
123

Guohua Zeng
Kemal Sarica
Editors 

Percutaneous 
Nephrolithotomy



Percutaneous Nephrolithotomy



Guohua Zeng • Kemal Sarica
Editors

Percutaneous 
Nephrolithotomy



ISBN 978-981-15-0574-4    ISBN 978-981-15-0575-1 (eBook)
https://doi.org/10.1007/978-981-15-0575-1

© Springer Nature Singapore Pte Ltd. 2020
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 
189721, Singapore

Editors
Guohua Zeng
Department of Urology  
and Guangdong Key Laboratory  
of Urology
The First Affiliated Hospital of 
Guangzhou Medical University
Guangzhou, Guangdong  
China

Kemal Sarica
Department of Urology
Biruni University Medical School
Istanbul  
Turkey

https://doi.org/10.1007/978-981-15-0575-1


v

It is refreshing to find a book that is totally devoted to percutaneous stone 
extraction. I am delighted with the dramatic changes that have occurred in the 
field over the past 40 years, and this book will bring the reader up to date. It 
covers all aspects of percutaneous stone extraction starting with the early 
days of endourology to the present time.

There are invariably different approaches in treating stones that vary in 
size and consistency as well as stone location. It is important that the compe-
tent endourologist is not only aware of these techniques but also is facile with 
them. For example, one may prefer to have a patient in the prone position for 
renal access. However, if the patient has stones in an upper calyx and addi-
tional stones in an adjacent upper calyx, a different approach may be prefer-
able. In such a situation, one can use a two-team approach with simultaneous 
ureteroscopy and stone extraction ureteroscopically or alternatively grasp the 
stone ureteroscopically and pass it to the endourologist who has the nephro-
scope in the kidney.

When I started doing percutaneous procedures, I elected to dilate the tract 
to 30 French in order to extract a 1 cm stone. The downsizing of instruments 
diminishes the morbidity of the procedure, and hopefully further reduction in 
the size of instruments will continue.

I congratulate the editors in their selection of authors for the various chap-
ters. They are all knowledgeable and highly respected endourologists and 
undoubtedly the reader will benefit from their extensive experience.

This book is a “must” for both the young and more experienced endou-
rologists, as the guidance it provides will certainly benefit their patients.

Arthur D. Smith Hempstead, NY, USA

Foreword
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Percutaneous nephrolithotomy (PCNL) was originally introduced back at 
1976 by Fernström and Johansson. Since then, it has gradually evolved to be 
one of the main endourologic treatment options. Over the past four decades, 
tremendous changes have occurred in the PCNL technique. Miniaturization 
of the working instruments, improvement of patient positioning, safer and 
more accurate tract creation techniques, new imaging modalities, evolvement 
of intracorporeal lithotripters, and incorporation of flexible instruments for 
efficient collecting system screening have allowed the continuous reshaping 
of this field.

Given such advances, there is a need for a “textbook” that brings together 
all aspects of PCNL techniques. The goal of this book is to provide the most 
recent clinical information on PCNL techniques and innovative materials. 
For that purpose, we have been fortunate to be able to recruit experts and 
opinion leaders around the world to outline their techniques clearly and con-
cisely. We are deeply grateful to the authors for contributing their enlighten-
ing, informative chapters. This book could never have appeared without the 
exceptional cooperation of all concerned.

The book begins with some historical data, which will support the reader 
in understanding the evolution of the instruments and techniques. The renal 
anatomy, armamentariums, operating room setup, and anesthesia-related 
PCNL are then described and presented in illustrations. The book continues 
with the description of the new developments in the PCNL techniques (mini- 
Perc, micro-PCNL, UMP, SMP, ECIRS). The next chapters are dedicated to 
the PCNL in special situations and pediatric cases. Finally, there are entire 
sections on patient’s follow-up and training in PCNL. Each chapter is sup-
ported by a shortlist of up-to-date references that provide a basis for further 
reading if needed. Selected figures illustrate key concepts.

We believe that this is the most comprehensive reference book on PCNL 
techniques currently available. In a work of this nature, there is bound to be 
some overlap between some of the chapters. However, this only enhances the 
information provided rather than being repetitive. We truly hope this book 
offers real support for every practitioner in general, and every urologist in 
particular.

Guangzhou, China Guohua Zeng 
Istanbul, Turkey  Kemal Sarica  

Preface
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History of PNL

Peter Alken

1.1  Introduction

A general belief is that the past is well known just 
as the future is unpredictable. If the past is pre-
sented as history its facts are inevitably trans-
formed into personal views. The view of the 
historian will depend on the integrity of his data 
mining, which is bound to be incomplete. Easy 
access to ancient archives of medical journals is 
difficult and practically limited to what is elec-
tronically accessible in the English language; 
early and very early reports probably remain dor-
mant in old textbooks in many countries. Many 
of these known or unknown historical reports 
have one thing in common: they did not stimulate 
a breakthrough into a new era. As English has 
become the prevailing scientific language, arti-
cles written in other languages are lost because 
they cannot be read and understood by the scien-
tific community. Consequently facts and proce-
dures are unintentionally reinvented or described 
as new and the past becomes “unpredictable”. 
History is a personal story and reading publica-

tions on the same topic offers confusing if not 
conflicting views [1–5].

1.2  Nephrostomy

Operative nephrostomy as done until the 1970s 
was a relatively simple surgical procedure from a 
mere technical point of view, but the necessary 
dissection and exposure of the kidney could be 
difficult to perform in the acute or the chronic 
situation. Despite being a kind of least-invasive 
surgical approach reserved as a last resort mea-
sure in the acute critically sick patient, it was 
accompanied by substantial risks and a frequently 
complicated postoperative course [6]. Offered to 
patients with a complicated chronic situation like 
recurrently failed urinary diversion, operative 
nephrostomy was a palliative, permanently dis-
abling procedure.

Percutaneous nephrolithotomy is an operative 
procedure with several consecutive steps. Access 
can be established in different positions and by 
different techniques using fluoroscopy, sonogra-
phy or both. Tract dilation may be achieved by a 
variety of instruments or is omitted with the one- 
step technique. Tract size and instrument type 
are a matter of choice just as the technique of 
stone disintegration. The type of postprocedural 
drainage depends on the perfection of the indi-
vidual procedure. The two common core pro-
cesses of PNL are establishment of access by a 

P. Alken (*) 
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non- operative procedure and endoscopy of the 
renal collecting system.

Nonsurgical percutaneous procedures to the 
kidney, the renal collecting system, or the perire-
nal space for different indications are not exclu-
sively recent. Simon who performed the first 
successful nephrectomy describes in his textbook 
from 1871 in the chapter about hydro- and pyo-
nephrosis the trocar puncture of the kidney 
(Figs. 1.1 and 1.2) with or without leaving a can-
nula. He refers to other cases described in the 
German, French and English literature [7].

Also in modern times percutaneous drainage 
of the kidney was an outgrowth of renal punc-
tures originally done to establish proper diagno-

sis in silent kidneys or cases of renal displacement 
due to unknown space-occupying lesions [8]. 
These procedures were done with injection of a 
contrast dye to differentiate cysts from solid 
tumors; in case of hydronephrotic kidneys, this 
could be used to perform antegrade pyelography 
as described by Casey and Goodwin: “Our use of 
this technique was an accidental discovery during 
needle biopsy of a “nonfunctioning” kidney in 
August 1953” [9]. In their publication, they refer 
to earlier or simultaneous work [10–12]. 
Typically, these authors punctured the collecting 
system, drained a little bit of urine or pus, depend-
ing on the case and, subsequently, submitted the 
patient to operative nephrostomy. Goodwin and 
his colleagues described in the same year percu-
taneous pyelostomy as the logical next step after 
percutaneous pyelography [13].

This procedure did not get widespread accep-
tance. A simple explanation might be the fact 
that Goodwin and his colleagues were excep-
tionally, radiologically active urologists. In 1950 
they had published a paper on translumbar aor-
tography [14] mentioning the “unfailing co-
operation” of a radiologist but not listing the 
latter as co-author. Different from this group, 
most urologists at that time obviously had no 
such direct access to fluoroscopy and X-ray 
equipment and preferred keeping the patients 
requiring drainage of obstructed kidneys in the 
urologist’s hands instead of referring them to a 
radiologist. This strict typical American division 

Fig. 1.1 Straight trocar for percutaneous puncture of the 
kidney by Simon 1876 [7]

Fig. 1.2 Curved trocar for percutaneous puncture of the 
kidney by Simon 1876 [7]

P. Alken
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of urologists’ and radiologists’ tasks has contin-
ued through the years up to today and explains 
procedural differences between America and 
other countries. In 2002 Segura commented on 
this problem [15]:

Goodwin used plain x-ray films to confirm place-
ment of his trocars and tubes. Fluoroscopy was 
much less commonly available than today and, 
when available, it was securely in the hands of 
radiology … it seems clear that it was the wide-
spread availability of fluoroscopy that was the key 
to the popularity that percutaneous nephrostomy 
tube placement enjoys today. I believe that had 
there existed something like an “endourology 
table” in those days, we, and not radiology, would 
be putting these tubes in today, and we would have 
been doing it for 50 years and not just 25.

The question who should establish percutane-
ous access to the kidney is handled differently in 
different countries, and there is considerable con-
flicting literature on this topic.

It is only in the late 1960s and early 1970s that 
percutaneous nephrostomy became popular in 
various countries. In 1977 Barbaric and Wood [16] 
reviewed the 121 cases described in the literature 
up to that time, of which a third was treated 
because of obstructing calculous disease. All these 
stone patients were submitted to open stone sur-
gery after temporary percutaneous drainage 
despite the fact that reports on endoscopy through 
operatively established tracts were known. These 
single series of percutaneous nephrostomy were 
usually small and authored by radiologists. In 
1978 the total number of cases published was 
>500 with a very low major complication rate of 
4% [17]. Already at that time approximately 20% 

of the cases were done in supine position. But it 
took another 10 years until this position was sug-
gested again for percutaneous stone removal [18].

As radiologists were the primary intervening 
physicians for PNL in many countries, percutane-
ous nephrostomies were done without a preceding 
ureteral catheterization and retrograde pyelogra-
phy [17, 19]. Also in our series, even after taking 
over acceess establishment from radiologists to 
urologists, we did not use preliminary retrograde 
pyelography and the patient was kept in a prone 
position during the whole procedure.

1.2.1  Ultrasound-Assisted 
Nephrostomy

Pedersen was the first to use sonography and flu-
oroscopy to guide and control the puncture [20].

In our experience, adopting the technique of 
sonographically controlled puncture on an x-ray 
table in 1978 was the step to become independent 
of the radiologist and take the whole procedure 
into urological hands [21, 22].

1.3  Tract Dilation, Tract Size, 
Timing

Tract dilation was initially a several-days-to- 
weeks-session procedure done with whatever 
available, plastic tubes, catheters of different 
material, or hollow metallic Hegar cervical dila-
tors (Fig. 1.3).

Fig. 1.3 Hollow 
cervical Hegar dilators 
used for nephrostomy 
tract dilation

1 History of PNL
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All techniques using malleable conical dila-
tors and plastic sheaths are outgrowths of angio-
graphic radiological procedures originally 
introduced by Seldinger in 1953 [23].

The principle is “the catheter being introduced 
on a flexible leader through the puncture hole 
after withdrawal of the puncture needle” [23]. 
Radiologists introduced these procedures into 
PNL. The material was available by companies 
serving radiologists.

Tract size was a matter of stone size regarded 
as appropriate for removal and the equipment 
available for stone disintegration. Those who had 
no technique to disintegrate stones used large 
diameter tracts to expand the indication. 
Establishment of access, tract dilation, and stone 
removal was initially done [24] and is still done 
in many places as a several-days-, several- or 
separate-steps procedure especially if the 
urologist- surgeon does not establish the access. 
Fernström, a radiologist, primarily used 
Couvelaire catheters up to 24 F [25] and later on 
tapered plastic dilators rarely up to 32 F [26]. In 

1982 the radiologist Rusnak et al. described the 
use of polyurethane dilators gradually enlarging 
to 30 F to allow the introduction of large cathe-
ters for the removal of stones up to 1 cm in diam-
eter. A 34 F sleeve that remained in place after 
removal of the dilator is known today as the 
Amplatz sheath [27]. The largest tract size 
reported in 1982 was 50 F [28].

Clayman et al. introduced balloon dilation of 
the tract [29]. This balloon dilator was also pri-
marily in radiological use for angioplasties [30].

The principle of the metallic telescope dilators 
developed in 1980 was to allow for a safe one- 
session procedure. They were the first purposely 
designed instruments for PNL (Fig. 1.4) [31, 32].

During the dilation, a straight puncture path 
was maintained; the tract was continuously tam-
ponaded to reduce bleeding; the sheaths of the 
18, 21 and 26 F nephroscopes were advanced like 
one of the dilators. No additional sheaths of 
larger size like a 34 F Amplatz sheath were used 
as the 26 F was the actual sheath of the continu-
ous flow nephroscope [33].

Fig. 1.4 Instruments 
for PNL (telescope 
dilators, sheath, 
nephroscope, graspers, 
ultrasound disintegrator)

P. Alken
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The dilators were initially produced by Karl 
Storz in 1980 and later on by Wolf [34] and 
Olympus [35] to realize the same principles with 
their instruments.

Small size tracts are nowadays popular. In 
China, Wu et al. did Mini-PNL with a 12.5 F ure-
teroscope for staghorn stones since 1988 [36]. An 
11/13 F sheath and a 7.7 F pediatric cystoscope 
were used by Jackman et al. in their “mini-perc” 
series in 1998. Somehow their procedure also 
included one-step dilation [37]. A similar proce-
dure in pediatric PNL was published by Helal 
et al. [38]. Single-step dilation has become even 
more popular [39] and goes perfectly well with 
smaller tracts [40].

1.3.1  Timing

All first-day urological Matadors—the Mainz 
(Alken), the Freiburg (Korth), the Vienna 
(Marberger), the Mayo (Segura), the Minnesota 
(Smith) and the London (Wickham) groups—of 
modern PNL started with puncture, dilation, 
endoscopy done in several sessions. Changing to 
a one session PNL was not easy: We failed in a 
third of our first 90 one-session patients [32], 
Clayman et al. in 69% [41] and Wickham et al. in 
5 of 10 patients [42].

1.4  Stone Removal

Percutaneous procedures were initially done 
endoscopically because fluoroscopy was not 
available; Chester D.  Allen from Memphis, 
Tennessee reported in 1935 on a successive dila-
tion of a 14  F operatively established nephros-
tomy tract within a few days to 24  F to pass a 
24  F cystoscope for stone removal [43]. Rupel 
and Brown are usually given credit to have done 
this first [44]. Only 10 more well-documented 
similar cases were published between 1941 and 
1980 [45].

The switch to radiological control came with 
Fernström’s publication [25]. Stimulated by 
reports on percutaneous extraction of missed bili-
ary stones, the radiologist Fernström extracted 

kidney stones under radiological control through 
percutaneously established tracts since 1974 and 
published in 1976 three cases together with the 
urologist Johansson [25]. They dilated the tract to 
22–32 F during several weeks, later on days, and 
removed the stones with Dormia baskets or 
Randall forceps. Extractable stone size was lim-
ited by tract size, but in some cases the stones 
broke during removal attempts and fragments 
were extracted thereafter. By 1982 they had suc-
cessful treated 34 patients with percutaneous 
tracts and 5 with operative nephrostomies with a 
mean stone size of 1 cm [26]. Until the first world 
congress on percutaneous renal surgery, their 
successful case number had increased to 63 
patients. They never had proceeded to endoscopic 
procedures and Fernström consequently con-
cluded that 2  cm represents the upper limit for 
stone extraction. These were exceptional cases 
and the mean diameter in their series was 1 cm 
[46]. However, at that time endoscopically con-
trolled PNL had already begun.

Urologists had the patients but radiologists 
had the necessary x-ray equipment and experi-
ence with percutaneous techniques. Therefore, to 
establish access for PNL was initially a radiologi-
cally controlled procedure and still is a shared 
business in many countries. This is frequently 
demonstrated by the authorship of publications.

The first five cases published by Smith et al. in 
1978 and 1979 [47, 48] were treated under radio-
logical control by chemolysis in four and/or 
extraction in two cases. But the authors knew and 
quoted the publications by Rupel and Brown [44] 
and Bissada [49] who had done endoscopy.

In 1982 the Minnesota team—with six radiolo-
gists and three urologists involved—regarded “the 
introduction of large tubes into the kidney as key 
to successful percutaneous extraction of urinary 
calculi.” The 25 patients were treated preferably 
by extraction through 34 and 50 F tracts [28].

Extraction was the predominant form of treat-
ment in their subsequent publications on 100/126 
patients in 1984 [41, 50]. This group initially 
focused on mechanical tools for stone removal 
[51, 52]. In a few cases, they used electrohydrau-
lic lithotripsy, which was popular at that time for 
the treatment of bladder stones. Also Smith in his 

1 History of PNL



6

own series of the first 100 patients done since 
1982 preferred to dilate the tract to 34 French, 
and remove stones up to 1.5 cm intact sometimes 
even together with the sheath [53]. The London 
Group also temporarily favored it because of an 
unacceptable but exceptionally high complica-
tion rate with ultrasound lithotripsy [54].

Electrohydraulic lithotripsy, having been 
applied in operatively established tracts first in 
1969 [55], is a disintegration technique with 
highest risk to tissue and instruments and is used 
today only very rarely [56].

Two German groups independently worked on 
ultrasound lithotripsy together with Storz [57, 
58] and Wolf, respectively [59]. In 1976 two 
cases of ultrasound disintegration through opera-
tively established tracts were independently per-
formed [60, 61]. Our series of PNL was based on 
the positive in-house experience with the Storz 
ultrasound lithotripter [61] and initially also on 
the skills of our radiologist [6, 62, 63]. We—the 
radiologist Günther, the urologists Hutschenreiter 
and the author—never relied on stone extraction 
or chemolysis alone but on combined endoscopy 
and ultrasound lithotripsy from the very start [45, 
64–66]. With the development of purposely built 
instruments the numbers of PNL steadily 
increased until PNL had replaced 50% of our sur-
gical procedures for stones (Figs. 1.5 and 1.6).

Marberger [67] and Segura [68] used the Wolf 
equipment and published their first series in 
1982.

As they had a reliable disintegration tech-
nique, they did not need large tracts and had 
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adopted our technique with 24 F continuous flow 
nephroscopes.

Wickham had seen PNL during his visits to 
our department in Mainz and the author’s presen-
tation about our technique “Percutaneous stone 
removal from the kidney” at the fourth annual 
meeting of the European Intra-Renal Surgery 
Society in Bern in 1979. In that year he started 
his series [69] without ultrasound lithotripsy 
[70]. He seems to have been unhappy after his 
first 36 cases [70] and with the first 50 patients 
[71] using the ultrasonic lithotripter in 9: “The 
necessity for ultrasonic lithotripsy greatly pro-
longed the operative time … The Wolf lithotripter 
was cumbersome, slow and unpleasantly noisy.” 
His experience was in contrast to ours and that of 
Marberger [67] and Segura [68]. Ultrasound lith-
otripsy has been developed further and is still the 
preferred method to treat large stones [56].

1.5  Exit Strategy

In the old days when matured tracts were used, it 
was not necessary to leave a nephrostomy tube 
after stone extraction and an uneventful proce-
dure because the tract would still be open for a 
few hours in case of postoperative problems and 
would close by itself.

With the one session approach the postopera-
tive outcome is less predictable. Bellman et  al. 
were the first to report on a large series with a 
planned no-nephrostomy strategy and a positive 
outcome [72]. Initially the “no-nephrostomy” 
strategy was leaving a double-J-stent instead of a 
nephrostomy and leaving nothing is the “no- 
tube” solution.

1.6  The Effects of ESWL and URS

The fact that we got very early, in December 
1983, the fourth ESWL machine in Germany led 
to a steep decrease of the PNL numbers. Our 
PNL procedures were reduced to approximately 
10% of all stone cases referred to us (Fig. 1.6). At 
the same time the combined use of PNL and 
ESWL for branched stones or stone extensions 

not easily accessible with the rigid nephroscope 
became routine in our hands. This allowed us to 
dispense with multiple tracts or flexible nephros-
copy. By 1985 we had done 408 cases of percuta-
neous nephrolithotomy (PNL), 1002 cases of 
ESWL and 84 cases of ureterorenoscopy (URS) 
[73]. Similar reductions in PNL numbers to 
approximately 10% happened wherever ESWL 
was installed, in April 1985 in the Mayo Clinic 
[74] or in 1984 in London where John Wickham 
was working [75].

Presently URS replaces ESWL worldwide but 
PNL seems to maintain its position with the 
advent of mini-PNL techniques, laser lithotripsy 
and no-nephrostomy or no-tube solutions.

It is surprising to see that voting for URS or 
PNL at stone conferences favors the latter prob-
ably because of the ease demonstrated in life sur-
gery sessions, the short OR-time, the comparably 
low cost and durability of equipment and the fact 
that PNL can be successfully applied regardless 
of the stone size and location.

1.7  A Personal Hit List

History iteself is objectively not existing. It is 
always the personal, subjective view of the per-
son who selectively collects and presents the 
data:

• Fernström and Johansson publishing percuta-
neous access to radiologically controlled per-
cutaneous renal stone extraction [25]

• Kurth et  al. removing a staghorn stone with 
ultrasound lithotripsy [61]

• Our—Rolf Günther, Gerd Hutschenreiter and 
the author—decision in 1976 to develop 
unlimited endoscopically controlled percuta-
neous renal stone removal

• The hostile attacks of some senior academic 
German urologist upon my first presentation 
of 21 cases at the German urological conven-
tion in 1979 [65]

• Arthur Smith enthusiastically giving me his 
“Endo-Urology” flyer (Fig.  1.7) at the 75th 
AUA meeting in San Francisco in May 1980 
after my presentation of our 34 cases of PNL.

1 History of PNL
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• A letter from W. W. Scott the then editor of the 
Journal of Urology: In 1980, he commented 
on our manuscript submission [66] which was 
based on my presentation at the AUA meeting 
in May 1980. We had concluded:

• “Percutaneous stone manipulation as a delib-
erate alternative to open surgery has to com-

pete with the techniques for operative stone 
removal established over the past 100 years. 
Its specific place among the various tech-
niques of stone therapy will be defined on the 
basis of further experience.”

• He wanted us to change this paragraph and his 
comment was: “The Journal of Urology is not 

Fig. 1.7 The 1980 
“Endo-Urology” flyer of 
Arthur Smith

P. Alken
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a Medicine Man’s paper.” We were of course 
keen on the publication; so the new text was:

• “Most of the instruments in current use are 
primarily designed for the treatment of blad-
der stones. Further improvement of intrarenal 
stone manipulation is expected when instru-
ments especially designed for the purpose of 
percutaneous manipulation are available.” We 
changed the text [66] but not our ideas.

• John Wickham’s decision to organize the First 
World Congress in Percutaneous Renal 
Surgery in London in 1983 [76].

• The book published in 1984 by the Minnesota 
group, Ralph Clayman and Wilfrido 
Castaneda- Zuniga; this was a real PNL cook-
ery book covering every aspect of PNL at that 
time [77].

• The impressive series of Segura et al.: till the 
end of June 1984 they had treated 1000 
patients [78].

• When I learned in 1994 that the German 
Urologist Heinrich von Rohr (1911–1978) 
had developed instruments for percutaneous 

endoscopic procedures and had designed an 
x-ray apparatus to guide a puncture needle 
to the right place in the kidney (Figs.  1.8 
and 1.9). He had published studies on cadav-
ers and animals in the East German 
Zeitschrift für Urologie und Nephrologie in 
1958 [4, 79]. At that time this periodical 
was probably only read in East Germany 
and traditional thinking hampered his inno-
vation. We do not know why von Rohr never 
proceeded to clinical studies. But some-
times the right thoughts need the right time 
to become reality.

• To see the continuously growing, extensive, 
worldwide dissemination of endoscopically 
controlled PNL, e.g. in India or in China when 
visiting Mahesh Desai in the Muljibhai Patel 
Urological Hospital at Nadiad, India [80] or 
Guohua Zeng in the Guangzhou Institute of 
Urology at Guangzhou, China [81].

• To learn that our 1981 publication [66] was 
included in the centennial supplement issue of 
the Journal of Urology in 2017 [82].

Fig. 1.8 Instruments 
for PNL designed by H. 
von Rohr [79]

1 History of PNL
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Anatomy for PNL

Wen Zhong

Percutaneous nephrolithotomy (PNL) involves 
percutaneous puncture into the target calyx, 
establishment of access, intraluminal lithotripsy, 
and insertion of nephrostomy tube and/or JJ stent. 
As an invasive procedure, a thorough understand-
ing of the target organ anatomy is definitely nec-
essary, to increase the success rate of the operation 
and also decrease complications. Typically, since 
stones are scattered over the renal collecting sys-
tem, and the kidney is hidden in the retroperito-
neum, a successful PNL should make a precise 
puncture into the target calyx, avoid perirenal 
viscera and interlobar artery injury, and get into 
different calyxes to remove the stones [1]. Since 
all these procedures are not carried out in open 
operation manner, several potential injuries are 
hard to avoid. Thus, the anatomy of kidney, peri-
renal viscera, renal collecting system, and renal 
vessels is significant in the guidance of PNL.

2.1  Kidney

2.1.1  General Anatomy

Kidneys are a pair of vital, broad bean-shaped 
organs. The lateral edge of the kidney is bulged, 

with a flat back and a convex front. The central 
depression area is called hilum, where the ves-
sels, nerves, lymphatics, and ureter extend out. 
The kidney is 10–12  cm in length, 4–6  cm in 
width, and 3–4 cm in thickness, weighing 100–
120 g. The size of the kidney varies, and the ratio 
of the size of the kidney to the body weight in 
newborns is about three times than that in adults.

The right kidney is little lower than the left kid-
ney because of the location of liver. The upper 
edge of the right kidney is on the level of the 12th 
rib thoracic vertebra, and the lower edge is on the 
level of the third lumbar vertebra, while the upper 
edge of the left kidney is on the level of the 11th 
rib thoracic vertebra, and the lower edge is on the 
level of the second lumbar vertebra. The right kid-
ney hilum is on the level of the second lumbar ver-
tebra, while the left kidney hilum is on the level of 
the first lumbar vertebra. The location of kidneys 
also varies; the kidney in lean people is relatively 
lower, while it is higher in obese people.

Both the kidneys lie on the posterior abdomi-
nal wall, against the psoas major muscles, the 
longitudinal axis striding across the psoas major 
muscles. Moreover, since the psoas major mus-
cles have a shape of a cone, the kidneys are also 
dorsal and inclined on the longitudinal axis. 
Therefore, the upper poles are more medial and 
more posterior than the lower poles. The lateral 
borders of both the kidneys are posterior posi-
tioned. Hence, the puncture from the upper pole 
is more prone to be close to the spine, while the 
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puncture from the lower pole is more prone to be 
away from the spine and deeper than the puncture 
from the upper pole.

2.1.2  Perirenal Covering

The surface of kidney is enclosed in a continuous 
covering of fibrous tissue called renal capsule. 
Each kidney within its capsule is surrounded by a 
mass of adipose tissue lying between the perito-
neum and the posterior abdominal wall and called 
the perirenal fat (Fig.  2.1). The perirenal fat is 
enclosed by the renal fascia (so-called fibrous 
renal fascia of Gerota or, in this book, Gerota’s 
fascia). The renal fascia is enclosed anteriorly and 
posteriorly by another layer of adipose tissue, 
which varies in thickness, called pararenal fat.

The renal fascia comprises a posterior layer (a 
well-defined and strong structure) and an anterior 
layer, which is a more delicate structure that 
tends to adhere to the peritoneum. The anterior 
and posterior layers of the renal Gerota’s fascia 
subdivide the retroperitoneal space in three 
potential compartments (Fig. 2.1): (1) the poste-
rior pararenal space, which contains only fat; (2) 
the intermediate perirenal space, which contains 
the suprarenal glands, kidneys, and proximal ure-
ters, together with the perirenal fat; and (3) the 
anterior pararenal space, which extends across 
the mid-line from one side of the abdomen to the 
other. This space contains the ascending and 
descending colon, the duodenal loop, and the 
pancreas.

During normal PNL procedures, the nephro-
scope is inserted into the renal collecting system 

which inspects the renal collecting system, but 
when the percutaneous tract is lost or the percuta-
neous access fails to enter the renal collecting 
system, the perirenal viscera organs are noted. 
The loose perirenal fat looks like cobweb or 
cloud cluster. Sometimes, the pink renal capsule 
is also found. Since kidney moves up and down 
with breathing, once the percutaneous tract is 
lost, it is difficult to find the original access into 
the renal collecting system. Retrograde injection 
of the methylene blue is helpful to trace the previ-
ous tract, which does not work every time. If the 
tract cannot be found in a short period of time, 
the irrigation would bring much more difficulty 
in the later puncture, since the irrigation would 
push the kidney far away to a deeper position. 
Thus, another puncture is required when the tract 
is lost and cannot be found in a short time.

2.1.3  Relationship Between Kidney 
and the Diaphragm, Pleural 
Cavity, and Ribs [2]

Both the kidneys lie below the diaphragm, which 
is almost symmetrical on both the sides. On the 
lower side, the liver and spleen lie on the right and 
left side, respectively. While on the upper area, 
pleura and ribs cover the upper pole and mostly 
middle pole of the kidney, respectively. Due to the 
position of the liver, the right kidney is lower than 
the left kidney. The posterior surface of the right 
kidney is crossed by the 12th rib, and the left kid-
ney is crossed by the 11th and 12th ribs.

The posterior surface of the diaphragm is 
attached to the extremities of the 11th and 12th 
ribs, and the posterior aspect of the diaphragm 
arches as a dome above the superior pole of both 
the kidneys on each side. Therefore, most of the 
intercostal punctures into the upper pole traverse 
the diaphragm, but almost without any symp-
toms, while referring pain in shoulder in few 
cases. Regardless of the degree of respiration, 
middle or full expiration, the puncture between 
the 10th and 11th ribs has a risk of injury to the 
lung, but there is no report of lung injury during 
PNL. Intercostal puncture between the tenth and 
11th ribs, even sometimes, subcostal puncture, Fig. 2.1 Perirenal covering and potential compartments
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would pass the pleural cavity. Because of the 
negative pressure in the pleural cavity during the 
inspiratory phase, gas or irrigation would be 
sucked into the pleural cavity during PNL, espe-
cially when torque the nephroscope and sheath, 
hydropneumothorax would be noted. However, 
most of the time, the tract passage through the 
pleural cavity will not bring hydropneumothorax, 
because the diaphragm would stop the leakage. 
Anyway, supracostal puncture should be done 
cautiously, especially when puncture from the 
tenth intercostal space.

In the course of PNL, we must pay attention to 
body surface positioning, which is helpful in the 
selection of percutaneous puncture points. Some 
patients may have received rib excision or trunca-
tion during previous open operation. Misjudgment 
of rib position might lead to the supracostal punc-
ture site being above the tenth intercostal space, 
and cause pleural injury, in serious cases, hemo-
thorax or pneumothorax.

Intercostal vessels often travel along the lower 
edge of the ribs. In order to avoid injury to inter-
costal vessels, any intercostal puncture should be 
performed below half of the intercostal space. 
While using sharp knife for incision on skin and 
subcutaneous tissue, attention should be paid to 
the direction of incision; it should go along the 
axis of intercostal space, so as to avoid longitudi-
nal incision which would cause intercostal artery 
injury.

2.1.4  Relationship Between Kidney 
and the Liver and Spleen [2]

Below the diaphragm and above the kidney 
hilum, the liver and spleen lie on the right and left 
sides, respectively (Fig. 2.2). The liver and spleen 
lie exactly posterolaterally on each side. When 
hepatosplenomegaly is noted or sometimes when 
liver and spleen have deviation toward the mid- 
axis, the lateral margin of the kidney would be 
covered by the liver or spleen. Preoperative CT 
scan is required to identify the relationship 
between kidney and perirenal organs. 
Intraoperative real-time ultrasonography guid-
ance could guide the puncture and help avoid 

liver or spleen injury during PNL. Percutaneous 
puncture should be close to the inner side, rather 
than the outboard.

Very few liver and spleen injuries has been 
reported so far, but this complication is always wor-
risome, especially the spleen injury in PNL always 
causes severe bleeding, which leads to splenectomy. 
Liver injury in PNL is relatively not as urgently as 
spleen injury, because bleeding from liver vein 
would stop when nephrostomy tube is inserted, 
except when a large hepatic vein is injured.

2.1.5  Relationship Between Kidney 
and the Colons [3]

The ascending colon dips down from the ileoce-
cal valve to the right colic flexure (hepatic flex-
ure), where it passes into the transverse colon. 
The hepatic colic flexure (hepatic angle) lies 
anteriorly to the inferior portion of the right kid-
ney. The descending colon extends inferiorly 
from the left colic flexure (splenic flexure) to the 
level of the iliac crest. The left colic flexure lies 
anterolateral to the left kidney.

It is important to consider the position of the ret-
roperitoneal ascending and descending colons. It 
has been occasionally noted in routine abdominal 
CT scan that the retroperitoneal colon lies in a pos-
terolateral or even a postrenal position. In these 
cases, there is a great risk of colon injury during 
PNL. The retrorenal colon is much more frequently 
noted in elder female, thin patients, at the left side, 
lower pole of kidney, and also a puncture into ante-

Fig. 2.2 Relationship between kidney and the liver and 
spleen
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rior calyx (Fig. 2.3). Much more attention should 
be paid to these cases when puncture is made under 
fluoroscopy guidance. In some urologists’personal 
experience with colon injury during PNL, it has 
been stated that there is no special resistance when 
the needle puncture into colon, but the dilation into 
colon is different, since the colon serosa has high 
toughness and the colon would move away, thus 
obvious resistance would be noted.

2.2  Renal Collecting System

2.2.1  Pelviocalyceal System

The renal parenchyma basically consists of two 
kinds of tissues: the cortical and the medullar tis-
sues. On a longitudinal section, from the lateral 
to the medial, there is successively the capsule, 
cortical tissue, medullar tissue, and renal calyx 
and renal pelvis.

The cortical tissue consists of glomerulus, 
which contains proximal and distal convoluted 
tubules. The renal pyramids comprise the loops 
of Henle and collecting ducts. These ducts join 
the papillary ducts, open at the papillary surface, 
where always the center of the fornix, and then 
drain into minor calyx and into renal pelvis at 
last. The renal papilla is at the apex of a pyramid-
shaped medullar tissue. The layer of the cortical 
tissue between adjacent pyramids is named renal 
columns, where the interlobular artery passes 
through.

A minor calyx is defined as the calix that 
drains the papilla directly. The number of minor 

calyces varies, ranging from 5 to 14. The minor 
calyces may drain straightly into an infundibu-
lum or join to form major calyces, which subse-
quently drains into an infundibulum. Finally, the 
infundibula drain into the renal pelvis [4].

The anatomy shape of renal collecting system 
varies extremely, even the left kidney and right 
kidney in one person is not symmetrical. Thus, 
there is no fixed pattern for the puncture in PNL 
procedures. When performing PNL, attention 
must be paid to the anatomical diversity of the 
renal collecting system, because the structure of 
the renal collecting system would directly affect 
the operating. Generally, the slender calyx seri-
ously affects the operation using endoscopy, while 
the wide and shallow calyx is relatively easy to 
look over. However, the general consensus of 
renal collecting system should be well known.

In Smith’s textbook of Endourology, Sampio 
analyzed three-dimensional polyester resin cor-
rosion endocasts of the pelviocalyceal system 
[5]. According to the endocasts, the pelviocaly-
ceal system is divided into two major groups A 
and B . Group A (62.2%) comprises pelviocaly-
ceal systems that present two major calyceal 
groups (superior and inferior) as a primary divi-
sion of the renal pelvis and a midzone calyceal 
drainage dependent on these two major groups. 
Group B (37.8%) comprises pelviocalyceal sys-
tems that present the kidney midzone (hilar) caly-
ceal drainage independent of both the superior 
and the inferior calyceal groups.

Since the kidney looks like a bean, the middle 
pole is much more thick and solid than the upper 
and the lower poles. Regarding the calyceal 
drainage at different poles of the kidney, 98.6% 
of the upper poles are drained by a calyx; for the 
lower pole, 57.9% are drained by two calyces in 
pairs and 42.1% are drained by a single calyx; the 
middle pole is mostly composed of multiple pairs 
of anterior and posterior calyces. From this point 
of view, the calyces in the middle pole are much 
more complex, the parallel calyces, the anterior 
and posterior calyces, which would cause diffi-
culty for puncture manipulation. Thus, the well 
understanding of the pelvio-calyceal systems was 
crucial to guide the puncture and manipulation 
during the PNL procedure.

Fig. 2.3 Retrorenal colon
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2.2.2  Urography and Significance

A thorough understanding of the spatial anatomy 
of the pelvis and calyx is of great importance for 
PNL. However, it is difficult for the urologists to 
imagine the actual three-dimensional structure, 
since the excretory urography (IVU) or retro-
grade urography can only demonstrate the two- 
dimensional planar image. The anatomical 
background could help urologists to conceive a 
three-dimensional image of the renal collecting 
system, even though when observing a two- 
dimensional image (Fig. 2.4). Three-dimensional 
CT reconstruction is a powerful and significant 
tool to reconstruct the three-dimensional image 
of the renal collecting system and stones but had 
the limitation of high cost and radiation. In 
Smith’s textbook of Endourology, Sampio ana-
lyzed three-dimensional polyester resin corro-
sion endocasts of the pelviocalyceal system. By 
comparing the urography and three-dimensional 
cast of the renal collecting system, we can have a 
preliminary impression of the three-dimensional 
structure of the renal collecting system.

Since the calyces stretch with different angle, 
length, and width, the projection on two- 
dimensional plain film varies. The renal stones 
and contrast in renal collecting system demon-
strate different structures. Some calyces are 
arranged in parallel with others. Some calyces 

have the projection of a sealed ring with a trans-
parent area in the middle. Some calyces overlap 
almost completely, and since the calyces are 
irregular, there would be some local area that 
shows dense shadow [6].

In several cases, perpendicular minor calyces 
go directly into the renal pelvis or into a major 
calyx (Fig. 2.5). The minor calyces almost per-
pendicular to the surface of the collecting system, 
thus in the projection, has been demonstrated as a 
black circle, which overlaps with the background. 
The residual stones in these perpendicular minor 
calyces are always posterior; hence, the anterior 
calyces are much easier to detect in PNL. Most of 
time, the puncture goes from the posterior calyx, 
thus for the residual stones in the perpendicular 
minor calyces, another puncture directly to the 
target calyx is required. It has to be noticed that 
most of these calyces lie near the infundibulum 
or renal pelvis, and the puncture and tract dilation 
are at high risk of vascular injury, thus a very pre-
cise puncture would not cause severe bleeding in 
these cases.

For these overlapping calyces, overlapped 
either almost together or into a circle (Fig. 2.6), a 
thorough understanding of the hierarchical 
 relationship of posterior and anterior calyces is 
crucial. Unfortunately, the plain film could only 
demonstrate a two-dimensional planar image. 
The preoperative CT scan can provide an  accurate 

Fig. 2.4 The KUB, IVU, and 3D CT reconstruction of renal collecting system and stones
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relationship of anterior and posterior calyx, but 
intraoperative CT guidance is unviable in 
PNL. Retrograde urography with contrast and air 
can also be performed to identify the posterior 

calyx. Even though the gradual deep–shallow 
relationship is helpful to identify the hierarchical 
relationship sometimes, a great deal of personal 
experience is required.

Fig. 2.5 Perpendicular minor calyces draining directly into the renal pelvis or into a major calyx

a b c

Fig. 2.6 For these overlapping calyces, overlapped either almost together or into a circle, as shown in these figures 
(a, b, c) from different visual angles
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Since the percutaneous renal access to the 
renal collecting system through the posterior 
calyces could provide a better manipulation pat-
tern in PNL with prone position, it is of great sig-
nificance to identify which calyx is posterior 
calyx.

The angle of the posterior and anterior calyces 
with the horizontal plane is different. In most of 
time, anterior calyx stretches to a much more 
acute angle than posterior calyx. Thus, the pro-
jection of posterior calyx is prone to close to the 
renal pelvis, on the premise that the anterior and 
posterior calyces are in similar length. If the pos-
terior calyx is much larger than the anterior calyx, 
the distal tip of projection of the posterior calyx 
is much more lateral rather than midway. 
However, the premise is not always working, and 
different angles and lengths destine that the hier-
archical relationship of anterior and posterior 
calyx in projection is complex and hard to iden-
tify on plain film. Rotation of C-arm is helpful to 
identify the posterior calyx. When the bulb is 
rotated to 30°, the project direction is changed, 
the overlapped area is deviated, and then the pos-
terior calyx would be displayed, since the top of 
posterior calyx would be highlighted in the 30° 
sagittal axis.

2.2.3  Intrarenal Vessels

Generally, the main renal artery divides into an 
anterior and a posterior branch after giving off 
the inferior suprarenal artery. The posterior 
branch (retropelvic artery) proceeds as the poste-
rior segmental artery to supply the homonymous 
segment without further significant branching, 
whereas the anterior branch of the renal artery 
provides three or four segmental arteries [7].

The segmental arteries divide before entering 
the renal parenchyma into interlobar arteries 
(infundibular arteries), which progressed adja-
cent to the calyceal infundibula and the minor 
calyces, entering the renal columns between the 
renal pyramids (Fig. 2.7).

The interlobar arteries progress near the base 
of the pyramids, originating (usually by dichoto-
mous division) the arcuate arteries (Fig. 2.8). The 
arcuate arteries give off the interlobular arteries, 
which reach to the periphery giving off the affer-
ent arterioles of the glomeruli.

Unlike the renal artery, the renal vein is not seg-
mental, but it has abundant circulatory anastomosis 
[8]. Cortical venules, also known as stellate veins, 
drain into the interlobular veins that form a series 
of arches. There are usually three longitudinal 
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Fig. 2.7 A sketch from 
the anterior phase of the 
right kidney (a) showing 
four branches of the 
renal artery: R renal 
artery, s segmental 
artery, I interlobar 
(carotid) artery, and 
a arcuate artery. The 
right figure (b) shows 
three levels of arcuate 
veins
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anastomotic arcuate systems in the renal paren-
chyma: between the stellate veins (more peripher-
ally), between the arcuate veins (at the base of the 
pyramids), and between the interlobar (infundibu-
lar) veins (close to the renal sinus) (Fig. 2.7).

2.2.4  Anatomical Relationship 
Between Intrarenal Vessels 
and Renal Collecting System [9]

As shown in the previous text, the intrarenal ves-
sels are hidden in the renal cortex and medulla, 
which constitute the periphery of the renal col-
lecting system. The puncture into the desired 
calyx must travels through the parenchyma and 
has the risk of injury to renal vessels. Bleeding is 
one of the most frequently noted complications 
following PNL, thus an ideal puncture should be 

well designed and accurately performed without 
severe vessel injury.

Thus, the major artery is located near the kid-
ney hilum, and when we move forward to inter-
lobular arteries and arcuate arteries, the artery 
gets smaller, and the peripheral artery injury 
would be spontaneously solidified.

Exactly, the interlobular arteries travel through 
renal column and then extend as arcuate arteries. 
Thus, when punctured from the apical center of 
calyx, where the renal papilla originates, named 
as fornix, only small arcuate arteries are injured.

In the previous study, investigators compared 
the punctures through a calyceal infundibulum and 
a calyceal fornix. It has been noted that puncture 
through an infundibulum (in any region of the kid-
ney) resulted in much more artery and vein injury. 
Puncture through the upper pole infundibulum is 
the most dangerous because this region is sur-
rounded almost completely by large vessels. 
Infundibular arteries and veins course parallel to 
the anterior and posterior aspects of the upper pole 
infundibulum [7, 10]. The posterior aspect of the 
lower pole infundibulum is widely presumed by 
urologists and interventional radiologists to be free 
of arteries. It is considered, therefore, to be a safe 
region through which to gain access to the collect-
ing system and to place a nephrostomy tube.

Large venous anastomoses are similar to col-
lars around the calyceal infundibula (the so- 
called calyceal necks). A venous lesion usually 
heals spontaneously, but consequent hemorrhage 
may be cumbersome during the procedure.

Direct puncture into renal pelvis is also at high 
risk of bleeding, since large branches of renal 
artery and main branches of renal veins are all 
nearby the renal pelvis. The injury of these large 
vessel branches is fatal. On the other hand, the 
nephrostomy tube inserted directly into the renal 
pelvis is much more prone to fall off, and there 
are much more extravasations during the PNL 
procedure.

In conclusion, the high rate of vascular 
injury destined that the puncture from infun-
dibulum is not feasible, while the puncture 
from the fornix is the ideal pathway to decrease 
bleeding in PNL.

Fig. 2.8 Intrarenal vessels and the relationships between 
infundibulum and fornix
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Armamentariums Related 
to Percutaneous Nephrolithotripsy 
(PCNL)

Athanasios Dellis and Athanasios Papatsoris

3.1  Nephroscopes

The choice of the nephroscope is of utmost impor-
tance. Although most of the scopes used are rigid 
ones, the nephroscope’s choice depends abso-
lutely on personal preference and availability [1].

3.1.1  Rigid Nephroscopes

Rigid nephroscopes have the advantage of supe-
rior optical quality due to the rod lens system, 
excellent irrigation and working channels. The 
optimal nephroscope should have a sufficient 
working length, a large working channel, a 
reduced outer diameter and a watertight entry site 
for instruments and accessories [1].

Practically, all nephroscope models have their 
optical and light cables and the irrigation lines 
located on the same side of the shaft. Most neph-
roscope models are designed with a continuous 

flow system, managed with an inflow and an out-
flow valve. However, when using a plastic 
Amplatz sheath, the outer shaft with the outflow 
valve loses its role; in fact, the irrigation fluid can 
flow out between the nephroscope and the 
Amplatz sheath. Although rigid nephroscopes 
have proven their efficacy and safety through 
years, they are characterized by limited maneu-
verability through long tracks (e.g. in cases of 
horseshoe kidneys) or around complex intrarenal 
anatomy due to the distance and the spatial loca-
tion of calculi in the calyces [1, 2].

3.1.2  Flexible Nephroscope

A flexible cystoscope/nephroscope is essential 
during a contemporary single tract PCNL since it 
allows access in peripheral calyces that are not 
reachable with a rigid instrument (e.g. in stag-
horn stones). With the flexible scope the number 
of tracts can be minimized. However, through the 
working channel only flexible instruments can be 
utilized. For instance, stone fragmentation can be 
performed only with laser lithotripsy [2].

3.2  Renal Access

Safe and accurate percutaneous renal access is of 
utmost importance [3]. The best approach to the 
kidney is ideally achieved by a transpapillary 
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puncture with direct access to the renal pelvis [2, 
3]. Identifying the ideal target calyx preopera-
tively as well as obtaining a three-dimensional 
knowledge of the kidney anatomy and stone bur-
den is the hallmark of a state-of-the-art 
PCNL. The principal steps of PCNL are primar-
ily puncture of the calyx, followed by tract dila-
tion, stone fragmentation and proper pelvicalyceal 
system drainage. Standard methods for obtaining 
access include fluoroscopic and/or ultrasound 
guidance performed either by radiologists or 
solely urologists, regardless of the operator’s 
experience [4].

Initially, under fluoroscopic guidance, a 5–7 F 
ureteric catheter should be inserted cystoscopi-
cally (either with a rigid or with a flexible cysto-
scope) into the renal pelvis or at about 1  cm 
above the obstructing stone [2].

Non-ionic contrast medium (diluted at 1:2–
1:3 ratio in normal saline) sometimes with a few 
drops of methylene blue is injected for opacifica-
tion of the collecting system and distend it so that 
the puncture would be more accurate [2, 5].

The ureteric catheter is fixed to a urethral cath-
eter in order to prevent displacement and provide 
free access for contrast injection or guide wires 
insertion.

Equipment
• 5–7 F open-ended ureteric catheter with a 

Luer-lock fixed proximally
• Urethral (Foley) catheter 14–18 F
• Contrast medium diluted with 0.9% saline and 

if needed 0.2–0.5  mL of methylene blue in 
order to give a faint blue color to the mixture 
so as to be distinguished from urine or blood

• A two-part puncture needle: usually 18-G 
straight stiff puncture needle, with an oblique 
beveled tip, 2  cm longer than the Amplatz 
sheath

• Guide wires (Table  3.1): Preferably, hydro-
philic guide wires 0.035–0.038 inch in diam-
eter/150 cm in length, with a straight floppy 
tip. They are called “slippery” because they 
can easily slip out of the kidney or through the 
surgeon’s or assistant’s hands [5]. They are 
more expensive than standard polytetrafluoro-
ethylene (PTFE) wires [5, 6]. They can easily 

find their way and coil in the pelvicalyceal 
system, by-pass ureteric or renal stones or 
advance through ureter in the urinary bladder. 
In rare conditions they can pass through the 
pelvicalyceal system or ureteric wall, causing 
a “false route” passage. In order to avoid the 
latter, we may use a “J-tip” wire, whose tip is 
a half-circle [5–7]. However, when there is 
resistance while advancing the hydrophilic 
wire through the needle there is a risk of strip-
ing its surface. Therefore, the hydrophilic wire 
should not be pushed in and out the wire when 
there is resistance

3.2.1  Standard MiniPerc (Table 3.2)

 – 12 F rigid nephroscope and 15 F sheath [8, 
9]. MiniPerc is the term used for PCNL 
cases with tract size less than or equal to 
18–20 F [10, 11].

3.2.2  Super MiniPerc

 – Use of active irrigation and active suction.
 – 7 F nephroscope and 8 F sheath. The telescope 

consists of a 3 F fibre-optic bundle [12].

3.2.3  Ultra MiniPerc

 – 3.5 F miniature nephroscope and 11/13 F 
sheath [13].

3.2.4  Micro PCNL

 – Micro-fiber optics of 2–3 F, all-seeing needle 
4.8 F or 8 F micro-sheath. Drainage of collect-
ing system is provided through a ureteral cath-
eter inserted preoperatively [14].

Table 3.1 Guide wire types

Type Tip Characteristics
Hydrophilic Straight or “J” Diameter: 0.035–

0.038 inch
Length: 150 cm

Super stiff Straight
PTFE Straight or “J”

A. Dellis and A. Papatsoris



25

3.3  Renal Tract Dilation

Tract dilation is the second crucial step for a 
successful PCNL procedure where costly dis-
posables could be utilized. There are five stan-
dard tract dilation techniques for PCNL: 
Amplatz fascial dilation (AFD) [15], metal tele-
scopic dilation of the Alken type (AT) [16, 17], 
balloon dilation (BD) [18], one-shot dilation 
(OSD) [19] and radially expanding single-step 
nephrostomy dilator (RESN) [20]. Each of the 
five types has its own advantages and disadvan-
tages. In general, the choice depends on the 
availability and the surgeon experience and, 
therefore, there is no consensus regarding the 
best dilation technique [21]. For instance, there 
are no significant differences in stone-free and 
transfusion rates between OSD and AT while 
there are significant differences in tract dilata-
tion fluoroscopy time and hemoglobin decrease 
between the OSD and AT groups. Significant 
differences in transfusion rates were found 
between the BD and AT groups while among 
patients without previous open renal  surgery 
those who underwent BD exhibited a lower 
blood transfusion rate and a shorter surgical 
duration compared with those who underwent 
AFD. The OSD technique is safer and more effi-
cient than the AT technique for tract dilation 
during PCNL, particularly, in patients with pre-
vious open renal surgery, resulting in a shorter 
tract dilatation fluoroscopy time and a lesser 
decrease in hemoglobin. The efficacy and safety 
of BD are better than AFD in patients without 
previous open renal surgery. As a result, the 
OSD technique should be considered for most 
patients who undergo PCNL therapy [21–23].

Equipment
 1. Amplatz fascial dilators [15, 24]

• Polyurethane, single use
• 8F flexible polyurethane dilator sliding 

over the working guidewire and whenever 
it is possible descending into the ureter

• The polyurethane dilator protects the 
guidewire and prevents kinking during pro-
gressive dilation

• Stepwise tract dilation until the desired 
caliber is reached (usually up to 30–32 F)

• Each dilator has to be removed before next 
insertion of the larger dilator and, there-
fore, in the time interval the tract may 
bleed

• In cases of large hydronephrosis, the kid-
ney can collapse between dilator exchanges

 2. Alken-type telescopic dilators [16]
• Metal, reusable and autoclavable
• Prevent bleeding between each dilator 

insertion due to parenchymal tamponade
• No hydronephrotic system deflation, no 

serial exchange
• Particularly fit for patients with previous 

open renal surgery/scar tissue
 3. Balloon dilator [18]

• Olbert balloon catheter 8–10 mm in diam-
eter and 4 cm long attached to an Amplatz 
gauge system, a racket and screw mecha-
nism as well as a syringe

• Single use
• Balloon over the guide wire (through the 

fasciae and into the kidney) and inflated 
under fluoroscopy, usually up to 20 atm

• Radial inflation, not shearing process
• Kidney tamponade with inflation
• Difficult to inflate in dense scar tissue

Table 3.2 Conventional and miniaturized PCNL

Conventional Mini Super mini Ultra mini Micro
Dilatation Yes Yes Yes Yes No
Fragmentation Ultrasound

Pneumatic
Combined
Laser

Laser Laser Laser Laser

Amplatz sheath 30 F 15 F (<18–20 F) 8 F 11 F/13 F No
Nephrostomy Mostly Rare No No No

3 Armamentariums Related to Percutaneous Nephrolithotripsy (PCNL)
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 4. One-shot (single-stage) dilator [19]
• A single 25 F or 30 F Amplatz dilator 

pulled in on the Alken guide or on the 8 F 
first polyurethane dilator of the Amplatz 
set

• Single use
• Dilator inserted over guidewire in a single 

rotating maneuver
• Kidney tamponade during insertion

 5. Radially expanding single-step dilator [20]
• 8 F woven sleeve with an inner stylet
• 30 F tapered fascial dilator
• Amplatz-like working sheath
• Significantly low axial forces transmitted 

in kidney
 6. Amplatz sheath [5]

• Firm Teflon or polyurethane tube
• Not to be advanced blindly
• Usually with diameter of 30 F
• The hydrostatic pressure perioperatively is 

always less than 10 cm H2O
• Smaller Amplatz sheaths, those compatible 

with 22 F nephroscopes
• Conventional Amplatz sheaths are inade-

quate for obese patients. Place a suture at 
the outer edge to avoid inward migration

• “Peel away” sheath to facilitate nephros-
tomy tube placement in the end of 
procedure

3.4  Lithotripsy

Several fragmentation devices are available for 
clinical use. The three mostly used devices for 
intra-corporeal lithotripsy, include ultrasound, 
ballistic and laser lithotripters, or a combination 
of these energies.

3.4.1  Ultrasound Lithotripters

Contemporary ultrasonic lithotripters consist of a 
handpiece containing a piezoelectric crystal 
which is stimulated by electric energy and is acti-
vated by a pedal switch [25, 26]. The stone frag-
mentation is achieved by high-frequency vibration 
(23.000–27.000  Hz) [1, 5, 8]. The longitudinal 

vibration is transmitted to the stone with the help 
of a hollow probe, resulting in rapid fragmenta-
tion especially in cases of soft stones [27]. The 
handpiece has also a central channel on the same 
axis of the probe, allowing suction of the irriga-
tion fluid and stone particles during all the frag-
mentation process as well by keeping the visual 
field clear in the unlikely event of bleeding [28]. 
Unfortunately, it may be obstructed by fine stone 
remnants or collapse the collecting system of the 
kidney, thus limiting vision intraoperatively. It is 
usually atraumatic to tissues and also helps to 
cool both probe and handpiece. It can remove 
large volumes of stone without needing to remove 
and re-insert the nephroscope; however, since it 
should be directly applied to the stone, the stone 
should be immobilized. For conventional PCNL, 
usually 10 F probes are used [1, 5, 8].

3.4.2  Pneumatic (Ballistic) 
Lithotripters

Pneumatic lithotripsy works similarly to a pneu-
matic jackhammer [29]. It functions with the 
use of compressed air that practically bursts 
against the head of the metal probe at a fre-
quency up to 12  cycles per second [1, 5, 30]. 
Shots can be triggered by a foot pedal switch in 
a single- or a multiple-pulse mode setting. It is 
more effective in large and hard renal stones that 
should preferably be immobilized but the latter 
combined with the “jackhammer effect” may 
cause bleeding [31, 32].

A relatively novel handheld pneumatic litho-
tripter has been presented [1]. It is a cordless 
handheld device that is powered by a disposable, 
detachable compressed carbon dioxide (CO2) 
cartridge [1, 5]. The shot is initiated by a hand- 
activated trigger rather than a foot pedal. When 
the CO2 abruptly expands, its pressure projects 
the hammer against the firing pin, transmitting 
the kinetic energy to a metallic probe that should 
be held in contact with the stone. One significant 
advantage of this device is the minimal displace-
ment at the tip of the probe, despite the high 
energy of the mechanical shock [33]. The amount 
of pressure transmitted to the stone is 31 bars, 
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compared with the 3 bars of standard pneumatic 
lithotripters.

Large fragments are easily generated and can 
be quickly extracted. Because of progressive drop 
of the gas pressure inside the cartridge, the energy 
of the impulses simultaneously decreases. One 
cartridge provides approximately 70 shocks [1, 5].

3.4.3  Combined Pneumatic 
and Ultrasound Lithotripter

This device consists of a combined generator 
delivering simultaneously pneumatic ad ultra-
sonic energy. The two sources of energy are 
transmitted to a handpiece and triggered with a 
dual foot switch. The 3 F pneumatic probe, set to 
a 5 Hz frequency, is advanced through the hollow 
10 F ultrasonic probe without protruding [1, 5]. 
The pneumatic shockwave produces gross frag-
mentation. The ultrasound completes the frag-
mentation and allows for aspiration of fine stone 
fragments. Suction is synchronized with ultra-
sound fragmentation [34–36].

3.4.4  Laser

The principle of laser fragmentation of the stones 
consists of the localized explosive boiling of water 
near the stone, resulting in a shockwave [37–39]. 
Lasers used for stone treatment should have a 
wavelength belonging to the infrared spectrum, 
such as erbium:YAG, holmium:YAG or CO2.

The holmium:YAG laser is characterized by 
high water absorption and a penetration that does 
not exceed 0.4 mm with pulse duration varying 
between 150 and 1000 μs. Lasers are mostly used 
for miniaturized PCNL as presented above with 
fibers up to 500 um [1, 5].

3.5  Retrieval Equipment

3.5.1  Graspers

Alligator forceps have an active grasping mecha-
nism, similar to surgical forceps, practically hav-

ing a scissor handle that allows to open and close 
its jaws [40]. The jaws open in a “V” shape and, 
therefore, cannot grasp large fragments (bigger 
than 4  mm) since they are pushed away as the 
jaws close [41].

Triradiate forceps have a passive grasping 
mechanism with a U-shaped handle without 
joints or complex hinges [1, 5]. Stones are 
grasped by three-serrated jaws with a sharp claw 
at the tip [42, 43]. They can grasp larger stone 
fragments. However, since the jaws are sharp and 
thin and when widely spreading out they can eas-
ily perforate the collecting system and further 
tear it during closure. In practice, they are better 
used in dilated or larger than confined spaces. In 
order to avoid trauma to the collecting system the 
forceps could be slightly rotated before retrieval 
in order to check all three jaws.

3.5.2  Baskets

Tipless dismembered baskets are very useful, 
especially for large fragment extraction. Basket 
wires are of smaller caliber compared to metallic 
grasper jaws and, therefore, allow removal of 
larger stone fragments through the Amplatz 
sheath [43, 44].

3.5.3  Flashing out Fragments

In cases of fragments that can pass through the 
Amplatz sheath, a cut nasogastric tube (14–16 F) 
can be inserted through the sheath—if possible 
next to or behind the fragments. By repeatedly 
moving forward and backward in a “jerking” 
motion while saline is instilled under some pres-
sure to create turbulence, the mechanical flushing 
out of stone fragments is achieved based on the 
“Bernoulli effect” [45].

3.6  Nephrostomy/Exit Strategies

Most urologists leave a 10–18 F nephrostomy/
catheter in the kidney following PCNL in order to 
achieve nephrostomy trifecta: kidney drainage 
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(primarily of urine, blood clots and small stone 
debris), hemostasis and healing and access of 
collecting system postoperatively (reentry, imag-
ing or chemolysis). It is usually left open drain-
ing the kidney for first 24–48 h postoperatively 
[46, 47]. It is initially closed, left in place and 
re-opened if the patient experiences pain or fever 
or removed if the case is uneventful [48].

3.6.1  Loop Nephrostomy

The fine self-retaining (pig-tail-like) nephros-
tomy with an internal string attached in order to 
form a loop into collecting system can be easily 
removed by cutting the string. Care must be taken 
when a loop nephrostomy is inside the upper loop 
of a JJ stent [49]. In this case they can be tangled, 
and the JJ stent accidentally removed with neph-
rostomy removal [1, 5, 8].

3.6.2  Balloon Catheter

Simple or two-piece balloon catheters 12–18 F 
which are easily placed and removed [50]

3.6.3  Tubeless Nephrostomy

No nephrostomy/drainage is left while a JJ stent 
may be or may not be in situ. This is an advantage 
of miniaturized PCNL which is gaining popular-
ity with novel laser technology [51].

3.6.3.1  Tubeless but Stented PCNL
In particular cases, where an alternative ureteral 
drainage is needed in order to prevent urine leak-
age through the percutaneous tract, a JJ stent is 
placed. Ureteral spasm or stenosis or UPJ edema 
revealed with difficult passage of the contrast 
medium down the ureter to the bladder small 
stone fragments in the ureter or cases with risk of 
clot formation, which are the most frequent crite-
ria for JJ stent placement [1]. JJ stents used are 
either with a string attached that can be removed 
by the patient within a few days or without string 
that are usually left for longer periods (e.g. 

3–6 weeks). Advantages of JJ stent placement are 
urine drainage facilitation leading to better per-
cutaneous tract healing, dilation of the ureter in 
cases of spasm, edema or stenosis and ease of 
small stone fragment passage. Disadvantages of 
JJ stent placement are stent-related symptoms 
that need to be relieved with medication, cost 
increase and need for further endoscopic proce-
dure to remove it [52–56].

3.6.3.2  Totally Tubeless (Unstented) 
PCNL

The totally tubeless PNL (tubeless and stentless 
with no postoperative drainage of the operated 
collecting system at all) is reserved for very 
selected cases with no bleeding, no residual stone 
fragments or other complicating elements [1].
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Operating Room Setup for PCNL

Victoria Jahrreiss and Mehmet Özsoy

To ensure ideal working conditions, a dedicated 
operating room (OR) setup for endourological 
procedures is essential. In order to enable effi-
ciency and safety within the OR, strategic 
placement of the required equipment is crucial, 
allowing free movement of the equipment and 
the surgeon to view multiple screens at the 
same time [1].

In an ideal setting, PCNL should be performed 
in a lead-shielded endourology-dedicated operat-
ing room, which consists of a urology-specific 
endoscopy table with fluoroscopic capabilities 
and at least two monitors that receive fluoro-
scopic and endoscopic images.

In order to fit the large equipment required for 
endourologic procedures the recommended size 
for a fluoroscopy-compatible endoscopic operat-
ing room is around 50 m2 with a ceiling height of 
at least 3 m and an additional 50–70 cm for an 
over ceiling space, containing cables for equip-
ment booms, electrical wires, nitrous oxide, oxy-
gen, compressed air, pipelines for air conditioning 
and a sterile air distributor. The sterile air distrib-
uter filters viruses, bacteria and dust and thus pro-
vides a hygienic, low-turbulence air supply for the 
operating room. A suspended metal ceiling with 

individually removable tiles enables easy mainte-
nance of the infrastructures in the over ceiling 
space. Ideally at least two booms should be 
mounted to the ceiling, one for the anesthesiolo-
gist and one for the surgical team, supplying elec-
trical sockets, pipelines and space to hold 
equipment. In order to provide radiation protec-
tion, the walls of a dedicated endourological OR 
can be either lead shielded or have a wall thick-
ness equivalent to 2 mm of lead. The walls should 
be painted a light, washable color and have fix-
tures for a plasma screen, wall-mounted cameras, 
an X-ray film illuminator and drawers for endo-
scopic disposables. Materials for wall and floor 
surfaces need to be strong, slip resistant, imper-
meable and either seamless or have minimum 
joints. Recommended is laminated polyester or 
smooth paint for the walls and linoleum, jointless 
conductive tiles or similar materials for the floor-
ing. Floor conductivity can range between mini-
mum 1mΩ and a maximum of 10 mΩ. To provide 
proper drainage during endourological 
 procedures, it is recommended for the OR to have 
a central drain outlet, centered underneath the 
operating table and the floors to have a slight tilt 
towards the central drain. The main OR gate 
should have a width of 1.5–2 m, facilitating move-
ment of the larger appliances needed for endouro-
logical procedures. To minimize air currents, a 
sliding door is recommended. The operating suite 
should be equipped with a hydraulically operated 
OR table with large twin-wheel castors so that it 
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can also be used for patient transportation to and 
from the operating suite. The table should have 
both battery and mains power supply. It should be 
divided into multiple segments: head plate, upper 
back plate, lower back plate, seat plate and leg 
plates, aiding the effortless placement of the 
patient in lithotomy position as well as supine and 
prone patient positioning. Additionally, the table 
needs to be rotatable in various axes with a stable 
base construction allowing the tilting of different 
body parts for optimal patient positioning. 
Furthermore, the OR table needs to be fluoros-
copy compatible. For this purpose it is important 
for the tabletop to be padded with multiple layers 
of radiolucent foam and free of cross bars. During 
endourologic procedures different levels of light-
ing are required. Therefore, dimmable, freely 
movable lights are a necessity. Light-emitting 
diode lights provide adjustable light characteris-
tics, a multicolor temperature facility and low 
heat generation at an unlimited lifespan. As in a 
general operating theater, overhead lights should 
provide shadowless lighting between 25,000 and 
125,000 Lux with at least 15,000 Lux at the 
periphery and 50,000–100,000 Lux at the center. 
Color-corrected fluorescent lights produce smooth 
illumination and minimal glare. A separate steril-
ization room for the delicate endourological 
instruments should be set up close to the OR, 
enabling swift sterilization and, therefore, allow-
ing multiple procedures to be performed in a day. 
Equipment should comprise of automated pro-
cessing disinfection machines as well as units for 
manual cleaning and rinsing. If autoclavation of 
the endoscopic instruments is not possible, a unit 
for chemical sterilization and ethylene oxide 
needs to be set up.

For endourological procedures a number of 
appliances are necessary. In order to provide 
ideal working conditions, strategic placement of 
the equipment is essential as shown in Fig. 4.1. 
At least two monitors that receive fluoroscopic 
and endoscopic images are needed. The monitors 
should be placed in front of the surgeon ensuring 
an ergonomic working environment. Additionally, 
video monitoring ensures a more ergonomic pro-
cedure for the urologist and facilitates training 
for urologic residents. Moreover, it enables video 

or photo documentation that can be incorporated 
into the patient’s electronic records.

A mobile C-arm is an essential appliance in an 
endourological operating room and should be 
placed on the opposite side of the surgeon for 
PCNL. The C-arm should supply graduated, bal-
anced movement at all angles and produce a 
high-quality image, allowing the surgeon to make 
precise and quick assessments intraoperatively. It 
should also facilitate image processing, DICOM 
imaging and last image hold memory and provide 
a high resolution image to its display, ideally a 
TFT monitor, as well as to a hanging monitor [2].

Fluoroscopy (C-arm or table) is necessary to 
guide positioning of puncture needles, wires, 
dilators and catheters and to perform pyelogra-
phy. Moreover, placement of the working shaft 
can be performed under fluoroscopic guidance 
over the working guidewire. Fluoroscopy can 
also identify radiopaque stones and help to assess 
success following stone defragmentation.

The surgeon should confirm that fluoroscopy 
is correctly positioned and can be easily manipu-
lated prior to surgery. The surgeon should control 
fluoroscopy by activation of a foot pedal. An 
ultrasound device with an abdominal ultrasound 
probe should be placed in the vicinity of the sur-
geon and should be covered with a sterile draping 
in order to allow the surgeon to manipulate it dur-
ing the procedure.

Everyone in the operating room should use 
lead aprons and thyroid shields for personal pro-
tection. Dosimetry badges are needed to record 
individual radiation exposure. Lead glasses are 
especially recommended for endoscopic sur-
geons due to their proximity to the radiation 
source and chronic exposure.

Before starting with PCNL, the operating 
room staff should confirm that all potential instru-
ments and disposable equipment are available 
and ready for use. The surgeon should confirm 
that this equipment is correct for the chosen sur-
gical modality.

The steps of the procedure should be 
 anticipated and the operation table should be 
set up to ensure a smooth course of operation. 
In complex cases where access to the renal 
stone may be difficult, additional equipment 

V. Jahrreiss and M. Özsoy



33

1

2

3

6

7

4

5

6

4

3

2

7

1112

1

8

9

10

5

Fig. 4.1 OR floorplan PCNL setup. (1) Ultrasound, (2) 
Video tower, (3) OR table, (4) Fluoroscopy monitor, (5) 
Lithotripter, (6) C-arm, (7) Irrigation fluid (8) Surgeon, 

(9) Scrub nurse, (10) Scrub table, (11) Anesthesiologist, 
(12) Anesthesiology equipment
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may be required. If access fails, it might be 
necessary to pursue an additional retrograde 
approach.

Our scrub table setup for PCNL (Fig. 4.2):

• PCNL set
• 0.035″ hydrophilic wire (safety wire)
• 0.035″ extra-stiff guidewire (for the dilation)
• Contrast media
• For the puncture, a two-part Trocar needle that 

provides enhanced visualization of the needle 
tip under ultrasound

• Polyethylene fascial dilator set (6–16 Fr)
• 11 Fr peelable introducer sheath
• Balloon dilator
• Amplatz working sheath
• Rigid nephroscope
• Rigid graspers
• 10 Fr nitinol tipless stone extractor

• Dual-action lithotripter device that combines 
ultrasonic wave energy with intermittent bal-
listic shockwave energy

• Flexible nephroscope
• 2.4 Fr nitinol basket
• 14–18 Fr Councill catheter

Irrigation under low pressure should be per-
formed using an isotonic saline solution at body 
temperature as there is always a risk of absorp-
tion from pyelolymphatic or pyelovenous back-
flow or from ureteral or renal perforation. 
Irrigation bag should be hung at about 30–50 cm 
above patient’s level.

Stone disintegration can be achieved with a vari-
ety of endoscopic lithotripters. While pneumatic 
and ultrasonic systems are most commonly used in 
standard PCNL, for miniaturized instruments the 
use of laser lithotripters has increased [3].

Fig. 4.2 A scrub table setup for PCNL
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It is recommended to incorporate video cam-
eras into the operating room: one directed to the 
top of the operating table, one giving an overview 
of the entire operating room and one covering the 
screens. Video recordings aid the surgical educa-
tion of urologic residents and enable live surgery 
screenings for scientific meetings and workshops.

The requirements for a dedicated endourolog-
ical operating room differ from those of a general 
OR. Endourological procedures demand modern 
technology as well as large appliances that have 
to be placed strategically. Thus, a well thought 
out setup for dedicated endourological operating 
suites is of great significance in order to enable 
optimal working conditions for the surgeon, 

 minimize changeover times and facilitate surgi-
cal training for residents [2].
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Preoperative Assessment 
and Patient Preparation for PCNL 
Surgery

Simon K. S. Choong and Gautam Kumar

Prior to any type of surgery, including PCNL, 
patients undergo preoperative assessment. There 
are two main components to this and to patient 
preparation. The first is centered on the delivery 
of safe and appropriate surgery and anaesthesia. 
This is principally a safety check and communi-
cation process generally performed separately on 
the day of surgery by the surgeon and anaesthe-
tist involved in the case. The second component 
is the concept of preoperative assessment to opti-
mise patients in order to improve outcomes and 
reduce perioperative risk.

It is generally accepted that there is a need to 
assess the potential of benefit and of harm 
afforded by any surgical or anaesthetic proce-
dural intervention and this information should be 
communicated to the patient. This should form 
the basis for the shared decision-making process, 
which will lead to the selection of appropriate 
intraoperative and postoperative care that consid-
ers the patient’s personal preferences, expecta-
tions and values. The aim is to ensure the patient 
is fully informed and ready for surgery. This will 
involve a health check and possibly optimisation 
of their health and current therapies. It involves 
planning with the patient their admission to hos-

pital and discharge after surgery. This will help 
prevent cancellations on the day of surgery and 
lead to an improved patient experience and 
outcome.

Preoperative assessment and preparation are a 
process. It involves primary care, anaesthesia, 
surgery and possibly other specialties. The gen-
eral practitioner has a role to play by ensuring 
that patients are ‘fit for referral’ (for example 
with optimised blood pressure, diabetic manage-
ment and medication) and by initiating the shared 
decision-making process. Development of strong 
links with primary care can facilitate this. Part of 
the process is an assessment to check it is safe to 
proceed with anaesthesia and surgery. It is also 
about both optimising and preparing the patient 
for anaesthesia and surgery. The anaesthetist 
plays a key role in co-ordinating this process with 
other medical specialties and healthcare 
professionals.

Shared decision making ideally should run 
throughout the whole patient journey; it is now 
viewed as an ethical imperative by the profes-
sional regulatory bodies, which expect clinicians 
to work in partnership with patients. The major-
ity of patients want to be more involved than they 
currently are in making decisions about their own 
health, treatment, and healthcare, and there is 
compelling evidence that patients who are active 
participants in managing their health and health-
care have better outcomes than patients who are 
passive recipients of care. If the patient decides to 

S. K. S. Choong (*) · G. Kumar 
Institute of Urology, University College London 
Hospitals, London, UK
e-mail: gautamkumar@doctors.org.uk

5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0575-1_5&domain=pdf
mailto:gautamkumar@doctors.org.uk


38

proceed, he or she should be as fit as possible for 
surgery and anaesthesia. Preoperative assessment 
and preparation allow risks to be clearly identi-
fied and mitigated or managed in a planned and 
consistent way.

5.1  Preoperative Assessment

Preoperative assessment largely comprises of the 
following steps:

• A patient interview and medical case notes 
review to establish current diagnoses, current 
medicines and past medical and anaesthetic 
history. This is primarily conducted by preas-
sessment nursing staff with additional assess-
ment by an anaesthetist if deemed necessary. 
All complex patients, as mentioned below, are 
assessed by a consultant anaesthetist, who 
decides upon the need for further investiga-
tions, decides if further optimization is needed 
and decides whether the patient needs postop-
erative critical care/high-dependency/inten-
sive care management

• Examination, including airway assessment
• Review of results of relevant investigations 

(see below)
• The presence of any risk factors, including 

methicillin-resistant Staphylococcus aureus

• (MRSA) screening and risk of venous 
thromboembolism

• The need for further tests to give the patient 
more information about their individual risk

In addition to general risk factors and consid-
erations for all patients undergoing anaesthesia 
(ischaemic heart disease, diabetes, etc.) the fol-
lowing are of specifically related to patients 
undergoing PCNL surgery:

• Spina bifida—The incidence of spina bifida 
(SB) is ∼1:1000, and risk of stone disease is 
substantially raised in SB (up to 15% of all 
patients undergoing PCNL surgery have spina 
bifida, kyphoscoliosis or spinal cord injury.) 
(Fig. 5.1) PCNL in patients with SB is associ-
ated with multiple parameters of poor out-
come. Patients with SB should be counselled 
about increased peri-operative risk and likeli-
hood of stone recurrence.

• Raised BMI—Patients with an increase body-
weight (Fig. 5.2) prove a risk as many of them 
are operated on in the prone position, and 
hence there may be difficulty ventilating them 
and they possess an increased risk of pressure 
injury and nerve damage. Alternative treat-
ment option by retrograde intrarenal surgery 
(RIRS) should be considered. There is also 
risk of injury to theatre staff who have to prone 

Fig. 5.1 CT scan of patient with spina bifida with severe kyphoscoliosis. Blue arrow shows kidney with stone
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the patient. Even supine PCNL patients need 
to be lifted to position a bag under the flank of 
the operated side.

• Glaucoma—Postoperative visual loss after 
surgery in the prone position has an estimated 
incidence of 0.01–1%. Although spinal sur-
gery poses the greatest risk, it has been 
reported in other operations. Narrow-angle 
glaucoma (in addition to ischaemic heart 
 disease, smoking, hypertension, and polycy-
thaemia) is a known risk factor.

• Blood-thinning medication—The perioperative 
use of certain medications (aspirin, clopidogrel, 
NSAIDs, and anticoagulants) need to be care-
fully considered. Some perioperative bleeding 
is normal but rarely it may be significant 
enough to need a blood transfusion (in less than 
5% of cases). The use of these medications 
increases that risk. Patients usually need to be 
able to come off and stay off anticoagulants 
(warfarin, heparin, rivaroxaban, dabigatran, 
apixaban, edoxaban) and strong antiplatelet 
(clopidogrel, ticlopidine, prasugrel, ticagrelor) 
preoperatively and postoperatively to reduce 
the risks of intraoperative and postoperative 
bleeding. Haematology consultations are use-
ful and if patients are deemed too high risk to 
come off their anticoagulants or strong anti-
platelet medications, retrograde intrarenal sur-
gery (RIRS) should be considered.

The following investigations are routinely per-
formed on patients during their preoperative 
assessment for PCNL surgery.

Additionally, as per national guidelines the 
following tests are sometimes carried out:

• ECG—If ASA1, to consider if over 65 years 
old. To be done in all patients ASA2 or greater, 
hence any cardiovascular or respiratory co- 
morbidities, including hypertension, isch-
aemic heart disease.

• Lung function tests—Considered in people 
who are ASA grade 3 or 4 due to known or 
suspected respiratory disease.

• Echocardiogram—Consider resting echocar-
diography if the person has a heart murmur 
and any cardiac symptom (including breath-
lessness, pre-syncope, syncope or chest pain) 
or signs or symptoms of heart failure.

5.2  MSU and Management 
of UTI Preoperatively

It is imperative to check the midstream urine 
(MSU) results from at least 2 weeks prior to the 
planned surgery so that there is sufficient time to 
treat urinary tract infection (UTI) prior to 
PCNL.  Untreated UTI is associated with an 
increased risk of urinary sepsis and septicaemia. 
High-risk patients with an infected staghorn 
stone should be electively managed and moni-
tored in a high dependency unit postoperatively.

At the induction of surgery gentamicin or a 
suitable antibiotic should be administered. In 
higher risk patients, a further two doses of i.v. 

Fig. 5.2 shows a high BMI patient of 66 kg/m2

• Full blood count and differential
• Renal profile
• Albumin
• Calcium
• Coagulation screen
• Group and screen
• MRSA culture screen
• Urine—microscopy and culture (MSU)

5 Preoperative Assessment and Patient Preparation for PCNL Surgery
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antibiotic is usually given. Stone fragments 
should be sent for culture and sensitivity testing 
in infected cases.

Antibiotics treat bacteria in the urine but usu-
ally cannot treat bacteria inside an infected stone 
or penetrate the bacterial biofilms on a stent. 
Bacteria are released from an infected stone or a 
stent during an operation and a longer course of 
antibiotics postoperatively should be considered.

5.3  Patient Preparation

To ensure patients are prepared for surgery, the 
following should be considered and managed:

• The patient’s understanding of and consent to 
the procedure and share in the decision- 
making process

• An explanation of the options for anaesthesia, 
an opportunity to ask questions and agreement 
to the anaesthetic technique proposed

• Preoperative fasting, the proposed pain relief 
method, expected sequelae and possible major 
risks (where appropriate)

• A plan for the perioperative management of 
anticoagulant drugs, diabetic drugs and other 
current medications

• A process of medicines reconciliation by a 
pharmacist or pharmacy technician should be 
in place preoperatively

• The documentation of details of any discus-
sion in the anaesthetic record

5.4  Postoperative Critical Care 
Management

The decision to admit a patient electively to criti-
cal care after surgery is subjective most of the 
time. The rationale of admission after elective 
PCNL surgery supposes that ICU admission can 
be preventive, which is not necessarily true. 
Many complications and risk factors discussed 

above have their roots in the pre-operative and 
operative period and, therefore, cannot be pre-
vented by ICU admission. However, there are 
some patients where a higher dependency care is 
beneficial.

It is generally accepted that all patients with 
5% or greater 30-day perioperative mortality 
should be admitted for postoperative monitoring 
but given that for this type of surgery mortality 
risk is lower, one looks towards other indicators. 
Patients with respiratory co-morbidities raised 
BMI and spinal injuries are at greater risk of 
postoperative pulmonary complications so may 
need ventilatory support, chest physio and early 
mobilization facilitated by greater nursing care. 
Patients with cardiac co-morbidities may need 
more rigorous blood pressure monitoring or car-
diac telemetry to earlier diagnose, manage or 
treat any potential cardiac events. Patients with 
infected stones are prone to septic events so may 
benefit to more frequent monitoring to detect 
signs of sepsis and quicker treat any potential 
postoperative infections.

The need for postoperative critical care is sig-
nificantly higher in males, elderly, patients with 
poor preoperative risk morbidity stratification 
scores, preexisting medical illness, major intra-
operative hemorrhage, hypotension requiring 
inotropic support, perioperative respiratory prob-
lems and patients who suffer trauma (lung/
bowel).

5.5  Planning and Safety Meeting

A weekly multidisciplinary meeting involving 
urologists, radiologists, microbiologists, nephrol-
ogists, specialist nurses and the team is useful to 
assess upcoming PCNL cases, especially complex 
patients. The patients’ cases and circumstances, 
blood and urine results are checked. Imaging is 
reviewed to decide on tract access and whether an 
up to date CT KUB scan may be valuable. 
Complex patients are optimized, and a decision is 

S. K. S. Choong and G. Kumar



41

made regarding elective admission to a high 
dependency unit postoperatively. These meetings 
help to familiarise the team with patients, ensure a 
smooth hospital journey and avoid unnecessary 
last minute surprises and cancellations.

Summary Points
• Principle is delivery of safe and appro-

priate surgery and anaesthesia
• Preoperative assessment to optimise 

patients in order to improve outcomes 
and reduce perioperative risk

• MSU results must be checked and UTI 
treated prior to PCNL

• High-risk patients must be assessed by a 
consultant anaesthetist and considered 
for elective admission to a high depen-
dency unit postoperatively

• Consult a haematologist for patients to 
come off anticoagulation and antiplate-
let treatment and agree on a bridging 
plan preoperatively and postoperatively

• Multidisciplinary planning meetings are 
useful to optimise safety and ensure a 
smooth hospital journey for the patient

5 Preoperative Assessment and Patient Preparation for PCNL Surgery
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Positioning During PNL

András Hoznek

6.1  Evolution of Positioning 
Techniques: Historical 
Background

In 1929, Dos Santos described the technique of 
lumbar aortography [1]. This consisted of the 
oblique insertion of a puncture needle in prone 
position with an entry point lateral to the verte-
bral column. The procedure allowed performing 
renal arteriography helping the diagnosis of kid-
ney tumors. In the following years, lumbar aor-
tography became quite popular and was routinely 
used. With the patient in the prone position for a 
translumbar aortogram, Willard Goodwin unin-
tentionally inserted a needle into a hydrone-
phrotic kidney [2]. This gave him the idea of 
antegrade pyelography and trocar nephrostomy 
in hydronephrosis [3]. Hence, from the late 
1970s, puncturing the kidney during percutane-
ous nephrolithotomy was based on these previous 
experiences in the prone position [4].

Classical prone nephrolithotomy consists of 
two distinct operative steps: placement of a ure-
teric catheter in the lithotomy position followed 
by a second positioning in the prone position to 
create percutaneous access to the kidney and the 

nephroscopy itself (Figs. 6.1 and 6.2). However, 
this way of proceeding presents the inconve-
nience of the necessity of repositioning an intu-
bated and perfused patient. Moreover, in many 
patients, general anesthesia in the prone position 
is not tolerated or contraindicated. In morbidly 
obese patients, the respiration reservoir is 
restricted because of increased baseline intra- 
abdominal pressure. This is aggravated in the 
prone position because of abdominal compres-
sion. Narrowing the inferior vena cava results in 
a decrease in venous return and in cardiac 
preload.

In 1987, Valdivia Uria reported a new method 
of patient positioning in the supine position [5]. 
After ureteric catheterization in the lithotomy 
position, the patient is repositioned with both 
legs in extension with an inflatable air bag under 
the lumbar region, and the ipsilateral arm is 
placed across the thorax (Figs. 6.3 and 6.4).

Later, this technique was improved by 
Ibarluzea in the Galdakao hospital [6]. This con-
sists of a modified lithotomy position with the 
ipsilateral leg extended and the contralateral 
abducted and flexed. With the exception of this 
difference, it reproduces the principles of Valdivia 
(Figs.  6.5 and 6.6). This innovation is known 
worldwide as the “Galdakao-modified supine 
Valdivia position” (GMSV). Progressively this 
modification became increasingly popular. 
Actually, it allows accessing the urinary tract not 
only through an anterograde percutaneous route 
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Fig. 6.1 Prone position 
for PCNL: superior view

Fig. 6.2 Prone position 
for PCNL: lateral view

Fig. 6.3 Supine 
valdivia position: 
superior view

Fig. 6.4 Supine 
valdivia position: lateral 
view
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but also via the ureter in the retrograde approach. 
In addition, two surgeons can work in tandem 
and perform several tasks simultaneously, 
opposed to the prone position which usually fol-
lows a sequential order.

With the development of flexible instruments, 
a combination of transurethral and percutaneous 
routes became possible. This led to the concept of 
“endoscopic combined intra-renal surgery” 
(ECIRS), popularized by Scoffone and Cracco 
[7]. The GMSV position also eliminates the 
necessity of repositioning the patient who needs 
to be draped only once. All these characteristics 
are supposed to shorten operative room occupa-
tion time (Fig. 6.7).

However, for many years, the majority of urol-
ogists remained faithful to the classical prone 
position [8]. According to the worldwide pro-
spective study of the Clinical Research Office of 
the Endourology Society including 5803 patients, 
80.3% of still performed the prone PCNL instead 
of the supine in 2011.

Both for prone and supine positioning, alter-
natives were proposed to improve ergonomics 
and outcomes.

Fig. 6.5 Galdakao- 
modified supine Valdivia 
positon (GMSV)

Fig. 6.6 In the GMSV position, the patient is pulled to 
the border of the table to avoid instrument collisions

6 Positioning During PNL
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6.2  Variants of Prone and Supine 
Positions

6.2.1  Prone Variants

Endoscopic combined intra-renal surgery is also 
possible in the prone position. For this purpose, the 
reverse lithotomy position [9] and prone split leg 
position were developed [10] (Fig. 6.8). Using flex-
ible instruments, the bladder and upper urinary tract 
are accessed even if this can be less ergonomic.

The prone flexed position modifies the anatomi-
cal relationships of kidney, thorax and adjacent 
organs [11] (Fig. 6.9). The kidney is displaced cau-
dally in the retroperitoneum providing improved 
access to the upper pole, often reducing the neces-
sity of supracostal puncture. It was reported that 
45% fewer supra-11th rib punctures are required to 
reach the superior calyx. In addition, the distance 
between the iliac crest and the 12th rib increases, 
creating more working space. However, this posi-
tion impairs the patient’s respiration, decreases car-
diac index and compresses the inferior vena cava.

6.2.2  Lateral Positions

In morbidly obese patients, Kerbl suggested 
PCNL in lateral decubitus in 1994 [12]. The 
advantage is that in the lateral position, the pen-
dulous abdomen moves sideways.

However, this position also necessitates a sep-
arate time for retrograde ureteric catheterization 
in the lithotomy position and repositioning in lat-
eral decubitus. In addition, in this position the 
kidney is projected on the vertebra during fluo-
roscopy making the puncture and identification 
of residual fragments difficult.

Bart’s technique is a hybrid position that 
consists of tilting the pelvis 45° with the shoul-
ders perpendicular to the operating table [13] 

PRONE

SUPINE

Cystoscopy
+ pyelography

Cystoscopy
+ pyelography

Puncture
+ dilatation

Puncture
+ dilatation

Fragmentation
+ extraction

Fragmentation
+ extraction

Exiting

Exiting

Fig. 6.7 Organigram of PCNL in prone and supine positions

Fig. 6.8 Prone split leg position
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(Fig. 6.10). It requires only one positioning but 
results in a torque of the vertebral column.

6.2.3  Supine Variants

Besides the already mentioned Valdivia and 
GMSV positions, these basic techniques also 

underwent some minor modifications. One of 
the most popular is the Bart’s flank free position 
in which the lumbar region is free; the patient is 
only slightly tilted by using a saline bag under 
the rib cage and a gel pad under the pelvis [14]. 
It is suggested that this position exposes the 
flank better than with other supine positions 
(Fig. 6.11).

Fig. 6.9 Prone flexed 
position

Fig. 6.10 Bart’s 
position

Fig. 6.11 Bart’s flank 
free position
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6.3  Advantages and Drawbacks 
of Each Position

6.3.1  Advantages of Prone Position

Supporters of prone position argue that it offers 
larger surface area for percutaneous access with 
more medial access and, in principle, a lower risk 
of visceral injury. According to anatomical CT 
studies, despite more anterior puncture during the 
supine position, the risk of colon perforation is 
not increased because the bowel floats away from 
the kidney in the uncompressed abdomen [15].

The prone position is more optimal in simulta-
neous bilateral PCNL and in some cases of horse-
shoe kidney.

Upper pole puncture is believed to be easier in 
the prone position because it is located more pos-
teriorly and medially. On the other hand, access 
to the upper pole through a lower calix puncture 
has been found easier [16]. In a prospective study 
including 45 patients, Sofer found that access to 
the upper calix through a lower pole puncture 
was possible in 20% of prone and 80% of supine 
percutaneous nephrolithotomies.

6.3.2  Drawbacks of Prone Position

Rolling the patient into the prone position must 
be undertaken with great care as risks include the 
potential for cervical spine injury and increased 
periorbital pressure, which can result in decreased 
perfusion to the optic nerve and rarely result in 
vision loss [17, 18]. Performing flexible cystos-
copy and ureteroscopy is challenging in the prone 
position. Handling of the ureteric catheter neces-
sitates specific precautions with respect to surgi-
cal asepsis.

6.3.3  Advantages of Supine 
Position

The supine position offers to the surgical team a 
great versatility. Simultaneous antegrade and ret-
rograde access to the urinary tract is easy and 

comfortable. It also makes possible combining 
laparoscopy and endourology.

The abdominal wall is punctured more later-
ally, away from the lumbar muscles; therefore, 
movements of the endoscope are less restricted. 
The nephrostomy tube is better tolerated when 
the patient is lying on his back. The puncture of 
anterior calices is easier with a better puncture 
angle.

Horizontal direction of the tract maintains 
lower pressure which can be a drawback with 
large Amplatz because the collecting system is 
collapsed, especially if ultrasound fragmentation 
with suction is used. However, this reduction in 
intrarenal pressure counterbalances increased 
resistance to the outflow of irrigation fluid during 
different types of miniaturized PCNL. Wash out 
of fragments is easier because of the pending 
direction of the Amplatz. During mini-perc, the 
vacuum cleaner effect is more efficient (Figs. 6.12 
and 6.13).

Fig. 6.12 The tract in prone position is oblique leading to 
slight increase in renal pressure
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6.3.4  Drawbacks of Supine Position

In the beginning, many concerns were formu-
lated relative to the supine position. The main 
criticism of the supine position is that the flank is 
not fully exposed, which makes access to the pos-
terior and medially lying upper pole more diffi-
cult and provides less availability for multiple 
accesses.

The operating table and the patient’s hips 
might also restrict instrument manipulation. 
Therefore, the choice of the nephroscope is fun-
damental. In older scopes, the light cable and the 
optical cable are located in the 6 and in the 12 
o’clock positions on the instrument. In more 
recent nephroscopes, the optical and light cables 
and the irrigation line are connected in the same 
direction, thus limiting collisions. The patient 
should also be pulled to the border of the opera-
tive table (Fig.  6.14). This somewhat limits the 
feasibility of the supine position in some opera-

tive rooms equipped with integrated endoscopic- 
radiologic tables. On these tables, the patient 
must remain in the middle.

The absence of abdominal compression leaves 
the kidney more mobile, which can make dilata-
tion of the tract more challenging. This difficulty 
can be overcome by the through and through the 
passage of the guidewire.

6.4  Review of the Literature

The clinical research office of the Endourology 
Society conducted a prospective multicentre 
study including 5775 PCNL patients from 96 cen-
tres worldwide [8, 19]. The conclusions of this 
ambitious project had a major impact on the opin-
ion of urologic community for many years [20]. 
At the time of the study, the novel supine position 
was performed only in 19.7% while the majority 
of urologists remained faithful to the classical 
prone position corresponding to 80.3% of cases.

Fig. 6.13 In the supine position, stone clearance is more 
optimal and vacuum cleaner effect more efficient

Fig. 6.14 Improper nephroscope design and patient posi-
tioning in the middle of the table result in instrument col-
lisions. With modern nephroscopes and the patient pulled 
to the border of the table, fewer collisions occur
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Stone-free rate was superior in the prone 
group with 77% of patients vs. 70.2% in the 
supine group (p < 0.001). However, the method 
evaluating residual fragments was dissimilar in 
the two groups: more patients had postoperative 
computed tomography in the supine group and 
the method of evaluation was not mentioned in a 
larger proportion of patients treated prone.

But the better results in the prone group had 
also a price in terms of complications. 
Transfusions were necessary in 6% of patients in 
the prone group and 4.3% in the supine group. A 
possible explanation of higher transfusion rate 
and superior stone-free rate might be a more radi-
cal treatment strategy in the prone group. Upper 
pole puncture was more frequent in the prone 
group with 11.4% of cases and only 4.0% in 
supine position. Multiple punctures were used in 
9.0% in prone and 4.1% in supine cases. Both 
upper pole and multiple punctures increase the 
risk of bleeding.

Complications graded Clavien 2 or more were 
less frequent in supine group with 7.2% of 
patients vs. 10% in the prone group. This lower 
complication rate in the supine position is espe-
cially noteworthy as there were more high-risk 
patients in the supine group. In the prone and 
supine positions 54.7% vs. 46.8% were ASA1 
and 33.4% vs 42.1% were ASA2, respectively.

The conclusions of the CROES study about 
operative time merit special attention and should 
be interpreted with caution. Mean operative time 
was significantly shorter in patients operated in 
the prone position with 82.7 min and 90.1 min. 
However, this result is rather misleading. 
Actually, operative time was defined as puncture 
to exit [21]. As a result, one of the main advan-
tages of the supine technique, which is single 
positioning, was simply ignored by the CROES 
study. Yet, the time necessary to perform ureteric 
catheterization in the lithotomy position, turning 
the patient prone, second prepping and draping 
necessitates at least 20–30  min even in well- 
organized teams.

The critical analysis of the CROES study is 
important because later on its data were also 

included in several meta-analyses. Because of its 
sample size, it had a major weight in results.

Two early meta-analyses comparing supine 
vs. prone position for PCNL have been pub-
lished. The analysis of Liu was based on 2 pro-
spective RCTs and 2 case-control studies 
including 389 patients [22]. Besides the results 
extracted from these 4 studies, Wu included also 
27 case series [23]. Both meta-analyses  concluded 
that the supine position shortened the operative 
time by slightly more than 24 min. The two posi-
tions were equivalent to stone-free rate, length of 
hospital stay and complication rate.

Later, the meta-analysis of Zhang based on 9 
studies collected data of 6413 patients. 77.3% of 
them belonged to the prone group and 22.7% to 
the supine group. Results showed that PCNL in 
the supine position was associated with a signifi-
cantly shorter operative time but stone-free rate 
was only 72.9% vs. 77.3% in the prone position 
[24]. However, this study comprised only two 
randomized trials: one was a prospective non- 
randomized study and six were retrospective 
studies with no randomization. Data from the 
CROES database provided 86.3% of the data.

Presently, the highest evidence level available 
arises from a recent meta-analysis including 
exclusively randomized studies [25]. Fifteen 
studies were selected collecting data from 1474 
patients.

Stone-free rate was 78.1% (574/735) in the 
supine group and 80.0% (591/739) in the prone 
group; the difference is non-significant. 
Operative time was slightly but significantly 
shorter in the supine group with a mean weighted 
difference of 12.02 min. There was no difference 
in transfusion rate, urinary fistula, and thoracic 
complications. However, the risk of fever was 
significantly higher in the prone group. Hospital 
stay was similar. But again, the limitation of this 
meta- analysis is the heterogeneity of reporting 
among different studies. Other factors than the 
difference in patient positioning may have an 
impact on results: puncture and fragmentation 
techniques, definition of operative time and 
stone-free rate.
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6.5  Conclusion

The main goal of percutaneous nephrolithotomy 
is to clear the kidney of as much stone as possible 
in a minimally invasive way. Today, the prone 
position is no more the exclusive way to do per-
cutaneous nephrolithotomy. There is no clear evi-
dence supporting the superiority of either the 
prone or supine position regarding stone-free 
rate, complications and morbidity. Nevertheless, 
an increasing number of publications admit an 
advantage of the supine position in terms of oper-
ative time.

Yet, the final decision as to the position of the 
patient belongs to the surgeon according to his 
personal preference, experience, training and his 
operative environment. The most important is to 
do a good job and feel comfortable.
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Anesthesia

Wenqi Wu

7.1  Introduction

Percutaneous nephrolithotomy (PCNL), a mini-
mally invasive procedure, was used for the 
removal of upper urinary tract stone. It was ini-
tially started in the 1950s but widely used in 
1976 [1], and has now become the primary treat-
ment for multiple, large kidney stone or staghorn 
stone [2]. PCNL has the advantages of being 
minimally invasive and less painful and provid-
ing a quick recovery. Because of the better con-
trol of breathing and the ability to make patients 
more comfortable, general anesthesia with endo-
tracheal intubation is more frequently performed 
in patients with PCNL [3]. Several changes have 
taken place to modify the procedure and lower 
the analgesic requirements, complications, and 
hospitalization duration in the last two decades. 
Nowadays, PCNL can be performed after the 
administration of general, epidural, or local 
anesthesia. The anesthesia method used during 
the operation is mainly determined by the 
patient’s condition. It is crucial to choose an 
anesthetic method with high safety and good 
effect. The patient’s safety will be threatened if 
an anesthesia- related problem occurs during 

surgery. Insufficient anesthesia will increase the 
pain and impact the safety and effect of surgery.

7.2  Part I: Preoperative 
Assessment and Treatment

Patients with kidney stones have different preop-
erative conditions, since upper urinary tract 
stones are able to result in renal function damage, 
accompanied by water and electrolyte disorder 
and acid-base imbalance. Also, cardiovascular 
system, metabolism, and hematopoietic system 
abnormalities are closely connected with it. In 
addition, upper urinary tract stone is often associ-
ated with urinary tract infections, which contrib-
utes to the intraoperative and postoperative fever, 
chills, vomiting, and even urinary sepsis [2]. 
PCNL has special requirements for position and 
equipment. Before anesthesia, appropriate anes-
thesia methods and anesthetics should be selected 
according to the condition and special require-
ments of the operation. It is very important to 
evaluate the condition and provide the suitable 
treatment to improve the patient’s condition, in 
order to ensure the safety of the operation, reduce 
postoperative complications, and recover the 
patient quickly. To understand the general condi-
tion of patients and evaluate the important organ 
functions such as heart, lung, liver, kidney, and 
brain are important to prepare for the anesthesia. 
Giving full consideration to intraoperative and 
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postoperative complications and providing the 
requirements for full preparation are critical.

7.2.1  Age

All age groups of patients may present for 
PCNL. Elderly patients may have many accom-
panying comorbidities such as ischemic heart 
disease, respiratory dysfunction, and diabetes, 
while young children may be uncooperative.

7.2.2  Nutrition

Malnutrition, hypoproteinemia, and anemia sig-
nificantly reduce the tolerance of anesthesia and 
postoperative anti-infective capacity. For patients 
with the above conditions, enteral nutrition 
should be added as much as possible preopera-
tively. Parenteral nutrition and blood transfusion 
should be a supplement when necessary, also pay 
attention to maintaining water, electrolyte, and 
acid-base balance. Hemoglobin and hematocrit 
are able to reflect the general situation of anemia, 
dehydration, and blood volume. There is a risk of 
shock during anesthesia if the hemoglobin of the 
adult patient is less than 80  g/L.  Patients over 
70 years of age should pay more attention to the 
correction of anemia. Urinary tract stone patients 
with renal insufficiency are always accompanied 
by anemia due to the decline of erythropoietin. 
For infants younger than 3 months, preoperative 
hemoglobin should exceed 100  g/L; for those 
older than 3 months, it should be at least 90 g/L.

7.2.3  Hypertension

The safety of anesthesia in patients with hyper-
tension is determined by the extent of damage of 
organs such as brain, coronary artery, heart, and 
renal function. One of the key points of preopera-
tive preparation is to preserve the stability of 
blood pressure. Nowadays, scholars agree with 
the idea that using antihypertensive drugs during 
the day of surgery is conducive to maintaining 

the stability of blood pressure. Patients with dia-
stolic blood pressure exceeding 90 mmHg should 
be treated with antihypertensive drugs. Surgery 
should be performed after achieving normal 
blood pressure or when blood pressure is reduced 
by 20%. For patients with diastolic blood pres-
sure exceeding 110  mmHg, antihypertensive 
drugs must be continued until the morning of sur-
gery to prevent acute injury such as heart failure 
or cerebrovascular accident due to severe blood 
pressure fluctuations during surgery. The use of 
vasopressor is effective against intraoperative 
hypotension. For patients with hypertension 
accompanied by kidney damage, comprehensive 
consideration should be given to the choice of 
anesthetic type and dosage. For patients with 
hypertension combined with myocardial isch-
emia, the treatment of myocardial ischemia 
should be strengthened. Surgery should be post-
poned for patients with recent myocardial 
ischemia.

7.2.4  Cardiovascular Diseases

Echocardiography should be performed to under-
stand cardiac structural changes and cardiac 
function when the preoperative electrocardio-
gram suggests ST-segment changes or cardiac 
hypertrophy. Selective radionuclide angiography 
can be used to understand the condition of coro-
nary artery if necessary. Patients with arrhythmia 
should have 24-h Holter monitoring and echocar-
diography to understand the degree of arrhythmia 
and cardiac function. For patients taking nonste-
roidal anti-inflammatory drugs (NSAIDs), for 
example aspirin, it should be discontinued at 
least 5–10  days before surgery and resumed 
48–72  h after surgery. Other kinds of NSAIDs 
should be deactivated for at least 48  h prior to 
surgery. For patients who have not stopped using 
these drugs, it is necessary to check the clotting 
time to become normal before surgery. Many 
patients with kidney stones are accompanied by 
renal insufficiency. For patients requiring dialy-
sis, surgeon and anesthesiologist should fully 
understand the method and time of hemodialysis, 
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especially the heparinized dialysis. In addition, 
coagulation function needs to be closely moni-
tored. Heparin-free or low-molecular-weight 
heparinized dialysis is better. Hemorrhage is one 
of the common complications of PCNL. Patient’s 
coagulation function is the primary factor to 
 prevent the hemorrhage. To sew or coagulate 
hemostasis like open surgery is impracticable; 
thus, coagulation function is very important.

7.2.5  Respiratory Diseases

Preoperative treatment of patients with respira-
tory diseases includes quitting smoking, control 
of acute and chronic lung infections, and use of 
effective antibiotics 3  days before surgery. 
Patients with chronic obstructive pulmonary dis-
ease (COPD) or bronchi wheezing; the broncho-
dilator such as aminophylline and salbutamol 
should be provided. Patients with frequent asthma 
attacks can be treated with adrenal cortex and 
asthma medication. Patients with pulmonary 
heart disease and heart failure need to use digi-
talis, diuretics, oxygen, and pulmonary vascular 
resistance drugs to control the situation. Pre-
anesthesia is mainly administered in small doses. 
Generally, respiratory function can be signifi-
cantly improved after the therapy mentioned 
above. Because the PCNL surgery needs to be 
performed in the prone position, respiratory man-
agement and monitoring should be better per-
formed especially during the anesthesia of such 
patients. The use of intraspinal block increases 
the risk of restriction of circulation or breathing 
because the prone position restricts the dilation 
of the chest. Patients with respiratory diseases are 
more likely to suffer from dyspnea; thus, general 
anesthesia with endotracheal intubation is pre-
ferred for them to strengthen respiratory 
management.

7.2.6  Renal Function Assessment

Glomerular filtration rate is an objective indicator 
of glomerular filtration function and is often used 

clinically to assess the renal function. Inhibition 
of anesthetics, surgical trauma, hypotension, or 
dehydration can cause the decline of the blood 
supply to kidney and produce nephrotoxic sub-
stances, which may cause the temporary decline 
of renal function. This phenomenon is more com-
mon in patients with renal insufficiency. The key 
point of protecting the kidney function is to 
ensure the blood supply to kidney and protect the 
glomerular filtration rate. The following points 
are important to protect the renal function. Firstly, 
ensuring adequate blood volume is an effective 
method to prevent kidney ischemia. Secondly, 
avoiding using vasoconstrictors as far as possi-
ble. Thirdly, providing enough intravenous rehy-
dration to ensure the urine volume. Furosemide 
could be used if necessary. Additionally, avoiding 
the use of nephrotoxic drugs is important. Last 
but not the least, urinary tract infections should 
be prevented and controlled. Patients with severe 
renal insufficiency require hemodialysis treat-
ment to improve their condition before surgery. 
The volume and speed of fluid infusion should be 
strictly controlled during the operation. The oper-
ation time of this kind of patients should be 
strictly controlled, too. The two-stage surgery 
could be used.

It is necessary to evaluate renal function by 
intravenous pyelogram (IVP), dimercaptosuc-
cinic acid (DMSA), or diethylenetriaminepenta-
acetic acid (DTPA) scan [4]. DMSA is an imaging 
tool to assess renal morphology and structure. 
DTPA renal scan is used to evaluate the blood 
supply, renal function, and excretion of urine. 
This test can be used to understand what percent-
age each kidney contributes to the total function. 
There is no indication for performing PCNL with 
a nonfunctional kidney. Nephrectomy would be a 
preferable operation. Being aware of the existing 
comorbidities in the perioperative period could 
reduce complications and mortality.

7.2.7  Infection

The acute infection should be controlled 
preoperatively.
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7.3  Part II: Preparation 
and Medication Before 
Anesthesia

The anesthesiologist should carefully understand 
the patient’s personal history, past history, allergy 
history, therapeutic medication history, previous 
surgical anesthesia history, and current operation 
status before PCNL, including smoking and alco-
hol consumption, pregnancy, allergies, use of ille-
gal drugs, antihypertensive drugs, and antibiotics, 
level of blood sugar and glucocorticoids, etc. 
Which kind of anesthesia methods and drugs have 
been used in the past should be understood. 
Anesthesiologist should talk with the surgeon to 
find out the difficulty of this operation. In addi-
tion, it is necessary to communicate with the 
patient preoperatively to explain the anesthesia 
and eliminate the patient’s tension and anxiety.

7.3.1  Physical Examination Related 
to Anesthetic Operation 
and Examination 
of Anesthetic Condition

 1. The examination of general anesthesia with 
endotracheal intubation:
 (a) The range of mobility of head and neck is 

between 90° and 165°. If mobility of head 
is tilted back less than 80°, the operation 
of intubation would be difficult.

 (b) The mouth opening involves three trans-
verse fingers. Normally, the tongue and 
jaw spacing is no less than three transverse 
fingers. Patients with tongue and jaw spac-
ing less than two transverse fingers often 
prevent the placement of laryngoscopy.

 (c) Anesthesiologist should pay more atten-
tion to whether there is thyroid mass press-
ing the trachea, the stenosis situation of 
trachea, also be careful of the laryngeal 
edema, laryngeal submucosal hematoma, 
acute laryngitis, etc. Patients with difficulty 

in endotracheal intubation need to be 
equipped with fiber-optic bronchoscope.

 2. The examination of spinal functions should be 
carried out for patients who intend to receive 
spinal anesthesia:
 (a) Check the clarity of puncture marks.
 (b) Be careful of the spine disease and 

malformation.
 (c) Check the infection condition of puncture 

point.
 (d) Check whether there is bleeding disease, 

bleeding tendency, or anticoagulant 
treatment.

 (e) Understand the history of frequent 
headaches.

 (f) Check whether there is recessive 
myelopathy.

If the above conditions are present, spinal anes-
thesia should be prohibited in order to avoid the 
occurrence of severe complications such as total 
spinal anesthesia, aggravation of myelopathy, for-
mation of intravertebral hematoma, secondary 
paraplegia caused by intravertebral infection, and 
pyogenic granuloma.

7.3.2  Examination of Drug 
Treatment

For patients with complicated conditions who have 
received a series of drug treatments before surgery, 
the interaction between certain drugs and anesthetic 
drugs should be considered before anesthesia, and 
the use of drugs should be determined. For exam-
ple, the use of digitalis, insulin, corticosteroids, anti-
epileptics, and antihypertensive drugs should be 
continued until the day of surgery. Some CNS 
restrain drugs like barbiturate, monoamine oxidase 
inhibitor, and tricyclic antidepressant, should be 
stopped before the operation. Antihypertensive 
drugs such as reserpine will lead to intraoperative 
hypotension, and should be stopped 7–14  days 
before surgery.
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7.3.3  Gastrointestinal Preparation

The emptying of gastrointestinal tract in selec-
tive surgery is preferred. The purpose is to pre-
vent accidents such as pulmonary infection or 
asphyxia caused by esophageal reflux, vomit-
ing, aspiration, etc. The prone position is used 
most of the time during PCNL surgery and we 
need to place a thick pad on the patient’s abdo-
men to achieve the purpose of compressing the 
patient’s abdomen, which is more likely to cause 
symptoms such as nausea and vomiting. The 
gastric emptying time is usually 4–6 h; for this 
reason, adults usually stop drinking and fasting 
at least 8  h or even 12  h before anesthesia. 
Children are made to fast for at least 8 h, and 
water is forbidden for 4  h. The importance of 
prohibiting drinking and fasting should be 
clearly explained to patients or their families.

7.3.4  The Preparations 
for Accidents During 
the Operation

Patients with anemia or the difficult case with a 
long operation time should be given a full consid-
eration in the preparation of red blood cells and 
fresh frozen plasma. Patients with hypertension 
and heart disease should be prepared with vasodi-
lators, cardiotonic drugs, adrenaline, and so on. 
Asthma patients need to prepare anti-asthmatic 
drugs, adrenaline, glucocorticoids, etc. Patients 
with upper urinary tract infection need to be pre-
pared with antibiotics, glucocorticoids, etc. Renal 
dysfunction patients should get attention for the 
renal function protection. Diuretics and dopa-
mine would be useful. Endotracheal intubation 
supplies should be prepared when spinal anesthe-
sia is used. Endotracheal intubation should be 
used to assist breathing during surgery if neces-
sary. Patients with a higher puncture position 
need to be alerted to the possibility of pneumo-
thorax. We also need to prepare ephedrine and 
atropine to prevent the decrease of heart rate and 

blood  pressure. PCNL is easy to result in retro-
peritoneal and peritoneal effusion after surgery, 
which is able to inhibit breathing.

7.3.5  Premedication

Some sedative analgesic drugs can be given to the 
patients before anesthesia to reduce their psycho-
logical burden and nervousness, and improve the 
anesthetic effect, which is called pre- anesthesia 
administration. In this way, we can significantly 
reduce the doses of anesthetics and improve the 
patient tolerance to anesthetics by inhibiting the 
cerebral cortex and subcortical and limbic sys-
tem, which could induce the consciousness relax-
ation, emotional stability, and forgetting effect. It 
could improve pain threshold to make up for 
some anesthesia methods’ analgesia insuffi-
ciency. Finally, we can ensure that the airway 
patency and circulatory system function could be 
stabled by reducing autonomic and sympathetic 
nerve activity, catecholamine release, antagoniz-
ing histamine, and gland secretion activity.

We usually used benzodiazepines and anti-
cholinergic drugs as pre-anesthesia medications. 
For example, midazolam, which belongs to anti-
anxiety drug, is usually used to relieve the ner-
vous fear and pain stress response effectively. 
And if patients were infants, we need to use the 
anesthesia mask. In addition, these drugs also 
have an effect on the prevention of myocardial 
ischemia caused by anxiety in adults. The main 
side effect is temporary inattention, induced hal-
lucinations, interference with normal cognitive 
perception, and subtle motor skills. So we must 
have to use them in the right way, and we adopted 
intramuscular injection of 0.05–0.07  mg/kg 
20–60 min before induction of anesthesia; for the 
elderly, the drug doses should be appropriately 
reduced. We also used anticholinergic drugs 
because they can keep the airway for intubation 
dry; atropine and scopolamine can also prevent 
bradycardia caused by laryngeal stimulation, 
laryngeal spasm, and hypoxia.
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7.4  Part III: Anesthetic Choices 
for Percutaneous 
Nephrolithotomy

PCNL is a well-established procedure for the 
removal of kidney stone, which can be performed 
under general anesthesia, regional anesthesia, or 
local anesthesia. Regional anesthesia includes 
epidural anesthesia, spinal anesthesia, spinal- 
epidural anesthesia, and paravertebral anesthesia.

7.4.1  General Anesthesia

General anesthesia is a preferred choice of urolo-
gists and anesthesiologists for PCNL due to the 
better control of patients’ breathing. Also, it is 
more appropriate to control the tidal volume dur-
ing percutaneous access puncture, thus reducing 
the risk of injury to the pleura and lungs, prolong-
ing anesthesia, and improving patients’ comfort. 
Furthermore, the urologist could make multiple 
punctures with minimal discomfort due to the 
long operation time when the patients with large 
stone burden. The defect of general anesthesia 
includes the risk of atelectasis, postoperative nau-
sea and/or vomiting, drug reactions, and vascular 
and neurological complications [5, 6]. The most 
common neurological complication is the trauma 
of the brachial plexus and spine under general 
anesthesia when the patient is in prone position 
[7]. Additional risks of general anesthesia involve 
intraoperative awareness, stress response, extuba-
tion response, and postoperative agitation [8]. 
Moreover, it is difficult and time consuming to 
change position during the PCNL under general 
anesthesia. Obviously, this will increase the risk 
of complications in the case of the elderly and 
obese patients. Besides, the risk of extended ileus 
and deep vein thrombosis should be valued 
because of the restrictive mobility under general 
anesthesia. For several specific cases, general 
anesthesia should be recommended.

7.4.1.1  Neurologic or Cardiovascular 
Abnormity

Neurologic and cardiovascular status should be 
evaluated carefully before anesthetic choices. For 

patients with neurologic or cardiovascular abnor-
mity, general anesthesia should be recommended 
to decrease injury.

7.4.1.2  Pediatric Patients
Most pediatric patients are unable to maintain 
stillness during needle puncture, which can 
expose the neural structures to traumatic injury, 
as well as raised intracranial pressure. Therefore, 
general anesthesia should be recommended for 
pediatric patients.

7.4.1.3  Elderly Patients
Most elderly patients have abnormal cardiopul-
monary function; therefore general anesthesia 
should be recommended to control patient breath-
ing and improve patient comfort.

7.4.1.4  Upper Pole Punctures
For patients with upper pole puncture, general 
anesthesia should be recommended because it 
permits the control of respiratory movements, 
which is essential to minimize the risk of pulmo-
nary complications.

7.4.2  Regional Anesthesia

Regional anesthesia includes epidural anesthesia, 
spinal anesthesia, spinal-epidural anesthesia, and 
paravertebral anesthesia. Compared with general 
anesthesia, both spinal and combined spinal- 
epidural anesthesia have been proved to be 
 effective [9–11].

Compared to spinal anesthesia, segmental epi-
dural anesthesia has a lot of merits such as hemo-
dynamic stability, rapid recovery, patient 
satisfaction, postoperative analgesia, and reduced 
incidence of postoperative nausea and vomiting 
[12]. In the meantime, patients under segmental 
epidural anesthesia can take a prone position 
without much assistance, which could shorten the 
operation time and reduce operative assistance 
effectively. However, segmental epidural 
 anesthesia has significant disadvantages in sup-
plementing general anesthesia requirements, 
with intraoperative discomfort, unprotected air-
ways, and likelihood of patient movement [13].

W. Wu



59

Several studies have demonstrated that PCNL 
under regional anesthesia offers some advantages 
compared with general anesthesia such as 
decreased overall analgesia requirements, cost- 
effectiveness, lower postoperative pain and com-
plication, and avoidance of side effects from 
multiple medications during general anesthesia 
[10, 11, 14, 15]. Additionally, in PCNL opera-
tions performed with spinal anesthesia, when the 
patient is awake under the first access, the risk of 
limb or nerve damage may be minimized during 
positioning. In addition, early mobilization can 
be achieved during the postoperative period [7, 
16]. Compared with local infiltration anesthesia, 
regional anesthesia may be more effective in con-
trolling intraoperative pain and allows for a tran-
sition to open surgery if necessary [17].

Several issues may be related to the tech-
niques of regional anesthetic. Firstly, a relatively 
high block is required to eliminate all pain of 
kidney. Secondly, a vasovagal response would 
occur due to the expansion of the renal pelvis 
during the operation, which is not always pre-
vented by regional anesthesia. Regional anesthe-
sia is a more feasible choice only if the surgical 
team is highly specialized and the uncompli-
cated case is met. Also, there are several abso-
lute contraindications to regional anesthesia, 
such as patient refusal, localized sepsis, and an 
allergy to the planned drugs. Besides, there are 
several relative contraindications to regional 
anesthesia.

7.4.2.1  Neurologic Abnormity
Neurologic abnormity should be carefully evalu-
ated, such as myelopathy or peripheral neuropa-
thy, spinal stenosis, spine surgery, multiple 
sclerosis, and spina bifida.

7.4.2.2  Cardiac Abnormity
Cardiac abnormity should be carefully evaluated, 
such as aortic stenosis or fixed cardiac output and 
hypovolemia.

7.4.2.3  Hematologic Abnormity
Hematologic abnormity should be carefully eval-
uated, such as thromboprophylaxis and inherited 
coagulopathy.

7.4.2.4  Systematic Infections
Systematic infection should be carefully evalu-
ated before anesthetic choices.

7.4.3  Local Anesthesia

With the improvement of technique and experi-
ence, and the requirement of shortening hospital-
ization time, many urologists are interested in 
performing PCNL under local anesthesia, which 
is equally safe. The elderly have better tolerance 
under local anesthesia [18]. PCNL performed 
under local infiltration anesthesia in a selected 
group of patients is feasible and provides satis-
factory clinical outcomes. It has its own merit in 
the form of less postoperative pain, less blood 
loss, and early recovery and discharge, thereby 
reducing the stay in the hospital. Furthermore, 
local anesthesia can be administered to patients 
who are not suitable for general anesthesia or 
regional anesthesia. Local anesthetic, for exam-
ple lidocaine, can be delivered into the access 
tract by using an 8.3-Fr anesthetic injection cath-
eter with multiple side holes or with a dual-
lumen ureteral access catheter [18] or using a 
23-gauge spinal needle with injection along the 
access tract to the renal capsule. The presence of 
pain during PCNL may be a main limitation fac-
tor for the use of local anesthesia for 
PCNL. Several methods can be used for the pre-
vention of severe pain.

7.4.3.1  Enough Local Anesthetic
The key to the prevention of severe pain is using 
enough local anesthetic along the entire tract 
from the skin to the capsular puncture site and the 
underlying parenchyma.

7.4.3.2  Controlled Water Pressure
The pain during PCNL is mainly caused by the 
dilatation of the renal capsule and parenchyma. 
Therefore, controlling the water pressure of the 
pelvis is an additional pain reduction method.

7.4.3.3  Preoperative Communications
Preoperative communication is also important 
for good perioperative cooperation, which can 
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raise the pain threshold of patients during the 
procedure.

7.4.3.4  Perioperative Analgesics
Proper administration of perioperative analgesics 
can improve the tolerance of patients.

7.4.3.5  Excellent Techniques
It is recommended that PCNL under local infil-
tration anesthesia should be performed by a urol-
ogist with excellent PCNL technique.

7.5  Part IV: Intraoperative 
Anesthesia Management

On the basis of ensuring analgesia and sedation 
of the patient, intraoperative anesthesia should 
monitor the respiratory and circulatory function 
and body temperature, analyze the cause of the 
change, and protect the renal function.

7.5.1  Anesthesia Effect and Depth

The anesthesia plane is so high that it causes 
respiratory and circulatory inhibition. The anes-
thesia depth monitoring index should be observed 
during the operation, including blood pressure, 
heart rate, pulse and sweating, and tears and pupil 
changes. In shallow anesthesia, the sympathetic 
nerve is excited, but the situation is opposite in 
deep anesthesia. At present, better indicators for 
monitoring the anesthesia depth are bispectral 
index (BIS) and auditory evoked potential index 
(AAI). BIS can reflect the changes of blood con-
centration of anesthetic sedatives and the depth 
of sedative hypnosis. AAI is sensitive to the fore-
sight conversion process.

7.5.2  Respiratory Function 
Monitoring

When the intraspinal anesthesia plane is too high, 
respiratory movement may stop in severe cases. 
If the patient uses intravenous anesthesia medi-

cine, the physician should pay attention to the 
effect of oral secretions on respiration, and timely 
sucking to prevent airway obstruction. For gen-
eral anesthesia with endotracheal intubation, the 
position of tracheal catheter should be given 
attention during posture change to prevent the 
catheter from protruding or bending. It is also 
important to note that the surgeon is prone to 
damaging the pleura during the selection of high 
puncture and fistulostomy, which will result in 
pneumothorax, dyspnea, and weakened pneumo-
thorax side auscultation breath sound.

7.5.3  Cyclic Function Monitoring

7.5.3.1  Blood Pressure Monitoring
Blood pressure is a routine monitoring item dur-
ing anesthesia, which has very important clinical 
significance. Blood pressure and cardiac output 
are directly related to peripheral vascular resis-
tance. Maintaining normal blood pressure can 
ensure blood perfusion of various organs and 
tissues.

7.5.3.2  Electrocardiogram (ECG) 
Monitoring

ECG monitoring is an essential monitoring item 
for any surgical anesthesia. It can dynamically 
reflect the changes of heart rate, heart rhythm, 
and myocardial ischemia, and timely determine 
whether there is arrhythmia or myocardial isch-
emia. When the patients have myocardial isch-
emia or severe arrhythmia during surgery, 
patients may complain of discomfort such as 
chest tightness and difficulty in breathing.

7.5.3.3  Central Venous Pressure (CVP) 
Monitoring

Monitoring CVP can assess blood volume, right 
heart function, and cardiac preload. Rapid fluid 
replacement can be performed through the  central 
venous catheter when there is hemorrhage during 
operation. The normal value of CVP is 
5–12 cmH2O. The surgeon can judge the blood 
volume and cardiac function according to the 
CVP and the change of blood pressure.

W. Wu



61

7.5.4  Body Temperature Monitoring

During hypothermia, the inhibitory effect of all 
anesthetics is enhanced, and the recovery of 
patients is delayed. For patients with general 
anesthesia with endotracheal intubation, hypo-
thermia also affects the metabolism, excretion, 
enzyme activity of muscle relaxants, and neuro-
muscular sensitivity. Therefore, sedation, analge-
sic anesthetics, and muscle relaxants should be 
reduced accordingly. It is necessary to closely 
observe the body temperature change in 
PCNL.  When the operation time is long, the 
physiological saline for flushing needs to be 
warmed, and the room temperature should be 
controlled at 26 °C.

7.5.5  Anesthesia and Perioperative 
Kidney Protection

We should follow the principle of choosing drugs 
that have the least impact on circulation, metabo-
lism, controllability, and short-term efficacy for 
renal insufficiency patients. When intraoperative 
spinal anesthesia is selected, the plane should be 
controlled below T5 as much as possible. 
Analgesic and sedative drugs that have less influ-
ence on hemodynamics should be selected to 
avoid hypotension and damaged renal perfusion. 
Low-dose dopamine is recognized as a drug that 
maintains circulation stability, increases renal 
blood flow, and effectively dilates renal blood 
vessels. The key to perioperative kidney protec-
tion is maintaining adequate renal perfusion and 
urine output.

In addition, a rapid quantitative analysis of 
blood glucose needs to be done on patients with 
diabetes during operation. General routine intra-
spinal anesthesia monitoring includes blood pres-
sure, heart rate, ECG, respiratory rate, and pulse 
oxygen saturation (SpO2). General anesthesia 
with endotracheal intubation also needs to moni-
tor end-tidal carbon dioxide (PETCO2), airway 
pressure, tidal volume, minute ventilation, and 
anesthetic gas concentration.

7.6  Part V: Intraoperative 
Complication

Complications related to vital signs may occur 
during surgery. Some complications are caused 
by surgical procedures. Intraoperative anesthetic 
may also lead to complications. Therefore, the 
anesthesiologists need to pay close attention to 
vital signs of patients and be ready to deal with 
complications effectively.

7.6.1  Hypotension

The average arterial pressure should not be lower 
than 20% of its baseline value [19]. Blocked 
sympathetic nervous system caused by intraop-
erative spinal cord block can contribute to hypo-
tension and bradycardia. When the position of 
patients changes to prone position, with elevated 
level of anesthesia, hypotension is more likely to 
occur. In severe cases, hypotension causes insuf-
ficient cerebral blood supply and the patients 
present with nausea, vomiting, pallor, restless-
ness, and other symptoms. To settle the dilemma, 
supplementing the blood volume is the first 
choice. Vascular pressure drugs like ephedrine 
should be used when still under hypotension after 
supplementing the blood volume and position 
adjustment [20]. Deep anesthesia during general 
anesthesia with endotracheal intubation can also 
lead to a decrease in blood pressure. It is neces-
sary to adjust the depth of anesthesia and supple-
ment the blood volume. Severe bleeding can also 
lead to lower blood pressure. Blood loss can be 
estimated according to the volume, color, and 
depth of the kidney irrigation fluid during sur-
gery. If intraoperative hemorrhage is considered, 
hemostatic drugs and blood volume expansion 
therapy should be given immediately. In severe 
cases, the operation should be terminated, and 
further  treatment such as embolization or open 
surgery should be considered. Placement of 
working sheath is easy to cause the vagus nerve 
reflex of the kidney, resulting in a decrease in 
blood pressure and heart rate. It is usually 

7 Anesthesia



62

improved by using a small amount of ephedrine 
or atropine.

7.6.2  Respiratory Depression

Respiratory depression mainly occurs in regional 
anesthesia. The prone position of PCNL requires 
padding abdomen, which can cause diaphragm to 
elevate, affecting the patient’s breathing to a cer-
tain extent [21]. If the anesthesia plane is too 
high, thoracic spinal nerve block would cause 
intercostal muscle paralysis, aggravating respira-
tory depression with decreased tidal volume. And 
patients should breathe using an oxygen mask to 
maintain hemodynamic stability. Rescue mea-
sures such as artificial respiration through endo-
tracheal intubation and maintenance of circulation 
need to be implemented immediately when respi-
ratory arrest, drop in blood pressure, and sudden 
cardiac arrest occur. For patients with pulmonary 
insufficiency or obesity, general anesthesia with 
endotracheal intubation should be chosen to 
avoid respiratory depression during operation.

7.6.3  Nausea and Vomiting

The reasons of nausea and vomiting are as fol-
lows: the cerebral hypoxia caused by hypoten-
sion, increased gastrointestinal peristalsis 
resulting from vagal hyperactivity, and parasym-
pathetic reflex during surgical traction. Once 
intraoperative nausea and vomiting occur, it is 
necessary to figure out whether the anesthesia 
plane is too high or blood pressure drops. If nec-
essary, application of antiemetic drugs such as 
tropisetron should be considered.

7.6.4  Intraoperative Shivering

Toxic effect of anesthesia drug and urosepsis 
infection both can lead to intraoperative shiver-
ing [22]. The presence of urinary tract infection 
should be considered if preoperative urinary tests 
indicate elevated white blood cells, and preopera-
tive antibiotic therapy should be used [2]. 

Dexamethasone can also be considered to pre-
vent sepsis during surgery. Continuous irrigation 
with cold normal saline can also lead to hypo-
thermia and shivering. It is worth noting that 
endotracheal intubation in patients with general 
anesthesia does not shiver after the use of muscle 
relaxants.

7.6.5  Rinse Solution Extravasation

PCNL requires constant irrigation under pressure of 
normal saline during the operation, resulting in 
some irrigation fluid entering into the retroperito-
neum and around the kidneys and forming effusion. 
If the fistula sheath is out of the kidney, the extrava-
sation will be more serious. Patients with spinal 
anesthesia often complain of swelling pain in the 
renal area on the puncture side and dyspnea in 
severe cases. Careful attention should be paid to the 
amount of saline irrigation during the operation. 
The risk of overabsorption of irrigation fluid is 
inherent in this technique. Intraoperative monitor-
ing of inflow and outflow should be performed, 
with attention to maintaining low intracavitary pres-
sure. In a complex case, peritoneal extravasation 
was reported, leading to hyperinfection with meta-
bolic acidosis, reflex intestinal obstruction, and 
peritonitis. The furosemide dehydration treatment 
can be given for patients with a small amount of 
washing fluid extravasation, and the surgery should 
be terminated as soon as possible for pateints with 
serious effusion. Patients with severe effusion can 
be punctured and drained under the guidance of 
ultrasound, and the changes of blood electrolytes 
should be treated in time [23].

7.6.6  Tracheal Tube Prolapse

Patients with general anesthesia with endotra-
cheal intubation may change their position dur-
ing surgery. As the patient moves from lithotomy 
to prone position, the surgeon and anesthesiolo-
gist should communicate. The anesthesiologist is 
responsible for protecting the patient’s neck and 
head. The surgeon is responsible for protecting 
the patient’s limbs and torso. Therefore, anesthe-
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siologists are required to pay special attention to 
the depth of endotracheal intubation, not too deep 
or too shallow; fix the catheter; avoid the catheter 
distortion; and auscultate before and after the 
change of position to ensure the correct position 
of the catheter. Effective ventilation volume, air-
way pressure, PETCO2, and SpO2 should be 
monitored during anesthesia. If insufficient ven-
tilation, too high airway pressure, or oxygenation 
disorder occurs, the cause should be quickly 
identified: whether catheter prolapse, overpene-
tration, or torsion has occurred, or whether the 
expansion of the thoracic cage is severely 
restricted due to the change of patient’s position.

7.6.7  Low Temperature

Intraoperative hypothermia is defined as a tem-
perature less than 35  °C, and the amount of 
lavage fluid greater than 20 L is associated with 
intraoperative hypothermia. Hypothermia is easy 
to occur during continuous saline perfusion, and 
intraoperative temperature should be monitored, 
especially in patients with chills, when oxygen 
consumption increases more than three times. 
Measures to maintain warmth and deal with 
chills should be taken in time to prevent chills 
caused by cold, myotonia or restlessness, and 
hypoxemia caused by cold. Therefore, maintain-
ing warmth during PCNL surgery is very impor-
tant. Building a heating blanket is an effective 
preventive measure, but it comes at a cost. The 
use of preheated saline in a heating tank is a sim-
ple precaution. In the process of PCNL, the use 
of warm perfusion solution can significantly 
reduce hypothermia, postoperative average score, 
and chills. Therefore, warm water irrigation is 
recommended [22].

7.6.8  Soft-Tissue or Peripheral 
Nerve Injury

To avoid tissue or peripheral nerve damage, itin-
erant nurses can apply Vaseline to patients after 
anesthesia to prevent skin damage. During sur-
gery and anesthesia, patients should always be 

checked for changes in posture and support 
points to avoid serious complications. Avoid the 
overheight of the foot frame at the lithotomy 
position, and put a soft pad on the foot frame to 
prevent common peroneal nerve injury or arterio-
venous embolism. In prone position, pay atten-
tion to the compression of the eyeball or 
supraorbital nerve. When the patient needs to 
raise his/her hands to the sides of his/her head, 
pay attention to the injury caused by excessive 
abduction of brachial plexus nerve. Long period 
of low head during operation is likely to cause 
congestion and edema in neck and face. 
Therefore, shortening the operation time and pro-
tecting the patient’s skin, tissues, organs, and 
nerves are good protective measures.

7.7  Part VI: Postoperative 
Anesthesia Management

7.7.1  Postoperative Analgesia

PCNL is one of the primary treatments for renal 
calculi, and it is also one of the common mini-
mally invasive surgeries in urology. PCNL is safe 
and effective for patients with renal calculi. 
Nevertheless, the trauma is inevitable in the pro-
cess of establishing puncture channels. Indwelling 
nephrostomy tube are seen postoperatively for 
most patients. Some patients may have compli-
cated renal calculi in which the stones are 
removed with multi-tract PCNL. Multiple neph-
rostomy tube are indwelling after surgery, which 
will become the main cause of early postopera-
tive pain. Surveys have shown that early postop-
erative pain affects patients’ recovery and 
feelings, and postoperative pain is closely related 
to the occurrence of complications. Hence, early 
postoperative analgesia in clinical practice can 
improve patients’ postoperative feelings and pro-
mote early  activities of getting out of bed and 
intestinal peristalsis. Postoperative analgesia 
plays a positive role in patients’ recovery after 
PCNL.

Traditionally, patient-controlled analgesia 
(PCA) can be used after PCNL, which can be 
separated into two implementation approaches: 
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epidural controlled analgesia (PCEA) and intra-
venous controlled analgesia (PCIA). PCEA was 
diluted to 100 mL with ropivacaine (0.125 mg/
mL) + sufentanil (0.4 μg/mL), background infu-
sion volume was 2  mL/h, controlled infusion 
single dose was 0.5  mL, and locking time was 
15 min. In addition to traditional methods, a large 
number of recent studies have demonstrated that 
the following methods can also effectively relieve 
postoperative pain in patients. Intercostal nerve 
block: after the removal of calculi by a single- 
tract PCNL, intercostal nerve block is performed 
under the guidance of ultrasound or transmitted 
X-ray. The needle is passed below the rib margin, 
and continued to be inserted about 2–3 mm along 
the lower edge of the rib. If no blood is obtained 
when the needle is aspirated, 0.5% bupivacaine 
20 mL is injected into the neurovascular sheath 
with epinephrine. This method can effectively 
control the early postoperative pain of PCNL 
(within 6  h) and improve the postoperative 
health-related quality of life (HRQL) of patients. 
It is an economical and a safe postoperative anal-
gesic method [24–27]. The infiltration anesthesia 
of nephrostomy tract: after the removal of calculi, 
the patient is given local infiltration anesthesia 
around the nephrostomy tract under the X-ray 
guidance. It should be noted that the depth of 
anesthesia is consistent with the puncture sheath, 
which is to ensure the infiltration of local anes-
thetics to the subcutaneous tissue, muscle, and 
renal capsule surface. In patients undergoing 
tubeless PCNL, the wound can be strapped with a 
tight occlusive dressing after local anesthesia. 
1.5  mg/kg of 0.25% bupivacaine is used in the 
method, and it can relieve the pain of patients 
after PCNL and greatly reduce the need for addi-
tional analgesics [28]. Subarachnoid anesthesia 
before general anesthesia: the patient is placed in 
lateral decubitus position, subarachnoid anesthe-
sia is performed by the anesthesiologist, and 
0.3–0.5  mg morphine sulfate is administered 
intrathecally. This method can significantly 
reduce the use of postoperative analgesics, pro-
mote patients to get out of bed as soon as possi-
ble, effectively relieve postoperative pain, and 
reduce postoperative nausea [9]. Thoracic para-
vertebral block: at the end of PCNL, the anesthe-

tist performed paravertebral space puncture at 
T10, T11, and T12, respectively, with 4 mL 5% 
levobupivacaine. Patients were very satisfied 
with the effect of this method, and it had less side 
effect on intestinal function than the above meth-
ods [29].

Adverse reactions and management of postop-
erative analgesia: (1) Urinary retention: it is a 
common complication of epidural analgesia. 
Opioids also cause urinary retention. (2) Pruritus: 
it is a common adverse reaction when opioids are 
given epidurally, which can be relieved by anti-
histamine. (3) Nausea and vomiting: it is related 
to surgery and use of opioid. Adding haloperidol 
to PCA solution can reduce the incidence of nau-
sea and vomiting. (4) Dizziness: it is mainly 
caused by sedatives.

Whether it is the traditional postoperative 
analgesia method or the continuously exploring 
analgesia method, both of them can effectively 
alleviate the pain of patients after PCNL; the lat-
ter can also reduce the occurrence of some com-
plications. In addition, postoperative analgesia 
reduces the length of stay in hospital and the cost 
of treatment. Most patients benefit from early 
postoperative pain management after 
PCNL.  However, the choice and method of 
PCNL postoperative analgesia do not have uni-
fied guidelines. With the continuous development 
of ERAS, postoperative analgesia will become an 
indispensable part of PCNL perioperative 
management.

7.7.2  Postoperative Nausea 
and Vomiting (PONV)

PONV is a common postoperative complication. 
About 30–40% of the patients may have nausea 
and vomiting after the operation, and some 
patients may have this complication after the 
 hospital. Several factors lead to the occurrence of 
PONV, including side effects of anesthetic drugs, 
type of surgical procedure, operative time, and 
individual conditions of patients (such as age, 
weight, gender, and a history of motion sickness). 
The mechanism of PONV may be related to 
dopamine, 5-HT3, opioid, and cholinergic 
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receptors. PONV can occur independently or 
with other symptoms such as retching, which 
may cause serious consequences, such as aspira-
tion pneumonia, wound dehiscence and bleeding, 
dehydration, and electrolyte disorder. It is impor-
tant for urologists and anesthesiologists to note 
that nausea may be an early sign of postoperative 
hypotension, especially after spinal and epidural 
anesthesia. Once the patient encounters these 
troubles, the satisfaction of patients during post-
operative recovery will be seriously affected, and 
the length of stay and treatment cost will be 
increased; this can even be a menace in life.

About the treatment of PONV, current studies 
have shown that selective 5-hydroxytryptamine 
receptor 3 (5-HT3) antagonists can effectively 
control PONV. The alternative drugs and dosages 
include ondansetron 4  mg, granisetron 0.01–
0.04  mg/kg, and dolasetron 12.5  mg, among 
which granisetron can be combined with dexa-
methasone to produce a synergistic effect to 
reduce the incidence of PONV. In addition, oral 
aprepitant (Emend®) 40  mg before anesthesia 
induction may be used to prevent PONV. Yet, it is 
still controversial whether prophylactic medica-
tion is needed for all patients to prevent PONV, 
which needs to be evaluated in combination with 
multiple PONV risk factors.

7.7.3  Postoperative Septic Shock

Postoperative septic shock is one of the most 
serious complications after PCNL.  The inci-
dence rate is only 0.3–1%. However, the mortal-
ity is 66–80%, which should get attention from 
the urologist [30]. Some patients had symptoms 
of infection because of infectious renal calculi. 
They had fever, chills, elevated white blood cells 
in urine, and positive urine culture before sur-
gery. For these patients, antibiotic should be 
given before PCNL, which is the key ingredient 
to prevent postoperative septic shock. 
Nevertheless studies have shown that septic 
shock may also occur after PCNL in some 
patients without symptoms of infection and neg-
ative urine culture before PCNL.  The reason 

may be that bacteria and endotoxin are released 
from the interstices of stone during the process 
of lithotripsy, which triggers a systemic inflam-
matory response. When the intrapelvic pressure 
increases to a level, bacteria and endotoxin flow 
back into the blood to induce postoperative 
SIRS, and eventually cause postoperative septic 
shock [31, 32]. The occurrence of postoperative 
septic shock is related to many factors, including 
positive urine culture, gender (the incidence rate 
of female is higher than that of male), renal 
insufficiency, high perfusion pressure during the 
process of PCNL, staghorn stone, diabetes, 
infectious calculi, indwelling catheter, preopera-
tive obstruction, long operative time, etc. Septic 
shock may be manifested by intraoperative or 
postoperative chills, fever, hypotension, elevated 
heart rate, elevated white blood cells, increased 
neutrophils, and abnormal blood coagulate func-
tion in severe cases. Septic shock associated 
with calculi often occurs within 6  h after sur-
gery, and physicians need to be cautious in its 
diagnosis.

Postoperative septic shock is a critical urgent 
complication, with high mortality. If any signal 
indicates that it may occur, treatment measures 
should be taken immediately. The treatment 
mainly includes three aspects. (1) Antibiotic ther-
apy: begin empirical antibiotic treatment imme-
diately to control infection via intravenous route. 
The antibiotics, which have wide antimicrobial 
spectrum and huge strength, should be chosen at 
first. Then change the drug which is sensitive to 
pathogenic microorganism according to the sus-
ceptibility testing. Sufficient dose is required for 
the treatment, which includes combination com-
monly of two or more antibiotics. (2) Fluid infu-
sion: replenish blood volume by intravenous 
fluids, and maintain electrolyte and acid-base 
balance. Generally, 4–5% sodium bicarbonate 
can be used. The dosage is 400 mL/day for mild 
shock and 600–900  mL/day for severe shock. 
The dosage can be adjusted according to PH to 
prevent microcirculation stasis. Physicians need 
to deal with related complications positively, 
such as ARDS, renal insufficiency, gastrointesti-
nal symptoms, and DIC [33].
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7.7.4  Postoperative Cognitive 
Dysfunction (POCD)

Postoperative cognitive dysfunction (POCD) 
refers to brain dysfunction in patients without 
mental abnormalities before surgery, which are 
caused by various factors in the perioperative 
period, and are manifested by decreased level of 
consciousness and varying degrees of impair-
ment in attention, memory, and reaction time. At 
present, most studies believe that there is a tem-
porary (1–7  days after surgery) cognitive func-
tion decline, and some long-term (1–6  months) 
cognitive function deterioration [34].

The reasons why PCNL results in cognitive 
dysfunction mainly include the following: (1) 
Operative factors: PCNL requires a lot of flush-
ing fluid, which may lead to hypothermia. During 
the operation, the position of lithotomy should be 
followed by continuous prone position. If the sur-
gery lasts for a long time, it is easy to lead to low 
blood pressure, respiratory inhibition, and 
hypoxia. In addition, the vagus nerve is easily 
stimulated when the surgeon performs renal 
puncture, which causes reflex bradycardia and 
induces hypotension. As the central nerve cells 
are very sensitive to hypoxia, hypotension and 
hypoxia cause decreased release of neurotrans-
mitters and induce hypoxemia, leading to postop-
erative psychological and mental damage in 
patients. (2) Release of inflammatory mediators: 
inflammatory mediators can be released by lym-
phocytes to activate the immune system in the 
surgery. In addition, in the process of lithotripsy, 
some infectious stones may also cause inflamma-
tory reaction, leading to increased release of 
inflammatory mediators, which have direct or 
indirect effects on brain function. Animal studies 
have shown that POCD is associated with 
increased levels of inflammatory mediators [35, 
36]. (3) Effects of anesthetic drugs: studies have 
found that general anesthetic drugs have toxic 
effects on neurons in developing rats. It can 
induce the release of inflammatory cytokines to 
enhance the apoptosis of brain neurons. The 
scopolamine used before PCNL had obvious 

symptoms. Atropine could significantly reduce 
the ability of number recalling. Benzodiazepines 
could significantly affect cognitive function, and 
both propofol and isoflurane anesthesia could 
affect the neuromotor function of patients. 
Postoperative analgesia pump at the same time 
can also produce some side effects. The side 
effects of the tramadol medication include emo-
tional change, activity change, and cognitive 
change. The adverse reactions of lornoxicam 
include drowsiness, dizziness, paresthesia, and 
other symptoms. The patient’s symptoms disap-
peared automatically after the withdrawal of the 
analgesia pump. (4) Acid-base imbalance and 
electrolyte disorder: PCNL procedure needs a lot 
of flushing fluid, which may lead to electrolyte 
disorder. Additionally, the use of diuretics causes 
electrolyte disorders. Some patients with preop-
erative renal dysfunction may have metabolic 
acidosis and electrolyte disorder. If physicians do 
not take any timely treatment to correct acid-base 
imbalance and electrolyte disorder, it is easy to 
cause mental disorders.

Treatment: (1) Strengthen perioperative 
management: correct electrolyte disorder and 
acid- base imbalance before surgery, correct 
hypoproteinemia and hypoxemia, and strengthen 
psychological counseling before surgery. (2) 
Strengthen intraoperative anesthesia manage-
ment: maintain smooth respiratory function and 
stable circulation, and maintain the homeostasis 
of the body. (3) Sedative treatment: it is better to 
choose hypnotic sedative drugs, like short-act-
ing benzodiazepines which have less hypoten-
sion or cardiac side effects, for patients who still 
have mental abnormalities, mental disorders, 
amnesia syndrome, or personality changes of 
different degrees within several months after the 
operation. Chlorpromazine and almitrine rauba-
sine (duxil) treatment can be given, and the 
symptoms will gradually improve. (4) Oxygen 
absorption and detection of blood oxygen satu-
ration, maintaining SpO2 >95%, are also impor-
tant. (5) Closely monitor the change of vital 
signs, and give extreme care to prevent acciden-
tal injury.

W. Wu
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Principles of a Perfect Puncture 
for Percutaneous Nephrolithotomy

David B. Bayne and Thomas L. Chi

8.1  Introduction

First reported in 1976 [1], percutaneous nephroli-
thotomy (PCNL) has replaced open surgery for 
large renal stones [2]. Initially described using 
fluoroscopic guidance in the prone position, con-
temporary approaches have expanded to now 
include ultrasound, computed tomography, and 
endoscopic guidance techniques in multiple 
patient positions. Regardless of the approach, 
crucial to successful PCNL is the accurate place-
ment of the percutaneous access needle into the 
renal calyx of choice [3]. Here we review the 
various options for approaching the perfect renal 
puncture for PCNL.

8.2  Instrumentation

8.2.1  Needle

We recommend the use of an 18 gauge needle 
(Fig. 8.1). More narrow needles may deform as 
they traverse long lengths of tissue while wider 
needles may increase the risk of trauma or bleed-

ing. When using ultrasound guidance, an echo-
genic tip version of the puncture needle can 
improve needle visibility. The needle should have 
an inner stylet that once removed allows for pas-
sage of urine, injection of contrast or air, and pas-
sage of a guidewire through the needle and into 
the collecting system.

8.2.2  C-Arm

Performing a fluoroscopy-guided puncture 
requires fluoroscopic equipment. Ideally the fluo-
roscopic machinery is mobile with rotational 
capacity, allowing for the visualization of the 
needle and collecting system in multiple planes.

8.2.3  Ultrasound

The best probe for guiding punctures is a curved 
array 3.5–5 MHz abdominal transducer probe for 
optimal visualization of the kidney (Fig.  8.1). 
Probes exist in many shapes and sizes for special-
ized usage. With higher-frequency transducers, 
greater imaging resolution is achieved but at the 
cost of lesser tissue penetration. With high- 
frequency probes, imaging depth is not long 
enough to visualize the kidney, especially when 
the patient is obese and the renal access tract is 
long. Doppler functionality can be used for visu-
alization and avoidance of vessels in the puncture 
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path though B mode ultrasound is the most fre-
quently used imaging modality for renal access.

8.2.4  Guidewire

Many types of wire can be used for establishing 
access, including hydrophilic, super stiff, and 
hybrid wires. We have found that a J-tipped 
moveable core guidewire is ideal for maintaining 
puncture access once the needle is in the collect-
ing system. The J-shaped tip minimizes risk of 
collecting system perforation and compared to 
other wires offers a balance of stiffness, maneu-
verability, and cost. Guidewires are inserted 
through the needle and into the collecting system 
and needle puncture and used as a placeholder for 
renal tract dilation.

8.2.5  Exchange Catheter

Both ultrasound and fluoroscopic guidance ben-
efit from placement of a 5-French exchange cath-
eter prior to starting the puncture. For fluoroscopic 

guidance, retrograde contrast injection into the 
collecting system allows visualization of renal 
anatomy. For ultrasound guidance it can facilitate 
hydrodistention of the collecting system via ret-
rograde infusion of saline through the exchange 
catheter. While some advocate the use of a ure-
teral occlusion balloon for these purposes, in our 
experience, an open-ended exchange catheter 
without a balloon is more than adequate.

8.3  Fluoroscopy-Guided 
Puncture

There are many approaches to fluoroscopic guid-
ance for percutaneous renal access. These tech-
niques require retrograde insertion of a ureteral 
catheter for the purpose of retrograde radiologi-
cal contrast injection. Patients can be in the prone 
or supine position, but this is limited by the spe-
cific fluoroscopy technique chosen.

8.3.1  Monoplanar Access

The monoplanar fluoroscopic guidance technique 
involves placement of the needle over the skin to 
calculate the angle of needle entry in the horizon-
tal plane, and surgeon experience is used to dictate 
needle angle in the vertical plane combined with 
active fluoroscopic guidance [4]. The surgeon is 
able to deduce that the needle is not in the correct 
location if the needle tip goes beyond the calyx of 
choice. This is done in the prone position.

8.3.2  Biplanar Access in Long Axis

Long-access biplanar axis incorporates the same 
placement of the needle over the skin to calculate 
needle entry angle in the horizontal plane. In this 
case, the surgeon rotates the C-arm with a surgi-
cal clamp attached to the anterior drapes to deter-
mine the depth of the needle. If the needle is in 
between the collecting system and the clamp then 
it is superficial to the collecting system. If the 
clamp is above the collecting system it is too 
deep to the target [5].

Needle

Ultrasound
Probe

Fig. 8.1 Images of renal access needle and ultrasound 
probe
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8.3.3  Biplanar Access: 
Perpendicular “Bull’s Eye” 
Technique

The “bull’s eye” technique requires placing the 
C-arm at initially in the anterior-posterior orien-
tation with the patient in the prone position. This 
positioning is used to select the target calyx. 
Once the target calyx is selected, the C-arm is 
rotated 30° towards the surgeon. This allows for 
the surgeon to line up the needle directly in line 
with the target calyx. The needle is then advanced 
in line with the C-arm generating a “bull’s eye” 
or “eye of the needle.” To judge for depth, the 
C-arm is rotated back into the anterior-posterior 
position as this informs a surgeon as to whether 
or not the needle has been advanced too far or not 
far enough to reach the collecting system [6]. 
Once the needle is thought to be in the appropri-
ate position, the stylette is removed, and the posi-
tion in the collecting system is confirmed with 
aspiration of urine.

8.3.4  Triangulation

The triangulation technique is also traditionally 
described in the prone position; in this tech-
nique an equilateral triangle is created after 
generating the first point over the target calyx 
with the C-arm in the anterior-posterior posi-
tion. The second point is generated over the tar-
get calyx when the C-arm is rotated at 30°. The 
last point forms an equilateral triangle going 
lateral and cephalic to the first and second 
points. As the needle is advanced, the C-arm is 
rotated between 0 and 30° (Figs. 8.2, 8.3, and 
8.4). The needle is gradually inserted into the 
target calyx of choice, and C-arm images are 
checked to confirm the appropriate course of 
the needle [7].

8.3.5  Supine Positioning

For fluoroscopic puncture, triangulation and 
biplanar access techniques can be applied in 

the supine position. Rana et al. describe using 
a small towel roll to elevate the ipsilateral 
flank by 20°, lateralizing the kidney and 
allowing for the lower calyx to be positioned 
at an angle perpendicular to the operating 
table. The C-arm is then used to visualize the 
passage of the needle into the desired calyx at 
a puncture site 1 cm above the posterior axil-
lary line [8].

Posterior lower pole calyx

Anterior lower pole calyx

Fig. 8.2 Retrograde pyelogram of left kidney in prone 
position; in this case the lower pole posterior calyx is the 
target calyx

Fig. 8.3 Anterior/posterior image of needle entry into 
posterior lower pole calyx
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8.4  Ultrasound-Guided Puncture

Ultrasound-guided percutaneous nephrolithot-
omy has been described in both Asia and 
Europe and has recently gained popularity in 
the United States. The advantages of ultra-
sound-guided percutaneous nephrolithotomy 
are that it limits radiation exposure to the 
patient and to the physician, has been described 
as being a lower cost modality compared to 
fluoroscopy [9], allows for visualization of sur-
rounding viscera that are not readily apparent 
on fluoroscopic images, and allows for the 
potential to do simultaneous Doppler imaging 
to ascertain vascular anatomy [10]. Most impor-
tantly, its adoption is associated with a shorter 
learning curve compared to the use of fluoros-
copy, allowing for more urologists to take con-
trol of renal access over interventional 
radiologists (Figs. 8.5 and 8.6). Wider adoption 
of ultrasound for percutaneous renal access 
amongst urologists has been limited by lack of 
formal training opportunities in renal ultraso-
nography. Ultrasound-guided renal access is 
dependent on the ability to obtain clear renal 
imaging as reflected by increased difficulty 
obtaining accurate or clear ultrasound imaging 
in patients with very high body mass index 
[11]. After achieving competence in the princi-

ples of renal ultrasound imaging, the two nee-
dle control techniques described below can be 
applied to achieving accurate renal puncture.

8.4.1  Longitudinal Plane Approach

Ultrasound-guided percutaneous nephrolithot-
omy has been described by visualizing needle 
entry in the longitudinal plane of the ultrasound 
probe. As described in fluoroscopic guidance 
an 18-gauge needle is used to achieve access. 
Usage of an echogenic tip on the needle will 
help with improved visualization of the entire 
needle under ultrasound guidance. With the 
longitudinal approach, the surgeon should 
obtain a sagittal view of the kidney, bringing 
the target calyx toward one side of the imaging 
screen or the other (usually the right side for the 
lower pole and the left side for upper pole or 

Lower
pole
stone

Fig. 8.5 Single stone in hydronephrotic kidney

Fig. 8.6 Staghorn stone in kidney without 
hydronephrosis

Fig. 8.4 Image of needle entry into lower pole posterior 
calyx with C-arm rotated 30° from anterior/posterior 
plane, confirming entry at appropriate depth in target 
calyx
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mid-kidney) to shorten the distance from the 
skin to the target and prevent an extremely shal-
low angle of entry into the skin. Once this 
image is fixed in place, the goal should be 
maintaining visualization of the entire kidney 
and continued visualization of the entire length 
of the needle as the needle is advanced into the 
target calyx (Fig.  8.7). It is important to take 
the correct angle using an end on calyceal 
approach. This prevents taking an oblique angle 
making surgery difficult as this would cause the 
working probe to be limited by the patient’s 
iliac crest in the prone position [12].

8.4.2  Transverse Plane Approach

Ultrasound-guided percutaneous nephrolithot-
omy has also been described using the transverse 
plane of the ultrasound probe. The skin is punc-
tured orthogonal to the long axis of the probe 
using the access needle. With this approach, the 
surgeon should sweep the ultrasound probe back 
and forth in order to visualize the needle tip as it 
is advanced into the target calyx. Because the 
entire length of the needle cannot be visualized in 
this imaging plane it is very important to advance 
the needle gradually and continuously reestablish 
the image of the tip of the needle as the probe is 
swept back and forth to watch it enter into the 
target calyx.

8.5  Computed Tomography

Computed-tomography-guided percutaneous 
nephrolithotomy has been described in select 
cases of patients with anatomical anomalies, 
allowing for the visualization and avoidance of 
surrounding abdominal viscera relative to the tar-
get calyx [13]. For example, a transgluteal 
CT-guided approach has been utilized to achieve 
access in pelvic horseshoe kidney [14]. While 
portable “O-arms” are available to provide CT 
capability in the operating room, for the most 
part utilizing CT guidance relies on collaboration 
with the interventional radiology team to obtain 
renal access with this imaging modality. In these 
cases where access is obtained by partner ser-
vices, an important principle is clear communica-
tion and direct guidance of the radiology team to 
identify which calyx should be entered to maxi-
mize stone clearance ability during 
PCNL.  Without such an integrated approach, 
suboptimal renal access may result in increased 
bleeding and complication rates, lower stone 
clearance rates, and potentially higher need for 
secondary procedures.

8.6  Retrograde Visualization

Endoscopic combined intrarenal surgery (ECIRS) 
employs antegrade and retrograde access to the 
upper urinary tract, allowing for retrograde visu-
alization of antegrade puncture [15]. Retrograde 
visualization of percutaneous renal puncture 
(Endovision puncture) offers several important 
advantages. By directly visualizing the needle 
enter through the target papilla, it allows the oper-
ator assurance of the exact puncture location. It 
limits need for fluoroscopy as one is able to visu-
alize the steps of dilation endoscopically rather 
than relying on only fluoroscopic guidance. It also 
allows for easier placement of the security guide 
wire through the percutaneous tract down the ure-
ter and out of the urethra for a through and through 
control of the urinary tract [15, 16]. There is some 
evidence to suggest that this approach may reduce 
high-grade complication rates [17] and facilitate 

Needle

Fig. 8.7 Ultrasound image of needle entry into target 
calyx
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stone clearance given the ability to approach 
stones in both a retrograde and antegrade fashion 
[18]. ECIRS also facilitates simultaneous stone 
removal to be done in the presence of ipsilateral 
ureteral stones, contralateral smaller stones capa-
ble of being cleared with ureteroscopy, conduit 
instrumentation, retained ureteral stents, and any 
surgery where it is necessary to have both retro-
grade and antegrade access.

During ECIRS, prior to puncture the patient is 
scoped retrograde with ureterorenoscopy and the 
ipsilateral ureter is visualized. If ureteral stones 
are encountered they are treated with laser frag-
mentation. If the ureter is cleared of stones, a ure-
teral access sheath can be placed and a 
ureteroscope placed through the access sheath. 
Once the scope is in the collecting system, it 
allows for retrograde injection of contrast through 
the scope to assist in fluoroscopic puncture.

8.6.1  Positioning

8.6.1.1  Galdakao-Modified Supine 
Valdivia (GMSV) Position

The supine patient position typically described 
for ECIRS is the Galdakao-modified supine 
Valdivia (GMSV) position [19]. In this position 
the patient lies supine with a saline bag or bolster 
under the operative flank. This props the patient 
up where the operative flank is elevated facilitat-
ing puncture access to the kidney. The patient’s 
legs are positioned in stirrups with the contralat-
eral leg well abducted and the ipsilateral leg 
either extended or slightly elevated in the modi-
fied lithotomy position. This allows for instru-
mentation and access of the urinary tract through 
the urethra. This position offers several advan-
tages as the patient can be accessed from the ret-
rograde and antegrade positions without need for 
re-positioning. This is particularly useful for 
patients with urinary diversions that need to be 
scoped through their conduits, or patients with 
ureteral pathology such as ureteral stones or ure-
teral structures with simultaneous renal stones 
requiring treatment. It is also a comfortable posi-
tion from an anesthesiologist’s perspective for 
airway management.

8.6.1.2  Prone Split Leg
In this position, patients are placed prone with 
padded rolls under the thorax and upper abdomen 
with the genitalia at the bottom of the standard 
table. The lower extremities are then placed on 
two padded adaptors level with the operative 
table and split up to 45° [20]. This position allows 
for retrograde instrumentation of the urethra 
while the patient is in the prone position and 
localization of the ureteral orifice of choice for 
placement of a guidewire. Depending on the need 
for retrograde intervention, an access sheath and 
a flexible scope can be placed to facilitate stone 
clearance [21]. This offers advantages of 
improved space to access the kidney relative to 
the supine position.

8.7  Retrograde Puncture

8.7.1  Lawson Retrograde 
Endoscopic-Guided 
Nephrostomy Access

Lawson first described retrograde puncture 
through the kidney to the skin in 1983 [22]. With 
subsequent improvement in endoscopic technol-
ogy, some have gone back to this method citing 
improved endoscopic visualization and needle 
control making it a safer option now compared to 
its original application in the 1980s. This has 
been described with fluoroscopic supplementary 
guidance. Once the desired calyx is selected on 
retrograde fluoroscopic visualization, the work-
ing port of the ureteroscope is used to advance 
the Lawson nephrostomy needle catheter through 
the target calyx. Fluoroscopy is employed to 
ensure that the needle stays straight as it is 
advanced. Once the needle is seen tenting the 
skin, an incision is made over the needle with a 
scalpel. The needle is grasped and pulled out of 
the body, leaving the Lawson wire coming from 
the ureteroscope out through the skin. After 
removal of the ureteroscope, there is full control 
of the GU tract with wire access from the kidney 
down through the urethra. Dilation is then per-
formed over the wire [23]. While this approach 
obviates the need to master antegrade image- 
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guided placement of a needle into the target 
calyx, its limitations include the possible inabil-
ity to use the upper or lower pole for calyceal 
access for many cases.

8.8  Calyceal Location 
Considerations for Puncture

Traditionally, ideal access is obtained at the for-
nix of the renal calyx, splitting the midline of the 
renal papilla to minimize vessel injury and bleed-
ing [24]. Blood vessels course through the kidney 
like spokes on a wheel, branching into smaller 
caliber sizes going centrally to peripherally in the 
kidney. Entry into the calyceal fornix has, there-
fore, always been thought of as the safest location 
to enter the collecting system with minimal risk 
for bleeding. While some challenged this 
approach by showing safe outcomes with infun-
dibular puncture [25], the calyceal approach is 
still thought of as the ideal entry point.

The decision as to whether to perform an 
upper pole versus mid kidney versus lower pole 
puncture is dependent on multiple factors. For 
example, a large proximal kidney stone maybe 
more susceptible to access via an upper pole 
puncture. The upper pole provides a straight path 
to access the proximal ureteral stone whereas a 
lower pole puncture requires making a sharp turn 
from the lower pole into the renal pelvis and 
down to the proximal ureteral stone. On the other 
hand, a lower pole puncture may provide the 
ideal access point to fragment a lower pole stone. 
In the case of staghorn stones, upper and lower 
pole punctures may allow for complete access of 
the staghorn stone as opposed to mid kidney 
punctures which may require steep turns to 
access upper or lower pole fragments. The mid 
kidney can provide a “best of all worlds” access 
into the kidney and can be used with good effect. 
Regardless of the actual puncture used, the guid-
ing principle should be obtaining access to the 
calyx that provides the easiest path to stone 
removal in the straightest fashion possible.

Despite the choice of an ideal initial puncture 
location, there may be elements of the stone not 
easily accessible, requiring additional punc-
tures. This must be pursued with caution, how-

ever, as multiple puncture tracts may predict for 
decrease in renal function as a consequence of 
surgery [26, 27].

8.9  Patient Position 
Considerations

Maximal access to an upper pole puncture typi-
cally will dictate a prone patient position. In the 
prone position, the access can be placed medially 
in a manner not possible with supine positioning. 
Although upper pole punctures can be achieved 
in the supine position, the prone position allows 
for a more ergonomic access to the upper pole 
with a more posterior access point than typically 
facilitated by a supine position.

Lower pole and mid kidney access can be 
achieved in either the supine or prone position 
with equivalent efficacy. Retrograde access of the 
lower urinary tract can also be achieved when the 
patient is positioned supine or prone. The supine 
position may be more familiar for urologists who 
are used to performing transurethral surgery from 
the dorsal lithotomy position. In the prone posi-
tion, with practice, retrograde access can be 
obtained without special positioning equipment, 
though split leg splitter bars have been described 
to allow for easier retrograde access into the 
upper collecting system [20].

Obese patients can be positioned in both the 
supine and prone positions. Longer tracts have 
been described in the supine position. For the 
majority of patients, whether obese or not, this 
increase in length is not a barrier to gaining 
supine access to the kidney.

8.10  Special Circumstances

8.10.1  Horseshoe Kidney

Percutaneous nephrolithotomy has been demon-
strated successfully in horseshoe kidneys in 
numerous studies [28, 29]. Classically an upper 
pole posterior calyceal approach is preferred, and 
as such the patient in the prone position provides 
what is thought to be ideal access to the posterior 
upper pole. With ultrasound guidance, it has been 

8 Principles of a Perfect Puncture for Percutaneous Nephrolithotomy



76

demonstrated that mid and lower kidney calyces 
can also provide adequate access into the kidney.

8.10.2  Pediatrics

Percutaneous access has been shown to be safe 
and effective in pediatric patients. In order to 
minimize radiation exposure, which is a particu-
lar concern in this population, we recommend 
ultrasound guidance for access.

8.10.3  Obesity

Obese patients present specific challenges for 
percutaneous nephrolithotomy when considering 
airway management with complex positioning 
[30]. However, skin to stone distance has not 
been demonstrated as a factor in determining suc-
cess and complications in fluoroscopy-guided 
PCNL [31, 32]. For ultrasound-guided proce-
dures, some studies have shown documented 
increased difficulty for achieving accessing in 
these patients but that these difficulties can be 
overcome with experience [11]. To successfully 
perform PCNL in obese patients, experienced 
urologists working in concert with an experi-
enced anesthesia team is critical.

8.10.4  Spinal Deformity

Spinal deformities can make imaging and posi-
tioning during percutaneous access challenging. 
These patients must be approached on a case by 
case basis as ultrasound may be difficult in some 
patients due to shadowing from the spine. On the 
other hand, fluoroscopic guidance may be equally 
challenging due to difficulty with positioning and 
C-arm placement. Patients with spinal deformi-
ties do have higher rates of complications and 
lower stone-free rates with PCNL [33]. 
Nevertheless successful access has been docu-
mented in these patients when in the hands of 
experience and expertise [34, 35]. When a safe 
access window to the kidney is obscured by body 
protrusions, liver, lung, spleen, and bowel, 
CT-guided access is often the best option.

8.11  Conclusion

The surgeon has numerous options to achieve per-
cutaneous access for the purpose of percutaneous 
nephrolithotomy. There is no specific single tech-
nique to achieve the perfect puncture. The most 
important principle to keep in mind is accurate 
needle placement into a calyceal target appropri-
ately positioned for stone removal. Matched to that 
principle, the surgeon should be familiar with mul-
tiple options available to him or her including 
ultrasound guidance, fluoroscopic guidance, prone 
or supine positioning, retrograde endoscopic com-
bined visualization, or retrograde needle access. 
Surgeons must tailor their practice specific to their 
skills and the patient on a case- by- case basis.
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Tract Dilation During PNL

Thomas Knoll

9.1  Introduction

There are two major steps of percutaneous neph-
rolithotomy (PNL): the puncture of the kidney 
and the subsequent dilatation to establish the per-
cutaneous tract. In the past decades, three con-
cepts have been used: the Alken metal telescope 
bougies [1], Amplatz fascial dilators and single- 
step dilators [5] and the balloon dilation [6]. Most 
surgeons choose the method of access according 
to their experience and preference. Some series 
and meta-analyses have addressed this issue and 
may give advice in the selection process. 
However, other factors as imaging for access 
have a significant impact on outcome and might 
influence outcome data for dilation.

9.2  Successful Dilation

9.2.1  Single-Step Vs. Metal Dilators

Amjadi et al. compared sequential metal dilators 
with single-step dilation and could not demon-
strate a difference in safety [2]. A study by Joel 
reported a slightly higher perforation of Amplatz 

dilators after balloon failures, indicating difficult 
situations [11]. Data from Safak et al. showed a 
higher perforation rate of Amplatz dilators vs. 
balloon dilators [16].

A meta-analysis of Dehong et  al. compared 
single step vs. metal telescope dilators and could 
not demonstrate a difference in outcome (stone 
free rate) [8]. Another comparable systematic 
review by Li confirmed this finding of almost 
100% successful dilatation in both groups [13]. 
Both groups concluded that factors other than the 
dilation method as method of puncture, location 
and number of tracts might have more impact on 
the outcome of the procedure.

Scar tissue in recurrent interventions may neg-
atively influence tract dilation. Most authors 
report better results for metal dilators in such sit-
uations and consider them as the method of 
choice when scarring is present. Especially bal-
loon dilation is limited in hard perirenal tissue 
(Joel et al.) [11]. But even single-step dilation can 
be frustrating as underlined by a study of Ziaee 
et al. [17] where single-step dilation had a failure 
rate of 7% while metal dilation was possible in 
all cases what is in accordance to a study of 
Lojanapiwat [14].

9.2.2  Operative Time

Many surgeons assume a shorter operative (OR) 
time with balloon compared to sequential dilation 
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methods but the systematic review of Dehong 
et  al. could not show a difference in OR time 
between Amplatz and balloon dilations [8]. 
However, after exclusion of the series of Gönen 
that included patients after open renal surgery, 
OR time was in favor of balloon dilation [10].

It is quite difficult to compare the available lit-
erature as no standard PNL tract size exists. 
While some urologists use 30 or 32 French 
access, others consider 24–26 French as stan-
dard. The size of the tract clearly affects OR time 
as smaller tracts require more extensive stone 
disintegration.

9.2.3  Fluoroscopy Time

Single-step dilation was first reported by Frattini 
et al. [9]. They demonstrate a shorter fluoroscopy 
time when comparing with balloon and metal 
dilation. However, stone volume was higher in 
the metal dilator group, why shorter fluoroscopy 
(and OR) times might be biased by more difficult 
case selection. Furthermore, the measured OR 
time was defined very different by authors, so 
interpretation shall be done carefully. However, a 
shorter fluoroscopy time seems to be a logical 
consequence of one-shot dilation, a fact that was 
shown by most series [2, 16, 17].

9.3  Complications

When comparing single step vs. metal telescope 
dilation, the analysis of Dehong showed a lower 
hemoglobin drop for single step vs. telescope 
while the analysis of Li could not demonstrate 
significant difference [8, 13]. Same findings were 
shown for blood transfusion rates. When compar-
ing Amplatz vs. balloon dilations, the decrease in 
hemoglobin was in favor of the balloon dilation. 
The results of the CROES Global PNL Study, 
however, were in contrast to these systematic 
reviews [3, 7, 12]. In this large data collection of 
>5000 consecutive PNLs, balloon dilation 
resulted in a higher transfusion rate. It is under 

discussion whether this finding was a result of the 
type of access (more fluoroscopy guidance in the 
balloon group compared to more ultrasound 
guided access in the telescopic dilator group) or 
more complex stone situations.

In the series of Li et al., no statistical differ-
ence was seen in transfusion rates when compar-
ing single step with sequential dilation [13]. 
Again, data should be interpreted carefully. Most 
studies report blood loss by comparing pre- vs. 
postoperative difference of red blood cells, 
which is a very imprecise value that is highly 
affected by fasting status and fluid infusions. 
Transfusion rates are, therefore, more reliable, 
but vary largely, indicating that many factors 
predict outcome, like stone volume, technique 
and surgeon’s skills.

9.4  New Advances

The advantage of sequential dilators, mainly the 
Alken telescope dilators, is the ability to dilate 
even scarred perirenal tissue after prior surgery. 
In contrast, standard nephrostomy balloons allow 
maximum insufflation pressures of 17–20 ATM, 
which is not enough for successful dilation in 
10–15% of the cases. New systems with up to 30 
ATM may overcome this drawback. Several 
authors have worked on minor modifications of 
the existing three concepts [4, 15].

9.5  Costs

Only few studies have evaluated the costs of the 
different dilation concepts. Frattini et  al. esti-
mated the costs of a nondisposable metal dilator 
set in with 500€ while an Amplatz single-step 
dilator may cost 60€ and a balloon dilator 300€ 
[9]. Clearly, the nondisposable stainless-steel 
metal dilators outperform the disposable devices. 
It has to be mentioned that metal single-step dila-
tors are available mainly for miniaturized 
accesses and may have comparable cost efficacy 
like the Alken metal dilators.
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9.6  Summary

The three standard techniques for dilation of the 
percutaneous tract for nephrolithotomy are all 
viable options. Differences have been shown for 
OR time, fluoroscopy time, complications and 
costs. However, such differences are small and 
heterogeneous protocols do not allow clear con-
clusions. Therefore, the chosen technique is usu-
ally based on the surgeon’s personal preference.
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10.1  Introduction

Percutaneous nephroscope surgery began in the 
1940s. In 1941, Rupol and Brown used an endo-
scopic instrument to remove the residual stones 
from a percutaneous approach after open surgery. 
In 1955, Goodwin first performed percutaneous 
nephrostomy and successfully relieved hydrone-
phrosis. In 1976, Fernstrom and Johannson were 
successful in extracting stones from the kidney 
through PCNL for the first time [1].

Since then, due to continuous improvements 
in surgical techniques and equipment, PCNL has 
evolved into an effective method for treating 
stones larger than 2 cm, with a lower overall inci-
dence of complications. Effective stone removal 
and evacuation is one of the key steps in 
PCNL. Some small stones can be removed with 
special grasping forceps, but many large stones 
cannot be removed through PCNL.  Therefore, 
effective lithotripters are needed for PCNL in dif-
ferent situations.

Lithotripters can be roughly divided into rigid 
and flexible types. Rigid lithotripters include 
pneumatic lithotripters and ultrasonic litho-
tripters, and flexible lithotripters include 
 electrohydraulic (EHL) and lasers. In the process 

of PCNL, the fragmentation of most stones is 
usually performed by rigid lithotripters such as 
pneumatic and ultrasonic lithotripters, while flex-
ible lithotripters are mainly used for stones that 
are difficult to be reached through rigid litho-
tripters. All rigid lithotripters have an energy- 
generating handheld device, and the probe can 
provide energy to fragment stones. Compared to 
rigid lithotripters, flexible instruments are less 
efficient, but they have the advantages of creating 
less percutaneous channels [2]. With the develop-
ment of rigid and flexible lithotripsy, the effi-
ciency of PCNL is significantly improved.

10.2  Rigid Lithotripters

10.2.1  Pneumatic Lithotripters

10.2.1.1  Mechanism
When the pneumatic ballistic lithotripters work, 
the probe breaks the stone by using the mechani-
cal energy which imitates the industrial air ham-
mer. The compressed air produced during the 
function of pneumatic lithotripsy strikes the 
probe repeatedly, and the probe strikes the stones 
in pulse. The air comes either from the hospital’s 
air pipe or from a portable tank, which is then 
transferred to the handheld device.X. Gao (*) · Z. Fang · H. Dong · F. Xie 
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10.2.1.2  Advantages and  
Disadvantages

This approach has the advantages of reducing the 
risk of thermal damage to the urothelium, fast 
lithotripsy, and high efficiency and can crush 
stones of various components. Its successful rate 
of fragmentation for ureteral calculi of various 
components is 73~100% [3–8]. Pneumatic bal-
listic lithotripters can still work even though the 
operation vision is not very clear, and it is simple 
to operate and maintain a low cost. Thus, it can 
be used as a basic and regular equipment. Its dis-
advantages include relatively high retropulsion 
rate and easy to isolate the stone fragments. It has 
been reported that the stone retropulsion rate for 
ureteroscopic lithotripsy ranges from 2 to 17%. 
This is caused by the inability to limit stone 
movement in the ureter [9]. After lithotripsy, the 
stone fragments can be removed by a gripper or 
suction of ultrasonic devices [10]. The pneumatic 
lithotripters are inflexible and require nephro-
scope with straight working channels.

10.2.1.3  Technique Tips
Our experience for ballistic lithotripsy is fixing 
the stone slightly at the front of the sheath and 
starting lithotripsy from the corner or edge of the 
stone with a short and intermittent method of 
continuous percussion, which can improve the 
efficiency. The stones are easy to move in the 
larger space of renal collection system, which 
makes it more difficult to crush. For optimal use, 
stones should be fixed to the urothelium in order 
to reduce the displacement of the stones away 
from the probe. When hitting against the stone, 
prolonged force exposure increases the risk of 
ureteral perforation. For the removal of large 
stones, repeated in and out of the channel is 
needed. As the probe cannot be bended, it only 
suits for rigid endoscope. During lithotripsy, it is 
better to gently put the probe on stone and try to 
grasp the rhythm of breaking stone. Urologists 
should have a holistic view for lithotripsy and 
find out the most suitable pressure point of the 
stone. The staghorn stone can be fragmented 
from the corner of the stone and then crushed one 
by one. Smaller stone can be directly washed out 
(suitable for 11~20F channel) with pulse perfu-

sion. We do not recommend the use of pneumatic 
lithotripters in flexible ureterscopy, as it is easy to 
cause damage to the scope in the course of 
operation.

10.2.2  Ultrasonic Lithotripters

In 1953, ultrasonic vibration was first reported to 
break kidney stones [11].

Researchers invented the “Aachen model,” 
which lays the foundation for the current ultra-
sonic lithotripsy. The principle remains the same 
although the technology has been improved a lot.

10.2.2.1  Mechanism
Current is passed through piezoelectric ceramic 
crystals, generating ultrasonic waves and making 
it to resonate at 23–25  kHz. When the probe 
touches the stone, it causes the stone to resonate 
and to be fragmented. But the damage will be 
minimal when the probe comes into direct con-
tact with the tissues because of the lack of reso-
nance in the tissues [12].

The ultrasonic probe connects with a suction 
device, and only when the lithotrite is activated, 
the suction device will be activated. In order to 
optimize visualization, removal of small debris, 
and irrigation, the best pressure should be kept at 
60–80 cm H2O. Ultrasound does not work well for 
all types of stones. The components of the stone 
may affect the lithotripsy time taken for the stone 
to be completely crushed. Some harder stones 
such as cysteine and calcium oxalate monohydrate 
stones are very difficult to be crushed. Furthermore, 
the size, density, and surface characteristics of the 
stones are also important. The small, low-density 
stones with a rough surface can be fragmented 
more rapidly while the large and smooth ones are 
hard to be broken [13, 14].

10.2.2.2  Advantages 
and Disadvantages

One of the advantages is its ability to fragment 
and remove stones at the same time by using the 
larger caliber ultrasound probes. Furthermore, 
repeated studies have shown that ultrasonic litho-
tripsy is effective when treating the stone through 
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the percutaneous approach. The stone-free rate 
ranges from 84 to 100% [15, 16]. Ultrasound 
probes are also exceedingly safe. An animal 
testing has been conducted to confirm the safety 
of ultrasonic lithotripsy. Researchers placed the 
probe on the urothelium of the rabbit bladder and 
found that only a little mucosal edema occurred. 
Similarly, experiments in the canine model also 
showed minimal histological changes [17]. 
However, if the continuous suction of irrigation 
fails, the probe is likely to damage the tissue due 
to overheating. Therefore, users should pay atten-
tion to the adequacy of suction. Again, the disad-
vantage of this probe is its limitation in dealing 
with ureteral stone.

10.2.2.3  Technique Tips
The sound frequencies of these waves are higher 
than the human auditory threshold, which pass 
through the probe to make the tip vibrating and 
then touch the stone and cause the mechanical 
fragmentation. This requires direct contact with 
the stone. The lumen of the ultrasonic probe is 
hollow, which can suck out the stone debris. The 
piezoelectric ceramic crystal will also be cooled 
by the evacuated liquid through the handpiece, 
providing the best operating temperature [10]. 
The size of these probes ranges from 2.5 to 
6.0 F. The smallest one has no hollow lumen, so 
inhaling debris is not allowed. Ultrasonic litho-
trite needs to contact the stone closely in order to 
work effectively. During the contact, stones are 
usually needed to be fixed in a place to improve 
efficiency, although some small fragments can be 
sucked to the tip of the probe.

If the stones are hard (e.g. calcium oxalate 
monohydrate stones and calcium phosphate 
brushes stones), it is better to fragment these hard 
stones into some small pieces first, make them 
smaller than the diameter of the sheath, and then 
use the grasping forceps to remove these pieces. 
For softer stone like magnesium ammonium phos-
phate stone, we usually try to remove large parts 
with ultrasonic equipment and use the suction to 
remove all the small fragments. It is important to 
put the probe as close to the stone as possible 
to maintain the intraoperative negative pressure, 
and it will also reduce the stone migration.

10.2.3  Combination of Ultrasonic 
and Pneumatic Lithotripters

For over 30  years, ultrasonic and pneumatic 
intracorporeal lithotripters have been favored for 
percutaneous nephrolithotripsy. Ultrasonic litho-
tripters, although are relatively inefficient at frag-
menting hard stones, provide the advantage of 
concurrent suction, often eliminating the need for 
manual endoscopic extraction. Conversely, pneu-
matic lithotripters, which are not typically 
equipped with suction control, have proven supe-
rior at fragmenting stones of many types. 
However, subsequent retrieval of fragments can 
be proven to be both tedious and time- consuming. 
In recent years, one of the developments of intra-
corporeal lithotripsy in PCNL is the emergence 
of double-modality lithotripters. It consists of 
traditional ultrasonic components and ballistic 
components. The purpose of this dual lithotrite is 
to integrate the advantages of ultrasonic and bal-
listic devices and improve the efficiency of litho-
tripsy and stone-free rate.

10.2.3.1  Advantages 
and Disadvantages

Large stones with infection can be treated by 
lithotrite with negative pressure suction sys-
tem, which has the advantages of two different 
technologies of ultrasonic lithotripsy and 
pneumatic ballistic lithotripsy. Large and hard 
stones are first fragmented by pneumatic litho-
tripsy and then evacuated by ultrasonic litho-
tripsy, so that it can reduce the intrarenal 
pressure and improve the safety of the treat-
ment of stones with infection and the efficiency 
of the lithotripsy, and the combination litho-
tripters also perform well with minimally inva-
sive nephroscope.

10.2.3.2  Technique Tips
After the percutaneous channel is established, 
minimally invasive nephroscope is placed 
through the channel to enter the renal collecting 
system for observation. And lithotripsy is per-
formed for stone removal and evacuation. During 
the whole operation, the visual field must be kept 
clear. The blood clot that obscured the field of 
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vision should be removed by simple grasping for-
ceps or sucked out with a syringe. For the turbid 
urine which was caused by infection, repeated 
suction by negative pressure suction device will 
make the vision clear. When the renal collection 
system is examined, the angle of nephroscope 
should be rotated and swung to observe the kid-
neys in all directions. When we use the double- 
modality lithotrite with standard nephroscope, it 
could relieve the high pressure of the renal pelvis, 
which is beneficial to avoid the absorption of tox-
ins and pyrogen in the process of lithotripsy, 
thereby reducing the incidence of sepsis, fluid 
extravasation, and complications of perirenal 
infection.

10.3  Flexible Lithotripters

10.3.1  Electrohydraulic Lithotripter

Electrohydraulic lithotripter (EHL) is the first extra-
corporeal lithotripter which was introduced in 1975 
for the treatment of kidney stones. It was invented 
by an engineer named Yutkin in 1955 [12].

10.3.1.1  Mechanism
The electric current creates a spark through an 
insulating area between two electrodes. Sparks 
can produce water vapor around the electrode, 
forming cavitation bubbles that produce shock 
waves during the expansion process. This shock 
wave has no focus, so the stones are needed to 
be put precisely at the location of the shock 
wave [12].

EHL is relatively flexible compared with 
ultrasound and pneumatic lithotripsy. It can be 
used with flexible or rigid cystoscope, uretero-
scope, or nephroscope for lithotripsy throughout 
the urinary system.

10.3.1.2  Advantages 
and Disadvantages

In terms of effective stone fragmentation, EHL is 
usually used to fragment ureteral stones [18]. In 
addition, the EHL lithotripter is very cheap. The 
generator is about 1200 dollars, with 200 dollars 
per disposable probe [19]. In one case, one or two 

probes may be used. If stones are harder such as 
calcium oxalate monohydrate, more probes may 
be used. The biggest drawback of EHL may be its 
damage to the urothelium because of the impact 
of rapidly expanding cavitation bubble on the tis-
sue. So, EHL is not recommended in the narrow 
space of the ureter. However, since the applica-
tion of holmium laser in PCNL, EHL has become 
less popular due to its less versatility than hol-
mium laser. Holmium laser has the ability of 
breaking all types of stones, while EHL laser can 
hardly break hard stones [20].

10.3.1.3  Technique Tips
The use of electrohydraulic lithotripsy should 
follow certain principles. The users should check 
the tip of the probe before inserting it into the 
endoscope. The tip of the probe should be smooth 
and the internal and external insulating layer 
should be intact. During ureteroscopic examina-
tion, 1.6–1.9 F of smaller probe is used. Ideally, 
the probe should be kept away from the distal end 
of the endoscope at a distance of 2–5 mm. In this 
way, the scope was protected. The target stone 
should be clearly visible before the EHL is put 
into use. Furthermore, the probe of EHL should 
be kept 1 mm away from the surface of the stone 
with suitable energy setting. When the stone frag-
ments are small enough, they can be retrieved 
with a grasper. It is not recommended to crush 
debris at a size of less than 2 mm, because this 
may cause potential damage to the surrounding 
urinary tract tissues [21].

10.3.2  Laser Lithotripters

The energy of the laser is generated by a stimu-
lated atom, which then produces electrons in 
turn. The electrons can release energy in the 
shape of a discontinuous light energy. These 
properties of lasers enable it to transmit a quan-
tity of energy in a very focused way. Laser has 
become the most popular way in intracorporeal 
lithotripsy [18]. Mulvany reported the applica-
tion of Ruby laser in the management of urinary 
stone in 1968 [22]. But it was also reported that 
Ruby laser can generate excessive heat when 
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fragmenting the stone. So, it was hard for clinical 
use. Since then, many other lasers such as cou-
marin green pulse dyes, alexandrite, and neo-
dymium lasers are introduced. Different kinds of 
lasers are named according to the substances that 
excite to produce focused light energy. Coumarin 
laser is a liquid laser medium with green couma-
rin dye, which is the first pulsed dye laser used in 
clinic [23]. The alexandrite laser is made of alex-
andrite minerals. The medium of the 
neodymium:yttrium aluminum garnet (Nd:YAG) 
laser is a crystal seeded with neodymium ions. 
The FREDDY (frequency-doubled double-pulse 
Nd:YAG laser) technology is a more efficient, 
lower-priced laser used for lithotripsy. It consists 
of two different wavelengths of lasers, one is 
infrared light of 1064 nm and the other is green 
light of 532 nm. The mechanism of action is that 
the laser energy hits the stone through the optical 
fiber, indicating that the green light is partially 
absorbed by the stone surface, and plasma is 
formed. After the plasma reabsorbs the invisible 
infrared light, the shock wave was generated, and 
in that way the stone could be fragmented [24, 
25]. This is a kind of mechanical energy which 
provides a lower incidence of soft tissue damage 
than the holmium laser, because the tissue can 
easily absorb these waves. It is effective for 
almost all types of stones, except for harder 
stones [26, 27]. In vitro studies show that the 
stone fragmentation rate of FREDDY laser is sig-
nificantly higher than that of holmium laser. One 
drawback of Freddy lithotripsy is that it is possi-
ble for stone retropulsion. An in vitro study shows 
that Freddy laser produced greater stone retropul-
sion than holmium laser [28]. With the develop-
ment of science and technology, holmium:yttrium 
aluminum garnet (YAG) has become the most 
commonly used laser gradually.

10.3.2.1  Holmium: YAG Laser
Holmium laser lithotripsy was first reported in 
1995 [29], it has become the gold standard for 
lithotripsy in the current guidelines [30]. The 
laser wavelength is 2140 nm and the pulse dura-
tion is about 250~350 μs. It is much longer than 
the pulsed dye laser. Compared with other litho-
tripters, holmium laser is considered to be the 

most effective lithotrite. In recent years, holmium 
laser has become the main research field with the 
aim of improving the ablation of stones, while 
reducing the incidence of complications.

10.3.2.2  Mechanism
The holmium laser-generated pulse that causes 
the stone to break is mainly based on these mech-
anisms. First, the photoacoustic effect is gener-
ated by forming cavitation bubbles at the end of 
the fiber, which generates a shock wave when 
collapsed, causing the stone to break [31, 32]. 
Second, holmium laser causes stone vaporization 
and dissociation through a photothermal mecha-
nism. Holmium laser is mainly absorbed by 
water, and it produces little damage to the tissue. 
Since the tissue is mainly composed of water, 
most energy is absorbed on the tissue surface, 
and the thermal damage area associated with 
laser ablation is about 0.5~1.0 mm [33].

10.3.2.3  Advantages 
and Disadvantages

The advantages of holmium laser include effec-
tive fragmentation for all types of stones with dif-
ferent composition, and wide utilization in all 
endoscopic instruments. It causes only minimal 
damage to the mucosa because the laser has high 
absorption in water [34]. Holmium laser can crush 
stones in both anterograde and retrograde ways. 
Furthermore, holmium laser can fragment stone 
into very small pieces that can be easily removed 
from the collection system, thereby reducing the 
need for manual removal [35]. Holmium laser not 
only has high lithotripsy efficacy but also has the 
ability of cutting and coagulating soft tissue. It is 
commonly used for endourologic procedures. The 
laser fiber can be used in flexible nephroscope. 
So, it can also be used to treat other upper urinary 
tract diseases such as ureteropelvic junction stric-
ture and upper tract tumor. In addition, holmium 
laser is also desirable for struvite stones because 
of its heat radiation. The disadvantages include its 
potential thermal injury to the mucosa when it 
directly touches the tissue and the relatively high 
cost. Furthermore, the larger fibers such as 365 μm 
and 500 μm fibers show retropulsion that cannot 
be ignored [36].
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10.3.2.4  Technique Tips
Holmium laser is simple to use. Surgeons only 
need to put the fiber connecting to the stone sur-
face before the laser is engaged. Maintaining a 
clear field of vision is necessary to avoid perfora-
tion. Because holmium laser can cut metal, care 
must be taken when approaching the guide wire or 
basket [37, 38]. In addition, the laser fiber should 
extend out of the tip of the endoscope at least 
2 mm, in order to reduce damage to the lens or the 
channels. It can also damage the urothelium, so 
trying to avoid drilling past the stone with the laser 
fiber is important. Our experience showed that 
although holmium laser does not have the function 
of ultrasonic adsorption of stone fragments, the 
working sheath can make up for this defect. During 
the operation, the working sheath is simply placed 
over the crushed stone, or place the dilated sheath 
against the calyces, and the stone fragments can be 
quickly washed out of the body by hanging bag 
irrigation. Furthermore, the use of retrograde 
water irrigation will accelerate the evacuation of 
stone fragments from the sheath.

After percutaneous nephrolithotomy, calculus 
remains mainly because nephroscopy cannot 
enter the renal calices where residual stone is 
located. For small calculi that are visible but not 
accessible by nephroscopy, holmium laser can be 
used to split the mucosa of the calix and then the 
stones will be touched. For some residual stones, 
which could not be found with the nephroscope 
but could be located by ultrasonography or fluo-
roscopy, the flexible instruments are needed.

The total power output equal to the pulse 
energy multiply by the pulse frequency. Urologist 
can set different power to fragment the stone by 
adjusting these parameters. Low pulse energy is 
recommended at the beginning of treatment. The 
first holmium laser was low-powered laser 
(<20 W) because of the limitation of setting the 
pulse energy and pulse frequency [39]. Stones 
can be dusted into very small fragments by set-
ting low pulse energy and high pulse frequency 
[39]. In 2007, Jou and his colleagues reported 
their experience of using high pulse energy 
(3.0 J) in PCNL for large renal stones. They con-
cluded that the holmium laser can fragment all 
types of stones with different composition and 
dust stone with minimal retropulsion [36].

Sun and his colleagues assessed the efficiency 
and safety of the 70  W holmium laser 
(3.5 J × 20 Hz) in PCNL for kidney stones. They 
concluded that such high-power laser improved 
the efficiency of lithotripsy by fragmenting 
stones rapidly, which changed the traditional 
international concept of laser lithotripsy, 
improved the lithotripsy efficiency, and became 
the main method in treating large and compli-
cated stones [40].

10.4  Recent Innovations

10.4.1  Moses Effect

Recently, Lumenis has developed a new technol-
ogy for the Lumenis Pulse TM 120H laser sys-
tem, where the laser pulse can separate with the 
water and then deliver the energy to the surface of 
target stone. This is called the “Moses effect.” In 
this mode, a large quantity of energy produces a 
steam bubble, and it can separate the water, and 
then the remaining energy is transmitted to the 
stone through a steam bubble. Elhilali and his 
colleagues evaluated the Moses effect through 
both in  vitro and in  vivo experiments [41]. In 
vitro model showed less stone retropulsion in the 
Moses mode. Compared with the regular mode, 
Moses mode achieved a significantly higher abla-
tion volume (1.6 fold, P < 0.001). In vivo experi-
ment also proved the reduction of stone 
retropulsion in the porcine kidney. They demon-
strated that the Moses technology could be more 
efficient, with reduced stone retropulsion and 
much safer lithotripsy. Ibrahim and his colleagues 
highlighted these findings through a stone simu-
lator. They compared the crushing efficiency of 
traditional holmium lasers and Moses models. 
Using Moses model, the time for fragmentation 
and dust removal in Moses model is significantly 
shorter than the holmium laser. The stone retro-
pulsion is also significantly reduced [42]. 
Mullerad and his colleagues reported the initial 
clinical experiences using the new technology. 
They asked the urologists to fill a questionnaire 
immediately after each ureteroscopic examina-
tion. They compared the procedures. Surgeons 
give their opinions of Moses technology (n = 23) 
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compared to conventional lithotripsy (n  =  11). 
The working time and energy usage of laser are 
collected from Lumenis 120H. In all, Moses laser 
technology shows satisfying stone fragmentation 
with less time in clinical applications [32].

In terms of cost analysis, Stern and his col-
leagues showed a special report. They concluded 
that for all sizes of stones, the Moses system has 
an increased price of 292.36 dollars compared to 
the standard Holmium system. In particular, for 
stones >10 mm, the price of Moses technology 
increased by 253.16 dollars. Although the operat-
ing time with Moses system is shorter, it does not 
show any advantage in terms of cost due to the 
high cost of laser fiber and the software [43].

10.4.2  Thulium Fiber Laser

Despite these beneficial effects of holmium laser, 
a promising competitor is a new superpulse thu-
lium fiber laser (TFL). This TFL technology has 
been remained for about 20  years [44]. Since 
2005, a detailed feasibility study has been carried 
out for TFL lithotripsy [45]. However, all these 
studies were performed with previous TFLs. The 
superpulse TFL is very different from the previ-
ous TFLs. It has a high power of 500 W while the 
previous TFLs have only 100 W [46]. The main 
emission line of TFL (1940 nm) is approximately 
equal to the strong water absorption peak [47]. A 
few years ago, TFL effectiveness had been shown 
in stone lithotripsy and prostate surgery. However, 
it has recently attracted interest since the intro-
duction of a superpulse model for TFL. In in vitro 
experiments, TFL has been shown to fragment 
higher stone volumes, and the retropulsion is less 
[48]. In addition, studies have shown that the use 
of thinner laser fibers can significantly produce 
more stone dust without generating significant 
heat. Initial experience of application of TFL for 
urolithiasis has been reported [49]. Martov AG 
and his colleagues proved that the Thulium Laser 
System “Urolaz” has significantly improved the 
effectiveness of upper urinary tract endoscopic 
intervention and significantly reduced the possi-
bility of intraoperative trauma and postoperative 
complications. Still, more and more researches 

are needed to assess the efficiency and safety of 
this newly developed technology.

10.5  Conclusion

Both rigid and flexible lithotripters are effective 
to carry out percutaneous lithotripsy. When 
choosing a lithotripter to deal with urinary stones, 
the doctor should consider the patient’s kidney 
anatomy, the location of the stones, and the 
planned procedure of surgery. The current litho-
tripters offer a number of options for urologists, 
and it is necessary for surgeons to understand the 
advantages and disadvantages of each type and to 
gain a deep understanding of its mechanisms 
when choosing these lithotripters. Holmium laser 
is considered to be the most widely used endo-
scopic lithotripter. Its flexibility and small diam-
eter fibers allow it to manage stones in the ureter 
and renal collecting system. It also remains the 
preferred flexible lithotrite for its advantages of 
fragmenting all types of stones and its safety. 
Among patients undergoing PCNL, rigid litho-
tripters (i.e. ultrasonic lithotripsy, pneumatic 
lithotripsy) are safely and effectively especially 
in removing large stones. It should be noted that 
in single cases, the ideal stone-free rate can be 
achieved by combining a variety of different lith-
otripsy instruments. The generation of dual-mode 
ultrasound and pneumatic lithotripters provide 
surgeons with powerful and efficient tools for 
stone fragmentation and removing stones quickly. 
In general, the combined devices and other new 
technologies are promising and worth expecting, 
but further researches are needed to ensure 
whether they improve the efficiency of stone 
removal and evacuation.

References

 1. Fernstrom I, Johansson B.  Percutaneous pyeloli-
thotomy. A new extraction technique. Scand J Urol 
Nephrol. 1976;10(3):257–9.

 2. Williams SK, Leveillee RJ.  A single percutane-
ous access and flexible nephroscopy is the best 
treatment for a full staghorn calculus. J Endourol. 
2008;22(9):1835–7; discussion 9. https://doi.org/ 
10.1089/end.2008.9795.

10 Intracorporeal Lithotripsy During PCNL

https://doi.org/10.1089/end.2008.9795
https://doi.org/10.1089/end.2008.9795


90

 3. Murthy PV, Rao HS, Meherwade S, Rao PV, 
Srivastava A, Sasidharan K. Ureteroscopic lithotripsy 
using mini-endoscope and Swiss lithoclast: experi-
ence in 147 cases. J Endourol. 1997;11(5):327–30. 
https://doi.org/10.1089/end.1997.11.327.

 4. Knispel HH, Klan R, Heicappell R, Miller 
K.  Pneumatic lithotripsy applied through deflected 
working channel of miniureteroscope: results in 143 
patients. J Endourol. 1998;12(6):513–5. https://doi.
org/10.1089/end.1998.12.513.

 5. Aghamir SK, Mohseni MG, Ardestani A. Treatment 
of ureteral calculi with ballistic lithotripsy. J 
Endourol. 2003;17(10):887–90. https://doi.
org/10.1089/089277903772036208.

 6. Akhtar MS, Akhtar FK. Utility of the lithoclast in the 
treatment of upper, middle and lower ureteric calculi. 
Surgeon. 2003;1(3):144–8.

 7. Delvecchio FC, Kuo RL, Preminger GM. Clinical effi-
cacy of combined lithoclast and lithovac stone removal 
during ureteroscopy. J Urol. 2000;164(1):40–2.

 8. Hong YK, Park DS.  Ureteroscopic lithotripsy 
using Swiss lithoclast for treatment of ure-
teral calculi: 12-years experience. J Korean Med 
Sci. 2009;24(4):690–4. https://doi.org/10.3346/
jkms.2009.24.4.690.

 9. Denstedt JD, Razvi H. Management of urinary calculi 
during pregnancy. J Urol. 1992;148(3 Pt 2):1072–4; 
discussion 4–5.

 10. Lowe G, Knudsen BE.  Ultrasonic, pneumatic and 
combination intracorporeal lithotripsy for percutane-
ous nephrolithotomy. J Endourol. 2009;23(10):1663–
8. https://doi.org/10.1089/end.2009.1533.

 11. Mulvaney WP. Attempted disintegration of calculi by 
ultrasonic vibrations. J Urol. 1953;70(5):704–7.

 12. Grocela JA, Dretler SP.  Intracorporeal lithotripsy. 
Instrumentation and development. Urol Clin North 
Am. 1997;24(1):13–23.

 13. LeRoy AJ, Segura JW. Percutaneous ultrasonic litho-
tripsy. Urol Radiol. 1984;6(2):88–94.

 14. Marberger M.  Disintegration of renal and ure-
teral calculi with ultrasound. Urol Clin North Am. 
1983;10(4):729–42.

 15. Segura JW, Patterson DE, LeRoy AJ, Williams HJ 
Jr, Barrett DM, Benson RC Jr, et  al. Percutaneous 
removal of kidney stones: review of 1,000 cases. J 
Urol. 1985;134(6):1077–81.

 16. Segura JW, Patterson DE, LeRoy AJ, May GR, 
Smith LH.  Percutaneous lithotripsy. J Urol. 
1983;130(6):1051–4.

 17. Terhorst B. [The effect of electrohydraulic waves 
and ultrasound on the urothelium]. Urologe A. 
1975;14(1):41–5.

 18. Matlaga BR, American Board of Urology. 
Contemporary surgical management of upper urinary 
tract calculi. J Urol. 2009;181(5):2152–6. https://doi.
org/10.1016/j.juro.2009.01.023.

 19. Zheng W, Denstedt JD.  Intracorporeal litho-
tripsy. Update on technology. Urol Clin North Am. 
2000;27(2):301–13.

 20. Wu TT, Hsu TH, Chen MT, Chang LS.  Efficacy of 
in vitro stone fragmentation by extracorporeal, elec-
trohydraulic, and pulsed-dye laser lithotripsy. J 
Endourol. 1993;7(5):391–3. https://doi.org/10.1089/
end.1993.7.391.

 21. Denstedt JD, Clayman RV. Electrohydraulic lithotripsy 
of renal and ureteral calculi. J Urol. 1990;143(1):13–7.

 22. Mulvaney WP, Beck CW. The laser beam in urology. 
J Urol. 1968;99(1):112–5.

 23. Watson G, Murray S, Dretler SP, Parrish JA.  The 
pulsed dye laser for fragmenting urinary calculi. J 
Urol. 1987;138(1):195–8.

 24. Zorcher T, Hochberger J, Schrott KM, Kuhn R, 
Schafhauser W.  In vitro study concerning the effi-
ciency of the frequency-doubled double-pulse 
neodymium:YAG laser (FREDDY) for lithotripsy 
of calculi in the urinary tract. Lasers Surg Med. 
1999;25(1):38–42.

 25. Delvecchio FC, Auge BK, Brizuela RM, Weizer 
AZ, Zhong P, Preminger GM.  In vitro analysis 
of stone fragmentation ability of the FREDDY 
laser. J Endourol. 2003;17(3):177–9. https://doi.
org/10.1089/089277903321618752.

 26. Dubosq F, Pasqui F, Girard F, Beley S, Lesaux N, Gattegno 
B, et al. Endoscopic lithotripsy and the FREDDY laser: 
initial experience. J Endourol. 2006;20(5):296–9. https://
doi.org/10.1089/end.2006.20.296.

 27. Yates J, Zabbo A, Pareek G.  A comparison of the 
FREDDY and holmium lasers during ureteroscopic 
lithotripsy. Lasers Surg Med. 2007;39(8):637–40. 
https://doi.org/10.1002/lsm.20545.

 28. Marguet CG, Sung JC, Springhart WP, L’Esperance 
JO, Zhou S, Zhong P, et  al. In vitro comparison of 
stone retropulsion and fragmentation of the fre-
quency doubled, double pulse nd:yag laser and the 
holmium:yag laser. J Urol. 2005;173(5):1797–800. 
https://doi.org/10.1097/01.ju.0000154341.08206.69.

 29. Denstedt JD, Razvi HA, Sales JL, Eberwein 
PM. Preliminary experience with holmium:YAG laser 
lithotripsy. J Endourol. 1995;9(3):255–8. https://doi.
org/10.1089/end.1995.9.255.

 30. Turk C, Petrik A, Sarica K, Seitz C, Skolarikos A, 
Straub M, et  al. EAU guidelines on interventional 
treatment for urolithiasis. Eur Urol. 2016;69(3):475–
82. https://doi.org/10.1016/j.eururo.2015.07.041.

 31. Zhong P, Tong HL, Cocks FH, Pearle MS, Preminger 
GM.  Transient cavitation and acoustic emis-
sion produced by different laser lithotripters. J 
Endourol. 1998;12(4):371–8. https://doi.org/10.1089/
end.1998.12.371.

 32. Mullerad M, Aguinaga JRA, Aro T, Kastin A, Goldin 
O, Kravtsov A, et al. Initial clinical experience with 
a modulated holmium laser pulse-Moses Technology: 
does it enhance laser lithotripsy efficacy? Rambam 
Maimonides Med J. 2017;8(4):e0038. https://doi.
org/10.5041/RMMJ.10315.

 33. Wollin TA, Denstedt JD. The holmium laser in urol-
ogy. J Clin Laser Med Surg. 1998;16(1):13–20. 
https://doi.org/10.1089/clm.1998.16.13.

X. Gao et al.

https://doi.org/10.1089/end.1997.11.327
https://doi.org/10.1089/end.1998.12.513
https://doi.org/10.1089/end.1998.12.513
https://doi.org/10.1089/089277903772036208
https://doi.org/10.1089/089277903772036208
https://doi.org/10.3346/jkms.2009.24.4.690
https://doi.org/10.3346/jkms.2009.24.4.690
https://doi.org/10.1089/end.2009.1533
https://doi.org/10.1016/j.juro.2009.01.023.
https://doi.org/10.1016/j.juro.2009.01.023.
https://doi.org/10.1089/end.1993.7.391
https://doi.org/10.1089/end.1993.7.391
https://doi.org/10.1089/089277903321618752
https://doi.org/10.1089/089277903321618752
https://doi.org/10.1089/end.2006.20.296
https://doi.org/10.1089/end.2006.20.296
https://doi.org/10.1002/lsm.20545
https://doi.org/10.1097/01.ju.0000154341.08206.69
https://doi.org/10.1089/end.1995.9.255
https://doi.org/10.1089/end.1995.9.255
https://doi.org/10.1016/j.eururo.2015.07.041
https://doi.org/10.1089/end.1998.12.371
https://doi.org/10.1089/end.1998.12.371
https://doi.org/10.5041/RMMJ.10315
https://doi.org/10.5041/RMMJ.10315
https://doi.org/10.1089/clm.1998.16.13


91

 34. Vassar GJ, Chan KF, Teichman JM, Glickman RD, 
Weintraub ST, Pfefer TJ, et al. Holmium:YAG lithotripsy: 
photothermal mechanism. J Endourol. 1999;13(3):181–
90. https://doi.org/10.1089/end.1999.13.181.

 35. Teichman JM, Vassar GJ, Glickman 
RD.  Holmium:yttrium-aluminum-garnet lithotripsy 
efficiency varies with stone composition. Urology. 
1998;52(3):392–7.

 36. Jou YC, Shen CH, Cheng MC, Lin CT, Chen 
PC.  High-power holmium:yttrium-aluminum-garnet 
laser for percutaneous treatment of large renal stones. 
Urology. 2007;69(1):22–5;. ; discussion 5–6. https://
doi.org/10.1016/j.urology.2006.08.1114.

 37. Lane BR, Singh D, Meraney A, Streem SB.  Novel 
endourologic applications for holmium laser. 
Urology. 2005;65(5):991–3. https://doi.org/10.1016/j.
urology.2005.01.050.

 38. Freiha GS, Glickman RD, Teichman JM. Holmium:YAG 
laser-induced damage to guidewires: experimen-
tal study. J Endourol. 1997;11(5):331–6. https://doi.
org/10.1089/end.1997.11.331.

 39. Razvi HA, Denstedt JD, Chun SS, Sales 
JL. Intracorporeal lithotripsy with the holmium:YAG 
laser. J Urol. 1996;156(3):912–4.

 40. Sun Y, Gao X, Zhou T, Chen S, Wang L, Xu C, et al. 
70  W holmium:yttrium-aluminum-garnet laser in 
percutaneous nephrolithotomy for staghorn cal-
culi. J Endourol. 2009;23(10):1687–91. https://doi.
org/10.1089/end.2009.1536.

 41. Elhilali MM, Badaan S, Ibrahim A, Andonian 
S.  Use of the Moses technology to improve hol-
mium laser lithotripsy outcomes: a preclinical 

study. J Endourol. 2017;31(6):598–604. https://doi.
org/10.1089/end.2017.0050.

 42. Ibrahim A, Badaan S, Elhilali MM, Andonian S. Moses 
technology in a stone simulator. Can Urol Assoc J. 
2018;12(4):127–30. https://doi.org/10.5489/cuaj.4797.

 43. Stern KL, Monga M. The Moses holmium system—
time is money. Can J Urol. 2018;25(3):9313–6.

 44. Jackson SD, Lauto A. Diode-pumped fiber lasers: a new 
clinical tool? Lasers Surg Med. 2002;30(3):184–90.

 45. Fried NM, Irby PB. Advances in laser technology and 
fibre-optic delivery systems in lithotripsy. Nat Rev 
Urol. 2018;15(9):563–73. https://doi.org/10.1038/
s41585-018-0035-8.

 46. Blackmon RL, Irby PB, Fried NM.  Comparison of 
holmium:YAG and thulium fiber laser lithotripsy: 
ablation thresholds, ablation rates, and retropulsion 
effects. J Biomed Opt. 2011;16(7):071403. https://
doi.org/10.1117/1.3564884.

 47. Hale GM, Querry MR. Optical constants of water in 
the 200-nm to 200-microm wavelength region. Appl 
Opt. 1973;12(3):555–63. https://doi.org/10.1364/
AO.12.000555.

 48. Andreeva V, Vinarov A, Yaroslavsky I, Kovalenko A, 
Vybornov A, Rapoport L et al. Preclinical comparison 
of superpulse thulium fiber laser and a holmium:YAG 
laser for lithotripsy. World J Urol. 2019. https://doi.
org/10.1007/s00345-019-02785-9.

 49. Martov AG, Ergakov DV, Guseinov MA, Andronov 
AS, Dutov SV, Vinnichenko VA et al. [Initial experi-
ence in clinical application of thulium laser contact 
lithotripsy for transurethral treatment of urolithiasis]. 
Urologiia. 2018;(1):112–20.

10 Intracorporeal Lithotripsy During PCNL

https://doi.org/10.1089/end.1999.13.181
https://doi.org/10.1016/j.urology.2006.08.1114
https://doi.org/10.1016/j.urology.2006.08.1114
https://doi.org/10.1016/j.urology.2005.01.050
https://doi.org/10.1016/j.urology.2005.01.050
https://doi.org/10.1089/end.1997.11.331
https://doi.org/10.1089/end.1997.11.331
https://doi.org/10.1089/end.2009.1536
https://doi.org/10.1089/end.2009.1536
https://doi.org/10.1089/end.2017.0050
https://doi.org/10.1089/end.2017.0050
https://doi.org/10.5489/cuaj.4797
https://doi.org/10.1038/s41585-018-0035-8
https://doi.org/10.1038/s41585-018-0035-8
https://doi.org/10.1117/1.3564884
https://doi.org/10.1117/1.3564884
https://doi.org/10.1364/AO.12.000555
https://doi.org/10.1364/AO.12.000555
https://doi.org/10.1007/s00345-019-02785-9
https://doi.org/10.1007/s00345-019-02785-9


93© Springer Nature Singapore Pte Ltd. 2020 
G. Zeng, K. Sarica (eds.), Percutaneous Nephrolithotomy, 
https://doi.org/10.1007/978-981-15-0575-1_11

Tubeless PCNL

Julian Veser and Christian Seitz

11.1  Introduction

First attempts to puncture a symptomatic kidney 
with subsequent stone removal in a patient with 
nephrolithiasis were performed by Rupel and 
Brown in 1941. They treated a patient with soli-
tary kidney and anuria due to an obstructive kid-
ney stone by first inserting a 26 French catheter 
into the dilated kidney and after recovering they 
removed the stone through the initial puncture 
site. A 18 French catheter was left in the kidney, 
which was removed on the second postoperative 
day without any complications [1]. It then took 
till 1976 until the first formal percutaneous neph-
rolithotomy was reported by Fernstrom and 
Johansson, which started by subsequently dilat-
ing the access tract with Couvelair catheters up to 
24 French and then waited 14 days until surgery. 
After successful stone removal, they placed a 16 
French catheter which was removed once ante-
grade pyelography showed free passage down the 
ureter on the third postoperative day [2]. Since 
then PCNL has become a standard treatment 
modality especially for larger, more complex kid-
ney stones. To minimize morbidity and pain, as 
well as shortening the hospitalization time, the 

technique has been modified extensively. The 
instruments were miniaturized to reduce damage 
to the tissue, the armamentarium for stone 
removal was revised and different exit-strategies 
were evaluated.

The first reported series of tubeless PCNL was 
published by Wickham et  al. [3] in 1984 for a 
selected group of patients. This concept was 
challenged by Winfried et  al. [4] 2  years later 
who reported prolonged hospital stay due to post-
operative hemorrhage and marked urinary extrav-
asation into the retroperitoneum or pleura in a 
case study of two patients following tubeless 
PCNL. Afterwards, placement of a nephrostomy 
tube for at least 24–48  h post-PCNL became a 
standard therapy until 1997 when Bellman et al. 
[5] reintroduced a modified tubeless PCNL tech-
nique including ureteral stenting. The internal 
drainage was placed to prevent renal obstruction 
due to blood clots or residual fragments, and 
therefore limit postoperative pain and facilitate 
healing of the dilatation tract. In a matched pair 
analysis they concluded a reduced hospital stay, 
lower analgesia requirements, lower overall cost 
and a quicker return to normal activity for the 
patient cohort without nephrostomy tube. While 
having strict inclusion criteria for the tubeless 
procedure, this study initiated further analysis to 
identify the optimal exit strategy for various 
PCNL techniques and different instruments. To 
unify the nomenclature we will further group the 
different techniques into “standard PCNL” with 
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nephrostomy tube, “tubeless PCNL” with ure-
teral stent but without nephrostomy tube and 
“totally tubeless PCNL” with neither ureteral 
stent nor nephrostomy tube.

11.2  Types of Nephrostomy Tubes

Since the first renal drainage via needles or rub-
ber catheters, a multitude of different nephros-
tomy tubes were developed. Each of these tubes 
has unique characteristics and can serve specific 
purposes (see Table 11.1). To know the strength 
and weakness of each tube can help identifying 
the ideal drainage with the highest tolerability for 
the patient while still preventing obstruction or 
dislodging. The tube sizes range from 5 to 32 F, 
and larger tubes usually provide a better drainage 
in case of blood clots and residual fragments. 
Unfortunately nephrostomies and ureteral stents 
cause discomfort for the patient [6]. There are 
different mechanisms to prevent retention or 
obstruction of the drainage with some of them 
including a ureteral component.

11.2.1  Pigtail Catheter

Pigtail catheters are usually used for simple 
drainage of a dilated urinary tract and vary from 
5–14 F in size. They come with or without a lock-
ing mechanism, and the circle-shaped distal tip 
anchors in the renal pelvis. To prevent accidental 
dislodgment the tube has to be fixated at the skin 

level with a suture or can additionally be locked 

with a nylon string attached to the distal tip enter-
ing the tube through the last side hole. By pulling 
the string the tip gets deflected into a pigtail con-
figuration and is fixated until the nylon string is 
released again. The small diameter of the pigtail 
catheters leads to improved tolerability compared 
to larger tubes, enabling its use in pediatric 
patients or long-term access. On the other hand, 
the relatively small 15-G side holes are vulnera-
ble for occlusion by blood clot or stone debris. In 
case of a significant larger access tract, the small 
diameter of the tube may not be sufficient to 
tamponade the tract in a case of significant 
bleeding. If the renal pelvis is very narrow, the 
pigtail catheters may be difficult to deploy 
because the pigtail tip requires a cavity to unfold 
properly, especially with the nylon string locking 
mechanism.

A pigtail tube is recommended after uncom-
plicated percutaneous renal surgery as temporary 
urinary drainage of an obstructed system or after 
pediatric surgery [7].

11.2.2  Balloon Retention Catheter

Balloon retention catheters have a wide range of 
sizes from 8 to 32 F, depending on the manufac-
turer and type of catheter tip. Commonly used 
examples are Council, Couvelaire and Foley 
catheters, which differ by the configuration of 
their catheter tip. While they are usually placed 
over a guide wire, the Council tip catheter is the 
preferred choice due to the catheters distal open-
ing and easy advancement over the wire. In case 
of severe bleeding the Couvelaire tip is best 
suited to evacuate larger blood clots over its 
large side opening. To place a Foley catheter 
over a guide wire into the kidney, the tip has to 
be modified by a large-size needle first, in order 
to create an opening at the catheter tip. Once in 
place, the balloon catheter is the most effective 
retaining mechanism compared to the other 
nephrostomy types without ureteral extension. A 
disadvantage of this nephrostomy type is a pos-
sible obstruction of the renal calyxes caused by 
the balloon itself, leading to possible patient 
discomfort.

Table 11.1 Overview of ideal nephrostomy tubes 
according to the specific indication

Indication Ideal nephrostomy tube
Drainage of obstructed 
system

Pigtail

Uncomplicated PCNL Balloon, Malecot, 
tubeless

Problematic PCNL Council, Kaye 
tamponade

Mucosal damage to UPJ or 
ureter

Re-entry, 
Endopyelotomy

Multiple tract PCNL Circle/loop catheter
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11.2.3  Malecot Drain

Malecot drains range in sizes (10–40 F) and mod-
ifications. They represent an alternative to bal-
loon retention catheters with good drainage but 
without the risk of obstructing the renal calyxes 
due to their open mushroom-style tip. There are 
two or four wings at the distal end of the catheter 
which expand when placed. For removal, those 
wings are straightened with an inserted trocar. 
Compared to the previous alternatives, the 
Malecot retention mechanism is less secure, and 
the drain usually has to be fixed with a skin suture 
or adhesive device. There is still a risk of disloca-
tion due to pannus movement especially in obese 
patients. A modification to prevent dislocation of 
the catheter and simultaneously drain the ureter 
is the reentry nephrostomy catheter. It consists of 
the usual Malecot nephrostomy (8–24 F) with an 
attached ureteral component (5–8  F, 18  cm in 
length). This supports excellent drainage of stone 
fragments or blood clot and simultaneously 
allows uncomplicated reinsertion in case of sig-
nificant bleeding during nephrostomy tube 
removal. The Malecot reentry tube is ideal for 
complex procedures with multiple punctures, 
moderate bleeding and large stone burden. The 
ureteral extension additionally secures the drain-
age to the bladder, especially for antegrade stone 
removal and/or edema at the pyeloureteral junc-
tion (UPJ).

11.2.4  Others

For special procedures or bleeding complica-
tions, there is a variety of different nephrostomy 
tubes to help manage the postoperative drainage 
or tamponade.For multiple-access tract PCNL, 
circle or loop nephrostomy tubes have proven to 
be practical alternatives. They are inserted 
through one percutaneous tract and exit via 
another. Even in small, non-dilated collecting 
systems, those circle tubes offer an effective 
drainage and are resilient against dislocation. 
Additionally the material and the multiple side 
holes make this type of catheter more resistant to 
incrustation. It can be used as a long-term drain-

age and the design makes it easy to change the 
tube over a guidewire.

In case of severe bleeding of the percutaneous 
access tract, a Kaye tamponade catheter can be 
inserted into the access tract and functions as 
tamponade while simultaneously draining the 
renal pelvis. It consists of a 15-cm long, 36 F bal-
loon and can also be anchored by a Malecot tip to 
secure its distal position in the kidney (hemo-
static Malecot tamponade catheter).

In cases of antegrade endopyelotomy or PCNL 
with significant trauma of the ureteropelvic junc-
tion (UPJ) and edema, an endopyelotomy stent 
with or without external component can provide 
wide-diameter stenting of the UPJ. They simulta-
neously offer maximal drainage externally and 
internally, are resilient to dislocation and can eas-
ily be removed. The discomfort, especially for 
the stents with external component on the other 
hand, has been shown to be higher with possible 
irritation of the exit site [7].

11.3  Impact of Tube Size

Besides different types of nephrostomy tubes, 
there usually is a wide range of sizes to choose 
from. To assess the safety and patients’ satisfac-
tion there have been several studies analyzing the 
impact of nephrostomy tube sizes.

Cormio et al. [8] presented their results of the 
prospective global PCNL study from the Clinical 
Research Office Endourology Society (CROES), 
comparing procedure and outcome data according 
to nephrostomy tube size. There were 3968 
patients included, analyzed over an 1-year period 
and divided into two groups, namely small-bore 
(SB; nephrostomy size ≤18  Fr) and large-bore 
(LB; nephrostomy size >18 Fr) nephrostomy. The 
authors concluded superiority for LB nephros-
tomy tubes in terms of reduced blood loss and 
lower overall complication rate but did not include 
postoperative pain or time of urinary leakage after 
tube removal. Simultaneously they did not match 
their patient populations resulting in heteroge-
neous patient characteristics like significantly 
higher use of anticoagulants and unfavorable 
ASA classifications in the SB nephrostomy group.

11 Tubeless PCNL
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In contrast to their findings, several studies 
did show no effect of tube size on the risk of 
postoperative bleeding as well as reduced post-
operative pain for small-bore nephrostomies 
following PCNL.  Maheshwari et  al. [6] com-
pared 40 patients with either 28F nephrostomy 
tube or a 9F pigtail catheter placed after the 
procedure. They did find no statistical differ-
ence in postoperative bleeding complication 
but shorter hospitalization time and less urinary 
leakage with the smaller pigtail catheter. 
Similarly Pietrow et al. [9] evaluated the effect 
of a smaller percutaneous drainage catheter on 
postoperative pain and, therefore, randomized 
30 consecutive patients to either a 10F pigtail 
catheter or a 22F Council-tip catheter for their 
percutaneous drainage. Their results showed 
lower pain scores in the immediate postopera-
tive period with no significant change in post-
operative hematocrit in the patient cohort with 
smaller nephrostomy tube. Beyond 6 h, the pain 
scores did not differ significantly. In a prospec-
tive trial by Marcovich et al. [10] no significant 
differences between a 24F re-entry tube, 8F 
pigtail catheter or a double-J stent (N = 20 for 
all groups) were found in hematocrit change, 
length of hospital stay or complication rates. 
The postoperative analog pain scores and nar-
cotic usage were equivalent for all three groups; 
only the postoperative leakage showed a trend 
in favor of the 8F pigtail group vs. the 24F re-
entry tube (p = 0.05). Lastly, Desai et al. [11] 
assessed 30 patients equally grouped into large 
bore (20 Fr), small bore (9 Fr) or no nephros-
tomy drainage following uncomplicated 
PCNL.  As the previous studies, they did not 
differ in hematocrit decrease in any group, but 
the length of urinary leakage was significantly 
shorter with no nephrostomy tube (4.8 h) com-
pared to the small bore group (13.2 h) and the 
large bore group (21.4 h). Additionally, postop-
erative pain as well as narcotic use was higher 
with increased tube size.

In summary, there is conflicting evidence in 
the postoperative hematocrit change for different 
nephrostomy tube sizes. But while the complica-
tion rate is rather low in both groups and there is 
a trend towards less morbidity and postoperative 

pain for smaller tubes, the use of nephrostomy 
sizes of 18F and smaller may be a valid alterna-
tive to large-bore drainages post-PCNL.

11.4  Tubeless PCNL

Until now, PCNL with postoperative external 
drainage of any kind is still the standard therapy 
for stone clearance of large renal stones >20 mm 
[12]. But as the size of the available armamen-
tarium decreases, there are additional indications 
for smaller stones and a demand for less invasive 
procedures [13, 14]. Therefore, several random-
ized controlled trials and meta-analyses assessing 
the safety and efficacy of a tubeless PCNL tech-
nique have been published (Table  11.2). The 
most recent meta-analysis by Xun et al. [15] was 
published 2017, including 14 RCTs and involv-
ing 1148 patients. Combined results demon-
strated that tubeless PCNL was significantly 
associated with shorter hospital stay, faster time 
to return to normal activity, lower postoperative 
pain scores, less postoperative analgesia require-
ments, and reduced urinary leakage. 
Simultaneously they reported no significant dif-
ferences in postoperative hemoglobin reduction, 
stone-free rate, rate of postoperative fever or 
blood transfusion rate. As nomenclature of tube-
less PCNL remains non-standardized, the tube-
less population included internal or external 
ureteral catheters as well as totally tubeless pro-
cedures. By removing those five RCTs including 
totally tubeless procedures, sensitivity analysis 
showed similar results regarding safety and effi-
cacy of the procedure. Another possible bias was 
the wide range of nephrostomy tubes sizes 
(8–26 F).

A prior meta-analysis by Ni et al. [16] made 
separate comparisons for standard and small- 
bore PCNL vs. tubeless PCNL. They concluded 
that a tubeless procedure is associated with less 
analgesia and a shorter hospital stay compared to 
any nephrostomy tube group and the return to 
normal activity was also diminished in compari-
son to the standard PCNL group. However, no 
significant difference was observed in the analy-
ses concerning stone-free rate, blood transfusion 
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and the complication rate for any group. But 
again, in the first comparison of tubeless vs. stan-
dard PCNL there were several studies including 
totally tubeless procedures due to the lack of uni-
form nomenclature. With subgroup analysis 
excluding totally tubeless procedures, only oper-
ating time showed no longer a significant differ-
ence whereas the other results were consistent.

However, only a few of these studies did 
include stent-related symptoms. While the neph-
rostomy tube is usually removed during hospital-
ization, the ureteral stents were left in place up to 
6 weeks. It is possible that the initially reported 
benefit in patients’ quality of life in the tubeless 
but stented patient cohort is reversed with the 
outpatient disadvantage of stent-related discom-
fort. Therefore several RCTs [17, 19, 20] and one 
meta-analysis [18] evaluated the outcome of 
tubeless PCNL using two different stenting tech-
niques: externalized ureteral catheter compared 
with DJ placement. The only reported difference 
was significantly reduced stent-related symptoms 
with an externalized ureteral catheter, showing 

that this technique is at least as feasible as dou-
ble- J stenting. An alternative could be a tethered 
DJ stent, which avoids a second procedure for 
stent removal although associated with an 
increased risk of stent dislocation [23, 24].

Most of the studies have some kind of selec-
tion bias, excluding complicated procedures with 
a high risk of intra- or postoperative bleeding. 
The final decision on whether, or not, to place a 
nephrostomy tube at the conclusion of the proce-
dure should be based on several factors including 
residual stones and the likelihood of a second- 
look procedure, intra-operative blood loss or 
bleeding diathesis, ureteral obstruction and soli-
tary kidney. Accordingly, the key to effective out-
come with tubeless PCNL is appropriate patient 
selection (Fig. 11.1).

A more conservative modification could be a 
combination of short-term nephrostomy tube 
and internal DJ stent. This allows adequate 
hemostasis control in the immediate postopera-
tive phase and enables re-access in the need of 
second-look procedures while showing equiva-

Table 11.2 Basic characteristics of included studies

Study design
Sample 
size Group design Tube sizes Conclusion

Tubeless
Xun et al., 2017 
[15]

Meta- 
analysis

1148 TL ± DJ/
EUC vs. NT

8–26 F TL has same complication rate 
with less side effects

Ni et al., 2011 
[16]

Meta- 
analysis

643 TL ± DJ/
EUC vs. NT

Small-bore: 8–9 F 
Standard: 10–26 F

TL has same complication rate 
with less side effects

Jiang et al., 
2017 [17]

RCT 90 DJ vs. EUC 
vs. NT

18 F All groups equally safe and 
efficacious, EUC and NT show 
better post-OP HRQoL scores

Chen et al., 
2018 [18]

Meta- 
analysis

863 DJ vs. EUC – Less stent-related symptoms in 
EUC group

Gonen et al., 
2009 [19]

RCT 46 DJ vs. EUC – Less stent-related symptoms in 
EUC group

Zhou et al., 
2017 [20]

RCT 109 DJ vs. EUC – Less stent-related symptoms, less 
severe VUR in EUC group

Totally tubeless
Li et al., 2019 
[21]

Meta- 
analysis

1131 TT vs. NT 14–26 F TT superior in operating time, 
hospital stay and postoperative 
analgesic requirement

Lee et al., 2017 
[22]

Network 
meta- 
analysis

NA TT vs. 
NT ± DJ/
EUC

NA TT superior in hemoglobin 
change, length of hospital stay, 
pain scores and operating time

TL tubeless, DJ double-J stent, EUC external ureteral catheter, NT nephrostomy tube, TT totally tubeless, HRQoL 
health-related quality of life score, NA not available, VUR vesicoureteral reflux
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lent results with regard to analgesic requirement, 
hospital stay and blood loss compared to a tube-
less approach [25].

11.5  Totally Tubeless PCNL

To avoid any morbidity related to the nephros-
tomy tube or ureteral stent, several studies 
investigated the feasibility of a totally tubeless 
PCNL (Table 11.2). In 2004, Karami et al. [26] 
was the first to publish his experience in 30 
selected patients undergoing totally tubeless 
PCNL.  He concluded the tube- and stentless 
procedure to be a safe alternative to the stan-
dard or stented PCNL. These results were con-
firmed by several RCTs [22, 27–30] as well as a 
recent meta- analysis including 1131 patients 
[21], showing superiority in reduced operating 
time, hospital stay and postoperative analgesic 
requirement, without significantly more adverse 
events. To be mentioned, most of those studies 
share a carefully selected patient cohort, and 
there still are a number of situations requiring 
the consideration of nephrostomy tube place-
ment. Factors to be considered are similar to the 
tubeless PCNL technique (Fig.  11.1) but may 
also include cases with more than two access 
tracts, significant perforation of the collecting 
system and intestinal or intrathoracic injuries. 
If there are residual fragments, the preexisting 
tract may not provide sufficient access to reach 
the stone during a second-look procedure. In 

some cases, generating a new access tract may 
be necessary. Alternatively to placing a neph-
rostomy tube, the possibility of safely manag-
ing the residual calculi by shock wave 
lithotripsy or retrograde intrarenal surgery 
should be evaluated.

To summarize, the feasibility of a totally tube-
less PCNL technique has been demonstrated. In 
cases of uncomplicated PCNL it could even excel 
standard PCNL in terms of operation time, hospi-
tal stay and postoperative analgesic requirement. 
However the decision whether or not to place a 
nephrostomy tube after PCNL depends on the 
clinical judgment and experience of the surgeon, 
while inclusion criteria have not been clearly 
defined yet.

11.6  Tubeless in Complex PCNL

11.6.1  Multiple Tract PCNL

There is a trend towards multiple tract PCNL in 
complex or staghorn calculi to improve stone- 
free rates in fewer sessions. To assess the exit 
strategy in those cases, Resorlu et al. [31] retro-
spectively analyzed 115 patients undergoing 
multiple tract PCNL and categorized them into 
three groups. The first group had a nephrostomy 
tube for each tract (group 1, n = 43), the second 
group had a single nephrostomy tube placement 
(group 2, n  =  51) and the third group had no 
nephrostomy drainage but antegrade placement 
of a double-J stent (group 3, n = 21). They did 
show similar results in regards of stone-free rate, 
operative time, average hemoglobin drop and 
complication rate for each group, but the average 
hospitalization time in the tubeless group (mean 
2.1  days) was significantly shorter than that in 
group 1 (4.2  days) and group 2 (3.5  days). 
Additionally the postoperative analgesic require-
ment was significantly higher in group 1 com-
pared to the single nephrostomy or tubeless 
group. They concluded that single nephrostomy 
or no external drainage following multiple tract 
PCNL offers a save alternative with potential 
advantages of decreased postoperative analgesic 
requirement and reduced hospitalization time. 

Checklist for evaluation of nephrostomy tube
placement

• presence of residual fragments
• likelihood of second look procedure
• significant intraoperative bloodloss
• urine extravasation
• ureteral obstruction
• potential persistent bacteriuria due to infected stones
• solitary kidney
• bleeding diathesis
• planned percutaneous chemolysis

Fig. 11.1 Factors to consider whether to place a nephros-
tomy tube according to the EAU Guidelines Urolithiasis 
2019 [12]
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Similar results have been shown by Agrawal 
et  al. [32] comparing multiple-tube vs. single- 
tube postoperative drainage following multiple 
tract PCNL.

11.6.2  Tubeless in Obese Patients

To assess feasibility of tubeless PCNL in obese 
patients, Aghamir et al. [33] conducted a retro-
spective analysis of 78 morbidly obese patients 
(BMI >35) undergoing PCNL due to upper uri-
nary tract calculi. Patients were randomly 
assigned to standard PNL with nephrostomy and 
ureteral stent (n = 43) and totally tubeless PNL 
with no ureteral stent and no nephrostomy 
(n = 35). While having a possible risk of intraop-
erative complications due to their body habitus, 
the results concluded that totally tubeless PCNL 
was leading to lower analgesic use and quicker 
return to normal activity compared to standard 
PCNL in obese patients. These findings did 
match with a study by Kuntz et al. [34], evaluat-
ing the impact of BMI on the outcomes of tube-
less PCNL, including internal ureteric stents. In 
their retrospective review of 268 patients, 
divided into four groups based on BMI (<25, 
25–29.9, 30–34.9 and ≥35  kg/m2), no associa-
tion between BMI and stone-free, or complica-
tion rate was found.Based on these findings, the 
use of tubeless PCNL in obese individuals can 
be recommended, but the level of evidence is 
still limited.

11.6.3  Tubeless in Children

With the introduction of smaller instruments like 
the 11F mini-perc, or 12F super mini PCNL 
(SMP) technique, alternative exit strategies after 
successful stone clearance in pediatric patients 
were evaluated [35]. Summarizing three RCTs, 
including 147 children, a meta-analysis compar-
ing the outcomes of tubeless vs. standard PCNL 
by Nouralizadeh et  al. [36] did show no differ-
ences in stone clearance rate, operative time, 
hemoglobin decrease, or other complications like 
perirenal fluid, infection or the need of a second 

procedure. There was a trend towards a shorter 
hospital stay in children undergoing tubeless 
PCNL, but it did not reach statistical significance. 
Postoperative analgesic need has not been 
included in this analysis partly due to heteroge-
neous documentation. By analyzing the individ-
ual conclusions, there was either a significant 
reduction in analgesic use [37, 38] or at least a 
reduction in psychological fear of children under 
3 years of age [39]. Ozturk et al. [40] retrospec-
tively evaluated the safety and effectiveness of 
totally tubeless compared to standard PCNL in 
preschool children. Their results indicate that 
totally tubeless PCNL is at least as safe and effec-
tive as standard PCNL. But the authors also high-
light the importance of a proper patient selection 
and the need of a surgeon experienced with the 
procedure. Further studies including teenage 
children (≤18a) report similar results regarding 
safety and effectiveness of tubeless PCNL. They 
also conclude a significant reduction in analgesic 
use for tubeless and small bore (16F) PCNL com-
pared to large bore nephrostomy (22F) even 
including supracostal access, up to two punc-
tures, adult tract size (24F) and anomalous kid-
neys [41, 42].

11.6.4  Tubeless in Supracostal 
Access

Feasibility of tubeless PCNL with a supracostal 
access is still under debate with conflicting result 
on the complication rate. A prospective random-
ized trial by Shoma et al. [43] considered tube-
less PCNL as a risk factor for complications in 
supracostal access but based on solely one 
patient with hemothorax after supracostal punc-
ture in their cohort. In contrast, there are several 
retrospective analyses stating that tubeless 
supracostal PCNL provides a safe and effective 
alternative to the standard approach even with 
possible advantage of lower analgesic require-
ment, reduced operative time and shorter hospi-
tal stay [44–49]. Due to the lack of methodological 
thorough prospective RCTs, a decisive recom-
mendation for tubeless supracostal PCNL is still 
pending.
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11.7  Hemostatic Agents

Adequate hemostasis poses a main concern in 
tubeless PCNL due to the missing option to tam-
ponade a possible bleeding with the nephrostomy 
tube. Therefore several RCTs evaluated the effect 
of different hemostatic agents on hemostasis after 
tubeless PCNL. The results summarized by two 
meta-analyses [50, 51] showed no significant 
improvement of complication rate like hemor-
rhage or urine extravasation. A further compari-
son of fibrin versus gelatin matrix sealing agents 
underlined a possible adverse outcome concern-
ing postoperative upper tract obstruction. The 
study by Kim et al. [52] showed a higher obstruc-
tion rate for gelatin matrix sealants due to a dislo-
cation of the gelatin matrix into the pyelocaliceal 
system and consecutive clotting of the UPJ or 
ureter. Combined with a relatively high cost of 
those hemostatic agents, further studies proving a 
clinical benefit are necessary before routine use 
after tubeless PCNL.
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Complications Related with PCNL 
and Their Management

Iliya Saltirov and Kremena Petkova

12.1  Introduction

Percutaneous nephrolithotomy (PCNL) is a stan-
dard procedure for the management of large and/
or complex renal calculi [1]. Despite the 
 advancements in endoscopic technologies and 
the refinements of PCNL surgical technique and 
training, the procedure is still associated with 
complications, which can occur during the inter-
vention or in the early or late postoperative 
period. Therefore, detailed knowledge on PCNL 
complications and their diagnosis and manage-
ment is essential to reduce procedure-related 
morbidity and improve patient outcomes.

12.2  Classification of PCNL 
Complications

Standardization of reporting and grading of sur-
gical complications is important to compare out-
comes between studies and improve patient care. 
The Modified Clavien-Dindo Classification of 
surgical complications, validated in many surgi-
cal procedures, is increasingly used for grading 
of complications in PCNL [2–5]. Recently, the 

CROES PCNL Group validated the modified 
Clavien-Dindo classification for PCNL and 
assigned Clavien scores to specific PCNL com-
plications in order to improve reporting [4]. 
Although the complication rate reported in the 
CROES PCNL database was 20.5%, most com-
plications were low grade and classified as 
Clavien score I, II and IIIa [5].

12.3  Preoperative Factors 
for Complications

The selection of patients indicated for PCNL and 
preoperative assessment of risk factors for com-
plications are important steps when planning a 
PCNL procedure in order to reduce postoperative 
morbidity. Multiple studies have investigated the 
impact of different patient and stone-related fac-
tors and surgeon experience on the occurrence of 
intra- and postoperative adverse events.

12.3.1  Patient’s Age 
and Comorbidities

With the worldwide increase in life expectancy 
and incidence of urolithiasis, advanced age is 
becoming a concern for perioperative morbidity. 
In a study of 3310 patients from the CROES 
PCNL study database, Okeke et  al. compared 
PCNL outcomes between elderly (>70  years) 

I. Saltirov (*) · K. Petkova 
Department of Urology and Nephrology, Military 
Medical Academy, Sofia, Bulgaria
e-mail: saltirov@vma.bg

12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0575-1_12&domain=pdf
mailto:saltirov@vma.bg


104

and younger (18–70 years) patients [6]. In this 
study elderly patients had a significantly higher 
incidence of comorbidities, such as diabetes and 
cardiovascular disease, and were more likely to 
have preoperative anticoagulation therapy. 
Furthermore, in the matched analysis, elderly 
patients had a statistically significantly higher 
rate and grade of complications and longer hos-
pital stay [6]. In another study, Unsal et al. anal-
ysed the correlation between Charlson 
Comorbidity Index (CCI), a validated classifica-
tion of comorbid conditions, as a predictor for 
perioperative morbidity in PCNL [7]. In their 
series, higher CCI score and increased patient 
age correlated with increased complications rate 
following PCNL.

12.3.2  Obesity

Obesity has been linked to increased incidence of 
renal stones and other comorbidities, such as dia-
betes and cardiovascular disease [8, 9]. Obese 
patients have longer skin-to-stone distance, 
which may pose some technical challenges when 
performing PCNL. Furthermore, the prone posi-
tion in obese patients may lead to decreased lung 
capacity and reduced venous return [10]. 
However, despite the increased preoperative and 
anaesthesiologic risk in obesity, several studies 
have found no adverse impact on PCNL morbid-
ity [11–13]. In the CROES Global PCNL Study, 
obese patients had higher rate of comorbidities, 
preoperative anesthesiologic risk and increased 
incidence of preoperative anticoagulation ther-
apy, but postoperative complication rates were 
comparable to normal weight patients [11]. 
However, high-grade complications were more 
common in morbidly obese patients [11].

12.3.3  Preoperative Anticoagulation 
Therapy

Patients on antiplatelet and anticoagulation ther-
apy are an important concern for the endourolo-
gist when performing PCNL. The risk of intra- and 
postoperative bleeding and perioperative throm-
boembolic complications should be considered 

when discussing indications for surgery and 
choosing therapeutic procedure. Alternative treat-
ment approaches, such as retrograde ureteroreno-
scopy, are reasonable in high- risk patients. A 
thorough preoperative evaluation, including his-
tory of coagulopathy or ongoing anticoagulation 
or antiplatelet therapy, is important. 
Anticoagulation medication should be discontin-
ued before PCNL and patients should be moni-
tored in the postoperative period [1]. It is advisable 
to stop antiplatelet agents for 5–7 days prior to the 
procedure except for patients at very high risk of 
thrombosis [14]. An interdisciplinary approach is 
necessary in order to guarantee patient safety and 
optimal discontinuation and reinitiation of antico-
agulation and antiplatelet therapies [15].

12.3.4  Preoperative Urinary Tract 
Infection

Preoperative urinary tract infection (UTI) is a 
recognised risk factor for postoperative infec-
tious complications in PCNL and should be diag-
nosed and treated before surgery [1, 16–18]. 
Multiple studies have found that positive preop-
erative midstream, pelvic urine and stone culture 
are associated with higher risk of infectious com-
plications following PCNL [18, 19].

12.3.5  Renal Anomalies

Treatment of urolithiasis in abnormal kidneys 
may be challenging due to variable vascular and 
pyelocalyceal anatomy and renal position, 
which make percutaneous puncture and tract 
dilation more difficult. Available data from the 
literature has found that PCNL in patients with 
abnormal renal anatomy is safe when performed 
in experienced centres [20–22]. In the CROES 
Global PCNL study, patients with anomalous 
and normal kidneys had comparable results in 
terms of stone-free rates and overall complica-
tions [22]. However, operating times were lon-
ger and rate of failed percutaneous access was 
higher in patients with renal anomalies (87 min 
vs. 75 min, p = 0.037 and 5% vs. 1.7%, p = 0.001, 
respectively) [22].
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12.3.6  Stone Type and Burden

Stone type and burden are important consider-
ations when planning a PCNL procedure. Several 
preoperative systems for grading stone complex-
ity have been developed as tools to predict stone- 
free rates and complications associated with 
PCNL, such as the Guy’s Stone Score (GSS), the 
S.T.O.N.E.  Nephrolithometry and the CROES 
nomogram [23–25]. These scoring systems take 
into account multiple factors: number, location, 
size and complexity of the stone, presence of 
renal anomalies, and skin-to-stone distance, 
which have been validated in several studies [23–
27]. Therefore, they may be used preoperatively 
for patient counselling and planning of PCNL 
procedure as well as for the comparison of out-
comes between studies.

12.3.7  Surgeon Experience 
and Learning Curve

PCNL is a complex procedure, and surgeon expe-
rience and case volume are important factors 
related to PCNL outcomes. Negrete-Pulido et al. 
and Quirke et al. observed a learning curve from 
40 to 100 cases in order to reduce operating and 
fluoroscopy times, complication rates and 
increase stone-free rates [28, 29]. The CROES 
PCNL group found increased efficacy, lower 
perioperative morbidity and bleeding complica-
tions, and shorter hospital stay in high-volume 
centres and surgeons performing PCNL [30].

12.4  Intraoperative 
Complications and Their 
Management

12.4.1  Complications Related 
to Patient Positioning

Since the introduction of PCNL in clinical prac-
tice, the prone position has been considered the 
standard patient position for PCNL.  Valdivia- 
Uria et  al. introduced the supine position for 
PCNL and described its advantages over the 
prone position [31]. Since then, several modifi-

cations of the supine and flank positions have 
been proposed in order to overcome some of the 
disadvantages of the prone position [32–34]. 
However, comparative studies failed to show 
any differences in stone-free and complication 
rates [35, 36].

Complications specific to the prone position 
have been studied in orthopaedic and neurosur-
gery. Several studies demonstrated decreased 
venous return and cardiac index due to compres-
sion of the vena cava in the prone position [37, 
38]. Other specific complications, such as post-
operative ischaemic optic neuropathy, injuries to 
the cervical spine or peripheral nerves, have also 
been observed in spinal and orthopaedic surgery 
performed in prone position and have been asso-
ciated with longer operating times [39–41]. In 
PCNL, the duration of surgery has also been 
linked to increased risk of nerve injuries associ-
ated with the prone position [42, 43].

12.4.2  Intraoperative Bleeding

Intraoperative bleeding of variable degree is 
commonly observed during PCNL. It may arise 
from the renal parenchyma or from injury of arte-
rial or venous vessels. Technical aspects to reduce 
the risk of bleeding include papillary puncture of 
the targeted calyx, less angulation of the Amplatz 
sheath and the nephroscope, and fluoroscopic 
monitoring of the tract dilation [44]. Venous 
bleeding is usually self-limiting and resolves by 
tamponade of the renal parenchyma with the 
Amplatz sheath. In cases with significant bleed-
ing and low endoscopic visibility, it is recom-
mended to stop the procedure and clamp the 
nephrostomy tube [45]. Another option to tam-
ponade the nephrostomy tract in cases with 
severe bleeding is to use a Kaye balloon catheter 
[46]. The cases with arterial bleeding are usually 
managed by renal angiography and selective 
embolisation of the bleeding vessel [47, 48].

12.4.3  Organ Injury

Injury of the neighbouring organs (lung, pleura, 
spleen, liver, colon) is rarely encountered during 
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PCNL. Pleural and/or lung injury is more likely 
during supracostal puncture above the 12th rib 
and may result in hydrothorax, pneumothorax, 
haemothorax, lung injury or nephropleural fistula 
[44]. The rate of intrathoracic complications 
reported in the literature, ranges from 0 to 11% in 
the modern series according to renal puncture 
location [44, 49, 50]. Hydrothorax occurs by 
extravasation of the irrigation fluid or urine along 
the nephrostomy tract during or after the proce-
dure. Pneumothorax is caused by lung injury and 
penetration of air into the pleura. Haemothorax 
may result from renal parenchymal bleeding or 
injury of subcostal vessels. Nephropleural fistula 
is usually diagnosed after the extraction of the 
nephrostomy tube and extravasation of urine into 
the pleural space. Successful management of 
these complications relies on early diagnosis. 
Patients with small hydro- or pneumothorax and 
no respiratory distress may be managed conser-
vatively. In cases of larger hydrothorax and 
nephropleural fistula, the kidney and pleural cav-
ity should be drained separately by a nephros-
tomy tube or stent, and a chest tube.

Colon injuries following PCNL are uncom-
mon, occurring in <1% of the cases [51]. 
Identified risk factors include presence of retrore-
nal colon, puncture located laterally to the poste-
rior axillary line, prone position for PCNL, 
female patients with low body mass index and 
horseshoe kidney [52–54]. A preoperative com-
puted tomography (CT) can identify the presence 
of a retrorenal colon, and ultrasound-guided 
puncture is recommended to avoid colon  damage. 
Colonic perforation may be suspected by contrast 
medium extravasation into the bowel during the 
procedure. Postoperatively, colonic injury is 
diagnosed by the presence of diarrhoea, faecal-
uria through the nephrostomy tube or signs of 
peritonitis. Extraperitoneal perforations can be 
managed successfully with separate drainage of 
the kidney with ureteral stent and retraction of 
the nephrostomy tube into the bowel as a colos-
tomy. Cases with intraperitoneal colon injuries 
and signs of peritonitis should be managed by 
immediate surgery.

Splenic and liver injuries are uncommon and 
are more likely in patients with hepato- and sple-

nomegaly and supracostal punctures. Treatment 
options reported in the literature range from con-
servative measures to splenectomy, according to 
the timing of diagnosis and haemodynamic status 
of the patient [55, 56]. Hepatic injuries may be 
managed conservatively with local haemostatic 
agents and gradual retraction of the nephrostomy 
tube or with surgery in instable patients [57].

12.4.4  Collecting System Perforation

Perforation of the collecting system of the kidney 
may occur during nephrostomy tract dilation, 
nephroscopy and lithotripsy and may lead to 
extravasation of irrigation fluid and urine or 
migration of stone fragments outside of the kid-
ney (Figs.  12.1 and 12.2). Risk factors include 
high irrigation pressure, forceful manipulation 
with the dilators, lithotripsy probe or other work-
ing instruments or excessive angulation of the 
nephroscope. Drainage of the kidney with neph-
rostomy tube and/or ureteral stent is the treat-
ment of choice, and the majority of perforations 
close within 24–48  h [58]. In cases with stone 

Fig. 12.1 Contrast extravasation through collecting sys-
tem perforation during PCNL
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fragments outside of the collecting system, 
efforts to extract them are not recommended 
because of the risk of further damage to the col-
lecting system.

12.4.5  Loss of the Nephrostomy Tract

Loss of the nephrostomy tract may occur at any 
moment during PCNL and is caused by slipping 
of the guidewire or Amplatz sheath outside of the 
collecting system. The use of suitable guidewire 
and its placement in the ureter or through-and- 
through help prevent this complication. The pres-
ence of a safety guidewire ensures regaining of 
the access. In cases with no safety guidewire in 
place, injection of methylene blue mixed with 
contrast and visual inspection are useful to find 
the tract. If the nephrostomy access cannot be 
found, a new puncture or termination of the pro-
cedure may be considered.

12.4.6  Absorption of Irrigation Fluid

Absorption of irrigation fluid has been observed in 
transurethral prostate resection, but it has also 
been described in percutaneous stone surgery 

through the renal parenchymal vessels or from 
fluid extravasation [59, 60]. Kukreja et al. studied 
fluid absorption during PCNL in 148 patients [61]. 
Absorption of irrigation fluid was present in all 
cases and the amount absorbed increased with sur-
gery duration, irrigation fluid volume, perforation 
of the collecting system and bleeding. In contrast, 
low-pressure irrigation and staged procedure were 
found to reduce the risk of this complication [61]. 
More recently, Guzelburc et  al. compared the 
amount of absorbed fluid during retrograde intra-
renal surgery and percutaneous nephrolithotomy 
for kidney stones >2  cm [62]. Fluid absorption 
was observed in all cases; however, no patients 
developed postoperative electrolyte imbalance. 
The volume of absorbed fluid increased signifi-
cantly with duration of PCNL surgery.

12.5  Postoperative Complications 
and Their Management

12.5.1  Postoperative Fever 
and Sepsis

Postoperative infection is a common complica-
tion of PCNL and ranges from transient postop-
erative fever to sepsis. Despite the recommended 
use of antibiotic prophylaxis, from 10.5 to 39.8% 
of patients will develop postoperative fever [16, 
44, 63]. Sepsis following PCNL has been reported 
in 0.3–1% of the cases but has a high mortality 
rate of 66–80% [44, 64, 65]. Therefore, preopera-
tive microbiological evaluation of patients and 
assessment of pre- and intraoperative risk factors 
are crucial for prevention of postoperative fever 
and sepsis (Fig. 12.3).

The risk factors for postoperative fever and 
urinary tract infection have been studied exten-
sively in the literature. Rivera et  al. observed 
postoperative urinary tract infection rate of 5%, 
systemic inflammatory response syndrome 
(SIRS) in 9% and sepsis in 0.9% in a group of 
227 patients [17]. In their study, the presence of 
struvite stone, positive stone culture and staghorn 
calculus correlated with higher rate of infectious 
complications. More recently, the CROES PCNL 
group analysed factors related with postoperative 

Fig. 12.2 Renal pelvis perforation due to overadvance-
ment of the Amplatz dilator
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fever [16]. Overall postoperative fever rate was 
10.4%. Increased duration of surgery, positive 
preoperative urine culture, presence of staghorn 
stone, residual stones, preoperative nephrostomy 
and diabetes were found to be independent pre-
dictors for postoperative fever [16].

Preoperative urinary tract infection increases 
the risk of postoperative infectious complications 
in PCNL.  Therefore, preoperative urine culture 
and perioperative antibiotic prophylaxis are 
 recommended [1]. However, postoperative infec-
tious complications are observed even in cases 
with negative preoperative midstream urine cul-
ture [16]. Mariappan et al. investigated bladder, 
renal pelvic and stone cultures as predictors of 
postoperative sepsis following PCNL in a series 
of 54 patients [19]. Midstream bladder urine 
culture was positive in 11.1%, pelvic urine 
culture in 20.4% and stone culture in 35.2% [19]. 
The same microorganism was found in pelvic 
and stone cultures in 85.7% of cases, but none of 
the patients had the same type of microorganism 
between bladder and upper urinary tract. The risk 
of urosepsis was found to be four times higher 
with positive pelvic and stone cultures. More 
recently, Korets et al. analysed the correlation of 
bladder, pelvic and stone cultures and postopera-
tive systemic inflammatory response syndrome 
(SIRS) following PCNL in 198 patients [66]. 

Thirty-three percent of patients with positive pel-
vic culture had negative midstream urine and the 
concordance between type of microorganism and 
antibiotic sensitivity was highest between pelvic 
and stone cultures. Positive pelvic and stone cul-
tures were more common in patients with SIRS 
(26% vs. 10%, p  =  0.03 and 44% vs. 17%, 
p = 0.01, respectively) [66].

Timely diagnosis and management of postop-
erative infectious complications are crucial for 
optimizing outcomes and avoiding progression to 
sepsis. Patients with postoperative fever should 
receive postoperative antibiotic therapy. Broad- 
spectrum antibiotics are recommended until the 
antibiotic therapy could be modified according to 
culture results. Renal drainage with nephrostomy 
tube or stent prevents ureteral obstruction or uri-
nary leakage, which may worsen infectious com-
plications. Early recognition of symptoms of 
sepsis and the results from midstream, pelvic and 
stone cultures are essential for the choice of 
appropriate therapeutic regimen and prevention 
of life-threatening complications.

12.5.2  Postoperative Bleeding

Postoperative bleeding is commonly observed in 
PCNL. In most cases there is some degree of hae-
maturia following PCNL, which is usually minor 
and resolves within 24–48 h. Venous bleeding is 
usually not significant and resolves with clamping 
of the nephrostomy tube to create clot tamponade 
of the collecting system. Arterial bleeding arises 
from arterial laceration, arterio-venous fistula or 
pseudoaneurysm and may be observed at any time 
during the postoperative period (Fig. 12.4). It is 
usually significant and may present with macro-
scopic haematuria and perirenal haematoma lead-
ing to haemorrhagic shock (Fig.  12.5). In some 
cases bleeding may be managed by fluid resusci-
tation and haemotransfusion. However, in patients 
with persistent bleeding, renal angiography and 
selective embolization of the bleeding source are 
indicated (Fig. 12.6).

The reported in the literature incidence of 
haemotransfusion following PCNL ranges 
between 0.6 and 23.8% with severe haemor-
rhage requiring angioembolisation, observed in 

Fig. 12.3 Pyelotubular reflux during retrograde pyelog-
raphy at the beginning of PCNL procedure. Patient devel-
oped postoperative fever
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0.3–1.5% of the cases [47, 67–69]. Multiple 
studies have evaluated the predictors for hae-
motransfusion and haemorrhagic complications 
following PCNL.  Kukreja et  al. analysed risk 
factors for bleeding in 236 patients [68]. 
Multivariate analysis identified duration of sur-
gery, method of tract dilation, size of tract, mul-
tiple tracts, renal  parenchymal thickness and 
presence of diabetes as significant predictors 
for bleeding following PCNL. In another study, 
Turna et al. found that the presence of staghorn 
stones, Amplatz dilation, multiple tracts, diabe-
tes and stone size is associated with blood loss 
in PCNL [69]. The CROES PCNL Group 
reported significant bleeding and haemotrans-
fusion in 7.8% and 5.7%, respectively [70]. 

Balloon dilation was associated with increased 
incidence of bleeding and transfusion com-
pared to telescopic/serial dilation [71]. 
However, other studies failed to demonstrate 
statistically significant differences in postoper-
ative haemoglobin drop and haemotransfusion 
rate when comparing different methods for 
tract dilation in PCNL [72–74].

12.5.3  Postoperative 
Nephrocutaneous Fistula

Nephrocutaneous fistula is rare following PCNL 
and is usually caused by obstruction from muco-
sal oedema, stone fragment or clot. It is managed 
successfully by postoperative stent placement 
and relief of obstruction.

12.5.4  Late Complications

Late postoperative complications following PCNL 
include postoperative ureteropelvic junction ste-
nosis and infundibular stenosis. These complica-
tions are rare and may result from intraoperative 
injury or ischaemia caused by impacted stones. 
Postoperative strictures can be managed endo-
scopically by laser incision and stent placement.

Fig. 12.4 Renal angiography of arterio-venous fistula 
following PCNL

Fig. 12.5 Postoperative perirenal haematoma due to 
arterial laceration following miniaturised PCNL. Patient 
underwent renovasography with selective embolisation

Fig. 12.6 Selective embolisation of arterio-venous fis-
tula following PCNL
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12.6  Mortality Following PCNL

Although the majority of complications following 
PCNL are low grade, the procedure can be associ-
ated with serious life-threatening complications 
such as sepsis and severe bleeding. Mortality fol-
lowing PCNL is not common, occurring in 0.03–
0.2% of the patients undergoing percutaneous 
stone surgery [7, 70]. Recently, Whitehurst et al. 
investigated mortality related to intervention and 
conservative treatment of urolithiasis and anal-
ysed data from 34 studies [75]. PCNL had the 
highest rate of intervention-related mortality (507 
patients, 85.3% of overall mortality). Main causes 
of death following PCNL were postoperative sep-
sis and haemorrhage; however, in the majority of 
patients the cause of death was not specified. 
Multiple comorbidities, spinal cord injury, high 
stone burden and obesity were identified as sig-
nificant risk factors for mortality in all types of 
interventions. The authors’ recommendations to 
prevent life-threatening complications were to 
decrease operating times, treat urinary tract infec-
tion preoperatively and use antibiotic prophylaxis, 
avoid multiple tracts and ensure adequate patient 
preparation in high-risk patients [75].

12.7  Conclusions

PCNL is standard treatment of renal stones and is 
a safe procedure with predominantly low grade of 
complications. However, despite improvements 
of endoscopes and surgical technique, PCNL is 
still associated with specific complications, which 
may result in life-threatening conditions. Detailed 
knowledge on PCNL complications and the risk 
factors for their occurrence is essential for their 
early diagnosis and successful management in 
order to reduce procedure- related morbidity with-
out compromising patient outcomes.
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Microperc

Stefano Paolo Zanetti, Matteo Fontana, 
and Emanuele Montanari

13.1  Introduction

Microperc is defined [1] as a modified percutane-
ous nephrolithotomy (PCNL) in which the percu-
taneous access to the pyelocalyceal system and 
the subsequent nephroscopy are performed in a 
single step using a dedicated 4.85 ch. instrument, 
the “all-seeing needle.” This device was first pre-
sented in 2010 at the annual meeting of the 
American Urological Association in San 
Francisco as an innovative approach through 
which a vision-guided calyceal puncture could be 
achieved. The optical and technical specifications 
of the device were assessed, and the feasibility of 
the technique was demonstrated in a small cohort 
of patients [2]: the device allowed the visualiza-
tion of the entire percutaneous tract during the 
puncture and could be used by the urologist to 
directly verify the access to the designated calyx, 
to assess its quality prior to dilation, and to posi-
tion a guidewire under vision. In this series, the 
obtained tract was subsequently dilated and the 
percutaneous procedure performed as a tradi-
tional PCNL.

Shortly afterwards, this concept was extended 
and the possibility of performing the entire 
PCNL procedure using this miniaturized device 
was explored as the employment of this system 

allowed the surgeon to avoid many maneuvers 
related to two key stages of PCNL: tract dilation 
and stabilization. These steps, in addition to being 
time consuming and requiring fluoroscopic con-
trol, can be associated with inadvertent complica-
tions such as tract bleeding, calyceal infundibular 
tearing and pelvic perforation. Using a dedicated 
connector to vehiculate a 200 μm laser fiber and 
to allow pressurized irrigation, the safety and 
feasibility of this technique for the percutaneous 
treatment of kidney stones were confirmed by 
Mahesh Desai, and microperc was born. In his 
original series [1], 10 patients with a mean stone 
size of 14.3  mm were treated, and although no 
significant complications were recorded, a sin-
gle conversion to miniPCNL was necessary for 
stone clearance. A stone-free rate of 88.9% at the 
1 month follow-up was achieved.

These promising results compelled other 
groups to explore the possibilities and the indica-
tions for this peculiar technique, both in adult and 
pediatric patients. Since then, microperc has been 
used to treat small to medium-size stones, and 
despite being heavily criticized due to its inherent 
limitations, it has reached considerable diffusion, 
being performed in 28% of centers according to 
a recent survey by the European Association of 
Urology Section of Urolithiasis (EULIS) [3].

The objective of this chapter is to summa-
rize the available evidence regarding the use of 
micro- percutaneous surgery for the treatment 
of renal stones, reviewing the core concepts, 
armamentarium, surgical technique, outcomes in 
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terms of safety and efficacy in comparison with 
other techniques, and the advantages and limita-
tions of this approach, in order to identify its role 
in the current landscape of endourological treat-
ments for urolithiasis.

13.2  The Microperc Concept

13.2.1  PCNL Pathophysiology 
and Tract Miniaturization

The assumption that reducing the caliber of the 
percutaneous access fosters less tissue damage 
and scarring, although still controversial, repre-
sents the core premise for PCNL miniaturization. 
Minimizing the breach in the renal parenchyma, 
and the related trauma caused by the dilation and 
the stabilization of the percutaneous tract, is 
advocated to reduce the risk of bleeding, cer-
tainly one of the main setbacks of PCNL. Indeed, 
as reported in the literature, a hemorrhagic com-
plication requiring blood transfusion occurs in 
around 7% (range 0–20%) of patients who 
undergo percutaneous surgery for stones [4, 5]. 
Although many factors have been advocated to 
influence the risk of bleeding in PCNL, tract size 
appears to be primarily responsible for this type 
of complication, and small-tract PCNL tech-
niques are associated with a lower hemoglobin 
drop and transfusion rate [6], maintaining com-
parable stone-free rates.

The miniaturization of the percutaneous tract 
caliber affects the pathophysiology of PCNL in 
various ways [6, 7], including:

• Decreased risk of inadvertent damage to the 
pyelocalyceal system with easier access to 
smaller calyces, both during tract dilation and 
nephroscopy

• Reduced tract bleeding, often resulting in 
unclouded vision during nephroscopy

• Longer operation times due to the need for a 
fine laser lithotripsy, since fragment retrieval 
is not feasible through the downsized percuta-
neous sheath, and the choice of lithotripsy 
probes is restricted by the small operative 
channel of the scope

• Generally higher pressure in the renal pelvis 
during the procedure due to the limited irriga-
tion fluid outflow

• Reduced need for prolonged postoperative 
urinary drainage and a higher rate of tubeless 
procedures, with possible lower postoperative 
patient discomfort and reduced need for 
analgesics

• Shorter hospitalization likely owing to fewer 
bleeding complications, reduced pain and 
shorter urinary drainage periods

• Better functional outcomes due to minimized 
parenchymal loss and tissue scarring even 
though further studies are warranted to dem-
onstrate this point

13.2.2  Core Concepts

With this background, the creators of microperc 
have asked themselves whether they could elimi-
nate the morbidity related to the percutaneous 
access by reducing its size to a minimum and by 
limiting the steps necessary for its establishment 
[1]. Microperc, which is performed through a 
very small tract with a one-step access by means 
of the puncture needle, incarnates this notion. For 
these reasons, the technique conceptually differs 
from other miniaturized PCNL techniques that 
duplicate standard PCNL but with the use of 
smaller instruments. It is important to point out 
that the term microperc not only illustrates the 
extremely reduced size of the access sheath but 
also refers to a specific set of operative concepts, 
techniques and instrumentation.

13.2.2.1  Advantages
In microperc, the concepts that have led to the 
birth of miniaturized PCNL are taken to extremes. 
The tract diameter is reduced to a minimum to 
cause the least trauma possible to the renal paren-
chyma. We know from studies regarding kidney 
needle biopsies that reducing the needle size by 
more than 16 gauge, which corresponds to the 
4.85 ch of the all-seeing needle, produces no 
advantages in terms of blood loss [8, 9]. Although 
it has not been demonstrated, it is reasonable to 
assume that its effect on parenchymal loss is 
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 minimal when compared to large-caliber PCNL, 
particularly when multiple tracts are needed or 
when patients are submitted to repeated proce-
dures over time. Moreover, the all-seeing needle, 
being so compact, minimizes the traumatic 
impact of nephroscopic exploration on the renal 
cavities, especially in pediatric patients and in 
cases of peculiar anatomical variations, narrow 
calyceal infundibula, or calyceal diverticula.

Through the microperc system, nephroscopic 
access to the renal cavities is achieved in a single 
step, avoiding the stages that are necessary in 
standard PCNL for the dilation and stabilization 
of the tract through the placement of a percutane-
ous sheath. These steps include many maneuvers, 
each of which is time-consuming, lengthens fluo-
roscopic time, increases tract bleeding and can be 
responsible for damage to the pyelocalyceal sys-
tem, such as perforation or infundibular tearing. 
Moreover, the all-seeing needle allows the optical 
visualization of the entire percutaneous tract and 
could help to avoid inadvertent puncture of the 
surrounding organs. It can be used to directly con-
firm the access in the chosen calyx and to imme-
diately assess its quality, enabling the urologist to 
correct it or to puncture a more appropriate site.

The technique avoids the retrograde trans-
ureteral route employed in the ureteroscopic 
approach for the treatment of renal stones, elimi-
nating the risk of producing injuries to the ureter, 
that, although generally self-limiting, can be cat-
astrophic and result in long-term consequences.

Since a tubeless procedure can be safely per-
formed in the majority of cases and the need for 
a prolonged urinary drainage is minimal, patient 
discomfort is reduced and postoperative hospi-
talization is shorter than standard PCNL, with a 
length of stay of generally 24–48  h. Moreover, 
the need for a postoperative double-J stent is low 
[10], limiting the associated costs and morbidity.

13.2.2.2  Drawbacks
Nevertheless, this technique has many pitfalls 
that need to be addressed. Firstly, microperc 
optics, although acceptable, have limited resolu-
tions compared to those of bigger nephroscopes 
or modern ureteroscopes, especially those with 
digital optical systems.

Due to the minimal caliber of the instru-
ment’s working channel, lithotripsy can only 
be performed through the energy vehiculated 
by a 200 μm laser fiber. Since the lapaxy of the 
stone fragments is not possible through the 4.85 
ch sheath, fine stone fragmentation or complete 
dusting should be achieved through protracted 
laser lithotripsy, which is sometimes necessary 
to pause due to the cloudiness of the irrigation 
medium caused by the scarce irrigation. These 
limitations entail that prolonged operative time 
is one of the main drawbacks of this technique, 
 limiting its application to small to medium-size 
stones only, as lithotripsy can be exceedingly 
time consuming for bigger stones.

Furthermore, the small caliber of the all- seeing 
needle implies a restriction in its movements dur-
ing nephroscopy as the instrument can be easily 
bent and eventually broken. It must also be con-
sidered that flexible scopes cannot be employed 
during this procedure to explore the renal cavi-
ties and reach stones or scattered fragments in 
contrast to standard and miniPCNL. These limi-
tations demand a careful planning and a precise 
realization of the tract in order to ensure easy 
access to the stone and limit the chances of its 
displacement during lithotripsy, potentially ren-
dering the access ineffective. The conversion rate 
to miniPCNL due to the impossibility to visualize 
or reach the stone during the procedure, although 
generally lower than 10%, must be taken into 
consideration [10].

Finally, lacking a urinary drainage other than 
the ureteral catheter, it has been demonstrated 
that renal pelvic pressure during the procedure 
frequently exceeds the threshold that is consid-
ered safe for the risk of infectious complications, 
even though no clinical consequences have been 
observed [11].

13.3  Indications

The role of microperc in the panorama of stone 
treatment is not clearly defined by the European 
Association of Urology (EAU) Guidelines. In 
order to obtain the best results from this  peculiar 
technique and to outline its possible  indications, 
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it is mandatory to optimize patient selection 
according to the available scientific evidence. 
The pioneer center for this technique, after ana-
lyzing the impact of various factors on the out-
comes of the procedure, defined microperc as a 
promising treatment method for solitary renal 
stones with volume <1000  mm3 and with low 
density (HU), regardless of stone location [12].

Considering the previously reported limitations 
of the technique, the stone size is an important 
variable to be taken into account while indicat-
ing and planning the procedure. Although even 
larger stones could technically be treated with 
microperc, it seems there is some consensus pos-
ing and adequate limit on 1.5–2 cm stones. Indeed, 
the attempt to treat bigger and harder stones would 
likely result in a longer, less meticulous lithotripsy, 
possibly leading to significant residual fragments. 
In case of softer stones, when a satisfactory dust-
ing can be efficiently achieved, the size limit could 
be slightly exceeded without excessively prolong-
ing the operation time. However, no evidence is 
available on this specific topic.

Once established the adequate stone size and 
density range, the specific cases in which microperc 
could be indicated have to be identified.

Given that only limited stone burden can be 
approached with this technique, microperc can-
not be considered as an alternative to standard 
PCNL but could compete with ESWL or RIRS.

In all cases of ESWL or RIRS failure, when 
a percutaneous surgery would be advised, 
microperc is a safe and minimally invasive 
option: as mentioned before, since the miniatur-
ization of the tract caliber is associated with less 
bleeding, it appears logic to use a micro-access 
when the stone burden permits it.

As a primary indication, microperc can be 
used when RIRS and ESWL are not feasible 
for unfavorable anatomical conditions, such 
as in case of stones in lower calyces with steep 
infundibular- pelvic angles or with infundibular 
stenosis, or when the retrograde approach is diffi-
cult or non-viable (i.e. ureteric stenosis, kinking, 
reimplantation or other congenital or acquired 
abnormalities of the urinary tract).

Furthermore, considering its minimally inva-
sive profile, microperc is a suitable option in 
pediatric patients who require a percutaneous 
surgery for stones up to 15–20 mm.

One more possible role of microperc is its use 
as an ancillary procedure. When treating stag-
horn or complex stones, the creation of multiple 
tracts can help achieving a higher success rate, 
albeit at the cost of more frequent access-related 
complications. The association of a standard- or 
mini-access with one or more complementary 
micropercutaneous tracts could limit morbidity 
while maintaining a high success rate [13].

Another interesting possible application is 
the combination of microperc and RIRS in the 
micro- endoscopic combined intrarenal surgery 
(micro- ECIRS): although very scarce evidence 
is available on this topic, this procedure can be 
performed in selected cases [14].

Finally, going further the typical indication 
for kidney stones, some authors described the 
anecdotal use of the microperc set in other pecu-
liar settings. A recent study reported the intra- 
operative postperfusion micro-nephrolithotomic 
treatment of a stone in a kidney allograft [15]. 
Another group assessed the feasibility of using 
the microperc set for the treatment of distal ure-
teral stones in women (micro-ureteroscopy, or 
mURS) [16]. Lastly, the creators of microperc 
described the use of the all-seeing needle to treat 
ureteric, bladder and urethral stones and even 
non-calculus diseases such as posterior urethral 
valves and vesicoureteric reflux [17].

To resume, microperc can be indicated:

• To treat stones smaller than 2 cm when a per-
cutaneous approach is required due to previ-
ous ESWL or RIRS failure or because there 
are factors contraindicating these techniques

• To perform an ancillary access during other 
endourological procedures for stones such as 
RIRS, standard- or miniPCNL

• To perform a minimally invasive percutaneous 
treatment of kidney stones in pediatric patients

• To treat different conditions of the urinary 
tract taking advantage of the all-seeing needle
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117

13.4  Microperc Armamentarium

The microperc set is manufactured by 
PolyDiagnost (Pfaffenhofen, Germany) and it is 
composed of a specific puncture needle, a 
microfiber optical system and a three-way con-
nector [2].

The puncture needle comprises a needle 
shaft, a puncture stylet, an inner stylet and a 
Y-connector:

• The needle shaft, used as a working sheath 
during the procedure, has an outer diameter 
of 1.6 mm (4.85 ch/16 gauge), an inner diam-
eter of 1.4  mm and a working length of 
200 mm.

• The beveled-tip puncture stylet, having an 
outer diameter of 1.3  mm (3.9 ch/18 gauge) 
and an inner diameter of 1.05 mm, is inserted 
in the needle shaft and hosts the microfiber 
optic during the puncture, allowing the urolo-
gist to perform the maneuver under vision.

• The inner stylet, being radiopaque, can be 
used for fluoroscopic-guided puncture if 
necessary.

• The Y-connector can be used to maintain irri-
gation during access to the pyelocalyceal 
system.

The highly flexible microfiber optic has a 
nitinol outer cover and an integrated illumina-
tion bundle composed of 200 optic fibers. It has 
a diameter of 0.9 mm and a length of 275 mm, 
and it is characterized by a resolution of 10.000 
pixels and a field of view of 120° in air and 105° 
in water. It can be inserted in both the puncture 
stylet and the shaft of the puncture needle, and its 
length can be adjusted inside the needle sheath 
via a slide adapter.

The three-way connector is attached at the 
proximal end of the needle shaft following the 
puncture (Fig.  13.1), allowing for the introduc-
tion of the microfiber optical system through its 
central port and a 200 μm laser fiber through one 
of the side ports. The remaining port is connected 

to an irrigation line that can either be attached 
to an irrigation pump or to a manually operated 
20 mL syringe.

The optical fiber is connected via a zoom 
ocular and a light adapter to a standard endo-
scopic camera system and a xenon light source 
with a power of at least 100 W. The camera and 
light cables are held and suspended by an articu-
lated multi-joint arm, which can be mounted lat-
erally to the surgical table or on the endoscopic 
column (Fig.  13.2). This arm allows for easy 
positioning of the nonsterile components and 
relieves the surgeon of the weight of the optical 
and light cables.

A specifically designed 8 ch. sheath can 
be employed to perform the so-called mini- 
microperc [18]: this sheath enables an easier 
navigation during nephroscopy without bend-
ing the instrument and allows for the introduc-
tion of a 1.6 mm ultrasonic or ballistic probe, as 
well as fine forceps for fragments retrieval, in 
order to obtain a faster clearance of the stones. 
A 14 G angiocath has been alternatively used as 
a microsheath to stabilize the tract and to allow 
for the extraction of the all-seeing needle dur-
ing the procedure [19]: this system can be use-
ful in order to clean the optics and to balance the 
intrarenal pressure by draining the renal cavities. 
This method, however, other than being limited 
to pediatric patients due to the limited tract length 

Fig. 13.1 The three-way connector with the microfiber 
optic and the laser fiber inserted, and the irrigation line 
connected
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that can be obtained with the angiocath partially 
contradicts the concept of the microperc.

13.5  Surgical Technique

Microperc, similarly to other percutaneous proce-
dures for stones, is generally performed under gen-
eral anesthesia although spinal anesthesia has been 
reported to be feasible: indeed, a retrospective com-
parative study of 116 patients conducted by Katarag 
and colleagues showed that the procedure has simi-
lar outcomes with both types of anesthesia [20].

Regarding patient positioning, the majority 
of surgeons perform the procedure in the prone 
position, even though, as demonstrated by a few 
reports [21–23] either the prone or supine posi-
tions can be chosen according to the surgeon’s 
preference.

The procedure begins with the retrograde 
positioning of a 5–8 ch ureteral catheter in the 
renal pelvis, which is essential to drain the renal 
cavities during the procedure as no irrigation 
fluid can be evacuated through the miniaturized 
percutaneous sheath. Moreover, it can be used 
to assist the puncture by means of the distension 
of the pyelocalyceal system and the injection of 
contrast medium.

Afterwards, the carefully selected calyx is 
punctured with the assembled all-seeing nee-
dle. This allows for the optical visualization of 
the entire percutaneous tract and can assist in 
the evaluation of the quality of the access to the 
pyelocalyceal system. The puncture can be per-
formed under ultrasonographic or fluoroscopic 
guidance, or using both control modalities in 
conjunction.

Subsequently, the beveled-tip puncture stylet 
is removed together with the microfiber optic, 
and the three-way connector is attached to the 
proximal end of the 4.85 ch. needle shaft, acting 
as a percutaneous sheath. The miniaturized optic 
is then introduced through the central port, and 
its length adjusted through the slide adapter. The 
irrigation line is connected to one of the lateral 
ports, and, as soon as the target stone is identi-
fied, a 200 μm laser fiber is inserted through the 
remaining lateral port of the connector as previ-
ously described (Fig.  13.3). Laser lithotripsy is 
performed, possibly using a dusting setting (i.e. 
high frequency, low energy, long pulse length), in 
order to obtain maximal stone pulverization and 
leave only very small fragments that can be spon-
taneously passed, since they cannot be extracted 
through the microperc sheath. Alternatively 
the 8 ch. sheath can be assembled in the mini-

a

b

Fig. 13.2 (a) 
Articulated multi-joint 
arm mounted on the 
endoscopic column. (b) 
Zoom ocular and light 
adapter
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microperc configuration, as discussed, in order 
to enhance lithotripsy and enable litholapaxy to 
quicken the procedure.

Although a holmium:yttrium-aluminum- 
garnet (Ho:YAG) laser source is generally used, 
an initial report has been published in which the 
Thulium SuperPulse Fiber Laser (TSPFL) was 
utilized during microperc [24]: being able to 
reach very high frequencies, it could be employed 
as a more time-efficient way to dust larger stones 
and to limit fragment scattering.

Depending on the available laser, stone char-
acteristics and the anatomy of the excretory sys-
tem, complete pulverization can sometimes be 
difficult or impossible to obtain. In these cases, 
it is appropriate to reduce the caliber of the 

fragments as much as possible by performing a 
meticulous lithotripsy in an attempt to avoid con-
version to mini- or standard PCNL.

Occasionally, stone fragments can migrate to 
sites that are not safe to reach from the percuta-
neous access without running the risk of bending 
and breaking the instrument as the small-caliber 
all-seeing needle requires very precise and deli-
cate movements. In these cases, stone migration 
may require conversion to a larger caliber PCNL 
or performing a retrograde access (RIRS): once 
again, to avoid this possible complication, it is 
essential to perform lithotripsy methodically and 
to maintain adequate vision during the entire 
procedure. The vision provided by the microfi-
ber optic is not comparable to the quality offered 
by standard or miniPCNL optics due to technical 
limitations, but it is sufficient, in standard situa-
tions, to comfortably and safely perform the pro-
cedure (Fig. 13.4).

It is also important to periodically check the 
emission of irrigation fluid through the ureteral 
catheter in order to maintain low intrarenal pres-
sures, this being the only drainage route for the 
renal cavities. Once lithotripsy is completed, the 
all-seeing needle is removed, leaving a millimet-
ric skin incision.

The placement of a nephrostomy tube is gen-
erally not necessary; postoperatively, the ureteral 
catheter, usually kept in place for 24 h, assures 
drainage. Optionally, considering the patient’s 

Fig. 13.3 The all-seeing needle with the three-way con-
nector in the operative setting

Fig. 13.4 Endoscopic 
vision during microperc

13 Microperc
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characteristics and in all the cases in which a 
satisfactory dusting is not obtainable, a double-J 
ureteral stent should be placed at the end of the 
procedure to prevent a possible postoperative 
renal colic and the related complications.

13.6  Reported Outcomes

13.6.1  Microperc Series

In the original microperc series published by 
M. Desai and colleagues in 2011 [1], 10 patients 
with a mean stone diameter of 14.3  mm were 
treated without any recorded blood transfusion or 
postoperative complication and with a mean 
(±SD) hospital stay of 2.3 (±1.2) days. In a single 
case, conversion to miniPCNL was necessary due 
to intraoperative bleeding and subsequent poor 
vision. In the remaining nine patients, the authors 
reported a stone-free rate of 88.9% 1 month after 
the procedure.

Since then, many other microperc series have 
been published by different groups (Table 13.1) 
[10, 12, 25–28]. The mean stone size of the 
patients treated in these studies was inferior to 
20 mm, with a reported mean operative time of 
approximately 60 min and a mean hospital stay 
of 1–2 days. The obtained stone-free rates ranged 
from 82 to 96% with complication rates varying 
from 6 to 17% although most of the reported com-
plications were low grade (Clavien ≤2). The need 
for a blood transfusion was generally low and 
the conversion rate to mini- or standard PCNL 
ranged from 4 to 22%. Although these results are 
seemingly optimal, all of the cited studies, apart 
from the original report by Desai and colleagues 
[1], were retrospective, and both the number of 
treated patients and implicated centers are too 
small to draw conclusions supported by a high 
level of evidence.

Other working groups have analyzed the pos-
sible role of microperc in the treatment of stones 
smaller than 20 mm in the pediatric population 
(Table 13.2) in which the miniaturization of the 
percutaneous tract could be maximally benefi-
cial [23, 29–32]. In these studies the reported 
outcomes were similar to the adult series. In par-

ticular, the mean operation time ranged from 51 
to 75 min and the mean hospital stay from 2 to 
4 days. Complication rates varied from 6 to 30% 
with a high predominance of low-grade compli-
cations (Clavien ≤2); the hemoglobin drop was 
minimal with no reported transfusions in any of 
the studies. The stone-free rates ranged from 80 
to 100% and the conversion rate to other tech-
niques varied from 5 to 20%. Once again, these 
results appear to be promising but, because they 
include only small series, can’t support unques-
tionable conclusions.

13.6.2  Comparison with Other 
Techniques

Once the safety and feasibility of the technique 
had been established, different groups compared 
microperc with other endourological procedures 
for stones.

13.6.2.1  Comparison with miniPCNL
Some researchers have compared microperc with 
miniPCNL. A retrospective study on 98 patients 
by Tok and colleagues [33] compared these tech-
niques in patients with 10–20 mm lower calyceal 
stones, showing similar stone-free and complica-
tions rates with no reported blood transfusions in 
both groups. However, microperc was associated 
with less blood loss, shorter operation and fluo-
roscopy times, shorter hospital stays and higher 
tubeless rates.

Similar results have been described in pedi-
atric populations. A retrospective study of 119 
pediatric patients from three referral centers 
[34] compared microperc and miniPCNL for 
10–20  mm stones: operation times, success 
rates and overall complication rates were simi-
lar between the procedures, but microperc was 
observed to have advantages in terms of fluoros-
copy time, hospital stay and hemoglobin drop. In 
this study, however, microperc was employed for 
slightly smaller stones than miniPCNL. Another 
paper by Dundar et al. [35], comparing mini- and 
microPCNL in pediatric patients with stones 
smaller than 20  mm, confirmed similar success 
rates for the two techniques with advantages in 

S. P. Zanetti et al.
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favor of microperc concerning operation time, 
hospital stay, hemoglobin drop and transfusions 
rates.

Conversely, a recent survey paper by the 
European Association of Urology Section of 
Urolithiasis (EULIS) group, comparing all of the 
available endoscopic techniques for the treatment 
of kidney stones, reported lower stone-free rates 
and longer operative times for microperc than for 
all of the other techniques. However, this study 
confirmed the satisfactory safety profile and the 
low hemoglobin drop guaranteed by this proce-
dure [36].

Considering the limitations of microperc in 
terms of stone burden, it appears more reason-
able to compare it to retrograde intrarenal sur-
gery (RIRS) or external shockwave lithotripsy 
(ESWL) rather than to other percutaneous 
procedures.

13.6.2.2  Comparison with RIRS
Sabnis and colleagues [37], in a prospective ran-
domized study including 35 patients submitted to 
microperc and 35 patients submitted to RIRS, 
compared the two techniques for stones smaller 
than 15 mm. The stone clearance rate, operation 
time and hospital stay duration were similar in 
the two groups, but microperc was associated 
with a greater hemoglobin drop, more pain and 
higher analgesic requirement; conversely RIRS 
was associated with a higher rate of intraopera-
tive double-J stenting and greater surgeon dis-
comfort score. A prospective study by Cepeda 
et al. [38], comparing 17 RIRS and 18 microperc, 
obtained similar results in terms of success rate 
and hospital stay, which did not differ between 
the two groups with a significantly greater hemo-
globin drop and longer operative time for 
microperc. Both procedures were confirmed to be 
safe, reporting only Clavien ≤2 complications for 
both techniques.

Other groups have compared microperc and 
RIRS focusing on lower calyceal kidney stones. 
Armagan and colleagues [39], in their study of a 
total of 127 procedures (59 RIRS, 68 microperc) 
for lower pole stones smaller than 20  mm, 
showed better results for microperc, which was 
associated with a higher stone-free rate, shorter 

operative time and lower complication rate than 
RIRS.  However, RIRS was associated with a 
smaller hemoglobin drop and shorter fluoroscopy 
time and hospital stay. In a similar study includ-
ing lower pole stones up to 15  mm, Kandemir 
et al. [40] did not describe any statistically sig-
nificant differences between RIRS and microperc 
in terms of operative times, hemoglobin drops, 
stone-free and postoperative complications rates, 
but microperc was associated with longer fluo-
roscopy times and hospital stays. Another recent 
study [41] investigated this topic randomizing a 
total of 116 patients into two equal groups, sub-
mitted to microperc and flexible ureteroscopy 
(fURS). No significant differences between the 
groups were observed concerning hemoglobin 
drop, hospital stay or stone-free and compli-
cations rates, but fURS was associated with a 
slightly longer operative time.

Other researchers have compared microperc 
and RIRS in pediatric patients with stones smaller 
than 20  mm without observing any significant 
differences in terms of operative times, success 
rates and complication rates. They did, however, 
report longer fluoroscopy times for microperc 
[42, 43]. In one of these studies RIRS was associ-
ated with a shorter hospital stay and a higher rate 
of intraoperative double-J stenting [42].

13.6.2.3  Comparison with ESWL
Concerning ESWL, Hatipoglu and colleagues 
[44] retrospectively compared 37 microperc and 
103 ESWL in a population of pediatric patients 
with radiopaque single kidney stones. The mean 
stone size was 11.32 mm in the SWL group and 
14.78  mm in the microperc group (P  <  0.001). 
Patients submitted to ESWL needed more retreat-
ments to obtain satisfactory results, but experi-
enced shorter hospital stays and a lower radiation 
times than patients who had undergone microperc. 
The complication rates were comparable between 
the two groups.

13.6.2.4  Key Messages
Microperc appears to be a good alternative to 
RIRS, ESWL and miniPCNL for stones smaller 
than 15–20 mm. This technique is characterized 
by satisfactory stone clearance rates, and lower 
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bleeding and transfusion rates than miniPCNL. It 
seems to be associated with greater hemoglobin 
drops than RIRS without implicating a higher rate 
of blood transfusions: indeed, the absence of 
transfusions in many published studies is worth 
mentioning, this being a percutaneous technique.

It is important to emphasize the minimally 
invasive profile of microperc. As discussed, the 
complication rate is low in all of the published 
series. One of the most frequent postoperative 
complications is renal colic, which is managed 
by medical treatment or ureteral catheterization. 
This complication is likely a result of the low rate 
of double-J catheter placement at the end of the 
procedure and the possible presence of residual 
fragments following lithotripsy.

Despite the elevated intrapyelic pressures, 
urinary tract infections and fever rates were not 
relevant in any of the published series. Some 
authors have reported irrigation fluid extravasa-
tion, leading to the need for percutaneous drain-
age [10, 27, 29]: this complication could be due 
to the rise in pressure in cases of prolonged sur-
gery or impacted stones. Although the rate of this 
complication is minimal, it is advisable to pre-
vent intrapyelic hyperpressure by always placing 
a ureteral catheter, periodically checking its func-
tionality, and limiting operative times.

As already stressed, we must take into account 
that the reported series have been published by 
just a few centers with extensive experience with 
this technique and high-quality evidence in still 
lacking.

More prospective randomized controlled 
comparative studies are required to be able to 
properly define the role of microperc in the cur-
rent panorama of stone treatment.

However, the versatility of this system and its 
applicability in many different situations make it 
very attractive for the skilled endourologist.
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Ultra-Mini PCNL (UMP)

Janak D. Desai

The urological surgeon has been performing 
PCNL for stone removal for the last four decades. 
In the early days, the instruments were of large 
caliber and stone-disintegrating devices were not 
very advanced. Several advances in medical 
instruments like endoscopes, endo-vision cam-
eras and stone-breaking devices happened in late 
1970s and early 1980s, and the endoscopic stone 
removal techniques became more standardized. 
These key hole surgeries were hugely dependent 
on advances in fiberoptics and imaging equip-
ment like fluoroscopy and high-resolution sonog-
raphy. Lasers as stone-breaking energy paved the 
way for flexible instrumentation that are now 
used not only for diagnosis but for stone disinte-
gration also. Miniaturized techniques of mini- 
PCNL and UMP could be developed because 
very thin laser fibers could be passed through this 
extremely small caliber instruments (Fig. 14.1).

PCNL is efficacious for stone removal but is 
associated with morbidity in some situations. The 
most common problem of bleeding is directly 
proportional to track size [1]. The question asked 
was “How can we make PCNL safer?” The natu-
ral fall out was to make instruments that needed a 

much smaller track size and, thereby, reduce the 
most common complication of bleeding. In 2010, 
Janak Desai and investigators in India developed 
what they called ultra-mini-PCNL (UMP). The 
first articles on UMP were published in 2013 [2, 
3]. UMP consists of a telescope of 1 mm size and 
a sheath size of either 11 Fr or 13 Fr. The sheath’s 
design is special that enables to create a vortex of 
fluid in the pelvicalyceal system and that removes 
fragments that are already created by laser disin-
tegration. This moves the stone fragments from 
high pressure in the PC system to the low pres-
sure area which is the lumen of the sheath [2].

Whilst doing standard PCNL we observed that 
there was minimal bleeding when we used the 
initial Teflon dilators—upto 14–16 Fr; the bleed-
ing was seen when the dilation was stepped up 
and when a 18 Fr dilator was exchanged for the 
next 20 Fr dilator, we saw a sudden gush of blood 
in some situations. Therefore we concluded that 
the renal parenchyma could withstand a dilation 
upto about 14  Fr because of tissue elasticity; 
however, if the dilation was increased the possi-
bility of lateral tear increased and that lead to 
bleeding. Therefore UMP has been designed to 
keep the largest instrument with a 13  Fr outer 
diameter. The telescope is 1 mm thick and has a 
resolution of 17,000 pixels. The inner sheath 
allows a laser fiber up to 365 μm and also irriga-
tion of saline. The stones are disintegrated into 
very small particles, and they are pulled out by 
creating a vortex of fluid by injecting saline J. D. Desai (*) 
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through the specially designed small tube, run-
ning parallel to the outer sheath (tube). There is 
no need of suction; however, if you want to pull 
out a clot, suction can be done by a 20 cc syringe 
(see Video 14.1).

The whirlpool can also be created by pushing 
saline from the previously placed ureteric cathe-
ter. The fluid will move from the high-pressure 
zone of the renal pelvicalyceal system to the outer 
sheath and will carry the fragments along with it. 
This vortex effect carrying the fragments towards 
the outer sheath can be seen in Video 14.2. In this 
video the endoscopic view is picked up by a flex-
ible ureteroscope. UMP operation can be used for 
small and midsize stones up to 20 mm in size. It 
can also be used as a second puncture surgery 
when a small stone is in another calyx and we 
want to avoid a second large puncture (Table 14.1).

UMP is less expensive than RIRS because the 
use of consumables is limited and it can be fin-
ished in lesser time than RIRS.

RIRS and UMP are compared in Table  14.2 
[4]. These statistics are only from a few users of 

UMP and need to be confirmed by other centers 
of the world.

14.1  Synopsis

UMP is a rather delicate technique and needs 
high level of surgeon experience before under-
taking it. With the development of miniaturized 
PCNL, there is a revival of PCNL and investiga-
tors are trying to study the stone-free rates and 

a b

c d

Fig. 14.1 UMP instruments. (a) Full ultra-mini-PCNL 
set consisting of 11 and 13 F shafts and dilatators as well 
as a miniaturized nephroscope. (b) Outer sheath with a 
side-port connecting to the waterjet tube inside. (c) View 

of waterjet tube inside the sheath. (d) Demonstration of 
the “waterjet” function. (Reproduced with permission of 
Schoelly Fiberoptics GmbH, Denzlingen, Germany & Dr. 
Janak Desai)

Table 14.1 Transfusion rates in relation to sheath size in 
percutaneous nephrolithotomy [1]

Sheath size
No. of 
patients

Blood transfusion 
(n (%))

Small (18 Fr and 
below)

271 3 (1.1%)

Medium (24 Fr and 
26 Fr)

1039 50 (4.8%)

Large (27 Fr, 28 Fr, 
and 30 Fr)

3533 208 (5.9%)

Largest (32 Fr, 33 Fr, 
and 34 Fr)

371 45 (12.1%)

J. D. Desai
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complication rates of UMP and RIRS.  We still 
need results from high-quality studies but initial 
data points out that UMP gives better stone free 
rates compared to RIRS, and the complication 
rates of UMP are lesser than standard PCNL.

The common complication of bleeding, which 
worries the surgeons doing standard PCNL, is 
reduced to a great extent. The need for placing a 
nephrostomy is also reduced to a great extent. This 
in turn reduces the post-operative pain and the 
patient can be discharged within 24 h [5, 6]. Larger 
access sheaths produce more bleeding and some-
times because of impaired vision the procedure 
needs to be terminated also [6, 7]. Investigators 
have already looked into the possibility of reduced 
bleeding if the track size is reduced [7].

For a large stone, the main bulk can be 
removed by standard PCNL, and the stone in an 

otherwise inaccessible calyx can be removed by 
UMP. This can help the surgeon prevent a second 
large puncture. Familiarity with the full spectrum 
of different endoscopic techniques facilitates a 
minimally invasive approach to the entire urinary 
tract.

As the instrumentation of treatment modalities 
available to the urologist has been increased, new 
debates regarding the indications for these options 
have developed. Currently, urologists face the 
challenge of selecting the optimal treatment 
modality on the basis of the patient’s and the 
stone’s characteristics. The choice also depends 
on the availability of instruments (and thereby 
experience) in the hospital (Tables 14.3 and 14.4).

Recent technological advances in PCNL 
might initiate safer and more efficient manage-
ment of renal stones. A lack of prospective ran-

Table 14.2 Comparison between ultra-mini- percutaneous 
nephrolithotomy and retrograde intrarenal surgery [4]

RIRS UMP
Total cases 20 32
Operation time (min) 98 46
Hospitalization (h) 32 24
Cost of disposables (euros) 484 80
Complication rate 8% 6%
Stone-free rate 80% 88%
Auxiliary procedure 100% 1%
Fever (percentage of patients) 20% 12.5%

UMP ultra-mini-percutaneous nephrolithotomy, RIRS ret-
rograde intrarenal surgery

Table 14.3 Observational comparison among minimally invasive treatment modalities for kidney stones [8]

Mini-PCNL UMP RIRS Micro-perc
Learning curve Puncture skill 

required
Puncture skill 
required

Relatively easy Puncture skill 
required

Cost of 
equipment

Moderate Moderate High Moderate

Stone-free rate Good; even for 
large stone

Good, up to 
2.0 cm

Good, up to 1.5 cm Good up to 1.0 cm

Auxiliary 
procedure

Almost nil Almost nil Stent removal; pre-procedure 
stenting sometimes

Steinstrasse removal 
sometimes

Hospitalization 48–72 h 24 h 24 h 24 h

Table 14.4 Comparison between miniaturized percuta-
neous nephrolithotomy instruments [8]

Mini-PCNL UMP Micro-perc
Size of 
sheath

18–22 Fr 11.0 Fr 
and 
13 Fr

4.85 Fr

Stone 
removal

Forceps and 
ultrasonic 
disintegration 
with suction

Creating 
a fluid 
vortex

Leave for 
natural 
expulsion

Telescope 
size

3 mm 1 mm 0.9 mm

Resolution 
of 
telescope

30,000 pixels 17,000 
pixels

10,000 
pixels

14 Ultra-Mini PCNL (UMP)
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domized trials comparing treatment modalities 
coupled with the vast disparity in the access to 
resources worldwide continues to individualize 
rather than standardize stone treatment in 
patients. Also, when treating a patient with a 
renal calculus, the urologist must ask: “Is single 
session ESWL possible in this patient or other 
treatment options should be deployed?” It is not 
surprising that the urologist will choose an endo-
scopic treatment for his/her patient whilst he 
may choose ESWL for himself or his family 
member.

References

 1. Yamaguchi A, Skolarikos A, Buchholz NP, et  al. 
Operating times and bleeding complications in percu-
taneous nephrolithotomy: a comparison of tract dila-
tion methods in 5537 patients in the Clinical Research 
Office of the Endourological Society Percutaneous 

Nephrolithotomy Global Study. J Endourol. 
2011;25:933–9.

 2. Desai J, Solanki R. Ultra-mini percutaneous nephroli-
thotomy (UMP): one more armamentarium. BJU Int. 
2013;112:1046–9.

 3. Janak D, Solanki R. Ultra-mini percutaneous nephro-
lithotripsy. J Endourol Videourol. 2013.

 4. Desai J, Solanki R. E93 comparison of UMP v/s RIRS 
for lower calyx stone. Eur Urol Suppl. 2013;12(3):62.

 5. Akman T, Binbay M, Yuruk E, et al. Tubeless proce-
dure is most important factor in reducing length of 
hospitalization after percutaneous nephrolithotomy: 
results of univariable and multivariable models. 
Urology. 2011;77:299–304.

 6. Wells H, Rukin N, Wright A, et  al. Outcome-based 
comparison of percutaneous procedures for urinary 
lithiasis with calibre of instrumentation less than 
12Fr. Curr Urol Rep. 2015;16:53.

 7. Kukreja R, Desai M, Patel S, et al. Factors affecting 
blood loss during percutaneous nephrolithotomy: pro-
spective study. J Endourol. 2004;18:715–22.

 8. Smith AD, Preminger GM, Kavoussi LR, Badlani 
GH, Rastinehad AR, editors. Smith’s Textbook 
of Endourology. 4th ed: Wiley; 2018. ISBN: 
9781119245193.

J. D. Desai



131© Springer Nature Singapore Pte Ltd. 2020 
G. Zeng, K. Sarica (eds.), Percutaneous Nephrolithotomy, 
https://doi.org/10.1007/978-981-15-0575-1_15

Super-Mini-PCNL (SMP)

Guohua Zeng and Wei Zhu

According to the updated European Association 
of Urology (EAU) guidelines, PCNL is recom-
mended as the therapy of choice for large renal 
calculi (>20  mm) and also for smaller stones 
(10–20 mm) of the lower renal pole when unfa-
vourable factors for SWL exist [1]. It offers high 
stone-free rates and is less invasive than open sur-
gery. However, PCNL is still a challenging surgi-
cal technique and can be associated with 
significant complications that may compromise 
its efficacy. Bleeding and injury to the kidney and 
its adjacent structures are the most troublesome 
morbidities. PCNL complications tend to be 
associated with the accuracy of the nephrostomy 
tract placement and its size. A modification of the 
standard PCNL has been developed to reduce 
morbidity associated with larger instruments 
such as blood loss, postoperative pain, and poten-
tial renal damage. This is performed through a 
miniature endoscope via a small percutaneous 
tract (14–20 F) and has been known as minimally 
invasive PCNL or mini-PCNL or mini-Perc. In 
addition to mini-Perc, Desai et  al. [2] have 
reported their ultra-mini-PCNL (UMP), and 
lastly micro-PCNL has been introduced for clini-
cal use [3]. Reducing the size of nephrostomy 
tracts mandates the development of miniature 

endoscopes and access sheaths. Also, with 
smaller nephrostomy tracts the problem of a 
compromised visual field arises and increased 
difficulty in stone extraction. Increasing irriga-
tion, using a pressure pump, could enhance the 
visualization and passive egress of stone frag-
ments, but it would also boost the intra-luminal 
pressure.

The super-mini-PCNL (SMP) technique was 
developed to improve the critical limitations of 
miniaturised PCNLs [4, 5]. SMP is a recent addi-
tion to the options for miniaturized PCNL using 
an access sheath size of 10–14 F. Its design aims 
not only at preventing excessive intrarenal pres-
sure but also at improving visualization and 
extraction of stone fragments.

15.1  Materials

The essential components of the SMP system 
include an 8.0 Fr miniaturized nephroscope and a 
newly designed irrigation-suction sheath [6].

15.1.1  Miniaturized Nephroscope

The nephroscope has an 8.0/7.5 F (outer diame-
ter/inner diameter) dismountable sheath. The 
telescope consists of a fibre optic bundle of 1.4 mm 
(4.2 F) with a viewing angle of 120° and resolution 
of up to 40,000 pixels. When the telescope is 
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inserted into the sheath, a 3.3 F space remains in 
the lower half of the sheath to serve as the work-
ing channel (Fig.  15.1). A laser fibre up to 
550 μm, a 0.8 mm pneumatic lithotripter probe, 
and a 3.0 F stone basket or forceps can be used in 
the working channel. The working length of the 
scope is 25.2 cm.

15.1.2  Irrigation-Suction Sheath

The irrigation-suction sheath was developed to 
provide an easy alternative to improve irrigation 
and stone clearance during SMP. The irrigation- 
suction sheath consists of a straight sheath and a 
‘handle’. The straight sheath is a metal structure 
of two layers available from 12 to 14  F.  The 

sheath has 8 or 14 cm working length. The space 
between the sheath’s two layers acts as a channel 
for irrigation, and the sheath’s central lumen acts 
as a constant suction conduit. At the distal tip, the 
sheath has side holes that enable the irrigation 
egress through the irrigation channel.

The ‘handle’ consists of an irrigation port with 
an integral stopcock, a straight tube, and a 45 ° 
oblique bifurcated tube. The irrigation port is 
connected to an irrigation pump. The straight 
tube is adjacent to the suction conduit of the 
straight sheath and has a proximal end receptacle 
for a rubber cap. A continuous negative pressure 
aspirator is connected to the end of the oblique 
tube. The negative pressure of the aspiration can 
be adjusted by occluding or opening the pressure 
vent in the oblique tube axis (Fig. 15.2). To facili-

4.2 F telescope 

8.0 F OD/7.5 F ID dismountable sheath

Assembly

3.3 F working channel 

Fig. 15.1 Detailed 
structure of the 
miniaturized 
nephroscope. OD outer 
diameter, ID inner 
diameter

G. Zeng and W. Zhu
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tate stone fragments collection, a sample collec-
tion container is added between the handle and 
the aspirator.

15.1.3  Irrigation and Aspiration 
Pump

The irrigation and aspiration pump includes an 
irrigation unit for conducting fluid under pres-
sure to the irrigation port of the sheath, and an 
aspiration unit for simultaneous removal of 
fluid via the suction port of the sheath 
(Fig.  15.3). The optimum adjustment of pres-
sure and flow parameters allows for efficient 
irrigation and effective aspiration of fluid dur-
ing SMP procedures.

15.2  Indications 
and Contraindications

15.2.1  Indications

• Adult patients with stone size 1.5–3.0  cm, 
including previous failure of SWL or uretero-
scopic lithotripsy, cystine calculi, and 
 anatomic abnormalities precluding retrograde 
access or the distal passage of stones

• Patients not suitable for RIRS due to unfa-
vourable anatomy (a narrow (<5 mm) or long 
(>30 mm) infundibulum)

• Paediatric patients with stone size <2.5 cm in 
whom SWL therapy failed

15.2.2  Contraindications

• Anticoagulant therapy must be discontinued 
before the procedure. Patients receiving aspi-
rin, for example, should discontinue it 7 days 
before SMP while those on warfarin need to 
stop the drug 5 days before SMP

• Untreated urinary tract infections (UTIs), 
pregnancy, atypical interposition of visceral 
organs (bowel, spleen or liver), tumour in the 
probable access tract area, and potential 
malignant renal tumour

Suction port

Irrigation port

Side holes

Pressure vent Rubber cap

Fig. 15.2 Irrigation- 
suction sheath

Fig. 15.3 A specially designed irrigation and aspiration 
device dedicated to SMP surgery

15 Super-Mini-PCNL (SMP)
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15.3  Technique

All routine preoperative biochemical testing and 
preparation is performed as for any of percutane-
ous surgery. The preoperative assessment 
involves a close study and analysis of the image 
including CT and IVU. This helps to determine 
the primary calyx of puncture by which the 
majority of the stone bulk is to be cleaned; stones 
located in distinct calyces are also recognized 
that are unlikely to be removed through the pri-
mary tract. In these calyces, the secondary tracts 
are generally established.

Traditionally, SMP has been performed in the 
prone position. This allows direct access to the 
posterior calyx. SMP can also be performed in 
supine with the benefits of combined antegrade 
and retrograde methods, making it simpler for 
patients with cardiac co-morbidities to switch 
from regional to general anaesthesia and useful. 
However, in the supine position, establishing 
multiple channels would be challenging and 
space is restricted.

Under general anaesthesia, a 5 F ureteral cath-
eter is first inserted into the target kidney in a ret-
rograde manner using ureteroscope. A Foley 
catheter is placed into the bladder to provide drain-
age during the procedure. Percutaneous access is 
achieved using an 18-gauge coaxial needle to 
puncture the desired calix under fluoroscopic or 
ultrasonic guidance. A 0.035″ flexible tip guide-
wire is inserted through the needle. The dilatation 
is performed with 10 F fascial dilators. An irriga-
tion-suction straight sheath is then advanced over 
the guidewire and inserted into the pelvicalyceal 
system. Then remove the guidewire and connect 
the ‘handle’ to the straight sheath. The irrigation 
port of the irrigation-suction sheath is connected to 
the irrigation unit of the irrigation- aspiration 
pump. The sheath’s oblique tube is connected to 
the collection bottle of samples and the bottle to 
the pump’s aspirator unit. The irrigation pressure 
is set at 200–250 mmHg while the suction pres-
sure is adjusted at 100–150 mmHg. The miniature 
endoscope is inserted into the sheath through the 
cap. The stone is visualized and lithotripsy is per-
formed using either a holmium- yttrium-aluminium 
garnet (YAG) laser or pneumatic lithotripter. Laser 
lithotripsy is a preferred method. The pneumatic 

lithotripter could be used in the centres where laser 
lithotripters are not available. The small stone 
fragments would move through the space between 
the scope and the sheath with effective and con-
stant suction, then exit through the oblique sluice. 
The negative pressure can be adjusted by either 
partially or completely occluding the pressure vent 
with the surgeon’s thumb whilst holding the han-
dle with the rest of the hand. If the stone fragments 
are too large to pass around the scope within the 
sheath, the scope can be slowly removed proximal 
to the bifurcation to create an unblocked channel 
for larger fragments to evacuate. For staghorn 
stones, multiple tracts are usually necessary and 
are created in the same session. At the end of the 
procedure, a single fluoroscopic image is obtained 
to assess the stone-free status. A double-J stent is 
placed only when there is the presence of a ure-
teric inflammatory polyp from the obstruction 
stone, evidence of ureteropelvic junction obstruc-
tion, concurrent treatment of ipsilateral ureteric 
stone with rigid ureteroscope, presence of signifi-
cant pyelocalyceal blood clots after the lithotripsy, 
and in patients with significant residual stones. 
The sheath is then removed, sealing the wound 
with absorbable gelatin.

The even less invasive character of the SMP 
due to smaller access tracts makes the procedure 
feasible in a tubeless or totally tubeless manner, 
especially in uncomplicated cases when a stone- 
free status is achieved. Assumed advantages of a 
tubeless procedure are better patient comfort, less 
postoperative pain, shorter hospital stay, and 
quicker recovery.

Nephrostomy tube placement indications 
include significant residual stone fragments, 
which would require a second-look operation and 
significant pyelocalyceal blood clots or bleeding 
after the lithotripsy.

15.4  Advantages over Other 
Miniaturized PCNLs

 1. Active removal of stone fragments and main-
taining low renal pelvic pressure (RPP)
Stone fragments are removed through negative 
pressure aspiration in SMP with the ultimate 
goal of making the patient completely stone 
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free at the end of the procedure. When using 
SMP, there are several benefits. Firstly, stone 
extraction is feasible; therefore, both stone 
fragmentation and dusting can be used. 
Secondly, stone fragments tend to aggregate at 
the opening of the sheath, making lithotripsy 
and stone fragments removal more effective. 
Thirdly, the visual field is clearer with the 
capacity to use constant irrigation despite being 
in a miniaturized system. This is because with 
such an irrigation system, ‘dust storm’ caused 
by stone pulverization is minimized. Bleeding 
caused by large PCNL tracts is minimized by 
using a miniaturized puncture system that fur-
ther enhances the field of vision. Finally, the 
use of negative pressure aspiration promotes 
irrigation drainage while maintaining a low 
average RPP during the entire operation [7].

 2. Improved irrigation
In most of miniaturized PCNLs, the main irri-
gation is delivered through the same channel 
used for working instruments. This cause a dra-
matic reduction in irrigation efficiency once the 
laser fibre or pneumatic lithotripter probe was 
inserted. The irrigation-suction sheath in SMP 
system could improve the irrigation efficiency. 

The irrigation-suction sheath is a structure of 
two-layered metal. The space between the 
sheath’s two layers is an independent irrigation 
channel. Using this SMP system, the irrigation 
is delivered through the sheath, thus freeing the 
nephroscope’s working channel space that 
enables the use of larger instruments (as 
550 μm laser fibre or 1.0 mm lithotripter) with-
out decreasing irrigation efficiency.

 3. A more efficient hydrodynamic mechanism for 
retrieval of fragments
In irrigation systems used in other miniaturized 
PCNLs, both irrigation inflow and outflow take 
place within the same sheath lumen. As a conse-
quence, the inflow partly offsets the outflow 
impact, eventually pushing back stone fragments 
into the collecting system, possibly leading to 
stone migration and increasing operation time. 
The irrigation-suction sheath in the SMP system 
enables the inflow and outflow to follow separate 
channels, establishing a one-way flow system. 
The inflow that enters the collecting system 
through the sheath’s irrigation channel is then 
removed from the system via the sheath’s suction 
conduit (Fig.  15.4). This system makes stone 
removal effective and reduces operating time.

outflow

inflow

Nephroscope 

Irrigation
pump

Irrigation-suction sheath

SMP system Traditional mini-PCNL system 

outflow
inflow

Nephroscope

Irrigation
pump

Sheath 

inflow

outflow

stone fragments

Fig. 15.4 The hydrodynamic mechanisms for retrieval fragments in SMP system and traditional mini-PCNL system
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15.5  Comment

Despite being first described a few years ago, 
SMP technique has yet to gain widespread accep-
tance. The safety and effectiveness of the SMP in 
both adults and paediatric populations were 
explored [8, 9]. The results from a multicentre, 
prospective, randomized controlled trial showed 
that SMP was more effective than RIRS in treat-
ment of lower calyceal calculi with a better stone- 
free rate and lesser auxiliary rate [10]. SMP 
appears to be a reasonable option for patients 
with small to medium stones and has been shown 
to be associated with a greater totally tubeless 
rate [8]. In some centres, it is most commonly 
used to manage moderate-sized renal calculus or 
in patients with multiple renal calculi. Although 
SMP can be used in the management of larger 
stones, the choice to use SMP should be prudent, 
and the operation should be performed by an 
experienced surgical team familiar with the 
equipment. Selection of patients is of paramount 
significance for successful treatment with SMP.
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Minimal-Invasive PCNL 
(Mini-PCNL)

Sven Lahme

16.1  Introduction

Over a long period of about 20  years, the so- 
called conventional PCNL was the surgical pro-
cedure of choice for the treatment of larger stones 
of the upper urinary tract. The advantage of the 
conventional PCNL was the very high stonefree 
rate compared to extracorporeal shockwave litho-
tripsy. Percutaneous treatment of large stones 
was superior to all other treatment alternatives 
(retrograde endoscopic treatment, extracorporeal 
shockwave lithotripsy), especially in the lower 
calyx. However, conventional PCNL was associ-
ated with a significant morbidity, e.g. the transfu-
sion rate was approximately 10%. In solitary 
cases serious complications were observed, such 
as loss of kidney. In addition, the large instru-
ments of a conventional PCNL can only be used 
with restrictions in the treatment of pediatric 
stones of the upper urinary tract. The difficulty to 
perform percutaneous stone removal in children 
led to a miniaturization of the conventional 
PCNL. Jackman described a miniaturized PCNL 
in children using a 13  F Amplatz sheath and 

showed that PCNL with miniaturized instruments 
is feasible. He reached a stonefree rate of 89% in 
nine pediatric patients. Transfusions were not 
needed [1].

Based on the good results of the miniaturiza-
tion of PCNL in children, a miniaturization of 
the conventional PCNL in adults was evaluated 
in 1999. The aim was to combine the low mobil-
ity of extracorporeal shockwave lithotripsy with 
the good efficacy of the conventional PCNL in 
adult patients. In 2001 the first specially 
designed miniaturized nephroscope was pub-
lished for the application of Mini-PCNL in adult 
patients [2] (Fig. 16.1).

Meanwhile, the Mini-PCNL has become 
widely accepted as the new standard of percuta-
neous nephrolithotomy. Numerous international 
publications confirm the minimal invasiveness 
and the excellent stonefree rate of Mini-PCNL 
[3–5]. Since about 8 years various modifications 
of the 2001 published original version of the 
Mini-PCNL had been published. These include 
the Micro-PCNL, the Ultra-Mini-PCNL (UMP) 
[6] and the Super- Mini- PCNL (SMP) [7].
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16.2  Indications for Mini-Perc

The European Association of Urology (EAU) 
recommends percutaneous treatment of stones 
from the upper urinary tract if the diameter of 
the urinary stone is more than 2 cm. For uri-
nary stones with a diameter between 1 and 
2  cm, percutaneous stone treatment is only a 
second- choice therapy. If the renal stone is 
less than 1 cm in diameter, percutaneous neph-
rolithotomy is only recommended as a third-
line treatment [8]. In this context, it must be 
kept in mind, that these recommendations of 
the scientific societies are based on publica-
tions that are only dealing with conventional 
PCNL.  In other words, this means that the 
indications for Mini-PCNL may differ from 
the general recommendations for performing 
conventional PCNL.  At present there is still 
the difficulty that only a limited number of 
publications are available for the indication of 

Mini- PCNL and, therefore, so far no consider-
ation was given in the guidelines. Based on the 
publications available so far, it can be assumed 
that Mini- PCNL can be recommended as a pri-
mary treatment option in urinary calculi of the 
upper urinary tract if the diameter is at least 
1  cm [9]. However, it must again be empha-
sized that these indications cannot yet be 
based on the recommendations of the scien-
tific societies. At present, this means that in 
the case of a Mini-PCNL of urinary stones 
with a diameter of less than 2 cm, appropriate 
information must be provided for the patient. 
The patient must always be informed about the 
treatment alternatives (extracorporeal shock-
wave lithotripsy and flexible ureterorenos-
copy). Nevertheless the Mini PCNL is 
currently a minimally invasive procedure with 
low morbidity. However, so far it cannot be 
used on the basis of the current guidelines of 
the scientific societies [10].
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12.6 mm2
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Mini-PCNL
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conventional PCNL
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Fig. 16.1 Comparison 
of Mini-PCNL and 
conventional PCNL. 
(a) The Mini-
nephroscope has only 
21.4% of the cross 
section of the 
conventional 
nephroscope. (b) 
Comparison of 
Mini-nephroscope (∗) 
to conventional 
nephroscope (+). (c) 
Characteristics of the 
Mini-Perc procedure in 
comparison to a 
conventional PCNL

S. Lahme



139

16.3  Treatment Alternatives 
to Mini-PCNL

Depending on the size of the stone and the loca-
tion of the stone, there are different treatment 
alternatives to the Mini-PCNL.  In the case of 
stones of the upper urinary tract, the principal 
alternative treatment options are extracorporeal 
shockwave lithotripsy and flexible ureteroreno-
scopy. Shock wave lithotripsy offers a low mor-
bidity; however, the stonefree is very low and 
the retreatment rate high. In addition, the treat-
ment time of shockwave lithotripsy is very 
long.

In the case of retrograde flexible ureterorenos-
copy as a minimally invasive treatment alterna-
tive, the stonefree rate is high and the morbidity 
of the procedure is also low. However, in the case 
of urinary stones larger than 1 cm in diameter, the 
operation time is significantly longer. For urinary 
calculi larger than 2–3  cm, retrograde flexible 
ureterorenoscopy cannot be recommended as the 
first-choice treatment [11, 12]. In contrast to 
Mini-PCNL, flexible ureterorenoscopy allows 
easier access to the ureter by using a ureteral 
access sheath. In addition, the instruments for 

flexible ureterorenoscopy are very expensive and 
fragile. In case of damage, high repair costs have 
to be expected (Fig. 16.2).

16.4  Equipment

The successful implementation of Mini-PCNL 
depends above all on the availability of appropri-
ate instruments and suitable disposables.

In the first part of Mini-PCNL, a retrograde 
pyelography is performed using a special ureteral 
catheter (5 F). The use of contrast dye and methy-
lene blue is required for dilatation, as well as for 
the radiographic and endoscopic identification of 
the renal calyceal system.

To perform a Mini-PCNL a 12 F nephroscope 
is needed. Furthermore, a so-called one-step dila-
tor (15 F) and a reusable stainless steel Amplatz 
sheath are used. For lithotripsy, a holmium laser 
should be used. As a postoperative urinary diver-
sion the insertion of a nephrostomy tube is advis-
able. As a treatment option, the antegrade use of 
a flexible endoscope through percutaneous access 
or the use of forceps and stone graspers may be 
necessary in solitary cases.

Mini-PCNL flexible URS

access experience required easy

stonefree rate +++ ++

hemostatic
disorders

absolute
contraindication

relative
contraindication

prefered stone
localization lower pole

upper pole
mid calix

cost effectiveness +++ −

lithotripsy Holmiumlaser Holmiumlaser

transfusion rate ≈ 1% < 1%

Fig. 16.2 Comparison of Mini-PCNL to flexible ureterorenoscopy
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16.5  Surgical Procedure

The procedure of a Mini-PCNL consists of two 
steps [13]. The first step of the procedure is a ret-
rograde pyelography. Preferably, a ureteral bal-
loon catheter is used. The retrograde pyelography 
allows getting all information about the morphol-
ogy of the ureter, such as strictures, kinkings or 
additional ureteral stones. The ureteral catheter is 
placed above the ureteropelvic junction and the 
balloon is inflated.

The next step is to reposition the patient. Mini- 
PCNL can be performed in the prone or supine 
position. Most Mini-PCNL procedures are done 
in the prone position. A percutaneous access to 
the renal calyceal system is established, the uri-
nary stone disintegration is performed and the 
stone fragments are removed by means of the 
irrigation flow (Fig. 16.3a–f).

16.5.1  Retrograde Pyelography

First, a diagnostic endoscopy of the bladder is per-
formed to exclude additional pathological findings 
of the lower urinary tract. Subsequently, a 5 F ure-
teral catheter is inserted through the ureteral ori-
fice. The retrograde pyelography then shows any 
additional abnormalities of the ureter. In the case 
of a balloon ureteral catheter, it is blocked above 
the ureteral pelvic junction with approximately 
0.5–1.0  mL of sterile saline. This is done under 
fluoroscopic control. In individual cases, the 
blockage of the ureteral balloon catheter can also 
be done in the proximal ureter under radiological 
guidance. This is always to be preferred if the uri-
nary stone mass in the renal pelvis does not permit 
the position of the ureteral catheter in the renal pel-
vis due to limited space of the renal pelvis. Finally, 
after retrograde pyelography and the insertion of 
the ureteral catheter, the insertion of a transure-
thral catheter is performed (Fig. 16.3b).

16.5.2  Repositioning of the Patient

Upon completion of the ureteral catheter inser-
tion, the patient is repositioned to perform the 
Mini-PCNL. This can be done either in the prone 

or supine position. The decision on the type of 
positioning primarily depends on the experience 
of the surgeon. In case of prone positioning, the 
kidney may be fixed by a cushion positioned 
under the abdomen. Alternatively, the pelvis and 
the thorax can be elevated by means of a cushion 
to have a mobile kidney to perform Mini- 
PCNL. Through the ureteral catheter a mixture of 
contrast dye and methylene blue is applied. This 
leads to a dilatation of the renal pelvis and facili-
tates the puncture of the renal calyceal system. In 
addition, the successful puncture of the renal 
calyceal system is easier to monitor after apply-
ing methylene blue through the ureteral catheter.

16.5.3  Puncture of the Calyceal 
System

The puncture of the renal pelvis can be done 
either under ultrasound control, under radio-
graphic control or by a combination of both 
methods. After application of a mixture of con-
trast dye and methylene blue, the successful 
puncture of the renal calyceal system can be eas-
ily detected fluoroscopically and clinically. If the 
calyceal system had been punctured successfully, 
the next step is to insert a guidewire (Fig. 16.3c). 
Then the puncture needle is removed and a so- 
called single step dilator is inserted under radio-
logical guidance. The next step is to insert a 
stainless steel Amplatz sheath, which exactly fits 
to the stainless steel dilator. Finally, the stainless 
steel dilator is removed (Fig. 16.3d). By means of 
the mini-nephroscope, an endoscopic evaluation 
of the renal calyceal system is performed. If the 
Amplatz sheath is placed properly and no further 
difficulties are detected by mini-nephroscopy, the 
guidewire can be removed. The removal of the 
guidewire in Mini-PCNL is always recommended 
as without the guidewire the so-called vacuum- 
cleaner effect is facilitated (see below).

16.5.4  Nephroscopy

The nephroscopy is performed with the mini- 
nephroscope, which has a diameter of 12 F. It can 
be inserted through the stainless steel Amplatz 
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a b

c d

e f

Fig. 16.3 Mini-Perc procedure. (a) 2  cm renal pelvic 
stone. (b) Retrograde pyelography and insertion of ure-
teral balloon catheter. (c) Puncture of the renal calyceal 

system. (d) Dilation of the tract and insertion of an 
Amplatz sheath. (e) Stonefree-status at the end of the pro-
cedure. (f) Insertion of nephrostomy tube
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sheath. Once the correct position of the Amplatz 
sheath has been verified under nephroscopic 
vision, the still inserted guide wire can be 
removed. The aim of the removal of the guide-
wire is that the fragments later produced by 
holmium- laser lithotripsy can be more easily 
rinsed through the Amplatz sheath and the guide-
wire is not an obstruction, which stops the migra-
tion of stone fragments. For inspection of the 
renal calyceal system flexible endoscopes can 
also be used. Here, the indication is based on the 
morphology of the renal calyceal system. The 
orientation during nephroscopy is mainly done 
under endoscopic view. But it can be additionally 
facilitated by fluoroscopy and contrast dye 
application.

16.5.5  Stone Disintegration

The stone disintegration in Mini-PCNL should 
preferably be done by means of a holmium laser. 
The reason for this recommendation is that the 
cross-section of the holmium-laser fiber is very 
small and thus no decrease of the irrigation flow 
takes place. In addition, due to the different settings 
of a holmium laser, various different types of stone 
disintegration can be applied. According to the par-
ticular stone situation, disintegration into fragments, 
and disintegration into dust or a popcorn-effect can 
be performed. The goal in any Mini-PCNL case is 
to achieve such small stone fragments, which auto-
matically can leave the renal calyceal system 
through the space between the mini-nephroscope 
and the Amplatz sheath. In holmium-laser litho-
tripsy, the laser fiber is brought close to the surface 
of the urinary stone. When applying the laser, the 
fragment size can be varied depending on the fre-
quency and energy used. In the case of a Mini-
PCNL, it is recommended to generate as small as 
possible fragments of the stone and to prevent the 
simultaneous formation of several larger fragments 
of the initial stone. If an ultrasound device is used 
for stone disintegration, it should be noted on the 
one hand that a reduction of the irrigation flow 
occurs due to the cross section of the ultrasound 
probe and, on the other hand, a collapse of the renal 

pelvis can occur due to the suction effect of the 
ultrasound probe. Therefore in Mini-PCNL a hol-
mium-laser lithotripsy is most suitable.

16.5.6  Stone Extraction

In Mini-PCNL, the removal of disintegrated uri-
nary stone fragments occurs only through the 
flushing stream of the irritation. In this respect, 
the use of forceps or baskets is not required. Due 
to the special ratio of the diameter and length of 
the Amplatz sheath a special suction effect 
occurs, which is known as the so-called 
 vacuum- cleaner effect. This effect does not occur 
in the conventional PCNL and is considered to be 
the main difference of the Mini-PCNL to the con-
ventional PCNL.  If peripheral renal calculi are 
present in the renal calyceal system, the use of 
flexible endoscopes via the Mini-PCNL Amplatz 
sheath may be useful. The aim of the Mini-PCNL 
is in any case to treat the patient endoscopically 
and radiologically confirmed stonefree.

16.5.7  Postoperative Drainage 
of the Calyceal System

For the postoperative drainage of the renal caly-
ceal system, the insertion of a 12 or 14 F nephros-
tomy tube is recommended. The insertion of a 
percutaneous nephrostomy tube reduces the risk 
of postoperative fever. In addition, the percutane-
ous access to the kidney is preserved so that, if 
necessary, a second procedure can be performed 
without a new puncture of the renal calyceal sys-
tem. If one refrains from inserting a percutaneous 
nephrostomy and inserts a DJ stent instead, one 
speaks of a tubeless PCNL. If neither a percutane-
ous nephrostomy nor a DJ stent is inserted, this is 
called a totally tubeless PCNL (Fig. 16.3e, f) [14].

16.5.8  Particular Situations

In the case of very large masses of stone, it may 
be necessary to create multiple accesses to the 
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kidney. In this case we are talking about a multi-
tract Mini-PCNL (Fig. 16.4). If it is not possible 
to completely remove the stones in a Mini-PCNL, 
it is advisable to perform a second puncture [15].

In some cases a multiple tract PCNL can be 
expected before the procedure starts. In these 
cases it is recommended first to perform multiple 
punctures but not to perform any dilation. After 
multiple punctures had been done and guidewires 
in each access had been placed, the dilation of 
one tract can be started. Later one of the addi-
tional guidewires can be used for dilation and 
introducing an additional Amplatz sheath. 
According to the success of the procedure in 
some cases not all punctures are needed to insert 
an Amplatz sheath. At the end of the procedure 
any remaining guidewires can be removed with-
out any difficulties.

In obese patients, using a longer Amplatz 
sheath may be helpful. However, in this case, the 
effect of the “vacuum-cleaner effect” is reduced.

16.6  Effectiveness of Mini-Perc

In experienced hands, the Mini PCNL is an 
effective and safe treatment modality for mid-
sized stones of the renal calyceal system. The 

overall stonefree rate of the Mini PCNL is 
approximately 94%. The average operation 
time is approximately 65 min. If large urinary 
stones are treated, the operation time can be 
significantly longer. Interestingly the results of 
large upper urinary tract stones are comparable 
to the overall results. If an increase of the 
retreatment rate and a slight increase of the 
operating time are accepted, large stones can 
also be successfully treated by Mini- PCNL 
(Fig. 16.5) [16].

16.7  Complications

Basically complications of Mini-PCNL do not 
vary from complications of conventional 
PCNL—but frequency differs significantly. 
The main complications of Mini-PCNL are 
febrile urinary tract infections, perforation of 
the calyceal system, bleeding, strictures of the 
calyceal neck, fistulas and alterations of inner 
organs. Almost all perforations are treated with 
a prolonged insertion of a DJ-stent. No further 
difficulties remain in these cases. Major com-
plications in Mini-PCNL are very rare. The 
transfusion rate is approximately 1% 
(Fig. 16.5) [17].

a b c

Fig. 16.4 In staghorn calculi, Mini-PCNL can be per-
formed by multiple accesses. (a) Primary puncture of the 
lower calyx. (b) Multiple punctures due to peripheral 

stone mass. (c) Complete removal of all stones after seven 
sessions with no complications
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16.8  Mini-PCNL in Particular 
Situations

Mini-PCNL is not only suitable in adult patients 
suffering from upper urinary tract calculi. Mini- 
PCNL can also be applied in particular situations 
which are challenging for endourological stone 
treatment.

16.8.1  Calyceal Diverticulum Stones

In calyceal diverticulum stones, the stones and 
the underlying morphological obstruction have 
to be treated simultaneously. There is almost no 
localization of calyceal diverticulum stones 
which cannot be reached by means of Mini- 
PCNL. This is a significant advantage in com-
parison to flexible ureterorenoscopy as in 
flexible ureterorenoscopy sometimes calyceal 
diverticula cannot be reached. In the case of 
Mini-PCNL, first the puncture is done. Then the 
calyceal diverticulum stone is disintegrated and 
removed. As the diverticulum is usually very 
narrow and there is only a limited space to place 
the nephroscope, Mini-PCNL is superior to con-

ventional PCNL in this situation. Subsequently 
the diverticulum neck is passed by a guidewire 
by an antegrade way. Along the guidewire a hol-
mium-laser incision of the diverticulum neck is 
done. Finally a nephrostomy tube is inserted 
and left in place for some days. There is scien-
tific evidence that the percutaneous treatment of 
calyceal diverticulum stones is more effective 
than by means of flexible ureterorenoscopy 
(Fig. 16.6a–e).

16.8.2  Stone Removal 
in Transplanted Kidneys

Stones in transplanted kidneys can easily be 
reached by means of a Mini-PCNL. In contrast to 
pelvic kidneys, transplanted kidneys are located 
next to the abdominal wall with no interposition 
of the bowel. The ultrasound-guided puncture of 
the calyx of a transplanted kidney is often easy. 
Mini-PCNL also avoids any passage of the frag-
ile ureteral anastomosis of the transplanted kid-
ney. This means that Mini-PCNL in transplanted 
kidneys preserves the fragile anatomy of the 
transplanted ureter.

part. staghorn

prox. ureter

horse shoe
kidney

calix

diverticulum

renal pelvis

operative time [min]

stonefree rate [%]

retreatment rate [%]

transfusion rate [%]

pyelonephritis [%]

localisation [n]

stone burden [cm2]

overall

168

18

5

63.1

91.6

23.1

1.3

7.0

425

79

353

4.1

> 5cm2

76.5

93.2

33.2

1.1

7.7

9.6

Fig. 16.5 Results of 
Mini-Perc in n = 1048 
cases
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16.8.3  Pediatric Upper Urinary Tract 
Stones

The anatomy of the renal calyceal system in chil-
dren is characterized by a limited space and a 
small diameter of the calyceal necks. Mini-PCNL 
with its limited diameter of the Amplatz sheath 
avoids any damage of the fragile infant calyceal 
system. Mini-PCNL is an ideal treatment option 
in upper urinary tract stones in childhood [1, 18]. 
Even in early born infants, Mini-PCNL can be 
applied. Remember that Mini-PCNL initially 
was designed for the treatment of upper urinary 
tract stones in children. A special chapter in this 
book deals with this topic (refer Chap. 19 by Dr. 
Kemal Sarica).

16.9  Recent Modifications 
of the Original Version 
of Mini-PCNL

From 2001 to 2011 Mini-PCNL has only been 
performed in its original version. Starting in 2011 
several modifications of Mini-PCNL were pre-
sented. The main aim was to further minimize the 
risk of complications and to receive a comparable 
stonefree rate.

16.9.1  Micro-PCNL

Bader et  al. published the Micro-PCNL tech-
nique in 2011. They developed a further minia-

Fig. 16.6 (a) Calyceal diverticulum stone. (b) Retrograde 
pyelography in prone position. (c) Percutaneous puncture 
and removal of stone by Mini-PCNL. (d) Antegrade inser-

tion of guidewire and holmium laser incision of the caly-
ceal neck. (e) Insertion of nephrostomy tube

a b
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turized nephroscope which was inserted in a 
special puncture needle. As the nephroscope 
was used during the puncture, this particular 
needle was called the “all-seeing needle.” The 
diameter of the needle is 5 F, and the puncture of 
the renal calyceal system is done under direct 
endoscopic vision and ultrasound and/or fluoro-
scopic guidance. No dilation of the tract is 
needed. The only type of stone disintegration 
that works with Micro-PCNL is the holmium-
laser lithotripsy. Due to the limited diameter of 
the Micro-PCNL Amplatz sheath, no stone 

removal is possible. The aim is to produce stone 
dust. These very small dust particles have to 
pass the ureter. The Micro-PCNL technique 
leads to a disintegration of the renal stones but 
does not provide any immediate stonefree status 
after the procedure. Furthermore there is no low 
pressure in the renal calyceal system as the irri-
gation flow is applied through the scope, but no 
space is available to allow the irrigation water to 
come out of the calyceal system. This is the rea-
son why most urologists performing Micro-
PCNL prefer to insert a large ureteral catheter. 

e

c d

Fig. 16.6 (continued)
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The missing percutaneous outflow of the irriga-
tion flow also leads to an increase of the pres-
sure of the renal calyceal system, which is also 
a significant disadvantage. The stonefree rate of 
Micro-PCNL is significant lower than in origi-
nal Mini-PCNL, and the probability to convert 
to Mini-PCNL is up to 15% [19].

16.9.2  Ultra-Mini-PCNL (UMP)

An UMP is performed by means of a 6 F neph-
roscope and an 11 F Amplatz sheath. The under-
lying principle of UMP is the same as in the 
original Mini-PCNL. After puncturing the renal 
calyceal system, a dilation of the tract is per-
formed. Lithotripsy is performed by means of a 
holmium laser. Small fragments can be washed 
out of the calyceal system by means of the irri-
gation flow. This means that the so-called vac-
uum-cleaner effect also occurs in 
UMP. Unfortunately the stone fragments have to 
be very small. Otherwise it is impossible to 
wash out the stone fragments. UMP provides a 
low morbidity and an acceptable stonefree rate. 
But the operative time is longer and UMP is not 
recommended in large stone burden. UMP usu-
ally is performed as a tubeless procedure, which 
means, that no nephrostomy tube is inserted 
after the procedure [6, 20].

16.9.3  Super Mini-PCNL (SMP)

SMP had been evaluated by Zeng et al. The punc-
ture and the dilation are similar to the original 
Mini-PCNL.  In contrast to the original Mini- 
PCNL in SMP, active irrigation and active suc-
tion are used. The SMP Amplatz sheath consists 
of a particular connection to apply suction. The 
result is that with active irrigation and active suc-
tion the stone fragments can be washed out 
quicker. Particular in larger stone burden, the 
SMP is an advantage. The disadvantage is that 
the equipment is more complex to install and 
more expensive.

16.9.4  Minimal Invasive PNL (MIP XS, 
S, M, L)

The MIP technique works similar to the original 
Mini-PCNL.  After puncturing the calyceal sys-
tem, a single-step dilation is performed. The par-
ticular instrument used is chosen according to the 
stone burden, e.g. MIP S in small stones, MIP L 
in staghorn stones. The size of the nephroscope 
corresponds to each size of the Amplatz sheath, 
which means that different Amplatz sheaths have 
different nephroscopes.

16.9.5  Perfect Perc (PP)

The PP was introduced in 2014. This technique is 
based on a variety of different Amplatz sheaths, 
which can be combined with the same further 
miniaturized nephroscope with a diameter of 
4.5 F. The idea is to adjust the size of the Amplatz 
sheath to the size of the stone but always to use 
the same mini-nephroscope. Amplatz sheaths are 
available from 10 to 16 F. As the nephroscope is 
only used to have an endoscopic view of the stone 
and to apply the laser, a very small mini- 
nephroscope is suitable for all sizes of Amplatz 
sheaths. As the same mini-nephroscope fits to all 
sizes of Amplatz sheaths, the PP is a very 
 cost- effective procedure. In addition not only the 
diameter of the Amplatz sheaths can be adjusted 
to the size of the stone but also the length of the 
Amplatz sheath. All different sizes of the Amplatz 
sheaths are available in different lengths from 
120 to 180 mm according to the obesity of the 
patient. As the “vacuum-cleaner effect” depends 
on the diameter and length of the Amplatz sheath, 
the PP can provide the optimum combination of 
Amplatz sheath diameter and length at any time.

16.10  When to Choose Mini-PCNL

As already discussed numerous modifications of 
the original Mini-PCNL are available. Figure 16.7 
gives an overview of which type of Mini-PCNL 
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to choose for which type of stones. Mini-PCNL 
can be recommended for stones exceeding a 
diameter of 1 cm. There is no limitation accord-
ing to the stone size. The surgeon should always 
take into consideration that Mini-PCNL in stones 
from 1 to 2 cm is not yet covered by the guide-
lines. The type of PCNL used depends on the 
stone burden. According to the stone size, differ-
ent types of PCNL can be recommended 
(Fig. 16.7) [21].

16.11  Conclusions

Mini-PCNL is a minimal-invasive modification 
of conventional PCNL. By means of a miniatur-
ized instrument, a minimally invasive percutane-
ous procedure can be performed. Depending on 
stone size, location and composition, stonefree 
rate of 90% or more can be reached. As the punc-
ture of the calyceal system is the most important 
step of the procedure, Mini-PCNL requires a lot 
of experience of the surgeon. Stone extraction, 
like in conventional PCNL, is not needed due to 
the effect by irrigation flow. It is expected that 
Mini-PCNL will be the percutaneous approach of 
choice and will be considered in the guidelines as 
soon as prospective trials are available to deter-
mine the effectiveness of Mini-PCNL even in 
smaller stone masses.
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ECIRS (Endoscopic Combined 
IntraRenal Surgery): 
From Background Actor to Main 
Character of the Endourological 
Treatment of Urolithiasis

Cesare Marco Scoffone and Cecilia Maria Cracco

17.1  The Acronym ECIRS

ECIRS is an acronym standing for Endoscopic 
Combined IntraRenal Surgery, coined in 2008 [1], 
and duplicating the already existing acronym 
RIRS, standing for Retrograde IntraRenal Surgery.

For a long time our group has been the only 
one using it, both as an acronym and surgical 
approach for the treatment of large and/or com-
plex urolithiasis [1, 2], but year after year ECIRS 
has come into the play. ECIRS has been included 
in the EAU (European Association of Urology) 
Guidelines on Urolithiasis since 2018 [3] and is 
nowadays used all over the world including 
Europe, South America and Asia in up to 30% of 
the percutaneous nephrolithotripsy (PNL) cases 
[4]. On the other hand, ECIRS is still not very 
popular in North America and Australia, although 
the interest seems to be somehow rising lately [5].

17.2  A Bit of History

PNL and retrograde flexible ureteroscopy (fURS) 
occasionally intersected within the same renal 
stone surgery during the 1980s, but retrograde 

fURS became an essential tool rather than a com-
plementary step of PNL only in the 1990s thanks 
to the Spanish urologist Gaspar Ibarluzea, who 
regularly employed it along with a new modified 
supine position, later named Galdakao-modified 
supine Valdivia (GMSV) position [6]. His inheri-
tance has been taken over by many urologists 
who experienced the advantages of the combined 
approach in terms of safety and efficacy although 
not all of them shifted from the prone to the 
supine/supine-modified positions [6–10].

17.3  Patient Positioning 
for ECIRS: From Prone 
to Supine and Supine- 
Modified Positions

Prone positioning of the patient for PNL was not 
a clinically reasoned choice but simply an inheri-
tance from the radiologists, percutaneously drain-
ing hydronephrotic kidneys without passing 
through the renal parenchyma. When urologists 
developing the PNL technique took the renal 
puncture away from the radiologists’ hands, 
establishing themselves the percutaneous renal 
access, they did not consider the possibility to 
modify the patient’s position, which became the 
traditional one and remained such for decades [6].

In the past, only occasionally urologists tried 
alternative positions for PNL in selected and 
challenging cases like high-risk or obese patients, 
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elderly or children, mainly because of the posi-
tive anaesthesiological effects.

During the late 1980s Josè Gabriel Valdivia 
Urìa from Spain started to regularly perform 
PNL in his supine-modified position with the 
operated flank elevated. Later on, another 
Spanish urologist, Gaspar Ibarluzea, proposed 
to add to the Valdivia supine position an asym-
metric lithotomic arrangement of the lower 
limbs (Fig. 17.1), in order to associate the anaes-
thesiological advantages of the supine decubitus 
with an easy retrograde access to the collecting 
system. This position was named the Galdakao-
modified supine Valdivia (GMSV) position, 
from the name of the hospital where Dr. 
Ibarluzea worked in Bilbao, and became our 
favourite one for ECIRS, optimally supporting 
this kind of approach [6].

Many urologists additionally described a vari-
ety of oblique, flank, complete supine and modi-
fied prone positions, allowing ECIRS and smooth 
anaesthesiological intraoperative management. 
Anaesthetists themselves confirmed the better 
cardiovascular and airway controls, the reduced 
risk of pressure damages and ischemia, the 
improved hemodynamic and pharmacokinetic 
conditions, the decreased risk of accidental extu-
bation and kinking of the tracheal tube while 
turning the patient prone [5, 9, 10].

Urological and management benefits have 
been less evident for a long time, especially 
because the discussion remained blocked on the 
anaesthesiological issue, and the equivalent uro-
logical outcomes in terms of safety and efficacy 
clouded some obvious considerations [1, 2, 5, 6, 
9]. Such benefits include the easy, safe and com-

Fig. 17.1 The Galdakao-modified supine Valdivia 
(GMSV) position with the operated flank elevated by two 
jelly pillows and the legs arranged in a asymmetric 

lithotomic position with the ipsilateral leg slightly 
extended and the contralateral one well flexed and 
abducted
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fortable supine patient positioning with no intra-
operative changes, less need of nurses, diminished 
time and manipulation of the anaesthetized 
patient, decreased occupational risk related to 
shifting heavy loads, lowered risk of pressure 
damages, and no need for the sterile redraping of 
the patient (Fig. 17.2). The antegrade surgeon can 
work sitting down (Fig. 17.3) with the hands out-
side the fluoroscopic field; the colon moves away 
from the puncture area especially in the Valdivia 
supine and all the supine-modified positions 
because it drops down on the opposite side. The 
Amplatz sheath is horizontal or slightly inclined 
downwards (Fig. 17.4), favouring irrigation out-
flow and lowering intrarenal pressures with a 

reduced uroseptic risk as well as a better sponta-
neous drainage of stone fragments.

We have to underline also some disadvantages 
of the supine positions, mainly an increased 
mobility of the kidney, sometimes requiring an 
auxiliary help in order to stabilize the kidney 
(coordinated abdominal counterpressure, brief 
apnoea in maximal inspiration, through-and- 
through guidewire) and a restricted working space 
compared to the large working field of the prone 
position, even though the elevation of the flank 
helps enlarging the working space outlined by the 
reference lines (posterior axillary line, 12th rib 
and iliac crest) as well as patient positioning near 
the edge of the operating table (Fig. 17.5).

Fig. 17.2 The unique sterile draping of the patient for 
ECIRS with both antegrade and retrograde operating 
fields. Part of the organization of the operating room is 

also visible with the ultrasound device, the anaesthesio-
logical armamentarium, the C-arm and the video tower
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Fig. 17.3 The antegrade surgeon can work sitting down
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17.4  Setup of the Operating 
Room and Preparation 
of Instruments/Devices/
Accessories

In view of an ECIRS, a standardized organization 
of the operating room and a reasoned preparation 
of all instruments, devices and accessories are 
fundamental.

The operating table has to be radiolucent, with 
no interposed radiopaque bars, mobile in order to 

host the C-arm of the fluoroscope with the possi-
bility to be arranged with the padded leg stirrups 
for the modified lithotomic position of the lower 
limbs. The floor underneath is usually covered by 
absorbent paddings in order to prevent fluid spill-
ing although the sterile draping has pouches for 
both accesses.

During ECIRS the operating room is for sure 
very crowded; therefore, a thorough, standard-
ized and coordinated preparation is required 
(Figs. 17.1, 17.2, and 17.3). The organization dif-
fers in case of right or left surgery. The result is a 
well-organized team work including urologists, 
anaesthetist and all nurses.

 – Ultrasound and fluoroscopy screen are put on 
the side to be operated

 – The anaesthetist and the needed equipment 
are located behind the head of the patient

 – Lithotripsy devices (laser and ballistic/ultra-
sonic lithotripters) are placed behind the 
 antegrade surgeon, sitting in front of the flank 
to be operated

 – The C-arm of the fluoroscope with the radiol-
ogy technician and video tower are positioned 
in front of the antegrade surgeon and on the 
side of the patient opposite to surgery

 – Antegrade irrigation is near the C-arm and the 
head of the patient; retrograde irrigation is 
near the video tower and the legs of the patient

 – The scrub nurse stands between the antegrade 
and the retrograde surgeons with the retro-
grade surgeon being between the lower limbs 
of the patient, the antegrade table behind the 
antegrade surgeon and the retrograde table 
behind the retrograde surgeon (Fig. 17.6).

The operation modes of all the devices must 
have been previously checked; all needed materi-
als (like lead aprons, jelly pillows and paddings, 
or adhesive stripes) and accessories (like guide-
wires, ureteral catheters, nephrostomies, double-
 J stents, laser fibers, ballistic/ultrasound probes, 
needle for the renal puncture, progressive silicon 
dilators, Alken dilators and balloons of various 
sizes, Amplatz sheath, or ureteral access sheaths) 
must be prepared and ready in the operating 
room. All the operators must work without obsta-

Fig. 17.4 During ECIRS in the GMSV position the 
direction of the Amplatz sheath is horizontal or slightly 
inclined downwards with optimal irrigation outflow and 
stone fragments’ spontaneous drainage

Fig. 17.5 The reference lines (posterior axillary line, 
12th rib and iliac crest) are drawn on the skin of the oper-
ated side. Two small additional lines define the horizontal 
plane which can be followed straight forward to reach 
with the needle the lateral margin of the kidney, identified 
by means of ultrasound examination
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cles, having everything they need within arm’s 
reach and comfortable.

17.5  The Rationale of ECIRS

ECIRS is an innovative interpretation of PNL 
because it introduces the standardized coopera-
tion of retrograde flexible ureteroscopy (fURS) 
with the traditional antegrade percutaneous 
approach to the stone disease.

When we started to regularly employ retro-
grade fURS before and during PNL in 2003, we 
were very intrigued by the promises of the associ-
ated retrograde approach [1]. The very first and 
immediate addition was the possibility to perform 
the so-called Endovision percutaneous access, 
endoscopically checking the penetration of the 
needle through the tip of the papilla (Fig. 17.7), 

Fig. 17.6 The antegrade and retrograde scrub nurse tables

Fig. 17.7 The Endovision aspect of the hydrophilic 
guidewire inserted through the needle, papillary puncture 
of an inferior posterior single calyceal access
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the insertion of the through-and- through guide-
wire, the sequential application of fascial, bal-
loon/Alken/silicon dilators and of the Amplatz 
sheath. Under this retrograde surveillance the per-
cutaneous access could be performed safely and 
with a reduced radiation exposure, avoiding 
overadvancement or insufficient insertion of the 
devices, preventing perforations of the collecting 
system, fluid extravasation, bleeding and loss of 
stone fragments in the retroperitoneum.

Unfortunately we soon realized that the 
Endovision puncture is extremely useful but not 
always possible, especially in case of impacted or 
staghorn stones, and also that the retrograde 
access is not feasible in about 20% of cases for 
various reasons (non-compliant ureter or ureteral 
orifice, ureteral spasms and strictures).

At the same time this moment of frustration 
became a chance of growth exactly when we real-
ized that the conceptual value of ECIRS extends 
beyond a safe endoscopically guided renal punc-
ture, and that its essence is not retrograde ure-
teroscopy at any cost with the risk of ureteral 
damage and related long-term sequelae (in case 
of non-compliant ureter, the traditional ureteral 
catheter is retrogradely inserted). On the con-
trary, the knowledge of the unfavourable features 
of the low urinary tract and ureter may be of addi-
tional help in order to understand the possible 
causes involved in stone formation and tailor the 
procedure on the patient’s characteristics, plan-
ning an effective and safe strategy. Our patients 
all sign for both RIRS and PNL/ECIRS in the 
GMSV position and expect us to solve their uro-
lithiasis in one step, choosing intraoperatively 
whether a retrograde approach is feasible, safe 
and effective, or whether a percutaneous approach 
is paradoxically more miniinvasive than a multi-
step RIRS.

When fully performed, ECIRS is a compre-
hensive approach to PNL, allowing a versatile 
and personalized tailoring of all the intraopera-
tive choices in the real-time situation of the 
patient, the dynamic anatomy of the collecting 
system and the urolithiasis [2, 5–7, 11].

In ECIRS, retrograde fURS replaces the step 
of the cystoscopic application of the ureteral 
catheter for retrograde pyelography, allowing 

preliminary direct visualization of the urethra, 
ureteral orifice, ureter, ureteropelvic junction, 
pelvis and calyces with their infundibula and the 
instructive evaluation of their dynamic features 
for an optimal planning of the following 
strategy.

The diagnostic role of retrograde flexible ure-
teroscopy goes on intraoperatively, assisting all 
the steps of the percutaneous renal access (from 
needle insertion to Amplatz sheath application), 
stone treatment (lithotripsy and litholapaxy) and 
exit strategy. We usually say that the use of retro-
grade fURS puts the eye of the urologist on the 
tip of the retrograde catheter and the whole pro-
cedure in the urologist’s hands.

The active role of retrograde flexible ureteros-
copy is optional (ECIRS is such also when there 
is no other retrograde contribution but the diag-
nostic one) but may be essential for a safe ante-
grade or retrograde guidewire application to 
facilitate renal access and to improve stone clear-
ance, managing or treating stones difficult to 
reach through a single percutaneous tract.

17.6  The Essential Role 
of Retrograde fURS During 
PNL and the Step-by-Step 
Procedure

Retrograde ureteroscopy (first semirigid, then 
flexible) allows:

 – Preliminary lower urinary tract evaluation, 
timely identifying of urethral strictures, false 
urethral passages, obstructing or easily bleed-
ing prostatic adenomas, calcified intravesical 
stents or tight ureteral orifices to deal with

 – Passive ureteral dilation thanks to the tapered 
shape of the semirigid ureteroscope

 – Assessment of the dynamic anatomy of the 
upper urinary tract, integrating the knowledge 
of the static anatomy deriving from preopera-
tive imaging (evaluation of the elasticity of the 
collecting system, likelihood of detachment of 
impacted/staghorn calculi from the mucosa 
with the creation of a water path around the 
stone, recognition of suburothelial/parenchy-
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mal calcifications looking like stones in non-
contrast computed tomography) and driving 
intraoperative choices concerning size and 
location of the percutaneous access and type 
of tract dilation

 – Endovision assistance to the percutaneous 
tract creation

 – Generation of a water path around staghorn 
stones impacted within a calyx by means of ret-
rograde irrigation, facilitating the insertion of 
the hydrophilic guidewire and supporting the 
choice of technique of dilation and size of the 
access tract. In the absence of space between 
the stone and mucosa, tapered dilators like bal-
loon or silicon dilators (requiring a space of at 
least 1 cm within the calyx to host their tip) will 
not be used, but Alken dilators (requiring no 
other space than that sufficient to host the ball-
shaped tip of the first stylet) will be rather 
employed. If the infundibulum of the access 
calyx is thin, inelastic instruments and acces-
sories will be adapted to the patient, choosing a 
miniaturized access to avoid breaking the col-
lecting system causing useless bleeding

 – Optional active contribution (about 50% of 
cases in our experience) in the application of 
the through and through guidewire (from the 
percutaneous renal access down the ureter or 
from below with the antegrade retrieval after 
the percutaneous access has been gained), the 
treatment/displacement of stones in calyces 
difficult to reach antegradely with both rigid 
and flexible nephroscopes, avoiding the need 
for multiple percutaneous accesses; and pass-
ing the ball through the Amplatz sheath

 – Retrograde control of the ongoing antegrade 
lithotripsy performed by means of both rigid 
and flexible nephroscope, avoiding descent of 
fragments below the UPJ

 – Final integrated exploration of all calyces 
allows in search of residual fragments in com-
bination with the flexible nephroscope, aiming 
at an optimal stone-free status because remov-
able using a basket

 – Final evaluation of the collecting system, sup-
porting the decision for a stentless or a stented 
procedure along with the assessment of the 
descent of the contrast medium from the 

pyelocalyceal system below the ureteropelvic 
junction and within the ureter

In summary, retrograde fURS during PNL has 
two distinct roles: a fundamental diagnostic one 
(allowing to adapt the whole surgical strategy to the 
patient, and sometimes to change the indication 
from PNL to RIRS in case of friable and retro-
gradely approachable medium-sized stones), and an 
optional active one. The diagnostic role being the 
prominent one, the risk of rupture of the flexible 
ureteroscope with its high costs is very limited, and, 
in any case, nowadays there is also the additional 
option of single-use digital flexible ureteroscopes.

17.7  Conclusions

In the 1970s PNL appeared as a revolutionary pro-
cedure for the treatment of large urolithiasis, suc-
cessfully replacing the traditional invasive open 
renal surgery required until then. Subsequently 
PNL reinvented itself instead of simply aging 
becoming a safer and more effective procedure, 
thanks to the progresses in patient positioning, the 
evolution of the techniques of percutaneous renal 
access, the miniaturization of access tract and of 
endoscopes/devices/accessories and the improve-
ment in intracorporeal lithotripsy energies [12]. 
For these reasons, current PNL is for sure much 
better than that its old version, and ECIRS is part 
of PNL maturation and improvement, being a 
comprehensive and versatile approach tailoring all 
intraoperative choices on the patient.
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18.1  Introduction

There are several kidney anatomical situations in 
which the management of large urinary calculi 
presents a unique challenge to urologists.

In this chapter, we will review the manage-
ment of large lithiasis in the most common kid-
ney anatomical variants we could encounter in 
clinical practice, which include calyceal diver-
ticula, ectopic (pelvic) kidneys, transplanted kid-
neys, horseshoe kidneys, spinal deformities, and 
pregnant patients.

In-depth knowledge of the incidence, patho-
physiology, anatomical variations, indications, 
possible complications and experience in other 
published series are crucial for pursuing the best 
results available during percutaneous nephroli-
thotomy (PCNL). Adequate imaging with 
contrast- enhanced CT scans is paramount for the 
surgical planning and prevention of possible 
complications.

The goals of surgical treatment in these par-
ticular situations are similar to those of the nor-
mal kidneys. That is the complete clearance of all 

stone fragments using minimally invasive percu-
taneous surgery while minimizing secondary 
procedures and complications.

18.2  Calyceal Diverticula

18.2.1  Generalities

Calyceal diverticula are defined as congenital, 
non-secretory cavities within the renal paren-
chyma, covered by transitional urothelium, which 
usually maintain a communication with the col-
lecting system through a narrow isthmus [1].

The incidence of calyceal diverticula is 
thought to be less than 1% of the general popu-
lation [2]. Theories about their development 
vary widely, from small divisions of the ure-
teral bud, which failed to degenerate [1–3], to 
sequelae of obstruction, infections, or infun-
dibular stenosis [4]. Stone formation inside the 
diverticula is thought to be caused by urinary 
stasis inside the cavity, leading to urine crystal 
precipitation [5, 6]. However, in over 50% of 
these patients, an underlying metabolic abnor-
mality predisposing to stone formation has 
been reported [6–9]. Therefore, besides surgi-
cal treatment, a complete metabolic evaluation 
should be done in order to find and treat possi-
ble metabolic derangements to prevent future 
stone recurrence [9].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0575-1_18&domain=pdf
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18.2.2  Diagnosis and Treatment

At present, most patients are asymptomatic [10] 
and are found to have calyceal diverticula as an inci-
dental finding (around 0.21–0.6% of intravenous 
pyelographic investigations) [3, 4, 11]. The com-
mon presenting symptoms of lithiasis inside caly-
ceal diverticula are lumbar pain, hematuria, and 
recurrent urinary tract infections. Intradiverticular 
stones can be found in about 50–96% of patients 
with calyceal diverticula [3, 4, 10, 12–14].

The most accurate diagnosis for a calyceal 
diverticulum occupied by lithiasis, which also 
serves as preoperative planning is made with a 
contrast-enhanced CT scan. The urinary tract 
anatomy has to be assessed correctly for 
 considering any other options of treatment and to 
prevent complications. The widespread use of 
non-contrast CT scans and intravenous pyelo-
grams (IVP) may delay the accurate diagnosis of 
calyceal diverticula (Figs. 18.1 and 18.2) [15].

Although the presence of lithiasis does not 
serve as an indication for the surgical treatment 
itself, management is recommended for patients 
who present chronic pain, recurrent infections, 

hematuria, or progressive damage of the 
parenchyma.

The best treatment modality for every patient 
will depend on the size, location, and stone bur-
den of the diverticulum. ESWL is reserved for 
small diverticula with stones less than 1.5  cm, 
which have an open neck through which frag-
ments can eventually scape [12, 13].

Flexible ureteroscopy is preferred for diver-
ticula located on the anterior face of the kidney, 
as well as middle and upper-poles, with small to 
moderate stone burden [12, 13]. We must have in 
mind that in most cases, the renal parenchyma 
surrounding the diverticulum is thin and delicate, 
and intraluminal pressure during ureteroscopy 
could result in fistula formation.

Laparoscopic surgery must be reserved for 
large, anteriorly located diverticula, in which per-
cutaneous access is not safe or feasible.

PCNL is currently the best available treatment 
for diverticula with a large stone burden, espe-
cially on the posterior renal face. Although PCNL 
is more aggressive than ureteroscopy and ESWL, 
its stone-free rate is the highest of all the prior 
described techniques [9, 12, 15–17].

a b

Fig. 18.1 (a) Abdominal X-ray demonstrating a calcifi-
cation in the region of the upper pole of the left kidney. (b) 
IVP of the same patient demonstrating that the calcifica-
tion is located within an upper pole calyceal diverticulum. 
(Modified from Mandeville Jessica A, Gnessin Ehud, 

Lingeman James E.  Springer London Heidelberg 
New York Dorrdech; 2013 (“Percutaneous Management 
of calyceal diverticula: An American Experience.” 
Difficult cases in endourology), p. 35. Reproduced with 
permission from Springer)
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18.2.3  Considerations and Technique 
for PCNL

Most commonly, following opacification of the 
upper urinary tract and the collecting system 
and the diverticulum through an external ure-
teral catheter, the puncture can be performed 
with a large (18-G) needle directly into the 
diverticular cavity. Some authors have described 
the puncture directly to radiopaque lithiasis 
without prior opacification, especially in ante-
rior diverticula [9, 18].

A disadvantage of saline and/or contrast instil-
lation may be the distension of the collecting sys-
tem, making in some cases a more difficult direct 
puncture to the diverticulum. Moreover, contrast 
may also obscure the diverticulum [9]. In such 

cases, the puncture can be performed under ultra-
sonographic control.

Tract dilation can be performed through the 
needle as usual, with metallic Amplatz dilators or 
with the one-shot dilation method.

An alternative is to perform dilation up to 
the immediate proximity of the external diver-
ticular wall, with only the tip of the guidewire 
entering the cavity (Fig.  18.3). After dilation, 
the nephroscope should be inserted inside the 
Amplatz sheath, and the puncture orifice of the 
diverticulum can be widened for its entry with 
the help of alligator forceps. This method is 
particularly recommended in the cases of small 
diverticula [18].

After fragmentation of the lithiasis and the 
removal of its fragments, different strategies are 

a

c d

b

Fig. 18.2 (a, b) CT scan images from a patient with a 
right kidney calyceal diverticulum occupied by a stone.  
(c, d) Intravenous pyelogram images of a patient with a 

right lower pole calyceal diverticulum occupied by a 
 lithiasis. (Reproduced with permission from Dr. Wei Zhu)
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used for the management of the diverticular cav-
ity and neck.

One approach involves the progressive dila-
tion of the diverticular neck and then placing a 
transdiverticular nephrostomy catheter, which 
should continue up to the pelvis [19–21].

In more complicated cases, when the diver-
ticular neck is not easily encountered, methylene 
blue or indigo carmine can be injected slowly and 
steadily through the external catheter for easier 
recognition of the neck.

As a last resource, if the neck cannot be recog-
nized with the prior described method, a possible 
alternative is to create a neo-neck by placing a 
nephrostomy catheter through it [22, 23].

The intradiverticular urothelium can be 
later fulgurated with a Bugbee, bipolar or 
roller electrode, or even photocoagulated with 
laser to prevent parenchymal bleeding and to 
achieve retraction of the cavity to prevent fur-
ther stone formation [16, 18, 24]. This is 
debated by some authors who state that the 
urothelium inside diverticula is non-secretory 
[25], and others suggest that the mechanical 
trauma of the percutaneous tract and surgery is 
sufficient to achieve the disintegration of the 
cavity [26].

18.2.4  Complications

PCNL offers a more effective treatment than flex-
ible ureteroscopy with a low, but existing concern 
for major complications, especially in anteriorly 
located diverticula due to a longer tract involving 
a larger amount of renal parenchyma. In these 
cases, another possible complication during sur-
gery is the loss of the percutaneous tract, also 
because of the reduced space in the diverticular 
cavity [12, 13, 27, 28].

In the cases where a diverticular neck incision 
is achieved, there is an increased risk of punctur-
ing an interlobar artery and subsequent bleeding, 
owing to the proximity of these vessels to the 
calyceal infundibulum.

18.2.5  Results and Conclusions

The success of PCNL in the cases of intradiver-
ticular stones can be defined in the complete 
extraction of the stone fragments, the achieve-
ment of postoperative absence of symptoms such 
as pain and recurrent infections, or complete 
obliteration of the cavity. We could say that the 
most important achievements of a successful 

a b

Fig. 18.3 (a) J-tipped removable wire coiled within a 
moderate-sized calyceal diverticulum. (b) 30 French 
Amplatz sheath advanced over the dilating balloon up to 
the point of the diverticular cavity. (Modified from 
Mandeville Jessica A, Gnessin Ehud, Lingeman James 

E.  Springer London Heidelberg New  York Dorrdech; 
2013 (“Percutaneous Management of calyceal diverticula: 
An American Experience.” Difficult cases in endourology, 
p. 38. Reproduced with permission of Springer)
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PCNL are the stone-free status and the absence of 
symptoms, in which obtaining a wide communi-
cation between the pyelocaliceal system and the 
diverticular cavity is paramount.

The results from PCNL in these cases, with all 
its variations in techniques, vary between 70 and 
100% for the stone-free rate and disappearance of 
symptoms, and between 66 and 100% for com-
plete obliteration of the diverticular cavity [9, 12, 
15–17].

18.3  Pelvic Kidneys

18.3.1  Generalities

Renal ectopia is defined as an atypically located 
kidney due to the failure of migration from the 
fetal pelvis during embryologic development. An 
ectopic kidney can be abdominal, lumbar, or pel-
vic based on its position in the retroperitoneum.

Incidence of ectopic kidneys in the general 
population has been reported to be between 1 in 
2200 and 1  in 3000 [12, 29], the majority of 

patients being men and most commonly on the 
left side [13, 29].

18.3.2  Diagnosis and Treatment

Patients are usually asymptomatic through their 
lifetime, having no more susceptibility to dis-
eases than patients with normally located kid-
neys, except for the development of 
hydronephrosis and lithiasis. The high insertion 
of the ureter and malrotation predisposes these 
kidneys to urinary stasis and nephrolithiasis [13, 
30]. If presenting symptoms, the most common is 
usually flank pain, which can be explained due to 
the same innervation pathway of these kidneys 
compared to the normally positioned kidneys 
[13, 30].

Although located in the retroperitoneum, 
these kidneys are surrounded anteriorly by loops 
of bowel and posteriorly by the iliac bones, spine, 
and sacrum. Although a pelvic kidney can be eas-
ily recognized in an IVP (Fig.  18.4), imaging 
with contrast-enhanced CT scan is mandatory to 

a b

Fig. 18.4 IVP of a 57-year old man presenting a left pelvic kidney
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identify anomalous vasculature and the urinary 
tract anatomy before surgery (Fig. 18.5).

Pelvic kidneys with lithiasis pose some impor-
tant challenges for surgical treatments. The effi-
ciency of ESWL is very limited due to the 
surrounding bowel and bone structures, and a 
significant proportion of patients will need 
repeated sessions or further treatments to achieve 
a stone-free status [31]. Moreover, the clearance 
of fragments is impaired due to the higher inser-
tion of the ureter, its tortuous anatomy, and 
abnormal pyeloureteral motility that can be the 
result of the surrounding fibrous tissue [30]. 
These latter circumstances make flexible ure-
teroscopy very challenging [30, 32].

So far, PCNL remains the most effective treat-
ment modality for this particular scenario. It has 
proven to be as effective as in normal kidneys and 
even has been compared with laparoscopic pyelo-
lithotomy in terms of achieving stone-free status 
with a less aggressive intervention [31, 33–36].

18.3.3  Considerations and Technique 
for PCNL

Two approaches have been well described to 
obtain an adequate puncture and access into the 
target calyx in pelvic kidneys, one with the visual 
guidance of intraperitoneal laparoscopy, and the 
other with ultrasound-guidance.

Since the first report of a transabdominal 
laparoscopic- guided PCNL, by Eshghi et  al. in 
1985 [37], modifications such as using the 
Trendelenburg position to displace bowel [34] 
and even intracorporeal suturing of the nephros-
tomy site after the placement of a ureteral stent 
have been described [38].

With the intention of reducing the risk of bowel 
and mesenteric vessel during surgery, several modi-
fications of the tract placement have been described. 
Variations of the technique range from creating a 
transabdominal tract which advances transmesen-
terically between the major mesenteric vessels to 

a

c d

b

Fig. 18.5 CT scan of a 49-year old man with a left pelvic 
kidney. (a) Lithiasis measuring 14 × 12 mm located in the 
medial calyx. (b) Lithiasis measuring 4  ×  3  mm in the 

renal pelvis. (c, d) Excretory phases showing the orienta-
tion of the upper urinary tract within the abdominal 
cavity
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allow a better exposure of the kidney, to establish-
ing the access tract totally extraperitoneal [39]. This 
last approach has the advantage of leaving the peri-
toneal cavity intact and reducing fluid drainage. 
Lastly, even posterior access through the greater 
sciatic foramen has also been described [40].

Percutaneous ultrasound-guided puncture has 
been reported to be a safe approach in experi-
enced surgeons’ hands. Authors stand that abdom-
inal viscera can be easily identified and even 
manually deflected away with an ultrasound 
probe. In addition, with the help of color Doppler, 
significant blood vessels can be identified and 
avoided [32, 33, 36]. Correct positioning is man-
datory if ultrasound is used to direct the puncture. 
The objective is to separate as much bowel away 
from the target kidney; a sandbag can be used to 
bring the pelvic kidney closer to the anterior 
abdominal wall, and, at the same time, compres-
sion with the ultrasound probe can allow safer 
access into the urinary tract. Drawbacks of this 
approach are an associated risk of posing injuries 
to overlying collapsed bowel and the difficulties 
in the creation of a second tract, if needed. If we 
plan to do a prone puncture, the sandbag should 
be positioned between the operating table and the 
anterior abdominal wall and a superior calyx 
puncture will be preferred in this scenario. Bowel 
injuries can be less frequent if the prone position 
is used, but due to the anatomical variants between 
cases, not all patients will be suitable for it.

Other benefits of using ultrasound-guided 
puncture include to discriminate between poste-
rior and anterior calyces easily, to allow 
3- dimensional spatial orientation, and identifica-
tion of the shortest possible puncture to the target 
calyx with a better perception of deepness [33].

18.3.4  Complications

When the laparoscopic-assisted puncture is being 
used, we must take into account all the possible 
complications of abdominal port placement and a 
longer mean operative time.

The most commonly reported complications 
of PCNL in these cases include postoperative 
infection, bleeding from abnormal vasculature, 

catheter dislodgment, injury to the surrounding 
bowel, or spillage of fluid into the peritoneum 
which can cause paralytic ileus [30, 31]. The 
incidence of nerve and bowel injuries is increased 
in these cases compared to in the normally 
located kidneys, with an incidence of 13–27% 
according to different series [34, 41].

18.3.5  Results and Conclusions

PCNL has proven to be the most effective surgi-
cal technique for lithiasis in pelvic kidneys. 
Several authors report similar effectiveness com-
pared to normally located kidneys, and even 
compare the stone-clearance rate with laparo-
scopic pyelolithotomy [31, 33–36]. We believe 
that with the more extended use of mini-PCNL, 
the possible complications associated with this 
surgery will diminish.

At the present time, the ideal method for punc-
ture of ectopic kidneys has not been established 
but is well known that the most important part of 
this surgery is to achieve adequate access to the 
collecting system thought the target calyx.

The decision of laparoscopic or ultrasound- 
guided access should be carefully and individu-
ally decided. Surgeon experience and patient 
anatomy can favor one approach over the other.

We believe that the endoscopic view and 
direct mobilization of structures with a laparo-
scopic approach, associated with the advantage 
of a possible, safer transmesenteric tract dila-
tion, make this approach more feasible and 
recommended.

18.4  Transplanted Kidneys

18.4.1  Generalities

The incidence of lithiasis in transplanted kidneys 
ranges from 0.23 to 6.3% in the most recent 
series [42, 43]. Rarely, small calculi may have 
been present beforehand in the donor kidney 
(graft-gifted lithiasis) [44], but normally they 
occur de novo due to numerous factors that pre-
dispose to stone formation in donated kidneys.
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Donors who have a history of stone formation, 
recurrent lithiasis, or active metabolic diseases 
are generally excluded from donation. Currently, 
it is agreed that lithiasis no larger than 4  mm 
could be left in situ in donor kidneys [45–47].

Kidney recipients with chronic kidney disease 
often present secondary or tertiary hypothyroid-
ism, which predisposes to them to hypercalcemia 
and consequent hypercalciuria. Regarding medi-
cation, chronic immunosuppression may predis-
pose to recurrent urinary tract infections and 
other metabolic issues [48]. More specifically, 
cyclosporine A can predispose to uricosuria, and 
excessive urate in urine can act as a precursor for 
calcium oxalate stone formation [13]. The most 
common composition of lithiasis in transplanted 
kidneys is calcium oxalate, whereas uric acid 
stones are relatively uncommon [45, 49].

Other factors predisposing to lithiasis forma-
tion are foreign bodies, such as non-absorbable 
sutures, papillary necrosis, and other less com-
mon metabolic abnormalities.

18.4.2  Diagnosis and Treatment

In patients with transplanted kidneys, the typical 
renal colic is absent due to denervation of the 
graft. Most commonly, patients will present with 
signs and symptoms of acute rejection or acute 
tubular necrosis [50, 51]. The most common pre-
senting signs in a large series include obstructive 
anuria, acute renal failure, unexplained fever, 
hematuria, and urinary tract infection [43, 52]. 
Because transplanted patients depend only on 
their graft to preserve the renal function, the cal-
culi should be treated quickly and aggressively to 
avoid graft loss.

The particular location of transplanted kid-
neys represents a unique situation, which is 
favorable for a percutaneous approach. The close 
proximity to the skin makes access easier, 
although it is recommended to obtain CT images 
before to exclude overlying abdominal viscera 
and identify the most appropriate access.

Treatment with ESWL is considered reason-
able for calculi smaller than 1.5 cm, although it is 
very challenging due to the particular location of 
the kidney inside the bony pelvis [49].

Although previous groups have reported suc-
cessful treatments with flexible ureteroscopy, 
these procedures are frequently compromised due 
to the difficult access to the ureter and the periure-
teral fibrosis resulting from previous surgery [48].

PCNL for transplanted kidneys is generally 
recommended for calculi larger than 15–20 mm.

Open surgery in these patients can associate 
delayed wound healing, sepsis, and fistula forma-
tion due to the immunosuppression status. Therefore 
it should be reserved for those particular patients in 
whom PCNL has been unsuccessful [51].

18.4.3  Considerations and Technique 
for PCNL

A favorable detail for PCNL in transplanted kid-
neys is that part of the management of the acute 
episode of anuria or oliguria involves the place-
ment of a percutaneous nephrostomy catheter in 
the acute setting. If by any reason the preexisting 
nephrostomy has been placed in such a way that 
is not the ideal for dilation and PCNL access, 
another more precise puncture should be obtained 
at the beginning of the surgery [53].

Fluoroscopy and ultrasound can be used 
together in the operating room to achieve a safer 
puncture. Percutaneous access can be achieved 
more easily in the supine position, where access 
can be best achieved with an ultrasound-guided 
puncture, or even in the modified lithotomy 
 position if we desire a combined retrograde 
access through the bladder.

Most commonly, left donor kidneys will be 
placed into the recipient’s right iliac fossa and vice 
versa. This particular condition rotates the axis of 
the kidney 180°, thus, making the posterior caly-
ces point anteriorly. This particular condition 
makes the approach similar to a native kidney.

Although the kidney is relatively close to the 
abdominal wall, and in the retroperitoneum, the 
fibrotic capsule in which a transplanted kidney 
lays makes dilation somewhat more challenging. 
Thus, balloon fascial dilators can be used as a 
first step, but if they fail, Amplatz dilators or 
metal Alken sequential dilators will be helpful to 
dilate this fibrotic tissue [50, 53, 54]. Another 
consideration regarding the fibrotic capsule is 
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that excessive torque can lead to massive hemor-
rhage and parenchymal destruction [13]. To pre-
vent this, a flexible nephroscope and ureteroscope, 
along with baskets, should be available to use 
whenever necessary [49].

18.4.4  Complications

Although rare, potential complications include 
bleeding, sepsis (more risk in immunocompromised 
patients), delayed wound healing, and urine leaks 
[13, 53, 55]. A CT scan is always recommended for 
correct planning and minimizing complications 
such as bowel or vascular injuries [54, 56].

18.4.5  Results and Conclusions

PCNL is currently considered a feasible and safe 
approach for the treatment of large calculi in 
transplanted kidneys. Success rates of up to 100% 
have been recently reported in case series without 
major complications [53, 55].

Therefore, PCNL should be considered as the 
treatment of choice for stones larger than 
1.5–2 cm in transplanted kidneys. CT scan should 
be mandatory in order to plan the best access pos-
sible. After surgery, these patients must undergo 
a complete metabolic evaluation to prevent as 
much as possible further stone formation.

18.5  Horseshoe Kidneys

18.5.1  Generalities

Among renal fusion anomalies, horseshoe kid-
neys are the most commonly reported, with a 
higher incidence in males than females [31].

During embryogenesis (4th to 8th weeks of 
intrauterine life), the fusion of the lower kidney 
pole imposes an obstacle to the normal ascent 
and is responsible for the malrotation and ante-
rior displacement of the collecting system. 
Furthermore, the insertion of the ureter on the 
renal pelvis is displaced superiorly and laterally, 
which is associated with a significantly higher 
rate of ureteropelvic junction obstruction (15–

33%) [57]. Moreover, the aberrant course of the 
proximal ureter, which courses ventrally over the 
renal symphysis, may predispose it to be com-
pressed by abnormal vessels that supply the 
lower renal pole and isthmus.

All the previously mentioned anatomic devia-
tions contribute to impaired drainage and urine 
stasis, a higher incidence of recurrent urinary tract 
infections and calculous formation, which has 
been reported to be approximately 20% [40, 58].

18.5.2  Diagnosis and Treatment

The innervation of horseshoe kidneys does not 
change in comparison to normal kidneys, so the 
symptoms of renal colic and ureteral obstruction 
are the same. Some atypical presentations may be 
vague abdominal pain or even emesis [12].

Imaging with contrast-enhanced CT is manda-
tory in order to visualize accordingly aberrant 
vasculature, anomalies in the collecting system, 
and interpositions of bowel between the calyces 
and the skin (Fig. 18.6). Moreover, ureteropelvic 
junction obstruction should be identified before-
hand with an excretory face, as it will pose limi-
tations on the success of certain approaches [13].

ESWL can achieve fragmentation of stones, 
but fragment passage is often compromised in a 
substantial number of patients due to the abnor-
mal anatomy [59]. So far, PCNL has become the 
treatment of choice for stones larger than 2 cm or 
in the cases that have failed ESWL [60].

18.5.3  Considerations and Technique 
for PCNL

Despite the abnormal positional anatomy of 
horseshoe kidneys, PCNL is found to be rela-
tively safe because of favorable calyceal orienta-
tion and vascularity.

Most of the vasculature of these kidneys comes 
from the ventromedial aspect, the opposite side for 
correct percutaneous access. Furthermore, even 
dorsal arteries that go directly to the isthmus are 
protected by the spine and normally situated away 
from the puncture tract, so the risk of bleeding 
could be even less than that in normal kidneys [61].
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Regarding calyceal orientation, the lower pole 
calyces lie within a coronal plane, and they are 
angled medially, which makes them less suitable 
for puncture. Meanwhile, the upper pole calyces 
are located posteriorly and are more lateral (often 
subcostal); this orientation provides relatively 
safe access for PCNL puncture. These anatomi-
cal changes will result in a lower and medial 
position of the access tract, whose orientation is 
dorsoventral [61]. Therefore, the prone position 
and superior calyx puncture are considered the 
best approach for these kidneys [62].

Considerations in these patients include a usu-
ally lower and more medial tract, even for supe-
rior calyx punctures [61]. Medial and lower tracts 
pose more difficulty in dilation because they tra-
verse through the erector spinae and quadratus 
lumborum muscles. As tracts can be longer due 
to the anatomical variants, the usual nephroscope 
can seem short for this surgery [40]. In order to 
address the latter problem, some authors have 

proposed using longer, rigid nephroscopes, mini- 
PCNL, or even flexible nephroscopes [31, 40]. 
Upper pole access has become the preferred 
access in the literature so far, with usage rates of 
64–81% [63–66].

Advantages of upper-pole access are access to 
the renal pelvis, lower pole calyces, pelviureteral 
junction, and even proximal ureter. In terms of 
bleeding complications, the long axis of the 
nephroscope is in alignment with the long axis of 
the kidney, posing less torque on the renal paren-
chyma during surgery [40].

18.5.4  Complications

In patients with horseshoe kidneys, upper pole 
percutaneous access is essential as we have 
explained before, and it is safer than in normal 
kidneys owing to their inferior displacement 
away from the pleura. Accidental entering inside 
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Fig. 18.6 A 36-year old man with a horseshoe kidney. (a, 
b) Upper and middle calyces, where puncture and access 
can be safely done, and adequate parenchymal support is 

found. (c) posteriorly located lithiasis measuring 
17  ×  16  mm. (d) Anteriorly located lithiasis measuring 
16 × 14 mm
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the pleural space is decreased because a supra-
costal approach is less commonly to be needed. 
The series from Raj et al. [40] reported pneumo-
thorax in only 6% of cases, while other series 
have reported none [64–67].

18.5.5  Results and Conclusions

In patients with horseshoe kidneys that present 
large renal calculi, PCNL seems to be the most 
efficient treatment. In a few studies in which uri-
nary calculi were managed with either PCNL or 
ESWL, the first showed a better stone clearance 
rate, without being perceived as more complex as 
in normal anatomic kidneys [61, 68].

In a multicenter analysis published by Raj 
et al. [40], the overall stone-free rate of patients 
with horseshoe lithiasis treated with PCNL was 
greater than 90%. The prospective multi- 
institution study from the Clinical Research 
Office of the Endourology Society presented 
results similar to those of normal kidneys regard-
ing the stone-free rate (76.6% vs. 76.2%) with a 
significantly longer operative time [29]. In order 
to increase safety and reduce the risk of injuries 
to the surrounding structures, we believe that a 
previous CT scan with 3D reconstruction should 
be mandatory prior to surgery in patients with 
horseshoe kidneys.

18.6  Spinal Deformities

18.6.1  Generalities

We will focus in this section on various condi-
tions which involve spinal deformities such as 
scoliosis, spina bifida (SB), and spinal neuropa-
thies. The most important principle is that every 
patient in this spectrum is different and can pose 
a wide range of anatomical variations; thus, indi-
vidualized surgical planning is mandatory.

Patients with skeletal deformities have a sig-
nificantly increased risk for developing urolithia-
sis due to abnormal renal anatomy, recurrent 
urinary tract infection, restricted mobility, a ten-

dency to overweight, urinary stasis and poor uro-
dynamic function [69–71].

Scoliosis is defined as an abnormal deviation 
of the vertical line of the spinal column. It con-
sists of an exaggerated lateral curvature with a  
rotation of the vertebrae within their axis. It is not 
rare that in addition to the lateral curvature, ante-
rior and posterior deformities, such as kyphosis 
and lordosis, can be present. Although most cases 
are idiopathic, scoliosis can also be congenital, 
neuromuscular (acquired), and syndrome-related.

In SB, the neural tube has failed to close; this 
represents a wide spectrum of diseases which 
results in variable caudal neurological impair-
ment affecting the function of the lower urinary 
tract, the bowel, and the lower limb somatosen-
sory function [72].

18.6.2  Diagnosis and Treatment

Surgical planning should include a mandatory CT 
scan in order to determine the stone size, location, 
and collecting system anatomy (Fig. 18.7).

Before the introduction of the current tech-
niques such as flexible ureteroscopy, ESWL, 
and PCNL, surgery was the only method to treat 
these patients, with the drawbacks of the major 
complications related to it, including paralytic 
ileus, delayed wound healing, prolonged post-
operative period, wound, and respiratory infec-
tions [73].

Currently, ESWL is often considered unsuc-
cessful in patients with severe spinal defor-
mities. Proper positioning is hard to achieve, 
making wave focus on target a challenge in a 
substantial number of patients. Moreover, even 
if ESWL is successful, the next issue encoun-
tered is to eliminate the stone fragments spon-
taneously because its passage can be hindered 
by aberrant renal locations. This same condi-
tion makes flexible ureteroscopy very chal-
lenging, presenting considerable difficulty in 
reaching the lower pole. For these reasons, 
PCNL remains as the best treatment option for 
large calculi in these patients at most of the  
times [62].
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18.6.3  Considerations and Technique 
for PCNL

Interventional treatments in these patients pose a 
major challenge for urologists as well as for anes-
thesiologists. As for preoperative considerations, 
the respiratory and cardiac function should be 
assessed to determine functional impairments. 
Physical examination is absolutely important to 
determine abnormal abdominal and lumbar ana-
tomical landmarks [74].

Spinal deformities impair the respiratory 
function, commonly causing restrictive pulmo-
nary deficits, which impose reduced the vital and 
total lung capacity, impaired ventilatory function, 
and ventilation-perfusion mismatch [74–78]. At 
some level, cardiac dysfunction can also be pres-
ent in these patients, resulting in cor pulmonale 
and pulmonary hypertension [74].

The adequate positioning of the patient within 
the operating table, and the stabilization of the 
head and cervical spine can be achieved with the 
help of head support, and as many pillows and 
foam pads as necessary to maintain adequate 
upper body support and to avoid pressure ulcers.

Depending on the spinal deformity and kidney 
laterality, in most cases only a small window for 
access can be encountered between the bony 

structures and bowel; thus, the recommendation 
of a supine or a prone approach may be individu-
alized. In this situation, being capable of per-
forming either approach will be crucial for 
obtaining the best possible results [62]. Even in 
some circumstances, patients will benefit from a 
combined antegrade and retrograde approach in 
order to achieve better stone-free results. To cre-
ate the access tract, we recommend the aid of 
fluoroscopy, as well as ultrasound in order to 
minimize complications and provide a safer 
puncture.

18.6.4  Complications

Difficult surgical access and the possible need of 
auxiliary second tracts in such a limited space pose 
a significantly higher risk of complications and 
high postoperative dependency of inpatient care.

In this particular population, the abnormal 
relationship with the surrounding intraabdominal 
and retroperitoneal structures may lead to intra-
operative technical problems and increased oper-
ative time [79–81].

The use of ultrasound-guided access to ensure 
a clean puncture, minimizing the surgical time as 
much as possible, and working with the lowest 

a b

Fig. 18.7 Images from a 41-year old patient with spina bifida presenting with a left incomplete staghorn lithiasis mea-
suring 24 × 13 mm. (a) Plain abdominal X-Ray. (b) CT scan
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possible intrarenal pressures may reduce possible 
complications. An interesting system that could 
help to achieve the latter point is the minimally 
invasive PCNL (MIP) system from Karl Storz, 
which can create a continuous fluid outflow dur-
ing the procedure [82].

Furthermore, a statistically significant risk of 
loss of the renal function associated with multi-
ple stone recurrence and repeated surgical inter-
ventions can lead these patients to a progressive 
“end-stage stone disease” within an essentially 
non-functioning kidney [83].

18.6.5  Results and Conclusions

As for prior sections of this chapter, the lack of 
prospective trials involving the other alternatives 
for stone management (flexible ureteroscopy, 
ESWL), and even within different approaches of 
PCNL (supine vs. prone), leads conclusions to be 
based on evidence from case series.

In two series analyzing only patients with SB, 
stone-free rates after initial PCNL ranged from 
46 to 60% [83, 84]. And after a second PCNL and 
ESWL, stone free-rates reached 100% [84]. 
Although one series reported no major complica-
tions or admissions in the intensive care unit [84], 
the other compared their patients with a historical 
cohort, finding an increased risk for a prolonged 
time spent in the IUC, sepsis, transfusion rate, 
repeated PCNL, and nephrectomy for the recur-
rent stone disease [83].

Goumas-Kartalas et al. reported eight patients 
with spinal deformities, achieving a 55.5% of 
stone-free rate after initial PCNL, with a 40% 
overall complication rate (20% blood transfu-
sions and 10% major complications) [85].

Kara et al. reported treatment of five patients 
with scoliosis with a first PCNL clearance rate of 
60% and achieving complete stone-free rate after 
auxiliary procedures (ureteroscopy in 1 case, and 
second-look PCNL in 1 case). The complication 
rate was 60%, none of these being major compli-
cations [86].

Symons et  al. reported a large series of 39 
PCNL procedures in 29 patients with different 
spinal deformities (spinal cord injury, SB, and 

other heterogeneous causes for their spinal neu-
ropathy). They achieved a stone-free rate of 62% 
after initial PCNL, with a 48% complication rate, 
including two postoperative deaths due to elec-
tromechanical dissociation arrest and aspiration 
pneumonia [69].

Izol V et al. reported 16 patients with multiple 
spinal deformities (kyphoscoliosis, post-polio syn-
drome, osteogenesis imperfecta, myotonic dystro-
phy, and ankylosing spondylitis) that achieved a 
stone-free rate of 81.2% after prone PCNL in all 
cases. No anesthetic or cardiopulmonary compli-
cations were registered, but one procedure had to 
be converted to open surgery for uncontrolled 
hypotension due to severe bleeding [87].

Culkin et  al. reported their series of spinal 
cord injury patients (18 quadriplegic and 5 para-
plegic). With an average of 2.04 procedures per 
patient (47  in total), they achieved a stone-free 
rate of 90.4%. Major complications were reported 
in 8.5%, which included respiratory arrest, 
hydrothorax, and two perirenal abscesses [88].

As a conclusion, in patients with spinal defor-
mities, the choice of treatment should be deter-
mined not only by the individual anatomy but 
also by the stone size and location, the patient’s 
cardiopulmonary impairment and the center and 
surgeons’ experience.

PCNL has been proven to be effective in previ-
ous studies, although an increased percentage of 
surgical related and disease-specific complications 
and the possibility of needing secondary treat-
ments should be expected and discussed with the 
patient.

18.7  Pregnancy

Although renal colic is considered the most com-
mon non-obstetric complaint responsible for hos-
pital admission during pregnancy, renal calculi 
are infrequent, and most of the symptomatic lithi-
asis in these patients pass spontaneously [89, 90]. 
Intervention is required in about one-third of 
patients, most usually due to uncontrolled pain, 
persistent obstruction, or infection. Most com-
monly, ureteral stent or percutaneous nephros-
tomy placement are recommended in the cases 
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that require invasive management, being ure-
teroscopy less frequently required [91–93].

According to the EAU guidelines on interven-
tional treatment for urolithiasis, PCNL is cur-
rently contraindicated in cases of pregnancy [92]. 
Prolonged anesthesia times, the need for fluoros-
copy, among others, make this approach unfavor-
able in pregnant patients.

Little evidence is found in the literature on the 
use of PCNL in this situation. Hosseini et al. [94] 
reported a series of seven cases of women in the 
first trimester of pregnancy that underwent 
ultrasound- guided PCNL through the lower pole 
for renal stones (14–40  mm). The procedures 
were performed under general anesthesia, and 
pneumatic lithoclast was used in all cases. There 
were no postoperative complications registered, 
and all babies were born without complications. 
Another two case reports have been published of 
successful PCNLs during the first trimester, with-
out any further complications [95, 96].
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Percutaneous Nephrolithotomy 
in Children (Pediatric PNL)

Rasim Guzel and Kemal Sarica

Unlike the adult population, due to its relatively 
uncommon incidence, treatment of the pediatric 
urinary stones has been challenging to the prac-
ticing endourologist. It has been well reported 
and demonstrated that the risk of stone recur-
rence is higher in this population, and in light of 
the small growing kidney, the management needs 
to aim to render the child completely stone free 
and maintain the renal function in normal limits. 
Related to this subject, taking the evident inva-
sive nature of the available stone removal proce-
dures into account, urologists have always been 
reluctant to perform such procedures to avoid the 
risk of possible morphological as well as func-
tional adverse effects on the growing pediatric 
kidney. However, in addition to the experience 
gained from the manipulations in adults, techno-
logical advancements enabling the use of minia-
turized, fine instruments in children have 
significantly altered the surgical management of 
pediatric calculi where currently the whole spec-
trum of stone removal procedures could be per-
formed in a safe manner. However, we believe 

that to select the most appropriate modality, 
stone-related (location, composition, and size) 
and patient-related (anatomic characteristics of 
urinary system, BMI, obstruction) factors should 
be considered in all cases.

Additionally, as mentioned above, the higher 
incidence of metabolic and anatomic abnormali-
ties may influence the choice and the ultimate 
effectiveness of the preferred management option. 
The preferred modality should render the children 
stone free with reasonable number of treatment 
sessions and limited auxiliary procedures. 
Regarding the minimal invasive stone removal 
approaches in this specific population, at present 
all available alternatives, namely SWL, PNL, or 
ureterorenoscopy (URS), could be performed 
either alone or in a combined manner, whereas 
open surgery is needed in a limited percentage of 
all cases [1–3]. Today, although SWL remains as 
the treatment of choice with certain indications, 
and retrograde intrarenal surgery (RIRS) is com-
monly applied due to the clinical introduction of 
smaller-diameter flexible ureteroscopes, percuta-
neous stone removal is also performed on an 
increasing basis particularly in large and complex 
stones [4]. However, residual fragments could 
reside after a successful procedure (particularly in 
lower pole stones) and may induce distressing 
symptoms. If untreated, it is clear that such frag-
ments will require additional procedures and pro-
mote recurrent stone formation during long-term 
follow-up of these cases [5].
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As one of the effective management alterna-
tive in these cases, following the first report of 
series in 1985, as a result of increasing experi-
ence obtained, PNL has been used either alone or 
in combination with other approaches in children 
with relatively larger stones. However, concerns 
were present for a long period of time regarding 
the long-term possible renal damage due to the 
use of relatively large instruments, increased 
radiation exposure risk and possibility of major 
complications like bleeding, perforation, and 
infection. The evident invasive nature of this 
approach originating from the use of adult-sized 
large instruments constituted the major concerns, 
and physicians tended always to be careful for a 
proper management plan to lower the risk of 
injury and related complications. In light of all 
these concerns, physicians tried to limit the risk 
of injury on the growing child kidney and 
advancements in instrumentation along with clin-
ical use of more-efficient energy sources for 
intracorporeal lithotripsy (Ho-YAG laser) have 
revolutionized the endourological procedures in 
children. Such efforts resulted in the clinical 
introduction of smaller nephroscopes, miniatur-
ization has become an important issue, and mini-
perc procedures became feasible to limit the 
degree of invasiveness with the same success 
rates. Additionally, use of ultrasound-guided 
puncture more commonly than ever in this spe-
cific population enabled the physicians to per-
form stone removal with significantly lower 
radiation risk. Consequently, mini-PNL proce-
dures began to be used to avoid repeated SWL 
sessions under anesthesia and lower the risk of 
residual fragments following the management of 
large and complex stones in skilled hands. 
Regarding this issue, endourologists realized 
well that the use of smaller instruments through 
miniaturized PNL technique such as “Miniperc” 
and “Microperc” as well as “ultra-mini PNL 
(UMP)” could reduce the extent of the damage 
induced on the renal parenchyma without dimin-
ishing its therapeutic efficacy. Acceptable SFRs 
with lower rates of complications observed in 
this specific population proved the safety of these 
techniques [6–12].

19.1  Indications

Like adult cases, PNL application aims the com-
plete removal of stones in cases with high stone 
volume (>20  mm) in a single session [13–20]. 
Although adult-sized instruments have been 
used for a certain period of time in this special 
population (>5 years), clinical introduction and 
routine use of smaller nephroscopes have made 
the procedure more practical and safer than ever 
[14–18]. The use of small-size nephroscopes (18 
Fr, 12 Fr) with holmium:YAG laser with com-
fortable maneuvers reduced the blood loss sig-
nificantly, provided shorter hospitalization 
periods, and replaced open surgery over time in 
children of all age groups with particularly high 
stone volumes [19].

The indications are similar to those in adults 
and PNL is recommended, especially in cases 
with large stones (>20 mm) in renal pelvis or in 
the upper pole, >10 mm stones in the lower pole 
and additionally hard stones such as cystine or 
sutrivite which cannot be passed spontaneously 
due to additional anatomic anomalies [21].

19.2  Methods of Percutaneous 
Stone Removal in Pediatric 
Cases

19.2.1  Technique

The essential instruments for percutaneous neph-
rolithotomy technique in children (PNL) are 
C-arm scopy device, endovision systems, pediat-
ric nephroscopes (18 Fr or 12 Fr), guidewires, 
Amplatz dilatation set, accessory sheath, intracor-
poreal lithotripsy systems (laser, pneumatic, or 
ultrasonographic), baskets, and stone forceps. An 
adequate experience of the procedure and knowl-
edge in the renal anatomy are certainly needed for 
a successful and complication-free procedure par-
ticularly in this population. The renal artery is 
divided into the posterior and anterior segmental 
arteries. The posterior segmental branch is fre-
quently prone to be damaged in endourological 
interventions. The Brodel line is the avascular 
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area between these vessel branches, and there is 
no segmental distribution in the veins of kidney. 
The preferred method is to perform the puncture 
from the posterior calyx in the Brodel line. 
Intravenous urography (IVU) and/or non- contrast 
computed tomography (NCCT) need to be per-
formed to outline the renal anatomy as well as 
adjacent organs particularly colonic involvement. 
Many experienced surgeons perform the proce-
dure with retrograde pyelography in the begin-
ning of the procedure after USG evaluation. First, 
the patient is brought into lithotomy position, then 
the open end ureteral catheter placed in the ureter 
is moved up into the ureteropelvic junction. With 
the help of this catheter, a retrograde contrast 
agent is given, and the kidney anatomy is visual-
ized. In addition, a Foley catheter should be 
placed in the bladder to connect the ureteric cath-
eter for free drainage and to keep the bladder 
empty during the procedure. Then, the patient is 
placed in the prone position and given the appro-
priate position for the procedure. Contrast agent is 
given through the ureteric catheter, and the renal 
anatomy is once again visualized. Criteria such as 
infundibulopelvic angle, stone location, and avail-
ability of drainage from calyx to pelvis are impor-
tant factors in the planning of the intervention. 
The first calyx identified with the USG through 
the posterior axillary line is the posterior calyx. In 
order to minimize radiation exposure, it is pre-
ferred to make the first access with 
USG. Intervention is performed towards the target 
calyx from a small area between the sacrospinous 
eminentia/line, the posterior axillary line, and 
12th rib. For renal pelvic stones, an ox-eye image 
is created in the lower pole of the posterior calyx, 
and the percutaneous needle is advanced at an 
angle of about 45°. After entering into the depen-
dent calyx, the guide wire is advanced through the 
needle into the kidney, preferably into the bladder 
and the dilatation of the access tract is started. If 
mini- PNL with18 Fr pediatric nephroscope is per-
formed, dilatation is done with telescopic metal 
dilators. But currently, in the clinics dealing with 
pediatric stone diseases, interventions are usually 
performed with smaller (12 Fr) nephroscopes. It 
should be kept in mind that pediatric kidney is 
positioned more superficially and more mobile 

than an adult kidney. Control of the location of the 
sheath with contralateral radiographs and evalua-
tion of the presence of perforation is necessary. 
Bleeding is very rare in the procedures that are 
performed appropriately. If the tract is lost or 
guide wire is dislocated during the procedure, ret-
rograde methylene blue could be given through 
the ureteric catheter to see the collecting system 
and re-enter to the kidney. After the procedure, the 
decision to leave the ureteric catheter and/or 
placement of a nephrostomy catheter is made 
depending on the course of the procedure and rel-
evant factors such as whether the disintegrated 
stone(s) has been completely cleaned and whether 
the procedure has been performed smoothly. After 
all procedures, 2 mg/kg lasix IV could be used to 
remove stone residue with diuresis. PNL is not 
recommended to the kidneys, whose parenchyma 
is critically thin, evidently hydronephrotic, and if 
the kidney function is less than 10%. In cases 
where the parenchyma is very thin, bleeding dur-
ing dilatation and long periods of urine leakage 
has been reported to be high likely.

19.2.2  Standard PNL Application 
in Children

Since the first report of percutaneous stone sur-
gery for upper-tract stones in adults in 1976, 
experience has dramatically increased with the 
common application of PCNL in subsequent 
years. Nine years later, in 1985, the first pediatric 
series of PCNL was reported [22, 23]. In contrast 
to the easy and widespread acceptance of this 
method among adults, the use and popularization 
of PCNL were somewhat delayed in children 
because of some concerns about acute or long- 
term parenchymal damage, radiation exposure, 
and risk of major complications such as hemor-
rhage, colonic injury, and sepsis [24] due to the 
use of relatively larger instruments in the grow-
ing and smaller kidney. As a result, initial publi-
cations of pediatric PCNL focused on the 
complications of PCNL, where the use of “adult- 
sized” instruments was the main concern as a 
potential cause of higher complication rates. 
However, as a result of the accumulated experi-
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ence obtained from the large number of cases 
treated, the risk of scarring and loss of renal func-
tion after PCNL have not been observed and 
reported in the literature; the experienced endou-
rologists did continue to perform the procedure 
as a safe and effective [25]. Related to this issue, 
in their original study, Dawaba et  al. [26] were 
able to demonstrate no renal scarring in 65 chil-
dren on a long-term follow-up, indicating the 
long-term safety of the procedure in children. In 
another study again Desai et al. [27] found that 
the size and the number of tracts are main factors 
for the intraoperative hemorrhage during PCNL 
in children. Similar observation has been reported 
by Zeren et al. [28] where a significant associa-
tion has been identified between the intraopera-
tive bleeding and sheath size, operative time, and 
stone volume.

As mentioned above, although PCNL was ini-
tially not rapidly accepted as a safe and effective 
management alternative for the removal of large 
and complex pediatric stones, increasing experi-
ence, developments in access techniques, and 
technological advances use holmium:YAG laser 
for stone disintegration, PCNL is currently being 
performed as a safe and efficient method in chil-
dren as monotherapy in the majority of the cases. 
Increasing experience coupled with the use of 
miniaturized systems (mini-ultra mini PNL) par-
ticularly in older children has resulted in the use 
of this approach in a routine manner even in 
smaller children. In light of all these develop-
ments, both EAU and AUA guidelines recom-
mend PNL technique as the treatment of choice 
in the minimal invasive management of large and 
complex calculi in pediatric cases [29–31].

Regarding the success rates in terms of stone- 
free status after the procedure, a wide range of 
SFR from 58 to 99% have been reported so far in 
the published data [10, 11, 22, 32, 33]. Patient- 
and stone-related factors (age or number and size 
of the stones) have not been found to affect the 
outcomes. Related to the percutaneous stone 
management particularly in relatively younger 
population, Unsal et al. reported a stone-free rate 
of 94% in kids younger than 7 years of age [34] 
including even the children with higher stone 
volumes. Although it is commonly accepted that 

ESWL is the first treatment option in the manage-
ment of pediatric stones, some authors aimed to 
evaluate the efficacy of PCNL in comparison 
with other available management alternatives. 
Related to this issue despite the significantly 
higher success rates obtained with ESWL in 
medium-sized calculi (10–20  mm), PCNL has 
been found to be much more effective in the com-
plete removal of larger stones in a single session 
as reported in adult population [13, 35].

19.2.3  PNL in Children for Staghorn 
Stones

Concerning the published data, the application of 
PCNL monotherapy is the initial choice in the 
management of staghorn stones; a 60–100% over-
all stone-free rates have been reported for different 
sized kidney stones in populations of different ages 
[16]. In their original study for example, Aron et al. 
[33] found PCNL monotherapy to be highly effec-
tive, with stone-free rates approaching 90% in pre-
school-aged children with staghorn calculi. 
Additionally, Romanowsky et  al. [17] reported 
complete clearance in eight of nine children (seven 
of whom had staghorn calculi) after a single stage 
of PCNL. Lastly, Desai et al. [27] published their 
results of PCNL for complex calculi (either stag-
horn or with a large bulk and involving more than 
one calyx, the upper ureter, or both) in children, 
and complete clearance of all stones was possible 
in 90% of the 56 cases undergoing PCNL 
monotherapy.

Even though it is well confirmed that PCNL is 
an effective method for removing staghorn stones 
in children with certain significant advantages 
(e.g., direct visualization of the fragmentation, 
clearance of the fragments under vision, mini-
mizing the need for recurrent visits, and multiple/
ancillary procedures) [18], some well-known 
possible severe complications are still a major 
concern for the practicing endourologists. 
Regarding this critical issue, in their original 
publication, Zeren et al. [28] reported a 24% inci-
dence of hemorrhage requiring transfusion after 
67 PCNL procedures in 55 children with renal 
stones. They found a close correlation between 
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transfusion and operative time, stone burden and 
sheath size. Although much lower transfusion 
rates (<5%) were reported in subsequent studies, 
these reports also indicated a close association 
between both tract number and size and the need 
for transfusion [16, 23]. Other commonly 
reported notable complications include transient 
fever and urinary leakage following the removal 
of nephrostomy tube [16]. The most serious com-
plication of PCNL in children being treated for 
staghorn calculi (struvite) is the formation of sep-
sis, a complication that can result in death [19].

19.2.4  Miniaturized PNL in Children

As a result of the experience obtained in adult 
population, physicians began to apply percutane-
ous nephrolithotomy (PNL) also in children with 
meaningfully higher stone-free rates in one ses-
sion. However, despite the high efficiency in stone 
clearance even for larger stones, possible long-
term renal damage due to particularly the small 
size of the child kidney constituted the major con-
cerns raised by the responsible physicians [2, 3]. 
Majority of the complications have been observed 
during the puncture of the kidney, and the size of 
the nephrostomy tract was regarded as the major 
factor for PCNL-induced morbidity in these spe-
cific cases. Regarding this issue, as a result of the 
technological advancements in recent decades, 
endourologists looked to search for the use of 
smaller instruments to limit the presence as well 
as the degree of invasiveness observed during 
PNL procedures applied with adult-sized instru-
ments. As a result of these efforts, miniaturized 
PNL technique has been defined and new tech-
niques using relatively smaller instruments, 
namely “Miniperc” and “Microperc” as well as 
“ultra-mini PNL” (UMP) were introduced for 
clinical practice to reduce the extent of the possi-
ble damage on the renal parenchyma without 
diminishing its therapeutic efficacy [6, 7, 10, 20]. 
Acceptable SFRs with lower rates of complica-
tions observed in this specific population proved 
the safety of these techniques [9, 27].

Within the frame of this “miniaturization” pro-
cess, in a recent study, Zeng et al. reported the fea-

sibility of super-mini-PNL (SMP) system in the 
treatment of urinary stones less than 2.5  cm by 
describing a new method in the evacuation of 
stone fragments formed during PNL procedure 
[21]. Regarding the characteristics of this tech-
nique, in addition to the smaller size of the neph-
rostomy tracts used (ranged from 10F to 14F), 
active removal of the stone fragments by laser/
pneumatic lithotripsy systems through a modified 
nephrostomy access sheath with continuous nega-
tive pressure aspiration was the main advantage of 
this system. The authors stated well that this 
approach not only shortens the operating time but 
also decreases the renal pelvic pressure, a factor 
that is highly important for the possible infective 
problems during short-term follow-up. About 
85.6% of the children did not require any kind of 
drainage (totally tubeless) for the collecting sys-
tem, and complete stone clearance on postopera-
tive CT at 3 months has been reported to be 90.1%.

19.2.5  Advantages of Miniaturized 
PCNL

Miniaturized PCNL techniques (mini-ultra mini-, 
super mini-, and micro-PCNL) mainly allow the 
surgeons to establish relatively smaller sized tracts 
requiring limited dilatation to get an access to the 
relevant renal collecting system. As a result of 
reduced injury to the renal parenchyma by using 
smaller sheaths, the risk of hemorrhagic complica-
tions has decreased to a certain extent as reported 
in the literature [8, 36–38]. Bleeding risk is par-
ticularly of paramount importance in pediatric 
population because the marked changes in Hb lev-
els originating from excessive bleeding may 
induce serious problems and even could be fatal. 
Currently these miniaturized systems could also 
be used even in infancy period in a safe and suc-
cessful manner. On the other hand again, punctur-
ing the kidney by performing a single- step dilation 
procedure with these smaller and fine instruments 
limits the risk of complications particularly during 
the first and highly critical phase of the procedure. 
This approach of course will certainly shorten the 
total procedural duration from renal access to laser 
lithotripsy and stone removal phase which can 
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even be performed under spinal anesthesia in 
selected cases [39]. These advantages will again 
limit the anesthesia time, the risk of radiation 
exposure, as well as limited use of irrigation fluid 
which will lower the risk of hypothermia in chil-
dren. The safe and effective use of miniaturized 
techniques has also been demonstrated in children 
presenting with kidney abnormalities (anomalic, 
ectopic, solitary, and pelvic kidneys). Last but not 
least, one of the most important advantages of the 
miniaturized PNL in children will be the increased 
chance of performing the procedures in a “tube-
less” and even “totally tubeless” manner. This 
approach will increase the quality of life in the 
cases by requiring less analgesic need, and also 
double J stent-related complications will be less 
likely in these cases.

19.2.6  Disadvantages 
of Miniaturized PCNL

Despite the evident advantages mentioned above, 
miniaturized systems may have certain disadvan-
tages which may interfere with a successful and 
practical procedure. Related to this issue, it is well 
known that the use smaller caliber instruments 
may limit the quality of vision where a small 
amount of bleeding can cause a blurred intraop-
erative vision. The micro-PNCL technique also 
does not allow to remove the stone fragments, and 
such fragments may cause problems during spon-
taneous passage and also remain in the kidney by 
increasing the risk of new stone formation partic-
ularly in metabolical active children. Again no 
stone analysis will be available in these cases, and 
this a major drawback particularly in pediatric 
cases. Stone removal particularly for larger frag-
ments could be difficult in these systems due to 
the smaller diameter of the access sheath [40].

Thus accumulated data so far indicated that 
miniaturized PCNL could be successful enough for 
relatively smaller kidney stones, and all cases need 
to be treated with these systems in an individual-
ized manner based on both stone- and patient-
related factors. It should be again emphasized that 
experience (particularly obtained from adult popu-
lation) is the most crucial factors to perform these 

techniques in this special population for a success-
ful and complication-free procedure [9, 41].

19.3  Complications

The most important complications of PNL proce-
dure are organ injury (vessel, diaphragm, renal 
pelvis, and calyx), colonic or duodenal perfora-
tion, severe bleeding, hematoma formation, 
hydrothorax, urine extravasation, UTI, and pyelo-
nephritis. Accumulated experience did clearly 
show that, as the stone volume increases and the 
duration of surgery prolongs, the risk for compli-
cations increases in a parallel manner [14, 16, 28]. 
The size and the number of the access tracts are 
the crucial factors affecting the presence and 
severity of the complication rates. Kidneys with 
different anomalies have a higher risk of compli-
cations. The use of pediatric instruments instead 
of adult tools, the dilatation below 20 Fr, operat-
ing from a single tract, and lower stone volume 
reduce the risk of bleeding in a significant man-
ner. Horseshoe kidney, female gender, left kidney, 
colonic distention, history of surgery, lower pole 
entry, and lateral access have been reported to be 
the main risk factors for colonic perforation. PNL 
in infants did not reveal serious complications 
and/or blood transfusions after the clinical intro-
duction of smaller (12–14 Fr) tracts [15]. The cut-
off value for the tract size was reported to be 24 Fr 
[15]. The advantages of PNL with larger sheaths 
in children could be increased efficacy, shorter 
operational duration, and relatively easier opera-
tion, but it is well known that as the sheath diam-
eter increases, the risk of complications such as 
bleeding and parenchymal damage also increases. 
Related to this issue, higher complication rates 
have been reported when PNL is performed with 
larger instruments especially in children under 
7 years of age [1, 28, 31, 38].
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Natural History of Residual Stone 
Fragments Following PCNL

Mohammad A. Alomar and Alaa A. Mokhtar

Recently, the favored treatment modality for 
massive and complex renal calculi is percutane-
ous nephrolithotomy (PCNL) [1, 2]. The out-
come in terms of high stone-free rates, which can 
exceed 90% [3], is the result of continuous 
improvement of the surgical techniques [4] and 
innovations of new instruments, endoscopic lith-
otripters and training models [5–7].

However, residual fragments (RF) of approxi-
mately 15–25% post-PCNL were reported at dis-
charge [8, 9]. RF may be asymptomatic, increase 
in size, or may even lead to recurrence of symp-
toms, infections along the urinary tract and ure-
teral obstruction [10, 11].

The term “clinically insignificant residual 
fragments” (CIRF) refers to asymptomatic rem-
nants that are less than 4 mm and do not cause 
obstruction or infection [12, 13].

Although the term is widely used, there is no 
definite maximum size of the stone fragment at 
which it is considered insignificant. Additionally, 
it is debatable by the scientific community 

whether the residual fragment should be labelled 
as a CIRF or not as the published follow-up 
results of CIRF are conflicting. Furthermore, 
there is no agreement regarding the follow-up 
times needed and the best imaging for CIRF 
[10, 11, 14–18].

In a study done by Ramana et al., RF follow-
ing PCNL was 8%. Of them 59.5% were 2 mm or 
smaller and 78.5% (33 of 42) smaller than 5 mm. 
Approximately, half of RF was located in the 
lower calyx. Forty-three percent of these patients 
had stone-related problems after 32  months. 
Patients required hospitalization, emergency 
 consultation or subsequent intervention, mostly 
ureteroscopy (61%). More than half of cases that 
required active intervention had RFs >2 mm. The 
authors concluded that fragments with a maxi-
mum diameter larger than 2 mm and those posi-
tioned in the renal pelvis or ureter independently 
predicted a future stone-related event and so 
require immediate intervention [17].

Altunrende et  al. identified in their series 
(22%) of cases to have RF following PCNL by 
postoperative KUB with more than 60% located 
in the lower calyx. Thirty-eight patients were fol-
lowed up for more than 2 years by CT. Of these 
patients 26.3% became symptomatic and 21% 
had an increase in RF size. Three of them had 
magnesium ammonium phosphate stones. 
Metabolic assessment showed several abnormali-
ties in patients (26.3%). The authors inferred that 
the progression could be seen in 2-year follow-
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 up, whereas the presence of risk factors from 
24-h urine metabolic analysis could not predict 
growth of RFs [15].

In another study, Ganpule and Desai exam-
ined the follow-up data of 2469 patients who 
were treated by PCNL.  Of them 187 (7.57%) 
were found to have RF. Follow-up ultrasonogra-
phy and KUB at 48 h, 1-month and 3-month were 
done to assess RF.  The mean size of RF was 
38.6  ±  52  mm2, and the most common site for 
residual fragments was the lower calyx (57.7%). 
Forty-five percent of the patients were stone free 
without intervention at a mean follow-up of 
24 months. Most of the stone fragments (65.47%) 
spontaneously passed in 3  months. Stone frag-
ments less than 25 mm2 and in the renal pelvis 
were the most likely to pass without any compli-
cations. The authors concluded that the size and 
the time of presentation of RF, and the presence 
of hypercalciuria or hyperuricemia were signifi-
cant factors that predict the outcome of RF [19].

Osman et  al. showed that RF after PCNL 
increased in size in one-third of patients during a 
follow-up of 3 years while 29.35% had asymp-
tomatic RFs. Four percent of the patients pre-
sented with the RF that migrated into the ureter. 
The rest of the RF passed spontaneously. Further 
interventions were performed for 35% of the 
cases. Only the RF size (>3 mm) correlated sig-
nificantly with RF growth or ureteral obstruction. 
The authors concluded that small RF (≤5  mm) 
after PCNL has to be treated in one-third of cases 
while single RF (≤3 mm) can be considered clin-
ically insignificant [11].

Olvera et al. showed that after a mean follow-
 up of 57.9  months, more than half of patients 
with RF after PCNL (54.5%) developed at least 
one clinical outcome, and 72.7% patients required 
surgical intervention. Only four patients had 
radiological evidence of stone passage. They 
found that RF >4  mm and struvite or apatite 
stones were significant predictors for active inter-
vention [20].

Emmott et al. reported true stone-free rates of 
55% after performing 658 surgeries as evidenced 
by CT-KUB on postoperative day 1. Forty-five 
percent of cases had fragments that were 1 mm or 
larger. The majorities (70%) of fragments were 

4  mm or less. Larger RF size was found to be 
predictive for higher rates of stone-related events. 
Re-intervention rates were found to be signifi-
cantly different based only on RF size. 
Re-interventions occurred in 28.2% of patients 
with RFs greater than 4 mm compared to 16.9% 
of patients with RFs 4 mm or less. Moreover, the 
rate of spontaneous passage of very small RFs in 
this study is interestingly low (23.4%). The ques-
tion is whether these are real RFs or just paren-
chymal calcifications such as Randall’s plaques 
or even nephrocalcinosis [21].

20.1  Diagnosis of Residual Stone 
Fragments Post PCNL

The American Urological Association best prac-
tice statement and European Association of 
Urology guidelines recommend that kidneys- 
ureters- bladder plain radiography (KUB) and 
ultrasonography (US) should be used for urinary 
tract stones, even on follow-up, because both 
imaging modalities eliminate radiation exposure, 
and the cost compared with unenhanced comput-
erized tomography (CT) is lower [22–24].

Traditionally, KUB or ultrasound was used to 
determine the stone-free status. However, the 
sensitivity and specificity of these examinations 
in detecting small residual fragments are origi-
nally low. Additionally, the superimposition of 
bowel gas, feces and soft tissue calcifications as 
well as the presence of obesity, faintly radio- 
opaque stones, nephrostomy tubes and/or pigtails 
make these diagnostic modalities inaccurate to a 
certain extent [25–27].

Moreover, plain abdominal film (KUB) may 
exaggerate the actual stone size by 20% due to 
magnification error [12]. Also, ultrasonography 
(US) maybe give an inaccurate stone size com-
pared with unenhanced CT, especially overesti-
mating stones smaller than 5 mm [28].

Many authors reported that linear renal tomog-
raphy is better than plain radiographs for detect-
ing nephrolithiasis [29–32]. Palmer et  al. [33] 
demonstrated that although US failed to detect 
stones in 41% of children with stones, unen-
hanced CT could be relied upon. Thin-slice unen-
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hanced CT, combined with image reconstruction, 
showed higher sensitivity for the detection of 
residual stones when it was prospectively com-
pared to other imaging modalities. The sensitivity 
of the unenhanced CT was almost 100% com-
pared to 47.6% for KUB: 89.2% for linear tomog-
raphy and 67.8% for US [15, 17, 19, 34–39].

Kanno et  al. [40] evaluated the effectiveness 
of KUB and US for the detection of renal stones, 
including the combination of both modalities. Of 
488 stones detected by plain radiography, 476 
stones were also detected by ultrasound with a 
sensitivity of 89.9% and specificity of 68.1% for 
the combination of the two modalities. The detec-
tion rate for plain radiography for stones less than 
5 mm is very low. Stone sizes measured by the 
two modalities positively correlated with those 
obtained by computed tomography, and the con-
cordance rate based on size was similar.

Osman et  al. [34] evaluated 100 renal units 
after PCNL by KUB, US and unenhanced CT to 
detect residual fragments after PCNL. The sensi-
tivity for detecting significant RF was 20% for 
plain x-ray, 20% for ultrasound, 33.3% for linear 
tomography and 100% for CT.  Sensitivity for 
detecting significant residual stones was 100% 
for spiral CT, 85.7% for plain x-ray and 95.2% 
for linear tomography. The authors recommended 
the use of unenhanced CT for RF after PCNL 
except cases with opaque stones where KUB and 
US could be done because there was no statisti-
cally significant increase in the diagnosis of 
residual stones compared with KUB and US. In 
spite of this, unenhanced CT has many draw-
backs, namely, radiation exposure, cost and over-
estimation of the stone size in the cranio-caudal 
dimension [41].

The optimal time for imaging after PCNL is 
still debatable. Many authors recommended to 
postpone imaging to allow very small fragments 
and dust to pass especially if laser lithotripsy was 
utilised [42, 43]. Immediate imaging has many 
drawbacks especially if in the presence of ure-
teral stents or nephrostomy tubes, which might 
hide residual stones [44]. However, immediate 
imaging can be done if PCNL was performed 
with mechanical extraction or if there are no 
tubes obscuring the assessment. Some authors 

recommended the use of bone windows during 
performing unenhanced CT to differentiate tubes 
from a renal stone [45].

20.2  Management of Post PCNL 
Residual Fragments

Residual stone fragments have been depicted in 
recent studies following treatment with SWL, 
URS or PCNL as being clinically significant and 
should be treated to render patients stone free, 
especially if infection stones are suspected. This 
could be achieved by endoscopic procedures 
such as second-look nephroscopy and ureterore-
noscopy. Non-surgical treatment with antibiotics, 
urease inhibitors and other supportive measures 
are not considered a viable alternative except in 
patients otherwise too ill to tolerate stone removal 
or when the residual fragments cannot be safely 
retrieved [46].

20.2.1  Second-Look Flexible 
Nephroscopy

It is strongly recommended that flexible nephros-
copy should be a routine part of standard PCNL 
[47]. Second-look flexible nephroscopy could be 
avoided if comprehensive intraoperative evalua-
tion of stone-free status was performed. Portis and 
his colleagues proved that a combination of high-
resolution fluoroscopy and flexible nephroscopy 
led to sensitive and specific intraoperative detec-
tion of RF, allowing immediate extraction [48].

Many studies showed that the use of flexible 
nephroscopy during PCNL increased stone-free 
rates. Gücük and colleagues performed a ran-
domized prospective study in which patients 
underwent rigid nephroscopy during PCNL with 
or without concomitant flexible nephroscopy, and 
the stone-free rate was higher with concomitant 
flexible nephroscopy, 92.5% versus 70%. The 
stone-free rate was higher in patients with low 
HU density stones [49].

Furthermore, antegrade flexible nephroscopy 
can extract stone fragments that might migrate 
down the ureter.

20 Natural History of Residual Stone Fragments Following PCNL
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Based on an evaluated cost comparison of 
immediate second-look endoscopy against sur-
veillance in post-PCNL RFs, second-look endos-
copy was stated by most authors as cost 
advantageous in patients with RF >4 mm follow-
ing PCNL that causes stone events [50].

Finally, postoperative imaging may be enough 
to abort the routine second-look flexible nephros-
copy by reliably identifying patients without 
residual stones. An unnecessary flexible nephros-
copy would have been avoided based on unen-
hanced CT findings in 20% of patients, which 
reflects significant cost savings [43].

Raman et al. reported that second-look flexi-
ble nephroscopy may be used for patients with 
RFs larger than 2 mm or those with RF located in 
the renal pelvis or ureter [17]. Preminger et  al. 
concluded that second-look nephroscopy is an 
efficient method for reducing RF post PCNL 
[51]. Roth et al. reported that the use of second- 
and third-look flexible nephroscopies in pediatric 
patients with urolithiasis treated with PCNL 
resulted in a 97% stone-free rate [52].

Also, Knudsen rationalized the use for second- 
look nephroscopy for clinically significant resid-
ual renal calculi larger than 2  mm and can be 
done using flexible nephroscopy as an ambula-
tory procedure or in the operating room [53].

Borofsky and associates analyzed outcomes 
of second-look PCNL following initial treatment 
failure. Stone characteristics significantly dif-
fered between those patients undergoing second- 
look (n = 31) and primary PCNL (n > 1200). The 
incidence of staghorn calculi was higher (61.3%) 
in patients needing second-look PCNL while 
only 31.4% of the patients had staghorn stones in 
primary PCNL cohort. Unsuitable access was the 
most common (80%) reason for prior treatment 
failure. They also observed that the ultimate stone 
clearance rate was 97% after second-look 
PCNL. Secondary SWL was required in 12.8% 
of these patients [54].

Kumar and his colleagues observed that 
86.1% complete clearance rate after second-look 
PCNL. They concluded that when primary PCNL 
procedure is discontinued due to bleeding, pelvic 
perforation or purulent urine coming from access 
site, second-look PCNL significantly improves 
stone clearance rates with morbidity comparable 

to that in primary PCNL. Furthermore, second- 
look PCNL can be a planned re-intervention for 
large stone burden, offering better stone clear-
ance. On the other hand, second-look PCNL is 
associated with prolonged hospital stay, need for 
anesthesia, antibiotics and increased chances of 
antibiotic resistance, causing economic burden of 
patients [55].

20.2.2  Ureterorenoscopy

Few studies scrutinized the use of flexible URS 
for the management of patients with post-PCNL 
RFs [56–59].

Xu et  al. analyzed the efficacy and safety of 
flexible ureteroscopy used with holmium laser 
lithotripsy (F-UL) to treat residual calculi post 
PCNL in comparison to extracorporeal shockwave 
lithotripsy (SWL). Residual renal calculi patients 
(4–20 mm) after PCNL were randomly allocated 
to be treated by either F-UL or SWL. Follow-up 
was made 1 month and 3 months after treatment. 
One month after F-UL the stone- free rate was 
84.7%, which rose up to 91.3% in the third month 
while the stone-free rate in SWL group was 64.6% 
1 month after treatment and increased to 72.9% in 
the third month. For residual stone in the lower 
calyx, the stone-free rate 3 months after treatment 
was 90.4% after F-UL compared to 65.2% in SWL 
group (P  <  0.05). F-UL provided significantly 
higher stone-free rate compared with SWL, espe-
cially for low-pole calculi [59].

Chen et  al. validated the effectiveness and 
safety of the treatment for residual stones using 
F-UL and holmium laser lithotripsy. They con-
cluded that combing both PCNL and F-UL could 
manage complex calculi with a high stone-free 
rate (SFR) (88.9%), reduce the number of treat-
ment sessions and the number of percutaneous 
access tracts. Flexible ureteroscopy and holmium 
laser lithotripsy are other options for residual cal-
culi up to mean stone size of 18 mm [60].

Endoscopic combined intrarenal surgery 
(ECIRS) is becoming popular for complex renal 
calculi where primary PCNL can be combined 
with intraoperative flexible ureteroscopy to 
reduce the incidence of residual calculi, costs and 
maximize stone clearance in a single operating 
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session however; proper selection of the patients 
is of central importance for decreasing complica-
tions and avoiding technical errors. Also, ran-
domized control and prospective studies will be 
needed to further validate this approach [61, 62].

Recent reports showed that SWL is an effec-
tive method for treating post PCNL RFs. 
However, a prospective cohort study is required 
to compare cost effectiveness, complications and 
its impact on quality of life [63].

20.3  Medical Therapy

If the patient has a metabolic predisposition to 
stone formation (hyperuricosuria, hypocitratu-
ria, cystineuria or hypercalciuria), medical ther-
apy is required. Since the underlying medical 
condition leading to stone formation is still 
present, stone recurrence and growth may con-
tinue and the use of medical therapy based on 
the stone type and underlying abnormality in 
24-h urine metabolic work up will help in 
decreasing stone growth or recurrence. Thiazide 
diuretics for hypercalciuric stones, potassium 
citrate with or without allopurinol for hyperuri-
cosuria and citrate for hypocitraturia [64] are 
recommended.
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Over the last few decades, there has been a 
momentous rise in the number of minimally inva-
sive procedures and technologies to supplant 
open procedures within urology. These proce-
dures are often associated with a greater number 
of training hours to develop the skillsets required 
for competency and proficiency [1]. Percutaneous 
nephrolithotomy (PCNL) is known to be particu-
larly challenging, with much difficulty attributed 
to renal access [2].

Furthermore, transformations in contempo-
rary employment legislation such as the European 
Working Time Directive, financial constraints in 
healthcare organisations and subsequently 
increasing demands in service provision have 
significantly reduced training hours [3], not tak-
ing into account the educational requirements of 
the resident surgeon [4].

For a profession like surgery, which is subser-
vient on the development, acquisition and appli-
cation of psychomotor skills such as fine manual 
dexterity and visuospatial awareness [5, 6], this 
reduction in working hours, and ultimately 
opportunities to train in the operating room (OR), 
may have negative consequences on a trainee’s 
surgical education [7].

The rising complexity of surgical cases and 
the changing attitudes of the medico-legal aspects 
in a surgeon’s training (in that it is ethically unac-
ceptable to train on patients, regardless of super-
vision) have led to radical changes in surgical 
training. The traditional Halstedian apprentice-
ship model of “see one, do one, teach one” is no 
longer feasible [8]. Surgical simulation has, 
therefore, emerged to occupy a central position 
within surgical training as a useful adjunct to the 
traditional learning methods such as observership 
and mentorship [9], providing safe and controlled 
environments for trainees to acquire, augment 
and maintain their surgical skillset through struc-
tured and repetitive self-practice, without endan-
gering patients [10]. However, before utilising 
models and simulators in training and assess-
ment, they must undergo a scientific evaluation 
across a variety of suggested scientific parame-
ters (Fig. 21.1) [11, 12].

To date, the majority of simulators and train-
ing models pertaining to percutaneous nephroli-
thotomy produced exist as bench models. Despite 
this, there remains a paucity in the scientific eval-
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uation and validation of the majority of these 
simulators.

21.1  Virtual Reality Simulators

Virtual reality (VR) simulators have the added 
benefit of reusability and providing statistical 
feedback through objective performance evalua-
tion reports. PERC Mentor™ (Simbionix, South 
Carolina, USA) is the only reported VR simulator 
for PCNL, to date, and comprises of a mannequin 
and computer-based components with modules 
to simulate percutaneous access in normal and 
obese patients under fluoroscopic guidance.

It has been thoroughly assessed for validity 
(Fig.  21.1), demonstrating face, construct, con-
tent and predictive validities [13–17]. Knudsen 
et al. [15] concluded that the group in their study 
utilising the PERC Mentor significantly improved 
performance compared to the control arm that 
received no training and therefore upheld this 
model’s ability to adhere to theoretical relation-
ships. Khan et  al. [13] described the use of the 
PERC Mentor amongst other simulators within a 
urology simulation programme, demonstrating 
the model’s ability at depicting a realistic envi-
ronment (with 90% of participants rating it as 
realistic). Senior trainees significantly outper-
formed junior trainees in all simulation sessions.

Although expensive, this simulator provides 
the opportunity to practice radiation-free percuta-
neous access using a biplanar virtual reality C-arm, 

whereby a number of clinical scenarios can be 
simulated, including vascular injury, aspiration 
and respiration-induced renal movement. In addi-
tion, performance parameters such as procedural 
time, puncture attempts, and number of unin-
tended injuries are automatically measured allow-
ing for immediate feedback and assessment.

21.2  Organic and Synthetic 
Models

Surgical simulation utilising non-biological 
bench models refers to the use of a range of phys-
ical models made from synthetic or organic mate-
rials to represent pathological states. These can 
be utilised for specific procedures with the bene-
fit of recreating the tactile sensations of the surgi-
cal environment. Such models may also be useful 
for improving motor skills and hand-eye co- 
ordination. However, replacement of the models 
may be required following each use [18].

Fruit and vegetable models such as aubergines 
and water melons are widely used to simulate the 
task of renal access but are not described in the 
literature. Sinha et  al. [19] (NU Hospitals, 
Bangalore, India) reported the use of a courgette 
model with a bottle gourd to simulate both the 
time taken and accuracy of fluoroscopically- 
guided needle punctures in the posterior abdomi-
nal wall in a cost-effective and simple way. Such 
affordable and potentially widely available mod-
els should be methodologically evaluated.

Face Validity – Opinions, including of non-experts, regarding the realism of the simulator

Content Validity – Opinions of experts about the simulator and its appropriateness for training

Construct Validity

• Within one group – Ability of the simulator to assess and differentiate between the level of experience

 of an individual or group measured over time

• Between groups – Ability of the simulator to distinguish between different levels of experience 

Concurrent Validity – Comparison of the new model against the older and gold standard, usually by OSATS

Predictive Validity – Correlation of performance with operating room performance, usually measured

by OSATS

Fig. 21.1 Definitions of validity, based on definitions by McDougall et al. [11] and van Nortwick et al. [12]. OSATS 
Objective Structured Assessment of Technical Skills
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The Perc Trainer (Mediskills Ltd., Edinburgh, 
UK) is a commercially available synthetic bench 
model with the ability to reproduce ultrasound 
and fluoroscopic features of the human kidney 
using standard equipment, allowing for stone 
identification practice. Despite this, re-use is lim-
ited depending on the stage of PCNL simulated; 
although its “resealing” material allows for 
repeated needle punctures in the collecting sys-
tem; once the tract has been dilated the simulator 
becomes limited to nephroscopic manoeuvres 
[20]. Similarly, the PCNL Trainer (Limbs and 
Things Ltd., Bristol, UK) is another non- 
biological model, comprising a slab with multi-
ple calices where stones may be placed, allowing 
for simulated needle and guidewire insertion. 
Utilising a unique combination of a translucent 
nephrolithotomy slab and lightbox, X-ray imag-
ing can be simulated for renal calyx identifica-
tion, allowing for the subsequent placement of 
instruments [1]. Both models lack scientific vali-
dation studies evaluating their effectiveness.

The Fluoro-less SimPORTAL C-arm Trainer 
(CAT; SimPORTAL, University of Minnesota, 
Minneapolis, USA) offers a unique approach to 
imaging guidance in percutaneous nephrolithot-
omy simulation. Utilising dual webcams in oppo-
sition to each other, the C-arm is capable of 
producing a simulated X-ray image despite the 
external surface of the model being covered by an 
opaque synthetic skin. The model was prelimi-
narily validated by its developers, demonstrating 
face and content validity in a sample of 14 urolo-
gists in their first post-residency year [21]. A sec-
ond study was conducted during an American 
Urological Association post-graduate PCNL 
course to ascertain the construct validity of the 
CAT [22]. The results from this cohort estab-
lished the model’s ability to correlate with inde-
pendent variables such as experience/training. 
There was a significant improvement in perfor-
mance after undertaking training in upper pole 
renal access (p = 0.0015); however, no improve-
ment was displayed in lower pole access.

Finally, the “PCNL Boz Kidney Trainer” or 
“PCNL BOZX” (Encoris Corporation, Michigan, 
USA) appears to offer much more realistic simu-
lation through application of reusable kidney car-

tridges, containing simulated stones, within an 
enclosure formed of synthetic skin, subcutaneous 
tissue and bony landmarks including the iliac 
crest, ribs and spine. The model allows for ultra-
sound or fluoroscopy, with the potential to simu-
late different stone morphologies and orientations 
through its interchangeable kidney cartridges. 
Bozzini et al. [23] trained 25 residents in needle 
access and tract dilatation and compared to two 
other simulators. The authors found that it was 
effective and well-rated with the added benefit of 
being reusable.

These commercially available models may be 
utilised alongside the VR simulator, and efforts 
must be made for further scientific evaluation of 
their effectiveness.

21.3  Wet-Lab and Cadaveric 
Simulation

Animal models offer many benefits over bench 
models, such as respiratory movement and haptic 
feedback [24]. However, their availability is often 
limited and thus senior-level fellows and sur-
geons, requiring advanced training in a high- 
fidelity environment, are given priority. Despite 
being more cost effective in comparison to cadav-
ers, further issues exist due to licensing and ethics 
[25]. Travelling to international wet-lab courses is 
becoming very common to overcome such hur-
dles. Both ex-vivo and in-vivo animal models 
have been used for PCNL and a handful of studies 
have highlighted the use of porcine and bovine 
kidneys in PCNL simulation [9, 26]. Various 
styles of implementation have been demonstrated, 
including kidneys simulated in-vivo [14], wrapped 
in foam [27], silicone [28, 29] or within a chicken 
carcass to simulate the posterior tissue layers [30, 
31]; the latter implementation of these porcine-
based simulators has demonstrated face validity 
[31]. Other studies also reported several training 
procedures using live porcine [14, 32, 33].

Zhang et al. [34] described a porcine kidney 
wrapped in thick porcine skin containing subcu-
taneous fascia and muscle. Forty-two urologists 
performed percutaneous procedures on the model 
and rated it either “helpful” or “very helpful.”
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Live anaesthetised pigs were utilised by Mishra 
et al. [14] in a study including 24 experts perform-
ing percutaneous renal access in a live porcine 
model and the PERC Mentor VR simulator. Using 
a five-point Likert scale, the study concluded that 
the overall usefulness of both models was equiva-
lent, with the live porcine model providing a more 
realistic assessment tool for access (p  <  0.001), 
whilst the PERC Mentor was superior at repetitive 
tasking and feasibility (p < 0.001).

Fresh frozen cadavers are known to provide 
excellent tissue handling, human anatomical 
structures, preserved tissue planes and realistic 
haptic feedback [35]. However, validated cadav-
eric training programmes are limited and none 
have been published in the literature regarding the 
use of cadaveric simulation for PCNL training 
despite student feedback on cadaveric master-
classes for other procedures proving its superior-
ity over animal tissue and bench models. Due to 
the expense and lack of cadavers for surgical edu-
cation, it is recommended that training is done as 
part of modular masterclasses in conjunction with 
training for other urological procedures for maxi-
mum efficiency and benefit for the trainee.

21.4  Non-Technical Skills Training

The importance of non-technical skills (NTS) 
training for surgeons is becoming increasingly 
recognised with evidence supporting its utilisa-
tion in the clinical setting. An audit evaluating 
surgical mortality found that only 4.3% of opera-
tive errors constitute technical errors, with far 
more operative errors stemming from poor deci-
sion making [36]. Ounounou et al. [37] divided 
simulation-based NTS training into three main 
categories: full immersion/distributed simulation 
(FIDS), high fidelity OR simulation (HFORS) 
and crisis resource management (CRM). 
Although the literature does not describe PCNL- 
specific NTS training, each of these suggested 
modalities have been successfully utilised in 
urologically- themed NTS training and may be 
done so with appropriate scenarios for PCNL.

The highest reported modality of training is 
FIDS, a 360° inflatable and mobile “Igloo” 

(Imperial College, London, UK) that can be set up 
with real OR equipment to create a realistic envi-
ronment [38–41]. Brewin et al. [39] investigated 
the combined teaching of technical skills (TURP) 
and NTS within this environment and demon-
strated face, content and construct validity. The 
course received positive qualitative feedback and 
the NTS of the experienced urologists was signifi-
cantly better than those of trainees. The results of 
this study were further supported by Brunckhorst 
et al. [38], where novices (n = 31) were recruited 
by Brunckhorst et al. [38] in a randomised con-
trolled trial. Participants who received simulation 
training for ureteroscopy (including NTS), as 
opposed to simple didactic teaching, performed 
significantly better in both technical and NTS, 
demonstrating its consistency with theoretical 
relations and independent variables. The authors 
also found a significant correlation between tech-
nical and non-technical skills [42]. Similarly, the 
ureteroscopy procedure- specific NTS curriculum 
reported by Aydin et al. [40], for junior urology 
residents, also demonstrated an educational 
impact and a significant improvement in NTS 
with consecutive scenarios (p = 0.0037) in groups 
of up to four residents (n = 42). Development and 
execution of similar scenarios for percutaneous 
access may be worthwhile to better prepare uroli-
thiasis fellows in NTS for a highly technically 
demanding procedure.

HFORS uses a dedicated OR simulated for 
training and assessment of non-technical surgical 
skills. In a prospective cohort study by 
Abdelshehid et  al. [43], urology residents per-
formed laparoscopic partial nephrectomy, using a 
validated training model within a simulated envi-
ronment as part of a team-training scenario. The 
level of urology resident training significantly 
affected the NTS performance, thereby demon-
strating construct validity. A similar study [44] 
conducted alongside anaesthetic residents high-
lighted that 94% rated the session useful and 
stated that it should be included in residency train-
ing, demonstrating face validity. Similar training 
may be conducted for PCNL-based scenarios.

Training must also address the surgeon’s 
wider role, including outside the OR, in clinics 
and wards, since different skills may be required 
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for different settings [45]. CRM training, which 
addresses NTS in emergency scenarios, has been 
used successfully in aviation and acute care and 
is associated with a reduction in errors [46, 47]. 
Many studies exclusively use the OR setting for 
simulation but there are some examples of simu-
lated ward rounds, such as the UK urology boot 
camp initiative [48], an intense 1-week training 
curriculum and course for newly-starting train-
ees. Simulated wards and clinics have also been 
employed as part of a larger programme in a 
urology- focused course by Khan et al. [13], using 
the “SimMan” model, and for general NTS train-
ing with multiprofessional groups. The authors 
suggest that repeated training is important for 
trainees to develop NTS and improve their stress 
management earlier on in their careers [13].

21.5  Assessment

Surgical competence comprises technical skills, 
theoretical knowledge, decision making and 
communication skills [49] and develops from 
novice to proficiency to mastery of a procedure. 
Traditionally, this has been done in a subjective 
manner with logbooks, non-criteria based direct 
observation of procedures as well as a purely 
numerical “time taken for a procedure.” However, 
this is often reliant on the observer and lacks 
validity and reliability. Objective methods of 
assessment have been validated for use, including 
checklists and global rating scales. These have 
been combined to form an objective structured 
assessment of technical skills (OSATS) [50], 
long-considered the gold-standard in surgical 
assessment.

Procedure specific checklists have been imple-
mented in other urological procedures such as 
ureteroscopy [51] and in robot–assisted radical 
prostatectomy, where scores obtained using the 
tool have been used to establish learning curves 
in this procedure [52]. Quirke et al. [53] reported 
the development of an assessment tool for PCNL 
technical skills (Percutaneous Nephrolithotomy 
Assessment Score) using a healthcare failure 
mode and an effect analysis method where the 
most hazardous steps of the procedure were iden-

tified. The assessment score contains 10 phases, 
from pre-operative preparation to tract dilatation 
and patient transfer at the end of the procedure, 
21 processes and 47 sub-processes as part of a 
comprehensive analysis of a trainee’s perfor-
mance in the procedure. Both OSATS and this 
newly-developed tool may be utilised in simula-
tion and OR settings, as part of continuous 
assessment and structured feedback.

21.6  Learning Curves and OR 
Training

Training must inevitably continue on the OR to 
reach a level of competency in the learning curve. 
The learning curve of a procedure is the period in 
which the operator finds the technique more dif-
ficult and subsequently the operation may be 
associated with lower efficacy, higher complica-
tion rates and longer operative times [54]. A sys-
tematic review by Quirke et  al. [2] reported on 
the learning curves of urolithiasis procedures. 
Although the lack of comparable outcome mea-
sures between studies means that a definitive 
learning curve for PCNL has not yet been estab-
lished, the majority discuss learning curves in 
relation to operative time and demonstrate that a 
surgeon is required to complete between 30 and 
60 cases to reach a plateau [55–65]. The authors 
identified a wider range of cases required to reach 
a plateau for other parameters such as the fluoro-
scopic screening time (20–115 cases) and the 
stone-free rate (30–105 cases) [2].

The number of cases required to attain compe-
tence in PCNL is also dependent on the type of 
PCNL conducted and the outcome measure uti-
lised to measure competence [2]. With regards to 
prone PCNL, the learning curve varies signifi-
cantly depending on the outcome measure and 
was demonstrated to be completed between 30 
and 60 cases when observing the operative time, 
105 cases for an acceptable stone-free rate and 
30–115 cases for a plateau regarding the fluoro-
scopic screening time. As for supine PCNL, the 
operative time reaches an acceptable length after 
36 cases. For gaining access to the kidney in 
PCNL, studies found that the learning curve for 
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the operative time was completed after 60 cases 
and that the fluoroscopic screening time reached 
an acceptable level between 20 and 40 cases. As 
such, residents and surgical mentors are advised 
to perform a minimum of 30 cases before being 
deemed competent in the procedure.

21.7  Conclusion

Based on the available literature and training tools, 
a variety of physical models and the PERC Mentor 
VR simulator can be utilised at the initial phase of 
the PCNL training, with particular emphasis on 
percutaneous renal access. This may be useful for 
junior trainees in grasping new concepts and famil-
iarizing themselves with surgical instruments. The 
next phase of the training should incorporate por-
cine kidney/reno-ureteral tissue due to its accuracy 
in reflecting human tissue followed by wet lab 
training with fresh or live porcine tissue and/or 
cadaveric simulation masterclasses in multiple pro-
cedures, as they replicate the OR to the highest 
degree and are expensive to maintain [35]. NTS 
should be incorporated alongside the selected mod-
els using the validated full immersion simulation 
environment or within a designated OR. Trainees 
should be assessed using generic assessment tools 
such as OSATS and the newly-available 
Percutaneous Nephrolithotomy Assessment Score, 
as part of a continual assessment. A minimum of 30 
cases must be performed in the OR to be deemed 
competent in the PCNL (subjective to the method 
and personal progress).
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