to adhere to tissues. Again, study results have been 
mixed. They have been shown to be effective in removing 
bacteria from the surfaces of bone, steel, and titanium, but 
some studies have demonstrated deleterious effects of sur-
factants such as impaired clotting and healing, hemolysis, 
and skin irritation.37 At this point, there does not seem to 
be sufficient evidence to support the use of surfactants in 
wound irrigation in head and neck surgery.

One of the potential benefits of surgical site irrigation is 
the ability to deliver high concentrations of antibiotic to an 
infection site in which physiologic changes may decrease the 
effectiveness of systemic antibiotics.38 Additionally, there is 
limited systemic absorption, which should result in a lower 
likelihood of antibiotic resistance, and more novel antibiot-
ics that are not available as systemic antibiotics may also be 
used, although both of these points have been debated.37,38 
A major disadvantage of topical antibiotics is that there has 
not been sufficient research and resultant data to support 
a standard recommendation for the use of surgical wound 
irrigation with or without antibiotics.37,38 Commonly used 
antibiotics for wound irrigation include bacitracin, cephalo-
sporins, glycopeptides, aminoglycosides, and chloramphen-
icol.38 Not surprisingly, the use of antibiotics in irrigation is 
also controversial. Some believe that antibiotics in irrigation 
are unlikely to be of benefit because the interval of time of 
contact between the antibiotic and the bacteria is too short 
to allow for effective activity against bacteria.37 Despite the 
belief that topical antibiotics are generally benign, Barnes 
et al state that there have been reports of anaphylaxis, tis-
sue irritation, and the possibility that they contribute to 
bacterial resistance.37 McHugh et al performed a review of 
the literature with regards to antibiotic irrigation in patient 
populations having abdominal, orthopedic, cardiothoracic, 
dermatologic, breast, and ocular surgery.38 Their review 
revealed that in abdominal surgery, the evidence only truly 
supports the use of antibiotic irrigation in morbidly obese 
patients undergoing laparotomy. In orthopedic surgery, 
there was significant evidence to support the use of anti-
biotic-impregnated bone cement in joint replacement, but 
the effectiveness of antibiotic irrigation or antibiotic beads 
requires further investigation. In dermatologic surgery, they 
found that there is no indication for topical antibiotics in 
skin grafting in burn patients. In clean dermatologic surgery, 
further study is required. Ocular surgery is at particular risk 
for resulting in infection because the ability of systemically 
administered antibiotics to access the interior of the eye is 
restricted by the blood-aqueous barrier and the blood-retina 
barrier. Studies have demonstrated a significant reduction in 
endophthalmitis with the intracameral (administration into 
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the anterior chamber of the eye) or subconjunctival admin-
istration of antibiotics.38 Based on the findings of antibiotic 
irrigation in other surgical specialties, the use of antibiotic 
irrigation in head and neck surgery truly needs to be evalu-
ated by well-designed randomized controlled prospective 
studies before a true assessment can be made.

Method of delivery of irrigation can be high pressure (15 
to 35 psi) or low pressure (1 to 15 psi) and can be pulsatile 
or continuous.37 Much of the literature concerning high-
pressure versus low-pressure irrigation comes from orthope-
dic surgery. High-pressure pulsatile irrigation appears to be 
more effective than low-pressure irrigation at debridement 
of foreign material and bacteria, but results in more tissue 
damage. High-pressure irrigation has also been linked to an 
impairment in the immune response and can seed bacte-
ria deeper into tissue or bone.11,37,39 For this reason, it is 
recommended to reserve the use of high-pressure irrigation 
for wounds in which the bacterial contamination is severe 
enough to warrant the increased risk.37 The literature has 
been equivocal on pulsatile irrigation versus continuous.37 
Furthermore, the appropriate amount of irrigation has 
not been determined.11,37,39 In head and neck surgery it is 
unlikely that one would consider using high-pressure irriga-
tion except potentially when irrigating scalp wounds—in 
which case the increased risk of bacterial seeding of the skull 
must be weighed against the benefit of high-pressure irriga-
tion of a heavily contaminated wound.

Drains
Drains are typically placed in order to decrease the likelihood 
of hematoma formation and therefore reduce the likelihood 
of an infection. It is generally accepted that closed suc-
tion drains are preferable to simple conduit drains because 
there may be retrograde bacteria migration with the use of 
conduit drains.10,11 Drains should be used judiciously and 
removed as quickly as possible because prolonged use has 
been associated with an increased risk of SSI.40 Contrary to 
popular thinking in surgery, orthopedic surgery research has 
not supported the use of drains in elective surgery. In fact, 
the orthopedic literature does not demonstrate a difference 
in rates of infection, hematomas, need for reoperations, or 
limb swelling when drains are used.11 Furthermore, some 
studies have found that drain use is associated with a higher 
risk of transfusion.11 In head and neck surgery, drains are 
often used to treat infections, which is supported. However, 
in otherwise uninfected cases, the surgeon should carefully 
consider the necessity of a drain; if a drain is to be placed, a 
closed suction drain should be used.

Transfusions
When considering blood transfusions, the provider must 
weigh the risks versus the benefits. A blood transfusion may 
be required to ensure adequate tissue oxygenation, and any-
thing that compromises tissue oxygenation will increase the 
risk of infection. However, blood transfusions themselves 
stimulate a significant immune response that can also lead 
to an increased risk of infections, not to mention the very 

small risk they pose of transmitting an infection. Possible 
mechanisms by which blood transfusions are associated 
with this immune response involve the release of mediators 
by white blood cells during the storage of blood and the 
possible downregulation of the recipient’s immune system 
caused by white blood cells in the transfused product.41 In 
an effort to mitigate this risk, many U.S. medical centers 
have incorporated universal leukoreduction of red blood 
cell stock.42 The administration of leukocyte-depleted 
products has been demonstrated to result in a lower risk of 
infection than products containing white blood cells.10,43 
In cardiac surgery there has been evidence of a higher mor-
tality risk when white blood cell–containing transfusions 
are performed.10 Frietsch et al, however, hypothesized that 
leukoreduction does not result in a decreased risk of infec-
tion.44 In their study, they hypothesized that if the presence 
of white blood cells was responsible for transfusion-related 
immunomodulation, then leukoreduction of autologous 
transfusions would result in a decreased infection rate com-
pared with non-leukoreduced autologous transfusions. In 
their comparison, they did not find a significant difference 
in postoperative infection rate or median length of hospital 
stay.44 However, it is important to remember that this study 
was performed in the select group of patients undergoing 
autologous transfusions. Studies have demonstrated that 
the increased risk of sepsis is proportional to the amount 
of blood transfused as well as to the length of time of blood 
storage prior to transfusion.10,42 Weinberg et al performed a 
retrospective cohort study of trauma patients who received 
transfusion of at least 1 unit of leukoreduced blood during 
the first 24 hours of hospitalization.42 Patients were strati-
fied based on total number of units transfused, as well as 
whether they received “young” blood (stored for less than 
14 days) or “old” blood (stored for 14 days or longer). Stor-
age life of packed red blood cells is up to 42 days. Weinberg 
et al found that transfusion of at least 3 units of “old” blood 
significantly increased the risk of death compared with at 
least 3 units of “young” blood.42 For head and neck sur-
gery, the benefit of providing a transfusion should be heavily 
weighed against increasing the risk of surgical site, pulmo-
nary, or systemic infection. Every effort should be made to 
reduce the risk of transfusions by minimizing the amount of 
blood transfused, ensuring transfused products are leukore-
duced, and ensuring that transfused products have a storage 
time of less than 2 weeks.

Antibiotic Prophylaxis in Selected 
Procedures

Orthognathic Surgery

The overall complication rate associated with orthognathic 
surgery is low. According to Alpha et al, infection rates in 
mandibular osteotomies reported throughout the literature 
ranged from 3.4 to 33.3% .45 Most studies, however, have 
reported lower infection rates. Kim et al found an infection 
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rate of 1% in their retrospective review of 301 orthogna-
thic surgery patients.46 Chow et al found a 9.7% compli-
cation rate (7.4% of complications were infections) in a 
retrospective review of 2910 orthognathic procedures.47 
Chow et al found that patients having both jaws operated 
on had a significantly higher risk of developing an infection 
than those having only one jaw operated on, with 92.7% 
of the infected patients having double jaw surgery. Patients 
who had received only one preoperative antibiotic dose 
had a significantly higher rate of infection than those who 
received both preoperative and postoperative antibiotics. 
The duration of postoperative antibiotics ranged from 2 to 
14 days. The duration of postoperative antibiotics did not 
significantly affect the infection rate. In this study, patients 
who had received postoperative antibiotics in addition to 
a preoperative dose had a lower infection rate than those 
who had received only a preoperative dose. The conclusion 
of this study was that providing only a single preoperative 
dose of antibiotics was not recommended for prophylaxis. 
Although the optimal duration of postoperative antibiotics 
was not clear, it was believed that at least 2 postoperative 
days of antibiotics was useful.47

Zijderveld et  al found that a single preoperative dose 
of antibiotics resulted in a significantly decreased risk of 
infection compared with patients who received no antibiot-
ics.48 Their randomized, double-blind, placebo-controlled 
study compared single preoperative doses of amoxicillin- 
clavulanic acid with cefuroxime and placebo. They demon-
strated an 11.1% infection rate in the amoxicillin-clavulanic 
acid group, a 17.6% infection rate in the cefuroxime group, 
and a 52.6% infection rate in the placebo group. Their con-
clusions were that single preoperative dose antibiotic pro-
phylaxis resulted in a reduced risk of infection and that there 
was not a significant difference between the two antibiotics 
evaluated, although the power may have been too low to 
demonstrate a difference between the two antibiotics.48

Fridrich et  al performed a prospective study of 30 
orthognathic surgery patients and compared the use of 
peri-operative antibiotics to postoperative antibiotics for  
1 week.49 There was no significant difference in infection 
rates between the two groups, again indicating that pro-
longed periods of postoperative antibiotics do not offer an 
advantage over peri-operative dosing.

Dosing protocol was also examined by Lindeboom et al 
in a prospective randomized study of prophylactic antibiotic 
use in bilateral sagittal split osteotomies.50 Seventy patients 
(140 mandibular osteotomies) were assigned to either single 
preoperative dosing or 24-hour dosing with clindamycin. 
The preoperative dose was administered intravenously 15 
minutes prior to incision. Postoperatively, patients received 
either intravenous clindamycin every 6 hours for four doses 
or intravenous placebo every 6 hours for four doses. Surgical 
wounds were examined postoperatively for pain, swelling, 
erythema, inflammation, and purulence. There was a 5.6% 
infection rate in patients receiving only preoperative antibi-
otics compared with a 2.8% infection rate in those receiving 
antibiotics preoperatively and for 24 hours postoperatively. 

There was no statistically significant difference in infection 
rate between these two dosing schedules and the authors felt 
that long-term antibiotic prophylaxis was not advantageous 
in orthognathic surgery.

Overall, the evidence is not clear-cut, but does seem to 
support the use of at least peri-operative prophylactic antibi-
otics to prevent infection in orthognathic surgery. Although 
the ideal duration of postoperative antibiotics is not defini-
tively known, there is no evidence to support a prolonged 
duration of postoperative antibiotics.51 Given the evidence 
cited earlier in the chapter with regards to other surgical 
populations, the most prudent approach seems to be to pro-
vide an intravenous dose of antibiotics within 30 minutes 
prior to incision and to redose antibiotics at appropriate 
time intervals during the surgery, but not to provide post-
operative antibiotics.

Facial Fractures

Mandibular fractures have a higher rate of infection than 
other facial fractures, so most studies of antibiotic prophy-
laxis in facial trauma have evaluated the use of antibiotics in 
mandible fractures. Subcondylar fractures rarely get infected; 
in contrast, the highest rate of infection is associated with 
compound fractures that are either open to the mouth or 
with teeth in the line of fracture.52 Chole and Yee performed 
a randomized controlled trial comparing the use of peri-
operative antibiotics with no antibiotics in patients under-
going either open or closed treatment of facial fractures.52 
The study group received one preoperative and one postop-
erative dose of cefazolin, and the control group received no 
antibiotics. When all facial fractures were analyzed, 8.9% 
of patients in the antibiotic group became infected, while 
42.3% of patients in the control group became infected, 
demonstrating a significant reduction in infection conferred 
by prophylactic antibiotics. No maxillary or zygomatic 
fractures became infected and all infections occurred in the 
mandible at the symphysis or angle. The beneficial effect of 
prophylactic antibiotics was significant for open reductions 
only, not for closed reductions. Additionally, there was no 
significant difference between the infection rate of fractures 
treated in a closed manner (with or without antibiotics) and 
fractures treated in an open manner in which prophylac-
tic antibiotics were given. The author’s conclusion was that 
prophylactic antibiotics were of benefit in open treatment of 
mandibular angle or symphysis fractures.

A recent systematic review by Andreasen et  al53 of the 
use of prophylactic antibiotics in facial fractures, which 
included the Chole and Yee study,52 was also supportive. 
This review examined whether or not prophylactic antibi-
otics prevented infections in jaw fracture treatment; which 
antibiotic, dose, and length of treatment is ideal; and 
whether there are situations in which prophylactic antibiot-
ics should not be used. Four randomized studies published 
between 1975 and 1988 were included, but none of the 
included studies met the criteria of a randomized controlled 
trial. The authors of the systematic review concluded that in 
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the treatment of compound mandibular fractures, especially 
those treated in an open manner, prophylactic antibiotics 
were strongly indicated to reduce the risk of postoperative 
infection, reducing infection risk approximately threefold. 
Additionally, they believed that open treatment of fractures 
increased the risk of postoperative infection. Again, infec-
tions of the maxilla, zygoma, and condylar region were not 
reported, indicating the infection rate of fractures of these 
areas is exceedingly low.

In facial trauma, the evidence is clear that mandible frac-
tures have a much higher infection rate than midface frac-
tures. Additionally, it seems that open treatment increases 
the risk of infection compared with closed treatment and 
that open fractures have an increased risk of infection. It 
would be prudent for providers to administer 1 dose of 
preoperative antibiotics as well as subsequent doses during 
surgery in open treatment of facial fractures and to recog-
nize that even with this approach, a slightly higher risk of 
infection may occur in the treatment of mandible fractures. 
Since compound mandible fractures have a higher rate of 
infection, if there is a delay before treatment of an open 
mandible fracture, it is reasonable to provide such a patient 
antibiotics until the patient undergoes surgery.

Third Molars

The usefulness of antibiotics to prevent infection in third 
molar surgery has been a topic of discussion and of mul-
tiple trials over the years. A majority of the literature favors 
not using systemic antibiotic prophylaxis in third molar 
extractions. Alveolar osteitis, although not related to bac-
terial infection, is an inflammatory complication with a 
reported frequency of 25 to 30% in mandibular third molar 
extraction.54 Incidence of postoperative infection after third 
molar extraction has been reported to range between 1 and 
6%.55 A major principle of antibiotic prophylaxis is that the 
procedure in question should have a significant risk of infec-
tion. Therefore, with such a low infection rate, antibiotic 
prophylaxis in third molar extraction may not be indicated.

Piecuch et al performed a retrospective review of 2134 
patients who had 6713 third molars removed.56 Patients 
underwent one of six different types of treatment includ-
ing no antibiotics, peri-operative systemic antibiotics, place-
ment of tetracycline powder into the socket, peri-operative 
systemic antibiotics and tetracycline placement, postopera-
tive antibiotics, and postoperative antibiotics plus tetracy-
cline placement. The overall infection rate was low—3.5% 
and the infection rate of maxillary third molars was exceed-
ingly low—0.27%. Infections were stratified according 
to the level of impaction. Only mandibular impactions 
were found to demonstrate any significant differences. For 
erupted mandibular third molars, there was a significant 
reduction in infection in patients in which tetracycline was 
placed into the socket compared with patients in which 
no antibiotic was used. For soft tissue–impacted third 
molars, there was no significant difference among any of the 
groups of treatment. For partial bony impactions, systemic 

peri-operative antibiotics and placement of tetracycline in 
the socket significantly reduced the infection rate. Addi-
tionally, tetracycline placed in the socket of partial bony 
impactions appeared to be more effective than systemic 
peri-operative antibiotics in preventing infection. In full 
bony impactions, systemic antibiotics as well as tetracycline 
placed in the socket were demonstrated to reduce infection. 
Furthermore, when full bony impactions were removed, 
tetracycline placed in the socket was more efficacious than 
systemic peri-operative antibiotics in preventing infection. 
A limitation of this study was that it was retrospective and 
it was not randomized. As can be determined from data, the 
degree of impaction seems to be influential in infection rate 
and different levels of impaction respond to different pro-
phylactic techniques. The authors felt that their results sup-
ported the idea that prophylactic antibiotics in some form 
may be useful in preventing infection after mandibular third 
molar extraction, as reflected in the aforementioned results.

The use of systemic antibiotics for third molar prophy-
laxis was examined by Sekhar et al.57 In their prospective, 
randomized, double-blind, controlled study, patients hav-
ing asymptomatic mandibular third molars removed were 
included. There were 125 patients randomized to receive 
one of the following: a placebo, a single preoperative dose 
of metronidazole, or 5 days of postoperative metronidazole. 
Patients were examined 6 days postoperatively and the fol-
lowing parameters were evaluated: pain scores on postopera-
tive days 2 and 6, interincisal opening, and presence/absence 
of purulence or alveolar osteitis. Their analysis did not reveal 
any significant differences between the study groups with 
regard to these parameters and the authors believed that 
antibiotic prophylaxis did not reduce morbidity when man-
dibular third molars were removed.

In a slightly larger study by Poeschl et al, 288 patients 
underwent removal of 528 impacted mandibular third 
molars.58 In this prospective study, patients were random-
ized to receive either amoxicillin-clavulanic acid for 5 days 
postoperatively, clindamycin for 5 days postoperatively, or 
no antibiotics. All patients rinsed preoperatively with 0.2% 
chlorhexidine solution. Patients had drainage of any hema-
toma on postoperative day 2, and any patients who had par-
tial eruption of the third molar had iodoform gauze placed 
in the site at the time of surgery; this gauze was removed on 
postoperative day 2. Patients were assessed on postopera-
tive days 2 and 10, and at 4 weeks. The following param-
eters were evaluated: difference in interincisal opening 
compared with preoperatively, infection, dry socket, pain, 
and side effects. There was no significant difference among 
these groups with regard to incidence of infection or dry 
socket, interincisal opening, or pain. Notably, a large per-
centage of the cases of dry socket (69.6%) were associated 
with partially erupted third molars. The authors concluded 
that routine oral postoperative prophylactic antibiotics for 
asymptomatic third molars are not recommended.

In contrast, Arteagoitia et  al found that postoperative 
administration of amoxicillin-clavulanic acid after removal 
of one mandibular third molar did significantly reduce the 
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incidence of inflammatory and infectious complications in 
their study of 494 patients.59 In their prospective double-
blind placebo-controlled randomized clinical trial, patients 
were randomized to receive either 4 days of postoperative 
amoxicillin-clavulanic acid or no antibiotics. The socket was 
irrigated with 0.12% chlorhexidine on completion of the 
procedure. Patients also rinsed with 0.12% chlorhexidine 
three times daily for 7 days postoperatively. Their findings 
revealed a statistically significant increase in infection and 
inflammation in the placebo group. The groups had been 
well matched except that a greater proportion of teeth in 
the placebo group required bone removal. Regression anal-
ysis showed that age was a confounding variable, whereas 
sex, smoking, depth of impaction, angulation, intervention 
time, need for sectioning, and need for bone removal were 
not. The frequency of infection or inflammation was 1.9% 
in the antibiotic group compared with 12.9 % in the group 
not receiving antibiotics. The relative risk ratio for inflam-
matory complications without the use of postoperative anti-
biotics was 0.15. The number needed to treat to prevent one 
infectious or inflammatory complication was 10. Despite 
these findings, the authors questioned providing antibiotics 
to all patients to prevent these complications. In conclusion, 
they believed that use of clinical judgment was most impor-
tant, keeping in mind that older patients had greater risks of 
infectious or inflammatory complications.

Ataoglu et  al studied 150 patients having maxillary and 
mandibular third molars removed.60 Patients were randomized 
to receive either 5 days of preoperative amoxicillin-clavulanic 
acid, 5 days of postoperative amoxicillin-clavulanic acid, or 
no antibiotic. All patients rinsed preoperatively with 0.12% 
chlorhexidine. Patients were seen on postoperative days 2 and 
7 and were evaluated for swelling, infection, alveolar osteitis, 
interincisal opening, and pain. The authors did not find a sig-
nificant difference between the three treatment groups with 
regard to these parameters. The authors concluded that routine 
antibiotic prophylaxis is not indicated in third molar surgery.

Intravenous prophylactic antibiotics prior to third molar 
removal was examined by Halpern et al in a placebo- controlled, 
double-blind, randomized clinical trial comparing preop-
erative intravenous penicillin (or clindamycin in penicillin- 
allergic patients) with placebo.61 There were 118 patients, 
and the outcomes assessed were postoperative inflammation 
and SSI. The preoperative antibiotic group had no infec-
tions or postoperative inflammatory complications. The 
placebo group had an 8.5% (p = 0.03) SSI rate and no inci-
dence of alveolar osteitis. All infections were in patients in 
whom the removed tooth had been either a partial bony or 
a complete bony impacted mandibular third molar requiring 
bone removal. In conclusion, the authors believed that the 
use of intravenous prophylactic antibiotics did decrease the 
incidence of SSIs and the number needed to treat was 12. 
A review of this study by Beirne pointed out that the study 
was limited by small sample size, but was otherwise a well-
designed study.62

A study by Kaczmarzyk et al, however, demonstrated that 
neither preoperative nor postoperative antibiotics were more 

effective than placebo in preventing inflammatory or infec-
tious complications of mandibular third molar removal.63 
Their study was a prospective, randomized, double-blind, 
placebo-controlled trial that included 86 patients requiring 
third molar removal. Patients were divided into three treat-
ment groups: those receiving single-dose preoperative oral 
clindamycin, those receiving preoperative dose clindamycin 
plus multiple-dose clindamycin postoperatively for 5 days, 
and those receiving placebo. The following parameters were 
evaluated on postoperative days 1, 2, and 7: trismus, facial 
swelling, body temperature, lymphadenopathy, alveolar 
osteitis, and subjective pain assessment. There was no signif-
icant difference among the groups in reference to postopera-
tive inflammatory complications and the authors believed 
that the results did not support the use of prophylactic anti-
biotics for the removal of third molars. However, a weakness 
of this study was its small sample size.

Ren et al performed a thorough meta-analysis of random-
ized controlled clinical trials evaluating antibiotic use in third 
molar extractions published between 1974 and 2007.64 Two 
primary outcomes were evaluated: alveolar osteitis and surgi-
cal site infection. In studies reporting alveolar osteitis as an 
outcome, there were 2932 patients randomized in 16 tri-
als. Alveolar osteitis occurred in 14.4% of patients who did 
not receive preoperative systemic antibiotics and in 6.2% of 
patients who did receive preoperative systemic antibiotics. 
The number needed to treat in order to prevent one episode 
of alveolar osteitis was 13. According to the analysis, there was 
a statistically significant reduction of alveolar osteitis for man-
dibular third molars when preoperative systemic antibiotics 
were used. Postoperative antibiotics did not have a statistically 
significant effect on the incidence of alveolar osteitis. In stud-
ies reporting SSI as an outcome, 2396 patients in 12 clini-
cal trials were included. SSI occurred in 4% of patients who 
did receive antibiotics and in 6.1% of patients who did not 
receive antibiotics. The number needed to treat was 25. Both 
penicillin and metronidazole were effective in reducing alveo-
lar osteitis, but metronidazole was not as effective as penicillin 
in prevention of SSI. The meta-analysis suggested that the 
most effective dosing strategy was to administer preopera-
tive antibiotics 30 to 90 minutes before surgery and continue 
them for 3 to 5 days postoperatively. However, a single pre-
operative dose was also believed to be as effective as multiday 
dosing. Antibiotics given after surgery had started were not 
effective in reducing alveolar osteitis or infection. Despite the 
statistical significance of their findings, the authors ultimately 
concluded that the decision to provide preoperative antibiot-
ics should be made by carefully weighing the risks versus the 
benefits. It was believed that the results should not represent 
a rigid guideline for antibiotic prophylaxis and that risk fac-
tors should be considered when deciding whether or not to 
provide antibiotics. It was believed to be reasonable to admin-
ister penicillin 1 hour before surgical removal of impacted 
mandibular third molars. The decision to provide postopera-
tive antibiotics should be considered for those with risk fac-
tors for infection including smoking, poor oral hygiene, and 
advanced age.
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Considering these and the many other studies that 
have looked at this question, it is likely best to follow 
the recommendations of Arteagoitia et al59 and use clini-
cal judgment when considering whether or not to use 
prophylactic antibiotics in third molar extraction. Pro-
phylactic antibiotics in cases in which infection does not 
already exist should likely be more seriously considered 
in patients with comorbidities that may predispose to a 
higher risk of infection, in patients who are older, and for 
extractions of partial or full bony impacted mandibular 
third molars. When indicated, true antibiotic prophy-
laxis, providing the dose before surgery so that high tissue 
concentration can be achieved prior to surgical contami-
nation, offers the best chance for infection prevention.51 
Additionally, the use of postoperative antibiotics has not 
been shown to significantly reduce infections in third 
molar cases and should not be prescribed in uninfected 
cases.

The use of chlorhexidine rinses has also been exten-
sively studied in third molar surgery. A meta-analysis 
by Caso et al examined the use of chlorhexidine to pre-
vent alveolar osteitis.65 They evaluated seven random-
ized control trials and divided them into two groups: 
one group of two studies examined strictly preoperative 
use of chlorhexidine rinses, while a second group of five 
studies examined rinsing at least on the day of surgery 
as well as for several days postoperatively. In the analy-
sis of the group in which only preoperative rinses were 
used, there was no reduction in alveolar osteitis. In the 
group in which postoperative rinses were used, three of 
the five studies showed a significant reduction in alveolar 
osteitis in response to rinsing with chlorhexidine both 
preoperatively once and postoperatively for several days. 
A limitation of the meta-analysis was the fact that many 
of the studies used slightly different rinsing protocols. 
Additionally, there were differences among studies with 
regard to the criteria used to diagnose alveolar osteitis. 
In this meta-analysis, it was not possible to determine 
the minimum number of days of postoperative rinsing 
needed to significantly reduce alveolar osteitis. In conclu-
sion, postoperative chlorhexidine rinses seem to decrease 
the risk of alveolar osteitis, but further study is necessary 
to determine an ideal protocol. Additionally, although 
not as common as antibiotic resistance, chlorhexidine 
resistance has been reported. There have been reports 
of resistance to chlorhexidine in strains of Pseudomonas 
aeruginosa, Proteus mirabilis, Escherichia coli, Serratia 
marcescens, and Pseudomonas stutzeri.66

Conclusions

Perioperative infection control is complex and well stud-
ied, but there are still many unanswered questions. Recent 
advances over the last decade have definitely reduced the 
incidence of HAI. There are many interventions that may 
reduce the risk of SSIs and the choices can be overwhelm-
ing; however, there are certain factors that are proven to 

reduce SSIs and are relatively easy to act on. The most 
important factors appear to be the administration of 
appropriate prophylactic antibiotics, appropriate manage-
ment of hair, and postoperative serum glucose control. If 
the surgeon focuses on these efforts and remembers the 
increased risks associated with blood transfusions, then 
he or she will already be optimizing the care of surgical 
patients.
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34
Medicolegal Issues Related 
to Orofacial Infections
LEWIS N. ESTABROOKS AND JAMES R. HUPP

Clinicians managing patient infections unfortunately have 
the same risks of medicolegal problems as when managing 
other patient problems. Patients with a preexisting infec-
tion pose the possibility of the practitioner failing to make a 
timely diagnosis, reaching a misdiagnosis, or providing the 
wrong treatment. On the other hand, infections occurring 
after clinical intervention run the risk of being blamed on 
negligence in the performance of a procedure or failure to 
take appropriate steps to prevent infection.

Liability company closed claims data from 2009 to 2013 
from the Oral and Maxillofacial Surgery National Insurance 
Company show that allegations related to infections repre-
sent 10% of all claims, 6% of the total indemnity paid, and 
16% of the total defense costs. Although 86% of the claims 
closed without an indemnity payment, infection-related 
claims still present a serious risk. Dentoalveolar surgery con-
stitutes 81% of the primary procedures related to infection 
cases for oral-maxillofacial surgeons, while dental implant 
surgery accounted for 9%. The remaining cases involved 
nonsurgical treatments, facial aesthetic surgery procedures, 
temporomandibular joint treatment, orthognathic surgery, 
pathology, and trauma. It is important to recognize that 
most occurrences of infections are treated appropriately and 
never become legal issues.

This chapter reviews some of the more common allega-
tions regarding infection cases and makes suggestions to help 
minimize the chances of them being turned into a lawsuit.

Failure to Make a Timely Diagnosis

Patients with a preexisting infection usually have the signs 
and symptoms that lead the clinician to suspect the pres-
ence of an infection; however, three problems can arise. 
First, when an infection is not the most obvious diagnosis, 
the clinician may place infection too low (or not at all) on 
his or her differential diagnosis list, not conducting needed 
diagnostic procedures, such as ordering blood cultures, suf-
ficiently early in the patient’s workup. Second, even when 

an infection is suspected, the actual pathogen is not identi-
fied because of the failure to perform appropriate micro-
biological diagnostic procedures. Third, even if the actual 
pathogen is identified, effective antimicrobial therapy is not 
prescribed.

Osteomyelitis is a common allegation in this category. 
The typical case involves a patient who has a recurrent dental 
infection that has been treated with antibiotics in the past. 
For purposes of illustration, consider this scenario: A tooth 
is removed and a course of antibiotics may or may not have 
been prescribed. The patient returns in 10 to 12 days com-
plaining of continued pain. There is no obvious clinical evi-
dence of infection, and the site is treated as a “dry socket” for 
several days. A radiograph does not reveal anything, and the 
patient may empirically be given an antibiotic. After several 
weeks, the patient seeks care with a new doctor who proceeds 
to take a new radiograph that shows bone destruction con-
sistent with osteomyelitis. It typically takes approximately 
3 weeks for an infection to have enough bone decalcifica-
tion to begin to reveal itself on imaging; therefore, providers 
relying solely on an early radiograph could be considered 
negligent by a patient’s attorney. Most “dry sockets” begin at 
approximately 3 days postoperatively and are resolved by the 
tenth day. Thus, when there is persistent discomfort beyond 
10 days, another cause should be investigated.

Thus, the treating clinician should try to keep the pos-
sibility of an infectious etiology of a disease process in mind 
when managing any patient with signs and symptoms of 
an inflammatory process or when the cause of the patient’s 
problem is not readily apparent. In addition, it is important 
to remember that an infection can and often does coexist 
with other disease processes.

Failure to Ensure Patient Safety

Patients developing an infection after a hospital or office-
based procedure may claim that they were exposed to patho-
gens because of the failure to maintain the appropriate 
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degree of sterility or cleanliness. The patient’s first impression 
of the clinical facility is usually based on his or her overall 
impression of the cleanliness of the facility and the person-
nel, including areas such as the reception area and restrooms. 
The patient will be observant of hand washing habits and the 
use of clean and sterile procedures. If the facility is less than 
pristine and the patient develops an infection, the patient 
may report his or her observations to an attorney. The cli-
nician may then be challenged to prove that all standards 
related to infection prevention protocols have been met. If a 
lawsuit arises, staff members may be deposed, and they will 
almost always reveal how well the practice infection guide-
lines are or are not followed. The facility may be asked to 
produce documentation of infection control training proce-
dures and evidence of continuing education for the doctors 
and staff. Documentation of spore testing to confirm effec-
tive sterilization is often requested by plaintiff attorneys.

Therefore, it is important to establish and follow infec-
tion control practices when providing patient care, espe-
cially those set by accreditation standards or existing in 
facility policy and procedure manuals. In addition, all areas 
that patients encounter when coming to a facility for care 
should be kept reasonably clean, including reception areas 
and restrooms, to set the proper tone of the facility’s atten-
tion to disease prevention.

Failure to Treat Adequately

Allegations related to failure to adequately treat an infec-
tion include prescribing the wrong antibiotic and inad-
equate dosing or administration. In most circumstances, a 
practitioner can use professional judgment to empirically 
select the antibiotics most likely to be effective without first 
obtaining a specimen for microbiologic testing. However, 
when an infection becomes progressive or is not responding 
to the prescribed antibiotic, then culture and sensitivity test-
ing, and perhaps other testing, are warranted. In addition, 
infectious disease physicians can be called upon to assist 
when more complicated or severe infections occur.

Failure to Prescribe Antibiotics

A common allegation in infection claims is that preoperative 
antibiotics were not prescribed. Plaintiff attorneys capitalize on 
the misconception that a pill could have prevented any infec-
tion. Ironically, the same attorney may argue that antibiotics 
were unnecessarily prescribed when there is a complication 
related to the use of the antibiotic. Thus, it becomes impera-
tive that the practitioner documents whether an infection is 
present before surgery. Evidence shows that in many cases 
the removal of the source of infection is a better treatment 
option than prescribing an antibiotic. Many minor localized 
infections do not need an antibiotic initially; however, if the 
patient develops symptoms, an antibiotic can be started later.

Prophylactic prescribing of antibiotics depends on the prac-
tices where the clinician trained and the practitioner’s current 
institution’s standard practices (often related to geographic 

location). In many circumstances, there are mixed opinions 
and no definitive evidence-based studies to support prophy-
lactic antibiotics before all surgery as a standard of care. This 
makes it incumbent upon practitioners to stay abreast of pub-
lished scientific studies addressing the efficacy of prophylactic 
antibiotics. For most hospital-based major surgical proce-
dures, an intravenous antibiotic administered before surgery 
has become the norm even when no good scientific evidence 
of its efficacy exists. In addition, the presence of diseases that 
compromise the immune system’s ability to manage patho-
gens may support the use of prophylactic antibiotics.

Dental practitioners have a special circumstance sur-
rounding the use of prophylactic antibiotics. This relates to 
patients with cardiac abnormalities or orthopedic implants. 
Guidelines published by the American Heart Association, 
the American Society of Orthopedic Surgeons, and the 
American Dental Association address this issue. Therefore, 
it is imperative for clinicians to stay current with their rec-
ommendations since they are subject to change.

Prescribing Unnecessary Antibiotics

Similar to most medications, antimicrobial drugs carry the 
risk of complications. Cases alleging complications from 
the use of antibiotics include allergic reactions that develop 
immediately or soon thereafter. Thus, a thorough history 
regarding any previous allergic reactions to drugs or food 
is important. In addition, familiarity with potential cross-
reactions between any medications that the patient is taking 
is important. Clostridium difficile infection, if it occurs, can 
be life-threatening and may be blamed on the injudicious 
use of antibiotics. Informing susceptible patients about this 
possibility and advising them to report bloody diarrhea 
immediately allow for early intervention.

Unnecessary prescribing occurs when several doctors 
prescribe different antibiotics for the same chronic infection 
over a period of time. Then when the patient has an acute 
exacerbation, the infecting organism is resistant to any anti-
biotics that were previously effective. Thus, conferring with 
prior-treating doctors when managing a patient’s chronic 
infection is important.

Informed Consent

Unfortunately, today’s society in general expects nothing less 
than perfection. The public does not expect to experience 
any complications resulting from a procedure—surgical or 
otherwise. When infection becomes disfiguring, expensive, 
or time consuming or when it interferes with a patient’s 
income and lifestyle, the patient may believe that the only 
option is to seek legal recourse. If this occurs, the plaintiff’s 
attorneys will help the patient to develop allegations about 
any complication, including infection. At that moment, the 
doctor becomes the defendant and must make every effort 
to disprove untrue allegations made against him or her.

The practitioner’s legal counsel in a medicolegal action 
will always want to learn about the plaintiff’s informed 
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consent related to the alleged negligence. This is commonly 
a major thrust of the defense. Therefore, the opportunity 
to educate patients about the potential risks of infection 
and treatment options should occur during the informed 
consent discussion. When a patient has a reasonable under-
standing of the procedure, including potential risks such as 
infection, he or she tends to be much more accepting of a 
complication if one does occur and will, in general, par-
ticipate in working toward curing the problem. In addition, 
a patient with an existing infection should be informed of 
the possible risks of managing the infection, including those 
related to medications, procedures, and possible outcomes.

General Recommendations Related  
to Risk Management

 •  The best defense against medicolegal claims: be available, 
affable, and affordable.

 •  If problems occur, communicate with the patient and his 
or her family, show empathy for the situation, and take 
the time to explain why the patient is having the problem 
and the proposed treatment.

 •  Document signs and symptoms before and during the 
progression of clinical events so that the reasons for your 
treatment decisions are accurately reflected and recorded.

 •  Referring patients to collections for not paying the bal-
ance of their bill when they have had a difficult recovery 
only incites animosity that far too frequently leads to 
unnecessary litigation.

 •  All surgical procedures have a risk of infection without 
any negligence by a provider. The art and science of the 
profession allows for the use of good judgment in how 
best to prevent and treat infections. Good documenta-
tion of decision processes, backed by evidence-based 
medicine, best serves patients and usually protects prac-
titioners against litigation.
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The following case reports illustrate management of dento-
alveolar infections against the background of the modern 
changing bacterial spectrum and in the compromised host 
(see Chapter 12).

Postextraction Infection

A healthy 24-year-old man underwent extraction of a par-
tially impacted mandibular third molar because of a history 
of intermittent pain and swelling. Penicillin was prescribed 
postoperatively for 10 days. Seventeen days after surgery, 
pain and swelling recurred. Penicillin again was prescribed 
but had no effect. Surgical drainage of the dentoalveolar 
abscess was performed, and the culture report revealed the 
presence of Acinetobacter calcoaceticus var. Iwoffii (Mima 
polymorpha), sensitive to ampicillin, gentamicin, and car-
benicillin. The infection rapidly resolved.

The causative organism in this patient may have been an 
oral transient that became an opportunistic invader of the 
pericoronal culture media, or it may have been a secondary 
virulent aggressor whose growth was stimulated by penicil-
lin suppression of the normal oral flora. Culture contamina-
tion is always a consideration when an unusual organism 
is encountered, but the response of the infection to the 
culture-specific antibiotic suggests otherwise.

Pericoronitis in an Immunocompromised 
Patient

A 26-year-old man was admitted to the hospital for che-
motherapy for acute lymphocytic leukemia of 3 months’ 
duration. A previous attempt at chemotherapy had been 
discontinued because of the development of Escherichia coli 
sepsis and pneumonia.

On the first hospital day the patient reported mandibu-
lar pain and submandibular adenopathy was palpable. His 
temperature was 100° F (37.8° C) and the white blood cell 
count was 1250 cells/mm3, with numerous blast forms pres-
ent, but platelet counts were well above normal levels. Oral 
examination revealed pericoronal swelling and tenderness 
but no erythema or purulence.

Blood cultures were performed and antibiotic therapy 
was started (tobramycin, 60 mg tid, and ticarcillin, 3 g q4h). 
By the patient’s third hospital day, his temperature was nor-
mal and the white blood cell count was 3800 cells/mm3.

Dental radiographs revealed three partially impacted third 
molars. All three were extracted with the patient under local 
anesthesia, the wounds were irrigated with bacitracin solu-
tion, and the margins were loosely sutured. No further signs of 
infection were observed and chemotherapy was reinstituted.

Comments

Patients whose immune systems are compromised or sup-
pressed are at greater risk from odontogenic infection. The 
lack of erythema and purulence, or even a lack of tempera-
ture elevation, is typical of patients with neutropenia who 
do not demonstrate the classic signs of infection, often until 
serious generalized sepsis has focused attention on the origi-
nal site. The patient with leukemia who is receiving chemo-
therapy has both quantitative and qualitative abnormalities 
of granulocytes.

The choice of antibiotics for this patient was based on his 
previous episode of gram-negative sepsis and on the hope 
of providing the widest possible spectrum of antibacterial 
activity. The optimal time to perform exodontia for patients 
with leukemia during remission is when the white blood 
cell count is above 2000 cells/mm3, and antibiotics, which 
are considered therapeutic rather than prophylactic, should 
be used. Some investigators further advocate that impacted 
teeth should be removed as a prophylactic measure in a 
patient with leukemia. However, it is difficult to justify sub-
jecting patients who are severely ill or immunocompromised 
(e.g., leukemia, human immunodeficiency virus infection) 
to prophylactic surgery when the potential complications 
of that surgery—the risk of sepsis and the possibility of 
toxic side effects from high-dose antibiotics—are basically 
the same as those for an infection in the unextracted third 
molar. This situation is in contrast to the much better risk/
benefit ratio for the extraction of asymptomatic impacted 
third molars in healthy patients.

The universal extraction of impacted teeth in all compro-
mised hosts has been suggested, but the cost and potential 
morbidity and mortality suggest otherwise. Careful observa-
tion, antibiotic therapy, and selective exodontia seem more 
prudent in the compromised host.

Canine Space Infection

A 52-year-old man underwent extraction of the maxillary 
left canine tooth 1 month before the onset of swelling lateral 

Appendix I
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to the nares. Nasal infection had been the diagnosis, and his 
physician had prescribed penicillin for the swelling.

When the swelling spread to the labial sulcus, the patient 
could no longer wear his denture and sought a dental con-
sultation. Examination revealed a fluctuant mass lateral to 
the nares and firm swelling under the upper lip. Dental 
radiographs revealed a radiolucency in the area of the previ-
ously extracted canine root.

With the patient under general anesthesia, an incision 
into the labial sulcus produced drainage of pus. Blunt dissec-
tion superiorly with a small clamp produced greater egress 
of pus as the lateral nasal abscess (canine space) was entered. 
The mass collapsed, a drain was placed, and the purulent 
granulation tissue was curetted from the bony fossa over the 
canine root.

A culture report later revealed growth of Citrobacter 
freundii, a gram-negative enteric rod. Penicillin therapy was 
discontinued and further healing was uneventful.

Canine Space Infection

A 29-year-old woman had been examined in numerous hos-
pital clinics because of intermittent swelling and drainage 
from a fistula “below her eye” (see Figure 12-7). Otolar-
yngologic, ophthalmologic, and dermatologic examinations 
had failed to reveal the cause of the lesion, as had radio-
graphs of the sinuses, fungal cultures, chest radiography, 
and tuberculosis testing. Biopsy of the lesion was scheduled 
after dental consultation.

Dental examination revealed a carious pulpal exposure 
of the maxillary canine tooth, and a dental radiograph dem-
onstrated an apical radiolucency at the root tip. Culture of 
the fistula revealed β-hemolytic streptococci. The tooth was 
extracted and the fistula promptly closed, terminating the 
chronic canine space infection.

Buccal Space Infection

A 10-year-old boy had massive swelling of the cheek to the 
level of the eyelids. Before the onset of the swelling, he had 
a toothache in a molar tooth, but the commencement of 
the swelling was associated with diminution of pain. His 
temperature was 101° F (38.3° C), and the skin of his cheek 
was warm, tender, and erythematous. The affected tooth 
was treated by pulpal extirpation, and penicillin therapy 
was started. Two days later fluctuance was noted in the infe-
rior portion of the cheek, and a percutaneous incision and 
drainage was performed on an outpatient basis. Ten millili-
ters of pus were obtained, and a culture later yielded strep-
tococci. Penicillin therapy was continued for 10 days, and 
the infection resolved. Endodontic filling of the tooth was 
performed later.

Masticator Space Infection

A 5-year-old girl underwent extraction of an “abscessed” 
mandibular deciduous molar associated with swelling of 

the buccal vestibule. Penicillin was prescribed but was never 
administered by the parent. Sixteen days later the child 
returned to the hospital with severe trismus, intense pain, 
brawny erythematous swelling involving the masseteric 
compartment of the masticator space, and a temperature of 
102.6° F (39.2° C) (see Figure 12-11). Radiographs revealed 
“brushfire” osteomyelitis of the mandible. Her white blood 
cell count was 16,700 cells/mm3, with 78% polymorpho-
nuclear leukocytes.

Despite intravenous penicillin therapy the swelling and 
pain intensified and on the third hospital day the girl was 
taken to the operating room. After blind nasal intubation a 
curvilinear skin incision was made below the angle of the 
mandible, and blunt dissection was carried to bone at the 
mandibular angle. Blunt penetration of the masticator sling 
resulted in a profuse flow of foul-smelling pus (see Figure 
12-12). Specimens for aerobic and anaerobic cultures were 
obtained and a drain was placed. A Gram stain revealed 
gram-positive cocci, some in chain formations. Cultures 
later yielded anaerobic streptococci.

Medical evaluation for defective host defense mecha-
nisms proved fruitless; penicillin therapy was continued 
orally and parenterally, sequestrectomy was performed later, 
and after many months the soft tissue and bone infection 
cleared completely.

Although unusual, this case illustrates masticator space 
infection and the problems of patient noncompliance. An 
intraoral incision and drainage might have been techni-
cally difficult in a small child and would not have provided 
dependent drainage. Long-term intraoral purulent flow and 
the presence of drains might not have been well tolerated. 
The need for anaerobic and aerobic culturing of deep space 
infections is also illustrated by this case.

Temporal Space Infection

A 28-year-old male hospital employee underwent forceps 
extraction of a carious maxillary third molar. Four days later, 
he noted the onset of trismus, pain, and temporal area head-
ache. By the sixth postextraction day, he had an oral open-
ing of only 12 mm, and examination revealed tender firm 
swelling in the temporal area just superior to the zygomatic 
arch. His white blood cell count was 13,950 cells/mm3, and 
his temperature was 101.8° F (38.8° C).

The patient was admitted to the hospital and underwent 
percutaneous incision and drainage of the temporal space 
the next day. A small amount of purulent material was 
obtained from the superficial temporal pouch, and culture 
later revealed mixed oral flora. Penicillin was administered 
and the infection resolved without further sequelae.

No antibiotic was used at the time of extraction, nor was 
any antibiotic therapy indicated for extraction of a non-
infected maxillary molar. Drainage also could have been 
accomplished intraorally at the insertion of the temporalis 
muscle at the mandibular coronoid process. CT scan of the 
masticator space confirms the diagnosis of infection, even if 
early or occult, and can delineate its extent.
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Sublingual Space Infection

A 47-year-old immunosuppressed patient who had received 
a kidney transplant reported swelling under his tongue. 
Examination revealed erythematous, firm, tender swelling 
of the floor of the mouth. Two mandibular incisors were 
mobile; radiographs revealed diffuse bone loss consistent 
with periodontitis, and deep gingival pockets were present. 
His temperature was 100.4° F (38° C).

Penicillin and warm saline solution rinses were pre-
scribed for this ambulatory patient. Two days later, with 
the patient under outpatient general anesthesia, the teeth 
were extracted and a mucosal incision parallel to Wharton’s 
duct produced a small amount of purulent drainage from 
the sublingual space. Culture of specimens revealed strep-
tococci, both aerobic and anaerobic; the infection resolved 
in 10 days.

Necrotizing Fasciitis

A 63-year-old patient with insulin-dependent diabetes and 
a history of poorly controlled hyperglycemia was transferred 
from a rural hospital, where he had been treated with intra-
venously administered antibiotics for 4 days because of mas-
sive swelling of the neck. The infection originally had been 
localized in the submental area after extraction of a mobile 
mandibular central incisor.

Examination revealed an obese, febrile man whose neck 
was swollen, intensely erythematous and tender, with pal-
pable crepitus from the chin to the sternal notch. His white 
blood cell count was 27,400 cells/mm3, and the fasting 
blood glucose level was 280 mg/dL. CT scanning revealed 
gross swelling of the neck associated with profuse gas forma-
tion and tissue necrosis.

After fluid resuscitation and intubation, the patient’s 
neck was opened widely and necrotic fascia and muscle 
were removed. Brown necrotic tissue and fluid, with a 
fecal odor, extended from the submandibular and sub-
mental spaces to the superior mediastinum. After cultures 
were obtained, multiple drains were placed, small areas 
of necrotic skin were excised, and intravenous imipe-
nem therapy was started empirically when a Gram stain 
revealed a mixed flora of gram-positive cocci and gram-
negative rods.

Culture later revealed aerobic and anaerobic streptococci 
and Fusobacterium and Bacteroides organisms. Healing pro-
gressed slowly but uneventfully after hyperglycemia was 
controlled, and the patient was discharged on the twenty-
third hospital day.

In a grossly obese, hyperglycemic patient with insulin-
dependent diabetes, periodontal infection is the norm 
and postextraction infection is commonplace. Whether 
standard penicillin therapy (or prophylaxis) would have 
avoided or aborted an infection is debatable. The early 
concomitant use of metronidazole and clindamycin would 
have increased the chance of success in this mixed-flora 
infection.

In this patient a localized submental space infection 
spread to the submandibular spaces and into the neck, cre-
ating a life-threatening necrotizing fasciitis.1-5

Submental Space Infection

A 10-year-old child was brought to the emergency depart-
ment 2 days after a fall from a bicycle. Examination revealed 
a markedly swollen chin, and imaging revealed a nondis-
placed symphyseal fracture and a subcondylar fracture. The 
central incisors were slightly mobile. Despite rigid fixation 
and penicillin therapy, the submental area became fluctu-
ant and required incision and drainage, from which strep-
tococci and Bacteroides were cultured. After drainage the 
infection and fracture healed uneventfully.

Antibiotics do not penetrate well into fascial space infec-
tions, regardless of the primary source of infection; a scalpel 
blade often is the therapy of choice. Fractures and surgery 
may be the cause of space infections.

Ludwig’s Angina

A 9-year-old girl in severe respiratory distress was brought 
to the emergency department by ambulance. Four days ear-
lier a diagnosis of “submaxillary mumps” had been made by 
the family physician because of unilateral swelling beneath 
the mandible. Despite progressive swelling, pain, and tem-
perature elevation, only symptomatic therapy was used. A 
few hours before the patient’s hospital admission, the swell-
ing had spread bilaterally and respiratory distress had devel-
oped. Examination in the emergency department revealed a 
cyanotic, semicomatose child with a large firm swelling of 
the anterior neck. Her tongue was displaced superiorly and 
posteriorly by wooden-hard erythematous sublingual edema. 
Laryngoscopy in the emergency department was unsuccessful.

Tracheostomy was attempted but was difficult because of 
massive edema and displacement of the trachea. The child 
died within a few minutes while the tracheostomy was being 
performed, and resuscitation efforts proved fruitless. Post-
mortem examination confirmed the diagnosis of Ludwig’s 
angina and a deeply carious mandibular molar as its cause.

Submaxillary mumps without parotid involvement is 
rare, if it exists at all, whereas untreated Ludwig’s angina is 
lethal. Had the association of submandibular swelling with a 
diseased tooth been noted, the child’s death could have been 
prevented. The rapidly lethal course of the infection, once 
it had crossed the submandibular midline, illustrates the 
clear danger of ignoring early signs of this disease. Ludwig’s 
angina leaves little room for misdiagnosis or procrastina-
tion, especially in children. Although the overall incidence 
of Ludwig’s angina is decreasing, as is the frequency of mor-
tality, contemporary series of cases reveal that as many as 
24% of patients in hospitals with this diagnosis are admit-
ted to the pediatric service. Tonsillitis is a more common 
cause of deep neck infection in children than is odontogenic 
infection, and airway compromise is less well tolerated than 
in adults.
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Ludwig’s Angina, Sepsis, Disseminated 
Intravascular Coagulation

A 25-year-old woman, in apparently good health, under-
went extraction of a painful, partially impacted third molar 
tooth in a dental office. No antibiotics were prescribed 
because there were no obvious clinical signs of infection at 
the time of surgery.

Low-grade temperature elevation and facial swelling 
developed during the evening after surgery. By the follow-
ing day a firm bilateral submandibular swelling, mild tris-
mus, and temperature elevation to 100.8° F (38.2° C) were 
noted. The patient experienced chills, and the swelling had 
increased and trismus had intensified later that day. Symp-
tomatic therapy in the form of analgesics and oral rinses 
was used.

By the morning of the third postoperative day the patient 
was obtunded and cyanotic. The family physician called to 
her home was unable to obtain a recordable blood pressure 
and observed that she was cold, cyanotic, and barely arous-
able. He noted the presence of purpura and that massive 
swelling extended from “the jaw to the clavicle.”

She was transferred by ambulance to a hospital emergency 
department and admitted with the diagnosis of Ludwig’s 
angina and septicemia. Laboratory studies at the time of 
admission revealed visible blood in the urine, red blood cell 
casts, hemoglobin level of 15.2 g/100 mL, and a white blood 
cell count of 8300 cells/mm3. Platelets were absent from the 
peripheral blood smear, and the prothrombin time was mark-
edly prolonged. Because of the presence of shock, acral cyano-
sis, purpura, thrombocytopenia, and obvious coagulopathy, 
the diagnosis was modified to disseminated intravascular 
coagulation secondary to Ludwig’s angina of dental origin.

Further laboratory data in the intensive care unit revealed 
a blood urea nitrogen level of 75 mg/100 mL, platelet count 
of 39,000/mm3, partial thromboplastin time of 52 seconds, 
and a moderately decreased fibrinogen level associated with 
severe depletion of other hemostatic factors. Gram stain of 
the buffy coat demonstrated large numbers of gram-positive 
cocci, whereas blood cultures later grew β-hemolytic Strep-
tococcus colonies.

Tracheostomy was performed and oxygen administered; 
fluids, fresh plasma, and blood were infused; penicillin 
and oxacillin were administered; and heparin therapy was 
started. Despite all therapy, neck swelling increased, temper-
ature increased to 105° F (40.6° C), urine output decreased, 
and the blood pressure could be maintained no higher than 
90/60 mm Hg with the continuous infusion of vasopres-
sors. A purulent exudate was noted in the oral cavity, and 
gram-positive cocci were seen on Gram stain.

By the morning of the fourth postoperative day (sec-
ond hospital day), the shock syndrome and renal failure 
appeared irreversible and the patient was comatose. The 
purpura became generalized and bleeding persisted around 
the tracheostomy and intravenous catheter sites. Immuno-
electrophoresis studies supported the diagnosis of consump-
tion coagulopathy, as did serial coagulation tests.

Assisted respiration and use of plasma, serum albumin, 
and mannitol infusions were continued. Chest radiography 
revealed diffuse infiltrates bilaterally, and bloody sputum 
was obtained from tracheal suctioning. Unremitting deteri-
oration continued and late on the fourth postoperative day 
fatal cardiopulmonary arrest occurred.

Disseminated intravascular coagulation is a well-recog-
nized but fortunately uncommon sequelae of severe infec-
tion. It occurs as a result of gram-negative sepsis far more 
commonly than as a result of streptococcal infection, but 
severe complications are possible with dental infection. The 
possible preventive effect of antibiotic use at the time of 
surgery is purely speculative, inasmuch as the 50 to 70% 
fatality rate of patients with disseminated intravascular 
coagulation includes many who were receiving antibiotics 
at the time of the onset of the consumptive coagulopathy. 
Generalized sepsis can be the cause of death in Ludwig’s 
angina.

Ludwig’s Angina

A 60-year-old woman with a diagnosis of Ludwig’s angina 
and septicemia was admitted to the intensive care unit by 
a clinician in the hematology section. The patient had a 
13-year history of chronic lymphocytic leukemia, which 
had required chemotherapy only during the last year. 
She had complained to her dentist about painful swol-
len gingiva 3 days before admission, and penicillin had 
been prescribed for the periodontal infection. By the date 
of admission, her mouth and neck were markedly swol-
len, airway obstruction was present, and she was in septic 
shock.

Examination revealed an intubated, obtunded patient 
with a temperature of 101° F (38.3° C). The tongue was 
elevated over erythematous indurated sublingual tissue, and 
the gingivae were edematous and red, especially adjacent 
to the mandibular incisors. The upper neck was bilaterally 
swollen and firm. The white blood cell count was 52,000 
cells/mm3, consisting exclusively of immature lymphocytes 
and a few blast forms.

Blood and oral cultures grew Pseudomonas aeruginosa. 
Incision and drainage of the neck was performed, and cul-
tures also revealed Pseudomonas. High-dose, intravenous 
multiple-antibiotic therapy was instituted, but despite a 
secure airway the patient died of generalized sepsis on the 
fifth hospital day.

The compromised host is the contemporary patient most 
at risk from deep fascial space infection, usually from oppor-
tunistic organisms. Although the death certificate listed 
chronic lymphocytic leukemia, septicemia, and Ludwig’s 
angina as causes of death, the initiating factor was gingivitis.

Alternative treatment for Ludwig’s angina has been 
described. Glucocorticoids have been added to antibiotic 
therapy when the latter did not halt the inexorable pro-
gression of the infection. The rationale is to combat the 
inflammatory edema, with resolution finally accomplished 
without surgery.6
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Lateral Pharyngeal and Masticator Space 
Infection

A 19-year-old man was seen with trismus and dysphagia. 
Historically, he had multiple episodes of pericoronitis con-
trolled by antibiotics, but he had refused third molar extrac-
tion. Examination was difficult because of trismus and pain, 
but bulging of the lateral pharyngeal wall and soft palate 
with deviation of the uvula was observed, in addition to ten-
derness and slight swelling at the mandibular angle. Imag-
ing confirmed the diagnosis of lateral pharyngeal space and 
masticator space (pterygoid compartment) infection.

After cautious blind nasal intubation, a mucosal incision 
at the pterygomandibular raphe and an angle skin incision, 
with deep blunt dissections, released pus from the spaces 
and relieved the trismus. Mixed oral flora was treated with 
intravenous penicillin and metronidazole, but persistent 
pharyngeal swelling and inadequate drainage, confirmed 
by CT, necessitated second incision and drainage 5 days 
later, which resolved the infection. The infected tooth was 
removed.

Medically and legally, a patient must be fully informed 
of the risks of recurrent pericoronitis. In such situations, the 
procedure is not elective, but rather is better categorized as 
urgent.

Dysphagia, like dyspnea, is an alarm in the presence of 
an odontogenic infection. Anesthesia consultation, prompt 
imaging, and rapid surgical decompression are necessary.

Failure to respond quickly to incision and drainage, dem-
onstrated by defervescence of fever, lowered white blood 
cell count, and relief from dysphagia or dyspnea, requires 
reevaluation by examination and reimaging to determine 
adequacy of drainage or possible late involvement of other 
spaces. A second trip to the operating room during the ini-
tial hospitalization is medically and legally superior to a later 
readmission.

Multiple Fascial Space Infections

A 60-year-old man was admitted to the hospital from the 
emergency department with a diagnosis of multiple space 
infections and parotitis. Facial swelling had been present for 
4 days before admission. His medical history revealed the 
presence of hepatic cirrhosis and steroid therapy for periph-
eral neuropathy.

Admission examination demonstrated unilateral facial 
swelling extending from the temporal region to the angle of 
the mandible, moderate trismus, bulging of the soft palate, 
and purulent discharge from Stensen’s duct orifice, which 
was macerated. The mandibular second molar was mobile, 
and bloody purulent exudate could be expressed from the 
adjacent gingiva. His temperature was 102° F (38.9° C) 
and the white blood cell count was 14,850 cells/mm3. 
Gram stain results suggested streptococci from the gingi-
val purulence and staphylococci from the duct. Specimens 
for culture were sent to the laboratory, and high-dose intra-
venous cephalosporin therapy was started. Steroid therapy 

was reduced gradually and then discontinued during his 
hospitalization.

Despite treatment, the patient’s swelling and pain per-
sisted, and by the second hospital day he reported dysphagia 
and dyspnea. Soft tissue radiographs revealed narrowing of 
the upper airway because of expansion of the posterior pha-
ryngeal space.

On the evening of the second hospital day, tracheostomy 
was performed with the patient under local anesthesia, and 
general anesthesia was then administered. Drainage of the 
buccal, masticator, infratemporal, lateral pharyngeal, and 
retropharyngeal spaces was accomplished intraorally. Pro-
fuse purulent flow was obtained and drains were placed. 
External drainage of the parotid gland was performed by 
a preauricular approach. Repeat drainage of the tempo-
ral spaces was performed on the fourth day; drainage was 
performed percutaneously because of persistent pain and 
bulging in the area. Two mandibular molars were extracted. 
Rapid resolution of the space infections and parotitis fol-
lowed, but osteomyelitis of the mandible (mixed oral flora) 
subsequently developed.

Cortisone was a major contributing factor in the rapid 
and deep spread of this dental infection. The parotitis may 
have been a result of dehydration or caused by occlusal 
trauma to the bulging buccal mucosa and duct orifice. It 
also may have been the result of spread of infection from 
neighboring spaces. The infection was exacerbated by the 
antiinflammatory effects of the steroids. This case is a prime 
example of an overwhelming “minor” infection in a com-
promised host.

Multiple Fascial Space Infections

A 40-year-old man underwent extraction of an infected 
third molar and penicillin was prescribed and taken. How-
ever, on the third postextraction day the patient was seen 
at an emergency department with fever, shaking chills, tris-
mus, and dysphagia. His physician ordered blood cultures 
and intravenous antibiotics. By the third day of his hospi-
talization and after two further changes of antibiotics, the 
patient remained febrile and blood culture revealed Fusobac-
terium. No imaging was performed.

Surgical drainage of the masticator and lateral pterygoid 
spaces on the fourth hospital day resulted in diminished 
swelling and defervescence. The patient was discharged the 
following day taking oral penicillin. Eight days later, he was 
sent from work back to the emergency department where 
he reported chills, headache, and nuchal rigidity. The anti-
biotic regimen was changed again, but he returned to the 
emergency department 2 days later semicomatose.

Blood cultures again grew Fusobacterium and strepto-
cocci, and magnetic resonance imaging revealed a posterior 
pharyngeal space abscess and an epidural brain abscess near 
the brain stem. Surgical drainage of both sites and 10 days 
of intensive intravenous antibiotic therapy resolved all signs 
of infection, but the patient had severe neurologic deficits, 
including deafness and hemiparesis. Legal action ensued 
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against the physician, the surgeon, the emergency physi-
cian, and the hospital, with a final settlement of almost  
$2 million.

Fusobacterium, an oral organism, can be virulent, espe-
cially when causing generalized sepsis. Patients with positive 
blood culture results should not be discharged until cultures 
are sterile or after 10 days of appropriate intravenous anti-
biotic therapy. Even a lateral plain film might have revealed 
an incipient posterior pharyngeal space infection. Shaking 
chills, headache, and neck stiffness should have been strong 
indicators, especially with the patient’s history of recent 
drainage of a lateral pharyngeal space.

Multiple Fascial Space Infections/
Mediastinitis

A 20-year-old student underwent extraction of bilat-
eral painful impacted mandibular third molar teeth in an 
outpatient facility. His medical history was significant for 
numerous episodes of staphylococcal pneumonitis and skin 
infections during childhood. A chronic fungal infection of 
his nail beds resisted treatment. No antibiotics were used or 
prescribed at the time of surgery.

Eight days after extraction of the teeth, he was admit-
ted to the hospital because of dyspnea, dysphagia, swelling 
of the left side of the neck and face, and temperature of 
103.4° F (39.7° C). The diagnosis at the time of admission 
was lateral pharyngeal space abscess, left submandibular 
space abscess, and left buccal space infection. Dehydration 
was clinically apparent, and the white blood cell count was 
19,700 cells/mm3 with a marked shift to the left.

Intravenous fluids and clindamycin were adminis-
tered. On the second hospital day, spontaneous drainage 
from the buccal space occurred, and Gram-stained smears 
of  specimens revealed gram-positive cocci and gram-
negative rods. Culturing yielded Bacteroides species and 
peptostreptococci.

Despite extensive antibiotic therapy, his condition 
worsened, and lateral neck imaging revealed widening of 
the retropharyngeal space. On the fourth hospital day, he 
underwent tracheostomy and exploration of the suprahyoid 
spaces, carotid sheath, lateral pharyngeal spaces, and pos-
terior pharyngeal spaces through submandibular and ster-
nocleidomastoid approaches. Three drains were placed, and 
mixed aerobic and anaerobic flora was cultured from the 
heavy purulent fluids suctioned from these spaces.

The patient’s condition improved considerably after 
surgery, with relief of respiratory distress, lowered tem-
perature, and lessened leukocytosis. Blood glucose, B- and 

T-lymphocyte counts, complement assay, and white blood 
cell chemotaxis studies were performed and yielded normal 
findings. Blood cultures yielded Peptostreptococcus on two 
occasions.

On the thirteenth hospital day the patient reported chest 
pain, his temperature spiked to 104° F (40° C), and radio-
graphs revealed a widened mediastinum and pleural effu-
sions (see Figure 12-22). Thoracentesis produced a cloudy 
aspirate that yielded Eikenella corrodens when cultured. Spu-
tum cultures later yielded P. aeruginosa; tobramycin ther-
apy was instituted, and clindamycin was discontinued. On 
the seventeenth hospital day the mediastinum and a large 
empyema cavity were drained. Two ribs were resected and 
drains were inserted.

The patient slowly recovered, but on the twenty-seventh 
hospital day, swelling of the neck and exacerbation of the 
fever occurred. His neck was re-explored, a small amount 
of pus was obtained, and drains were inserted. Cultures 
revealed E. corrodens and peptostreptococci.

All signs of infection resolved, all drains were removed, 
and the patient was discharged on the fifty-third hospital 
day. In retrospect, inflammatory markers, such as sedimen-
tation rate and C-reactive protein, might have been used to 
follow or even predict the course of his disease.

This patient’s history was strongly suggestive of compro-
mised host defenses. Although he underwent testing while 
he had an infection, no defects in the defense system were 
found, based on contemporary knowledge. Such was the 
state of the art. His progressive and persistent infectious 
course may have been related in part to the well-documented 
failure of clindamycin to destroy E. corrodens.
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Infection-Induced Osteomyelitis

A 65-year-old male was referred by his general dentist for 
the extraction of a symptomatic right mandibular third 
molar (Figure A-1). The tooth had a communication with 
the oral cavity and a history of prior episodes of pericoro-
nitis successfully treated with oral antibiotics. The patient 
was otherwise in good general health and his list of medica-
tions consisted solely of supplemental vitamins. He denied 
tobacco or alcohol use. The patient underwent an uncom-
plicated surgical extraction of the third molar and was 
placed on a 7-day course of amoxicillin. The postoperative 
course was remarkable for pain and trismus mostly due to 
muscle spasm.

Panoramic radiographs obtained on postoperative 
week  1 (Figure A-2) and repeated on postoperative week 
4 (Figure A-3) revealed an intact mandible devoid of any 
obvious signs of osseous pathology.

On the eighth postoperative week, the patient returned 
to the clinic with a complaint of a sudden return of right 
mandibular pain and malocclusion of 3-days duration. The 
patient denied any history of trauma and was afebrile. Exam-
ination of the mandible was difficult due to trismus and the 
presence of focal intense pain. Additionally, a small quantity 
of a purulent exudate was noted at the site of the previous 
extraction. Culture of the drainage was obtained and sub-
mitted to the laboratory for culture and sensitivity studies.

A radiograph obtained on this date revealed a nondis-
placed fracture involving the right mandibular angle region 
(Figure A-4). Radiolucencies consistent with osteolysis, as 
well as ragged osseous borders and presence of a sequestrum, 
were noted.

The patient was asked to return to the office the follow-
ing morning, and under intravenous sedation the wound 
was explored and recultured. Additionally, the fracture site 
was debrided and granulation tissue was curettaged. Seques-
trectomy and saucerization were performed and specimens 
were also submitted for biopsy to rule out other noninfec-
tive pathology. The patient was then placed in intermaxil-
lary fixation (IMF) (Figure A-5).

Two days post-debridement, the patient reported increased 
malaise and a decision was made to have the patient admitted 
for further workup. The patient had a low-grade fever with 

a slight leukocytosis (13,000 cells/mm3 consisting of 78% 
polymorphonuclear leukocytes and 16% bands). Computed 
tomography (CT) scanning was interpreted as being most 
consistent with a diagnosis of osteomyelitis of the mandible 
due to the soft and hard tissue changes present. An infec-
tious disease consult was obtained to assist with the manage-
ment of the patient. The patient was treated presumptively 
for osteomyelitis pending the results of the biopsy and the 
culture and sensitivity studies. He was empirically placed on 
intravenous broad-spectrum antibacterial coverage. Vanco-
mycin and ampicillin/sulbactam were recommended by the 
infectious disease consultant and implemented. Rigid fixa-
tion was also applied to the fracture site on postadmission 
day four. The bone biopsy result was consistent with osteo-
myelitis and the culture revealed mixed oral flora. The patient 
was placed on a 4-week course of intravenous penicillin fol-
lowed by a 3-month regimen of amoxicillin/ clavulanate. The 
patient tolerated the antibiotic course and had a full recovery 
from the infection. The pathologic fracture of the mandible 
fully healed without any sequela. He has been symptom-free 
for 12 months since the initial presentation.

Radiation-Induced Osteonecrosis

A 58-year-old male was referred by his general dentist for 
the evaluation of a nonhealing fistulous tract involving the 
anterior mandibular vestibule. The patient had presented to 
his general dentist about 6 weeks prior with a complaint of 
slight swelling and pain involving the anterior mandibular 
region. The patient wears a mandibular overdenture sup-
ported by dental implants. The patient’s general dentist 
had prescribed at least three 1-week courses of antibiotics; 
each course 1 week apart (two 1-week courses of amoxicil-
lin and a 1-week course of clindamycin). The patient had 
been responsive to these regimens while on the antibiotics, 
but would have recurrences of the infection on discontinu-
ation. The patient’s past medical history was significant for 
a history of irradiation to the upper neck for an isolated 
enlarged right neck lymph node that had been found posi-
tive for squamous cell carcinoma with no known primary 
lesion. He had received a total radiation dose of 6,000 cGy 1 
year prior to the onset of his signs and symptoms. Review of 
radiotherapy documents confirmed that the mandible was 

Appendix II
Case Reports Related to Osteomyelitis 
and Osteonecrosis
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• Figure A-2 Radiograph 1 week post-op shows the mandible intact and devoid of signs of osseous 
pathology.

• Figure A-3 Radiograph 4 weeks post-op shows the mandible intact and devoid of signs of osseous 
pathology.

• Figure A-1 Pretreatment radiograph showing symptomatic right mandibular third molar.
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in the field of radiation. Of note, the implants had been 
placed 2 years prior to the discovery of his neck mass. He 
reported a 30-pack-year smoking history. On the initial 
presentation, the patient was afebrile and had gingival ery-
thema and slight fullness in the mandibular vestibule. There 
was a small fistulous tract opening with scant purulence. 
The left dental implant was mobile; however, the right den-
tal implant appeared stable (Figure A-6).

A panoramic radiograph revealed areas of radiolucency 
and irregular osseous borders involving the anterior man-
dibular region (see Figure A-6). The exudate was swabbed 
for culture and sensitivity studies. The patient was asked to 
return in a week for a follow-up appointment, and given 
the history of irradiation to his mandible, he was referred 
to a wound center for evaluation and to receive hyperbaric 
oxygen (HBO) therapy.

The patient returned 5 days later with increased swelling, 
pain, and the new finding of an orocutaneous fistula in the 
submental region. Additionally, the right implant appeared 
mobile (Figure A-7).

A decision was made to perform an incision and drain-
age, reculture the wound, remove the mobile implants, 
debride, and remove any necrotic free-floating bone and 
submit for biopsy (Figure A-8).

The patient was referred to an infectious disease special-
ist and was empirically placed on amoxicillin/clavulanate. 
The culture results were positive for mixed oral flora. The 
biopsy results confirmed osteomyelitis with colonies of acti-
nomyces. A diagnosis of spontaneous osteoradionecrosis of 
the mandible secondary to denture trauma and subsequent 
superinfection with actinomyces was made.

The patient received 30 dives of HBO per Marx Protocol 
and was placed on amoxicillin for 6 months. The patient 
had a full recovery, with no recurrences of the infection 
18 months after the initial presentation (Figure A-9).

Drug-Induced Osteonecrosis

An 85-year-old female presented for the extraction of a 
symptomatic mandibular right second molar (Figure A-10). 

• Figure A-4 Radiograph 8 weeks post-op shows a nondisplaced fracture involving the right  mandibular 
angle, radiolucencies consistent with osteolysis, ragged osseous borders, and the presence of a 
 sequestrum.

• Figure A-5 Radiograph showing intermaxillary fixation.
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• Figure A-6 Pretreatment radiograph showing radiolucency and irregular osseous borders involving the 
anterior mandibular region.

• Figure A-7 Five days after the initial presentation, radiograph shows an orocutaneous fistula in the 
submental region; the right implant now appears mobile.

• Figure A-8 Post-treatment radiograph. Treatment included incision and drainage, reculturing of the 
wound, removal of the mobile implants, debridement, and removal of necrotic free-floating bone.
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The patient stated that the tooth had become symptomatic 
1 week earlier. The patient’s past medical history was signifi-
cant for being on alendronate for 5 years for osteoporosis; 
however, her physician had discontinued the bisphospho-
nate 1 year earlier. The patient was also on etanercept for 
rheumatoid arthritis. On examination, the patient had 
gingival fullness with no purulent exudate and the tooth 
was very sensitive to palpation. Given the presence of symp-
toms, the tooth was extracted atraumatically and the patient 
was placed on amoxicillin and chlorhexidine rinses.

A follow-up appointment a week later revealed a nor-
mally healing socket with small amounts of granulation 
tissue, but no exudate. The patient also reported a slight 
paresthesia in the area of distribution of the right inferior 
alveolar nerve. The patient returned to the clinic 2 weeks 
later with the new onset of an orocutaneous fistula in the 
right submandibular region. Exposure of alveolar bone 
measuring 5 mm was noted at the extraction site. Pan-
oramic radiography revealed extension of the radiolucency 
within the mandible compared with the baseline (Figure 
A-11). The presence of irregular osseous borders could 

also be appreciated. The drainage was swabbed for culture 
and sensitivity and amoxicillin was prescribed. The patient 
was referred to an infectious disease specialist. The culture 
results confirmed polymicrobial etiology including presence 
of actinomyces. Given the patient’s history, a diagnosis of 
drug-induced osteonecrosis of the mandible with superin-
fection with actinomyces was made. The patient was placed 
on intravenous penicillin G for 8 weeks, followed by a 
4-month course of amoxicillin.

The orocutaneous fistula did not completely resolve until 
the third month. The antibiotic therapy was discontinued 
by the infectious disease specialist after a total of 6 months. 
One month later, the patient returned with the recurrence 
of an orocutaneous fistula at the same site. A decision was 
made to maintain the patient on the amoxicillin regimen 
indefinitely as a suppressive modality. Exposed bone at the 
extraction site persisted for over 18 months. Over 24 months 
after the initial presentation, while still on amoxicillin, the 
patient is asymptomatic, the exposed bone is no longer pres-
ent, and there has been no recurrence of the orocutaneous 
fistula (Figure A-12).

• Figure A-9 Radiograph 18 months after the initial presentation. The patient fully recovered.

• Figure A-10 Pretreatment radiograph showing symptomatic mandibular right second molar.
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• Figure A-11 Two weeks after tooth removal. Radiograph shows extension of the radiolucency within the 
mandible compared with the baseline.

• Figure A-12 Radiograph 24 months after the initial presentation. The patient is asymptomatic.
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ABP. see Acute bacterial parotitis (ABP)
ABRS. see Acute bacterial rhinosinusitis 

(ABRS)
Abscess, 319

Bezold, 299
brain. see Brain abscess
cerebral, 264, 265f
chronic periapical, 186
deep neck space, 146t–148t
dental, 208t
epidural, 263–264, 299
gingival, 197, 197f
intracranial, 307–308
lateral pharyngeal space, 218f
nasal, 264–265
nasal septal, 265
odontogenic. see Odontogenic abscess
orbital, 261, 263f, 307
pericoronal (pericoronitis), 198, 198f
periodontal, 197–198, 197f
periodontic-endodontic, 199–200
in periodontium, 196–198
peritonsillar. see Peritonsillar abscess (PTA)
reactive adenopathy and, 126
retropharyngeal space, 219f
right submandibular space, 129f
submandibular, 118f
subperiosteal, 261, 262f, 304
subperiosteal orbital, 130f
in thyroid gland, 290f
toxoplasmic, 315
vestibular space, 128f

Accessory innervation, 427
Acetic acid 2%, for otitis externa, 300, 301t
Acid mantle, 318
Acinetobacter baumannii, 160
Acne, 319–320, 319f, 397

clinical presentation and diagnosis of, 320
treatment of, 320

Acne keloidalis nuchae, 320
Acne vulgaris, 319, 319f
Acquired immunodeficiency, 407–408

neoplastic conditions associated with, 413
non-neoplastic conditions associated with, 

408–412
Acquired immunodeficiency syndrome 

(AIDS), 272
in immunocompromised patients, 412

Actinobacillus actinomycetemcomitans, 355
Actinomyces israelii, 325
Actinomyces naeslundii, 189–190
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infections from, 273, 273f
Actinomycosis, 156t, 244, 325–326

clinical features and presentation of, 325, 
325f

diagnosis of, 326
pathogenesis of, 326
treatment of, 326

Active surveillance testing (AST) program, 
439

Acute allergic sialadenitis, 244
Acute atrophic candidiasis, 46
Acute bacterial parotitis (ABP), 236–241

algorithm for management, 240f
clinical example of, 238f
diagnosis of, 238
treatment of, 239

Acute bacterial rhinosinusitis (ABRS), 249
adjunctive therapies for, 253–254
antibacterial regimens for

in adults, 253t
in children, 252t

fever and, 250
management for, 251f

Acute bacterial submandibular sialadenitis, 
241–243

diagnosis of, 234f, 242
feature of, 242
left submandibular gland, 242f
treatment of, 242–243

Acute infectious thyroiditis, 291
Acute necrotizing ulcerative gingivitis, 

146t–148t
in pediatric patients, 397

Acute necrotizing ulcerative periodontitis, in 
pediatric patients, 397

Acute otitis externa (AOE), 300–302
uncomplicated, treatment for, 301t

Acute otitis media (AOM), 294–297, 295f
complications of, 297–300
diagnosis of, 295–296
epidemiology of, 294–295
microbiology of, 295
pathophysiology of, 295
treatment of, 296–297

Acute rhinocerebral mucormycosis (ARM), 
51–52

Acute suppurative labyrinthitis, 299
Acyclovir, 169t–170t
Adaptive immune response, 196
Adaptive immunity, 2, 3f, 10–11
Adaptive Technology (SybronEndo), 180–181
Adaptor proteins, 6
Adenopathy, reactive, 126
Aerobic gram-negative rods, 203–204
Aerodigestive tract injury, 345
Aesthetic facial surgery, infections associated 

with, 366–372
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Agar diffusion test, 98–99
Agar plates, 98, 98f
Aggregatibacter actinomycetemcomitans, 31t
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Aggressive periodontitis, 194
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AIDS. see Acquired immunodeficiency 

syndrome (AIDS)
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procedure, 138b
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examination, 422–425
diagnostic tests, 424
history, 423
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physical, 423–424
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management strategies, 425–435
corticosteroids, 425–426
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general anesthesia, 431–433
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local anesthesia, 426
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patient communication, 427–428
sedation and analgesia techniques, 

428–429
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Airway infections, in pediatric patients, 
403–404

Airway patency, in severity of head and neck 
infection, 122, 122f–123f

Alcohol, 154t–155t, 441
Alcohol abuse, in immunocompromised 

patients, 410
Alfentanil, 154t–155t
Allergic fungal rhinosinusitis (AFRS), 

258–259, 258f
Allergic rhinitis, chronic rhinosinusitis and, 

256
Alloplastic implants, 370

postnasal surgery infections and, 368
Allopurinol, 154t–155t
Alternaria fungi, 249
Alveolar fractures, 346
Alveolar osteitis, 447
Amantadine, 169t–170t
American Academy of Otolaryngology-Head 

and Neck Surgery (AAO-HNS), on 
acute rhinosinusitis, 250

Amikacin, for meningitis, 309
Aminoglycosides, 149, 154t–155t
Amoxicillin

for acute bacterial rhinosinusitis (ABRS), 
251–252, 252t

for acute otitis media, 296
for dental infections, 206–207
for oropharyngeal infections, 276
semisynthetic penicillin, 150t–151t, 

154t–155t
Amoxicillin-clavulanate, for acute bacterial 

rhinosinusitis
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on, 251–252
Amoxicillin-clavulanic acid, 150t–151t, 207, 

447–448
Amphotericin B, 166–167
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for suppurative complications of oropha-
ryngeal infections, 278
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Analgesia, 428–429
Anatomic pathology, 94
Anesthetic considerations, in head, neck, 

and orofacial infections, 422–437
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Anisindione, 154t–155t
Ankylosis, 179
Anthrax, 321

clinical course of, 321
cutaneous form of, 321

Anthrax (Continued)
diagnosis of, 321
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pulmonary form of, 321
treatment of, 321

Anthrax antitoxin, 321
Antianaerobics, 158t
Antiangiogenic drugs, osteonecrosis from, 

230
Antibacterial chemotherapy, 141
Antibacterial regimens, for acute bacterial 
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Antibiotic-associated colitis, 152
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Antibiotic therapy, 137, 141–163
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duration of, recommended, 156t
intravenous, costs of, 158t
for odontogenic infections, 206–207
oral, cost of, 157t
principles of, 141–160, 142b

adjunctive treatment, 141–142
minimize the duration of, 156
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158–160
use specific antibiotic, 143–144
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149–152
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142–143
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administration of, for implant surgery, 

354b
for cat-scratch disease, 244
for chronic rhinosinusitis, 256–257
for community-acquired MRSA, 144t
failure to prescribe, 453
interactions with other drugs, 154t–155t
for osteoradionecrosis, 228
postoperative, in maxillofacial trauma, 
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pregnancy and pediatric risk categories, 

153t
prescribing unnecessary, 453
prophylactic. see Prophylactic antibiotics
for recurrent acute rhinosinusitis, 

256–257
resistance, 143, 143t

mechanisms, 143t
for secondary chronic osteomyelitis, 

225–226
strategies in development, 160–161
topical. see Topical antibiotics

Antibody, 11f–12f
function of, 18
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Antifungal agents, 164
action and mechanisms of, 165f
spectrum of action of, 168f
timeline of, 167f
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Antigen presentation, 12–15, 16f
Antigen processing, 16f
Antigen receptors, 10–12, 11f
Antihistamines, for acute rhinosinusitis, 254
Antimicrobial molecules, as barrier to 

infection, 5
Antimicrobial therapy

for acute otitis media, 296
species-specific, for acute bacterial 

parotitis, 239–240
Antithyroid medications, 291
Antivirals agents, 168, 169f, 169t–170t, 

172t
Apical implantitis, 357, 359f
Aqueous alcohol rubs, 442
ARM. see Acute rhinocerebral mucormycosis 

(ARM)
Aspergillus fumigatus, 101f
Aspergillus species, 50–51, 100

clinical manifestations of, 50–51
computed tomographic scan, fungus ball 

on, 51, 51f
diagnosis of, 51
in sinus disease, 99
treatment for, 51

Asymptomatic bacteriuria, 383
Ataxia telangiectasia, 406–407
Atypical mycobacterial infections, 246
Auditory apparatus, 77f
Auricle (pinna), 75–77, 77f
Autogenous block grafts, 360
Autologous tissue, reconstruction with,  

335
Azithromycin, 149–152, 207

for acute bacterial parotitis, 239–240
for oropharyngitis, 276–277

Azoles, 164–166, 166t–167t

B

B cell receptor, 12, 14f
B cells (B lymphocytes), 2

clonal selection, 18f
Bacitracin, 154t–155t
Bacteria

cultures, 98
tooth-associated plaque, 191b–192b

Bacterial flora
in head and neck, 28t
in maxillofacial trauma wounds, 342–343
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Bacterial infections
acute, 28–29
chronic, 29–30
in head and neck, 31t
oropharyngeal, 273
in pediatric patients, 395–398

acne, 397
bite wounds, 396
intraoral, 397–398
skin, 395–396

salivary gland, 236–244
actinomycosis, 244
acute allergic sialadenitis, 244
acute bacterial parotitis, 236–241
acute bacterial submandibular 

sialadenitis, 241–243
cat-scratch disease, 244
chronic recurrent bacterial parotitis, 

243
chronic recurrent submandibular 

sialadenitis, 243–244
radiological parotitis, 244

Bacterial meningitis, 309
Bacterial tracheitis, 286
Bacterial zone, necrotizing ulcerative 

gingivitis and, 199
Bactericidal antibiotics, 152–153, 155t
Bacteriology, 27–37, 97–99
Bacteriophages, 161
Bacteriostatic antibiotics, 155t
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symptomatic, 383

Bacteroides fragilis, 206
Barriers, to infections, 4–5
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Benign lymphoepithelial lesions (BLLs), 245
Benzalkonium, for wound irrigation, 444
Benzodiazepines, 428
Bezold abscess, 299
Bilateral tonsillar hypertrophy, 274, 274f
Biofilm
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Bisphosphonate drugs, osteonecrosis from, 
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Bite wounds, 146t–148t, 346, 396
regimen for, 408

Black necrotic lesion, 409f
Blepharitis, 38
Blepharoplasty, 369
BLLs. see Benign lymphoepithelial lesions 

(BLLs)
Blood transfusion, 445

for head and neck reconstruction, 
373–374

Bloodstream infections
catheter-related. see Catheter-related 

bloodstream infections
central line-associated, 438

Bordetella pertussis, 95–96
Boskar transmandibular implant, 354, 354b
Bovine pericardium, 334
Brain abscess, 299, 312–313, 312f

antibiotics for, 146t–148t, 156t
Brain infection, 309–317
Bromocriptine, 154t–155t
Bronchitis, laryngotracheal, 285
Bronchoscopic sampling, 386
Broth dilution test, 98–99
Bruton’s agammaglobulinemia, 407–408
Buccal cellulitis, 211–212, 212f
Buccal space, 69–71

abscess, anatomy of, 211f
infection, 130f, 211–212, 211f, 456

Burkholderia cepacia, 95–96
Burns, 4–5, 346

C

Calcofluor-KOH, 99
Calmette-Guérin vaccine, 99
Cancer, osteoradionecrosis and, 226
Candida albicans, 45, 201
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procedures, 367

Candida leukoplakia, 46, 46f
Candida parapsilosis, 361
Candida species, 45–46, 45t

clinical manifestations of, 45–46
diagnosis of, 46
treatment for, 46
in yeast form and pseudohyphae, 46f

Candidiasis, 201, 201f
acute atrophic, 46
chronic atrophic, 46
oral, in pediatric patients, 399–400
pseudomembranous, 45–46

Canine space, 71
infections in, 210–211, 211f, 455–456

Canines, infections of, 208, 455–456
Capnocytophaga canimorsus, 408
Capnocytophaga species, 31t, 35
Carbamazepine, 154t–155t
Carbapenemase, K. pneumoniae, 144
Carbapenems, 149, 158t
Carbuncles, 320
Caries. see Dental caries
Carotid endarterectomy (CEA), 334–336
Carotid ligation, 335
Carotid pseudoaneurysm, 336
Carotid stenting, 335–336
Castile soap, for wound irrigation, 444
Catheter-associated urinary tract infection 

(CAUTI), 383–385, 439
clinical presentation of, 384
definition of
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383

by Infectious Disease Society of 
America, 383

diagnosis of, 384
epidemiology of, 383–384

Catheter-associated urinary tract infection 
(Continued)

prevention for, 385
risk factors for, 384
treatment of, 384–385

Catheter-related bloodstream infections, 
388–390

clinical presentation of, 388
determinants of, 390
diagnosis of, 388–389
epidemiology of, 388
risk factors of, 388
treatment of, 389

Cat-scratch disease, 244
CAUTI. see Catheter-associated urinary tract 

infection (CAUTI)
Cavernous sinus, 74

coronal depiction of, 75f
intracranial, axial depiction of, 75f

Cavernous sinus thrombosis, 211, 261–262, 
263f

as complication of orbital cellulitis, 
307–308

CEA. see Carotid endarterectomy (CEA)
Cefamandole, 154t–155t
Cefazolin, 440–441
Cefdinir, 150t–151t, 296
Cefoperazone, 154t–155t
Cefotaxime, for acute bacterial  

rhinosinusitis
in adults, 253t
in children, 252t

Cefotetan, 154t–155t
Ceftazidime, for meningitis, 309
Ceftriaxone, 149–152, 150t–151t

for acute bacterial rhinosinusitis
in adults, 253t
in children, 252t

Cefuroxime, for acute otitis media, 296
Cell culture cytotoxic assay, for Clostridium 

difficile, 392
Cellular immunity, 11, 16–18, 17f,  

20f–21f
Cellular immunodeficiency, 408
Cellulitis, 204–205, 319, 321–322

buccal, 211–212, 212f
clinical presentation of, 322
diagnosis of, 322
facial (erysipelas), 146t–148t, 156t
of left infraorbital and periorbital spaces, 

130, 133f
orbital. see Orbital cellulitis
preseptal, 260
reactive adenopathy and, 126
treatment options for, 322

Centor criteria
for pharyngitis, 274, 274t
rapid antigen detection test (RADT) and, 

275
Central line-associated bloodstream 

infection (CLABSI), 438
Cephalexin (Keflex), 150t–151t
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Cephalosporins, 149, 154t–155t, 158t
for acute otitis media, 296
oral, for oropharyngitis, 276–277
for salivary gland infections, 239–240

Cerebral abscess, 264, 265f
Cerebritis, 264, 312
Cerebrospinal fluid, viral meningitis and, 

309
Cervical fascia, axial plane depiction of, 

65f–66f
Cervical lymphadenitis, 146t–148t, 

416–418
in pediatric patients, 404
tuberculous and non tuberculous, features 

of, 417t
Cethromycin, 160
Chagoma, 53
Chemotaxis, complement-mediated, 10f
Chemotherapy, for head and neck recon-

struction, 374
Chlamydia pneumoniae, oropharyngeal 

infections from, 273–274
Chloramphenicol, 154t–155t
Chlorhexidine, 441, 447–448

for third molar surgery, 449
for wound irrigation, 444

Chlorhexidine gluconate
versus povidone-iodine scrubs versus 

chloroxylenol, 442
rinses, 354

Chocolate agar, 98
Chorioretinitis, toxoplasmic, 54, 55f
Chronic atrophic candidiasis, 46
Chronic nonbacterial osteomyelitis, in 

pediatric patients, 398
Chronic periodontitis, 191b–192b, 194
Chronic recurrent bacterial parotitis, 243
Chronic recurrent multifocal osteomyelitis 

(CRMO), in pediatric patients, 398
Chronic recurrent submandibular 

sialadenitis, 243–244
Chronic rhinocerebral mucormycosis, 52, 52f
Chronic rhinosinusitis (CRS), 254–257

diagnostic tests for, 255
imaging for, 255–256, 255f
pathophysiology of, 249
surgery for, 257
symptoms of, 254–255
treatment for, 256–257

Ciprofloxacin, 154t–155t
Ciprofloxacin/dexamethasone, for otitis 

externa, 301, 301t
Ciprofloxacin/hydrocortisone, for otitis 

externa, 301t
Cisapride, 154t–155t
Citrobacter freundii, 456
CJD. see Creutzfeldt-Jakob disease (CJD)
CLABSI. see Central line-associated 

bloodstream infection (CLABSI)
Clarithromycin, 154t–155t

for acute bacterial parotitis, 239–240
for oropharyngitis, 276–277

Clean-contaminated wound, 342
Clindamycin, 150t–151t, 154t–155t, 344, 

440–441, 446
for acute bacterial parotitis, 239–240
for acute bacterial rhinosinusitis, 252t
for acute otitis media, 296
for dentoalveolar infections, 206–207
for endodontic infections, 182
for suppurative complications of oropha-

ryngeal infections, 278
Clonal selection, 15, 17f–18f
Closed-mouth technique, 427
Clostridium difficile colitis, 152, 390–391. 

see also Clostridium difficile infection
fulminant, 152
risk factors for, 152b

Clostridium difficile infection, 439–440, 453
cell culture cytotoxic assay for, 392
clinical presentation of, 391
diagnosis of, 391
enzyme immunoassay for, 391

glutamate dehydrogenase, 391
toxins A and B, 392

epidemiology of, 390
nosocomial infections and, 383
polymerase chain reaction test in, 391
prevention for, 392–393
risk factors for, 391
selective anaerobic stool culture for, 392
treatment for, 392

Clotrimazole, 164, 166t
Cloxacillin, for meningitis, 309
CMV. see Cytomegalovirus (CMV)
Coagulation, disseminated intravascular, 458
Coccidioides immitis, 45t, 48, 48f
Coccidiomycosis, skin lesions of, 48f
Cochlea, 77f
Cochliomyia hominivorax, 52
Colitis, Clostridium difficile, 390–391.  

see also Clostridium difficile infection
Collagen sialadenitis, 246
Collagen vascular disease (CVD), in 

immunocompromised patients, 
411–412

Comedones, 397
Community-acquired acute bacterial 

parotitis, 238
Community-acquired meningitis, 309
“Compartment syndrome”, 307
Complement activation, 9–10, 9f
Complement deficiencies, 408
Complement system, function of, 10f
Computed tomographic (CT)-guided 

catheter, 205–206
Computed tomography (CT), 103–105, 

104f
for acute osteomyelitis, 223
for bacterial orbital cellulitis, 306
for brain abscess, 313
for deep space neck infections, 114f–115f
for facial swelling, 117f
fungus ball of Aspergillus species, 51, 51f

Computed tomography (Continued)
of hyoid bone, 131f
for malignant otitis externa, 301–302, 

302f
for mastoiditis, 297–298, 297f
for osteomyelitis, 109, 110f–111f
for otorhinologic infection, 126
for paranasal sinuses, 255f
of parotid gland, fluid collection, 239f
for right maxillary pain, 118f
for salivary gland infections, 234
for sialoadenitis, 117f
for submandibular abscess, 118f
for submandibular sialolithiasis, 117f
for thyroid gland infections, 288, 

289f–290f
Computer-assisted design, for head and neck 

reconstruction, 377
Condyloma, on buccal mucosa, 398f
Cone-beam computed tomography 

(CBCT), 105
in endodontic diagnosis, 177, 177f

Conidial head, of Aspergillus fumigatus, 51, 
51f

Conjunctivitis, in pediatric patients, 403
Consent, informed, medicolegal issues and, 

453–454
Contemporary endodontic surgery, 182, 

182f
Contrast-enhanced CT (CECT), 126
Controlled memory wire, 180–181
Corneal ulceration, 38
Corticosteroids

for acute rhinosinusitis, 254
in airway management, 425–426
for chronic rhinosinusitis, 257
for orbital cellulitis, 307
use of, 412

Corynebacterium diphtheriae, oropharyngeal 
infections from, 273

CovS/CovR component response regulator 
system, 33

Coxsackie virus, 43–44, 399
Craniofacial implants, managing infections 

associated with, 361
C-reactive protein (CRP), 5
Crepitus, 319
Creutzfeldt-Jakob disease (CJD), 314
Cricoid cartilage

arch, 67f
lamina, 67f

Cricothyrotomy, 122, 123f
complications of, 433–434
versus tracheostomy, 433

Cross-infection, 343–344
Croup, 285
CRP. see C-reactive protein (CRP)
CRS. see Chronic rhinosinusitis (CRS)
Crust, 319
Cryptococcal meningitis, 316
Cryptococcus, 316
Cryptococcus antigen testing, 94
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Cryptococcus neoformans, 45t, 47–48, 48f, 
99, 316

CT. see Computed tomography (CT)
Cyanoacrylate microbial sealant, 442
Cyclosporine, 154t–155t
Cytolysis, complement-mediated, 10f
Cytolytic T cell, 11, 17–18
Cytomegalovirus (CMV), 40–41, 41f

oropharyngeal infections and, 273
salivary gland infections, 245

Cytomegalovirus encephalitis, 315

D

Dacron patches, 335
Dacryocystitis, in pediatric patients, 

402–403
Dalbavancin, 160
De Quervain thyroiditis, 291
Debridement

for fungal orbital cellulitis, 308
for maxillofacial trauma wounds, 344

Decongestants, for acute bacterial rhinosi-
nusitis, 253–254

Decortication, 225
Deep cervical fascia, 62, 65b
Deep fascial spaces, 124t

infections of, 123
surgical management of, 132–137, 

134f
synonyms of, 122–123, 123t

Deep neck spaces, 123
abscess, 146t–148t

Deep space neck infections, 111–114
computed tomographic scan of, 114f–

115f
imaging in, 113
MRI for, 114, 116f

Denaturation, epitope, loss of, 11f
Dendritic cells, 3
Dental abscess, localization of, 208t
Dental caries, 175

osteomyelitis and, 222
Dental implants, 376–377

early implant infections, 356–357, 356f
microbiologic considerations with, 

353–365
overview of, 355–356, 356f
prophylaxis and surgical preparation in, 

353–355
Dental infection, 203

pathways of, 204–205, 204f
Dental loupes, endoscopes versus, 184
Dental plaque, 189–192, 190f, 191b–192b
Dentin, exposed, exploration of, 178–179
Dentoalveolar complex, 68–74, 68f, 70f
Dentoalveolar infections, 64f, 68–74, 68f

anatomic considerations in, 208–209, 
208f, 208t

Dentoalveolar trauma, 346
Denture sore mouth, 46
Deoxyribonucleic acid (DNA) amplification, 

94

Dermatobia hominis, 52
Dermis, 60
Dexmedetomidine, 429
β-D-glucan, 100
Diabetes mellitus

aesthetic facial surgery and, 366
in immunocompromised patients, 

408–410
Diagnosis, failure to make a timely, 452
Didanosine, 154t–155t
Diffuse sclerosing osteomyelitis, 226
DiGeorge syndrome, 406–407
Digoxin, 154t–155t
Dimorphic fungi, 100
Diphtheria, 156t
Direct fluorescent antibody (DFA) testing, 

97, 97f
“Direct to OR” policy, 343
Disopyramide, 154t–155t
Disseminated intravascular coagulation,  

458
Distraction osteogenesis, 376
Disulfiram, 154t–155t
Divalent cations, 154t–155t
Donor site infections, free flap and, 375, 

375f
Double antibiotic paste, 184–185
Doxycycline, 145–148, 207

for acute bacterial rhinosinusitis (ABRS), 
253t

for dentoalveolar trauma, 346
Drains, 445
Drug-induced osteonecrosis, 463–465, 

465f–466f
Duplex ultrasound, 335

for superficial venous thrombophlebitis, 
337

Dysphagia, 123, 129f
odontogenic infection and, 459

E

EAC. see External ear canal (EAC)
Ear, 75–78

anatomy of, 293–294, 294f
bacterial pathogens of, 30–34
infections of, 293–303
lacerations of, 345

“Eccentric target sign,” 315
Echinocandins, 168
Echinococcus granulosus, 56–57, 57f
Edema, supraglottic, 432f
Eikenella corrodens, 223, 226, 346, 460
EITB. see Enzyme-linked immunoelectro-

transfer blot (EITB)
Electric pulp tester (EPT), 178–179, 178f
Electrocautery, 444
Emissary vein, of scalp, 61f
Empiric antibiotic therapy, 143, 145
Empiric antimicrobial therapy, 98–99

for salivary gland infections, 239–240
Empyema, subdural, 263–264, 264f
Enanthem, 43–44

Encephalitis, 310–311
complications of, 311
cytomegalovirus, 315
management of, 311
toxoplasmic, 315
varicella-zoster virus, 311, 311f

Encephalitozoon hellem, 53
Endo-Ice test, 178–179, 178f
Endodontic pathosis, 176
Endodontic periodontal infections, 185–186
Endodontic surgery

contemporary, 182, 182f
prognosis of, 184

Endoscopes
versus dental loupes, 184
in endodontics, 180

Endosseous implants, 353–354
EndoVac (SybronEndo), 181
Enterovirus 71 (EV71), 312
Enzyme immunoassay, for Clostridium 

difficile, 391
Enzyme-linked immunoelectrotransfer blot 

(EITB), 313–314
Enzyme-linked immunosorbent assay test, 290
Eosinophilic fungal rhinosinusitis, 258
Eosinophilic mucinous rhinosinusitis, 258
Eosinophils, 25f
Epidemic parotitis, viral, 244–245
Epidural abscess, 263–264, 299
Epiglottis, 67f
Epiglottitis, 146t–148t, 282–285

epidemiology and etiology of, 282–283
evaluation of, 283–284
management of, 284–285, 285f
symptoms of, 283, 284f

Epithelial surfaces, 60–62
Epithelium, of oral mucosa, 63f
Epitopes, 10–12, 11f

denaturation loss of, 11f
Epitympanum, 294
Epstein-Barr virus (EBV), 40

acute pharyngotonsillitis from, 276
oropharyngeal infection, 272
in situ hybridization, 95f

EPT. see Electric pulp tester (EPT)
Erysipelas, 205, 321–322, 322f

in pediatric patients, 395
Erythromycin, 154t–155t, 207, 243

for acute bacterial parotitis, 239–240
Esophageal injury, 345
Esophagitis, cytomegalovirus, 41
Estrogen-containing oral contraceptives, 

154t–155t
Ethylenediaminetetraacetic acid, 181
Exanthem, 43–44
Exopolysaccharide, 30, 30f
External acoustic meatus, of ear, 77f
External ear canal (EAC), 294
Extraoral nerve blocks, 427
Extrapolysaccharide (EPS) capsule, 29
Extubation, criteria for, 138, 138b, 434–435
Eye injury, 345–346
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F

Face and scalp, lymphatic drainage of, 92f
Facelift, 368–369
Facial fractures, antibiotic prophylaxis for, 

446–447
Facial implants, 370
Facial paralysis, 299
Facial skin

anatomy of, 318–319
infections of, 318–333

Facial swelling, computed tomographic 
image of, 117f

Facial trauma, 447
Fallopian canal, 299
Famciclovir, 169t–170t
Fascia, 62
Fascial space infections, 210, 210b

multiple, 459
severity of, 127t

Fascial spaces, 67f
Fasciitis, necrotizing. see Necrotizing fasciitis
Fatty acid biosynthesis inhibitors, 161
Felodipine, 154t–155t
Fenestration, 206
Fiberoptic endoscopic nasal intubation,  

431
Fiberoptic intubation, 431
Fiberoptic laryngoscopy, 217
Fifth disease, 399
Filamentous fungi, characteristics of, 100
Filariasis, 246
Filler injections, 367
Fistula

chronic cutaneous submandibular, of 
dental origin, 204f

orocutaneous, in submental region, 463, 
464f

Fixation, in head and neck reconstruction, 
376

Flagellum, bacterial, 29, 29f
Flare-ups, 182
Fluconazole, 154t–155t, 165, 166t–167t
Flucytosine, 166, 168
Fluoroquinolones, 145–148, 154t–155t, 

251–252, 440–441
FMLP. see N-Formylmethionyl-leucyl-

phenylalanine (FMLP)
Folliculitis, 320–321

clinical presentation of, 320
diagnosis of, 320
Pseudomonas, 321
scalp, 321
treatment of, 320–321

Foramina of Breschet, 348
Forehead lift, 368–369
Foreign bodies, retention of, 344
“Forgotten disease,” 337–338
N-Formylmethionyl-leucyl-phenylalanine 

(FMLP), 5–6
Foscarnet, 169t–170t, 170
Fourth branchial arch anomalies, 289,  

289f

Fraction antibody binding F(ab)2, 18
Fraction crystallizable (Fc), 18
Free flap, for head and neck reconstruction, 

375, 375f
Frontal sinus trauma, 348
Fungal ball, 257–258
Fungal infections, 44, 45t

antibiotics for, 146t–148t
in pediatric patients, 399–400

Fungal rhinosinusitis, 257–264
acute invasive, 259, 259f
allergic, 258–259, 258f
chronic invasive, 259–260
eosinophilic, 258
granulomatous invasive, 260

Fungal sinusitis, 52f
Furunculitis, 264–265
Fusarium species, 45t, 50, 50f
Fusobacterium necrophorum, 35, 278
Fusobacterium species, 31t, 35, 223

G

G-CSF. see Granulocyte-colony-stimulating 
factor (G-CSF)

Galactomannan, 100
Gallium-67 (Ga-67) scans, of malignant 

otitis externa, 301–302
Ganciclovir, 169t–170t
Gangrene, 319
General anesthesia, 431–433

mask induction of, 432–433
Generalized aggressive periodontitis, 

191b–192b
Generation of diversity, 12

of B cell receptor, 14f
of T cell receptor, 13f

Genioglossus, 67f
Geniohyoid, 67f
Gentamicin, 150t–151t
Gingival abscess, 197, 197f
Gingival diseases

of fungal origin, 201, 201f
of specific bacterial origin, 200–201

Gingival epithelium, 189
Gingival sulcus, 185–186, 189
Gingivitis, 191b–192b, 192, 193f–194f

HIV-associated, 201
necrotizing ulcerative, 198–199, 198f
plaque-induced, 190f, 192–193
streptococcal, 200
treatment approaches for, 196

Gingivostomatitis, 38, 39f
Glomerulonephritis, oropharyngeal 

infections and, 278
Glottic visualization, 431–432
Glucocorticoids, for Ludwig’s angina, 458
Glucose

bacterial meningitis and, 309
control, 443–445

Glutamate dehydrogenase (GDH) antigen, 
391

Glycopeptides, 149

GM-CSF. see Granulocyte-
macrophage-colony-stimulating factor 
(GM-CSF)

Gradenigo syndrome, 300
Gram-negative bacilli, 236–237
Gram stain, 97, 98f
Granulocyte-colony-stimulating factor 

(G-CSF), 407
Granulocyte disorders, 407
Granulocyte-macrophage-colony-stimulating 

factor (GM-CSF), 407
Granulocytopenia, 407
Granulomatosis with polyangiitis, 246
Granulomatous invasive fungal rhinosi-

nusitis, 260
Graves’ disease, 291
Grocott methenamine silver, 94
Group A Streptococcus, oropharyngeal 

infections and, 274

H

Haemophilus influenzae, 31t, 32–33, 32f, 
211–212, 249

Hair removal, 441
Hair transplantation, 370
Hand-foot-and-mouth disease (HFMD), 

43–44, 44f
oral lesions in, 44f

Hand hygiene, 439
HAP. see Hospital-acquired pneumonia (HAP)
Hard palate, Kaposi sarcoma of, 41f
Hard tissue injury, 346–349

cranial base, 348
frontal sinus, 348
temporal, 348

dentoalveolar, 346
mandible, 346–347
midface, 347
orbit, 347–348
osteomyelitis in, 348–349

Hashimoto’s thyroiditis, 291
“Hashitoxicosis,” 291
HBO therapy. see Hyperbaric oxygen 

(HBO) therapy
Head and neck

bacterial flora in selected niches of, 28t
commensal flora of, 27–35
fascial spaces of, 67f, 72t
lymphatic drainage of, 91f, 92t
nonbacterial microbiology of, 38–59
spaces, 71b

Head and neck infections
anesthetic considerations in, 422–437
bacterial, 31t
commonly used antibiotics in, 150t–151t
deep spaces in, 125t
empiric antibiotics for, 146t–148t
fungal, 44, 45t
imaging modalities for, 103–107
incision and drainage technique for, 

134–135, 135f–137f
timing of, 135–137
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Head and neck infections (Continued)
major pathogens, 146t–148t
parasitic, 52–57
progression of, 133–134
reevaluation of, 137–139, 139t
severity of, 122–130

airway patency, 122, 122f–123f
anatomic location, 122–126, 123t–

125t, 126f–131f, 127t
radiographic evaluation, 126–130, 131f
rate of progression, 130, 132f–133f

surgical and medical management of, 
122–139

antibiotic therapy, 137
determine the setting of care in, 132, 

133b
evaluate host defense in, 130–131, 

133b
reevaluation in, 137–139, 138f, 138b, 

139t
tuberculosis and mycobacterial, 416–421
viral, 38

Head and neck reconstruction, infections 
following, 373–382

chemotherapy, 374
criteria for defining surgical site infections 

in, 377t
disease characteristics, 373–374
health status, 373
infectious complications, 377–378

hospital-acquired conditions, 378
microbes, 377–378
remote infections, 378

limitations of the literature, 373
mucosal involvement in, 374
nutrition, 379
prevention of, 378–379
radiation, 374
transfusion, 373–374

Health care-associated infections,  
438–445

outcomes assessment of, 439–440
Heat application, physiology of, 206
Heat pulp test, 178–179
Heliox, 284
α-Hemolysis, Streptococcus pneumoniae,  

31f
β-Hemolysis, Staphylococcus aureus, 33f
Herpangina, 43, 43f
Herpes gladiatorum, 38
Herpes labialis, 38
Herpes simplex virus (HSV), 38–39, 39f, 

171–172
after skin resurfacing procedures, 367

Herpes simplex virus type 1 (HSV-1) 
infection

in face and scalp, 327–328
clinical presentation of, 327
diagnosis of, 327
recurrent infections, 327, 327f
treatment of, 327–328

oropharyngeal, 272–273

Herpes zoster, 39, 39f, 328–330
clinical presentation of, 328, 329f
diagnosis of, 329
treatment of, 329–330

Herpesvirus infections, features of, 171t
Herpesviruses, 38–42
Herpetic gingivostomatitis, 272–273

in pediatric patients, 399
primary, 200, 200f

HFMD. see Hand-foot-and-mouth disease 
(HFMD)

HHV-8. see Human herpes virus 8 (HHV-8)
High-frequency jet ventilation, 425
High-pressure irrigation, 344
High-pressure pulsatile irrigation, 445
High-velocity injury, maxillofacial, 349
Histoplasma capsulatum, 45t, 46–47, 47f, 

99–100
Histoplasmosis, 46

oral lesions of, 47f
HIV. see Human immunodeficiency virus 

(HIV)
HIV-associated gingivitis, 201
HIV-associated salivary gland infection, 245
Hospital-acquired pneumonia (HAP), 385
Hospital admission, criteria for, 132, 133b
Hospital discharge, criteria for, 138, 138b
Host defenses, evaluation of, 130–131, 133b
Host response, to bacterial infections, 29
Hounsfield unit, 103
HPV. see Human papillomavirus (HPV)
Human herpes virus 8 (HHV-8), 41–42
Human immunodeficiency virus (HIV), 

42, 42f
in immunocompromised patients, 412
in pharyngitis, 272

Human Microbiome Project, 27
Human necrobacillosis, 337
Human papillomavirus (HPV), 43

in pediatric patients, 398–399, 398f
Humoral immunity, 11, 18–19, 406
Humoral immunodeficiency, 407–408
Hydatid cyst, 57
Hydrocephalus, otitic, 299
Hydrocortisone, 426
Hydroxyapatite-coated implants, 360
Hyoid bone, 67f

CT of, 131f
Hyperalgesia, 175–176
Hyperbaric oxygen (HBO) therapy, 349, 

379
for osteonecrosis, 229
for secondary chronic osteomyelitis, 226

Hyperglycemia, 408–409, 443
Hyperoxia, 443
Hypertrophy, bilateral tonsillar, 274, 274f
Hypogammaglobulinemia, recurrent acute 

rhinosinusitis and, 256
Hypopharynx, anatomy of, 272f
Hypothermia, 442–443
Hypothyroidism, 291
Hypotympanum, 294

I

Iatrogenic devitalization, of adjacent tooth, 
357, 358f

IDSA. see Infectious Diseases Society of 
America (IDSA)

Imaging modalities, for head, neck, and 
orofacial infections, 103–107

computed tomography (CT), 103–105, 
104f

cone-beam computed tomography, 105
magnetic resonance imaging (MRI), 

105–106
nuclear techniques, 106–107
plain film and tomography, 103, 104f
radiation, 105
ultrasound, 106

IMF. see Intermaxillary fixation (IMF)
Imidazoles, 164–165
Imipenem-cilastatin (Primaxin), 150t–151t
Immune response, regulation of, 19–24
Immune system

cells of, 2–3, 4f
compromise, conditions associated with, 

133b
effect of anesthetics on, 435

Immunity
adaptive, 2, 3f, 10–11
cellular, 11, 16–18, 17f, 20f–21f
humoral, 11, 18–19, 406
innate. see Innate immunity

Immunobiology, of infectious disease, 1–26
adaptive immunity, 10
antigens, epitopes, and antigen receptors, 

10–12
cells of the immune system, 2–3, 4f
cellular immunity, 11, 16–18
clonal selection, 15, 17f–18f
humoral immunity, 11, 18–19
innate immunity, 4–10
lymphoid tissues, 3–4, 5f
major histocompatibility complex, 12–15
regulation of the immune response, 

19–24
T cell maturation, 16

Immunocompromised patients
infections in, 406–415

acquired immunodeficiency states, 
407–408

host response to, 406
prevention and management of, 413
primary immunodeficiency states, 

406–407
pericoronitis in, 455

Immunofluorescence, for HIV-associated 
salivary gland infection, 245

Immunoglobulin A (IgA), 18–19
Immunoglobulin D (IgD), 19
Immunoglobulin E (IgE), 19
Immunoglobulin G (IgG), 18

for mumps, 244–245
Immunoglobulin M (IgM), 18, 94

for mumps, 244–245
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Immunohistochemistry, 94
Immunohistochemistry bacterial staining, 

95f
Immunological disorders, in salivary gland, 

246
Immunosuppression-related infections, 

315–316
Impetigo, 330–331

clinical presentation of, 330, 330f
pathogenesis of, 330
in pediatric patients, 395, 396f
treatment of, 330–331

Implant surgery
antibiotic administration for, 354b
infections associated with, 361–363

Implantitis, apical, 357, 359f
In situ hybridization, 95f
Incision and drainage

for odontogenic infections, 205–206
principles of, 205
technique of, 134–135, 135f, 137f

surgical approach to, 135, 136f
timing of, 135–137

Incus, of ear, 77f
Infantile acne, 397
Infection barriers, 4–5
Infection-induced osteomyelitis, 222–226, 

461, 462f–463f
Infections

aesthetic facial surgery associated with, 
366–372

in craniomaxillofacial trauma, 341–352
in critically ill patients, 383–394
of dental pulp, 174–188
following head and neck reconstruction, 

373–382
in immunocompromised patients, 

406–415
odontogenic, 203–221
of periodontal apparatus, 189–202
salivary gland, 232–247

Infectious diseases
immunobiology of, 1–26
laboratory diagnosis of, 94–102, 95f

Infectious Diseases Society of America 
(IDSA)

amoxicillin-clavulanate standard dosing, 
251–252

sinus puncture guidelines, 250–251
Infectious mononucleosis, 40
Inferior thyroid vein, 67f
Inflammation

cardinal signs of, 142
reversible, 175–176

Inflammatory disease, imaging for, 107–117
Informed consent, medicolegal issues and, 

453–454
Infratemporal space infections, 212
Injections, filler, 367
Innate immunity, 2, 3f, 4–10

complement proteins on, 9–10, 9f
proinflammatory cytokines on, 6

Inner ear, 77f–78f, 78
Insulin therapy, 443
Interferon-α, 169t–170t
Interferons, 170
Intermaxillary fixation (IMF), 461, 463f
International Association of Dental 

Traumatology, 179, 179f
Intracranial abscess, 307–308
Intraoperative ultrasound-guided drainage, 

241
Intraoral bacterial infection, in pediatric 

patients, 397–398
Intraoral lacerations, 345
Intraoral nerve blocks, 427
Intravenous drug abuse, 410
Intravenous prophylactic antibiotics, 448
Intubation techniques, 429–431
Iodine-131 (131I), 106
Iodophor-impregnated drapes, 442
Irreversible pulpitis, 175–176

symptomatic, management of, 181–182
Irrigation, 444–445

nasal saline, for acute rhinosinusitis, 254
Isotope scanning (scintigraphy), for acute 

osteomyelitis, 223
Isotretinoin, systemic, for acne, 320
Itraconazole, 154t–155t, 165–166, 

166t–167t

J

Jaws
osteomyelitis of, 222–231. see also 

 Osteomyelitis, of jaws
osteonecrosis of, 222–231. see also 

 Osteonecrosis, of jaws
Jet ventilation, 434
Jugular vein septic thrombophlebitis, 

146t–148t. see also Lemierre syndrome
Junctional epithelium, 189
Juvenile periodontitis, 397

K

Kaposi sarcoma, 41–42, 41f
Kaposi sarcoma-associated herpes virus, 41
Keflex. see Cephalexin (Keflex)
Keratoconjunctivitis, phlyctenular, 418
Ketamine, 429
Ketoconazole, 154t–155t, 164–165, 

166t–167t
Klebsiella pneumoniae, 30f, 130, 144
Klebsiella rhinoscleromatis, 267
Körner’s septum, 294
Kuru, 314
Kuttner tumor, 243–244

L

Laboratory diagnosis, of infectious diseases, 
94–102, 95f

Labyrinthitis, acute suppurative, 299
Lacerations, 344–345
β-Lactam, for endodontic infections, 182
β-Lactamases, 143

Lamina propria, of oral mucosa, 63f
Lamivudine, 169t–170t, 170
Laryngeal mask airway (LMA), 433
Laryngeal tuberculosis, 418–419
Laryngitis

definition of, 285
endoscopy of, 286
infectious, 286
symptoms of, 285–286, 286f

Laryngopharynx, 86, 87f, 87b
Laryngoscopy, 425
Laryngotracheal bronchitis, 285
Larynx, 88

anatomy of, 272f, 282, 283f
location of, 282

Lateral pharyngeal infection, 459
Lateral pharyngeal space abscess, 218f
Lateral pharyngeal space infection, 422, 

423f
Lateral sinus thrombosis, 298–299
Leishmania species, 266

life cycle of, 56f
Leishmaniasis, 54–56, 266, 267f

clinical manifestations of, 54–55
diagnosis of, 55
diffuse cutaneous, 55
localized cutaneous, 55, 56t
mucosal, 55, 56f–57f
treatment for, 56

Lemierre syndrome, 146t–148t, 278, 
337. see also Jugular vein septic 
 thrombophlebitis

Leprosy, 266
Leukoplakia

Candida, 46, 46f
oral hairy, 40, 40f

Leukotrienes, 7–9
Levofloxacin, 345–346

for acute bacterial rhinosinusitis
in adults, 253t
in children, 252t

Lice, in pediatric patients, 400
Lidocaine, 243
Lighted stylet tracheal intubation, 431
Lincosamides, 149
Linear gingival erythema, 201
Linezolid (Zyvox), 149, 150t–151t, 160
Lipopolysaccharide, 9–10
Listeria monocytogenes, 311–312, 312f
Lithium, 154t–155t
Liver disease, in immunocompromised 

patients, 410
Local anesthesia, 426

biological basis for failure of, 426–427
in infected sites, 427
topical and regional airway, 429–430

Local odontogenic infections, 107–108, 
108f

Localized aggressive periodontitis, 191b–192b
Lovastatin, 154t–155t
Ludwig’s angina, 123, 128f, 214, 216–218, 

217f, 457–458
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Lyme disease, 324–325
chronic disease, 324
clinical features and presentation of, 324, 

324f
diagnosis of, 324–325
early disseminated phase in, 324
pathogenesis of, 324
in pediatric patients, 400–401
treatment of, 325

Lymphadenitis
cervical. see Cervical lymphadenitis
nontuberculous mycobacterial (NTM), 

417–418, 417b
tuberculous, 416–417, 417f

Lymphatic system, 88–93, 90f–92f, 92t
Lymphoid progenitor, 2
Lymphoid tissues

primary, 3–4, 5f
secondary, 3–4, 5f

Lysozyme, 5

M

Macrolides, 149, 296
Macrophage inflammatory protein-1 α 

(MIP-1 α), 22–24
Macrophages, 3, 7–9
Macule, 319
Magnetic resonance imaging (MRI), 

105–106, 126, 306
for acute osteomyelitis, 223
for deep space neck infections, 114, 116f
for infections, 105–106
for mastoiditis, 297–298
for osteomyelitis, 109, 111f–112f
for salivary gland infections, 234
for thyroid infections, 288

Major histocompatibility complex (MHC), 
11–15, 12f, 15f

Malignant otitis externa, 301–302, 302f, 
409–410

diabetic patient with, 409f
Mallampati test, 424
Malleus, of ear, 77f
Malnutrition, 410
Mandible, injury in, 346–347
Mandible bony muscle attachments, 69f
Mandibular angle, right, nondisplaced 

fracture, 461, 463f
Mandibular fractures, 446
Mandibular incisors, infections of, 208
Mandibular right second molar, 463–465, 

465f
Mandibular third molar, right, radiograph 

of, 461, 462f
Mandibular trauma, 347
Mannose binding lectin. see Mannose-

binding protein (MBP)
Mannose-binding protein (MBP), 5
Mantoux purified protein derivative (PPD) 

skin test, for MTB lymphadenitis, 416
Marcus Gunn pupil, 369
Mast cells, 3, 25f

Masticator space, 68–69, 74f
infection of, 129f, 212–213, 213f, 456, 

459
Mastoid, infections of, 293–303
Mastoid air cells, 78, 79f
Mastoiditis, 146t–148t, 297–300

acute, 297, 297f
coalescent, 297f
complications of, 298–300, 298f
management of, 298

Matrix-assisted laser desorption ionization 
time of flight (MALDI-TOF) mass 
spectrometry, 102

Maxillary fractures, 347
Maxillary incisor periapical infection, 209f
Maxillary molar infections, 209
Maxillary pain, right, computed 

tomographic scan of, 118f
Maxillofacial infections, 422

importance of the airway in, 422
Maxillofacial trauma, infections in

hard tissue injury, 344–346
hardware removal, 349
high-velocity injury, 349
historical perspective, 342
prevention, 343–344
soft tissue injury, 344–346

Maxillofacial trauma wounds
bacterial flora in, 342–343
classification of, 342
epidemiology of infections in, 342
risk factors, 343
timing of repair, 343

MBP. see Mannose-binding protein (MBP)
MecA gene, 33–34
Mediastinitis, 219–220, 219f, 460
Medication-related osteonecrosis, 145, 146f, 

229–231
diagnosis of, 229–230, 230f
treatment of, 231

Medicolegal issues, related to orofacial 
infections, 452–454

failure to ensure patient safety, 452–453
failure to make a timely diagnosis, 452
failure to prescribe antibiotics, 453
failure to treat adequately, 453
general recommendations related to risk 

management, 454
informed consent, 453–454
prescribing unnecessary antibiotics, 453

Meningeal infection, 309–317
Meningismus, signs of, 310–311
Meningitis, 264, 298, 309, 310f

bacterial, 309
community-acquired, signs of, 309
as complication of orbital cellulitis, 

307–308
cryptococcal, 316
pneumococcal, 309, 310f
tuberculous, 315

Meningoencephalitis, 244–245, 310–311
Mental space, 71

Mesotympanum, 294
Methicillin resistance, 143–144
Methicillin-resistant Staphylococcus aureus 

(MRSA), 33–34, 130, 143–144, 
378–379, 439

in pediatric patients, 396
Methicillin-sensitive Staphylococcus aureus, in 

pediatric patients, 396
Methicillin-susceptible Staphylococcus aureus 

(MSSA), 33–34
Methotrexate, 154t–155t
Methylprednisolone, 154t–155t
Metronidazole, 150t–151t, 154t–155t, 

206–207
MHC. see Major histocompatibility complex 

(MHC)
Microbes, in head and neck reconstruction, 

377–378
Microbial surface components recognizing 

adhesive matrix molecules 
(MSCRAMMS), 34

Microbiome, human, 27
Microscopes, in endodontics, 180
Migratory thrombophlebitis, 336
Mineral trioxide aggregate (MTA), 182
Mini-bronchoalveolar lavage (mini-BAL), 386
Minimum inhibitory concentration, 98–99
Minocycline, 207, 346
Molar teeth, impacted, infections associated 

with, 214–216, 215f
Molds, 50
Molecular test, 98–99
Molluscum contagiosum, 331, 399

clinical feature and presentation of, 331, 
331f

diagnosis of, 331
pathogenesis of, 331
treatment of, 331

Monobactam, 158t
Monocytes, in SLE, 411
Mononucleosis, cytomegalovirus, 40
Monospot test, 97
Moraxella catarrhalis, 31t, 32, 32f

acute bacterial rhinosinusitis from, 249
Mouth, bacterial pathogens of, 34–35
Moxifloxacin, 150t–151t, 253t, 345–346
M protein, 33
MRI. see Magnetic resonance imaging (MRI)
MRSA. see Methicillin-resistant Staphylo-

coccus aureus (MRSA)
MSCRAMMS. see Microbial surface 

components recognizing adhesive 
matrix molecules (MSCRAMMS)

MSSA. see Methicillin-susceptible Staphylo-
coccus aureus (MSSA)

MTA. see Mineral trioxide aggregate (MTA)
MTA apexification, 184, 185f
Mucoceles, 348
Mucor species, 100, 101f
Mucormycosis, 51–52, 52f, 308

rhinocerebral. see Rhinocerebral 
mucormycosis
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Mucosa, internal lining, 60–62, 63f
Multiple fascial space infections, 459–460
Mumps, 44

submaxillary, 457
surgical, 236
viral, 244–245

M-wire, 180–181
Mycobacterial infections, 416–421

cervical lymphadenitis, 416–418
ocular, 418–419
otic, 418, 418f

Mycobacterium leprae, 266
Mycobacterium tuberculosis, 266, 416
Mycology, 99–100
Mycoplasma pneumoniae, oropharyngeal 

infections from, 273
Myeloid differentiation primary response 

protein 88 (MYD88), 6
Myeloid precursor, 3
Myiasis, 52–53, 53f
Mylohyoid muscle, 67f, 208f, 213
Myocardial infarction, as complication of 

carotid endarterectomy, 334

N

Nasal abscess, 264–267
Nasal cavity, 78–80, 83f–84f

anatomy of, 248–249, 249f
coronal depiction of, 75f
infections of, 248–270
physiology of, 248–249
venous drainage of, 84f

Nasal conchae, 248
Nasal endoscopy, 255
Nasal septal abscess, 265
Nasal trauma, 347
Nasal tuberculosis, 266, 419
Nasal valve, internal, 248
Nasal vestibulitis, 264–265
Nasoendotracheal intubation, 430
Nasolacrimal apparatus, 78, 82f
Nasopharynx, 80–86, 272f
Nasotracheal intubation, versus orotracheal, 

430
National Institutes of Health, 27
National Surgical Quality Improvement 

Program (NSQIP), 334
Natural killer (NK) cells, 2, 7–9,  

17–18, 23f
Neck injury, 345
Necrotic zone, necrotizing ulcerative 

gingivitis and, 199
Necrotizing fasciitis, 146t–148t, 306, 

323–324, 346, 457
clinical features and presentation of, 323, 

323f
descending, 363, 363f
diagnosis of, 324
empiric antibiotics of choice in, 156f
pathogenesis of, 323–324
treatment of, 324

Necrotizing periodontal disease, 198–199

Necrotizing ulcerative gingivitis (NUG), 
198–199, 198f

Necrotizing ulcerative periodontitis (NUP), 
199, 199f

Neisseria gonorrhoeae, oropharyngeal 
infections from, 273

Neo-Synephrine, for acute bacterial rhinosi-
nusitis (ABRS), 253–254

Neomycin/Polymyxin B/hydrocortisone, for 
otitis externa, 301, 301t

Nerve block techniques, 427
NET. see Neutrophil extracellular trap 

(NET)
Neurocysticercosis, 313–314, 313f
Neuromuscular blocking agents, 154t–155t
Neutropenia, 407
Neutrophil extracellular trap (NET), 29
Neutrophils, 3, 6

bacterial meningitis and, 309
rich zone, necrotizing ulcerative gingivitis 

and, 199
in SLE, 411

New Delhi metalloproteinase-1, 144
Nickel titanium (NiTi) instruments, 

180–181
NK cells. see Natural killer (NK) cells
Nodule, 319
Non-steroidal anti-inflammatory drugs 

(NSAIDs), for superficial venous 
thrombophlebitis, 337

Nonantibiotic strategies, for highly resistant 
organisms, 144b

Nonbacterial infections
antifungals for, 164
antimicrobial pharmacology for, 164–173
antivirals for, 168, 169f
azoles for, 164–166, 166t

imidazoles, 164–165
triazoles, 165–166

echinocandins for, 168
interferons for, 170
nucleoside analogue for, 170–171
polyenes for, 166–168

amphotericin B, 166–167
nystatin, 167–168

pyrimidine analogues for, 168
pyrophosphate analogue for, 170

Nonsurgical endodontic treatment, 180f
prognosis of, 182–184, 183f

Nontuberculous mycobacterial (NTM) 
lymphadenitis, 417–418, 417b

Nonvascularized bone grafts, 375–376
recipient site infection after, 376f

Normothermia, 442–443
Nose

anatomy of, 248, 249f
soft tissues of, infections in, 264–267

furunculitis, 264–267
leishmaniasis, 266, 267f
leprosy, 266
nasal vestibulitis, 264–267
rhinoscleroma, 267

Nose (Continued)
rhinosporidiosis, 265–266
syphilis, 266
tuberculosis, 266

Nosocomial infections, 383
NSAIDs. see Non-steroidal anti- 

inflammatory drugs (NSAIDs)
NSQIP. see National Surgical Quality 

Improvement Program (NSQIP)
Nuclear techniques, 106–107
Nucleic acid-based testing, 97, 101–102
Nucleoside analogue, for head, neck and 

orofacial nonbacterial infections, 
170–171

Nucleotide-binding oligomerization 
domain-like receptors (NLRs), 5

NUG. see Necrotizing ulcerative gingivitis 
(NUG)

NUP. see Necrotizing ulcerative periodontitis 
(NUP)

Nystatin, for head, neck and orofacial 
nonbacterial infections, 167–168

O

Occipital bone, 67f
Odontogenic abscess, 146t–148t, 156t

in pediatric patients, 397, 398f
ultrasound images in, 113f

Odontogenic infections
of fascial spaces, 203–221

antibiotic therapy, 206–207
buccal space, 211–212, 211f
canine space, 210–211, 211f
cavernous sinus thrombosis, 211
criteria for admission, 207
incision and drainage, 205–206
masticator spaces, 212–213, 213f
mediastinitis, 219–220, 219f
pharyngeal spaces, 218
retropharyngeal space, 218–219
sublingual space, 213–214, 213f
submandibular space, 213–214, 214f
submental space, 214, 215f
treatment of, 205

local, 107–108, 108f
management of, 122b

Odontogenic sinusitis, 257
Odontogenic space infections, primary, 64f, 

68–74, 70f, 73t
Oesophagus, 67f
Ofloxacin, for otitis externa, 301t
Open-mouthed technique, 427
Ophthalmic examination, 306
Opioids, 428
Opportunistic infections, in HIV, 412
Opsonin, 408
Opsonization, complement-mediated, 10f
Oral candidiasis, in pediatric patients, 

399–400
Oral cavity, 427

commensal flora of, 27–35
Oral cavity tuberculosis, 419
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Oral hairy leukoplakia, 40, 40f
Oral hypoglycemic agents, 154t–155t
Oral lesions

in hand-foot-and-mouth disease 
(HFMD), 44f

histoplasmosis, 47f
Oral mucosa, 63f
Oral thrush, 45–46, 45f
Orbit, and surrounding space, 74–75, 

75f–76f
Orbital abscess, 261, 263f, 307
Orbital apex syndrome, 307
Orbital cellulitis, 260–261, 261f, 347–348

bacterial, 304–305, 305f
complications of, 307–308
examination of, 306
fungal, 308
microbiology of, 305–308
treatment of, 307

Orbital infections, 304–308
Organ transplant recipients, 411
Oritavancin, 160
ORN. see Osteoradionecrosis (ORN)
Orofacial infections

anesthetic considerations in, 422–437
imaging modalities for, 103–107
medicolegal issues related to, 452–454

failure to ensure patient safety, 
452–453

failure to make a timely diagnosis, 452
failure to prescribe antibiotics, 453
failure to treat adequately, 453
general recommendations related to 

risk management, 454
informed consent, 453–454
prescribing unnecessary antibiotics, 

453
principles of antibiotic therapy for, 

141–163
Orofacial region, nonbacterial microbiology 

of, 38–59
Oropharyngeal infections, 271–281, 272t

bacterial, 273
complications of, 277–278, 279f–280f

nonsuppurative, 278
suppurative, 277–278, 277f, 279f–280f

diagnosis of, 275–276, 275f
etiology of, 272–273
physical examination for, 273–274
treatment of, 276–277

medical, 276–277
surgical, 277

viral, 272–273
Oropharynx, 86

anatomy of, 271, 272f
Orotracheal intubation, versus nasotracheal, 

430
Orthognathic surgery, antibiotic prophylaxis 

for, 445–446
Osseointegration, 353
Osseous pathology, mandible intact and 

devoid of signs of, 461, 462f

Osteogenesis, distraction, 376
Osteomeatal complex, coronal computed 

tomography of, 85f
Osteomyelitis, 108–111, 156t, 374

CT for, 109, 110f–111f
in hard tissue injury, 348–349
infection-induced, 461, 462f–463f
of jaws, 146t–148t, 222–231

acute, 222–223, 224f–225f
altered immune response in, 226
antibiotic therapy for, 225–226
diffuse sclerosing, 226
hyperbaric oxygen for, 226
infection-induced, 222–226
primary chronic, 226
secondary chronic osteomyelitis, 

223–226
surgery for, 224–225

in pediatric patients, 397–398
schematic representation for imaging of, 

109f
Osteonecrosis

drug-induced, 463–465, 465f–466f
radiation-induced, 461–463,  

464f–465f
Osteonecrosis, of jaws, 222–231

cause of, 222
hyperbaric oxygen (HBO) for, 229
medication-related, 229–231

diagnosis of, 229–230, 230f
treatment of, 231

prevention for, 229
radiation-induced, 226–229
staging of, 228
treatment for, 228–229

Osteoradionecrosis (ORN), 226–229
antibiotic therapy for, 228
definition of, 226
diagnosis of, 226, 227f–228f
treatment of, 228–229

Otitic hydrocephalus, 299
Otitis externa

acute. see Acute otitis externa (AOE)
malignant. see Malignant otitis externa
in pediatric patients, 404

Otitis media, 146t–148t, 156t
acute. see Acute otitis media (AOM)
in pediatric patients, 404

Otomycosis, 50
Otoplasty, 369–370, 370f
Oxygen insufflation, 431
Oxygen saturation value, 422
Oxygenation, 443
Oxymetazoline, for acute bacterial rhinosi-

nusitis (ABRS), 253–254

P

Palatal dentoalveolar abscess, 209f
Palatal space, 71
Palatine tonsil, 67f, 71f
PAMPs. see Pathogen-associated molecular 

patterns (PAMPs)

Panton-Valentine leukocidin (PVL) toxin, 
29, 34

Papillon-Lefevre syndrome, 22–24
Papule, 319
Paracoccidioides brasiliensis, 48–49, 49f
Paracoccidioidomycosis, 48–49, 49f
Paramyxovirus, 244–245, 399
Paranasal sinus, 78–80

anatomy of, 248–249, 250f
computed tomography of, 85f, 255–256
etiology of, 249
infections of, 248–270

pathophysiology of, 249
pathology of, 115–117
physiology of, 248–249

Parasitic infections, 52–57
in pediatric patients, 400–401
salivary gland, 246

Parotid gland, 86–87, 89f
left, sialogram of, 235f

Parotid sialadenitis, 235f
Parotitis, 146t–148t

acute bacterial. see Acute bacterial 
parotitis (ABP)

chronic recurrent bacterial, 243
epidemic, viral, 244–245
in multiple fascial space infections, 459
pyogenic, 236
radiological, 244
suppurative, 236

Parvovirus B19, 399
Passive irrigation, 181
Patch infections

carotid painless mass associated with, 335f
as complication of carotid endarter-

ectomy, 334
Pathogen-associated molecular patterns 

(PAMPs), 5–6, 194
Pathogenic fungi, morphology and identifi-

cation of, 101f
Patient communication, 427–428
Patient safety, failure to ensure, 452–453
Pattern recognition receptors (PRRs), 5, 6f
PCR. see Polymerase chain reaction (PCR)
Pediatric patients

infections in
airway, 403–404
anatomic site based, 401–404
antibiotic considerations for, 404
bacterial, 395–398
fungal, 399–400
orofacial, 395–405
parasitic, 400–401
sinuses, 402, 402f
skin, 395–396
tickborne, 400–401
viral, 398–399

risk categories of selected antibiotics in, 
153t

Pedicle flaps, 375
Penciclovir, 169t–170t
Penicillin-binding proteins, 143–144
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Penicillins, 141, 154t–155t, 158t
allergy, 158t
for dental infections, 206, 216
for periodontal abscess, 198
resistance, 143t

Penicillin V, 150t–151t
Penicillium marneffei, 45t, 49–50, 49f
Peptide deformylase (PDF) inhibitors, 161
Peptostreptococcus, 223
Perforin, 17–18
Periapical abscess, chronic, 186
Periapical disease

diagnosis of, 177–179, 177f
epidemiology of, 176

Periapical infection, 204
Periapical lesion, implant, 359f, 359b
Pericoronal abscess, 198, 198f. see also 

Pericoronitis
Pericoronitis, 198, 198f

in immunocompromised patient, 455
of mandibular third molar, 215, 215f

Periimplantitis, 357–361
associated with endosseous implants, 361, 

362f
causes of, 360, 360b
clinical classifications of, 359
definition of, 359–360
iatrogenic cause of, 361, 361f
protocol for managing, 361, 362f
therapy for, 360
treatment of, 360

Periodic acid-Schiff stain, 94, 95f
Periodontal abscess, 197–198, 197f
Periodontal apparatus, infections of, 189–202
Periodontal disease

etiology of, 194–196
necrotizing, 198–199
recalcitrant, 355

Periodontal ligament, 189
Periodontal probing, 360
Periodontic-endodontic abscesses, 199–200
Periodontitis, 193–194, 194f–195f

acute necrotizing ulcerative, in pediatric 
patients, 397

aggressive, 194
chronic, 191b–192b, 194
generalized aggressive, 191b–192b
juvenile, 397
localized aggressive, 191b–192b
as a manifestation of systemic disease, 194
necrotizing ulcerative, 199, 199f
symptomatic apical, management of, 

181–182
treatment approaches for, 196

Periodontium
abscess, 196–198
anatomy, 189, 190f
infections of, 189

acute, 196–200
chronic, 192–194

microbiology of, 189–192, 190f, 
191b–192b

Perioperative infection control, 438–451
antibiotic prophylaxis in selected 

procedures, 445–449
Perioperative stroke, as complication of 

carotid endarterectomy, 334
Periorbital space, 75, 76f
Periosteum, of oral mucosa, 63f
Peripherally inserted central catheters 

(PICCs), 390
Peritonsillar abscess (PTA), 277–278, 277f

Lemierre syndrome and, 278
PET. see Positron emission tomography 

(PET)
Petrous apicitis, 300
Phagocytosis, 33
Pharmaconutrition, 379
Pharyngeal constrictor muscles, overlapping, 

87f
Pharyngeal space infection, 218

left lateral, 131f
Pharyngeal tonsil, 67f
Pharyngeal tuberculosis, 419
Pharyngitis, 146t–148t, 156t, 338

acute, causes of, 272t
Centor criteria on, 274, 274t
in children, 271
diagnosis of, 275–276, 275f
human immunodeficiency virus and,  

272
in pediatric patients, 401–402
rheumatic fever and, 278
suppurative complications from, 277–278

antibiotics for, 278
Pharyngotonsillitis

acute, 276
in pediatric patients, 401f
surgical treatment for, 277
throat culture for, 275

Pharyngotympanic tube, of ear, 77f
Pharynx, 67f, 80–86, 86f–87f, 87b

anatomy of, 271, 272f
bacterial pathogens of, 34–35

Phenytoin, 154t–155t
Phlyctenular keratoconjunctivitis, 418
Phospholipase A2, 5
PICCs. see Peripherally inserted central 

catheters (PICCs)
“Picket fence” pattern, 298–299
PID. see Primary immunodeficiency (PID)
Plain angiography, 335
Plain film, 103, 104f
Plaque-induced gingival inflammation. see 

Gingivitis
Platysma, 60
Pneumocephalus, 348
Pneumococcal meningitis, 309, 310f
Pneumococcus, 30
Pneumolysin, 31
Pneumonia

hospital-acquired, 385
ventilator-associated. see Ventilator-

associated pneumonia (VAP)

Polyenes, for head, neck and orofacial 
nonbacterial infections, 166–168

Polyethylene, porous high-density, 368
Polymerase chain reaction (PCR), 94, 

391–393
Polymorphonuclear leukocytes. see 

Neutrophils
Polytetrafluoroethylene, expanded, 368
Porins, 144
Porphyromonas gingivalis, 355
Posaconazole, 166
Positron emission tomography (PET), 107
Postextraction infection, 455
Postherpetic neuralgia, 39
Posttraumatic mandibular infections, 

346–347
Pott’s puffy tumor, 262–263, 263f
Povidone-iodine, 441

for wound irrigation, 444
PPD skin test. see Mantoux purified protein 

derivative (PPD) skin test
Prednisone, 154t–155t
Pre-epiglottic fat body, 67f
Pregnancy, risk categories of selected 

antibiotics in, 153t
Preoxygenation, 431
Preseptal cellulitis, 260
Pretracheal layer, cervical deep fascia, 67f
Pretracheal (previsceral) space, 218
Prevertebral fascia, 65, 66f–67f
Prevertebral layer, cervical deep fascia, 67f
Prevotella intermedia, 31t
Prevotella species, 35
Primary chronic osteomyelitis, of jaws, 226
Primary endodontic, secondary periodontal 

infection, 186
Primary herpetic gingivostomatitis, 200, 

200f
Primary immunodeficiency (PID), 406–407
Primaxin. see Imipenem-cilastatin (Primaxin)
Prion diseases, 314
Progestin-containing oral contraceptives, 

154t–155t
Progressive multifocal leukoencephalopathy 

(PML), 314, 314f
Properdin, 408
Prophylactic antibiotics, 158–160, 440–441

in dental implantology, 159
intravenous, 448

Prophylaxis, 344
for head and neck reconstruction, 378, 

378t
Propionibacterium acnes, 319, 397
Prostaglandins, 7–9
Prosthetic patch, 335
Protected specimen brush (PSB), 386
Protein, bacterial meningitis and, 309
PRRs. see Pattern recognition receptors 

(PRRs)
Pseudo-Ludwig’s angina, 216
Pseudohyphae, 46f
Pseudomembranous candidiasis, 45–46
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Pseudomonas aeruginosa, 29, 29f–30f, 458
Pseudomonas folliculitis, 321
PTA. see Peritonsillar abscess (PTA)
Pterygoid venous plexus, 78, 79f–82f
Pterygomandibular space infection, 423f
Pulmonary aspiration, of infected material, 

435
Pulp response, 175
Pulp testing, 178–179
Pulpal infection

diagnosis of, 177–179, 177f
epidemiology of, 176
etiology of, 175–176, 176f
in immature teeth, 179f, 184–185

Pulpitis, symptomatic irreversible, 
management of, 181–182

Pulpotomy, for symptomatic irreversible 
pulpitis, 181–182

“Punched-out” papillae, 198–199
Pustule, 319
Pyogenic parotitis, 236
Pyriform sinus, 288–289
Pyrophosphate analogue, for head, neck  

and orofacial nonbacterial infections, 
170

Q

Q-Mix, 181
Quinolones, 207, 301

R

Radiation, 105, 442–443
for head and neck reconstruction, 374

Radiation-induced osteonecrosis, 226–229, 
461–463, 464f–465f

Radiography, of salivary gland, 234
Radioisotope scanning, 235
Radiological parotitis, 244
Radiolucency and irregular osseous borders, 

in anterior mandibular region, 463, 
464f

Radionuclide angiogram, 106–107
RADT. see Rapid antigen detection test 

(RADT)
Ramsay Hunt syndrome, 39
Rapid antigen detection test (RADT), for 

oropharyngeal infections, 275
Rapid germ tube test, 100
Rapid plasma reagin (RPR), syphilis and, 

266
RARS. see Recurrent acute rhinosinusitis 

(RARS)
Reactive adenopathy, 126
Recalcitrant periodontal disease, 355
Recipient site infections

after nonvascularized bone grafts, 376f
free flap and, 375f

Recurrent acute rhinosinusitis (RARS), 249, 
254–257

diagnosis of, 255
hypogammaglobulinemia and, 256
treatment for, 256–257

Renal disease, in immunocompromised 
patients, 410

Retinitis, cytomegalovirus, 41, 41f
Retinoic acid-inducible gene 1-like receptors 

(RLRs), 5
Retropharyngeal space, 67f, 218–219

abscess, 219f
Rheumatic fever, oropharyngeal infections 

and, 278
Rhinocerebral mucormycosis, 409, 409f

acute, 51–52
chronic, 52, 52f

Rhinoplasty, infections associated with, 368
Rhinoscleroma, 267
Rhinosinusitis, 145, 146t–148t, 149f

acute, 115–117
adjunctive therapies for, 253–254
antibacterial regimens for, 252t–253t
antibiotics for, 251–253
antihistamines for, 254
cultures for, 250–251
history and physical, 250
imaging for, 251
management for, 251f
nasal saline irrigation for, 254
physical examination findings of, 250
steroids for, 254
treatment of, 251–254
triad of, 250

chronic, 254–257
antibiotics for, 256–257
diagnostic tests for, 255
history and physical examination, 

254–255
imaging for, 255–256, 255f
immune function testing for, 256
nasal endoscopy for, 255
nasal saline for, 256
symptoms of, 254–255
treatment for, 256–257

fungal. see Fungal rhinosinusitis
recurrent acute, 254–257

antibiotics for, 256–257
imaging for, 255–256
immune function testing for, 255
treatment for, 256–257

Rhinosporidiosis, 265–266
Rhinosporidium seeberi, 265–266
Rhizopus species, 52f, 100
Rhombencephalitis, 311–312
Rhytidectomy infection, 368–369, 369f
Ribavirin, 169t–170t
Rifampin, 154t–155t
Right submandibular sialolith, 116f
Rimantadine, 169t–170t
Ringworm, 400
Risk management, general recommendations 

related to, 454
Ritonavir, 154t–155t
RLRs. see Retinoic acid-inducible gene 1-like 

receptors (RLRs)
Road burn injuries, 343

Rocky Mountain spotted fever, 401
Root canal instrumentation, 181
Rose-Hangar skin test, 244
Roswell Park Memorial Institute medium 

(RPMI-1640), 96
R-phase wire, 180–181
RPR. see Rapid plasma reagin (RPR)

S

Safety, patient, failure to ensure, 452–453
Salivary calculus

with submandibular salivary gland, 234f
in Wharton’s duct, 234f

Salivary endoscopy, 234
Salivary gland enlargement

algorithm for assessment and 
management of, 237f

differential diagnosis of, 236b
Salivary gland infections, 114–115, 232–247

bacterial, 233b, 236–244
classification of, 233b
HIV-associated, 245
medications associated with, 233b
mycobacterial, 245–246
nonneoplastic diseases of, 114
parasitic, 246
risk factors associated with, 233b
viral, 233b, 244–246

Salivary gland tuberculosis, 419
Salivary glands, 86–88
Salivary scintigraphy, 235
Salivary stasis, 238
Salpingopalatine fold, 67f
Salpingopharyngeal fold, 67f
Sarcoidosis, 246
Saucerization, of bone, 225
Scabies, in pediatric patients, 400
Scalp, 60, 61f

infections of, 318–333
Scalp folliculitis, 321
Scarlet fever, 322–323

clinical presentation of, 322–323, 323f
diagnosis of, 323
treatment of, 323

Scintigraphy, for acute osteomyelitis, 223
Scrofula, 245–246
Secondary chronic osteomyelitis, 223–226
Sedation, 428–429
Selective regional anesthesia, pulp test and, 

178–179
Sellick maneuver, 432
Semicircular canals, of ear, 77f
Sepsis, 393, 458. see also Septic shock

antimicrobial therapy, 393
diagnosis of, 393
initial resuscitation for, 393
source control of, 393

Septic shock, 393. see also Sepsis
antimicrobial therapy, 393
diagnosis of, 393
initial resuscitation for, 393
source control of, 393
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Septic thrombophlebitis, 337
Septicemia, 368
Sequestrectomy, 225
Serologic testing, 94
Serology, 94

for herpes simplex virus diagnosis, 39
Severe sepsis, 393
Sharpey’s fibers, 189
Shell vial culture, 96–97
Shingles, 328
Sialadenitis, 232, 234–235

acute, 114
acute bacterial submandibular. see Acute 

bacterial submandibular sialadenitis
allergic, acute, 244
chronic recurrent submandibular, 

243–244
collagen, 246
parotid, 235f
viral, 244–245

Sialoadenitis, computed tomographic scan 
of, 117f

Sialochemistry, 235–236
Sialodochitis, 232
Sialodochoplasty, for acute bacterial 

submandibular sialadenitis, 242–243
Sialoendoscopy, 234

for acute bacterial submandibular 
sialadenitis, 242–243

Sialography, 234–235
“sausage link” appearance, 235f

Sialolithiasis, 114–115, 117f
Sicher’s intraoral incision, 213
Sigmoid sinus thrombosis, 298–299
Signaling, 6
Silicone polymer implants, 368
Silicone rubber implants, 368
Sinus and Allergy Partnership Guidelines, 

251–252
Sinus infections, in pediatric patients, 402, 

402f
Sinuses, bacterial pathogens of, 30–34
Sinusitis, 115–117, 156t

complications of, 260–264
fungal, 52f
odontogenic, 257
in pediatric patients, 402

Skin, 60
microscopic anatomy of, 62f

Skin care, 441
Skin lesions

of coccidiomycosis, 48f
Penicillium marneffei, 49f

Skin preparation
patient, 441–442
surgical team, 442–443

Skin resurfacing, 367–370
SLE. see Systemic lupus erythematosus 

(SLE)
Sniffing position, 283, 423
Sodium hypochlorite, for root canal 

preparation, 181

Soft palate, 67f
Soft tissue fillers, 367–368
Soft tissue infections

manifestations of, 319
pathophysiology of, 318–319

Soft tissue injury, 344–346
bite, 346
burn, 346
eye, 345–346
lacerations, 344–345

ear, 345
intraoral, 345

neck, 345
Soft tissue swelling, 424
Sonic irrigation, 181
Sore throat, 283

in pediatric patients, 401
Source control, 141
Specimen collection, 95–96
Sphenoid body, 67f
Sphenoidal sinus, 80
Spherules, 48f
Spirochetal infiltration zone, necrotizing 

ulcerative gingivitis and, 199
Splenectomy, 408
Sporangiospores, 265–266
SpyCEP, 33
SSI. see Surgical site infection (SSI)
Stapes, of ear, 77f
Staphylococcal toxic shock syndrome 

(STSS), 368
Staphylococci, associated with, 204–205
Staphylococcus aureus, 31t, 33–34, 223, 

236–237
β-hemolysis of, 33f
methicillin-resistant. see Methicillin-

resistant Staphylococcus aureus 
(MRSA)

Staphylococcus pneumoniae, 31t
Staphylococcus pyogenes, 31t
Steeple sign, 285, 286f
Steroids, for acute rhinosinusitis, 254
Streptococcal gingivitis, 200
Streptococcal infections, 322–323
Streptococcus mutans, 34
Streptococcus pneumoniae, 30–32
α-hemolysis of, 31f
acute bacterial rhinosinusitis from,  

249
Streptococcus pyogenes, 33
Streptococcus sanguis, 189
Streptococcus viridans, 243
Stroke, perioperative, as complication of 

carotid endarterectomy, 334
STSS. see Staphylococcal toxic shock 

syndrome (STSS)
Subacute granulomatous thyroiditis, 291
Subacute lymphocytic thyroiditis, 291
Subacute suppurative osteomyelitis, 110f
Subaponeurotic space, 60, 61f
Subdural empyema, 263–264, 264f
Sublingual gland, 88, 89f

Sublingual space infection, 129f, 213–214, 
213f, 422, 423f, 457

Submandibular abscess, computed 
tomographic image of, 118f

Submandibular gland, 87, 89f
Submandibular sialolithiasis, computed 

tomographic scan of, 117f
Submandibular space

abscess, 129f
infections in, 74, 88f, 213–214, 214f, 422

Submaxillary mumps, 457
Submental space infection, 214, 215f, 457
Submucosa, of oral mucosa, 63f
Subperiosteal abscess, 261, 262f, 299, 304
Subperiosteal orbital abscess, 130f
Sulfonamides, 154t–155t
Superficial cervical fascia, 62
Superficial fascia, 62
Superficial venous thrombophlebitis (SVT), 

336
Suppurative parotitis, 236
Suppurative thrombophlebitis, 337
Supraglottic edema, 432f
Supraglottitis, 282–285

antibiotics for, 285
epidemiology and etiology of, 282–283
evaluation of, 283–284
management of, 284–285, 285f
symptoms of, 283, 284f

Surface adhesion, in bacterial infections, 29
Surgery

for acute otitis externa, 301
for acute otitis media, 296–297
aesthetic facial, infections associated with, 

366–372
for Lemierre disease, 338
for secondary chronic osteomyelitis, 

224–225
Surgical airway, 433
Surgical excision, for NTM lymphadenitis, 

417–418
Surgical management, of head and neck 

infections, 122–139
determine the setting of care in, 132, 

133b
evaluate host defense in, 130–131, 133b
reevaluation in, 137–139, 138f, 138b, 

139t
support medically in, 132

Surgical mumps, 236
Surgical site infection (SSI), 439

focus on, 440
tissue damage, 444

Surgical site irrigation, benefits  
of, 444–445

Symptomatic apical periodontitis, 
management of, 181–182

Symptomatic bacteriuria, 383
Symptomatic irreversible pulpitis, 

management of, 181–182
Synthetic polymers, 370
Syphilis, 266
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Systemic inflammatory response syndrome, 
diagnostic criteria for, 121b

Systemic lupus erythematosus (SLE), 246, 411
Systemic wound management, 343

T

T cell receptor (TCR), 11–12, 11f–12f
generation of diversity, 13f

T cells (T lymphocytes), 2
clonal selection of, 17f
deficiencies of, 408
development of, 3
maturation, 16
subsets of, 12–15

T helper (Th) cells, 20f–22f, 24
Taenia solium, 313–314
TCR. see T cell receptor (TCR)
Technetium-99m (99mTc), 106, 107f
Technetium Tc-99m methylene diphos-

phonate scan, 301–302
Tedizolid, 160
Teeth

bacterial pathogens of, 34–35
immature, pulpal infection in, 179f, 

184–185
periapical lesions in, 176
upper, infections of, manifestation of, 209

Telithromycin, 160
Temperature control, 442–443
Temporal bone fractures, 348
Temporal space infection, 456
Test ordering, 95–96
Tetracycline, 154t–155t, 447

for chronic recurrent bacterial parotitis, 243
systemic, for acne, 320

TGF-β. see Transforming growth factor 
(TGF)-β

Th1 cells, 12–15, 21f
Th2 cells, 16–18, 22f
Th17 cells, 16–17, 23f
Thayer-Martin agar, 275–276
Theophylline, 154t–155t
Thiazide diuretics, 154t–155t
Third branchial arch anomalies, 289–290
Third molars, antibiotic prophylaxis for, 

447–449
Thrombophlebitis, 336–338

jugular vein septic, 146t–148t
migratory, 336
septic, 337

Thrush, 399–400
Thumbprint sign, 284, 284f
Thymus, T cell maturation in, 16
Thyroid cartilage, 67f
Thyroid gland, 88

abscess in, 290f
infections of, 288–292

congenital/anatomical anomalies 
associated with, 288–291

in immunocompromised host, 290–291
treatment of, 290
tuberculous, 290, 290f

Thyroid gland (Continued)
isthmus, 67f
pathology of, 288, 291

Thyroiditis
acute infectious, 291
de Quervain, 291
Hashimoto’s, 291
subacute granulomatous, 291
subacute lymphocytic, 291

Thyromental distance, 424
Thyrotoxicosis, 291
Tickborne infections, in pediatric patients, 

400–401
Tinea capitis, in pediatric patients, 400
Tinea faciei, 326–327

clinical presentation of, 326, 326f
diagnosis of, 326
treatment of, 326–327

Tissue damage, 444
TLRs. see Toll-like receptors (TLRs)
TNF-α. see Tumor necrosis factor-alpha 

(TNF-α)
Toll-like receptors (TLRs), 5–6, 7f–8f
Tomography, 103, 104f
Tongue, lymphatic drainage of, 92f
Tonsillar infections, 271–281
Tonsillectomy

Paradise criteria for, 277
for pharyngotonsillitis, 277

Tonsillitis, 146t–148t
complications of, 277–278, 277f, 

279f–280f
deep neck infection and, 457
group A Streptococcus (GAS) in, 273
in pediatric patients, 401–402

Tooth injuries, 346
Topical antibiotics, 444–445

disadvantage of, 444–445
in head and neck reconstruction, 379

Torsades de pointes, 145–148
Toxic shock syndrome, 33
Toxic shock syndrome toxin-1, 368
Toxoplasma gondii, 54, 315
Toxoplasma species, life cycle of, 55f
Toxoplasmic abscesses, 315
Toxoplasmic chorioretinitis, 54, 55f
Toxoplasmic encephalitis, 315
Toxoplasmosis, 54
Trachea, 67f
Tracheitis, 282–287

bacterial, 286
Tracheobronchial aspiration, 386
Tracheostomy

complications of, 433–434
versus cricothyrotomy, 433

Transforming growth factor (TGF)-β, 16–17
Transfusion. see Blood transfusion
Transosseous implants, 354, 354b
Transpeptidases, 143–144
Transplantation, hair, 370
Transverse ligament, atlas, 67f
Treg cells, 12–15, 24

Trench mouth, 397
Treponema pallidum, 266
Triazolam, 154t–155t
Triazoles, for head, neck and orofacial 

nonbacterial infections, 165–166
Trimethoprim-sulfamethoxazole, 154t–155t
Triphasic 99mTc scans, 109–111, 112f
Triple antibiotic paste, 184–185, 185f
Tripod position, 284f

airway patency, 122, 122f
Trismus, 121, 121f, 123, 212, 422, 423f, 431
Trivalent cations, 154t–155t
Trousseau syndrome, 336
Trypanosoma cruzi, 53–54

life cycle of, 54f
Tuberculosis, 245–246, 266

of head and neck, 416–421
laryngeal, 418–419
nasal, 266, 419
oral cavity, 419
salivary gland, 419

Tuberculous keratitis, 418
Tuberculous lymphadenitis, 416–417, 417f
Tuberculous meningitis, 315
Tuberculous thyroid infection, 290, 290f
Tuftsin, 408
Tumor necrosis factor-alpha (TNF-α), 6
Turbinates, 248
Tympanic cavity, 77–78, 77f
Tympanic membrane

bulging, 296f
of ear, 77f

Tzanck smear, for herpes simplex virus, 39

U

Ubiquitous surface protein A (UspA), 32
Ulcer, 319
Ultrasonography. see Ultrasound
Ultrasound, 106

for deep neck structure, 126–127
duplex, 335

for superficial venous thrombophle-
bitis, 337

for odontogenic abscess, 113f
parotid gland fluid collection, 241f
for salivary gland infections, 234
for thyroid infections, 288

Upper teeth, infections of, manifestation 
of, 209

Urinary tract infection (UTI), 383
catheter-associated. see Catheter-associated 

urinary tract infection (CAUTI)
Urine Gram stain, for catheter-associated 

urinary tract infection, 384
UspA. see Ubiquitous surface protein A 

(UspA)
UTI. see Urinary tract infection (UTI)

V

Valacyclovir, 169t–170t
Vancomycin, 150t–151t, 154t–155t, 309, 

440–441
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VAP. see Ventilator-associated pneumonia 
(VAP)

Varicella, 39
Varicella-zoster virus (VZV), 39–40, 39f, 

328
Varicella-zoster virus (VZV) encephalitis, 

311, 311f
Vascular interventions, neck infections 

related to, 334–340
Venereal Disease Research Laboratory, on 

syphilis, 266
Ventilator-associated pneumonia (VAP), 

385–388, 438
clinical presentation of, 385–386
diagnosis of, 386
differential diagnosis of, 387
epidemiology of, 385
prevention for, 388
risk factors of, 385
treatment of, 387–388

Verrill sign, 428
Verruca plana, 43, 43f
Vestibular and vocal folds, 67f
Vestibular space, 69
Vestibular space abscess, 128f

Vestibule, of ear, 77f
Video laryngoscope, 431
Viral cultures, for herpes simplex virus, 39
Viral infections, 38

in pediatric patients, 398–399
in salivary gland, 244–246

Viral mumps, 244–245
Viral rhinosinusitis, 250
Viral sialadenitis, 244–245
Virchow triad, superficial venous thrombo-

phlebitis and, 336
Viridans group streptococci, 31t, 34
Virology, 96–97
Virulence factor production, in bacterial 

infections, 29
Voriconazole, 166
Vortex Blue instruments, 180–181
Voxels, 103
VZV. see Varicella-zoster virus (VZV)

W

Warfarin, 154t–155t
Warthin-Starry stain, 94
Warts, 43
WaveOne system, 180–181

Wegener granulomatosis, 246
Wheal, 319
White blood cell, bacterial meningitis and, 

309
Wiskott-Aldrich syndrome, 406–407
Wounds

bite, in pediatric patients
cat, 396
dog, 396
human, 396

irrigation of, 344

Y

Yeast, 45–48

Z

Ziehl-Neelsen stain, 99
Zygoma fractures, 347
Zyvox. see Linezolid (Zyvox)
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