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  Pref ace   

  Supine percutaneous nephrolithotomy :  a new way of interpreting PNL  is the culmi-
nation of 10 years’ intensive work in the fi eld of renal stone surgery. Our strongest 
desire was to share our extensive experience with ECIRS (Endoscopic Combined 
Intra Renal Surgery) in the Galdakao-modifi ed supine Valdivia position, a revolu-
tionary approach to percutaneous stone surgery, which we undertook with passion 
and interest, trying to exploit its advantages and new aspects. In order to do this 
extensively, we involved renowned surgical urologists, anesthesiologists, radiolo-
gists, anatomists, and scrub nurses. Thanks to their essential contribution, the pres-
ent book fi nally provides, for the fi rst time as far as we know, a comprehensive and 
multidisciplinary overview of all the issues relative to percutaneous surgery per-
formed in the emerging supine and supine-modifi ed positions. 

 The crucial concepts in ECIRS and its synergy and versatility in order to provide 
the best possible treatment for individual patients affected by large and/or complex 
urolithiasis are refl ected throughout the book. Both synergy and versatility are 
needed in the preoperative holistic evaluation of the patient.    A tailored surgical 
therapy can be proposed and discussed only after a thorough study of the stone fea-
tures, the anatomy of the collecting system, and the patient’s history, characteristics, 
and comorbidities. Intraoperatively, synergy is needed both among staff (urologists, 
anesthesiologists, nurses, radiology technicians) and technical equipment (litho-
tripsy energies, instruments for antegrade and retrograde access, accessories, imag-
ing assistance); further, all the actors should be as versatile as possible, adapting the 
procedure to the needs of the patient. Postoperatively, thorough prevention of 
 complications, mainly infectious, and follow-up represent another form of 
 multi-disciplinary synergy. 

 All the chapters have extensive photographs taken in the operating room, draw-
ings, radiograms, and summarizing tables, with the specifi c aim to be maximally 
didactic and to share all our experience in the fi eld, including practical tips and tricks. 
We hope that this book will be a valuable resource in the fi eld of stone surgery for 
those currently in training as well as for those already expert in prone percutaneous 
surgery. It takes into account new ways of performing this technical approach, which 
has been undergoing continuous improvement since the 1970s and is still riding high. 
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 Our whole-hearted gratitude goes fi rst of all to Professor Roberto Mario Scarpa, 
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us to discover and appreciate this surgical approach and to develop all the subse-
quent pertinent work. In Créteil, the merit goes to Professor Abbou, one of the 
pioneers of PNL in France in the early 1980s, who from an early stage acted as a 
visionary regarding the future role of ECIRS. He prompted his team to follow the 
Spanish and Italian example and encouraged us to popularize supine PNL in France. 

 We are also particularly grateful to Dr. Valdivia and Dr. Ibarluzea, the “fathers” 
of the Galdakao-modifi ed supine Valdivia position, who generously shared their 
experience with us and supported us in the development of the combined percutane-
ous approach. Finally, thanks to all the urologists, anesthesiologists, and nurses in 
the Departments of Urology at the San Luigi Hospital, Orbassano, the Cottolengo 
Hospital, Torino, and the Henri Mondor Hospital, Créteil, for their valuable coop-
eration and fundamental support in the development of all the different stages of 
ECIRS.        

 Torino, Italy Cesare Marco Scoffone

Preface



vii

        

 Créteil Cedex, France András Hoznek

Preface



viii

        

 Torino, Italy   Cecilia Maria Cracco  

Preface



   Contents 

 1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1
José Gabriel Valdivia Uría

 2 The Early History of Percutaneous Nephrolithotomy (PNL)  . . . . . .  5
Peter Alken

 3 The Evolution from Prone to Supine PNL and from Supine 
PNL to ECIRS: The Basque History of Endourology  . . . . . . . . . . . .  15
J. Gaspar Ibarluzea, Mikel G. Gamarra, Asier Leibar, 
and José G. Pereira

 4 PNL: Indications and Guidelines: Urolithiasis . . . . . . . . . . . . . . . . . .  25
Arvind P. Ganpule and Mahesh R. Desai

 5 PNL: Indications and Guidelines: Stenosis and Tumours . . . . . . . . .  33
Marianne Brehmer

 6 Anatomy for PNL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41
Cecilia Maria Cracco and Alessandro Eugenio Vercelli

 7 Imaging in Percutaneous Nephrolithotomy. . . . . . . . . . . . . . . . . . . . .  57
Susanne Sloth Osther and Palle Jørn Sloth Osther

 8 Anaesthesia for Supine and Modifi ed Supine PNL. . . . . . . . . . . . . . .  79
Adebanji A.B. Adeyoju and Neil Sutcliffe

 9 Prone PNL: Is It Still the Gold Standard? Review and Results  . . . .  89
Thomas Knoll

10 Endoscopic Combined IntraRenal Surgery (ECIRS): Rationale  . . .  99
Cesare Marco Scoffone, Cecilia Maria Cracco,  
and Roberto Mario Scarpa

ix



x

11 ECIRS: Patient Positioning and Organization 
of the Operating Room  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109
András Hoznek, Francisco Pedro Juan Daels, 
Michael N’Tege Kimuli, Cecilia Maria Cracco, 
and Cesare Marco Scoffone

12 Instruments and Accessories for ECIRS . . . . . . . . . . . . . . . . . . . . . . .  127
Cesare Marco Scoffone, András Hoznek, and Julie Rode

13 ECIRS: Access Creation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161
Cesare Marco Scoffone, András Hoznek, and Cecilia Maria Cracco

14 Stone Fragmentation and Extraction. . . . . . . . . . . . . . . . . . . . . . . . . .  189
András Hoznek, Michael N’Tege Kimuli, and Cesare Marco Scoffone

15 Kidney Drainage and Percutaneous Tract Closure  . . . . . . . . . . . . . .  199
Cesare Marco Scoffone, András Hoznek, and Cecilia Maria Cracco

16 Supine and Supine Modifi ed PNL in Special Situations. . . . . . . . . . .  209
Cecilia Maria Cracco, Cesare Marco Scoffone, Arvind P. Ganpule, 
Amit Doshi, and Mahesh R. Desai

17 PNL in Paediatric Patients  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  223
Antonio Frattini, Cesare Marco Scoffone, and Stefania Ferretti

18 Technical Aspects of Percutaneous Management of Ureteral 
Stenosis and Upper Urinary Tract Transitional Cell 
Carcinomas (UUT-TCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  233
Marianne Brehmer

19 The Scrub Nurse’s Point of View on ECIRS 
(Endoscopic Combined IntraRenal Surgery)  . . . . . . . . . . . . . . . . . . .  249
Cristian Demelas, Gianni De Masi, Debora Crepaldi, 
Elena Bertinaria, Michele Trimboli, Angela Palamuso, 
Tiziana Girodo, and Debora Coda Zabetta

20 Intraoperative Complications: How to Avoid Them?. . . . . . . . . . . . .  265
Francisco Pedro Juan Daels and Mariano Sebastian Gonzalez

21 Antibiotic Prophylaxis and Infectious Complications in PNL. . . . . .  279
Oscar R. Negrete-Pulido and Jorge Gutiérrez-Aceves

22 Prone Versus Supine PNL: Results and Published Series  . . . . . . . . .  293
András Hoznek, Julie Rode, Cecilia Maria Cracco, 
and Cesare Marco Scoffone

23 Micro-ECIRS: A Revolutionary New Tool in the 
Current Endourologic Armamentarium . . . . . . . . . . . . . . . . . . . . . . .  303
Cesare Marco Scoffone and Cecilia Maria Cracco

24 Conclusions and Future Perspectives of PNL . . . . . . . . . . . . . . . . . . .  311
András Hoznek, Cecilia Maria Cracco, and Cesare Marco Scoffone    

Contents



  Contributors 

     Adebanji     A.    B.     Adeyoju  ,   MB, BS, FRCS (Urol)       Consultant Urological Surgeon, 
Department of Urology, Stepping Hill NHS Foundation Trust  ,  Stockport ,  UK     

      Peter     Alken  ,   MD       Department of Urology ,  University Clinic Mannheim  , 
 Mannheim ,  Germany     

      Elena     Bertinaria       Cottolengo Hospital  ,  Torino ,  Italy     

      Marianne     Brehmer       Department of Urology, Institution of Oncology and 
Pathology, Karolinska Institutet ,  Aarhus University Hospital  ,    Denmark     

      Debora     Coda Zabetta       Cottolengo Hospital  ,  Torino ,  Italy     

      Cecilia     Maria     Cracco  ,   MD, PhD       Department of Urology ,  Cottolengo Hospital  , 
 Torino ,  Italy     

      Debora     Crepaldi       Cottolengo Hospital  ,  Torino ,  Italy     

      Francisco     Pedro     Juan     Daels  ,   MD       Department of Urology ,  Instituto 
Universitario del Hospital Italiano de Buenos Aires  ,  Buenos Aires ,  Argentina     

      Gianni     De     Masi       Department of Urology ,  San Luigi Hospital, 
University of Torino  ,  Orbassano, Torino ,  Italy     

      Cristian     De    melas       Department of Urology ,  San Luigi Hospital, 
University of Torino  ,  Orbassano, Torino ,  Italy     

      Mahesh     R.     Desai         Department of Urology, Muljibhai Patel Urological Hospital  , 
 Nadiad ,  Gujarat ,  India     

      Amit     Doshi       Department of Urology ,  Muljibhai Patel Urological Hospital  , 
 Nadiad ,  Gujarat ,  India     

      Stefania     Ferretti  ,   MD       Department of Surgery, Urology Unit , 
 University Hospital of Parma  ,  Parma ,  Italy     

      Antonio     Frattini  ,   MD       Department of Urology ,  Guastalla Hospital  , 
 Guastalla ,  RE ,  Italy     

xi



xii

      Mikel     G.     Gamarra  ,   MD       Department of Urology,   Galdakao-Usansolo Hospital  , 
 Bizkaia, Basque Country ,  Spain   

  Uro-Oncology Section ,  Urologia Clínica Bilbao, IMQ Zorrotzaurre Clinic  ,  Bilbao, 
Basque Country ,  Spain     

      Arvind     P.     Ganpule       Department of Urology ,  Muljibhai Patel Urological Hospital  , 
 Nadiad ,  Gujarat ,  India     

      Tiziana     Girodo       Cottolengo Hospital  ,  Torino ,  Italy     

      Mariano     Sebastian     Gonzalez  ,   MD       Department of Urology ,  Instituto 
Universitario del Hospital Italiano de Buenos Aires  ,  Buenos Aires ,  Argentina     

         Jorge     Gutiérrez-Aceves  ,   MD       Department of Urology ,  Wake Forest 
School of Medicine  ,  Winston-Salem ,  NC ,  USA     

      András     Hoznek, MD       Department of Urology ,  CHU Henri Mondor  ,  Créteil 
Cedex ,  France     

      J.     Gaspar     Ibarluzea  ,   MD       Endouroloy and ESWL Section ,  Urología Clínica 
Bilbao, IMQ Zorrotzaurre Clinic  ,  Bilbao, Basque Country ,  Spain     

      Michael     N’Tege     Kimuli       Pyrah Department of Urology, St James’s University 
Hospital  ,  Leeds ,  UK     

      Thomas     Knoll       Department of Urology ,  Klinikum Sindelfi ngen-Boeblingen  , 
 Sindelfi ngen ,  Germany     

      Asier     Leibar  ,   MD       Urología Clínica Bilbao, IMQ Zorrotzaurre Clinic  , 
 Bilbao, Basque Country ,  Spain   

  Department of Urology ,  Galdakao-Usansolo Hospital  ,  Bizkaia, 
Basque Country ,  Spain     

      Cossu     Marco  ,   MD       Department of Urology ,  San Luigi Hospital, 
University of Torino  ,  Orbassano Torino ,  Italy     

      Oscar     R.     Negrete-Pulido       Department of Urology, Lithiasis and Endourology 
Clinic ,  Hospital Ángeles LEÓN, Hospital Regional de Alta Especialidad del Bajío  , 
 León ,  Guanajuato ,  Mexico     

      Palle     Jørn     Sloth     Osther  ,   MD, PhD       Department of Urology, Fredericia Hospital – 
A part of Hospital Littlebelt ,  University of Southern Denmark  ,  Fredericia , 
 Denmark     

      Susanne     Sloth     Osther  ,   MD       Department of Urology, Fredericia Hospital – A part 
of Hospital Littlebelt ,  University of Southern Denmark  ,  Fredericia ,  Denmark     

      Angela     Palamuso       Cottolengo Hospital  ,  Torino ,  Italy     

      José     G.     Pereira  ,   MD       Robotic Surgery Section ,  Urología Clínica Bilbao, 
IMQ Zorrotzaurre Clinic  ,  Bilbao, Basque Country ,  Spain   

  Department of Urology ,  Galdakao-Usansolo Hospital  ,  Bizkaia, 
Basque Country ,  Spain     

Contributors



xiii

      Massimiliano     Poggio  ,   MD       Department of Urology ,  San Luigi Hospital, 
University of Torino  ,  Orbassano, Torino ,  Italy     

      Julie     Rode       Department of Urology ,  CHU Henri Mondor  ,  Créteil Cedex ,  France     

      Roberto     Mario     Scarpa       Department of Urology ,  San Luigi Hospital, 
University of Torino  ,  Orbassano, Torino ,  Italy     

      Cesare     Marco     Scoffone, MD       Department of Urology ,  Cottolengo Hospital  , 
 Torino ,  Italy     

      Neil     Sutcliffe  ,   BSc, MBChB, FRCA, FFICM       Consultant Urological Surgeon, 
Department of Urology, Stepping Hill NHS Foundation Trust  ,  Stockport ,  UK     

      Michele     Trimboli       Cottolengo Hospital  ,  Torino ,  Italy     

      José     Gabriel     Valdivia Uría       Jefe de Servicio de Urología del Hospital Clínico 
Universitario “Lozano Blesa” Zaragoza  ,  Cuarte de Huerva, Zaragoza ,  Spain     

      Alessandro     Eugenio     Vercelli  ,   MD, PhD       Neuroscience Institute of the Cavalieri 
Ottolenghi Foundation  ,  Orbassano, Torino ,  Italy   

  Department of Neuroscience ,  University of Torino  ,  Torino ,  Italy      

Contributors



1C.M. Scoffone et al. (eds.), Supine Percutaneous Nephrolithotomy and ECIRS,  
DOI 10.1007/978-2-8178-0459-0_1, © Springer-Verlag France 2014

    Abstract     In this introduction J.G. Valdivia Uría, the father of the supine position 
for percutaneous surgery, briefl y describes the history of patient positioning for per-
cutaneous renal access, the initial cooperation between urologists and radiologists, 
and the subsequent birth of percutaneous nephrolithotomy in all its steps, thor-
oughly developed by various urologists during the years. He underlines the advan-
tages of the supine position and presents the contents of the present book, 
highlighting its exhaustive approach to all related issues and its practical value.  

     The percutaneous access to the kidney began to develop in 1954, when radiologists 
fi rst dared to puncture a hydronephrotic renal pelvis in order to obtain antegrade 
pyelographies [ 1 ,  2 ]. 

 After these initial experiences, radiologists and urologists began to perform tech-
niques of increasing complexity such as percutaneous nephrostomy [ 3 ], extraction 
of kidney stones through mature tracts of previous percutaneous nephrostomies [ 4 ], 
and fi nally percutaneous nephrolithotomy (PNL), a technique that afterwards in the 
urologists’ hands got better and better over the years [ 5 – 8 ]. 

 After defi ning a good technique to puncture the kidney, subsequent improve-
ments were essentially directed at simplifying the procedure of nephrostomy tract 
dilatation and designing effi cient instruments such as nephroscopes, stone extrac-
tors, and lithotripsy devices. 

 At this point it is worth remembering that initially the radiologists aimed at the 
direct puncture of the renal pelvis without passing through the renal parenchyma, 
and for that reason they placed the patient in prone position. Although it did not take 
long to prove the advantages and safety of puncturing the kidney via the calyceal 
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papilla, all the same it was not considered necessary to modify the patient’s 
position. 

 The pioneering urologists in these percutaneous techniques described several 
anatomic references in the lumbar area (points, lines, and angles) in the attempt to 
simplify the procedure of the renal puncture and make it accessible to all urologists. 
The radiological C arm was from the very beginning a necessary prerequisite, 
thanks to its ability to show the path of the puncture needle from different angles. 

 Some urologists, facing the complexity of this step, refused to perform the initial 
percutaneous approach themselves, leaving it instead to the radiologists, so that 
they were used to performing only the endoscopic part of the PNL. 

 Another fact that dissuaded many urologists from starting with these percutane-
ous techniques was the laborious way of changing the position of the patient from 
the initial lithotomic position to the prone decubitus for the main surgery, consider-
ing that the patient already had an endotracheal tube, a ureteral catheter, a bladder 
catheter, and an intravenous access. During the years the anesthetists often reported 
that prone position was not always well tolerated by all patients and not exempted 
from possible iatrogenic risks. 

 The truth is that thousands of percutaneous kidney approaches with patients in 
the prone position have been performed worldwide, and it is a matter of fact that this 
procedure is perfectly standardized and made as steady as possible. 

 Nevertheless, very few urologists would disagree with the fact that percutaneous 
renal surgery with the patient in the supine position is a well-known and relevant 
step in the development of the endourological surgery. With the supine technique, 
there are reduced iatrogenic risks, morbidity, and surgical time. It made the calyceal 
puncture and the stone fragments extraction easier, and in particular it opened new 
endourological frontiers allowing the combination of various approaches to the kid-
ney, namely, transurethral, percutaneous, and laparoscopic [ 9 – 12 ]. 

 The idea of the editors of focusing the content of this book on the percutaneous 
kidney approach with the patient in the supine position is superb, and the publica-
tion of this work will be a milestone in the evolution of endourological surgery. 

 Until now many urologists justifi ed their skepticism in performing PNL in supine 
position saying that effi cacy and safety of this procedure were still to be demon-
strated. Many publications tried to compare prone and supine PNL, without fully 
considering the solid experience of the endourological groups that perform PNL in 
supine position, nor comparing an equal number of procedures of either technique. 
I am sure that reading of this book will remove all doubts and will help to encourage 
those who are still doubtful about supine PNL. 

 In this book, the reader will fi nd detailed information about the history of PNL 
and also reviews and results about prone PNL. He will have access to a complete list 
of indications and guidelines to PNL, as well as to valuable anatomical and radio-
logical details concerning this technique. Additionally, there are also useful practi-
cal considerations from the anesthetic point of view, directly related to PNL 
surgery. 

 The main body of this work is dedicated to the supine PNL technique, and in 
their chapters the editors, together with other endourologists with a large and 
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recognized background of experience, make an exhaustive analysis of each one of 
the practical details that contribute to give brilliance to this technique. 

 In order to complete the contents of this book, they added consistent practical 
information on PNL in special situations (including PNL in pediatric patients), 
Endoscopic Combined IntraRenal Surgery (ECIRS), other indications than uroli-
thiasis for the percutaneous renal surgery (ureteral stenosis, upper urinary tract tran-
sitional cell carcinoma), and description and management of the related 
complications. Finally, the authors make a critical analysis of the results of PNL 
based on published series and give their own conclusions. 

 Summarizing, the book that you have in your hands, entitled “Supine Percutaneous 
Nephrolithotomy and ECIRS: The New Way of Interpreting PNL,” is a work of 
great practical value, not only for those who want to start practicing this technique 
but also for those that already perform it comfortably. 

 It is for me a great honor that the editors asked me to write the introduction to this 
magnifi cent work, which without doubt will be from now an important landmark for 
percutaneous renal surgery.    
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    Abstract     The present chapter provides a detailed look into the early history of 
percutaneous nephrolithotomy (PNL), showing that many have contributed to the 
development of this procedure including the author, who has taken active part in it. 
PNL has become an integral part of urology since more than 30 years, quickly 
expanding during the 1980s, but was not widely accepted until the 1970s. Many 
other urologists have contributed to this technique, reinventing it many times, and 
of course, the benefi cial effects of the introduction of new instruments, accessories, 
technologies, and devices are evident.  

     A look into the early history of percutaneous nephrolithotomy (PNL) shows that 
many have contributed to the development of this procedure, which has become an 
integral part of urology since more than 30 years. 

2.1     The Beginning 

2.1.1     Percutaneous Nephrostomy 

 Percutaneous nephrostomy was not widely accepted until the 1970s [ 1 ]. There are 
many hints on early percutaneous procedures in the old urological literature of dif-
ferent countries. Simple puncture of the kidney from the fl ank was performed, e.g., 
by Hillier in 1865 [ 2 ], and described as a frequently performed procedure for 
instance by Küster [ 3 ]. J. Israel and W. Israel mentioned percutaneous nephrostomy 

    Chapter 2   
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drainage in 1925 in their German textbook “Chirurgie der Niere und des Harnleiters.” 
They used the technique of trocar puncture of hydronephrotic kidneys from the 
fl ank and introduction of a tube for drainage in the second half of the nineteenth 
century [ 4 ]. They quote Schede to have performed this procedure around 1880 [ 5 ]. 

 The technique of percutaneous nephrostomy was described again 150 years later by 
the American urologist Goodwin in 1955 [ 6 ], although remaining relatively disregarded 
and in the hands of the radiologists. Percutaneous nephrostomy under ultrasound con-
trol was performed in 1974 by Pedersen [ 7 ]. In the author’s experience, the introduction 
of ultrasound into clinical routine in the early 1980s had an important impact on percu-
taneous procedures in Europe. In many countries where urologists had direct access to 
ultrasound, they took the puncture away from the radiologists’ hands, and the whole 
procedure was then performed by the urologist alone. Since 1980 the author established 
all his percutaneous accesses under combined ultrasound and fl uoroscopic control him-
self and has taught his coworkers accordingly [ 8 ]. Especially in North America, urolo-
gists have only very limited experience in establishing an autonomous percutaneous 
access [ 9 ,  10 ] and sometimes invent complicated or not well-accepted endourological 
techniques to bypass the problem that radiologist governs this step of PNL [ 11 – 13 ].  

2.1.2     Percutaneous Stone Removal 

 The credit for the fi rst stone extraction through a previously established nephros-
tomy tract is given to Rupel and Brown in 1941 [ 14 ], but Chester Allen described 
this procedure already in 1935 [ 15 ], and the early literature in various countries will 
probably show further descriptions of this procedure. 

 An operatively established access was used to remove larger stones by disinte-
gration with an electrohydraulic lithotrite in 1970 by Sachse [ 16 ], and the same 
results were achieved with an ultrasound lithotrite that was originally designed for 
the disintegration of bladder stones by Rathert in Aachen, Germany [ 17 ], and by 
Kurth in Mainz, Germany [ 18 ]. 

 An essential publication by Fernström (radiologist) and Johansson (urologist) 
reported on three successful cases of primary percutaneous nephrostomy, subsequent 
tract dilatation for several days, and stone extraction under fl uoroscopic control [ 19 ]. 
Their fi rst case was done in 1974, and they concluded that the technique was suitable 
for stones up to 15 mm in diameter. But they did not realize the full potential of per-
cutaneous stone removal: in a later publication in 1982 [ 20 ] with 33 patients treated in 
that manner they still stated: “…  the canal is ready for instrumentation after 8 days 
and the stone is removed after 10–12 days. The patient can be discharged 17 days 
after the performance of the percutaneous nephrostomy .” and “ Calculi greater than 
20 mm are not suitable for percutaneous nephrolithotomy because of the excessive 
degree of dilatation which would be required. ” At that time one session stone removal 
with ultrasound or electrohydraulic disintegration had already become routine for sev-
eral urologists. Nowadays it is especially the stone above 20 mm in diameter which is 
regarded as the standard indication for percutaneous nephrolithotomy. This was only 
possible by putting all the pieces of the  puzzle together in the right way (Fig.  2.1 ).
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   Between 1976 and 1979 the author, the radiologist Rolf Günther and the urolo-
gist Gerd Hutschenreiter contributed to the further development of the PNL tech-
nique. Initially the radiologist did the puncture, but when ultrasound became 
available, the whole procedure became urologic. Our fi rst report of a case treated by 
percutaneous ultrasound lithotripsy [ 21 ] was followed by presentations with increas-
ing patient numbers and refi nement of the technique at the 1979 annual meeting of 
the European Intrarenal Surgery Society in Bern and the meeting of the German 
Urological Society in the same year [ 22 ]. Our 1980 presentation at the 75th American 
Urological Association (AUA) annual meeting in San Francisco was the basis for 
the manuscript on PNL that was submitted to the Journal of Urology at that AUA 
meeting. It was accepted with minor modifi cations. Dr. Scott, who was at that time 
the editor of the Journal, disliked some concluding remarks in the last three para-
graphs of the discussion: “ With a set of instruments currently being developed, we 
expect to reduce the time for the whole procedure to two ambulant sessions for dila-
tion and a one-week hospital stay for stone removal… Percutaneous stone manipu-
lation as a deliberate alternative to open surgery has to compete with the techniques 
for operative stone removal established over the past 100 years. Its specifi c place 
among the various techniques of stone therapy will be defi ned on the basis of fur-
ther experience. ” We respected his comment “ The Journal of Urology is not a 

  Fig. 2.1    The puzzle of PNL 
history [ 6 ,  14 ,  16 ,  17 ,  18 ,  19 , 
 23 ,  42 ]       
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medicine man’s paper ” by slightly changing these statements, but without changing 
our ideas [ 23 ]. 

 At the time of the presentation at the AUA meeting in May 1980, the telescope 
dilators designed by the author and produced by Karl Storz were already in use [ 24 ]. 
These dilators were the fi rst instruments purposely built for percutaneous stone 
removal. They were developed as a consequence of the problems met with serial 
plastic or metallic dilators initially used and developed as part of a set of instru-
ments (Fig.  2.2 ) to establish a large, straight nephrostomy tract with minimal bleed-
ing in one session and to allow a complete one session procedure. Percutaneous 
stone removal in one session is of course desirable for the patient, but it was not 
easy to achieve. Clayman et al. in their report on 100 cases in 1984 succeeded in 
only 31 % of their patients [ 25 ]. In the authors’ initial series published in 1983, the 
one-session stone-free rate was also only 60 % [ 26 ].

   Fragmentation of large stones was obtained with an electrohydraulic system [ 25 ] 
or preferably with an ultrasound lithotrite, as the latter caused no harm to tissue [ 27 ].  

2.1.3     Prone or Supine? 

 The prone position was the classic position described for percutaneous nephros-
tomy. For many years the author did not use cystoscopy with retrograde ureteral 

  Fig. 2.2    The PNL instruments       
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catheterization before the nephrostomy puncture [ 24 ]. Thus it was not necessary to 
turn the patient from the supine-cystoscopy-position to the prone-nephrostomy- 
position. Bolsters underneath the abdomen were not used because we felt that they 
pushed the kidney cephalad instead of exposing it. Thus breathing of the patient was 
unimpeded, and the anesthetists had no problems with control of the patient as they 
used epidural anesthesia and could communicate with the patient during the whole 
procedure. 

 Experience with a supine percutaneous access was gained with patients that 
required emergency drainage of a kidney that got obstructed after open surgery. It 
was easy to do but did not change our PNL procedure.   

2.2     The Progress 

 Many others have contributed to the development of percutaneous nephrolithot-
omy: Clayman and coworkers were the fi rst to describe the use of angioplasty bal-
loon dilatation catheters for tract dilatation as another alternative to the sequential 
dilatation with plastic dilators in 1983 [ 28 ]. This group published an experience 
with 100 cases in 1984 [ 25 ]. 

 The term endourology was coined by Smith et al. in 1979 [ 29 ] when they 
described the possible future application of percutaneous nephrostomy. Nowadays 
stone therapy is only a minor aspect of this continuously developing fi eld. 

 The use of PNL quickly expanded. After personal experience with PNL since 
1980, Marberger and collaborators designed a purposely built nephroscope and 
ultrasound lithotrite for percutaneous use together with the Richard Wolf GmbH, 
Knittlingen, Germany [ 30 ], and Korth with Olympus Winter und Ibe, Hamburg, 
Germany [ 31 ]. Clayman and Castaneda-Zuniga were the fi rst to publish a book on 
almost every aspect of percutaneous renal surgery [ 32 ]. Wickham, who had learned 
about the technique of PNL during his visits to the Department of Urology at the 
University of Mainz and the author’s presentation at the meeting of the European 
Intrarenal Surgery Society in Bern in 1979, was probably the fi rst person to reintro-
duce a pelvic stone into the kidney to demonstrate the ease of the procedure to the 
patient and the fi rst to try not to insert a nephrostomy after a percutaneous proce-
dure, as no bleeding from the tract was observed (Wickham, personal communica-
tion). But he was also the one who realized the potential of PNL and organized the 
fi rst world meeting on this topic [ 33 ]. One-session PNL was initiated by the design 
of telescopic dilators [ 24 ] which are still very popular after 30 years [ 34 ]. Also the 
Amplatz dilators and sheath became widespread access instruments [ 35 ]. Segura 
and coworkers were the fi rst to publish a series of 1,000 procedures [ 36 ]. Many 
other urologists have contributed to this technique and they, like Clayman and col-
laborators in 1984 [ 25 ], reported in the early 1980s that PNL had replaced 90 % or 
more of their surgical procedures for renal stone removal. But at that time, mini-
mally invasive PNL was being continuously replaced by a noninvasive technique, 
namely, extracorporeal shock wave lithotripsy (ESWL) [ 37 ,  38 ]. The worldwide 

2 The Early History of Percutaneous Nephrolithotomy (PNL)



10

fourth extracorporeal lithotripter was installed in 1983 at the Department of Urology 
at Mainz University Clinic in Germany, where the author worked until 1987. ESWL 
immediately reduced the frequency of PNL to approximately 10 % (Fig.  2.3 ), 
because all the small stones that could have been removed by percutaneous extrac-
tion were now shocked. Today PNL ranges in this 10 % level in most of the affl uent 
countries, as data from the authors department in Mannheim show (Fig.  2.4 ). The 
situation is different in countries where there are still a lot of big stones as in India, 
as shown by the statistics from Muljibhai Patel Urological Hospital, India (Fig.  2.5 ). 
With the enormously high PNL working load in his country and several thousands 
of cases having been treated in his department, Dr. Desai has somehow reinvented 
PNL [ 39 ,  40 ] and has of course already a positive experience with the supine posi-
tion [ 41 ].

Stone Theraphy 1976–1987

Surgery

ESWL

PNL

100
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60
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'76 '84 '87
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  Fig. 2.3    Frequency of stone therapy from 1976 to 1987 in the Department of Urology, University 
Clinic, Mainz, Germany       
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  Fig. 2.4    Frequency of stone 
therapy from 2007 to 2008 in 
the Department of Urology, 
University Clinic, Mannheim, 
Germany       
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2.3          Conclusions 

 This brief look into the past of PNL might have missed some aspects, but like the 
future is diffi cult to predict, the past is diffi cult to “ re -dict” In 1994 the author 
learned that the German urologist Heinrich von Rohr (1911–1978) had developed 
instruments (Fig.  2.6 ) for percutaneous endoscopic procedures and had designed an 

URS

ESWL

PNL

Open

29 %

43 %

1 %

27 %

  Fig. 2.5    Frequency of stone 
therapy from 2007 to 2008 in 
the Muljibhai Patel 
Urological Hospital, Nadiad 
Gujarat, India (courtesy of 
Dr. Mahesh Desai)       

  Fig. 2.6    Instruments designed for percutaneous pyeloscopy by H. von Rohr (Illustration 19. 
Preliminary pyeloscopic instruments. Above: Hemispherical polished puncture probe with a sort 
of withdrawn guiding stylet. Below on the left: Two half-sheathed guides. Below: Flat guides with 
increasing width to spread the half-sheathed guides. Below: Loop fi xation to be inserted into the 
outer shaft with a tightening device, bearing the optic shaft or for the drilling shaft and space for a 
lamp-holder. On the right: Conical “third-pin” from I to III, below: cylindrical “third-pin” IV. 
Below: Outer tube with a lumen of 8 millimeters. Below: stone-crusher and grasping forceps. Left 
and right to the side: straight view telescope with a lamp holder and side view optics)       
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X-ray apparatus (Fig.  2.7 ) to guide a puncture needle to the right place in the kidney. 
He had published studies on cadavers and animals in the East German Zeitschrift 
für Urologie und Nephrologie in 1958 [ 42 ]. At that time this periodical was proba-
bly only read in East Germany. We do not know why von Rohr never proceeded to 
clinical studies. But sometimes the right thoughts need the right time to become 
reality.
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    Abstract     The Basque history of PNL shows the fundamental role of the reciprocal 
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era without internet or other nowadays obvious technological supports. G. Ibarluzea 
experienced also as sometimes practical problems or occasional events (like the 
limitations of a fi xed radiologic table or the Steinstrasse complications of ESWL of 
large stones) can trigger new ideas like the introduction of the Galdakao- modifi ed 
supine Valdivia position for percutaneous surgery, fi rst born with the intent to 
 simultaneously treat concomitant ureteral calculi.  

    Chapter 3   
 The Evolution from Prone to Supine PNL 
and from Supine PNL to ECIRS: 
The Basque History of Endourology 

             J.     Gaspar     Ibarluzea      ,     Mikel     G.     Gamarra      ,     Asier     Leibar      , and     José     G.     Pereira     

        J.  G.   Ibarluzea ,  MD      (*) 
  Endouroloy and ESWL Section ,  Urología Clínica Bilbao, IMQ Zorrotzaurre Clinic , 
  Bilbao, Basque Country ,  Spain   
 e-mail: gibarluzea@urologiaclinica.biz   

    M.  G.   Gamarra ,  MD      
  Department of Urology ,  Galdakao-Usansolo Hospital ,   Bizkaia, Basque Country ,  Spain   

  Uro-Oncology Section ,  Urología Clínica Bilbao, IMQ Zorrotzaurre Clinic , 
  Bilbao, Basque Country ,  Spain   
 e-mail: mgamarra@urologiaclinica.biz   

    A.   Leibar ,  MD      
  Department of Urology ,  Galdakao-Usansolo Hospital ,   Bizkaia, Basque Country ,  Spain    

  Urología Clínica Bilbao, IMQ Zorrotzaurre Clinic ,   Bilbao, Basque Country ,  Spain   
 e-mail: aleibar@urologiaclinica.biz   

    J.  G.   Pereira ,  MD      
  Department of Urology ,  Galdakao-Usansolo Hospital ,   Bizkaia, Basque Country ,  Spain    

  Robotic Surgery Section ,  Urología Clínica Bilbao, IMQ Zorrotzaurre Clinic , 
  Bilbao, Basque Country ,  Spain    
 e-mail: jpereira@urologiaclinica.biz  

 Beautiful ships usually sail well (marine saying) 



16

3.1       At the Beginning (During the 1980s) 

 Endourology was born in the early 1980s of the last century. Dr. Peter Alken [ 1 ] in 
percutaneous renal surgery and Dr. Enrique Perez Castro [ 2 ] in transurethral ure-
teroscopy were for our group the reference fi gures. 

 We started the practice of rigid ureteroscopy at the end of 1984, thanks to our 
close relationship with Dr. Perez Castro. By the middle of 1985, we started working 
with percutaneous renal surgery following Dr. Alken’s method, and we learned 
from the very beginning to make the ultrasound-guided puncture as it seemed to us 
the simplest and safest way to reach the kidney cavities. 

 In those years there was nobody near to us from whom to learn, and three books, 
published before 1985, were our sources of inspiration:

 –    “Percutaneous Renal Surgery” by Wickham JE and Miller RA, 1983 [ 3 ];  
 –   “Percutaneous Surgery of Renal Stones. Techniques and tactics” by Korth K, 

1984 [ 4 ];  
 –   “Techniques in Endourology: A guide to the percutaneous removal of renal and 

ureteral calculi” by Clayman RV and Castañeda-Zuñiga W, 1984 [ 5 ].    

 We especially considered Dr. Knut Korth book as the PNL Bible in those days. It 
was sometime before the advent of extracorporeal shock wave lithotripsy (ESWL), 
and therefore the cases with which to practice the technique were abundant. We 
were very lucky under this respect, because this situation allowed us to choose the 
best stones to improve our learning curve. 

 Late in 1989 a new period started with the opening of our lithotripsy section with 
a Dornier HM4 lithotriptor. All around us staghorn and complicated stones started 
arriving at our hospital. The ESWL was considered the panacea in the treatment of 
urolithiasis, and we soon found ourselves with a lot of impossible cases after many 
ESWL sessions and enormous Steinstrasse to solve. As we performed percutaneous 
renal surgery in the classical prone position, the percutaneous nephrolithotomy 
(PNL) and the transurethral ureteroscopy (URS) had to be carried out separately 
and with complicated changes in the patient’s position. 

 To make things more complicated in our ESWL unit, we had designed an operat-
ing room exclusively for endourology, which was an exact copy of the one that Dr. 
Korth had in the Loretto-Krankenhaus of Freiburg, with a Philips radiological table 
specifi c for urology. This operating room gave us great agility for our urological 
practice in all procedures where X-rays were needed, but we soon started to fi nd 
several problems for the percutaneous renal surgery. The radiological table only 
allowed access from one side. When the case involved a right kidney, after placing 
the ureteral catheter, we had to turn the patient over to put him in prone position, and 
this, although time consuming, was fairly simple. But when the kidney was the left 
one, things were much more complicated. We had to turn the patient around 180° 
and then turn him over, all this under general anesthesia with a catheter in place and 
in a relatively small operating room full of anesthesiological equipment and uro-
logic instruments. The radiological table also had another problem, in that it could 
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only accommodate anteroposterior X-ray projections, even though this didn’t affect 
us very much as we always made the initial puncture with ultrasound. 

 In cases of large lithiasis erroneously treated with ESWL, it happened frequently 
that we performed a transurethral rigid ureteroscopy fi rst, followed by the place-
ment of a ureteral balloon catheter before changing completely position and surgi-
cal fi eld to perform PNL. 

 The same happened when at the end of a PNL, we realized that there were stone 
fragments in the ureter and we could not clean them from upwards with our fl exible 
instruments. We had to put the patient in the lithotomic position again to perform a 
transurethral URS. 

 This was the situation in which we were in the early 1990s. We were acquainted 
with the papers of Dr. Gabriel Valdivia Uría of the Hospital Clinico Universitario de 
Zaragoza [ 6 ] on the percutaneous renal surgery in supine position with an air bag 
under the fl ank, but given the prevailing view among the great popes of the endou-
rology, we did not pay much attention to this issue.  

3.2    Starting the Evolution (During the 1990s) 

 One day at the end of 1992, in a left kidney case, tired of so many complicated 
maneuvers, after placing the ureteral catheter, I exploited the idea of putting an air 
bag under the fl ank of the patient. Performing ultrasound I was surprised to see how 
accessible the kidney was, and so I performed my fi rst PNL in the position described 
by Valdivia in 1987. Anesthesiologists, nurses, and all personnel involved in the 
operating room were overjoyed about having eliminated all the usual complicated 
maneuvers. 

 Unfortunately, when the case was a right kidney, the radiological table men-
tioned above compelled us to make the same complicated maneuvers if we wanted 
to use the supine position, and for this reason I decided to keep performing right 
PNL in prone position. 

 After 8 years of prone PNL, I continued to operate right kidneys in prone posi-
tion and left kidneys in supine position, with an air bag under the ipsilateral fl ank. 
To say the truth, I did not fi nd any difference between the two positions in the endo-
scopic procedure or in the ultrasound-guided puncture. Only my inclination to go 
below in the puncture when working in the supine position was due to the habit of 
working for so many years in the prone position. However, there was a problem due 
to the features of the radiological table. As I said, being only the anteroposterior 
projection possible, the kidney and the urinary tract were superimposed on the spine 
hampering the vision during dilatation of the percutaneous tract. 

 The PNL technique in supine followed the same steps as in prone. We fi rst placed 
the ureteral catheter with the patient in the lithotomic position, and then we placed 
the patient supine with the air bag under the side, leaving the transurethral tract 
abandoned with the catheter perfusing a saline solution with contrast and some 
methylene blue, as we had always done with the prone position (Fig.  3.1 ).

3 The Evolution from Prone to Supine PNL and from Supine PNL to ECIRS
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3.3       Discovering the Endoscopic Combined IntraRenal 
Surgery (ECIRS) 

 A short time after starting to operate in the Valdivia position, we found ourselves, at 
the end of a PNL, with a large number of fragments dislodged in the distal ureter. 
This particular case was of a woman previously treated with ESWL for a stone of 
considerable size in the left kidney. After fi ghting a long time to remove the whole 
Steinstrasse, my assistant, Dr. Aurelio Jorge, asked for a rigid ureteroscope, dis-
mantled the fi eld, and improvised a transurethral access with the patient in supine 
position and the knees fl exed (Fig.  3.2 ). We solved the case very quickly and numer-
ous fragments pushed upwards were easily extracted through the Amplatz sheath.

   This was, as far as I remember, the fi rst “rendezvous,” opening the way to a new 
concept in endourology: the simultaneous transurethral and percutaneous access to 
the whole urinary tract.  

3.4    In Search of the Best Position 

 Since then we began to place the patient in the lithotomic position, placing the ure-
teral catheter almost simultaneously to the percutaneous puncture. Perfusion through 
the catheter was no more necessary as the assistant could inject contrast when needed, 
and if we thought it convenient, we could also perform a transurethral URS. 

 Although, the classical lithotomic position was uncomfortable, and above all, 
depending on the type of leg support employed, it could produce pain to the lower 
limbs during the postoperative period, especially after long procedures. We gradually 

  Fig. 3.1    We started the percutaneous renal surgery in supine position with the same protocol we 
have been using in prone position. Lithotomy position was used to catheterize the ureter, and then 
we changed the fi eld placing the patient in the Valdivia position and leaving the transurethral way 
with the perfusion of contrast and dye through the catheter       
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started changing the position of the ipsilateral leg, looking for more ergonomic leg 
holders until we found a position comfortable for both surgeon and patient (Fig.  3.3 ).

   We always used a three-liter saline solution bag fi lled with air clamped with a 
Kocher forceps, allowing volume control until the best position was found (Fig.  3.4 ). 
The bag can be very full with the patient more sideways if we have to enter through 
a posterior calyx and can contain less air with the patient practically in supine posi-
tion if we have a very accessible anterior calyx. We have tried to replace the 
 irrigation bag by other devices, but by now we always came back to it.

   We have discovered that it was very easy to treat the patient in this position, obtain-
ing a through and through passage of the guidewire from the skin to the urethra which 
makes much easier to dilate the tract, especially with the Amplatz set, and provides a 
greater security during the whole procedure, with no fear of losing the tract.  

3.5    ECIRS Comes of Age 

 In the late 1990s, after 10 years of intensive work, our Philips table (Fig.  3.5 ) broke 
down and for budgetary reasons, it was decided not to repair it. We did not mind as 
we discovered that the ideal place to work with our position was a large 

  Fig. 3.2    The residual fragments and the Steinstrasse after an incorrect indication to ESWL forced 
us to perform transurethral URS and PNL. The lithotomic position was uncomfortable for per-
forming both procedures simultaneously, and the stirrups could cause pain to the patient’s legs       
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conventional operating room with a good radiolucent table and a good fl uoroscopic 
C arm (Fig.  3.6 ).

    Now, at the beginning of the new century, our position is totally consolidated and 
it is known as the Galdakao-modifi ed supine Valdivia position [ 7 ]. 

 I can’t remember precisely the date, but from approximately 1988/1989, we 
never performed renal surgery in prone position anymore, having solved all our 
endourological problems in a satisfactory way with the supine position. 

 Two urologists from Orbassano (Torino), Dr. Roberto Mario Scarpa and Dr. Cesare 
Marco Scoffone [ 8 ], enthusiastic about the simultaneous endourological access, were 
the ones who created the acronym ECIRS (Endoscopic Combined  IntraRenal 
Surgery), which has become the general term to defi ne this technique ever since. 

  Fig. 3.3    Gradually we developed a more comfortable position for both patient and surgeon, fi nd-
ing more appropriate leg holders. The ipsilateral leg was extended with a small knee fl exion, and 
the contralateral leg was well abducted       

  Fig. 3.5    Our early Philips table only allowed anteroposterior radiological projection, so there was 
confl ict between the backbone and the kidney in the supine position with the air bag under the fl ank       
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  Fig. 3.4    A three-liter saline bag fi lled with air and clamped with a Kocher forceps permits volume 
control until the most comfortable position is found. Depending on the need to enter through an 
anterior or a posterior calyx, there will be more or less need of air       
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 In this type of surgery, all details are relevant, including suitable nephroscopes 
and ergonomically leg holders which do not protrude laterally too much. But what 
is critically important is the correct positioning of the patient. Don’t start the proce-
dure before you feel reasonably comfortable and have explored the possible access 
with ultrasound and X-ray (Fig.  3.7 ).

3.6       Conclusions 

 In different chapters of this book, the new generations of urologists who practice 
this technique will sort out all the details of it, so that the little tricks and small tech-
nical expedients learned from experience will be shared. Our target has been to 
make things in the easiest and simplest way, having always in mind and fi rst of all 
the safety of our patients. 

 It is a beautiful technique, which, together with the current technological 
advances, will for sure sail well with future generations of endourologists.     

  Fig. 3.6    Soon we learned that the best place for this technique was the standard operating room 
with a good C arm. With a small shift in the orbital axis, 10° or 20°, we got an interference-free 
X-ray image       
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    Abstract     It is essential to clearly defi ne the indications for PNL according to estab-
lished guidelines for the treatment of urolithiasis. A thorough preoperative workup 
should identify stone (size, location, composition and hardness) and patient features 
(including special situations like urinary malformations, skeletal deformities, paedi-
atric age or pregnancy), in order to defi ne the indication to the percutaneous 
approach and possibly fi nd out the best candidates for the supine position.   

4.1        Introduction 

 The American Urological Association (AUA) has been the frontrunner in formulat-
ing guidelines for urolithiasis since 1991. Since then, a number of editions of guide-
lines have been published, the 2005 guidelines on staghorn calculi being the latest 
[ 1 ]. The European Association of Urology (EAU) has published similar guidelines 
since 2000. The latest updates have been published in 2012 [ 2 ]. 

 In this chapter, we discuss the indications for percutaneous nephrolithotomy 
(PNL). Literature with robust level of evidence was reviewed and cited whenever 
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necessary. The EAU, AUA and the 2nd International Consultation on Urolithiasis 
guidelines were taken as reference for discussion [ 1 – 3 ].  

4.2    Indications for PNL According to the Guidelines 

 The factors which determine the indications for PNL include stone factors (stone 
size, stone composition, stone location), patient factors (body habitus, renal anoma-
lies) and previous failure of other treatment modalities (extracorporeal shock wave 
lithotripsy, fl exible ureteroscopy or other surgery). 

 The usual indications for PNL are stones larger than 20 mm 2 , staghorn stones, 
partial staghorn calculi and stones in patients with chronic kidney disease. The con-
traindications for PNL include pregnancy, bleeding disorders and uncontrolled uri-
nary tract infections [ 2 ].  

4.3    Preoperative Workup 

 The recommendations and guidelines suggest intravenous urography (IVU) as the 
gold standard in the preoperative workup for urolithiasis. Non-contrast computer-
ised tomography (NCCT) scan is quick and safe, contrast-free alternative to IVU. 
Randomised studies have shown that NCCT has similar or superior results to excre-
tory urography in acute fl ank pain [ 4 ]. Contrast media should not be given or should 
be avoided when there is an elevated creatinine level, pregnancy or lactation [ 5 ,  6 ]. 
Additional information can be gained by contrast-enhanced CT scan (CTU); how-
ever at the moment there is no level 1 evidence to suggest that CTU is superior to 
IVU in the workup of urolithiasis [ 7 ]. Computerised tomography (CT) is a useful 
tool in planning PNL, particularly in anomalous kidneys [ 8 ]. Besides identifi cation 
of stones, CT provides information regarding selection of appropriate treatment 
modality. It helps in this regard, by providing information regarding the size, num-
ber and attenuation number of the stone, presence and degree of hydronephrosis and 
skin to stone distance. All these factors help in determining the selection of appro-
priate treatment modality. X-ray KUB and ultrasound are used by few clinicians as 
a measure of preoperative investigations; however this cannot be considered as a 
standard. These investigations help to plan access and predict the possible success 
rates. Ultrasound is useful as a tool in the preoperative workup if the method of 
access is ultrasound guided. 

 Recently the applicability of 3D reconstruction is described for planning percuta-
neous access. Staghorn stone volume and its distribution (“staghorn morphometry”) 
predict the requirement of tract and stage for PNL monotherapy, also helping to 
classify staghorn calculi accordingly. The model of staghorn morphometry differen-
tiates staghorn into type 1 (single tract and stage), type 2 (single  tract-single/multiple 
stage or multiple tract-single stage) and type 3 (multiple tract and stage) [ 8 ]. 
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 The EAU guidelines [ 2 ] state that for all patients with infection stones, recent 
history of urinary tract infection and bacteriuria, antibiotics should be administered 
before the stone-removing procedure and continued at least for 4 days afterwards. 
For septic patients with obstructing stones, urgent decompression of the collecting 
system with either percutaneous drainage or ureteral stenting is indicated. Defi nitive 
treatment of the stone should be delayed until sepsis is resolved.  

4.4    Stone Factors 

4.4.1    Stone Size 

 PNL monotherapy is the treatment of choice for “large stones”. Generally speaking 
the defi nition of large stones includes those which measure 2 cm in diameter [ 9 ]. 
PNL attains stone-free rates up to 95 %, as it offers direct removal of stone frag-
ments through the nephrostomy tract. For stones smaller than 2 cm in size, the treat-
ment algorithm becomes more complicated because of the multiple variables 
involved. AUA guidelines recommend PNL as a treatment of choice for staghorn 
calculi. A retrospective study with 200 patients has shown that renal deterioration 
occurs in 28 % of patients with staghorn calculi treated conservatively. This empha-
sises the fact that staghorn stones should be aggressively and surgically managed 
[ 10 ]. PNL should be the recommended modality for staghorn calculi as clearance 
rates are greater three times than those reported for ESWL [ 11 ]. 

 The following are the treatment options in staghorn calculi [ 1 ]:

    1.    PNL should be the fi rst treatment utilised for most patients (level 2 of 
evidence).   

   2.    ESWL should not be used as the preferred treatment modality for staghorn 
stones.   

   3.    Open surgery should be recommended only if the stones are not expected to be 
removed in a reasonable number of stages.   

   4.    Nephrectomy should be considered in nonfunctioning kidneys.    

  To summarise, PNL is the fi rst choice for staghorn calculi treatment. Open sur-
gery is desirable in the situation when expertise is not available and the stones can-
not be cleared with a reasonable number of stages and tracts. Nephrectomy should 
be considered for nonfunctioning kidneys.  

4.4.2    Location of Stones 

 Larger stones of the lower pole are best managed by PNL as a fi rst treatment option 
irrespective to the lower pole anatomy [ 2 ,  3 ]. Treatment of lower polar stones 
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should be guided by the diameter of the stone. Data from meta-analysis suggest that 
larger lower polar stones have lower clearance rates and higher retreatment rates 
[ 11 ] (level 1 of evidence). A large multicentric prospective randomised trial com-
paring with ESWL showed PNL to have a signifi cantly higher stone-free rate 
(91 %) compared to ESWL (21 %); in addition the need for ancillary procedures 
and retreatment rates was higher for ESWL as compared to PNL (level 1 of evi-
dence) [ 12 ,  13 ]. The calyceal stone burden is the most important factor in predict-
ing the clearance. 

 Calyceal diverticulum is nonsecretory urothelium-lined compartment in com-
munication with the renal collecting system. Asymptomatic stones in the diverticu-
lum may be left alone; however stones causing pain, haematuria and infection 
should be treated. PNL offers better stone-free rates. Although there have been no 
randomised trials comparing laparoscopy with PNL and ureteroscopy, PNL is con-
sidered to be a gold standard in management of calyceal diverticular stones. In 
comparison to ESWL, PNL has higher stone-free rates with similar recurrence rates 
and complication rates [ 14 ]. The stone-free rates for PNL range in between 85 and 
93 %; the added advantage of PNL is that it provides excellent access for oblitera-
tion of the diverticular sac [ 15 ].  

4.4.3    Composition and Hardness of Stone 

 Stone composition and fragility is a “key” factor in determining the modality of 
treatment to be chosen. The composition of the stone is an important factor for pre-
dicting the success rates of renal calculi. Specifi c stone compositions have different 
clearance rates because of the varying fragility of stones. Cystine stones are harder 
to fragment; hence cystine stones larger than 15 mm should not be treated with 
ESWL. PNL would be a good option in these patients [ 2 ]. The measurement of 
stone density with NCCT helps in predicting success rates of ESWL and the need 
for PNL. Stones with greater than 1,000 Hounsfi eld units (HU) show poor results 
with ESWL [ 16 ,  17 ]. Struvite stones are best dealt with PNL. 

 The EAU guidelines state that for large ESWL-resistant stones, PNL is the best 
alternative for effi cient removal, thereby avoiding too much shock wave energy to 
the renal tissue [ 2 ].   

4.5    PNL in Special Situations 

4.5.1    Anomalous Kidneys 

 This group of patients includes those patients with stones in ectopic, horseshoe or 
kidneys with fusion anomalies (see also Chap.   16    ). The approach to managing these 
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stones should be individualised [ 8 ]. The factors to be taken into consideration are 
the stone bulk, the location of the stone, the vascularization and the anatomy of the 
pelvicalyceal system. Ultrasound helps in gaining access in ectopic kidney apart 
from being a diagnostic tool. CT is pivotal in deciding the management and choos-
ing the method of treatment in anomalous kidney. 

 CT will also give the attenuation values and be a deciding factor in deciding 
ESWL or fl exible ureteroscopy. Flexible ureteroscopy will be useful tool in 
small burden stones in size with the availability of smaller fl exible uretero-
scopes and access sheaths. However the surgeon should consider complete “on 
table” clearance in these patients as the drainage is likely to be impaired. 
Ultrasound-guided approach for ectopic kidneys should be done by surgeons 
well versed with it. Laparoscopic- assisted PNL has shown good clearance rates 
with minimal morbidity and less likelihood of ancillary procedures. Although 
adequate fragmentation can be achieved with ESWL, the drainage of fragments 
might be impaired due to the anatomical abnormalities. The choice of ESWL 
and fl exible ureteroscopy as a “sandwich” treatment option should be done 
prudently.  

4.5.2    Paediatric Urolithiasis 

 Although the treatment modalities used are same in children as in adults, specifi c 
points should be noted in children (see Chap.   17    ). The indications for ESWL are 
similar to those in adults. Stones in children with a diameter of less than 20 mm are 
ideal cases for ESWL. The success rates decrease as stone burden increases, and 
larger stones should be treated with PNL [ 2 ]. 

 The recommendations are the following:

    1.    Children have a tendency to pass larger fragments.   
   2.    Ultrasound should be the modality for localisation of stone when ESWL is the 

modality chosen.   
   3.    Smaller instruments should be used for endourologic manipulations.      

4.5.3    Percutaneous Antegrade Ureteroscopy 

 Percutaneous antegrade removal of ureteral stones is a consideration in selected 
cases, for treatment of such large (>15 mm diameter) impacted stones in the proxi-
mal ureter between the ureteropelvic junction and the lower border of the fourth 
lumbar vertebra. In these cases the stone-free rates range between 85 and 100 %; 
percutaneous antegrade removal of ureteral stones is an alternative, when ESWL is 
not indicated or has failed and/or when the upper urinary tract is not amenable to 
retrograde ureteroscopy [ 2 ].  
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4.5.4    Urolithiasis in Pregnancy 

 Urolithiasis in pregnancy remains a diagnostic and therapeutic challenge (see also 
Chap.   16    ). Ultrasound is the method of choice for the practical and safe evaluation 
of a pregnant woman with urolithiasis. The management depends on the degree of 
obstruction and time of presentation. If conservative methods fail, a temporary 
diversion is warranted. Due to the established risks of radiation exposure on the 
growing fetus, ESWL and PNL are contraindicated in pregnancy [ 2 ].   

4.6    Summary of Recommendations on PNL “Technique” by 
the 2nd International Consultation on Stone Disease 

 PNL has been performed traditionally in a prone position; however it can techni-
cally also be performed in supine/lateral decubitus. The access to the collecting 
system can be gained either ultrasound guided or fl uoroscopy guided, depending on 
the availability of instruments and expertise. The access site should be the posterior 
calyx whenever possible. The tract should be the shortest possible tract from the 
skin to the desired calyx traversing the papilla. Depending on the stone confi gura-
tion, the calyx should be selected (supracostal, infracostal or subcostal), so that 
maximum stone bulk can be cleared with the minimum number of tracts. Renal tract 
dilation (either with balloon, Amplatz or metallic dilators) is a matter of surgeon 
preference or availability. Balloon dilator is regarded as the gold standard. In com-
plicated cases or when secondary intervention is required, a nephrostomy tube 
which serves the dual purpose of tamponade and a conduit for second look is placed. 
In uncomplicated cases, tubeless PNL with or without application of tissue sealants 
is a safe alternative [ 3 ].     
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    Abstract     A stenosis in the upper urinary tract (UUT) can be of non-malignant or 
malignant origin. 

In stenosis in the UUT, factors of signifi cance for the choice of the treatment modal-
ity and for its results are location and length of the stricture, and renal function. Also 
the origin of the stricture, malignant or non-malignant, should be taken into consider-
ation. Therefore, these factors should be adequately investigated prior to treatment. 

Symptoms and/or fi ndings suspicious for transitional cell carcinoma (TCC) in the 
UUT are strong indications for endoscopic examination. In case of TCC, for patients 
with solitary kidney or poor renal function the choice of endoscopic organ-sparing treat-
ment or of radical nephroureterectomy will have important impact on the quality of life.      

5.1     Stenosis 

    A stenosis in the upper urinary tract (UUT) can be of non-malignant or malignant 
origin. It can be located in the ureteric orifi ce, in the ureteroenteric anastomosis, in the 
ureter, in the ureteropelvic junction (UPJ) or within the pyelocalyceal system. Non-
malignant strictures may be caused by previous transurethral resection in the bladder, 
infl ammatory reactions (in the ureteric wall or retroperitoneal), previous impacted 
ureteric stone, previous electrocoagulation or laser ablation of tumours in the upper 
tract, open surgery of the ureter (including reimplantation), previous pyeloplastic sur-
gery or congenital malformations. Malignant strictures may be caused by tumours in 
the bladder, ureter or UPJ or by malignant lesions outside the ureter causing extrinsic 
compression. In this section, mainly non-malignant strictures will be discussed.  
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5.2     Choice of Treatment Modality 

 Factors of signifi cance for the choice of the treatment modality and for its results are 
(a) location of the stricture, (b) length of the stricture and (c) renal function. 
Therefore, these factors should be investigated prior to treatment. 

 Several studies have shown that retrograde and antegrade endopyelotomy is safe 
and effective if the patients are properly selected [ 1 – 6 ]. The length of the stricture 
seems to be the most important factor for a favourable outcome of endoureterotomy 
[ 7 ,  8 ]; however, some authors have proved good results despite of the stricture being 
>2 cm [ 9 ]. Other factors of relevance for the outcome of endopyelotomy in UPJ 
strictures are a large renal pelvis, high UPJ and renal function <20 %, which are all 
associated with a poor outcome [ 4 ,  10 – 12 ]. 

 The grade of the renal function may determine whether treatment should be car-
ried out or not. If the function of the affected kidney is 5 % or less of the total renal 
function, that function is presumably not suffi cient to avoid haemodialysis if some-
thing would happen to the contralateral kidney. Consequently, treatment may be 
questioned. However, if the impaired function is enough to cause problems such as 
pain or infections, treatment of the stricture, or nephrectomy, may be indicated.  

5.3     Indications for Antegrade Percutaneous Investigation 
and Approach 

 The location of the stenosis is essential for the choice of treatment approach. 
Strictures in the UUT may be managed with retrograde, antegrade or combined 
approach. A retrograde approach is less invasive than a percutaneous antegrade one; 
however, in some cases the retrograde approach is not possible, and in other cases a 
combined retrograde and antegrade approach is necessary. In a tight stricture located 
in the distal part of the ureter, an antegrade approach is usually more likely to be 
successful than a retrograde one. Additionally, in patients who have a urinary diver-
sion, the retrograde approach is usually diffi cult or even impossible. In those cases, 
antegrade or combined approach is recommendable. 

 In case of a ureteric obstruction where the patient has been equipped with a neph-
rostomy tube and if malignancy is suspected, antegrade ureteroscopy can be used 
for visual investigation and for taking selective cytology and biopsies. The technical 
aspects of these procedures will be discussed in Chap.   18    .  

5.4     Tumours 

 Transitional cell carcinoma (TCC) is relatively common in the urinary bladder 
whereas is rather rare in the UUT. Only 5–10 % of all TCC tumours occur in the 
UUT [ 13 – 15 ]. Patients with primary TCC in the renal pelvis or ureter have 30–50 % 
risk of developing TCC in the urinary bladder [ 16 ,  17 ], whereas patients with 
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primary bladder cancer have only a 2–3 % risk to develop TCC in the UUT [ 18 ,  19 ]. 
Patients with TCC in the UUT on one side have a risk of 2–6 % of developing a 
contralateral tumour [ 15 ,  20 ,  21 ]. 

 TCC in the UUT is more common in the Caucasian population, principally at the 
age over 60 years. The reasons are unknown; however, smoking is a recognised risk 
factor. Balkan nephropathy, analgesics including phenacetin, labour in paint or 
petroleum industries are other possible risk factors. Artifi cial sweetening, coffee, 
stone formation and previous radiation therapy have been discussed as possible 
ethiological factors but have not been proven yet [ 22 ].  

5.5     Symptoms 

 The most common symptom of TCC in the UUT is macroscopic haematuria fol-
lowed by fl ank pain, due to obstruction. Weight loss, tiredness and anaemia occur at 
more advanced stages of the disease. However, today most tumours are detected 
accidentally due to urinary cytology or computerised tomography (CT) used for 
investigation on wider indications.  

5.6     Diagnostic Methods 

 The diagnosis of TCC in the UUT is sometimes diffi cult. Studies have revealed that 
up to 75 % of the TCC tumours in the UUT were not detected by intravenous radi-
ography [ 23 ]. CT scan with native, loading and excretion phases enhances the diag-
nostic sensitivity [ 24 ,  25 ]. However, the sensitivity decreases if lesions are <5 mm 
(Fig.  5.1 ). Also relatively fl at lesions, especially in the ureter, that cover a large area 
are diffi cult to detect by CT scan (Fig.  5.2 ). Moreover, some suspicious lesions 
identifi ed by  radiography are not malignant [ 26 ], for example, prominent papillae 
(Fig.  5.3 ). The development of radiographic methods, from intravenous pyelogra-
phy to CT and magnetic resonance imaging (MRI), has increased the sensitivity, but 
the radiographic grading of detected lesions is not always corresponding to the 
pathological grading (Fig.  5.4 ). Adding cytology may further enhance the diagnos-
tic accuracy, although sensitivity may be variable. For high-grade tumours, the sen-
sitivity is around 80 %, but for low-grade tumours, the sensitivity is low [ 27 ,  28 ]. 
Consequently, the combined use of radiographic examination and urine cytology 
presents a signifi cant risk of false positive as well as false negative fi ndings.

5.7           Indications for Ureterorenoscopy 

 By ureterorenoscopic examination, using semirigid and fl exible ureteroscopes, ure-
ter, renal pelvis and calyces can be explored and biopsies and selective cytology can 
be obtained. Indications for diagnostic ureterorenoscopy are:
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 –    Suspicious radiographic fi ndings in the UUT with or without malignant cells in 
bladder cytology.  

 –   Malignant cells in bladder cytology without diagnosed malignancy in the bladder.  
 –   Macroscopic haematuria from the UUT without radiographic fi ndings.    

 In the latter case, one single episode of macroscopic haematuria with no malig-
nant cells found in urine cytology and no radiographic fi ndings in a low-risk patient 
does not require diagnostic ureteroscopy. However, if persistant bleeding or in a 
high-risk patient (heavy smoker, previous bladder cancer, occupational risk), diag-
nostic ureteropyeloscopy should be performed. The patient should be prepared for 
simultaneous laser treatment if tumours, suitable for localised treatment, are found. 

 If possible, a diagnostic and therapeutic ureterorenoscopy should be performed 
through a retrograde approach. The reason for this is that a percutaneous puncture may 
imply seeding of tumour cells in the access tract. However, in some cases, an antegrade 

  Fig. 5.1    Small renal pelvic tumour, not detected by CT scan       
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  Fig. 5.2    Low papillary 
growth in the ureter, not 
detected by CT scan       

  Fig. 5.3    Prominent papilla       
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or combined approach is needed. Such situations may be when a tumour is located in 
a lower calyx that cannot be reached via ureteroscopic retrograde approach or when a 
patient has been operated on with urinary diversion. Reimplanted ureters and ureteric 
strictures caused by other reasons such as radiation therapy may make it impossible to 
use a retrograde approach. The technical aspects will be further discussed in Chap.   18    .  

5.8     Treatment and Indications 

 The standard therapy for TCC in the UUT is radical nephroureterectomy. The rea-
son is that the recurrence rate is relatively high, the sensitivity of cytology, as previ-
ously mentioned, is not very reliable and the radiographic methods not very sensitive 
for small tumour lesions. However, in patients with a solitary kidney or with severe 
renal failure, this will inevitably lead to haemodialysis, a condition with severe 
impact on the quality of life and on the costs for the society. 

 Consequently, indications for organ-sparing endoscopic treatment of TCC in the 
UUT are solitary kidney and kidneys with severely impaired function. A total renal 
function with a clearance <10 ml/min is not suffi cient to avoid haemodialysis. 

a b

c

  Fig. 5.4    ( a ) Renal pelvic tumour visualised in CT artery phase; ( b ) in the CT scan excretion phase, 
the tumour appears superfi cial; ( c ) by MRI it seems even more obvious that the tumour is superfi -
cial. However, the patient was operated on by radical nephroureterectomy, and pathology revealed 
that the tumour was high grade. Six months after the surgery, the patient was dead       
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Therefore, these patients should be offered an organ-sparing treatment. The option 
of radical nephroureterectomy should also be offered to the patient; however, the 
patient has to be informed that he or she cannot come into consideration for a renal 
transplant until after 5 years of no tumour recurrence. Moreover, in some countries, 
patients over the age of 70 are not eligible for renal transplantation. Another abso-
lute indication is the presence of severe comorbidities, considered a contraindication 
for radical nephroureterectomy. Endoscopic organ-sparing treatment is less burden-
ing for the patient and can usually be carried out in spinal anaesthesia in those cases.     
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    Abstract     A good preoperative knowledge of the anatomy of the kidney of a given 
patient (including vascularization and collecting system) and of the topographic 
relationships of the kidney with the surrounding organs is fundamental in order to 
choose the best therapeutic approach, foresee possible intraoperative technical dif-
fi culties, inform the patient about success and complication rates, prepare a proper 
and complete endourological armamentarium of instruments and accessories, and 
plan the best renal puncture. Static anatomy data obtained from preoperative studies 
should then be integrated with dynamic real-time anatomy investigated by prelimi-
nary endoscopy.  

6.1         Introduction 

 For the treatment of urolithiasis, many anatomical studies have been performed to 
improve the results of minimally invasive techniques such as extracorporeal shock 
wave lithotripsy (ESWL), retrograde intrarenal surgery (RIRS), and percutaneous 
nephrolithotomy (PNL) [ 1 – 4 ]. A good preoperative knowledge of the anatomy of 
the kidney of a given patient (including vascularization and collecting system) and 
of the topographic relationships of the kidney with the surrounding anatomical 

    Chapter 6   
 Anatomy for PNL 

             Cecilia     Maria     Cracco       and     Alessandro     Eugenio     Vercelli     

        C.  M.   Cracco ,  MD, PhD      (*) 
  Department of Urology ,  Cottolengo Hospital ,   Via Cottolengo 9 ,  10152   Torino ,  Italy   
 e-mail: cecilia.cracco@libero.it   

    A.  E.   Vercelli ,  MD, PhD      
  Neuroscience Institute of the Cavalieri Ottolenghi Foundation , 
  Regione Gonzole 10, 10043 Orbassano     (Torino) ,  Italy    

  Department of Neuroscience ,  University of Torino , 
  Corso M. D’Azeglio 52 ,  10126   Torino ,  Italy   
 e-mail: alessandro.vercelli@unito.it  



42

structures is fundamental in order to choose the best therapeutic approach. In fact it 
allows to foresee possible intraoperative technical diffi culties, to inform the patients 
about success and complication rates, and to prepare a proper and complete endou-
rological armamentarium of instruments and accessories [ 5 ,  6 ]. In case of PNL the 
preoperative analysis of all these anatomical details is essential for the planning of 
the best renal puncture (see also Chap.   13    ).  

6.2     General Anatomy of the Kidney 

 The kidneys are characteristically bean shaped and have a superior and an inferior 
pole, an anterior and a posterior aspect, a convex lateral border, and a concave 
medial border with a depression, consisting of the hilum containing renal vessels 
and renal pelvis. 

 The kidneys are located laterally to the spine, at the level of T12–L2 vertebrae 
(Fig.  6.1a ): the right kidney is positioned a half vertebra below the other (Fig.  6.1c ), 

a b

c

  Fig. 6.1    Drawing of the anatomical location of the kidneys in the retroperitoneum ( a ) (© Carole 
Fumat); coronal macrosection from a formalin-fi xed cadaver at the level of the adrenal space ( b ), 
just above the kidneys, crossing both the liver and spleen, and at the level of L1 ( c ), showing the 
perirenal and pararenal spaces and that the right kidney is lower than the left one (Courtesy of Prof. 
Giacomo Giacobini and Dr. Vittorio Monasterolo, Department of Neuroscience, University of 
Torino, Italy)       
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for the interposition of the liver on the right side (Fig.  6.1b ). In average, the kidneys 
are 11/12 cm high, 6 cm wide, and 3 cm thick, their length being correlated with the 
height of the individuals. It has been reported that the superior pole has a greater 
width than the inferior one and that the left kidney is generally larger, higher, and 
thicker than the right one.

   Their main axis is directed downwards, laterally, and anteriorly parallel to the 
oblique course of the psoas major muscles, with the superior poles closer to each 
other, more medial and more posterior than the inferior ones (Fig.  6.2a, b ). Kidneys 
are angled 30°–50° behind the frontal coronal plane and their hilar region is rotated 
anteriorly with the lateral border rotated posteriorly (Fig.  6.3a, b ). The supine or 
prone positions of the patient have no effect on the orientation of the kidneys [ 7 ].

    The renal parenchyma basically consists of a cortex and a medulla. The medulla 
is characterized by 14–20 pyramidal structures, whose base is in contact with the 
cortex, and apex (also called renal papilla) directed to the renal sinus. It contains the 
loops of Henle and the collecting ducts, joining to form about 20 papillary ducts, 
opening at the area cribrosa papillae renalis, draining the urine out of the paren-
chyma into the renal collecting system. The cortex penetrates between two adjacent 
pyramids, giving rise to the renal columns (of Bertin). It contains the glomeruli with 
the proximal and distal convoluted tubules [ 8 ,  9 ].  

a b

  Fig. 6.2    Kidney orientation on the frontal plane ( a ) and on the sagittal plane ( b ) (© Cracco)       
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6.3     Topographic Anatomy of the Kidney 

 The kidneys are a paired organ located in the retroperitoneum on the posterior 
abdominal wall, against the psoas major and the quadratus lumborum muscles, in 
a space surrounded by a connective sheath named Gerota’s or renal fascia. This 
space is closed cranially (where the sheaths are fused above the adrenal glands 
with the infradiaphragmatic fascia) and laterally (where the sheaths are fused 
behind the ascending and descending colon), whereas the anterior (prerenal fas-
cia) and posterior (retrorenal fascia) sheaths of the fascia fade caudally in the 
retroperitoneum, weakly fused around the ureters, allowing renal fl uid connec-
tions to drain into the sacral fossa. Laterally, Gerota’s fascia is continued by the 
subperitoneal fascia, located between the parietal peritoneum and the fascia 
transversalis. Medially, the posterior sheaths of the two sides fade in the prever-
tebral fascia (giving rise to the Zuckerkandl’s fascia), whereas the anterior ones 
join to each other ventrally to the blood vessels (aorta and inferior caval vein) 
forming the Toldt’s fascia immediately below the parietal peritoneum. Therefore 
it is rare that a hematoma, a urinoma, or an abscess of one side involves the con-
tralateral side. 

 Between the Gerota’s fascia and the capsula fi brosa (renal capsule or true 
renal capsule) of the kidney, a though capsula which adheres to the organ, there 
is the perirenal adipose tissue (capsula adiposa), which surrounds the kidney 
and adrenal gland. The adipose tissue located anteriorly and posteriorly outside 

a

b

  Fig. 6.3    Kidney orientation 
on the coronal plane, drawing 
( a ) ( P  posterior pararenal 
space,  I  intermediate 
perirenal space,  A  anterior 
pararenal space) (© Cracco) 
and picture from a coronal 
macrosection from a 
formalin-fi xed cadaver 
( b ) (Courtesy of Prof. 
Giacomo Giacobini and Dr. 
Vittorio Monasterolo, 
Department of Neuroscience, 
University of Torino, Italy)       
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the renal fascia is the pararenal fat. Therefore there are three potential compart-
ments created by the anterior and posterior layers of the renal fascia (Fig.  6.3a ):

    1.    The posterior pararenal space, containing only fat.   
   2.    The intermediate perirenal space, containing the adrenal glands, separated from 

the kidneys by an additional fascial layer, the kidneys, the proximal ureters and 
the perirenal fat.   

   3.    The anterior pararenal space, extending across the midline and containing the 
ascending and descending colon, the duodenal loop, and the pancreas.    

6.4       Relationships with Neighboring Viscera 

6.4.1     Posterior Relationships 

 The relations of the two kidneys are similar posteriorly:

 –    The superior poles, to the upper limit of the renal sinus, lay on the diaphragm 
and, through it, are in contact with the costodiaphragmatic sinuses, the pleura, 
and the 12th rib (also the 11th rib on the left). Therefore, the diaphragm as well 
as the pleura is traversed by all intercostal renal punctures and also by some 
subcostal ones [ 10 ]. The lowermost lung edge lies above the 11th rib, at the 10th 
intercostal space regardless of the degree of respiration. With a supracostal 11th 
rib approach, the risk is 14 % on the left side and 29 % on the right side in prone 
position and 16 % on the left and 8 % on the right side in the supine position. 
A 10th rib supracostal approach is prohibitive, with more than 50 % risk of punc-
turing the lung [ 11 ]. Any intercostal puncture should be made in the lower half 
of the intercostal space, to avoid injury to the intercostal neurovascular bundles 
above, and also far from the vertebrae to avoid lung puncture because the lower 
margin of the lung is more horizontal than the axis of the ribs.

 –      Medially, they lay on the fascia of the psoas muscle (Fig.  6.4 ).  
 –   Laterally, they lay on the quadratus lumborum and transversus abdominis mus-

cles (Fig.  6.4 ).     

6.4.2     Anterior Relationships 

 Anteriorly (Fig.  6.5 ), the left kidney is in relation with the spleen (laterally), the 
stomach, the pancreas and the jejunum (medially), and the colon (at the inferior 
pole); the right kidney with the liver (the bare area), the duodenum (medially), and 
the colon (at the inferior pole).

   In mid- or full inspiration, especially in case of hepatomegaly or splenomegaly, 
the liver and spleen are displaced caudally, thus increasing the risk of lesion of 
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puncture. The prone position displaces the colon posteriorly, with an increased risk 
of bowel injury, the supine one with the fl ank elevated 30° more anteromedially 
with a longer access tract (although a shortest distance may not necessarily be the 
best one). This happens because the anterior body wall is more compliant than the 
posterior one, so that in the prone position the anterior wall pushes the kidney back-
wards. The position of the retroperitoneal colon (that can be foreseen with the pre-
operative CT scan) is particularly relevant, being occasionally posterolateral or even 
posterior to the kidney, thus at risk of being injured in the percutaneous approach, 

  Fig. 6.4    Schematic drawing 
of the posterior relationships 
of the kidneys.  PM  psoas 
muscle,  QLM  quadratus 
lumborum muscle 
(© Cracco)       

  Fig. 6.5    Schematic drawing 
of the anterior relationships 
of the kidneys.  A  adrenals,  S  
spleen,  L  liver,  St  stomach,  C  
colon,  P  pancreas,  D  
duodenum (© Cracco)       
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especially to the inferior poles of the kidneys and when the patient is in the prone 
position (10 % versus 1.9 % in supine) [ 12 – 16 ]. 

 On the superior pole, the adrenal glands are in contact, through the interposition 
of the interadrenorenal fascia, with the lower lateral side of the kidneys. Medially, 
the kidneys show a concavity, a deep groove, the renal sinus, which contains the 
renal hilum, through which the ureter/renal pelvis, renal artery, renal vein, lym-
phatic vessels, and nerves enter or exit the kidney. The renal hilum relates to the 
gonadal vessels and the aorta on the left and to the inferior caval vein on the right.   

6.5     Renal Vascularization (Fig.  6.6 ) 

6.5.1        Arteries 

 The distribution of the intrarenal arteries was described a long time ago in man 
[ 5 ,  8 ,  9 ] and divides the renal parenchyma into anatomic segments. In human 
kidney the anterior (ventral) and posterior (dorsal) ones are the most important 
segments. The pattern of kidney segmentation in humans has been described as 
formed by 4 or 5 arterial segments. 

  Fig. 6.6    Isolated and fi xed 
vascularization of the kidney. 
Veins in  black , arteries in 
 white  (Courtesy of Prof. 
Giacomo Giacobini, Museum 
of Human Anatomy, Torino, 
Italy)       
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 The renal artery, located in between the vein (anterior) and the pelvis (posterior), 
gives off the inferior suprarenal artery, then divides in an anterior and a posterior 
branch (Fig.  6.7 ). The posterior branch becomes the posterior segmental artery, to 
supply the homonymous anatomical segment of the kidney (50 % of the paren-
chyma). The anterior branch provides 3 or 4 segmental arteries for the superior pole, 
the anterosuperior segment, the anteroinferior segment, and the inferior pole.

   Before entering the parenchyma the segmental arteries give off the interlobar 
arteries, which enter in the renal columnae between the pyramids. Close to the base 
of the pyramids, they give off the arcuate arteries, usually by dichotomous division, 
which change direction turning parallel to the base. From the convex side of the 
arcuate arteries originates the interlobular arteries, which in turn originate the affer-
ent arterioles of the glomeruli (Fig.  6.8b ). In addition, from the efferent arteries of 
the glomeruli originate the arterioles rectae spuriae, whereas the rectae verae origi-
nate from the concavity of the arcuate arteries. 

 Taking into consideration this arterial distribution, it is easy to understand why 
the safest access to the renal urinary tract passes through the longer axis of a lower 
renal calyx papilla, generally a posterior one. This is the least traumatic access, 
reducing the risk of bleeding, because the needle passes along the Brodel’s blood-
less line, i.e., the avascular fi eld between anterior and posterior divisions of the main 
renal artery, avoiding contact with large vessel (Fig.  6.8 ).

a b

  Fig. 6.7    Schematic drawing of the anterior ( A ) and posterior ( P ) segmental distribution of the 
arterial renal branches, frontal ( a ) and lateral ( b ) views (© Cracco)       
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6.5.2        Veins 

 Despite the existence of free circulation throughout this venous system, the renal 
veins are worth of attention because a lesion of a large one may result in important 
back bleeding during and after PNL. 

 The venous drainage does not follow the segmental scheme [ 5 ,  8 ,  9 ,  17 ,  18 ]: 
the veins are diffusely anastomosed to each other, thus preventing parenchymal 
congestion and ischemia. The cortex is drained by the stellate veins, which drain 
into the arches of the interlobular veins and some of them into the 
retroperitoneum. 

 There are three systems of longitudinal free anastomotic arcades: of fi rst, second, 
and third order from periphery to center, with anastomoses between the stellate 
veins (more peripherally in the cortex), the arcuate veins (at the base of the pyra-
mids), and the interlobar, also called infundibular, veins (close to the renal sinus). 
There are also transverse anastomoses which link the ventral and the dorsal veins at 
different levels. Around the minor calyces they form a large venous anastomosis, 
similar to a collar. This is the reason why a percutaneous puncture should always 
aim for the tip of the papilla and never the fornix/infundibulum. 

 The interlobar veins converge to produce large venous trunks, which form the renal 
vein. In humans two trunks (cranial and caudal) are present in 29 % of cases and three 
(cranial, middle, and caudal) in 54 %. In all cases the venous drainage of the superior 
and inferior calyces originates only from ventral plexuses, the dorsal drainage empty-
ing into the ventral drainage by transverse anastomoses. In humans the superior caly-
ceal group is involved by a dorsal and a ventral venous plexus in 85 % of cases, and 
the inferior calyceal group in 50 % of cases, where large veins originate their course 
parallel to the anterior and posterior surfaces of the calyceal infundibula. 

 There are large veins in close relationship to the ventral and dorsal surface of the 
ureteropelvic junction (UPJ) (90 and 3 %, respectively). Therefore, UPJ endoscopic 
incision to relieve its obstruction must be done posterolaterally to avoid the risk of 
dividing a large vein.   

a b

  Fig. 6.8    Schematic drawing of the Brodel’s bloodless line on a coronal plane ( a ) and of the rela-
tively avascular space between the branches of the interlobular arteries ( b ).  ia  interlobar artery,  aa  
arcuate artery,  ila  interlobular artery,  af  afferent arteries (© Cracco)       
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6.6     Confi guration of the Renal Collecting System 

6.6.1     Normal Anatomy (Fig.  6.9 ) 

    The pelvis renalis or renal pelvis is the expansion from the upper end of the ureter 
into which the calyces of the kidney open. Ordinarily lodged within the renal sinus 
(intrarenal pelvis), under certain conditions, as in a long kidney or obstruction of the 
ureteropelvic junction, a large part of it may be outside the kidney (extrarenal 
pelvis). 

 The calices renales or renal calyces are the recesses of the pelvis of the kidney 
which enclose the pyramids. The calices renales majores or major renal calyces are 
the two or more larger subdivisions of the renal pelvis, into which the minor calyces 
open. The calices renales minores or minor renal calyces are a varying number 
(5–14, 8 in average) of smaller subdivisions of the renal pelvis which enclose the 
pyramids (sometimes compound, i.e., enclosing 2–3 papillae) and open into the 
major calyces, directly or into an infundibulum. 

  Fig. 6.9    Schematic drawing 
of the normal anatomy of the 
collecting system.  U  ureter, 
 UPJ  ureteropelvic junction, 
 P  pelvis,  MC  major calyx, 
 mc  minor calyx, 
 myc  microcalyx,  SC  single 
calyx,  CC  compound calyx, 
 I  infundibulum,  f  fornix 
(© Cracco)       
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 The microcalix/microcalyx is a very small renal calyx arising by calyceal branch-
ing, usually at the side of a calyx of normal size [ 5 ,  6 ,  8 ,  9 ].  

6.6.2     Variability of the Pelvicalyceal System Anatomy 

 Pelvicalyceal system (PCS) anatomy is one of the most neglected aspects during 
endourological stone removal [ 19 ,  20 ]. The Brodel’s kidney type (present in 
69 % of the right kidneys) has a short and medially directed anterior calyx, 
whereas the posterior one is longer and laterally directed; the Hodson’s kidney 
type (present in 79 % of left kidneys) has a longer anterior calyx, closer to the 
lateral border of the kidney, and a shorter and more medial posterior calyx 
(Fig.  6.10 ).

   The overall morphology of the PCS is quite variable and can be ascribed to two 
major phenotypes [ 9 ] (Fig.  6.11 ): A and B. In A1 the middle zone is drained by the 
superior or inferior or both the superior and inferior calyceal groups simultane-
ously; in A2 the middle zone is drained by crossing calyces simultaneously, one 
draining into the superior one and one into the inferior one. In B1 the middle zone 
drains into the major calyx with a connection free from the superior and inferior 
calyceal groups; in B2 the middle zone drains into minor calyces which open 
directly into the renal pelvis. All PCS types had similar success rates, although one 
might expect B2 to be more favorable for introduction and manipulation of the 
nephroscope. Recently type B1 has been identifi ed as the PCS type requiring an 
increased number of accesses for achieving stone clearance [ 21 ]. The PCS is usu-
ally oriented on a frontal plane. Thinking to a percutaneous access, it is important to 
study preoperatively the anteroposterior position of the collecting system relative to 
the lateral margin.

Posterior
calyx

Posterior
calyx

Anterior
calyx

Hodson
type

Anterior
calyx

Brodel
type

  Fig. 6.10    Schematic drawing of the Brodel’s and Hodson’s kidney types (see text) (© Cracco)       
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6.6.3        Pelvicalyceal Parameters Infl uencing Surgical Choices 

 The morphology of the PCS plays a role in stone formation, but also defi nitely infl u-
ences the indications and the success of various minimally invasive procedures, 
including ESWL, RIRS, and PNL. Morphometric analysis of the PCS and morpho-
metric values of a number of parameters on imaging studies (including pelvicaly-
ceal biomodeling with 3D computed tomography reconstructions) may be of help in 
the preoperative evaluation of patients suffering from urolithiasis [ 22 ,  23 ]. However, 
it has been argued that, as the pelvicalyceal structures are dynamic, the diameter or 
other measurements of any particular structure within the collecting system might 
also change during peristalsis [ 22 ]. 

  Fig. 6.11    Schematic drawing 
of the morphology    of the 
pelvicalyceal system, 
classifi ed according to 
Sampaio into type A ( A1  and 
 A2 ) and type B ( B1  and  B2 ). 
 S  superior calyceal group, 
 M  middle calyceal group, 
 I  inferior calyceal group 
(see text) (© Cracco)       
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 Relevant parameters might be (Fig.  6.12 ):

 –     Infundibular width (IW), the narrowest point along the infundibular axis.  
 –   Infundibular length (IL), the distance between the most distal point of the calyx 

containing the calculus and the pelvic-infundibular junction.  
 –   Lower pole infundibulopelvic angle (IPA), the inner angle formed at the intersec-

tion of the ureteropelvic and central axes of the lower pole infundibulum.  
 –   Pelvicalyceal height (PCH), the distance between the lower lip of the renal pelvis 

and the bottom of the lower calyx.  
 –   Upper-lower calyx angle (ULA), the angle between the central axes of the upper 

and lower calyx infundibula.    

 Let’s cite some practical examples. The presence of an inferior calyx infundibu-
lum >3 cm in size and the presence of an IPA <30° are predictive factors for failed 
fl exible RIRS and ESWL when performed on patients with lower pole stones [ 1 – 3 ]. 
A wide IPA (>70°) or short IL (<3 cm) and broad IW (>5 mm) regardless of IPA are 
signifi cant favorable factors predicting stone clearance [ 1 ]. An IPA higher than 45° 
is related to a high success rate for RIRS [ 24 ]. Some authors put in evidence the 
relevance of a PCH <15 mm [ 25 ]. 

 As to PNL, the impression is that sometimes it can be diffi cult to obtain an opti-
mal access through a narrow and long calyx infundibulum, and stones can be hard 
to reach or can be lost after fragmentation when the pelvicalyceal system is 
extremely large. In a study carried out on the PCS of about 500 patients by means 
of preoperative intravenous urography, no difference was seen in the success rates 
among the PCS types, although it was higher when the PCS had a surface area 
smaller than 20.5 cm 2 . The mean IPA, upper-lower calyx angle, IL, and IW did not 
signifi cantly affect the PNL success rate. The surface area of the renal collecting 
system can be measured using a 1-mm 2  grid from the intravenous urography. 
Severely dilated and large PCS generally have lower PNL success rates. PCS sur-
face area and degree of hydronephrosis have no direct relationship, although no 
hydronephrosis will be present in kidneys with large extrarenal pelvis [ 4 ].   

  Fig. 6.12    Schematic drawing of the pelvicalyceal morphometric parameters.  IW  infundibular width, 
 IL  infundibular length,  IPA  lower pole infundibulopelvic angle,  PCH  pelvicalyceal height (© Cracco)       
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6.7     Conclusions 

 Preoperative planning to select the optimal target calyx for renal access is the most 
critical step for PNL success. The renal access step can be facilitated by thorough 
preoperative studies with a three-dimensional knowledge of the kidney anatomy 
and of the stone, as well as by preliminary retrograde fl exible ureteroscopy during 
ECIRS for direct visualization and determination of the relationship of the calyx 
selected for puncture to the stone location. Incorporation of these clinical technical 
considerations into the treatment plan could decrease the possible negative effect of 
some anatomic parameters on PNL success.     
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    Abstract     With regard to patient selection for PNL, planning of percutaneous 
access, intraoperative guidance and postoperative evaluation of potential complica-
tions and stone-free status, imaging plays a crucial role. In this chapter the role of 
current imaging modalities is discussed, and focus is made on how appropriate 
imaging studies may lead to safe and effi cacious percutaneous renal surgery. The 
role of the various preoperative, intraoperative and postoperative imaging tools is 
discussed. Furthermore, possible future scenarios with regard to imaging in PNL are 
briefl y touched.  

7.1         Introduction 

 Percutaneous nephrolithotomy (PNL) is the preferred treatment of patients with 
large and/or complex renal calculi and for those in whom other treatment modalities 
(extracorporeal shock wave lithotripsy, (ESWL), retrograde ureteroscopic proce-
dures, etc.) have failed. With regard to patient selection for PNL, planning of percu-
taneous access, intraoperative guidance and postoperative evaluation of potential 
complications and stone-free status, imaging plays a crucial role. In this chapter we 
will discuss the role of current imaging modalities and focus on how appropriate 
imaging studies may lead to safe and effi cacious percutaneous renal surgery. 
Furthermore, possible future scenarios with regard to imaging in PNL will be briefl y 
touched.  
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7.2     Preoperative Imaging 

 Preoperative imaging should enable the surgeon to select the right treatment 
approach for the right patient, defi ne stone burden, delineate renal anatomy as 
well as relationship of the kidney to neighbouring organs and estimate renal 
function [ 1 ]. 

7.2.1     Defi ning Stone Burden and Renal Anatomy 

7.2.1.1     Plain Abdominal Radiography (KUB) 

 KUB (kidney-ureter-bladder plain radiography) is readily available and inexpen-
sive. With regard to detection of upper urinary tract stones, it has however a rather 
low sensitivity and specifi city both with regard to renal (58 and 62 %, respec-
tively) and ureteral (67 and 69 %, respectively) calculi [ 1 ,  2 ]. It visualizes most 
calcium stones: calcium oxalate monohydrate (COM) and brushite being the most 
radiopaque and calcium oxalate dihydrate (COD) and calcium carbonate apatite 
the least radiopaque. Cystine and struvite stones are weakly radiopaque, whereas 
uric acid stones are radiolucent (Fig.  7.1 ). This information is useful, since it gives 
you an idea whether stones and fragments can be visualized on fl uoroscopy during 
operation. Although KUB in combination with ultrasonography and/or retrograde 
pyelography may be enough to present the calyceal anatomy for puncture, it is 
inferior to other imaging modalities with regard to presentation of overall and 
kidney anatomy, and furthermore it does not give any information on renal 
function.

  Fig. 7.1    Bilateral weak 
radiopaque staghorn stones in 
a patient with cystinuria. The 
patient was referred with 
bilateral JJ stents       
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7.2.1.2        Intravenous Urography (IVU) 

 Traditionally, IVU was the preferred imaging modality for both diagnosis of the 
stone disease and planning of treatment including access in PNL. With use of both 
anterior-posterior (AP) and oblique views, IVU presents the anatomy of the collect-
ing system as well as its relationship to the ribs, thereby predicting the need for a 
supracostal access [ 1 ]. IVU is usually performed in the supine position. If a prone 
position or a modifi ed supine position is chosen for PNL, this information may be 
of limited value, since changing the position also modifi es the anatomic interrela-
tions. For instance, it has been shown that by changing from the prone to the prone- 
fl exed position, a supra-11th rib access may be converted to a supra-12th rib and a 
supra-12th to an infracostal access with obvious advantages when it comes to 
potential complications [ 3 ,  4 ]. Furthermore, in supine positions a supracostal access 
is rarely needed.  

7.2.1.3     Computerized Tomography (CT) 

 Non-contrast CT (NCCT or CT KUB) unequivocally performs signifi cantly better 
than IVU (level of evidence 1a) in the evaluation of acute fl ank pain and the diag-
nosis of urolithiasis [ 5 ,  6 ], and indeed in many institutions IVU is no longer avail-
able [ 1 ]. Both sensitivity and specifi city of NCCT in the evaluation of renal and 
ureteral calculi approach 100 % [ 7 ]. 

 However, with regard to anatomical information, NCCT is a poor substitute for 
IVU, and most patients undergoing PNL require additional anatomical imaging 
after an otherwise diagnostic NCCT [ 8 ]. This may be achieved by a retrograde 
pyelography at the time of surgery, which in many instances may be enough to 
delineate the collecting system suffi ciently for a safe puncture. Standard CT urogra-
phy, which has been proposed as the ‘catch-all’ diagnostic procedure for all renal 
tract anomalies [ 9 ], has its own limitations for calculus management, since excre-
tory phase studies (ECT) may mask calculi [ 8 ]. Whether three-dimensional (3-D) 
CT pyelography offers any value over conventional IVU and NCCT has been ques-
tioned [ 1 ]. We will argue, however, that multidetector CT pyelography with multi-
planar reconstruction and 3-D reformatting (3-D CT) is highly valuable in cases 
with complex anatomy/stone burden in which you anticipate surgical diffi culty. A 
3-D CT not only presents exact volume, orientation and location of stone(s) in rela-
tion to the collecting system, thereby facilitating selection of the optimal calyx for 
percutaneous access (Fig.  7.2 ), it also provides excellent perirenal organ mapping in 
combination with the CT images used for the 3-D reconstruction, thereby present-
ing the optimal plane of access in order to avoid injury of adjacent organs such as 
the liver, spleen, colon and pleura, which is of special value in patients with unusual 
body habitus (Fig.  7.3 ) and renal anomalies (Fig.  7.4 ). A 3-D CT demonstrates accu-
rately the presence of parallel calculus-bearing calyces, and it displays calyceal 
orientation, thickness of narrowed calyces or the neck of a calyceal diverticulum 
[ 8 ,  10 ]. In special situations this may be highly valuable, when deciding the best 
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route of access and when performing Endoscopic Combined IntraRenal Surgery 
(ECIRS) in order to be guided around ‘from above and below’ in very complex 
systems [ 11 ]. Previously, 3-D CT was considered time-consuming and its recon-
structions unreliable and therefore unsuitable for routine use [ 12 ]. Recent studies 
using interobserver statistics have, however, confi rmed that 3-D CT in routine daily 
clinical practice is applicable, visualizing clinically signifi cant calculi and accu-
rately reconstructing the upper tract in rich 3-D format [ 8 ]. We are currently using 
this imaging modality in patients with renal anomalies and anticipated access diffi -
culties, such as horseshoe kidneys (Fig.  7.5 ), malrotated kidneys, pelvic kidneys 
and calyceal diverticulum stones (Fig.  7.6 ). In the Clinical Research Offi ce of the 
Endourological Society (CROES) PCNL Global Study, it was shown that PNL in 

a b

c d

  Fig. 7.2    Three-dimensional (3-D) reconstruction of bilateral staghorn stones. ( a ) Non-contrast CT 
(NCCT); ( b – d ) excretory CT (ECT). The 3-D reconstruction details the stone volume in relation 
to the collecting system from different angles, thereby guiding the optimal access       
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anomalous kidneys was just as successful with regard to stone-free rates as PNL in 
normal kidneys [ 13 ]. Median operative time was signifi cantly longer, however, and 
access for PNL was unsuccessful in signifi cantly more patients in whom renal 
anomalies were present. In our experience access diffi culties in such cases may be 
limited and consequently operative time reduced using preoperative 3-D CT. CT has 
been considered inferior to IVU when evaluating stone-bearing calyceal diverticula 
[ 1 ]. As demonstrated in Figs.  7.6  and  7.7  it is clear, however, that 3-D CT is capable 
of delineating the collecting system anatomy including diverticulum size, location 
and stone burden excellently, and we believe that 3-D CT ultimately will replace 

a

b

c

d

  Fig. 7.3    Patient with severely altered body habitus due to myelomeningocele. ( a ) Axial recon-
struction showing spina bifi da and medially located kidneys with a pelvic and a calyceal stone in 
the right kidney; ( b ) coronal reconstruction showing the right-sided stone in the renal pelvis, note 
the malformed columna pointing towards you at top of the image; ( c ) 3-D lateral view showing the 
relation of the kyphoscoliosis to the ribs; ( d ) 3-D reconstructed excretory phase, note the ventricu-
loperitoneal shunt catheter       
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IVU for preoperative access planning in patients with suspected renal anomalies, 
also in cases presenting with calyceal diverticula.

        In some centres a KUB is added to the initial CT examination to evaluate whether 
the calculi are radiopaque on fl uoroscopy, which is important information, when 
access is performed and presence of residual fragments are evaluated during and 
after surgery. This is unnecessary exposure of the patient to ionized radiation; how-
ever, since it has been shown that if the calculi are visible on the CT planning image 
(CTI, scout, topogram, etc.), they are also visible on KUB/fl uoroscopy (positive 
predictive value 100 %) [ 14 ].  

7.2.1.4     Magnetic Resonance Imaging (MRI) 

 Although MRI has the ability to detect the secondary effects of obstructive uroli-
thiasis [ 15 ], MRI is unreliable in identifying both renal and ureteral calculi, and at 
present MRI has no role in the preoperative evaluation of patients undergoing PNL. 
In case of younger patients, pregnancy and patients that have undergone multiple 
prior CT exams in which you want to avoid ionized radiation, ultrasound seems to 
be the better alternative.   

a b

c d e

  Fig. 7.4    Coronal ( a ) and axial ( b ) views of a kidney located just at the entry of the bony pelvis. 
 Arrows  show safe puncture line away from the liver and intestines. A 3-D reconstruction ( c ,  d ) 
from different angles demonstrating that an upper pole puncture will be most appropriate due to 
narrowing of the calyceal necks of the lower and middle calyces. Furthermore, the working space 
away from the bony pelvis makes the upper pole puncture most appealing ( e )       
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7.2.2     Relationship of the Kidney to Adjacent Organs 

 In a comparative study of CTs performed in supine and prone position, particular 
attention was given to bowel found posteriorly to the kidneys (retrorenal colon): its 
frequency of occurrence on 500 scans of supine patients was 1.9 %, but 10.0 % in 
the 90 prone patients [ 16 ], suggesting that supine PNL bears a lower risk of colon 
injury. This rather high frequency of retrorenal colon in prone position was con-
fi rmed in another study, in which the prevalence of colon lying posterior to the kid-
ney was 13.6 % on the right and 11.9 % on the left side in males, whilst in females 
it was 13.4 % on the right and as high as 26.2 % on the left side [ 17 ]. Based on these 
data it may be argued that the supine position appears to be favourable with regard 
to risk of colon injury. This is supported by the fact that no colon injuries have been 
reported in the literature with supine PNL and that visceral organ-to- percutaneous 
tract distance has been found to be shorter when patients are placed in the prone 
position on bolsters compared with the supine position [ 18 ]. These observations 
were made using axial images of NCCT studies, however, and it has been shown that 
the risk of colon injury is overestimated by evaluation of axial CT images compared 
with multiplanar reformatted images (3-D CT) [ 19 ]. It is unquestionable, however, 
that the supine position for PNL has the advantage that the relative orientation of the 

a

b

c

d

  Fig. 7.5    ( a ) Axial non-contrast CT (NCCT) of horseshoe kidney; ( b ) coronal NCCT of horseshoe 
kidney; ( c ,  d ) 3-D reconstruction at different angles.  Arrows  pointing at preferred access, which in 
horseshoe kidneys most often is the upper posterior calyx pointing directly backwards       
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anterior and posterior calyces as well as the interrelations of the perirenal organs to 
the kidney on the CT image may be transferred directly to surgery, since preopera-
tive CT is most often performed in the same position. Whether CT before prone 
PNL should be done in the prone position is still a matter of debate [ 1 ]. 

 Upper pole punctures are rarely needed in supine PNL, since most complex cal-
culi can be dealt using ECIRS with lower pole punctures [ 11 ]. If an upper pole 
supracostal puncture is planned, the relation of the percutaneous tract to the pleura 
and the lung has to be considered. A 3-D CT in inspiratory and expiratory phases 
may be helpful in demonstrating the anatomical relationships among the kidney, 
calculi, pleura, diaphragm and ribs [ 20 ]. Although the reported incidence of pleural 
transgression during supracostal access is variable, most investigators recommend 
percutaneous puncture while the patient is in expiration [ 1 ].  

7.2.3     Estimate of Renal Function 

 In case of severely reduced overall renal function, contrast-enhanced imaging is 
contraindicated, due to risk of further worsening of renal function. Both IVU and 
contrast-enhanced CT, together with knowledge of plasma creatinine, give a rough 
estimate of renal function. If these examinations give suspicion of severely reduced 

a b

  Fig. 7.6    Left calyceal diverticulum stone on ( a ) KUB and ( b ) 3-D CT. The latter showing the 
exact relation of the diverticulum to the collecting system and the ribs       
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function of the stone-bearing kidney, a renogram/scintigraphy is mandatory for 
exact evaluation of the renal split function. The split function threshold deciding 
whether the patient should undergo PNL or nephrectomy is depending on the total 
renal function, which must be measured by a clearance estimate (Fig.  7.8 ).

7.2.4        Estimate of Stone Fragility and Patient Selection 

 Traditionally, smaller kidney stones (<2 cm) may be approached by SWL. Numerous 
factors affect SWL outcome including obesity, anatomical anomalies of the patient 
in general and the urinary tract in particular, size and number of stones and stone 

a

b

c

d

  Fig. 7.7    Stones in a very large calyceal diverticulum demonstrated on ( a ) KUB, ( b – d ) in 3-D 
reconstructions at different angles delineating the narrow collecting system and its relation to the 
diverticulum at the middle calyx, as well as diverticulum size and stone burden. Access was per-
formed by a direct puncture to the diverticulum straight from behind as indicated by the  arrow  ( c )       
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location and composition. Several authors have studied the role of measuring 
Hounsfi eld units (HU) in order to predict crystalline composition of the stone as 
well as stone fragility in ESWL. Zarse et al. have addressed this elegantly by using 
high-resolution detection of internal structure of renal calculi by helical CT [ 21 ]. 
They found that by using a narrow slice width and bone windows greatly improved 
the visualization of kidney stone structure on helical CT. These results opened up 
for new possibilities for determining the relationship of stone structure and fragility 
for ESWL. They interestingly found that CT visible internal structure rather than 
HU of COM stones predicted lithotripsy fragility in vitro. COM stones of homoge-
neous structure required almost twice as many shock waves (SWs) to comminute 
than stones of similar mineral composition that exhibit internal structural features 
that were visible by CT. HU values of COM stones did not correlate with stone 
fragility. Thus, it seems that it is stone morphology, rather than X-ray attenuation, 
which correlates with fragility to SWs in this common stone type. This simple tech-
nique has proven to be an important clinical tool for the primary selection of patients 
to either ESWL or endoscopic treatment. This was further indicated in a study of 
cystine stones in which it was found that CT visibility of void regions in cystine 
stones was an indicator of fragility during ESWL. Conversely, cystine stones that 
appeared to be homogeneous by CT were likely to be resistant to SWs [ 22 ]. Thus, 

  Fig. 7.8    Renogram in a patient with bilateral infection staghorn stones showing a nonfunctioning 
left kidney ( red line ) and compromised drainage of the right kidney ( green line ). The patient was 
treated by right-sided percutaneous nephrolithotomy (PNL) and left-sided laparoscopic 
nephrectomy       
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these fi ndings may be used in the clinical setting for selecting patients for primary 
ESWL or primary endourological treatment such as PNL and thereby increasing 
effi cacy of both treatment approaches (Fig.  7.9 ).

7.3         Intraoperative Imaging 

 Intraoperative imaging is needed both for access and guidance of the endoscopic 
inspection of the collecting system [ 1 ]. The percutaneous puncture may be guided 
by biplanar fl uoroscopy, ultrasound (US) and/or CT. Open confi guration MRI may 
be used for nephrostomy placement in extraordinary cases such as very complex 
calculi in pregnancy in which ultrasound has failed or is considered unsuitable 
[ 23 ,  24 ]. 

 It is important that whenever possible the access is carried out in the operating 
room (OR) at time of surgery, in order to eliminate transfer of the patient between 
different departments. The urologist alone can do the access. If the access is per-
formed by an interventional uroradiologist, it should preferably be done in collabo-
ration with the endourologist in a one-stage setting in the OR for selection of the 
optimal tract based on intrarenal anatomy and the ability to make secondary tracts 
[ 25 ]. Also placement of a ureteral catheter for contrast injection provides the ability 
to create a dilated system and presents intrarenal anatomic details, which improves 

  Fig. 7.9    Inhomogeneous 
stones in the lower calyces of 
a cystinuric patient. 
Traditionally, cystine stones 
are ESWL resistant; however, 
these inhomogeneous stones 
containing void regions were 
successfully treated by 
ESWL in two single sessions       
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the chances of getting ‘the perfect puncture’ through the cup of the desired calyx. 
Fewer access-related complications and higher stone-free rates can be achieved in 
this manner. 

7.3.1     Fluoroscopy 

 Traditionally, biplanar fl uoroscopy with a rotating C-arm has been the most com-
mon imaging modality for obtaining percutaneous access in PNL, and regardless the 
imaging modality used for access guidance, intraoperative fl uoroscopy complemen-
tary to endoscopy is considered indispensable for successful and safe stone removal 
[ 1 ,  25 ]. Usually, a retrograde pyelography using a ureteral catheter with the C-arm 
in the vertical position in prone PNL and in the supine position with the C-arm tilted 
in accordance with degree of patient rotation is performed to delineate collecting 
system and locate stone(s) [ 25 ,  26 ]. Tilting the C-arm towards the surgeon (20°–
30°) and in the caudal or cranial direction depending on whether the lower or upper 
pole is being accessed presents the desired posterior calyx – usually the posterior 
one – for end-on puncture [ 25 ]. In the prone position air instead of contrast may be 
instilled into the collecting system to present the posterior calyx without obscuring 
the stone [ 1 ]. When using contrast for puncture guidance, the posterior calyx will be 
less contrast enhanced in the prone position and more contrast enhanced in the 
supine position compared to the anterior calyces due to gravity [ 27 ]. 

 During rigid and fl exible nephroscopy, fl uoroscopy injection of diluted contrast 
through the scope, when needed, enhances complete inspection/visualization of the 
collecting system including the ureter, thereby increasing stone-free rate [ 1 ].  

7.3.2     Ultrasonography (US) 

 The limitations of using US alone for percutaneous puncture include diffi culties in 
appropriate targeting of a non-distended calyx, poor image quality in obese patients, 
limited ability to identify anatomic details such a narrow infundibulum and diffi cul-
ties in differentiating nephrocalcinosis from nephrolithiasis [ 1 ]. On the other hand, 
in combination with fl uoroscopy US offers clear advantages. US permits direct real- 
time inspection of the intended percutaneous tract avoiding injury to any major 
intrarenal vessels or perirenal organs, while at the same time securing exact end-on 
puncture of the calyx [ 28 ]. The fact that fewer colon injuries have been reported 
with supine PNL may also in part be attributable to the combined US/fl uoroscopy- 
guided puncture, which is a golden standard in this procedure [ 11 ,  26 ]. This com-
bined access guidance approach also has been shown to eliminate organ perforation 
risk in prone PNL [ 28 ]. Indisputably, US is the preferred initial access guidance for 
pregnant and renal transplant patients and in patients in which a retrograde passage 
of a ureteral catheter for opacifi cation of the collecting system is precluded [ 1 ].  
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7.3.3     Computerized Tomography (CT) 

 CT-guided access is reserved to very complex cases in which access has failed using 
standard fl uoroscopy/US or in which special access diffi culties are anticipated. 
Such indications may include spinal dysraphism, morbid obesity, abnormal visceral 
anatomy (retrorenal colon or spleen), urinary diversions, ectopic kidney, horseshoe 
kidney and transplant kidney [ 29 ]. Percutaneous renal access may be guided by CT 
using real-time CT or in combination with CT pyelography [ 28 ] (Fig.  7.10 ). 
Interventional CT suites are available but not yet in widespread use for PNL [ 24 ]. 
CT-guided puncture feasibly can be performed in a conventional CT room without 
radiation exposure to the interventionist. A laser guide and adjunctive guidance 
devices may ease the procedure [ 29 ,  30 ]. The major advantage of CT-guided punc-
ture is the ability for excellent real-time imaging of perirenal organs, avoiding organ 
injury in patients with very complex anatomy. Also, performing PNL in interven-
tional CT suites will enable you to evaluate presence of residual fragments with the 
best available imaging modality, which potentially will increase stone-free rate.

7.3.4        Radiation Safety 

 All imaging involving ionized radiation must be conducted according the ALARA 
principle. ALARA is the acronym for As Low As Reasonable Achievable. The 
X-ray tube should always be placed under table, and the patient should be placed 
as close to the image intensifi er as possible in order to reduce scattered radiation 
to the patient, the surgeon and the OR staff. Use of collimation will further reduce 
scattered radiation and avoid direct exposure of the surgeon and areas of the 
patient adjacent to the area of interest [ 1 ]. All personnel should of course wear 
lead aprons, and those close to the X-ray source collar guards as well. Regarding 

  Fig. 7.10    CT-guided 
supra-11th rib puncture       
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the safety distance, the inverse-square law may be applied: radiation dose is 
reduced by the square of the distance to the X-ray source. This means by doubling 
or tripling the distance to the source, the dose is reduced by one quarter and one 
ninth, respectively. In other words, by backing away from the patient during fl uo-
roscopy, the surgeon and the assistants will dramatically reduce radiation expo-
sure. In a study of radiation exposure during ureteroscopy and PNL, average 
fl uoroscopy time was found to be 1.3 and 10.7 min, respectively [ 31 ]. The highest 
scattered radiation was recorded at the lower extremities and the lowest at the 
level of the eyes. The estimate of maximum scatter radiation exposure to the sur-
geon for 50 PNL procedures did not exceed 10 mGy, which is below 2 % of the 
established allowable dose limit for radiation exposure in Great Britain [ 1 ,  31 ]. 
Nevertheless, medical personnel involved in PNL should be aware of scattered 
radiation risks and always minimize radiation exposure according to the ALARA 
principle.   

7.4     Postoperative Imaging 

7.4.1     Evaluation of Complications 

 A high index of suspicion postoperatively should prompt immediate imaging 
according to the specifi c clinical symptoms to limit serious sequelae. 

 Supracostal access is associated with a high risk of pleural injury. The frequency 
of hydropneumothorax has been reported up to 12 and 35 % in supra-12th and 
supra-11th rib, respectively [ 1 ]. Intraoperative chest fl uoroscopy seems to be suffi -
cient to detect clinically signifi cant pleural complications during PNL [ 32 ]. This 
simple technique also allows for intraoperative drainage, while the patient is still 
anaesthetized [ 1 ]. If intraoperative fl uoroscopy is normal, this of course should not 
delay postoperative imaging (i.e. chest CT), if the patient develops symptoms indic-
ative of a pleural complication. 

 Colonic injury in PNL is very rare (<0.1 %). As mentioned previously the colon 
is more often located retrorenally in the prone compared to the supine position [ 16 ], 
thus theoretically this favours supine PNL with regard to patient safety. Colonic 
perforation should be suspected if the patient has intraoperative or immediate post-
operative diarrhoea or hematochezia, signs of peritonitis, or passage of gas or faeces 
through the nephrostomy tract [ 33 ]. Usually, an abdominal CT with contrast injec-
tion into the nephrostomy tube will reveal the diagnosis and its extent. Due to the 
fact that the perforation is most often retroperitoneal, colonic injury following PNL 
is often asymptomatic, and in these situations an antegrade nephrostogram before 
nephrostomy removal may reveal the presence of contrast in the colon [ 34 ] 
(Fig.  7.11 ). Management most often can be done with conservative measures such 
as antibiotics, placement of a JJ stent and withdrawal of the nephrostomy tube into 
the colon under fl uoroscopic guidance, creating a controlled colonic-cutaneous 
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fi stula that usually closes spontaneously [ 33 ]. It is likely that minor retroperitoneal 
colonic injuries are never clinically diagnosed just presenting as fever and success-
fully treated by antibiotics alone. The fact that the occurrence of fever after PNL in 
the large CROES PCNL Global Study was signifi cantly higher in prone PNL 
(11.1 %) compared to supine PNL (7.6 %) may in part be indicative of such a specu-
lation [ 35 ].

   Haemorrhage during and after PNL is usually venous and most often self-
limiting. The most common causes of severe postprocedural renal haemorrhage 
are arteriovenous fi stulas and pseudoaneurysms [ 36 ]. Often the bleeding pres-
ents as severe intermittent haemorrhage through the nephrostomy. In such 
instances the patient should undergo angiography with transarterial superselec-
tive embolization. This intervention should be considered early in the manage-
ment of these cases because it is not only a life-saving but also ultimately a 
nephron-/kidney-sparing procedure [ 36 ]. The use of B-mode combined with 

  Fig. 7.11    Antegrade 
nephrostogram with contrast 
fi lling the descending colon. 
The patient was treated with 
antibiotics, a JJ stent and 
retraction of the nephrostomy 
tube to the colon under 
fl uoroscopy guidance, 
creating a controlled fi stula. 
The tube was later removed 
and the fi stula closed 
spontaneously (The X-ray 
picture was kindly provided 
by Dr. Robert Swartz, 
Department of Urology, 
Örebro University Hospital, 
Örebro, Sweden)       

 

7 Imaging in Percutaneous Nephrolithotomy



72

colour Doppler ultrasound access guidance may avoid renal blood vessel injury 
during PNL [ 37 ].  

7.4.2     Evaluation of Antegrade Drainage 

 Oedema of the ureteropelvic junction and the ureter may occur after stone removal 
in PNL. In most cases it is recommended that an antegrade nephrostogram (pyelog-
raphy) is performed to assure adequate drainage before removal of the nephrostomy 
tube [ 1 ]. Furthermore, this examination potentially will localize residual stone frag-
ments, thereby facilitating second-look fl exible nephroscopy, and diagnose severe 
lesions of the collecting system as well as colon injuries (see above) [ 1 ]. Safe 
removal of the nephrostomy tube may be performed, when antegrade drainage has 
been confi rmed [ 1 ] (Fig.  7.12 ).

  Fig. 7.12    Antegrade 
nephrostogram showing 
fi lling of the collecting 
system without fi lling defects 
and drainage to the bladder. 
The nephrostomy tube can be 
safely removed       
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7.4.3        Evaluation of Residual Stones 

7.4.3.1     Intraoperative Imaging 

 Intraoperatively fl uoroscopy is used for guidance of nephroscopy for detection of 
residual calculi. As outlined previously you may rely on the preoperative CT plan-
ning image (CTI) to determine whether the stone fragments are fl uoroscopy positive 
[ 14 ]. Suspicion of residual radiolucent stones is aroused when fi lling defects are 
observed during contrast injection through the scope or through the retrogradely 
placed ureteral catheter. Aggressive nephroscopy in combination with high- 
magnifi cation rotational fl uoroscopy has been shown to be sensitive and specifi c 
with regard to intraoperative detection of residual fragments, enabling immediate 
removal of residuals, thereby potentially reducing the need for second-look neph-
roscopy [ 38 ].  

7.4.3.2     Postoperative Imaging 

 Postoperative imaging for residual stone material is aimed at deciding whether the 
patient needs repeated nephroscopy, adjunctive ESWL or subsequent ureteroscopy. 
Also, decisions on the need for metaphylaxis may include postoperative image fi nd-
ings. Although medical therapy has been shown to reduce stone recurrence after 
ESWL, patients with residual fragments remain at higher risk for recurrence com-
pared with patients rendered stone free, highlighting the importance of exact image 
studies [ 39 ]. 

 Traditionally, KUB and/or nephrotomograms were used to determine whether 
the patient was stone free after a PNL. Subsequently, antegrade nephrostograms 
and/or second-look nephroscopy was used to better determine the stone-free status 
[ 40 ]. Since KUB and nephrotomograms have been found to overestimate stone-free 
status by 35 and 17 % [ 41 ], respectively, this evaluation scheme has been chal-
lenged. Pearle et al. prospectively evaluated 36 patients undergoing PNL for large 
or staghorn calculi [ 42 ]. All patients underwent KUB, NCCT and fl exible nephros-
copy on postoperative days 2 and 3. Using fl exible nephroscopy as gold standard 
reference, NCCT had a sensitivity of 100 % and a specifi city of 62 % compared 
with 46 and 82 %, respectively, for KUB [ 1 ,  42 ]. They concluded that selective use 
of fl exible second-look nephroscopy after PNL based on CT-positive fi ndings could 
avoid unnecessary operations and morbidity in 20 % of patients, corresponding to 
cost savings of over $100,000 per 100 patients [ 42 ]. The effectiveness of NCCT for 
detection of residual stones after PNL has subsequently been confi rmed in other 
prospective studies [ 43 ,  44 ]. 

 When addressing the importance of retained fragments following PNL, one has 
to remember that CT seems to overestimate the craniocaudal size of a stone by an 
average of 0.8 mm, whereas the transverse diameter measured on CT is accurate 
[ 45 ,  46 ]. 
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 Fowler et al. investigated the specifi city and sensitivity of US in detecting renal 
calculi [ 47 ]. They found an overall sensitivity of 24 % and a specifi city of 93 %. The 
sensitivity was size dependant with the highest sensitivity (71 %) in stone sizes 
above 7 mm. The poor sensitivity of US in detecting renal stones was confi rmed in 
another study, in which it was additionally demonstrated that the sensitivity was 
poorer in the left kidney compared to the right kidney [ 48 ]. Although US – from the 
point of view of ionized radiation risk – is an appealing alternative, it does not seem 
to be accurate enough for residual fragment detection post-PNL. 

 Ionized radiation risk should be thoroughly considered, when planning follow- up 
regimen for kidney stone patients. In an evaluation of radiation exposure in acute and 
short-term management of urolithiasis at two large academic centres in the USA, it 
was found that a fi fth of kidney stone patients received potentially harmful radiation 
doses in the short-term follow-up of an acute stone event [ 49 ]. This does not suggest 
that we as clinicians should avoid CT technology with its entire well- documented 
benefi ts in stone disease; rather, we should be well aware of the benefi ts and risks of 
all diagnostic procedures. In the case of evaluating residual stones following PNL, 
the risks of having a residual stone should outweigh the risks of ionized radiation 
exposure. This calls for selective evaluation, in which the high- sensitivity CT evalu-
ation should be restricted to those patients who have a high risk of residuals and in 
whom the residual stones make an aggressive treatment mandatory, for instance, 
patients with infectious stones. In other patient categories less radiation-heavy exam-
inations (KUB, US) may be considered. Furthermore, the urologists dealing with 
stone disease need to have a close relation to their uroradiologists, in order to set up 
selective evaluation protocols based on the population in question. For instance, chil-
dren and adolescents with stone disease and patients who have previously undergone 
numerous CT examinations should be offered a limited radiation exposure examina-
tion. Ultra-low-dose CT protocols with radiation doses close to KUB have been 
developed [ 50 ], and in our experience such protocols may be equally excellent for 
post-PNL residual fragment evaluation; however, this needs further evaluation. 

 In conclusion, it is unquestionable that the applied imaging modality has a sig-
nifi cant impact on the detection rate of residual stones and the estimated size of the 
residuals, which unequivocally affects clinical decision making. Nowadays there is 
no agreed-upon strategy for evaluation of residual stones following PNL. According 
to the arguments above mentioned, a selectivve approach seems advisable. Based on 
these considerations we suggest the following protocol:

 –     Low risk of residual stones: No need of any postoperative imaging  
  Patients in whom the operation was uneventful and in whom residual stone frag-
ments are unlikely, such as cases in which stone fragmentation was not needed 
(stones removed in toto) or only to a very limited extent. This patient category 
often could undergo a tubeless PNL.  

 –    Moderate risk of residual stones: KUB and antegrade nephrostogram on the fi rst 
or second postoperative day  
  Patients with a large unbranched clearly radiopaque stone burden in whom sig-
nifi cant stone fragmentation was needed, however, in whom endoscopic vision 
was unblurred.  
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 –    High risk of residual stones: Low-dose NCCT and antegrade nephrostogram on 
the fi rst or second postoperative day  
  Branched or multiple stones demanding signifi cant fragmentation and multiple 
extractions, and patients in whom vision was blurred and intraoperative evalua-
tion of residuals was unsatisfactory, including patients with large radiolucent and 
weak radiopaque stones.    

 Based on this evaluation scheme, the amount of ionized radiation is stratifi ed 
according to the risk of the residual fragments, and safe removal of the nephrostomy 
tube can be assured. Patients subsequently could undergo fl exible nephroscopy, ure-
teroscopy, ESWL, medical therapy and/or observation, depending on residual stone 
burden and location and other risk factors.    

7.5     Future Imaging Scenarios 

 Percutaneous access to the renal collecting system continues to be a challenge, 
which is refl ected in constant testing of new image modalities and puncture tech-
niques [ 24 ]. Rotational fl uoroscopy with in-OR high-quality reconstructed 3-D 
images for calculi localization and puncture guidance has been developed and 
shown to be an effective tool [ 38 ]. A 3-D US seems promising avoiding ionized 
radiation, and using this novel technique even US-guided robotic needle placement 
has been designed and tested experimentally [ 51 ]. Remaining future challenges 
with this technique include target motion compensation. Virtual projection of the 
ultrasound puncture tract onto fl uoroscopic images as an aid to percutaneous renal 
access also has been introduced and evaluated clinically [ 52 ]. The system seems 
reliable and may prove to be of special value in the training setting [ 53 ]. Flat-panel 
volume CT has been shown to be applicable in other clinical interventional settings 
[ 54 ]. The major disadvantage of CT fl uoroscopy is radiation exposure to the sur-
geon. This may in the future be overcome by robotic needle placement, which 
already has been developed for traditional fl uoroscopic access [ 55 ]. Using a vali-
dated kidney model, this robot device even proved to be applicable as a telerobotic 
tool [ 56 ], which may be of value in a world with lack of experienced surgeons. 
Finally, a special needle system has been designed to assure successful entry into 
the collecting system [ 57 ]. The needle measures bioimpedance and a sharp drop in 
impedance means successful entry. However the needle does not assure a correct 
entry into the collecting system, which needs to be assured by imaging.     
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    Abstract     Anaesthetists need to be aware of the diffi culties and complications spe-
cifi c to PNL, a well-established endourological means of kidney stone removal. 
Although traditionally PNL has been performed in the semi-prone or prone posi-
tion, more recently some centres have been successfully performing the procedure 
in a supine or modifi ed supine position. This presents some signifi cant advantages 
from the viewpoint of the anaesthetist, as well as a small number of disadvantages. 
However, many of the anaesthetist’s concerns regarding PNL are similar whatever 
the position used. Patient’s features and co-morbidities should be preliminarily 
evaluated in order to choose the best anaesthetic technique. Intraoperative manage-
ment is also described, facing not only specifi c PNL complications such as blood 
loss or septic risk but also often overlooked issues including fl uid balance and ther-
mal control.  

8.1         Introduction 

 Percutaneous nephrolithotomy (PNL) is well established as a surgical means of 
kidney stone removal, and anaesthetists need to be aware of the diffi culties and 
complications specifi c to this surgery. Traditionally PNL has been performed in the 
semi-prone or prone position, more recently some centres have been successfully 
performing the procedure in a supine or modifi ed supine position. This presents 
some signifi cant advantages from the viewpoint of the anaesthetist, as well as a 
small number of disadvantages. However, many of the anaesthetist’s concerns 
regarding PNL are similar whatever the position used.  
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8.2     Patient Considerations 

8.2.1     Co-morbidities, Body Habitus 

 Naturally the anaesthetist’s assessment of a patient for PNL starts preoperatively with 
a history and general examination of patient fi tness. As always the cardiovascular, 
respiratory and airway status of the patient are foremost, but assessment of haemo-
globin concentration, coagulation, renal function and current or recent episodes of 
urosepsis is also of particular interest, as are body habitus and any limitations of joint 
neck or spinal movement as these are of particular consideration for patient position-
ing and may occasionally preclude the use of the surgically preferable position. 

 Fortunately the majority of patients presented for PNL are reasonably fi t and 
with little major organ dysfunction; however, renal stones are associated with a 
number of other conditions, and some patients present with signifi cant co- 
morbidities either related or unrelated to their stone disease. There are associations 
with morbid obesity, paraplegia/quadriplegia and hypercalcaemia, amongst others, 
which may in themselves present challenges and diffi culties for the anaesthetist. For 
surgery to be of acceptable risk, patients should be fi t enough to undergo a pro-
longed procedure which is likely to require tracheal intubation and mechanical ven-
tilation and has the potential for signifi cant fl uid shifts or bleeding. It should be 
borne in mind that stone disease is only rarely life threatening, and a very high 
perioperative risk of mortality or signifi cant morbidity is not likely to be acceptable 
either to the operative team or to the patient.  

8.2.2     Respiratory Diseases 

 Probably the most common important respiratory diseases presenting in such 
patients are chronic obstructive pulmonary disease, bronchial asthma, emphysema 
and bronchiectasis. Respiratory infection should be treated well before anaesthesia 
and surgery, and surgery delayed if required. Long-term treatment such as broncho-
dilators should be continued up to the time of surgery and reinstituted promptly 
postoperatively. As a long surgical procedure predisposes such patients to postop-
erative respiratory complications such as sputum retention, pneumonia, and respira-
tory failure, it is important that the patient’s condition is at its best at the time of 
surgery. Respiratory physiotherapy should be readily available for such patients as 
required postoperatively. 

 If a patient’s respiratory disease is felt to be too severe for general anaesthesia, it 
may be tempting to consider a regional anaesthetic technique. However bearing in 
mind the problems with this (dealt with later), and the signifi cant risk of requiring 
conversion to general anaesthesia, such patients should probably be declined for 
surgery unless overwhelming reasons to proceed exist.  
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8.2.3     Cardiovascular Diseases 

 In common with other elective procedures, and as with respiratory disease, those 
patients with signifi cant cardiovascular disease should be receiving optimal treat-
ment for this prior to being presented for surgery. Although PNL in patients await-
ing heart valve replacement might very occasionally be justifi ed to reduce the risk 
of subsequent episodes of urosepsis and bacteraemia. Normally anti-angina, heart 
failure and antihypertensive medications should be continued as normal up until and 
on the day of surgery, with the possible exception of angiotensin- converting enzyme 
(ACE) inhibitors and angiotensin 2 receptor antagonists on the day of surgery. 
Anticoagulant drugs should be withheld prior to surgery in accordance with local 
guidelines. Antiplatelet agents should generally be withheld due to the risk of bleed-
ing unless a risk-benefi t assessment indicates otherwise. 

 Due to the risk of signifi cant intraoperative fl uid shifts, including occult bleed-
ing, central venous pressure monitoring may be considered in patients with signifi -
cant heart failure to avoid fl uid overload, haemorrhagic anaemia and intraoperative 
ischaemia, although the diffi culties of interpretation with changing patient positions 
should also be borne in mind. Patients with orthopnoea are unlikely to be able to 
tolerate such procedures under regional anaesthesia even if such techniques were 
otherwise being considered. 

 As with respiratory disease, in assessing the merits of surgery in patients with 
severe cardiovascular disease, it should be remembered that stone disease is not 
often life threatening.  

8.2.4     Renal Impairment 

 Some degree of renal impairment is likely to be present in a large proportion 
of patients presenting for PNL, and this should obviously have been care-
fully considered by the surgical team during the patient’s preoperative workup. 
Patients with borderline renal function, and especially those with a poorly 
or nonfunctioning kidney on the contralateral side, should be aware of the 
potential for being rendered dialysis dependent should rare major complica-
tions lead to significant decline in operated kidney function or the need for 
nephrectomy. 

 Perioperatively care should be taken to consider the avoidance of potentially 
nephrotoxic drugs, and it may sometimes be appropriate to avoid, for example, non- 
steroidal anti-infl ammatory drugs and aminoglycosides. Severe renal impairment 
may change the pharmacodynamics and pharmacokinetics of some drugs, although 
this is less of a problem with modern anaesthetic agents. Due to possible renal 
parenchymal damage amongst other factors, it is possible that renal function may 
decline postoperatively at least initially.   
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8.3     Choice of Anaesthetic Technique 

 The choice of anaesthetic technique is a decision for the individual anaesthetist 
in discussion with the patient and with regard to the requirements of the surgery. 
Any technique considered needs to be suitable for a long surgical procedure 
whilst still allowing a reasonably rapid emergence. Although central neuraxial 
block is occasionally used in the prone position [ 1 – 4 ], few anaesthetists would 
use it for such potentially long procedures as many patients are unlikely to be 
able to tolerate prolonged prone positioning whilst fully conscious, and heavy 
sedation negates many of the advantages of regional anaesthetic techniques as 
well as potentially creating airway diffi culties if excessive. The process of turn-
ing to prone is also likely to be frightening to many patients when conscious. The 
potential need for conversion to general anaesthesia is a major deterrent to 
regional anaesthesia in the prone position as it is likely to require the patient to 
be returned to the supine position for induction of general anaesthesia before 
returning to prone. 

 In contrast supine PNL appears on initial examination to be well suited to a 
regional anaesthetic technique with or without sedation. It is relatively comfort-
able for the patient and allows access to the airway for the anaesthetist if 
required. However the potential duration of the surgery will generally necessi-
tate a continuous catheter technique such as epidural infusion, and accurate 
assessment of the level of the local anaesthetic block is diffi cult or impossible 
during the surgical procedure. Additionally many patients fi nd it diffi cult to 
lie still for such long durations and may feel claustrophobic when surrounded by 
the mass of equipment required for the procedure. Furthermore some patients 
fi nd high ambient temperatures around the upper body intolerable but may 
become hypothermic when these are reduced due to cooling at the surgical sites. 
Nevertheless PNL has even been performed with a simple peritubal local infi l-
tration anaesthesia [ 5 ,  6 ]. 

 General anaesthesia with tracheal intubation and controlled ventilation is prob-
ably the technique of choice in most PNL cases, whether prone or supine. General 
anaesthesia can ensure an immobile patient for prolonged periods, allows the maxi-
mum skin-surface availability for patient warming and facilitates core temperature 
probe placement in the oesophagus. Tracheal intubation provides a defi nitive secure 
airway which is unlikely to need intraoperative intervention, although supine PNL 
allows a selection of other airways, such as the laryngeal mask, to be considered 
where there is reason to avoid tracheal intubation. Controlled ventilation, as well as 
providing the most reliable gas exchange, has the additional benefi t of a predictable 
(and potentially adjustable) movement of the kidney with respiration during the 
removal of diffi cult stone fragments. Despite occasionally very long operative dura-
tions, the combination of modern anaesthetic agents and the generally low opioid 
analgesic requirements in these patients still allows prompt emergence from anaes-
thesia at the end of surgery.  
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8.4     Intraoperative Considerations 

8.4.1     Duration of the Procedure 

 PNL is highly variable in duration with surgical time varying from less than an hour 
to several hours and may indeed sometimes require more than one surgical session 
for complete stone clearance of just one kidney. Unfortunately so many factors 
infl uence the duration of the procedure (diffi cult kidney puncture, diffi cult dilation, 
stone size, location and hardness) that it becomes diffi cult for the anaesthetist to 
make accurate estimates in advance and this may infl uence both assessment of 
patient suitability and choice of anaesthetic technique. Longer procedures imply 
more complications, such as atelectasis, mucociliary dysfunction, sputum retention, 
bleeding, hypothermia, pressure injuries and prolonged recovery time [ 7 ,  8 ].  

8.4.2     Patient Positioning 

 The traditional prone position as used for a number of procedures including PNL 
has long been known to present a number of hazards to the patient and diffi culties 
to the anaesthetist [ 9 ]. Complications of the prone position are well described in 
standard anaesthetic textbooks [ 10 ,  11 ] and include respiratory and cardiovascular 
[ 12 – 15 ] diffi culties due to abdominal compression [ 16 ], hyperextension of the arm 
at the shoulder and of the neck [ 17 – 20 ], pressure area injury including the face [ 21 ], 
blindness from orbital pressure and retinal vessel occlusion [ 22 ,  23 ] and neurologi-
cal problems [ 24 ]. Inadvertent airway displacement in the prone position presents a 
major life-threatening emergency which may be very diffi cult to deal with success-
fully [ 25 ,  26 ]. The transition from a supine position to the prone one is a particular 
time for concern [ 27 ]. 

 For prone PNL patients are initially placed in the lithotomy position and then are 
turned to the prone or semi-prone position. There is considerable potential for harm 
to the patient during turning, and it is essential to have adequate numbers of staff to 
perform this safely (at least 6 for most patients). Such staff should be familiar with 
the equipment to be used to support the patient in the prone position and with the 
normal (and the individual patient’s) limitations of joint movements. The loss of 
normal muscle tone due to anaesthesia makes damage more likely to occur. Great 
care must also be taken not to displace venous, arterial or urinary catheters, and it is 
essential that the airway is kept secure. Care must also be taken to avoid undue pres-
sure on vulnerable areas, especially the face and eyes. It is diffi cult to maintain 
continuous monitoring of the patient by the anaesthetist during the turn, and this 
may delay appropriate response to physiological changes such as hypotension or 
hypoxia. Once turned the patient should be positioned so that the abdomen is 
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relatively free, to avoid respiratory and cardiovascular embarrassment. This can be 
challenging or impossible in the very obese patient in the prone position. 
Exaggeration of the lumbar lordosis, which can make surgical access more diffi cult, 
is particularly diffi cult to achieve in the semi-prone position without undesirable 
pressure on the abdomen (see also Chaps.   8     and   10    ). 

 In marked contrast to the prone position [ 28 ], the supine position for PNL 
requires fewer personnel and presents much less opportunity for injury to the patient. 
Care must be taken here to avoid too localised a pressure, to avoid pressure on the 
sciatic nerve, and to tilt the pelvis and thorax equally to avoid stress on the lumbar 
spine. Additionally the thoracolumbar spine should be kept straight or with a bend 
away from the operative side to “open up” the renal angle. It is easy to inadvertently 
allow the patient’s pelvis/abdomen to slide away from the operative side at this point 
(bending the spine concave to the operative side) which makes ultrasound and surgi-
cal access diffi cult. The arm on the operative side should be positioned so as to allow 
easy surgical and X-ray access and may be held in a gutter above the patient’s upper 
chest or adducted across the chest with a sling. The advantages of this position com-
pared to the prone position are many for the anaesthetist: access to the airway is still 
relatively easy, as is access to the neck if central venous cannulation becomes neces-
sary; there is no pressure on the abdomen avoiding splinting of the diaphragm and 
vena cava compression; and it is easy to maintain proper monitoring throughout.  

8.4.3     Intraoperative Anaesthetic Management 

 PNL is a very equipment-dependent procedure, and this can signifi cantly impair the 
anaesthetist’s access to the anaesthetised patient (Table  8.1 ); this is in addition to 
instrument trolleys and the surgical and scrub team. A large operating theatre is a 
signifi cant advantage. Some centres perform PNL in the X-ray department, and if 
this is proposed careful consideration should be made as to the feasibility of posi-
tioning ancillary equipment properly, as well as the logistics for dealing with any 
rare major surgical complications. This should include provision to transport the 
anaesthetised patient to an available operating theatre at short notice. Anaesthetic 
equipment, staffi ng and support, including recovery, should be of equivalent stan-
dard to that provided in the operating theatres.

   Table 8.1    Anaesthesiological and urological equipment for PNL   

 Typical equipment for PNL 

 Anaesthetic machine  X-ray C-arm and screens 
 Fluid warmer  Ultrasound machine 
 Forced-air patient warming device  Lithotripsy devices 

 Nephroscope camera and screen 
 Fluid irrigation 
 Suction 

A.A.B. Adeyoju and N. Sutcliffe

http://dx.doi.org/10.1007/978-2-8178-0459-0_8
http://dx.doi.org/10.1007/978-2-8178-0459-0_10


85

   Due to the large amount of equipment required simultaneously for the procedure, 
it is helpful if the anaesthetist is able to work at some distance from the patient, and 
this may involve the use of longer ventilator tubing, intravenous fl uid line exten-
sions, longer monitoring leads, etc. Similarly access to the patient may be hindered 
intraoperatively, especially in the prone position. Although rarely required for this 
procedure, any invasive monitoring such as intra-arterial and central venous cathe-
ters should be placed before surgery and is allowed to commence, and there should 
be a low threshold for its use in view of the diffi culty in inserting such devices 
intraoperatively (although the supine position minimises this diffi culty).  

8.4.4     Thermal Issues 

 In addition to standard anaesthetic monitoring, true core temperature monitoring is 
highly recommended, ideally with an oesophageal temperature probe (if the prone 
position is used, a rectal temperature probe may be placed after turning prone). The 
length of the procedure predisposes patients to intraoperative hypothermia [ 7 ,  8 ,  29 ] 
with its attendant risks, and active patient warming and temperature monitoring is 
mandatory; forced air or equivalent warming should be applied to as much of the 
body surface area as possible whilst maintaining surgical access. This can be more 
diffi cult to achieve in the supine position as continued access to the perineum is 
desired by the surgeon and the legs are more diffi cult to warm in the lithotomy posi-
tion. Intravenous fl uids should be warmed, as should surgical irrigation which can 
amount to many tens of litres. Despite these measures mild intraoperative hypother-
mia is common; however, occasional patients may become pyrexial, either due to 
overly effective warming or due to release of organisms or toxins from the stone, 
and may even require cooling measures. Core temperature monitoring gives effec-
tive warning of these problems.  

8.4.5     Fluid Balance and Blood Loss 

 Fortunately major blood loss during PNL is not common, although the large propor-
tion of cardiac output taken by the kidneys emphasises the potential for major 
haemorrhage on occasion. Venous access should be of suffi ciently large bore to 
cope with this, especially as patient access to allow insertion of additional cannulae 
may be diffi cult. Serum samples should have been saved preoperatively to allow 
provision of cross-matched blood in a timely fashion should it be required. Blood 
loss is diffi cult to assess due to the large volumes of irrigating fl uid in which lost 
blood is diluted. Modern point-of-care instruments allow rapid assessment of hae-
moglobin concentration from capillary blood obtained by fi ngerprick which may 
help guide the requirement for intraoperative transfusion. Due to the risk of signifi -
cant intraoperative fl uid shifts, including occult or occasional brisk bleeding and 
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involving the inability to monitor urine output, central venous pressure monitoring 
may be considered in patients with signifi cant heart failure to avoid fl uid overload, 
haemorrhagic anaemia and intraoperative ischaemia.  

8.4.6     Sepsis 

 Mention has already been made of the possibility of intraoperative sepsis, and it is 
helpful if the organisms responsible for an individual patient’s previous episodes of 
urosepsis, and their antibiotic sensitivities, are known in order to allow the provi-
sion of rational prophylactic and therapeutic antibiotic treatments intraoperatively 
and postoperatively.   

8.5     Postoperative Considerations 

8.5.1     Pain 

 The surgical procedure itself produces relatively little nociceptive stimulation and 
hence a relatively small intraoperative analgesic requirement and the need for only 
light anaesthesia. However the dilatation of the access tract from skin to calyx is 
more stimulating, and it is helpful if the surgical team can warn the anaesthetist 
when this is imminent to ensure the provision of adequate analgesia/muscle relax-
ation to prevent patient movement at this time. 

 Postoperative pain is only rarely problematic, and only small or moderate doses 
of opioids are usually required in addition to simple analgesics such as paracetamol. 
Prolonged postoperative central neural blockade (i.e. epidural analgesia) is gener-
ally not warranted. 

 Again, fl uid balance, renal function, rewarming and sepsis are central issues in 
the postoperative phase.   

8.6     Conclusions 

 In summary the supine position for PNL has many advantages for the anaesthetist. 
It allows a potentially greater range of anaesthetic techniques to be used, it allows 
access to the airway and neck veins and it allows the positioning of some patients 
who could not be safely managed in the prone position (e.g. the particularly obese). 
By avoiding a hazardous turn to prone, it presents fewer opportunities for inadver-
tent harm to come to the patient. Due to the considerable time taken to properly 
position patients prone, the supine position for PNL is also likely to result in shorter 
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anaesthetic times once the theatre teams are familiar with the procedure. 
Anaesthetists providing anaesthesia for PNL in the traditional positions are encour-
aged to discuss with their surgical colleagues the merits of the supine procedure.     
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    Abstract     Conventionally PNL is performed with the patient in the prone position, 
and the present chapter reviews the “classic” standard technique in this position. Prone 
PNL has proven to be effective and safe in all situations, in spite of the potential advan-
tages of the supine PNL. Its indications are identical in any position and can also be 
expanded, exploiting the advent of the mini-PNL approach. The option of simultane-
ous retrograde access makes supine position an interesting alternative for selected 
cases, although nowadays prone PNL can still be considered the gold standard.  

9.1         Introduction 

 The introduction of percutaneous nephrolithotomy (PNL) in the 1970s marked a 
turning point in the interventional treatment of nephrolithiasis. For the fi rst time 
minimally invasive removal of larger kidney stones, which had hitherto required 
open surgery, became possible [ 1 ,  2 ]. 

 However, the advent of Extracorporeal Shock Wave Lithotripsy (ESWL) during 
the 1980s led to the decline in the use of PNL, due in part to the former’s perceived 
lack of associated complications. The situation changed again when both patients’ 
preferences and economic demands required a faster stone removal. Improvements 
in instruments and lithotripsy technology (including fl exible and digital nephro-
scopes) have expanded the indications and effi cacy of percutaneous stone removal 
with stone-free rates up to >90 % [ 3 ]. 
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 Conventionally PNL is performed with the patient in the prone position. In a bid 
to improve patients’ outcome, several surgeons have experimented with different 
aspects of PNL. The commonest of these has been the positioning of the patient, 
with increasing authors reporting favorable results using the supine position [ 4 – 8 ]. 
This chapter reviews the “classic” standard technique with the patient in prone posi-
tion. The indications of prone and supine PNL, extensively discussed in Chap.   3    , are 
principally identical, with some pros and cons for each position depending on the 
individual cases which are mentioned later in this chapter.  

9.2     Renal Access 

 The success of PNL depends on the ability of achieving an optimal access tract. A 
subcostal tract through the posterior middle or the inferior calyx is considered ideal for 
most stone localizations. This part of the kidney has the lowest vessel density and is 
therefore the safest approach [ 9 – 11 ]. A more detailed discussion of the renal spatial 
and vascular anatomy is presented in    Chap.   4    . In some situations an upper pole or even 
a multi-tract access might be required to achieve best stone clearance [ 12 – 14 ]. However, 
multiple tracts are associated with signifi cantly increased complication rate (25 % vs. 
45 %), in particular of the hemorrhagic ones [ 13 ,  14 ], and are only used in special cir-
cumstances. The use of simultaneous antegrade and retrograde stone manipulation, 
discussed in Chap.   9    , associated or not with the use of fl exible endoscopes, has been 
shown to reduce the need of multiple punctures without compromising stone-free rates 
[ 15 ,  16 ]. As mentioned above, an upper pole puncture in some cases is the best access. 
It is however associated with increased complications including bleeding and injury to 
adjacent viscera (liver, spleen, or pleura) [ 17 – 19 ]. In our opinion, simultaneous fl uoros-
copy- and ultrasound-guided access provides maximum safety by visualizing all these 
surrounding structures of the kidney [ 20 – 23 ]. In a large consecutive series, we did not 
observe any injury to neighboring structures [ 23 ]. Of equal importance is that the per-
cutaneous surgeon establishes the renal access by himself. Watterson et al. demon-
strated in a nice comparative series that this leads to both a higher stone-free and 
reduced complication rate when compared to access by a radiologist [ 24 ]. The different 
dilation and stone disintegration systems as well as the placement of nephrostomies 
after stone removal are not related to patient positioning and are discussed elsewhere.  

9.3     Expanding Indications: Mini-PNL 

 While PNL is the treatment of choice for renal calculi larger than 20 mm [ 25 ], 
ESWL is recommended for smaller renal calculi by most urolithiasis guidelines 
[ 25 ,  26 ]. However, ESWL regularly requires repeated treatment sessions, and 
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therefore, patient and urologist often require investing a lot of time before stone 
clearance is achieved. Furthermore, in a substantial number of patients, residual 
fragments remain within the kidney [ 27 ,  28 ], and the success rates of ESWL treat-
ment for lower-pole stones are often unsatisfying [ 29 ,  30 ]. On the other hand, 
several authors have demonstrated that PNL achieves excellent stone-free rates 
irrespective of stone burden and has reasonable low complication rates [ 23 ,  30 , 
 31 ]. This has led to expanded indications for PNL in many centers, even for 
smaller calculi [ 32 ]. 

 The so-called mini-PERC or mini-PNL (mPNL) was fi rst described by 
Jackman et al. for percutaneous nephrolithotomy in infants [ 33 ]. The use in 
adults has subsequently been described by several groups during the last years 
[ 34 – 36 ]. To date, the term mini-PNL has not been standardized and in general 
sheath diameters below 20 F are considered miniaturized. Nagele et al. and 
Lahme et al. have used 18 and 15 F access tracts, respectively, while Jackman 
et al. has used one as small as 11 F [32, 34, 36 F]. The potential reduction in 
PNL-associated morbidity is the main advantage of miniaturized instruments, 
requiring a reduced tract dilation and less renal trauma. This is desirable in all 
patients, especially in the infant [ 37 ]. Very recently, the very experienced group 
of Desai demonstrated a higher hemoglobin drop after conventional PNL com-
pared to mPNL [ 38 ]. This is confi rmed by the series of Giusti who reported lower 
hematocrit drop and lack of blood transfusions after mPNL [ 39 ]. The main draw-
back of reduced sheaths diameters is the increased operative time due to reduced 
irrigation fl ow and the need for more extensive stone disintegration [ 35 ,  39 ]. 
Finally, Li and coworkers prospectively evaluated the systemic response to PNL 
(30 F) and mPNL (14–18 F) without noticing differences between both tech-
niques [ 40 ].    In our own series, both conventional PNL and tubeless mPNL were 
effective and safe procedures [ 35 ]. The effi cacy of stone removal and complica-
tion rates did not show signifi cant differences. As expected, there was a tendency 
to longer operating times despite the smaller stone mass for mPNL due to the 
required extensive stone fragmentation. In conclusion, the benefi t of mPNL 
remains undefi ned and will be subject of further studies.  

9.4     Results of PNL in Prone Position 

 The success rate of PNL depends on stone mass, stone localization, and the indi-
vidual anatomic situation [ 41 ]. The overall stone-free rate after PNL ranges from 71 
to 95 %, depending on stone size and localization, which corresponds to our own 
results [ 23 ,  25 ,  41 – 43 ]. We achieved a total stone-free rate of 96.5 % after 4 weeks; 
67 % of our patients were stone-free or had insignifi cant residual stones after one 
single PNL procedure, while 33 % needed supplementary operations (second-look 
PNL, ESWL, or ureterorenoscopy). 
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 While PNL is recommended for renal stones of more than 2 cm, the situation is 
different for the lower pole [ 44 ,  45 ]. Stone-free rate of ESWL for lower-pole stones 
is poor because disintegrated fragments do not pass [ 46 ]. The Lower Pole Study 
Group demonstrated that for a mean stone size of 1.4 cm, PNL achieved a stone-free 
rate of 95 % compared to only 37 % after ESWL [ 30 ]. A Cochrane analysis, based 
on only three studies with suffi cient data quality, confi rmed the superiority of PNL 
versus ESWL for the lower pole [ 47 ]. Therefore, for this location PNL is recom-
mended even for smaller fragments of about 1.5 cm [ 26 ]. 

 Several studies have shown excellent results of PNL even for diffi cult anatomic 
situations, such as horseshoe kidneys and ectopic or even transplant kidneys [ 48 – 51 ]. 
Obesity may increase the challenge to the surgeon but usually does not signifi cantly 
limit treatment outcome [ 52 ]. 

 PNL-related complications have been reported to be as high as 83 %, though in 
our own series, we observed complications in only 50.8 % of the procedures [ 23 , 
 41 ,  53 ]. Most of them were clinically insignifi cant and could be managed conser-
vatively; no blood transfusions or open surgery was required (Fig.  9.1 ). We believe 
the reasons for this are twofold: fi rstly the appropriate choice and positioning of the 
puncture into the desired calyx under ultrasound and fl uoroscopic guidance and 
secondly the procedures were performed by a well-trained surgeon. Moreover, we 
performed most of our procedures using a subcostal approach, which may – apart 
from the use of ultrasound – further explain the absence of intrathoracic complica-
tions in our series. These excellent results, demonstrated in Table  9.1 , illustrate that 
PNL in prone position remains the gold standard, with which alternatives have to 
compete with.
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  Fig. 9.1    Complications after percutaneous stone removal, data shown as percentage of patients [ 23 ]       
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9.5         Is Prone PNL Still the Gold Standard? 

 PNL has been performed successfully with the patient in prone position for decades. 
Increasingly, though, authors are reporting impressive results with different varia-
tions of the supine position [ 7 ,  8 ,  54 ,  55 ]. What are the potential advantages of PNL 
in supine or modifi ed lithotomy position? A ureteral catheter is usually placed prior 
to PNL for better visualization of the renal collecting system. As this procedure is 
performed in lithotomy position, the patient has to be turned on the operation table 
into prone position. Apart from this potentially time-consuming maneuver, other 
limitations include the placement in prone could be limited in patients with diffi cult 
anatomy (as severe kyphosis or lordosis), the anesthesiological risk might be higher 
and management of anesthesia problems could be demanding, and lastly surgeons 
have a higher radiation exposure [ 7 ]. 

 The major advantage of supine PNL that has contributed to the wide spread of this 
technique is the option of simultaneous retrograde and antegrade stone management. 
This technique has been established in a modifi ed supine lithotomy position [ 6 ,  56 ]. 

 Apart from this true advantage, other potential benefi ts of supine PNL such as 
decreased operating time and less anaesthesiological problems are yet to be con-
fi rmed. In contrast, de la Rosette et al. demonstrated in a meta-analysis that most 
peri- and postoperative parameters were comparable between prone and supine 
PNL [ 5 ]. For obese patients, their analysis indicates even an advantage for prone 
positioning. This is important, because obese patients usually have a higher ASA 
score and would therefore probably benefi t of supine positioning and a signifi cant 
portion of PNL patients is obese. Furthermore, as large renal stone burden seems to 

   Table 9.1    Indications success and complication rates for PNL   

 Mean stone 
size (cm) 

 % Stone 
free rate 

 % of ancillary 
procedures 
needed a  

 Hospital 
stay (days) 

 % Complication 
rate 

 Lower pole stones  0.5–10  70–100  4–62.5  3–6  13–38 
 Calyceal diverticula  0.2–3  76–100  0.04–18  2–15  0–30 
 Horseshoe kidneys  All sizes  72–87.5  8.3–33  3–10  8–29 
 Children  All sizes  67–100  0–32  1–11  0–28 
 Bilateral PNL  All sizes  76–100  3–81  11–21  3–25 
 Obesity  All sizes  60–100  14–45  2–10  0–37 
 Previous surgery  Up to 3  51–92  27–78  3–7  13.6–24 
 Lateral decubitus 

and supine 
position 

 All sizes  66.6–89  7.5–33.3  2.5 b   0–17 

 Mini–PNL  0.1–10.62 c   62.5–100  9–68  1–5  0–17.5 

  Adapted from 2nd International Consultation on Stone Disease 2008 
  a % of more than one PNL or additional ESWL/URS procedures needed to render the patients stone free 
  b Average hospital stay 
  c Stone size in cm 2   
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be related to obesity and the metabolic syndrome complex, these patients may be 
candidates for upper pole or multi-tract PNL. However, several authors have dem-
onstrated that supracostal accesses are diffi cult (and often impossible) to establish 
in supine position [ 5 ,  57 ]. Another important issue to consider is the higher learning 
curve associated with supine PNL [ 7 ,  58 ]. 

 The meta-analysis of de la Rosette et al. is in accordance to the results of the 
Clinical Research Offi ce of the Endourological Society (CROES). The CROES 
study is the largest published database including more than 5,700 patients [ 41 ]. Very 
recently, Valdivia et al. have published a subanalysis investigating the impact of 
patient positioning on outcome and complication rate [ 59 ]. In this series, the major-
ity of procedures were performed in prone position (80.3 %). The mean operating 
time was signifi cantly lower for prone versus supine position (82.7 vs. 90.1 min.). 
It is important to note that the method of tract dilation had not impact on operating 
time. Stone-free rate was higher for prone position (77.0 % vs. 70.2 %,  p  < 0.0001). 
On the other hand, more patients received blood transfusions (6.1 % vs. 4.3 %, 
 p  = 0.026) and developed fever (11.1 % vs. 7.6 %,  p  = 0.001) in the prone group. 
Slightly more treatment attempts failed in prone position (2.7 % vs. 1.5 %,  p  = 0.01). 
Although this series impresses with the very high number patients, it is questionable 
whether the described differences refl ect clinical reality. The data was collected in 
96 global centers, with each of them having its own standards. This includes impor-
tant parameters as methods to assess stone-free rates and calculating operating 
times. More importantly, the term supine was used for different positions, from fl at 
supine to elevated lithotomy positions. 

 This underlines that the discussion on the best patient positioning is still open 
and further studies have to identify advantages and disadvantages of both options.  

9.6     Conclusions 

 PNL in prone position has proven to be effective and safe in all situations, while 
supine positioning has limitations that may negate its potential advantages. While the 
option of simultaneous retrograde access makes supine position an interesting alterna-
tive for selected cases, no study has yet demonstrated its overall advantage to prone. 
Considering this lack of evidence, PNL in prone position remains the gold standard.     
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    Abstract     The present chapter reviews the rationale of ECIRS (Endoscopic Combined 
IntraRenal Surgery), the logical evolution of PNL and of the old prone split-leg posi-
tion. ECIRS would not exist without the Galdakao-modifi ed supine Valdivia position, 
specifi cally supporting this versatile antero-retrograde approach to the upper urinary 
tract. ECIRS is a synergic approach in all its aspects, being a combination of retro-
grade intrarenal surgery (RIRS) and antegrade PNL and including essential intraop-
erative interactions among all operators (urologists, anaesthesiologists, nurses, scrub 
nurse, radiology technician, with the respective armamentaria), rigid and fl exible 
instruments, endoscopes and accessories, intraoperative imaging techniques for renal 
puncture, ECIRS itself, and other surgical techniques. The anesthesiological, urologi-
cal, and management advantages of ECIRS are described in detail.  

10.1         Introduction 

 Percutaneous nephrolithotomy (PNL) has been practiced for more than 35 years 
and is still considered the treatment of choice for the management of large volume 
and/or otherwise complex renal stones [ 1 ].    From its introduction in the 1970s [ 2 ,  3 ], 
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PNL procedure has undergone considerable evolution, mainly driven by the 
improvement in access techniques, endoscopic instrumentation technology, litho-
tripsy devices, and drainage management [ 4 ]. The consequent progressive improve-
ment in PNL outcomes confi rmed its essence of minimally invasive approach. 

 All the same, although considered safe and effective in expert hands, PNL 
requires experience and permanent training and is not exempt from specific 
intra- and postoperative complications including visceral injury, hemorrhage 
requiring blood transfusions, and infectious events. Efforts have been made to 
decrease PNL perioperative morbidity, starting from the issue of patient posi-
tioning, often overlooked in the past and only recently recognized as a critical 
part of this as of any other surgical procedure, thus a real matter of 
discussion.  

10.2     The Conventional Prone Position for PNL 

 The conventional position for PNL has always been the prone one in the past, 
because – as explained in Chap.   1     – initially the radiologists aimed at the direct 
puncture of the renal pelvis without passing through the renal parenchyma. Also 
when puncturing the kidney via the calyceal papilla became the habit, it was not 
considered necessary to modify the patient’s position. 

 The traditional prone position (Figs.  10.1  and  10.2 ) presents some advantages 
but also a number of disadvantages [ 5 ,  6 ], mainly anaesthesiological and related to 
the diffi culties of performing a simultaneous retrograde access to the kidney 
(Tables  10.1  and  10.2 ).

  Fig. 10.1    Prone decubitus – frontal view (© Carole Fumat)       
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10.3           Modifi cations of the Prone Position for PNL 

 Several modifi cations of the prone position have been proposed during the years, 
mainly in order to gain the possibility of a working retrograde access to the renal 
cavities, and only recently to obviate the recognized anesthesiological problems. 
This trend is going on in the recent surgical practice and literature, with urologists 
from all over the world reporting their experience with alternative positions for PNL:

 –    The reverse lithotomy position [ 7 ];  
 –   The lateral decubitus [ 8 – 10 ];  
 –   The prone split-leg position [ 1 – 12 ];  
 –   The fl ank position [ 13 ,  14 ];  
 –   The prone-fl exed position [ 15 ,  16 ];  
 –   The split-leg modifi ed lateral position [ 17 ];  
 –   The complete supine position [ 18 – 21 ];  
 –   The modifi ed supine position [ 22 ];  
 –   The Valdivia supine position [ 23 – 25 ];  
 –   The supine-oblique position [ 26 ];  
 –   The semisupine position [ 27 ];  
 –   The Galdakao-modifi ed supine Valdivia position [ 4 – 6 ,  28 – 31 ].     

  Fig. 10.2    Prone decubitus – lateral view (© Carole Fumat)       

   Table 10.1    Advantages and disadvantages of the prone position   

 Advantages  Disadvantages 

 Wide surgical fi eld for renal puncture  Patient discomfort 
 Easier upper calyceal puncture  Diffi cult retrograde access if needed 
 Enough room for nephroscopic 

manipulation 
 Need of several nurses for intraoperative change of the 

decubitus from lithotomic to prone 
 Feasibility of bilateral procedures  Increased radiological hazard to the urologist’s hands 

operating within the fl uoroscopic fi eld 
 Lower risk of lung, liver, and spleen 

injury with an upper pole puncture 
 Anesthesiological diffi culties (especially in obese, 

kyphotic, and debilitated patients) 
 Good distension of the collecting 

system 
 A more evident risk of iatrogenic injuries (mainly 

peripheral nerve damage and compartment 
syndrome) 
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10.4     The Supine and the Modifi ed Supine Positions for PNL 

 As already mentioned in previous chapters, the supine position – conceived in the 
late 1980s and pioneered by Gabriel Valdivia Urìa – only recently started to gain 
acceptance and diffusion among urologists (Figs.  10.3  and  10.4 ).

    In particular, we appreciated from the very beginning the modifi cation of the 
supine Valdivia position proposed by Gaspar Ibarluzea, called the Galdakao-
modifi ed supine Valdivia (GMSV) position (Figs.  10.5  and  10.6 ), which we found 
extremely innovative, versatile, and handy. This position (see Chap.   11    ) combines 
the supine decubitus with a modifi ed lithotomy position of the legs, presents few 
disadvantages, and optimally supports a versatile combined approach to the upper 
urinary tract, being safe, effective, ergonomic, and extremely appreciated by anes-
thesiologists as well (Table  10.3 ) [ 32 – 38 ].

   Table 10.2    Anaesthesiological problems in the prone position   

 Cardiovascular 
problems 

 Respiratory 
diffi culties 

 Peripheral nervous 
system injuries 

 Pressure 
damages 

 Ischemic 
accidents 

 Reduced left 
ventricular 
compliance 

 Reduced lung 
compliance 

 Upper limbs 
(ulnar, radial, 
etc.) 

 Lip necrosis  Partial or total 
visual loss 

 Decreased cardiac 
output 

 Risk of 
endotracheal 
tube kinking 

 Lower limbs 
(peroneal, 
sciatic, 
saphenous, 
etc.) 

 Breast necrosis  Hemiparesis 

 Reduced venous 
return and 
venous stasis 

 Reduced thorax 
expansion 
for ribs 
compression 
by the body 
weight 

 Compartment 
syndromes 

 Liver necrosis  Quadriplegia 

 Increased risk of 
thromboembolic 
complications 

 Rhabdomyolysis  Aphasia 

 Poor access in case 
of unforeseen 
cardiovascular 
complications 

 Increased heart rate 
and total 
peripheral 
vascular 
resistance    
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  Fig. 10.3    Supine decubitus (Valdivia position) – frontal view (© Carole Fumat)       

  Fig. 10.4    Supine decubitus (Valdivia position) – lateral view (© Carole Fumat)       

  Fig. 10.5    Galdakao-modifi ed supine Valdivia decubitus – frontal view (© Carole Fumat)       

 

 

 

10 Endoscopic Combined IntraRenal Surgery (ECIRS): Rationale



104

10.5          ECIRS (Endoscopic Combined IntraRenal Surgery) 

 ECIRS would not exist without the GMSV position [ 5 ,  28 ]. In fact, this position 
specifi cally and optimally supports this versatile antero-retrograde approach to the 
upper urinary tract. 

  Fig. 10.6    Galdakao-modifi ed supine Valdivia decubitus – lateral view (© Carole Fumat)       

   Table 10.3    Advantages and disadvantages of the supine and supine-derived positions   

 Advantages  Disadvantages 

 Easy and comfortable patient 
positioning 

 The upper pole of the kidney is deeply located within 
the rib cage = More challenging superior calyceal 
puncture (less important because such calyces are 
routinely entered retrogradely by ureteroscopy, 
avoiding hepatosplenic and    pleuric risk of injury) 

 No need of repositioning the anaesthe-
tized patient (less need of trained 
personnel, less occupational load 
due to shifting of heavy loads, a 
single sterile draping) 

 Decreased fi lling of the collecting system = More 
diffi cult nephroscopy (additional retrograde 
irrigation can be provided, but low intrarenal 
pressures imply less risk of pyelovenous back fl ow 
and septic risk) 

 The surgeon works sitting and with  the   
hands outside the fl uoroscopic fi eld 

 More mobile kidney = More diffi cult puncture (constant 
counterpressure on the abdomen has been suggested 
during the access) 

 Combined retrograde approach (with 
all implications) 

 Longer tract length = Need of extralong equipment in 
obese patients, decreased nephroscope mobility, 
more torque on renal parenchyma meaning more 
bleeding risk 

 Optimal cardiovascular and airways 
control 

 Air bubbles produced during lithotripsy accumulate in 
the collecting system = Reduced quality of vision 

 Less risk of colon injury 
 Less overall X-ray exposure (for the 

retrograde endoscopic contribution) 
 Better descending drainage and 

retrieval of stone fragments (the 
tract is horizontal or slightly 
inclined downwards) 
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 ECIRS is a synergic approach in all its aspects, starting from the fact that it is a 
combination of retrograde intrarenal surgery (RIRS) and PNL and going on with the 
intraoperative interaction among all operators (urologists, anaesthesiologists, 
nurses, scrub nurse, radiology technician, with the respective armamentaria); 
between retrograde and antegrade access; between rigid and fl exible instruments; 
between endoscopes and accessories; among fl uoroscopy, ultrasound, and 
Endovision technique for renal puncture; and between ECIRS itself and other surgi-
cal techniques like open surgery; laparoscopy, for instance, in case of associated 
ureteropelvic junction (UPJ) stricture; and Extracorporeal Shock Wave Lithotripsy 
(ESWL), in very selected and particular cases. 

 Although versatile in itself and rather complex at a fi rst glance, ECIRS has been 
from the very beginning [ 5 ,  28 ] a completely standardized procedure, with the fi nal 
aim to critically afford each step and maximize its safety, effi cacy, and repeatability. 
The freedom of the urologist performing ECIRS lies in the fact that    he/she is not the 
uncritical executor of a crystallized sequence of established steps, but rather an 
active fi gure continuously exerting his/her critical mind and choosing the best strat-
egy for an optimal outcome, constantly related to the anatomical and clinical condi-
tion of the patient. 

 Among the urological advantages of a combined approach to the upper urinary 
tract like that allowed by ECIRS, we wish to underline:

 –    The role of the preliminary RIRS (for a baseline endoscopic evaluation of stone 
hardness, position, and mobility, possibly suggesting a change of indication from 
PNL to RIRS, and of concomitant ureteral stones or ureteral or UPJ stenosis to 
be simultaneously treated);  

 –   The importance of performing renal puncture, tract dilation, and Amplatz sheath 
application under visual control, when possible;  

 –   The possibility to prepare the maximally guaranteed “kebab patient,” with the 
guidewire entering the kidney through the percutaneous tract and exiting the 
external urethral meatus, in order to have the complete control of the endoscopic 
fi eld;  

 –   The chance of avoiding multiple tracts and related bleeding risk by accessing 
calyces parallel to the percutaneous tract, thanks to the aid of the retrograde fl ex-
ible ureteroscopy and the contemporary use of fl exible nephroscope;  

 –   The fi nal visual ureteroscopic assessment of the stone-free status (integrating 
fl exible nephroscopy) with the visual check of all calyces, which we call “Grand 
Tour” (with reduced radiological exposure for both the patient and the surgeon 
and the possibility of completing the procedure or planning a second look);  

 –   The fi nal endoscopic evaluation not only of renal cavities for a tubeless proce-
dure but also of UPJ and ureter in order to decide for a stentless PNL;  

 –   The overall reduced radiation exposure of the patient (and in particular children 
and young women) during the whole procedure, thanks to the integration of the 
direct visual information with radiological imaging.    

 It should be underlined that prone and supine PNL are in any case similar in 
terms of feasibility, safety, and effi cacy [ 39 – 43 ]. Nonetheless, all published works 
only consider classical parameters such as operation time, stone-free rate, or 
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complication rates (bleeding, transfusions, urosepsis, visceral injury). We believe 
that safety should be considered from a wider point of view, including the variety of 
anesthesiological risks reported for the prone position [ 31 – 38 ], poorly perceived by 
urologists but very familiar to anaesthesiologists, neurosurgeons, or orthopaedics in 
fi elds of surgery in which it is unavoidable. Even one of those devastating – although 
rare – ischemic, cardiovascular, or neurological complications reported in the litera-
ture, sometimes implying long-term or irreversible consequences, is unacceptable 
for the treatment of a benign pathology such as urolithiasis, unless life threatening 
in itself. The precautionary principle must be the fi rst step of all medical or surgical 
procedures, and we believe that the supine position for PNL fulfi ls this principle 
under all points of view.  

10.6     Conclusions 

 Surgery should not be a dogmatic fi eld, where the new techniques are seen like 
heresy or even nonsense. We have the instruments for checking the value of a new 
technique. ECIRS is the logical evolution of PNL and of the old prone split-leg 
position [ 10 ,  11 ], exploiting the surgeon’s versatility and adherence to the patient’s 
clinical needs, thanks to the use of a variety of technically updated instruments and 
accessories. In fact, new technological advancements and innovative instruments 
and accessories require the urologist to make the effort to consensually evolve his 
surgical technique, in order to fully exploit such progresses. ECIRS proposal has the 
additional merit of having triggered a large amount of critical analysis of the 
patient’s positioning and of various PNL steps. 

 As to ECIRS, now well known and practiced all around the world, we can con-
clude with the words of the late Latin poet Horace: “ maiores pinnas nido extend-
isse ” (Ep. 1, 20, 21), meaning “have now spread the wings larger than the nest.”     
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    Abstract     A standardized patient positioning and operating room organization are 
fundamental in order to perform a successful ECIRS. In particular, reference lines 
for the renal puncture and correct patient positioning in order to prevent pressure 
damages are described, as well as sterile draping and preparation of the surgical 
fi eld. The operating room (OR) is very crowded and therefore it is relevant to defi ne 
the right place for any operator and device. This aspect may appear time-consuming 
but is essential in order to optimize the cooperation of all the working team and to 
avoid both intraoperative problems and postoperative complications.  
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11.1         Patient Positioning 

 The Galdakao-modifi ed supine Valdivia (GMSV) position (Fig.  11.1 ) (see also 
Chap.   3    ) is simply reproducible and adaptable to most urologic centers. There is not 
a single universal positioning technique, and every endourological surgeon brings 
individual adjustments according to local specifi cities and personal preferences 
[ 1 – 8 ]. In this chapter we describe how we realize in our daily practice the GMSV 
position. Adequate antidecubitus padding, no matter which kind, is in any case fun-
damental to avoid inadvertent pressure damages, especially during prolonged pro-
cedures (Fig.  11.2 ) (see also Chap.   19    ):

 –      Check according to your internal hospital procedures the identity of the patient, 
the kind of procedure, and the side to be operated (that has to be correctly marked).  

 –   Check that the operating table is radiolucent, can be suffi ciently translated leav-
ing the abdomen free of radiopaque obstacles and easily host the C-arm of the 
fl uoroscopy for radiological control during the procedure in the areas of interest, 
and can be arranged with the leg stirrups for lithotomic position.  

  Fig. 11.1    Patient ready for ECIRS in the Galdakao-modifi ed supine Valdivia position       
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 –   If the OR is too narrow, incline the operating table, leaving more space on that 
side to be operated; the fl oor may be prepared with absorbing materials, in order 
to avoid inadvertent spilling of irrigation fl uids all around.  

 –   The fi rst landmark is the posterior axillary line (Fig.  11.3 ) that has to be drawn 
with an undeletable pen possibly with the patient standing, arm up, or in any case 
with the patient pure supine before starting the positioning maneuvers.

 –      The patient is then positioned supine on the operating table, near to the border of 
the side with the stone to be operated (this is important to increase free mobility 
of the nephroscope), then prepared and anaesthetized.  

  Fig. 11.2    Adequate padding 
of the legs’ stirrups to prevent 
pressure damages       

  Fig. 11.3    The posterior axillary line is drawn in the simple supine position       
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 –   The arm contralateral to the side to be operated lies abducted of less than 90° and 
slightly fl exed on a padded support, or along the body, for anesthesiological 
management (Fig.  11.4 ).

 –      The ipsilateral arm of the patient crosses the chest lying on it or supported, further 
elevating the posterior axillary line (Fig.  11.5 ). It is preferable not to use metallic 
arm support, because this interferes with the X-ray beam, should the C-arm be 
tilted cephalad, during fl uoroscopic-controlled access creation. A padded support 
maintains the arm with an angle less than 90° with that of the operating table.

 –      The lumbar region is lifted approximately 20° and exposed. There are several 
ways to tilt the patient. Valdivia Urìa in his original description used an emptied 
3 l saline irrigation bag for transurethral resection, infl ating it with air and clos-
ing the outfl ow tube with a Kocher forceps, allowing volume control until the 
best position is found (Fig.  11.6a , courtesy of Dr. Gaspar Ibarluzea). Others use 
two    silicone gel pads or two “plum cake”-shaped jelly pillows, one under the 
shoulder and another under the gluteal region, leaving the lumbar region free and 
creating a space preventing instruments collision (Fig.  11.6b ). There is also an 
infl atable device called “Pelvic-Tilt” (OR comfort LLC, Glen Ridge, NJ, USA) 
(Fig.  11.6c ). This device has a non-infl ated fl ap extending from one side. The 
fl ap is placed under the lumbar region opposite to the stone, while the infl atable 
portion is placed under the stone side. The weight of the patient on the fl ap pre-
vents the lateral shifting of the pillow.

  Fig. 11.4    Arrangement of the contralateral arm for venous access       
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a

b

  Fig. 11.5    Arrangement of the ipsilateral arm, adequately fi xed ( a ) and with a cushion under it to 
prevent peripheral nerve damage ( b )       
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 –      The further landmarks can now be drawn: the lower margin of the 12th rib and 
the upper margin of the iliac crest (Fig.  11.7 ).

 –      Then the patient is put in a modifi ed lithotomy position, very similar to that used 
during a semirigid retrograde ureteroscopy, with both glutei on the inferior bor-
der of the operating table. The ipsilateral leg is slightly abducted and extended, 
and the contralateral leg is lifted and partially fl exed (Fig.  11.8 ). Both leg stirrups 
should be adequately padded, possibly with gelatins as well.

 –         After positioning maneuvers, check again for possible corrections (especially of 
the upper and lower limbs) and fi x everything with the aid of Peha-haft or 
similar.     

a

b c

  Fig. 11.6    Methods for elevating the fl ank to be operated: ( a ) saline bag under the fl ank, original 
method (The drawing is a courtesy of Dr. Gaspar Ibarluzea), ( b ) jelly pillows under the gluteus and 
the thorax, ( c ) infl atable device under the fl ank       
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11.2     Sterile Draping of the Patient and Preparation of the 
Surgical Field 

 –     Disinfection of the skin comprises the lumbar region, the anterior abdominal 
wall, the external genitalia, and the perineum (Fig.  11.9 ) (see also Chap.   19    ).

 –      The sterile draping does not require to be changed intraoperatively. We use a 
standard cystoscopy set which is not entirely unfolded towards the abdomen and 
chest, and then the lumbar region is draped with standard abdominal adhesive 
drapes or with a modifi ed cystoscopy set.  

 –   The irrigation fl uid pouring outside the Amplatz sheath needs special handling. 
A watertight covering of a Mayo table, which is attached to the lateral abdominal 
drape under the abdominal fi eld near the border of the operative table with two 
surgical clamps, can be employed. Directing the fl uid into the bag is further 
facilitated by sticking an OPSITE to the operative area. Otherwise, a modifi ed 
cystoscopy set can be used; in alternative the UroFunnel TM  system (Paramount 
Medical Solutions Ltd.), a malleable metallic mounting frame with a transparent 
funnel- shaped retrieval bag, is very ergonomic (Fig.  11.10 ).

  Fig. 11.7    When the patient is in the right position, the remaining reference lines are drawn (12th 
rib and iliac crest)       
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a

b

  Fig. 11.8    Arrangement of the legs: the ipsilateral one is slightly extended and the contralateral one 
well abducted. Lateral ( a ) and frontal ( b ) views       

 

A. Hoznek et al.



117

  Fig. 11.9    Final sterile draping with the bags for retrieving irrigation fl uids       

  Fig. 11.10    UroFunnel system for retrieving irrigation fl uids       
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11.3           Spatial Organization of the Operating Room 

 During a supine PNL, and especially during ECIRS in the Galdakao-modifi ed 
supine Valdivia position, two surgeons work in close cooperation and interaction, 
optimizing ergonomics of the procedure and improving its time effi ciency. 
Standardized and strategic equipment placement eliminates improvisation, simpli-
fi es the training and the work of paramedical staff, and shortens OR occupation 
time. 

 Prone PNL begins with cystoscopy and insertion of a ureteric catheter in supine 
lithotomy position. Then, the ureteric catheter is secured to a Foley catheter. The 
patient is subsequently repositioned prone for the rest of the procedure (i.e., access 
creation, stone fragmentation and extraction, drainage). In contrast to prone PNL, 
during supine PNL it is possible to perform some specifi c surgical tasks concomi-
tantly rather than sequentially. While one of the surgeons performs the cystoscopy 
and ureteric catheterization, the second scans the kidney with the ultrasound probe 
and begins puncturing the collecting system (Table  11.1 ).

   With these considerations in mind, the layout of the OR is extremely important 
(Fig.  11.11 ). Each member of the operative team should have an excellent vision on 
the video screens and the X-ray monitor (Fig.  11.12 ). The intensity of ambient light 
should be gradually adjusted as required to improve vision on the different screens.

    Obviously, each operative theater is specifi c and the disposition of different ele-
ments should adapt to the local situation. In this chapter, we describe the arrange-
ment we routinely use. Ideally, the operative theater is roomy enough to make it 
possible to move around all the equipment disposed near the patient. If not, the table 
can be inclined, leaving more space on the side to be operated. Remember the 

Cystoscopy
+ pyelography

Cystoscopy
+ pyelography

Fragmentation
+ extraction

Fragmentation
+ extraction

Exiting

Exiting

Puncture
+ dilation

Puncture
+ dilation

   Table 11.1    Timing and duration of the initial surgical steps in prone and supine PNL       
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presence of the anaesthesiologist with all the armamentarium, located at the head of 
the patient (Fig.  11.5a ). 

 Unfortunately, integrated endourological tables are not optimal for a supine pro-
cedure, because usually the X-ray device works only in the anteroposterior plane. 
Furthermore, the radiological unit is attached to the same side of the operative table, 
leaving insuffi cient room at this site to access the kidney. This is probably one of the 
limiting factors explaining why supine positions are not very popular in some 
endourological centers (see also Chap.   3    ). 

 The X-ray screen is at the level of the head of the patient, on the side of the stone 
(Fig.  11.12b ). The mobile C-arm unit is in front of the surgeon performing the neph-
roscopy (Fig.  11.9 ). The X-ray source should be placed under the operative table in 
order to diminish radiation scattering and exposure of the surgical team. The recep-
tor of the C-arm is draped sterile to facilitate its manipulation by the surgeon. The 
C-arm should be easily movable by the surgeon himself cephalad and laterally to 
visualize the kidney and also caudally and medially to see the bladder. Since the 
patient is tilted 20°, in order to have a nearly anteroposterior view, one should also 
tilt the C-arm in the same direction and same inclination. Unfortunately, when doing 
so, the metallic frame of the operative table often interferes with the X-ray picture. 
To avoid this artifact, we tilt the C-arm only 5°. The foot pedal of the fl uoroscopy 
unit is placed near the foot of the surgeon, so that he can decide the instant and the 
duration of X-ray monitoring during the procedure without the need of the presence 
of a person dedicated to this task. 

  Fig. 11.11    Schematic drawing of OR organization       
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 The ultrasound device is beside the patient, on the side of the stone (Fig.  11.12b ). 
The ultrasound probe is sterilely draped, as well as the keypad and commands, 
should an adjustment of ultrasound parameters be performed during the procedure. 

 The video tower (Fig.  11.13 ) is contralateral to the stone near to the leg of the 
patient (Fig.  11.12a ). This allows each team member to have a vision on the screen. 

a

b

  Fig. 11.12    Both video ( a ) 
and fl uoroscopic and 
ultrasound screens ( b ) should 
be handy for the surgeons       
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If two endoscopes are used, they are connected to the same wide (16:9) screen using 
the “picture in picture” function (Fig.  11.14 ).

    The different lithotripters and suction devices (Fig.  11.15 ) are behind the surgeon 
who performs nephroscopy. All cables and lines used for the nephroscopy are fi xed 

  Fig. 11.13    Video tower 
ready for use       

  Fig. 11.14    Monitor with the 
possibility of simultaneous 
double vision (retrograde and 
antegrade)       
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near the shoulder of the patient on the side of the stone. The cables required for 
retrograde endoscopy are connected to the video tower near to the leg opposite to 
the stone.

   A back table is disposed behind each surgeon, one for the surgeon who performs 
the antegrade approach and another one for the surgeon who deals with retrograde 

a

b

  Fig. 11.15    Laser ( a ) and 
combined ballistic/ultrasound 
( b ) devices       
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endoscopy (Fig.  11.16 ). The setup of these tables should also be standardized and 
rationalized (see Chap.   19    ). ECIRS is particularly instrument dependent, and a 
meticulous organization of the back tables is indispensable especially because of 
the distribution of different tasks between the two surgeons working in tandem. 
Rapid and easy accessibility of each instrument is an important factor for optimal 
time management. On each table the devices are arranged in the order of use.

   Because different endoscopes are required at different steps of the procedure and 
the same scope may be used several times, we found it indispensable to use sterile 
and watertight camera draping. This avoids desterilizing the endoscopes and the 
condensation of liquid on the endoscopic camera. If fl exible instruments are used, 
they should be placed in a protected area in order to avoid accidental compression 
of their delicate and fragile shaft (Fig.  11.17 ). Any sharp instrument near the fl exi-
ble instruments is source of risk of instrument sleeve perforation.

   A set of small forceps like Kocher or Kelly should also be available. They are 
used to attach different cables to the draping. Many cables are used during ECIRS 
including two irrigation fl uid lines, two light cables, two camera cables, the ultra-
sound probe, the LithoClast cable, ultrasound handpiece cable, and another cable 
for aspiration. All these cables should be arranged without forming loops or knots; 
an adequate length should also be available to guarantee easy back and forth 
motions of the nephroscope and fragmentation devices throughout the procedure 
(Fig.  11.18 ).

  Fig. 11.16    The back tables should be handy for both surgeons, behind them       
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    Abstract     Since ECIRS offers the possibility of a simultaneous antegrade and ret-
rograde access to the upper urinary tract performed by two distinct urologists, the 
optimal working environment should comprise a valid video network with adequate 
settings, a complete imaging equipment, an irrigation system, and a variety of 
instruments and accessories, which should be well known in terms of features and 
technological details. In this chapter the authors describe a complete landscape of 
all the alternatives on the market, with regard to ureteroscopes and nephroscopes, 
disposable accessories like access needles, guidewires and dilation systems, intra-
corporeal lithotripsy, and fragments retrieval devices.  

12.1         The Video Network 

    Since ECIRS offers the possibility of a simultaneous antegrade and retrograde 
access to the upper urinary tract with the contemporary use of two endoscopes, the 
optimal working environment comprises two digital video cameras, either fi xed 
(Fig.  12.1 ) or pendulum (Fig.  12.2 ); two fi ber-optic cables of different diameter, 
from 2.5 to 3.5 mm based upon the diameter of the endoscopes (Fig.  12.3 ); two 
adequate Xenon light sources (Fig.  12.4 ); two control units (Fig.  12.1 ); and two 
screens. Alternatively, it is also possible to use a single 16:9 high-resolution screen 
and to send to the same screen the two video signals with image splitting, with the 
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  Fig. 12.1    Storz HD fi xed 
video camera with its control 
unit       

  Fig. 12.2    Storz HD 
pendulum video camera       

  Fig. 12.3    Fiber-optic cables of different diameters       
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additional possibility of the “picture in picture” images (Fig.  12.5 ). In any case all 
members of the operative team should have a comfortable view on the screen during 
the whole procedure. All the video network devices can be expressly housed in a 
video tower (Fig.  12.6 ).

        The standard-defi nition (SD) analogic video signal (with the transformation of the 
endoscopic image into an electromagnetic wave thanks to a chip on the camera head 
sent to a standard monitor) has been nowadays largely overcome by the digital high-
defi nition (HD) systems (exploiting serial waves of numbers instead of a simple elec-
tromagnetic wave). Digital HD systems must be supported by an adequate video 
network, in order to avoid to lose the advantages of such improved image quality. 

12.1.1     Camera Heads and Their Setting 

 The Storz HD camera heads (H3-Z and the latest pendulum version) (Fig.  12.1,   12.2 ) 
have an optimized weight and ergonomic handling, reducing fatigue and improving con-
trol during procedures. The integrated 3-chip camera head with the latest CCD (charge-
coupled device) sensor technology assures detailed, high-contrast, quasi- 3D, and 

  Fig. 12.4    Storz Xenon light 
source       

  Fig. 12.5    Storz 16:9 HD 
monitor       
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noise-free images, with natural color reproduction across the entire zoom range. 
Ergonomically located buttons allow to program the camera head features according to 
the endoscope in use. HD camera heads have a 16:9 aspect ratio versus the 4:3 of the SD 
camera heads, increasing by more than 35 % the amplitude of the endoscopic fi eld and 
by fi ve times more the image resolution. 

 Since these camera heads have been conceived for laparoscopic procedures, thus 
for vision in wide-body hollows and to be coupled with big optics, the transposition 
of their use in ureteroscopy and nephroscopy requires a particular setting, in order 
to obtain an optimal vision. 

  Fig. 12.6    Video tower 
housing all video network 
devices       
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 Rigid, semirigid, and fl exible ureteroscopes and nephroscopes require prelimi-
nary white balance, with the exception of the digital CMOS fl exible nephroscope. 
Enhancement and brightness are set up according to the instrument to be used and 
the size/color of the working space (ureter versus renal pelvis and calyces):

 –    Low enhancement and small endoscope A/low brightness for the rigid nephroscope;  
 –   Filter A enhancement and small endoscope A brightness for the fl exible 

nephroscope;  
 –   Enhancement off and small endoscope B brightness for the semirigid ureteroscope;  
 –   Filter B enhancement and small scope B brightness for the fl exible ureteroscope.     

12.1.2     Light Source and Optic Cables 

 Optic cables with different diameters (2.5 mm for all fl exible endoscopes and the 
semirigid ureteroscope, 3.5 mm for the rigid nephroscope) (Fig.  12.3 ) differ in the 
amount of light transmitted. The Xenon light source should also be regulated in 
order to avoid bad vision due to too much light and tissue refl ection. In addition, 
injecting too much light into the cable does not improve luminosity, but light trans-
forms into heat and burns the optical fi bers of the endoscope. 

 The fl exible digital CMOS (Complementary Metal-Oxide Semiconductor) neph-
roscope has a distal chip directly transforming the image into a digital signal on the 
tip of the instrument and needs no light source nor optic cable or white balance, 
having an integrated LED (light-emitting diode) technology in the handle (enhance-
ment off, zoom × 2).   

12.2     Imaging Equipment 

 The operating table for RIRS/PNL has to be radiolucent, with the possibility to trans-
late it for housing the C-arm and to avoid radiopaque transverse bars underneath. 
Furthermore, the patient must have the chance to be put in lithotomic position (see 
also Chaps.   11     and   19    ). For a supine PNL, it is better to use an independent C-arm 
rather than an X-ray device integrated to an endourology table, requiring two differ-
ent tables for the right and left side, or to change the position of the patient upside 
down (putting the head in the place of the feet) (see also Chap.   3    ). The individual 
C-arm (Fig.  12.7 ) can be placed as required either on the right or on the left side of 
the patient, leaving all the needed space to the surgeon. If fl uoroscopy-only guidance 
is used, it is also important to be able to tilt the C-arm towards head or legs of the 
patient. This allows to target the kidney fi rst in the anteroposterior incidence, then 
with a 30° tilt of the C-arm cephalad, to obtain information about the depth of the 
needle trajectory (see also Chap.   11    ) [ 1 ]. In order to maximally decrease radiation 
exposure of both patient and surgical staff and also to improve safety of the puncture, 
the combined use of ultrasound (Fig.  12.8 ) is crucial.
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12.3         Nephroscopes and Ureteroscopes 

 The choice of the nephroscope is of utmost importance. Rigid nephroscopes have 
the advantage of a superior optical quality due to the rod lens system. The optimal 
nephroscope should have a suffi cient working length, a large working channel, a 
reduced outer diameter, and a watertight entry site for instruments and accessories. 

 In older nephroscopes the cranked (Fig.  12.9 ) or 45° offset optics and the light 
cable were located on opposite sides of the shaft. Therefore, in supine position, 

  Fig. 12.7    Independent 
C-arm for fl uoroscopy       

  Fig. 12.8    Ultrasound device       
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collision with the border of the surgical table of this type of nephroscope could 
occur, resulting in limited maneuverability. For this reason, when we started with 
ECIRS years ago, we changed the kind of support under thorax and ankle of the 
patient, in order to enlarge the space of movement of the instrument.

   Presently, all major manufacturers produce models in which the optical and light 
cables and the irrigation lines are all located on the same side of the shaft 
(Fig.  12.10a, b ). With such nephroscopes, problems due to a confl ict with the surgi-
cal table are only exceptionally encountered. Most nephroscopes have a continuous 
fl ow design, with an infl ow and an outfl ow valve. However, when using a plastic 
Amplatz sheath, the outer shaft with the outfl ow valve loses its role; in fact, the 
irrigation fl uid can fl ow out between nephroscope and Amplatz sheath. Furthermore, 
the shaft additionally increases the diameter of the scope, and this can be a disad-
vantage when accessing a calyx with a narrow infundibulum. Therefore, it is prefer-
able to choose a nephroscope that can also be used without the outer shaft.

   In the market there are also midi (Fig.  12.11 ) and mini-nephroscopes 
(Fig.  12.12a, b , c).

    A fl exible cystoscope is crucial during a contemporary PNL/ECIRS. It allows to 
access peripheral calyces that are not reachable with a rigid instrument. This allows 
to avoid the need for multiple tracts, especially in case of staghorn stones. The limi-
tation of analogic fl exible instruments (Fig.  12.13a ) is the small diameter of the 
working channel and their perceived inferior optical quality, because of the “honey-
comb” effect produced by the fi ber-optic bundles. Actually this can be adequately 
corrected by the right set up of the fi lters. Digital nephroscopes (Fig.  12.13b ) have 
a very high quality of imaging. Usually the lithotripsy energy source for any fl exible 
instrument is the laser, because of the reduced diameter and signifi cant fl exibility of 
the fi bers employed.

   One of the major advantages of the supine position is its ability to use two endo-
scopes simultaneously, one through the Amplatz sheath and the other transure-
thrally. In case of simultaneous renal and ureteral stone, the latter can be treated 
with a rigid ureteroscope (Fig.  12.14a, b , c) and holmium laser. The use of a uretero-
scope has also the advantage of preventing the migration of small fragments into the 
ureter during fragmentation. In addition, through the ureteroscope it is possible to 

  Fig. 12.9    Cranked offset 
optics with the light cable on 
the opposite side of the shaft 
in fi rst-generation 
nephroscopes       
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maintain a continuous and abundant irrigation which helps washing out small frag-
ments through the Amplatz throughout the fragmentation process.

   The use of fl exible ureterorenoscope (Fig.  12.15 ) retrogradely together with a 
rigid or fl exible nephroscope anterogradely allows to reach any district of the renal 
cavities. For this reason among the instruments semirigid and fl exible ureteroscopes 
must be at disposition.

a

b

  Fig. 12.10    Wolf ( a ) and 
Olympus ( b ) nephroscopes       

  Fig. 12.11    Storz 17 Ch with 
outer shaft of 22 Ch rigid 
nephroscope       
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   In summary, in order to achieve maximal effi ciency during ECIRS, the optimal 
set of endoscopes includes rigid and fl exible nephroscopes and rigid and fl exible 
ureteroscopes.  

12.4     Irrigation Systems 

12.4.1     Facing the Issue of Hypothermia 

 During percutaneous surgery, continuous irrigation with saline is required. Because 
of the amount and duration of such irrigation at room temperature, hypothermia is a 
concrete risk for the operated patient. Thus, heating to 38 °C of the irrigant fl uids is 
fundamental. There are specifi c urologic systems that deliver large volumes of irri-
gation at body temperature, with optimal fl ow rates and offering a bubble-free fi eld 

a

b

c

  Fig. 12.12    Mini-PNL set 
with Storz ( a ) Wolf ( b ) 
Olympus ( c )       
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of vision (Fig.  12.16 ). If such a device is not available, an alternative is the use of a 
microwave oven. The only thing to remember is to switch off the heating during 
ultrasound lithotripsy, in order to avoid overheating. This precaution is not neces-
sary when using laser and ballistic lithotripsy.

a b

  Fig. 12.13    Analogic ( a ) and digital ( b ) fl exible Storz nephroscopes       

a

c

b

  Fig. 12.14    Storz ( a ) Wolf 6–7.5 Ch ( b ) and Olympus ( c ) semirigid ureteroscopes       

 

 

C.M. Scoffone et al.



137

a

b

c

  Fig. 12.15    Storz fl exible video-ureterorenoscope Flex-XC ( a ) Wolf fi ber-optic analogic Viper ( b ) 
and digital Olympus ( c ) fl exible ureteroscopes       
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12.4.2        Facing the Issue of Optimal Endoscopic Vision 
and Intrarenal Pressures 

 During a supine PNL, the Amplatz is roughly horizontal (see also Chap.   13    ). 
Therefore, the pressure in the collecting system is near to 0 H 2 O cm. Pressure can 
be even negative, when using an ultrasonic lithotripter, because of its suction effect. 
Consequently, the renal pelvis can be collapsed during the whole procedure, and air 
bubbles may interfere with optimal vision. 

 Some surgeons use a peristaltic pump in order to obtain increased fl ow rate and 
intrapelvic pressure. The Level 1 irrigation and heating column produced by Smiths 
Medical can be used for all kind of nephroscopes and ureteroscopes (and for resec-
toscopes as well), combining the advantage of heating the irrigation fl uid fl owing 
without air bubbles with the possibility to vary the height of the column (see also 

a b

  Fig. 12.16    Level 1 device by Smiths Medical for sustaining/elevating the irrigation bags ( a ) and 
for heating ( b )        
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Chap.   14    ), thus varying the gravity pressure of the fl ow of one or two simultaneous 
fl uid bags (Fig.  12.16 ). 

 If a retrograde ureteroscopy is performed at the same time of PNL, the ureteroscope 
should have its own irrigation line. The role of a port seal is essential to avoid to lose 
fl uid from the endoscope (see also Chap.   19    ). Because of the presence of the Amplatz 
sheath, higher pressures can be used than during a standard ureteroscopy, without the 
risk of overdistension of the renal cavities. This has also the advantage of washing out 
the small stone fragments created by the ureteroscope through the Amplatz. 

 Several irrigation devices are disponible for ureteroscopic irrigation, especially 
when using fl exible instruments. In fact, defl ection and full working channels 
decrease irrigation, worsen endoscopic vision, and increase renal pelvic pressures. 
Gravity irrigation can be increased with occasional manual pressure; there are also 
manual (hand- or foot-assisted) devices (Fig.  12.17 ), pneumatic cuffs for pressur-
ized fl ow, and automated devices.    Care should be taken to choose a pump that is 
validated for urologic use, in order to avoid medicolegal consequences in case of 
accidents. In any case, the main issue should be to be aware of the importance of 
avoiding prolonged high intrarenal pressures, predisposing to pyelorenal refl ux and 
infectious complications (see also Chap.   19    ).

12.5         Disposable Accessories 

12.5.1     Access Needle 

 Accurate puncture of the collecting system is the fundamental initial step of percu-
taneous surgery. The needle should be only slightly fl exible and enable soft tissue 
penetration, reaching deep targets without excessive deviations (Fig.  12.18 ). 
Enhanced visualization of the needle tip when used with ultrasonic imaging is 
essential. The 18 gauge Chiba needle is composed of a 22 gauge cannula and fi tted 
stylet. Some urologists use a small trocar instead.

12.5.2        Guidewires 

 Guidewires play an important role throughout the whole procedure, thus their correct 
selection is essential. They are available in variable diameters, lengths, stiffness, tip 
confi guration, and coatings. The knowledge of all the features and behavior of a given 
wire is crucial for choosing the optimal one, depending upon its role during surgery. 

 Hydrophilic wires are made of a nickel titanium core and a polyurethane shell 
coated with a hydrophilic polymer. There are many hydrophilic guidewires on the 
market, like the Glidewire (Terumo), the HiWire (Cook), and the ZipWire (Boston 
Scientifi c), conceived to decrease friction when wet. They are optimal during bypass-
ing impacted stones and negotiating diffi cult ureters. Their inconvenient is their ten-
dency to slip out of the collecting system during the procedure. If a hydrophilic 
guidewire (0.038″, 150 cm) is passed down the ureter and outside the meatus (easy 
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  Fig. 12.17    Boston Scientifi c manual pump device ( a ) and Coloplast Porgés HiLine irrigation 
device ( b )       

a

b
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maneuver in the supine position), this functions both as safety and working wire. If this 
kind of through-and-through passage of the working wire is not possible, it is always 
advisable to place a second 035″ J-Tip PTFE-coated guidewire as a safety wire. 

 As a safety wire, it is better to use high-friction guidewires. They are made of a 
central mandrel covered by a tightly coiled steel wire coated with polytetrafl uoro-
ethylene (PTFE, Tefl on). 

 During tract dilatation, a super-stiff or an extra-stiff, unkinkable Amplatz wire is 
recommended. The stiffness is proportional to the diameter of the central mandrel. 
This is an important characteristic during the dilatation process, in order to avoid 
kinking during passage of serial dilators at the level of the fascia and the renal cap-
sule. Depending on the method used for dilatation, the coating of the wire may be 
different. When using metallic dilatators a more resistant PTFE-coated wire is pref-
erable. With the balloon, hydrophilic wires are also suitable. 

 The Roadrunner (Cook) and Sensor (Boston Scientifi c) guidewires combine the advan-
tages of both glidewires and super-stiff Amplatz wires.    The Roadrunner guidewire is cov-
ered by a microthin layer of hydrophilic polymer allowing smooth passage around the 
stone and the ureteropelvic junction and has a platinum tip for fl uoroscopic visualization 
and a stiff Nitinol core. The Sensor guidewire has a hydrophilic fl oppy tip for negotiating 
tortuous anatomy, a tungsten-fi lled radiopaque tip, a PTFE coating, and a Nitinol core. 

 After puncture, a suffi cient length of guidewire should be inserted into the col-
lecting system. Optimally, the guidewire is directed into the ureter. This is usually 
quite straightforward if an upper or a mid-calyx is punctured. However, in an effort 
to diminish the risk of hemorrhagic complications or thoracic injuries, many urolo-
gists prefer to puncture the posterior lower calyx. This is considered by many as the 
safest area regarding the distribution of renal vessels (see also Chaps.   6     and   13    ). 
There are several possibilities to bring down the guidewire to the ureter after a lower 
pole puncture. If a retrograde ureteroscopy is performed (Endovision puncture), the 
tip of the guide can be grasped with forceps or a basket and simply pulled 

a

b

  Fig. 12.18    A    18 G Chiba 
needle ( a ) and the same 
needle after renal puncture 
and removal of the stylet ( b )       
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downwards. Alternatively, curved catheters like the Cobra or Kumpe (Fig.  12.19 ) 
catheter can be used. Another alternative is to use a pigtail nephrostomy with a hol-
low metallic stylet that allows modifying the curvature of the tip of the nephrostomy 
(Fig.  12.20 ). If the ureteropelvic junction or the ureter is diffi cult to negotiate, a 
   guidewire with a prefashioned Coude tip on the fl oppy end can be of help. This kind 
of guidewire has a good combination of fl oppy, lubricious tip and a stiffer core. 
However, a guidewire should not be used as a safety wire, because it has only lim-
ited friction, and therefore it can be easily dislodged during the case.

12.5.3         Fascial Dilators 

 After having introduced the working guidewire, the tract is dilated to approximately 
10 Ch. For this purpose, different fascial dilators are disponible. In our hands, the 
dilator of any 8 or 10 Ch nephrostomy set works well; at the end of the procedure, 
this nephrostomy can be used for drainage of the collecting system.  

  Fig. 12.19    The Cobra 
catheter is used to direct a 
0.038″ guidewire to a specifi c 
renal area. It is made up by a 
material imparting torque 
control to the catheter shaft. 
The Kumpe catheter is used 
in combination with 
fl exible-tipped guidewires to 
gain diffi cult ureteral access 
beyond a redundant or 
tortuous ureteral segment       

  Fig. 12.20    Modifi cation of the angulation of the tip of a Coloplast Colibri nephrostomy by pro-
gressively pulling the hollow metallic stylet allows directing the guidewire down the ureter       
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12.5.4     Alken Dilators 

 Historically, during the very fi rst PNL, percutaneous tract creation was a 2-week 
procedure accomplished during several sessions [ 2 ]. It consisted in the sequential 
insertion of several nephrostomies, progressively upsized every other day until 
reaching a 20–24 Ch mature channel. However, this method considerably prolonged 
hospital stay and comprised diffi culties such as kinking of the guidewire, bleeding, 
infection, and false passages. 

 To overcome these diffi culties Alken developed a metallic telescopic dilatator set 
(Fig.  12.21 ), allowing a one-step nephrolithotomy [ 3 ]. The purpose was to maintain 
the initial straight puncture path during the dilation procedure, establishing a large 
percutaneous tract in one session with minimal bleeding. The last step of the dila-
tion process was the insertion of the external shaft of the continuous fl ow nephro-
scope over the last and largest metallic dilator.

   The Alken dilators have many advantages. First, they are reusable, therefore less 
expensive than other dilator systems. Furthermore, because of their rigidity, they are 
particularly fi t for patients with previous surgery, presenting perirenal fi brous tissue. 
Lastly, during the dilation process, the shape of the terminal tract remains squared 
rather than conical. In case of complete staghorn calculus or a calyceal stone entirely 
fi lling the targeted calyx, the use of a tapered dilation system may be responsible for 
signifi cant tract bleeding in case of insuffi cient intrarenal introduction. The only 
inconvenient of the Alken dilators is that in inexperienced hands they can be harm-
ful and even cause renal pelvis perforation.  

12.5.5     Semirigid Serial Amplatz Dilators 

 Kurt Amplatz has conceived a different dilation system, which consists of an 8 Ch 
fl exible polyurethane dilator sliding over the working guidewire and whenever it is 
possible descending into the ureter [ 4 ]. 

  Fig. 12.21    Metallic telescopic Alken dilators       
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 The polyurethane dilator protects the guidewire and prevents kinking during pro-
gressive dilation. The nephrostomy tract is dilated in a stepwise fashion with the full set 
until the desired caliber (Fig.  12.22a ). Single Amplatz dilators of different calibers are 
also in the market. Then a beveled-tip stiff and thin-walled Tefl on sleeve is inserted over 
the last dilator. Originally, the purpose of this dilation method was to achieve the largest 
possible nephrostomy tract, up to 30–32 Ch, in order to remove large stones without the 
necessity of fragmentation. Nowadays, the one-shot technique is also used (Fig.  12.22b ).

   The inconvenient of serial dilators is that each dilator has to be removed before 
the larger one is inserted, and, in the interval, the tract may somewhat bleed.  

12.5.6     Balloon Dilator 

 Due to the fact that the balloons produce radial dilation rather than shearing forces 
like the two previous dilation devices, this technique is less traumatic and causes 

a

b

  Fig. 12.22    Semirigid serial 
Amplatz dilators ( a ) and 
one-shot dilation ( b )       
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less hemorrhage. Furthermore, the balloon dilation is quicker and requires less 
X-ray monitoring during the dilation process. However, it is more expensive than 
the two other systems. 

 This dilation system consists of a balloon which can be loaded until the renal 
parenchyma over the working guidewire. There are two main devices on the market, 
the Boston Scientifi c Nephromax (Fig.  12.23a ) and the Cook UltraXX (Fig.  12.23b ). 
Usually, a metallic ring at the extremity of the balloon serves as a radiopaque marker 
to adequately place the device at the limit of the calyx and papilla. Then the balloon 
is infl ated up to 16–20 (and even 30) atmospheres (Fig.  12.23c ) with a syringe 
equipped with a screw-operated infl ation system. Care should be taken not to forget 
to load the Amplatz sheath behind the balloon before its placement into the neph-
rostomy tract (see also Chap.   19    ) (Fig.  12.23d ). In case of perirenal scarring, an 

a

b

  Fig. 12.23    Balloon dilators by Boston Scientifi c ( a ) and Cook ( b ) to be infl ated up to 16–20 atm 
( c ) without forgetting to load the Amplatz sheath before ( d ). The Bard balloon can be infl ated up 
to 30 atm, useful in case of perirenal scar ( e )         
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infl ation pressure of 20 atm may not be suffi cient. The Bard balloon was conceived 
to reach higher pressures up to 30 atm for such situations (Fig.  12.23e ).

   The balloon dilation is not always suitable (see also Chap.   13    ). In case of stones 
entirely fi lling the target calyx such as complete staghorn calculi, there is not enough 
space for balloon application. If the balloon is advanced too far to the calyx besides 
the stone, dilation may provoke massive bleeding. On the other hand, if the tip of the 

c

d

e

Fig. 12.23 (continued)
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balloon does not reach the calyx, the tract through the parenchyma has a conical 
shape, and a troublesome bleeding is encountered during initial insertion of the 
nephroscope. Sometimes balloons also fail to dilate dense scar tissue, such as a 
perirenal fi brosis after previous surgery. Another problem is the limited choice in 
the size of balloons (18, 24, and 30 Ch).  

12.5.7     Amplatz Sheath 

 There are different sizes of Amplatz sheaths, the choice depending upon several fac-
tors (see Chap.   13    ). In the past the continuous fl ow nephroscope with its sheath was 
used without the Amplatz sheath. Now its use makes the procedure safer and less 
traumatic. Large, 30 Ch sheaths allow to remove stones up to 1 cm in diameter. 
However, their use is not recommended on non-dilated systems especially if the 
target calyx has a narrow infundibulum. In such circumstances, the advancement of 
the sheath would provoke troublesome bleeding. The other drawback with the use of 
large nephrostomy tract is the increased occurrence of urinary fi stula. Recently, the 
trend is to use smaller caliber Amplatz sheaths, to perform a “midi” or “mini” PNL. 
A 24 Ch Amplatz sheath is usually compatible with standard 22 Ch nephroscopes. 

 Some authors even recommend 15–16.5 Ch Amplatz sheaths (mini-PNL). 
However, some urologists argue that diminishing the diameter of the Amplatz 
sheath makes it more diffi cult to remove stone fragments, and in this case, the 
advantage of a PNL compared to a retrograde fl exible ureteroscopy with a 14 Ch 
ureteral access sheaths is debatable. 

 There are also different lengths available. For morbidly obese patients, extra- 
long, 20 cm Amplatz sheaths can be of help. Obviously, a long nephroscope is also 
required. A potential problem in obese patients is the possibility of inward migra-
tion of the Amplatz sheath. If the sheath is inadvertently pushed under the skin, this 
can be quite bothersome and removal of the sheath somehow diffi cult. The solution 
is to place a suture at the outer extremity of the Amplatz sheath which prevents its 
inward migration. 

 The choice of the transparency of the sheath depends on the individual preference 
of the surgeon. Transparent sheaths with a longitudinal marker line have been pro-
posed to visualize small stones located laterally to the tract. However, in case of bleed-
ing during the procedure, it is more diffi cult to identify the extremity of the sheath, 
and the longitudinal marker line may be confounded with the guidewire. Some sheaths 
also have a small incision at their outer extremity, helping to stabilize the guidewire.  

12.5.8     Other Disposable Accessories 

 Rarely, a ureteral access sheath (UAS) might be useful, in case of combined active 
retrograde ureteroscopy and laser lithotripsy conducted simultaneously to the per-
cutaneous procedure. In this case, the UAS is not useful in order to protect the col-
lecting system from high intrarenal pressures, because the large Amplatz sheath 
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  Fig. 12.24    Camera head sterile watertight covering       

  Fig. 12.25    Sterile coverings for all the cables, which are somehow fi xed to maintain the surgical 
fi eld in order       

 

 

C.M. Scoffone et al.



149

already works in that direction; all the same a UAS may protect the ureter during the 
multiple passages of the endoscope and facilitate the procedure. 

 Sterile coverings for the video cameras (Fig.  12.24 ), the ultrasound probe 
(Fig.  12.25 ), the C-arm head, and eventually the surgeon’s seat may be needed.

12.6          Intracorporeal Lithotripsy 

 Several fragmentation devices are available for clinical use. 
 In 1950, Yutkin patented the principle of electrohydraulic lithotripsy (EHL), 

based on the effect of a high-voltage electrical discharge in a water environment. 
Water suddenly vaporizes, leading to the creation of an explosively expanding 
steam bubble that produces a shockwave. In 1957, the original prototype was used 
in Riga (Latvia) by Victor Goldberg. The fi rst EHL device, the Urat-1, was clini-
cally applied to bladder stones. Its use for PNL was rapidly abandoned because it 
produced too high pressure peaks, responsible for excessive bleeding within the 
collecting system. 

 Contemporary intracorporeal lithotripsy devices include ultrasound, ballistic and 
laser lithotripters, or the combination of these energies. 

12.6.1     Ultrasound Lithotripsy 

 In 1952, in an experimental model, Mulvaney used a metal probe attached to a 
piezoelectric element with the purpose of stone disintegration [ 5 ]. In 1971, Gasteyer 
described the use of a prototype device for fragmenting bladder calculi, but the 
probe design did not permit evacuation of fragments [ 6 ]. The main problem of these 
fi rst-generation ultrasound devices was the accumulation of heat. 

 The solution was found by Hautmann and colleagues, who developed in collabo-
ration with Karl Storz company (Tuttlingen, Germany) the “Aachen model.” They 
combined irrigation with suction through a hollow metallic probe, preventing 
overheating. 

12.6.1.1     Pure Ultrasound Lithotripters 

 Contemporary ultrasonic lithotripters (Fig.  12.26 ) consist of a handpiece con-
taining a piezoelectric crystal, stimulated by electric energy. The lithotripter 
is activated by a pedal switch. The expansion and contraction of the crystal 
results in high- frequency vibration (23.000–27.000 Hz). The longitudinal 
vibration is transmitted to the stone with the help of a hollow probe. The hand-
piece has also a central channel on the same axis of the probe, allowing suc-
tion of the irrigation fluid and stone debris during all the fragmentation 

12 Instruments and Accessories for ECIRS



150

process. This also helps to cool both probe and handpiece. For PNL, 10 Ch 
probes are used. The advantage of this method is its ability to remove sand 
during fragmentation in an atraumatic way; however, a complete efficacy is 
often lacking on hard stones. Furthermore, the probe gets occasionally 
obstructed with sand.

   Not all nephroscopes are suitable for the ultrasonic lithotripter, because of the 10 
Ch diameter of the probe. If the nephroscope is used without the shaft, the working 
channel should be signifi cantly larger than 10 Ch, otherwise there is not enough 
irrigation. When using a nephroscope with a 10 Ch working channel, the shaft 
should be mounted and the irrigation connected to the “outfl ow” valve of the shaft 
(Storz model).  

12.6.1.2     CyberWand 

 The CyberWand (Olympus/Gyrus ACMI) (Fig   .  12.27 ) consists of two coaxial ultra-
sonic probes with an 8 Ch outer diameter inner probe and an 11 Ch outer diameter 
outer probe. The inner probe, fi xed to the handpiece, vibrates at 21 KHz and works 
as a conventional ultrasonic lithotripter. The outer probe glides over the fi xed inner 
probe and vibrates at 1 KHz producing a “jackhammer” effect. The outer probe 
never passes the tip of the inner probe since it is 1 mm shorter than the inner probe 
and its maximal excursion is 1 mm.

  Fig. 12.26    Storz Calcuson ultrasound lithotripter       
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12.6.2         Pneumatic Lithotripsy 

12.6.2.1     LithoClast 

 Pneumatic or ballistic lithotripsy was developed in a collaborative work between 
the Departments of Urology and Medical Electronics of the University Medical 
School and Electro Medical System, in Lausanne, Switzerland, and introduced in 
the early 1990s. The LithoClast device by EMS (Fig.  12.28 ) works similarly to a 
pneumatic jackhammer. It is powered by compressed air available in the operative 
room, which necessitates attachment to a central unit; there is a metallic projectile 
in the handpiece propelled by measured bursts of compressed air against the head of 
the metal probe at a frequency up to 12 cycles per second. Shots are triggered with 
the help of a foot pedal. LithoClast can be used with single- or multiple-shot setting. 
Some urologists prefer the single-pulse mode, because it is associated with con-
trolled fragmentation of the stone, formation of larger fragments, less stone scatter, 
and less residual fragments [ 7 ], being larger fragments easier to pick up and remove.

12.6.2.2        StoneBreaker 

 The StoneBreaker (Laryngeal Mask Airway [LMA] Company, Switzerland, distributed 
by Cook Medical) is a compact, autonomous, and cordless handheld lithotripter without 

  Fig. 12.27    Dual ultrasound lithotripter CyberWand (Olympus/Gyrus ACMI)       
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the need of an external energy source (Fig.  12.29 ). The shut is initiated by a hand-acti-
vated trigger rather than a foot pedal, which also eliminates cords near the operative fi eld. 
The StoneBreaker is powered by a disposable, detachable compressed carbon dioxide 
(CO 2 ) cartridge. When the CO 2  abruptly expands, its pressure projects the hammer 
against the fi ring pin that transmits the kinetic energy to a metallic probe held in contact 
with the stone. One foremost advantage of this device is the minimal displacement at the 
tip of the probe, despite the high energy of the mechanical shock. The amount pressure 
transmitted to the stone is 31 bars, compared with the 3 bars of standard pneumatic litho-
tripters. 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.

12.6.2.3        Swiss LithoBreaker 

 The Swiss LithoBreaker (EMS) (Fig.  12.30 ) is a cordless, mobile lithotripsy device, 
incorporating a battery-driven electromechanical impulse generator (single or con-
tinuous at 3 Hz).

  Fig. 12.29    StoneBreaker 
device by LMA/Cook       

  Fig. 12.28    Pneumatic 
LithoClast by EMS       
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12.6.3         Combined Lithotripsy 

12.6.3.1     LithoClast Master 

 The LithoClast Master consists of a dual-energy generator delivering simulta-
neously pneumatic ad ultrasonic energy (Fig.  12.31a ). The two kinds of energy 
are transmitted to a handpiece (Fig.  12.31b ) and triggered with a dual foot 
switch (Fig.  12.31c ). The 1.0 mm LithoClast probe is advanced through the 
hollow 10 Ch ultrasonic probe without protruding (see also Chap.   19    ). The bal-
listic shockwave produces gross fragmentation. The ultrasound completes the 
fragmentation and allows sand aspirating. The LithoClast probe prevents the 
ultrasonic probe to get obstructed by sand. The suction tube is attached to a 
stone-catcher device. Suction is synchronized with ultrasound fragmentation. 
When the foot pedal is activated, a pinch valve releases the outlet suction tube 
of the stone catcher.

   Care should be taken to use the optimal settings. The LithoClast is set to a fre-
quency of approximately 5 Hz. It is not recommended to use higher frequencies, 
because the power of the individual shockwaves will diminish. The ultrasound is set 
to 60 % of its full power. Otherwise there is the concrete risk of overheating. 
However, the full energy can be used for short periods.   

a

b

  Fig. 12.30    Swiss    LithoBreaker by EMS (© EMS Electro Medical Systems) assembled probe ( a ) 
single elements of the probe ( b )       

 

12 Instruments and Accessories for ECIRS

http://dx.doi.org/10.1007/978-2-8178-0459-0_19


154

  Fig. 12.31    LithoClast Master by EMS ( a ) with handpiece ( b ) foot switch ( c ) and pitch valve on 
aspiration tube ( d ) for single and combined lithotripsy         

a

b

 

C.M. Scoffone et al.



155

12.6.4     Laser 

 During the few last decades lasers gained increasing popularity in the treatment of 
stone disease. Basically, the laser is a special form of light energy which is unidirec-
tional, coherent, and monochromatic. As any other forms of light, the laser energy 
transforms into heat as soon as it is absorbed. 

 During laser treatment, the stones are surrounded by urine and irrigation fl uid. 
The principle of the laser fragmentation of the stones consists of the localized 
explosive boiling of water near the stone, resulting in a shockwave. In other words, 
the target of the laser during stone disintegration is water. The optimal laser should 
have a wavelength which is highly absorbed by water. This high absorption prevents 
penetration of the energy in the surrounding tissues and allows vaporization con-
fi ned to a small area. These criteria are fulfi lled by lasers having a wavelength 
belonging to the infrared spectrum, such as erbium:YAG, holmium:YAG, or CO 2 . 
Additionally, lasers used for stone treatment should also be characterized by a 
wavelength allowing its transmission via optical fi bers. This explains why CO 2  laser 
is not suitable, and most lasers for stone surgery use holmium:YAG technology. 

 The holmium:YAG laser is characterized with a high absorption by water and a 
penetration that does not exceed 0.4 mm. Safety issues (especially the issue of ocu-
lar risk) should be known and respected by the urologist. Because the penetration of 

c d

Fig. 12.31 (continued)
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the wavelength of holmium laser is weak in human tissues, the beam is absorbed by 
the transparent parts of the eye before it reaches the retina. Therefore, the main risk 
consists of corneal burning, but not retinal injury. Each wavelength is characterized 
by its Maximal Permissible Exposure (MPE), which is the highest power of the 
laser source considered safe on the cornea. The Nominal Ocular Hazard Distance 
(NOHD) is the distance from the source at which the energy per surface unit 
becomes lower than the Maximum Permissible Exposure. In case of holmium:YAG 
laser, the NOHD is 102 cm. Although the tip of the fi ber is inside the urinary tract 
of the patient during use of the laser, accidental breaking of the fi ber may occur dur-
ing the shot, leading to laser injury. Laser manufacturers recommend that all the 
staff working in proximity of the laser or the fi ber should wear protective glasses. 

 Although holmium laser is the fi rst-line method during ureteroscopic lithotripsy, 
the presently available devices are not commonly used for standard PNL. Its use is 
reserved to smaller stones or during endoscopic combined intrarenal surgery 
through rigid ureteroscope or fl exible nephroscope or ureteroscope. Laser vaporiza-
tion is also extensively used during mini- or micro-PNL   . 

 There are three parameters that should be specifi ed: pulse duration, energy, and 
frequency. For stones, pulse duration varies from 150 to 1,000 μs. For hard stones 
containing small amounts of water, a shorter pulse duration is optimal, while soft 
stones rich in water require longer pulse durations. The energy depends on the effect 
the urologist wants to obtain (see also Chap.   14    ). Higher energy levels up to 2.5 J 
allow obtaining big fragments, while lower energy, less than 1 J results in vaporiza-
tion. However, whatever the energy setting, laser fragmentation tends to produce 
smaller fragments than the pneumatic lithotripter [ 8 ]. 

 Another important issue is the quality of laser fi bers (Fig.  12.32 ). They are made 
of silicium. For endoscopic stone surgery, the size of the fi ber depends on the caliber 

  Fig. 12.32    Laser fi ber 
(365 μm in diameter)       

 

C.M. Scoffone et al.

http://dx.doi.org/10.1007/978-2-8178-0459-0_14


157

of the working channel of the endoscope. Obviously, more energy can be transmit-
ted with larger fi bers. When using a rigid nephroscope, 550 μm fi bers may be used.

   In the fl exible cystoscope and ureterorenoscope, smaller fi bers are used for two 
reasons. First, the smaller the fi ber, the better it bends during fl exion or defl exion of 
the instrument. Secondly, because of the narrow working channel, enough space is 
required around the fi ber to allow irrigation. However, because a percutaneous tract 
with an Amplatz sheath is established and irrigation is also provided with the rigid 
nephroscope, during a combined antegrade and retrograde procedure, the fl ow rate 
through the ureteroscope has only limited importance. The 365 μm fi bers are robust, 
and higher amounts of energy can be transmitted to the stone. If maximal defl ection 
of the ureterorenoscope is indispensable, for example, when dealing with lower 
calyceal stones retrogradely, a 265 μm fi ber is preferable. In our experience 200 μm 
fi bers are too fragile, and their rupture during fragmentation inevitably leads to fi r-
ing into the working channel of the instrument, destroying optical fi bers and water 
tightness.   

12.7     Stone Fragment Retrieval 

12.7.1     Graspers 

 Different graspers with active or passive grasping mechanism are available for per-
cutaneous surgery. The active graspers are similar to surgical forceps with a handle 
allowing to open and close the jaws of the grasper (Fig.  12.33a ). The advantage of 
this instrument is that they can be used for stone removal and also “dissection” of 
the nephrostomy tract along the guidewire, in case of inadequate placement of the 
Amplatz at the beginning of the procedure (Fig  12.33b ). Passive graspers are oper-
ated with U-spring handle (Fig  12.33c ). The jaws can be fenestrated or triple ser-
rated (Fig.  12.33d ).

12.7.2        Baskets 

 The preferred baskets for semirigid and fl exible ureteroscopy should be ready for 
use, to help from the retrograde access. Through the percutaneous access and via the 
rigid nephroscope, the Perc NCircle tipless basket by Cook (Fig.  12.34a, b ) is very 
useful for the extraction of large fragments. Its advantage is the small caliber of the 
wires compared to the jaws of a metallic grasper. This allows removing larger frag-
ments through the Amplatz sheath [ 9 ]. Via the fl exible nephroscope the 2.4 Ch 
NCircle Delta Wire Tipless Stone Extractor, always by Cook, has the same essential 
function.
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  Fig. 12.33    Graspers for 
PNL: handle ( a ) and jaws ( b ) 
of an active grasper, handle 
( c ) and jaws ( d ) of a passive 
tripod grasper         

a

b

c
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a

b

  Fig. 12.34    Perc NCircle 
basket by Cook: handle ( a ) 
and basket ( b )       

d
Fig. 12.33 (continued)
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    Abstract     A suitable percutaneous access is the key point of the success of any 
PNL, maximizing the effectiveness of the procedure in terms of stone-free status 
and minimizing the risk of complications. The selection of the best calyx of entry 
should be preoperatively planned, to defi ne the better strategy for a defi nite patient 
with a given urolithiasis. The fi rst operative step of ECIRS (preliminary fl exible 
ureteroscopy) has a fundamental diagnostic importance for defi ning stone and col-
lecting system features impossible to defi ne by means of any preoperative investiga-
tion. Renal puncture and tract dilation modalities are discussed. Fluoroscopy and 
ultrasound guidance, and Endovision control of the supine renal puncture are 
described and other guidance methods considered (retrograde nephrostomy applica-
tion, all-seeing needle, image-fusion and iPad guidance, electromagnetic tracking 
system, navigation systems, and telerobotic arms). Guidewire application and man-
agement and tract dilation-related problems are afforded, according to the authors’ 
expertise.  
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13.1         Introduction 

 Theoretically, PNL can be performed as a single-stage or as a two-staged procedure, 
with the puncture in a fi rst step and tract dilation with stone extraction in a second 
step. The latter solution was mainly applied in the past, in patients with increased 
anaesthesiological risk factors to reduce the surgical stress [ 1 ] or for organizational 
reasons in centers where the puncture was performed by the radiologist rather than 
by the urologist [ 2 ]. According to recently published data, most urologists (about 
90 %) now puncture the collecting system themselves [ 3 ], while earlier published 
data in the United States showed that only 11–27 % of the urologists gained the 
renal access on their own [ 2 ,  4 ]. In fact, access-related complications are less, and 
stone-free rates improved when the percutaneous access is gained by the urologist 
rather than by the radiologist. Moreover, access obtained by radiologists for decom-
pression of infected or obstructed systems may not be adequate for PNL [ 5 ,  6 ]. 
Therefore, PNL presently consists in a single-stage procedure, with the access usu-
ally gained by the urologist at the time of surgery.  

13.2      Site and Path of the Renal Puncture 

 A suitable percutaneous access is the key point of the success of any PNL. The 
selection of the best calyx of entry should be preoperatively planned on the base of 
CT and other imaging studies (see Chap.   7    ), able to defi ne the better strategy for a 
defi nite patient with a given urolithiasis according to the modern principles of tai-
lored therapies and personalized medicine. The ideal puncture should maximize the 
effectiveness of the procedure in terms of stone-free status and minimize the risk of 
complications, particularly bleeding and visceral damage. 

 The fi rst operative step of ECIRS consists in a preliminary fl exible ureteroscopy, 
having a fundamental diagnostic importance for the defi nition of some features of 
the urolithiasis (such as stone mobility and hardness) and of the collecting system 
(such as calyceal and pyelic elasticity, infundibular size and compliance, mucosal 
infl ammation) impossible to determine by means of any preoperative investigation. 
Therefore, based upon our experience, preliminary fl exible ureteroscopy should 
become a standardized diagnostic tool, essential for the optimal planning of any 
endourological stone treatment, as the deriving information effectively integrate the 
data deduced from preoperative imaging studies and may also change at the begin-
ning of surgery a prearranged indication from RIRS to PNL and vice versa. 

 Taking into consideration the retroperitoneal position of the kidney, its anatomi-
cal relationships with the neighboring organs (which may vary according the patient’s 
decubitus), and its particular vascular and calyceal distribution (see Chap.   6    ), it is 
accepted that most of the times the safest access from the skin to the urinary tract 
passes through the longer axis of a lower renal calyx papilla, generally a posterior 
one, allowing to develop a path running parallel to the axis of the infundibulum [ 3 ]. 

C.M. Scoffone et al.

http://dx.doi.org/10.1007/978-2-8178-0459-0_7
http://dx.doi.org/10.1007/978-2-8178-0459-0_6


163

This is the least traumatic access, reducing the risk of bleeding because the needle 
passes along the Brodel’s bloodless line, i.e., the avascular fi eld between anterior and 
posterior divisions of the main renal artery, avoiding contact with large vessels. 

 Most accesses are subcostal (63–83 %) but may also be intercostal or supracostal 
[ 3 ,  6 ]. The important thing is not to be too close to the rib, with the risk of injurying 
intercostal nerves and vessels and provoking postoperative pain. The risks of vis-
ceral lesions (colon, liver, and spleen) are discussed in detail in Chaps.   6     and   20    . 

 Upper pole punctures have an increased risk of hydrothorax. With a supracostal 
11th rib approach, the risk is 14 % on the left side and 29 % on the right side in 
prone position and 16 % on the left and 8 % on the right side in the supine position. 
A 10th rib supracostal approach is prohibitive, with more than 50 % risk of punctur-
ing the lung [ 7 ]. However, it should be observed that an upper pole puncture in the 
supine position allowing ECIRS is often unnecessary because of the possibility of 
using fl exible antegradely and retrogradely inserted endoscopes. 

 The resulting renal access in the supine and supine-modifi ed positions through the 
lumbar area is horizontal or slightly inclined downwards, thus lowering the pressure 
within the collecting system, favoring the spontaneous evacuation of stone fragments 
and minimizing the possibility of stone migration into the ureter during fragmentation. 

 The step of the renal access is divided into three main parts:

    1.    Puncture of the collecting system.   
   2.    Dilation of the percutaneous tract.   
   3.    Application of the Amplatz sheath.      

13.3     Renal Puncture 

 The puncture of the collecting system is usually performed from the skin to the collecting 
system, exploiting different guidance methods. None of them can be considered the best 
one alone, but their combined use exploiting the respective advantages may supply a 
valid support. Presently the optimal guidance for renal puncture is still to be sought out. 

13.3.1     Fluoroscopy Guidance 

 Biplanar fl uoroscopy with the use of the C-arm is an essential intraoperative tool for 
renal puncture, used in more than 60 % of cases alone [ 1 ,  8 ,  9 ]. There is also the 
possibility of using digital 3D reconstruction systems. In prone position fl uoroscopic- 
only percutaneous access requires the retrograde contrast fi lling of the renal collect-
ing system. Therefore, traditionally, contrast medium is instilled via a cystoscopically 
placed ureteral catheter, with the patient in a dorsal lithotomy position; then, the 
patient is turned prone for PNL. Always in the prone position, the bull’s eye and the 
triangulation technique may be employed. 
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 As to the fl uoroscopy-guided renal puncture in the supine and supine-modifi ed 
positions (Fig.  13.1a ), the technique has been adapted and described in detail [ 10 ]. 
The fi rst part of the procedure (i.e., the retrograde pyelography via a ureteral cath-
eter or the retrogradely applied fl exible ureteroscope) is easier with the patient in the 
Valdivia supine or Galdakao-modifi ed supine Valdivia position, with no need of 
changing the decubitus intraoperatively. Biplanar fl uoroscopy identifi es the x/y ref-
erence point of entry of the needle (Fig.  13.1b ), using a reference clamp placed in 
the vertical projection of the target calyx (Fig.  13.1c ). As to the third dimension 
of the puncture, the 30° cephalad tilting of the C-arm is employed (Fig.  13.1d ), with 
the needle moving in the same direction of the reference clamp if located above the 

  Fig. 13.1    Cephalad 30° tilting of the C-arm to puncture the kidney under fl uoroscopic guidance 
(© Carole Fumat): Initial position ( a ) Placing a reference clamp on the abdominal wall ( b ) The 
clamp is placed in the vertical projection of the target calyx, and the needle is advanced towards the 
calyx ( c ) If no urine appears at the extremity of the needle, the C-arm is tilted cranially ( d ) In this 
example, the needle moves opposite to the displacement of the clamp on the fl uoroscopy screen, 
meaning that the needle is behind the calyx ( e ,  f ) The needle is repositioned accordingly ( g ,  h )          

a

d

b

c
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calyx, in the opposite direction if its tip is below the calyx (Fig.  13.1e ,  f ). Accordingly, 
the needle can be slightly withdrawn and repositioned (Fig.  13.1g ,  h ), modifying its 
inclination upwards or downwards. With this technique most punctures have been 
reported to be successful in less than one-minute radioscopy time, but its limit is 
that you verify and correct the position of the needle after having inserted it, without 
knowing in advance its exact target, thus puncturing the kidney more than once.

13.3.2        Ultrasound Guidance 

 Ultrasound guidance alone is possible but rarely employed as unique method (about 
10 % of the procedures), exclusively in experienced centers and, namely, in children 
and young women [ 3 ,  11 ]. Totally ultrasound percutaneous procedures in supine 
position have also been successfully performed [ 12 ]. The advantages of ultrasound 
guidance include avoidance of radiation exposure and monitoring of adjacent vis-
cera that could be injured (although the occurrence of retrorenal colon, <2 % in the 
supine position, is fundamentally foreseen with the preoperative CT scan) [ 13 ,  14 ]. 

fe

g h

Fig. 13.1 (continued)
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The real-time contribution of 3D, 4D, and contrast-enhanced US (CEUS) has also 
been evaluated [ 15 ,  16 ]. 

 Ultrasound-guided puncture can be performed freehand (Fig.  13.2a ) or using a 
puncture attachment with a needle guide (Fig.  13.2b ). The advantage of freehand 
puncturing is that the axis of the probe can be adjusted without modifying the axis 
of the needle; however, it requires specifi c skill and experience. Puncturing with the 
help of the needle guide may be preferred by some surgeons, because the axis of the 
needle relative to the probe is constant and the trajectory of the puncture is dis-
played with a dotted line on the ultrasound screen. Care should be taken to choose 
the optimal ultrasound probe for renal puncture. One important issue is the releasing 
mechanism of the needle guide, once the needle is in place in the target calyx, which 
can cause its accidental displacement. We prefer a re-sterilizable needle guide, 
releasing the needle with the help of a spring mechanism (Fig.  13.2c ). Another rel-
evant feature of the probe is its size. With large probes, occasionally the needle path 
may be obstructed by the iliac crest because of the peripheral position of the needle. 
Therefore, we prefer narrower probes, easier to manipulate between the lower edge 
of the ribs and the iliac crest.

a b

c

  Fig. 13.2    Freehand ultrasound-guided renal puncture ( a ) needle guidance for the same ultrasound- 
guided puncture ( b ) and release mechanism of the needle ( c )       
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13.3.3        Renal Puncture Under Ultrasound-Assisted 
Fluoroscopic Guidance 

 Fluoroscopy and ultrasound guidance can be usefully combined for performing a 
good renal puncture, although this approach is not very commonly applied (less 
than 15 % in the CROES series) [ 3 ]. 

 According to our standardized experience, we start the procedure performing a 
thorough ultrasound evaluation of kidney, stone disease, and adjacent organs 
(Fig.  13.3a ). Then, we identify the exact target of our puncture (the calyx or the 

  Fig. 13.3    Preliminary ultrasound examination ( a ) followed by the identifi cation of the inclination 
of the needle on the third plane ( b ,  c ). Subsequent biplanar fl uoroscopic-guided renal puncture 
identifying the other two dimensions ( d ,  e ) maintaining the inclination of the needle indicated by 
the previous ultrasound ( f ,  g ,  h ,  i )         

a

c

e f

d

b 
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stone) with the ultrasound probe, and the probe inclination will reproduce the nee-
dle inclination, identifying the third dimension of the puncture and allowing to plan 
in advance the angle of the needle path (Fig.  13.3b ,  c ). The puncture is then per-
formed under fl uoroscopic control, with no need of tilting the C-arm (Fig.  13.3d ,  e ), 
according to the x/y coordinates on a fl at plane on the body of the patient (Fig.  13.3f , 
 g ,  h ), having memorized the inclination of the needle. This method allows a precise 
puncture of the chosen calyx according to a preplanned three-dimensional “road 
map” of the needle, reaching its target at the fi rst attempt in more than 80 % of the 
cases in our series (Fig  13.3i ).

13.3.4        Renal Puncture Under Endovision Control 

 Another kind of renal puncture control to be combined with fl uoroscopy and/or 
ultrasound consists in the Endovision technique [ 17 ,  18 ], advantageous especially 
for non-dilated systems, complex stone burdens, ectopic or malrotated kidneys, and 
morbidly obese patients, but valid in general for checking “from inside” the precise 
exit of the needle through the tip of the chosen papilla (Fig.  13.4a ,  b ). The Endovision 
puncture consists in the possibility to follow by means of retrograde ureteroscopy 
(digital or not) associated with a high-defi nition (HD) video system the 

g

i

h

Fig. 13.3 (continued)

C.M. Scoffone et al.



169

percutaneous renal puncture and the following steps (tract dilation and Amplatz 
sheath insertion). The Galdakao-modifi ed supine Valdivia position is particularly 
ergonomic for applying this approach. Of course Endovision puncture is not always 
possible, especially in case of large staghorn stones, but when feasible it can give a 
valid support and help in reducing the bleeding risk.

13.3.5        Other Guidance Methods 

 The “all-seeing” needle has been proposed as a tool for an “eye-guided” renal punc-
ture of the collecting system and as the new frontier of “the smaller the better” 
philosophy [ 19 ] (see also Chap.   24    ). A 4.85 Ch (1.6 mm) modifi ed needle with an 
irrigation system and with a micro-optics of 0.6 or 0.9 mm is used. The most impor-
tant derived application of the all-seeing needle is the Microperc technique, defi -
nitely reducing the hemorrhagic risk of the percutaneous approach thanks to the 
small diameter of the instrumentation. As usual, the problem is that in spite of the 
“all-seeing needle,” the endourologist still needs other guidances to perform a 

a

b

  Fig. 13.4    Needle exiting from the tip of the chosen papilla under fl uoroscopic ( a ) and Endovision 
control ( b )       
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correct renal puncture (fl uoroscopy and/or ultrasound), and a further consideration 
is that you realize to be into the collecting system and in the right part of it contain-
ing the stones only when you are already in it, i.e., when you have already found 
your percutaneous way, while the path from the skin to the upper urinary tract con-
tinues to remain a “blind” one. 

 Following a similar philosophy, the old procedure of the retrograde nephrostomy 
application (Lawson technique) has been recently revised under fl exible ureteros-
copy guidance (Ureteroscopy-Assisted Retrograde Nephrostomy = UARN) [ 20 , 
 21 ]. This proposal has been made to overcome the reported diffi cult learning curve 
of the antegrade renal puncture, especially in non-dilated systems, and to reduce 
radiation exposure and has also been applied in the Galdakao-modifi ed supine 
Valdivia position [ 22 ]. However, our criticism is that the aid of ultrasound is still 
absolutely needed in order to avoid visceral damage and that the path from the col-
lecting system to the skin still remains a blind one, exactly as in any antegrade renal 
puncture, besides being linked to the rigidity of the devices employed.  

13.3.6     The Future of Intraoperative Renal Puncture Guidance 

 Presently we have at our disposal, before going into the operating room, sophisti-
cated imaging tools (for instance, a preoperative multidetector CT pyelography with 
multiplanar reconstructions and 3D reformatting) for a thorough preoperative plan-
ning in any patient requiring a treatment for urolithiasis. Being an optimal renal 
puncture the crucial step of any percutaneous procedure, in the daily routine endou-
rologists would need even more informative and essential supports during PNL, but 
as a matter of fact, they can rely only on the basic and simple intraoperative assis-
tance given by fl uoroscopy and/or ultrasound (CT and MRI have also been tried, but 
of course these imaging tools are very expensive, complicated, and diffi cult to apply 
from a practical point of view). Nowadays there is a variety of emerging innovative 
tools for the intraoperative support of PNL/ECIRS [ 23 ,  24 ], aiming at the improve-
ment of the effi cacy and safety of such procedure. 

13.3.6.1     UroDyna-CT and Laser-Guided Renal Puncture 

 The UroDyna-CT guidance needs a ceiling-mounted C-arm gaining multiplanar recon-
structions (Fig  13.5a ,  b ), which are integrated with 3D digital fl uoroscopy after ante-
grade contrast fi lling of the collecting system (Fig  13.5c ) and CT/MRI images, a specifi c 
full-carbon urological interventional table in the operating room, and a Syngo-i-Guide ®  
laser-guided system leading the needle on a preplanned path. At this time this technique 
is helpful especially for diffi cult punctures, enhancing precision of the 3D puncture 
planning, but is very expensive, limited to very selected centers, and, in spite of the effort 
to reduce radiation and time for the puncture, with a still signifi cant X-ray exposure [ 25 ].
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a

c

b

  Fig. 13.5    In UroDyna-CT   , data acquisition is obtained with ceiling-mounted multidirectional 
C-arm ( a ,  b ); multiplanar reconstructions allow to plan the optimal puncture path ( c ) (Courtesy of 
Prof. Maurice-Stephan Michel and Dr. Manuel Ritter)       
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13.3.6.2        Other Image-Guided Aids for Renal Puncture 

 A simplifi ed version of the abovementioned image-guided puncture relies on ultra-
sound, with evident advantages with regard to costs, ease of management, absence 
of radiation exposure, and real-time application. The computerized elaboration of 
CT/MR images after their acquisition by a software allows real-time combined 
ultrasound scanning for image-guided 3D navigation. The electromagnetic sensor 
on the tip of the needle helps tracking its path, clearly visualizing its placement [ 26 ].  

13.3.6.3     iPad-Guided Renal Puncture 

 Another very appealing new tool is the computer-assisted surgery, already suc-
cessfully tested in certain settings such as laparoscopic cholecystectomy and, in 
the urologic fi eld, for laparoscopic procedures on kidney and prostate. Special 
colored radio-dense markers are applied to the skin of the patient at the time of 
CT image data capture, which on the surgical bed at the time of surgery will 
function as navigation aids, ensuring perfect overlapping of the virtual and intra-
operative anatomic elements (Fig  13.6a ). An innovative DICOM High-Defi nition 
Volume-Rendering Software from Favia has been developed by the German 

a

c

b

  Fig. 13.6    iPad   -guided renal puncture: markers placed on the skin serve as spatial reference points 
( a ); segmentation is performed by a server using previously obtained CT images ( b ); the camera 
of the iPad allows identifying the skin markers ( c ); this permits to precisely display the augmented 
reality images of the kidney on the screen of the iPad (Courtesy of Prof. Jens Rassweiler)       
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Cancer Research Center. This software allows to overlap 3D images from a 
64-thin-sliced CT scan of the collecting system and surrounding organs per-
formed in the same position of the patient as during PNL to the body of the 
patient undergoing PNL on the surgical bed. The back-facing camera of the iPad 
obtains images from the access site, compresses, and transmits them via wireless 
local network to a server located at the control unit of the fl uoroscopic table. The 
server runs the algorithms to analyze the position of the markers in relationship 
with the iPad and to compute a correct registration of both video image and CT 
(Fig  13.6b ). Finally the server creates the augmented reality-enhanced image and 
sends it back to the iPad (Fig.  13.6c ) [ 27 ].

13.3.6.4        Electromagnetic Tracking System for Renal Puncture 

 To conclude we would like to report a recent interesting proposal, which deserves to 
be thoroughly developed. The fi rst step consists in the retrograde application of a 
guidewire with electromagnetic features. The electromagnetic tracking system of 
the retrogradely inserted guidewire allows the antegrade-guided application of the 
needle into the renal cavities. As a matter of fact, this approach combines a variety 
of advantages, including the absence of radiation exposure, the Endovision control 
of the needle entrance, and the electromagnetic guidance of the needle to the upper 
urinary tract (with the possible aid of the ultrasound control) [ 28 ].  

13.3.6.5     Other Aids for Renal Puncture 

 A novel navigation system to assist percutaneous needle placement, the Locator, has 
been described and compared with conventional manual techniques. It is a device 
stabilizing the needle, relying on an adjustable lockable multidirectional head fi xed 
to the operating table, based on fl uoroscopy and the bull’s eye technique [ 29 ]. 

 A telerobotic arm for percutaneous renal puncture combined with ultrasound 
guidance has also been tested [ 30 ,  31 ].   

13.3.7     Single Versus Multiple Renal Punctures 

 A single percutaneous access seems to be associated with a reduced morbidity 
(namely, bleeding) when compared to multiple access punctures and comparable 
stone-free rates using fl exible nephroscopic and/or ureteroscopic retrograde 
approach [ 18 ,  32 – 35 ]. Multiple accesses additionally have a higher potential for 
damage or destruction of functioning renal tissue, resulting in diminished global 
renal function [ 36 ]. The CROES study reported multiple punctures in 8 % of the 
cases [ 3 ], which are needed when the stone cannot be approached by the rigid 
instrument via the primary access or by any fl exible instrument. A further Y 
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puncture can be made through the working sheath through the same incision; alter-
natively, more formal multiple accesses, with separate skin incision and separate 
tracks, can be performed.  

13.3.8     Safety/Working Guidewire Application 

 Once the collecting system is reached, with outfl ow of urine from the needle, the 
following task is to push a guidewire inside the renal cavities, and possibly down 
the ureter and outside the external urethral meatus, obtaining the so-called “kebab” 
or “through-and-through” patient, the maximally safe arrangement during a percu-
taneous procedure (Fig.  13.7a ,  b ). We preferentially use a hydrophilic guidewire 

b

a

  Fig. 13.7    Fluoroscopic 
image of a descending 
guidewire ( a ) and the 
“kebab” patient with the 
“through-and-through” 
guidewire, entering through 
the percutaneous access and 
exiting through the external 
urethral meatus ( b ) (© Carole 
Fumat)       
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because of its easier descent downwards into the ureter, although care should be 
taken not to peel its coating during its retraction through the needle (Fig.  13.8 ).

    If the guidewire does not pass down into the ureter, it can be coiled into the renal 
pelvis or a distant calyx and later recovered retrogradely by means of ureteroscope 
and graspers or nitinol basket (while an additional guidewire can be applied retro-
gradely via the ureteroscope) (Fig.  13.9a ,  b ). Alternatively, the antegrade retrieval 

  Fig. 13.8    Peeled hydrophilic 
guidewire after its retraction 
through the Chiba needle       

a b

  Fig. 13.9    If the guidewire does not descend along the ureter, it may remain coiled within the 
pelvis or a calyx ( a ) and be subsequently retrieved by means of graspers through a retrogradely 
inserted ureteroscope ( b )       
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of a retrogradely inserted guidewire is also possible after the insertion of the 
Amplatz sheath.   

 If the guidewire does not enter the collecting system because of a staghorn stone, 
a useful maneuver consists in the temptative dislodgement of the impacted stone 
pushing gently on it with the needle (Fig. 13.10 ). Another trick could be the delicate 
saline injection through the needle and/or the low-pressure irrigation through the 
fl exible ureteroscope, in order to create a sort of “water path” helping its passage 
(Fig.  13.11 ).

    More rigid guidewires such as a stiff/superstiff hydrophilic or a PTFE one (see 
also Chap.   12    ) may be needed in case of diffi cult introduction, followed by the 
immediate application of the Alken stylet to stabilize the percutaneous tract if they 
enter the collecting system only for two/three centimeters (Fig.  13.12 ).

   If a guidewire cannot be applied at least two or three centimeters within the col-
lecting system, tract dilation is not possible and no PNL can be performed. 

 The loss of the guidewire during tract dilation is one of the worst events which 
can happen and may cause bleeding and damage to the collecting system. The solu-
tion is to start again the renal access from the beginning; otherwise, a double J 
should be retrogradely applied and PNL stopped and deferred.   

  Fig. 13.10    Temptative    
dislodgement of an impacted 
stone to create the space for 
guidewire introduction, 
gently pushing in the versus 
of the  arrow  with the Chiba 
needle on the stone       
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13.4     Percutaneous Tract Dilation 

13.4.1     Selection of the Method of Dilation 

 Once the needle is correctly placed and the guidewire inserted, the surgeon can go 
on with the step of the percutaneous tract dilation. Of course, if turbid or purulent 

  Fig. 13.11    Injection of saline 
into the needle ( a ) and 
low-pressure retrograde 
irrigation by means of the 
fl exible ureteroscope ( b ) to 
create a “water path” for 
guidewire introduction and 
subsequent choice of the 
dilation method, based upon 
the space between stone and 
calyx and stone mobility 
( arrows  indicate the versus of 
saline injection)       
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urines are drained from the needle, a percutaneous nephrostomy should be placed 
and PNL suspended, until antibiotic therapy and kidney drainage have fulfi lled their 
task. Otherwise the patient may develop infectious complications and even septic 
shock (see also Chap.   21    ). 

 Fascial dilators from 8 to 10 Ch or the Korth device are inserted over the guide-
wire previous incision of the fascia (Fig.  13.13a ,  b ), then the chosen method of 
dilation can be used. Alken serial telescopic metallic dilators [ 37 ], serial semirigid 
plastic Amplatz dilators, and balloon dilators [ 38 ] of various calibers should be at 
the surgeon’s disposal and ready for use (see Chap.   12    ).

   The features of the urolithiasis (staghorn, stone mobility, entity of space 
between stone and calyx, Fig.  13.14 ), of the patient (previous surgeries and BMI) 
and the shape of the collecting system (especially the diameter of the infundibu-
lum, Fig.  13.15 ) have a crucial infl uence on the choice of dilation method and of 
its size.

    Balloon dilators are very convenient because of their one-step application, 
starting from a small diameter and progressively reaching the desired diameter 
thanks to the inflation of the balloon. This kind of dilation method should 
cause less bleeding risk, because the radial force used to spread the renal paren-
chyma is less traumatic than the shearing or cutting action of sequential 
Amplatz dilators or metallic telescope dilators [ 38 ]. Although, in case of fas-
cial/renal scarring due to previous surgery, balloon dilation may not be suc-
cessful (Fig.  13.16 ).

   The introduction of serial progressive plastic Amplatz dilators on the stylet also 
allows to reach the chosen diameter of the Amplatz sheath; however, they require a 
number of passages extending the duration time of this step and enhancing the risk 
of exiting from the collecting system. The one-shot technique has been reported to 
reduce dilation time, radiation exposure, costs, and risk of hemorrhage [ 39 – 42 ]; 
although, in the short term, it causes more parenchymal damage than the gradual 
dilation technique [ 43 ,  44 ]. 

  Fig. 13.12    Percutaneous 
tract stabilization in case the 
guidewire is inserted only for 
a short tract within the 
collecting system, applying 
the Alken stylet on the 
guidewire       
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 Balloon and progressive serial Amplatz dilators both require a space of at least 
one centimeter within the collecting system because of the shape of their tip (tapered 
and fl at, respectively), excluding from the dilation of the last centimeter of the 
device (Fig.  13.17a ,  b ,  c ). This difference in tract shape is important in case of 
stones entirely fi lling the target calyx, for example, in case of staghorn stones. In 
this particular situation there might be no place in the collecting system to admit the 
tip of the balloon. A reduced space between stone and papilla, even after saline 
injection through the needle, and a fi rmly impacted stone may help in rather choos-
ing Alken telescopic metallic dilators (Fig.  13.18 ). Also in cases of scarred renal 
and fascial tissue due to previous surgery, the use of serial dilators might be more 
successful than balloon dilators [ 41 ].

    Again, the integrated use of retrograde fl exible ureteroscopy during ECIRS can 
aid the dilation step as well, assisting under Endovision control the correct applica-
tion of the fascial dilators and of the following devices (balloon (Fig.  13.19 ) rather 
than Alken or Amplatz serial dilators), previously checking the space between stone 
and tip of the papilla and subsequently avoiding insuffi cient or excessive advance-
ment of the dilators, preventing collecting system damage.

a

b

  Fig. 13.13    Incision of the 
fascia with a scalpel ( a ) 
before starting with the 
application of the fascial 
dilators ( b )       
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  Fig. 13.14    Evaluation of the space between stone and calyx before and after irrigation is funda-
mental for deciding the dilation method ( small arrows  indicate the versus of saline injection/
irrigation)       
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13.5        Amplatz Sheath Application 

 Amplatz sheath application after tract dilation has ascertained functions, including 
stabilization of the percutaneous tract, easy insertion and removal of the nephro-
scopes, a simple exchange from rigid to fl exible nephroscopy, the ability to grasp or 

  Fig. 13.15    The size of the tract dilation should take into account also the diameter of the calyceal 
infundibulum, in particular after the injection of saline/contrast medium       

  Fig. 13.16    Effect of the 
fascial postsurgical scarring 
on the balloon infl ation 
during tract dilation       
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basket larger stone fragments, prevention of fl uid absorption and extravasation, 
reduction of intrarenal pressures (below 16 cm H 2 O), and prevention of tract bleed-
ing during the procedure.

   As already mentioned in Sect.  13.2 , in the supine positions the Amplatz sheath is 
horizontal or slightly inclined downwards (Figs.  13.20  and  13.21a ), favoring spon-
taneous passage of stone fragments. In prone position the Amplatz sheath is more 
oblique, occasionally even vertical (Fig  13.21b ). The choice of the Amplatz sheath 
diameter follows that dictated by the dilation based upon the many mentioned 
parameters regarding stone, collecting system and patient’s features (smaller sheaths 
for performing mini- or midi-PNL, in children, …); the length is chosen according 
to specifi c features of the patient (longer sheaths in morbidly obese patients) [ 45 –
 48 ]. For technical details see Chap.   12    .

a

c

b

  Fig. 13.17    Difference between Alken dilators ( fl at end ) and balloon dilators ( tapered end ). When 
the stone entirely fi lls the collecting system ( a ), the balloon dilator does not allow the Amplatz 
sheath to enter the calyx reaching the stone ( b ), thus bleeding may occur after Amplatz removal ( c ) 
(© Carole Fumat)       
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  Fig. 13.18    Extraction of the coaxial telescopic metallic Alken dilators after the application of the 
Amplatz sheath       

  Fig. 13.19    Balloon dilation under Endovision control, retrograde illumination of the balloon       
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   Care should be taken to avoid the inadvertent over-advancement of the Amplatz 
sheath, causing bleeding and damage/tear/perforation of the collecting system. Also 
the opposite problem, i.e., its incomplete application, can be dangerous in terms of 
fl uid resorption and hemorrhagic risk (Fig.  13.22 ). Also in this case the Endovision 
technique can be a useful tool, in order to follow its correct insertion under visual 
control with the tip correctly inserted within the calyx [ 49 ].

  Fig. 13.20    In the supine 
positions the Amplatz sheath 
is horizontal or slightly 
inclined downwards       

a b

  Fig. 13.21    Schematic drawing of the inclination of the Amplatz sheath and of the nephroscope in 
the supine ( a ) and in the prone ( b ) position (© Carole Fumat)       
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13.6         How We Do It: The Authors’ Point of View 

 –     Our preference goes either to the fl uoroscopic-guided access with the 30° cepha-
lad tilting of the C-arm or to the ultrasound-assisted fl uoroscopic access.  

 –   This combined technique of renal puncture is further ameliorated by the 
Endovision control of the puncture by means of retrograde fl exible ureteroscopy, 
assessing the entry of the needle through the tip of the papilla, to maximally 
prevent hemorrhagic complications.  

 –   Also the subsequent steps, i.e., percutaneous tract dilation and Amplatz sheath 
application, can take advantage of the Endovision assistance.  

 –   We use an 18 gauge Chiba needle, in which we can introduce a 0.038″ hydrophilic 
stiff guidewire (kebab patient!), once the collecting system has been correctly 
reached, but the choice of the guidewire is a very personal matter of preference.  

 –   The choice of the dilation technique and the size of the tract should be tailored 
on specifi c parameters regarding the patient, the features of its urolithiasis, and 
the morphology of its collecting system. For this reason, the different dilation 
devices should be at the surgeon’s disposal and ready to be used.        

  Fig. 13.22    Importance of the correct position of the Amplatz sheath: ( a ) the tip entirely within the 
calyx allows free effl ux of irrigation fl uid between sheath and nephroscope; if the Amplatz sheath 
is incompletely applicated ( b ) the risk to develop high intrarenal pressures is consistent, as well as 
that of fl uid resorption and bleeding       
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    Abstract     Once an adequate percutaneous tract is created, the next step is to clear the 
stone. The fragmentation and extraction strategies should be tailored according to 
stone (hardness, location, size, and burden) and instrument (chosen size of the 
Amplatz sheath, diameter of the working channel of the endoscope in use) factors. 
Such strategies are similar in both prone and supine position, in spite of the fact that 
the slightly downward inclination of the Amplatz sheath in the supine position favors 
fragments’ spontaneous evacuation. Various tips and tricks, like the variety of laser 
settings with their different effects or the vacuum-cleaner effect, are described.  

14.1         Introduction 

 Once an adequate tract is created, the next step is to clear the stone. Stones with a 
diameter smaller than that of the Amplatz sheath can be simply extracted without 
being fragmented. Cutting the Amplatz longitudinally allows to extract even larger 
stones. Bulky stones need to be fragmented into smaller pieces until suffi ciently 
small to pass the nephrostomy tract. 
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 The process of fragmentation is dealt together with extraction in this chapter 
because some devices like ultrasonic lithotripters, with or without combination of 
the pneumatic system, perform the two functions simultaneously. 

 The fragmentation and extraction strategy should be tailored according to stone 
and instrument factors:

 –    Stone factors include hardness, location, stone size, and burden.  
 –   Instrument factors include the caliber of the working channel of the nephroscope, 

the size of the Amplatz sheath, and whether a rigid or fl exible instrument is used.    

 The currently available fragmentation devices and their principles have already 
been described in Chap.   12    .  

14.2     Strategies of Stone Fragmentation and Extraction 

 There are two main strategies available:

•    The fi rst consists in vaporizing the stone, washing the debris out through the 
Amplatz sheath, or aspirating the sand with the ultrasonic probe or with a com-
bined device (like CyberWand or Swiss LithoClast Master). With a pneumatic 
device, “multiple pulse setting” is preferable to obtain pulverization. Obviously, if 
a fl exible instrument has to be used, fragmentation with laser is the only option, 
and adequate settings of energy and frequency should be chosen in order to obtain 
pulverization (low energy and high frequency for dusting the stone, Fig.  14.1 ) 
rather than rough fragmentation (higher energy and lower frequency, Fig.  14.2 ).

  Fig. 14.1    Laser vaporization 
of a stone (high frequency 
and low energy)       
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•       The second one aims at obtaining bigger pieces with a pneumatic device until 
reaching a diameter allowing their passage through the Amplatz sheath 
(Fig.  14.3 ). “Single pulse setting” has been found more effi cient to obtain such a 
controlled stone disintegration. Reportedly, this latter method allows to obtain 
better stone free rates because it prevents small fragments to migrate into 
unreachable parts of the collecting system [ 1 ].

  Fig. 14.2    Laser 
fragmentation of a stone (low 
frequency and high energy)       

  Fig. 14.3    Ballistic 
fragmentation of a stone in 
large fragments       
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14.3           Stone Factors 

14.3.1     Stone Hardness 

14.3.1.1     Soft Stones 

 Soft stones like struvite (magnesium ammonium phosphate) or weddellite (calcium 
oxalate dihydrate) respond well to pulverization with ultrasound. They are quickly 
transformed into sand and aspirated through the ultrasound probe. To increase frag-
mentation effi cacy, ultrasound can be combined with simultaneous ballistic litho-
tripsy, like in the LithoClast Master device or potentiated like in the CyberWand 
device. However, the large 10 Ch ultrasound probes necessitate nephroscopes with 
a larger working channel, allowing not only the passage of the probe but also a suf-
fi cient irrigation fl ow. 

 An abundant irrigation is crucial, especially in the supine position: in fact, due to 
the roughly horizontal or downward axis of the Amplatz sheath (see Chap.   13    ) and 
to the effi cient aspiration, the collecting system tends to collapse and visibility dete-
riorates. To guarantee a high fl ow, the irrigation fl uid containing bag should be ele-
vated (Fig.  14.4 ). Alternatively, some urologists use hyperpressurized irrigation or 
peristaltic pumps to increase irrigation fl ow, although continuous or intermitted 
high intrarenal pressures should be avoided in order to prevent the uroseptic risk 
more marked in case of infectious stones.

14.3.1.2        Hard Stones 

 Hard stones such as whewellite (calcium oxalate monohydrate), cystine, or brushite 
(calcium phosphate) respond poorly to ultrasonic fragmentation. Pneumatic litho-
tripters (Swiss LithoClast) or combination of pneumatic and ultrasound (like Swiss 
LithoClast Master) is recommended. The CyberWand device uses only ultrasound, 
but due to the two different frequencies, its effi cacy is similar to that of the LithoClast 
Master. Recently, a compact, autonomous, and cordless handheld lithotripter has 
also been developed. The StoneBreaker is highly effi cient in case of hard stones 
because it produces a high amount of pressure (31 bar, compared with the 3 bar of 
standard pneumatic lithotripters) and despite the high energy of the mechanical 
shock minimal displacement at the tip of the probe [ 2 ,  3 ].   

14.3.2     Location 

 As previously mentioned, the nephrostomy tract should pass through a calyx that 
allows dealing with the major stone burden. In this case, rigid and straight fragmen-
tation tools such as ultrasound or pneumatic or combined lithotripters can be used. 
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 However, in case of complex or multiple calculi, not all calyces can be reached 
with the rigid nephroscope. In such circumstances, if multiple percutaneous tracts are 
not a routine choice, a fl exible nephroscope via the Amplatz sheath (Fig.  14.5a ) or a 
transurethrally passed uretero-nephroscope (Fig.  14.5b ) should be used. Obviously, 
such instruments necessitate the use of laser fi ber technology, to be employed in situ 
or to help stone dislocation into more reachable locations by means of a basket.

14.3.3        Stone Size and Burden 

 Staghorn stones necessitate a specifi c fragmentation strategy. A step-by-step 
description was recently given by Peter Alken for prone PNL [ 4 ] (Fig.  14.6 ). This 
method is also valid for supine position, with the difference that in the latter the 
whole procedure can be assisted by retrograde ureteroscopic laser fragmentation of 
stone portions diffi cult to reach with the rigid nephroscope.

   Usually, staghorn stones are constituted of struvite which is characterized by 
softness and fragility. Therefore, fragmentation of such stones with ultrasound can 

  Fig. 14.4    Elevation of the 
fl uid bags in order to increase 
the irrigation pressure       
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be spectacularly quick. In case of infectious stones, care should be taken to maintain 
the irrigation fl uid pressure as low as possible to prevent septicemia. Obviously, 
patients having struvite stone should have preoperative antibiotic therapy according 
to antibiogram of urine analysis. A couple of prospective randomized studies 

a

b

  Fig. 14.5    For complex 
urolithiasis fl exible 
nephroscope ( a ) or fl exible 
ureteroscope ( b ) are 
fundamental aids for a better 
stone clearance       

Stone

Nephroscope

a c eb d

  Fig. 14.6    ( a ) Start fragmentation in the puctured calix except laterally because of the risk of injury 
to forniceal veins. ( b ) Carry on fragmentation until the medial wall of the kidney pelvis is reached. 
( c ) Clear distant calices. The fragment in the ureteropelvic junction prevents fragment migration 
into the ureter. ( d ) Remove the remaining stone from the ureteropelvic junction. ( e ) Complete frag-
ment extraction in the punctured calix in the forniceal region. Lithotripsy    strategy (courtesy of 
professor Peter Alken) for a staghorn stone (© Carole Fumat)       
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suggest that a 1-week preoperative antibiotic therapy with ciprofl oxacin or nitrofu-
rantoin signifi cantly diminishes infectious complications (see also Chap.   21    ). 
Occasionally, in case of an exceptionally high metabolic lithogenic activity, cystin 
or uric acid can give birth to particularly hard staghorn stones. 

 When dealing with staghorn stones entirely fi lling the collecting system, it can be 
diffi cult to insert the tip of the Amplatz sheath into the renal cavities immediately after 
dilation. Some bleeding may occur during this initial step. Therefore, the fi rst objective 
is to clear the punctured calyx and create a working space in order to be able to push 
the Amplatz sheath further into the collecting system. If this goal is achieved, bleeding 
immediately stops due to the compressive effect of the Amplatz on renal parenchyma, 
and the risk of fl uid resorption also decreases. At this point, it is not recommended to 
try to clear fragments laterally to the original tract because this may result in tearing 
forniceal veins due to the required angulation of the nephroscope (Fig.  14.6a ). 

 Instead, stone disintegration should be carried on straightforward, following the 
direction of the original puncture axis until the median kidney pelvis wall is reached 
(Fig.  14.6b ). This allows in case of complication to insert at least a nephrostomy and 
postpone the procedure. 

 Next, the whole pelvic portion of the stone is removed, except the portion extend-
ing into the ureteropelvic junction. This prevents stone fragments to migrate into 
the ureter. However, this concern is less important in supine position because of the 
possibility of avoiding the migration of the fragments into the ureter thanks to 
the retrograde ureteroscopic access. 

 The following step is to remove the stones in the distant calyces and the kidney pelvis 
(Fig.  14.6c ,  d ). For calyces diffi cult to reach with the rigid nephroscope, a fl exible neph-
roscope or ureterorenoscope is necessary. Stone fragments smaller than the diameter of 
the Amplatz sheath can be grasped with different types of nitinol baskets inserted via the 
fl exible instrument. Such fragments can be pulled out from the calyx and delivered 
through the Amplatz sheath. Bigger fragments should fi rst be disintegrated with laser. 

 The last step of the procedure is the complete clearance of the punctured calyx, 
which is done during the progressive withdrawal of the Amplatz sheath (Fig.  14.6e ). 
Again, a fl exible ureterorenoscope can be particularly effi cient to reach stones in 
calyces parallel or with a diffi cult angle with respect to the Amplatz sheath.   

14.4     Instrument Factors 

14.4.1     Size of the Working Channel of the Nephroscope 
and Fragmentation Devices 

 The nephroscope design determines which fragmentation device can be used with a 
given instrument. Pneumatic probes are of different caliber. If a miniature nephro-
scope (12 Ch) is used, only the thinnest probe is able to pass through the working 
channel. Usually, this diameter is used with rigid ureteroscopes, and therefore, the 
probe is originally too long and its use is poorly ergonomic. It is better to shorten the 
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probe to a length compatible with the length of the miniature nephroscope. The 
larger pneumatic probes pass through the midi and standard nephroscopes. 

 Ultrasound necessitates a larger working channel, superior or equal to 10 Ch. 
Since through the probe irrigation fl uid and sand are continuously aspirated, a good 
irrigation is mandatory.  

14.4.2     Size of the Amplatz Sheath and Fragments Removal 

 As previously mentioned, ultrasonic lithotripters simultaneously remove sand with 
aspiration. In addition, due to irrigation and the roughly horizontal axis of the 
Amplatz, a considerable amount of sand is simply washed out during a supine pro-
cedure. Some urologists use peristaltic pumps to increase irrigation fl ow. Otherwise, 
a pneumatic device can be employed with multiple pulse setting in alternative to 
ultrasound. To prevent high pressures within the renal cavities, it is advisable to use 
an Amplatz sheath which is signifi cantly larger in diameter than the nephroscope, so 
that excess irrigation fl ow can easily evacuate [ 5 ]. 

 A second mechanism to clear fragments is called the “vacuum-cleaner” effect. 
This occurs when using midi (22 Ch) nephroscope with a 24 Ch Amplatz sheath or 
a mini (12 Ch) through a 16.5 Ch Amplatz sheath. The explanation of this phenom-
enon is the Bernoulli’s principle: decrease of cross section in a tube leads to the 
acceleration of fl ow and drop of fl uid pressure (Fig.  14.7 ). This is the case in mini- 
or midi-PNL, where the cross section of the Amplatz sheath is diminished by the 
nephroscope (Fig.  14.8 ). Stone fragments are attracted to the tip of the nephroscope 
and can be simply pulled out. This makes mini- and midi-PNL a particularly time- 
and cost-effi cient procedure: there is often no need for an expensive stone retrieval 
basket, and the use of disposable material is limited to the minimum [ 6 – 8 ]. Of 
course, the Bernoulli’s principle is more pronounced and effi cient in supine PNL 
compared to prone PNL, because of the more horizontal axis of the Amplatz sheath.

    Different types of stone graspers have been proposed to aid the removal of larger 
stone fragments (Fig.  14.9 ). Basically, two types can be discerned: active and pas-
sive graspers. In active graspers opening and closing is operated with a handle. In 
passive graspers like the tripod, a spring mechanism is used to close the jaws. 

h

Drop of fluid pressure
Increase of flow velocity

  Fig. 14.7    Scheme explaining 
the Bernoulli’s principle 
(© Carole Fumat)       
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Specifi c nitinol baskets for PNL have also been developed. The advantage of the 
Perc N-Circle is its ability to remove larger stone fragments than with the classic 
stone graspers (Fig.  14.10 ) [ 9 ]. Stone fragments should be removed starting from 
the most anterior ones and progressively going backwards to catch the most 

  Fig. 14.8    Practical 
application of the Bernoulli’s 
principle during PNL 
(© Carole Fumat)       

  Fig. 14.9    Graspers occupy more space within the Amplatz sheath than a nitinol basket (© Carole 
Fumat)       

  Fig. 14.10    A nitinol basket is 
very ergonomic and easy to 
use for fragment extraction       
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peripheral ones. This should be done in order to avoid entrapment of the basket with 
the stone to remove behind larger obstructive stones, hindering the passage to the 
Amplatz sheath.
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    Abstract     Exit strategy after PNL, irrespective to the patient’s position, is an area of 
continuous innovation to improve its outcomes and minimize its morbidity. 
Traditionally, a nephrostomy tube at the conclusion of a PNL was left for kidney 
drainage, hemostasis and tract healing, and allowance for postoperative renal access. 
During the years, various modifi cations have been made in the design and size of the 
nephrostomy tubes. Recently, the possibility of avoiding nephrostomy tube place-
ment (tubeless but stented or totally tubeless PNL) has become real, according to defi -
nite inclusion criteria. The various techniques to establish hemostasis of a tubeless 
access tract are also reported, with particular reference to the use of hemostatic agents.  

15.1         Kidney Drainage 

15.1.1     Standard PNL with Final Nephrostomy Tube Placement 

 Exit strategy after percutaneous nephrolithotomy (PNL), irrespective to the patient’s 
position during the procedure, is an area of continuous innovation to improve its 
outcomes and minimize its postoperative morbidity. 

    Chapter 15   
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 Traditionally, it has been standard practice for years to insert and leave in place a 
nephrostomy tube at the conclusion of a PNL with the following intended purposes:

    1.    Drainage of the kidney (facilitating elimination of clots and small stone debris, 
otherwise possibly obstructing the edematous ureter and causing renal colics, 
urine extravasation, and urinoma formation).   

   2.    Hemostasis and healing of the fresh percutaneous tract (through a supposed 
compressive mechanism on the percutaneous tunnel).   

   3.    Allowance for postoperative access to the collecting system (planned reentry proce-
dures in a staged PNL, antegrade contrast studies, percutaneous chemolitholysis).     

 During the years, various modifi cations have been made in the design of the 
nephrostomy tubes (self-retaining pigtail catheters, Cope loops, Foley catheters, 
Malecot catheters, reentry nephrostomy tubes, circle nephrostomy tubes, the spe-
cially designed Council-tip or Kaye tamponade catheters in case of signifi cant hem-
orrhage), to aid appropriate management of different clinical situations, decrease 
complications, and improve cost-effectiveness [ 1 ,  2 ]. 

 Subsequently, efforts have been also expended to reduce the size of the nephros-
tomy tube in order to minimize postoperative morbidity of PNL, mainly pain per-
ception and analgesic requirements. The use of double-J stents brought out from the 
fl ank or of small-bore nephrostomy tubes (7–10F) (Fig.  15.1 ) was introduced 
instead of the large-bore (18–26F) nephrostomy tubes [ 3 – 11 ] (Table     15.1 ).

  Fig. 15.1    Final 8 Ch pyelostomy placement after ECIRS       
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    According to our experience, small-bore nephrostomies are very well tolerated 
and guarantee an optimal drainage of the treated collecting system per the fi rst post-
operative 24–48 h, with minimal analgesic requirements and no increased risk of 
bleeding (1 % Clavien 2 in our series). Nephrostomy tube can be immediately 
closed and possibly opened again if the patient suffers from colic pain in absence of 
a ureteral drainage, which in case of urinary leakage should be applied. Our experi-
ence is similar to that reported on a large series of PNL patients (more than 1,000) 
in the United Kingdom, where the percentage of nephrostomy tube application was 
76 % [ 12 ].  

15.1.2     Tubeless PNL 

 Recently, the possibility of avoiding nephrostomy tube placement has become real, 
with the alternative of eliminating it altogether. In fact, the absolute need for post-
operative renal drainage after PNL has been defi nitely questioned and challenged in 
recent years:

    1.    The prolonged tube permanence in the percutaneous tract somehow matures tis-
sues and establishes an anomalous path, leading to prolonged urine leakage (up 
to about 11 % in the literature) [ 13 ].   

Significant bleeding
Collecting system perforation/tear
Multiple tracts
Visceral injury
Second look residual stones

Nephrostomy tube
(Large bore)

Nephrostomy tube
(Small bore)

Nephrostomy tube
+ JJ Stent

Staghorn stones
Infection stones
Excluded districts with urinary stasis
PNL > 1hour
30 Ch Amplatz sheath
Small residual stones

Coexisting ureteropelvic junction/Ureteral
oedema or stenosis

(No contrast descent from the pelvis
into the ureter)

   Table 15.1    Criteria suggesting nephrostomy tube application according to our experience in a 
standard PNL       
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   2.    The supposed compressive hemostatic mechanism on the percutaneous tunnel is 
lost in case of small-bore nephrostomies, demonstrating that most bleedings are 
self-limiting [ 14 ,  15 ]. Additionally, the absence of a nephrostomy tube, together 
with tract closure and conservative measures, might even aid in self-tamponade 
of the tract, thanks to the thrombolytic effect of urokinase present in the urine 
[ 16 ,  17 ]. It should also be reported that, going against the tide, the CROES group 
recently published a paper based on almost 4,000 patients from 96 centers world-
wide, concluding that large-bore nephrostomy tubes (≥18F) after PNL seem to 
reduce bleeding and overall complication rates [ 18 ].      

15.1.3     Tubeless or Nephrostomy-Free (but Stented) PNL 

 The description of a conventional PNL without the fi nal application of a nephrostomy 
tube was fi rst published in 1997 by Bellman and coworkers and has now been accepted 
as a safe and effective alternative. In both standard [ 14 ,  19 ] and miniaturized PNL [ 20 –
 22 ], the tubeless procedure is in any case a stented PNL. In fact, alternative ureteral 
drainage to prevent urine leakage through the percutaneous tract is provided by the ret-
rograde application of a ureteral catheter or a double-J stent with external string for few 
days (reducing costs and stent-related morbidity and avoiding endoscopic procedure for 
its removal) or the placement of a double-J stent for longer periods (one or more weeks, 
depending upon postoperative stone clearance status, with sometimes signifi cant stent-
related symptoms and the need for a postoperative cystoscopy for its removal).  

15.1.4     Totally Tubeless (Unstented) PNL 

 The true totally tubeless PNL (tubeless and stentless), proposed by Wickham and 
colleagues almost 30 years ago, has no postoperative drainage of the operated col-
lecting system at all and may be put into practice with success in very selected cases 
[ 23 – 25 ].  

15.1.5     Advantages of Tubeless PNL 

 Randomized studies, carried out mainly with the patient in prone position [ 13 ,  26 ] 
and only in a couple of studies in the supine position [ 27 ,  28 ], demonstrated that 
tubeless procedures imply:

    1.    Better patient comfort.   
   2.    Less pain with reduced postoperative need for analgesics (especially in patients 

with supracostal access, where the tube irritates the periosteum of the rib).   
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   3.    Quicker recovery and shorter hospital stay in comparison even with small neph-
rostomy tubes.   

   4.    Comparable outcomes in terms of stone clearance.   
   5.    No differences for fever, bleeding complications/blood transfusions, or other 

complications.   
   6.    Less urinary leakage.   
   7.    No chance of a second-look procedure in case of residual fragments.    

  A tubeless procedure seems feasible with reduced postoperative morbidity even 
in particular cases, including large stone burdens, children, elderly, obese patients, 
after previous ipsilateral open surgery, patients with a solitary kidney, horseshoe or 
ectopic pelvic kidneys, raised serum creatinine levels, on antiplatelet therapy or cir-
rhotic patients, and bilateral synchronous PNL [ 19 ,  29 – 37 ].  

15.1.6     Inclusion Criteria for Tubeless PNL 

 Various authors [ 2 ,  13 ,  37 ] suggested a number of inclusion criteria for tubeless 
procedures, from which we can argue that one universal solution is not applicable 
for all patients undergoing PNL and that the optimal renal drainage method should 
be individualized, depending upon patient features, operative course, procedural 
complexity, stone burden:

    1.    Less than two access tracts.   
   2.    Stone size less than 3 cm.   
   3.    No infected stones.   
   4.    Less than two (one)-hour procedure.   
   5.    An uncomplicated procedure (no signifi cant intraoperative bleeding, no intratho-

racic violation, no signifi cant perforation of the collecting system).   
   6.    No added procedures (as endopyelotomy or opening of the calyceal 

diverticulum).   
   7.    No ureteral/ureteropelvic junction obstruction.   
   8.    No need for a second-look procedures.   
   9.    No particular situations (congenital abnormalities, bilateral procedures, children 

or elderly, ASA score >2, renal failure, etc.).    

  There is no general consensus about the wisdom of tubeless PNL. Some authors 
demonstrated equivalent results with early removal of small-bore nephrostomy 
tubes, anywhere carried out from 1 to 2 days postoperatively and in any case before 
the patient is discharged home [ 38 ,  39 ]. 

 The European Association of Urology guidelines suggest: in uncomplicated 
cases tubeless PNL, with or without application of a sealant or double-J stenting 
(LE 1b, grade of recommendation A); in complicated cases or when a second inter-
vention is necessary a standard PNL with a nephrostomy tube in place.   
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15.2     Closure of the Percutaneous Tract 

 Alternative or innovative techniques to establish hemostasis of the tubeless access 
tract have been reported, from the simple mechanical compression of the percutane-
ous tract for few minutes at the end of the procedure [ 7 ] to the application of deep 
fascial stitches [ 40 ] and from the cryoablation of the tract with a single 10-min 
freeze-thaw cycle to −20 °C, in which the cryoprobe traverses the nephrostomy tract 
[ 38 ], to its monopolar or bipolar cauterization using a blunt electrocautery loop 
mounted on a 26F resectoscope [ 41 ,  42 ]. The last frontier is the application of 
absorbable hemostatic agents (including Surgicel from Ethicon, a blood clot- 
inducing material made up of oxidized cellulose polymers), with the additional aim 
to prevent urine leakage [ 37 ,  43 – 45 ]. 

 Absorbable hemostatic agents include:

    1.    Liquid products like fi brin sealants, containing all the components that are nec-
essary to produce a fi brin clot independent of patient-derived factors (Tisseel 
from Baxter, Evicel from Ethicon, TachoSil from Takeda, thrombin from several 
companies). Fibrin sealants display both hemostatic and adhesive properties, 
being the mechanical strength of the fi brin matrix determined by the relative 
concentration of fi brinogen versus thrombin plus possibly factor XIII and/or an 
antifi brinolytic agent such as bovine aprotinin or tranexamic acid. Higher throm-
bin concentrations produce more rapid meshworks, higher fi brinogen concentra-
tions, and stronger but slower meshworks.   

   2.    Flowable or gelatin matrix products, providing a matrix for platelet adhesion and 
aggregation, aiding in the formation of a clot when mixed with thrombin and in 
augmenting the clotting cascade (FloSeal and CoSeal synthetic from Baxter, 
Surgifl o from Johnson & Johnson, the absorbable gelatin Spongostan). They 
contain no fi brinogen and allow the thrombin present in the sealant to activate the 
patient’s natural one. Gelatin materials will additionally swell within the tract 
from 19 to 400 % greater than the applied volume, adding to hemostasis by 
means of a compressive effect.     

 Fibrin glues are expensive and their use raised concerns for a possible lithogenic 
effect. According to experimental studies in a porcine model, hemostatic gelatin 
matrix was found to be the most optimal because it remains in fi ne particulate sus-
pension in urine, whereas fi brin maintains a semisolid gelatinous state and may 
persist in the tract for up to 30 days, thus inhibiting wound healing [ 46 – 50 ].  

15.3     How We Do It: The Authors’ Point of View 

 –     Final combined (antegrade and retrograde) fl exible evaluation of the stone-free 
status.  
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 –   Final endoscopic evaluation of the entity of bleeding from the percutaneous tract.  
 –   No bleeding, no residual stone fragments, and no other complicating ele-

ments =  tubeless PNL feasible  (simple mechanical compression of the percutane-
ous tract).  

 –   Final combined endoscopic inspection and antegrade pyeloureterography to 
evaluate the absence of perforation of the collecting system and the free pas-
sage of the contrast medium down the ureter to the bladder through the ure-
teropelvic junction =  totally tubeless  ( tubeless and stentless )  PNL feasible .  

 –   In case of modest bleeding with risk of clot formation, small stone fragments 
not be treated by a second-look procedure, ureteral/ureteropelvic junction 
edema, ureteral spasm, or stenosis =  nephrostomy - free but stented PNL , with a 
ureteral catheter or a double- J stent with the string left attached, if it has to be 
removed within few days, and without string if the double-J stent has to be left 
for 20 days or more.  

 –   In case of problematic/complicated PNL =  standard procedure ,  with both neph-
rostomy and ureteral drainage . The nephrostomy tube can be left closed imme-
diately after PNL, to contribute to tamponade, or opened in case of renal colics, 
to aid urine drainage.  

 –    Most of the times , we apply a small-bore nephrostomy, which is immedi-
ately closed, and a double J with string (Fig.  15.2 ). The order of tube removal 
will be 1) closed nephrostomy after 1–2 days; 2) urethral catheter after one 
more day, if the percutaneous tract remains dry; and 3) double-J stent after 
a few days (if it has the string) or after 2–6 weeks with cystoscopy 
(Table  15.2 ).

  Fig. 15.2    8 Ch pyelostomy and double-J stent we usually adopt after ECIRS       
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    Abstract     PNL is a safe and effective procedure not only in a standard patient (adult 
with normal body mass index (BMI) and body habitus, no renal malformations, fi rst 
procedure for urolithiasis, no previous renal or abdominal surgery, normal anaesthe-
siological risk) but also in a variety of particular situations regarding the patient’s 
physical and clinical features. The only exception is pregnancy; in fact, although 
anecdotical cases performed during early pregnancy have been reported, PNL 
regardless to patient positioning is not advised in this case and should be delayed till 
after delivery. Elderly, obese, and high-risk patients, children, patients with skeletal 
malformations or urinary anomalies, previous surgery, and urinary diversions may 
greatly benefi t from PNL in the supine position, which may even be obliged in ecto-
pic pelvic or transplanted kidneys. Of course, not all musculoskeletal deformities 
can be easily arranged in the supine position, and bilateral procedures or certain 
renal stones in calyceal diverticula of the superior district might rather benefi t from 
the prone position.  
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16.1         Introduction 

 PNL is a safe and effective procedure not only in a standard patient (adult with nor-
mal body mass index (BMI) and body habitus, no renal malformations, fi rst proce-
dure for urolithiasis, no previous renal or abdominal surgery, normal anaesthesiological 
risk) but also in a variety of particular situations regarding the patient’s physical and 
clinical features. The only exception is pregnancy; in fact, although anecdotical cases 
performed during early pregnancy have been reported, PNL regardless to patient 
positioning is not advised in this case and should be delayed till after delivery.  

16.2     Elderly and High-Risk Patients 

 Urolithiasis is an increasing problem in patients over 80 years. In fact, the frequent 
lack of the classic symptoms of a renal colic may lead to a later presentation with 
larger and more complex stone disease.    Being elderly often also high-risk patients 
because of their multiple comorbidities (high ASA scores) [ 1 ], treatment of their 
renal stones might be challenging. In such cases, prone PNL implies some concerns 
like diffi cult airway control and suboptimal ventilation in case of pulmonary disease 
[ 2 – 4 ], whereas under these respects supine PNL is safe and effective [ 5 ]. 

 PNL in elderly patients might imply a theoretical higher risk of hemorrhage, 
since arteriosclerosis causes the loss of normal muscle and elastin layers of the 
blood vessels and thus a decreased ability to close when lacerated [ 6 ,  7 ]. However, 
it has been demonstrated that PNL can be safely performed in elderly patients with 
no increased complication rates, and totally tubeless procedures have been carried 
out as well [ 4 ,  8 ]. 

 The large category of high-risk patients also includes those with poor preopera-
tive renal function, and particular attention should be paid to chronic kidney disease 
stages IV/V. In fact, it has been demonstrated that such patients have statistically 
signifi cant worse postoperative outcomes after PNL [ 9 ].  

16.3     Children 

 Urolithiasis in children is frequently metabolic or infectious in origin, associated 
with kidney anomalies and previous history of stone intervention, requiring repeated 
surgical procedures [ 10 ]. In spite of all this, PNL can be safely and effectively 
applied to children of any age group [ 11 ,  12 ]. The percutaneous approach (possibly 
tubeless and with single access) seems even better than open surgery and of reiter-
ated ESWL, often requiring anaesthesia without guarantee of a complete stone 
clearance [ 13 ,  14 ]. In children, the supine position is increasingly and successfully 
employed (12 % in the CROES series) [ 12 ] (see Chap.   17    ) (Fig.  16.1 ).
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16.4        Obese Patients 

 Obesity has been identifi ed as an independent risk factor for stone formation in the 
United States. Obesity (BMI >35) also places surgical patients at a greater risk of 
complications, because of the increased incidence in this group of diabetes, hyper-
tension, ischemic heart disease, postoperative deep venous thrombosis, and pulmo-
nary embolism and because of poor radiographic visualization, obscure anatomic 
landmarks, more diffi cult renal access, and inferior stone-free rates [ 15 ]. 

 Because of a greater perceived diffi culty in performing percutaneous surgery in 
obese patients, investigators have theorized in the past that PNL in such patients 
may be less effective, technically diffi cult, and associated with higher complication 
rates [ 16 ]. On the contrary, there are no adverse effects of obesity on PNL outcomes 
in terms of stone-free rates, complication rates, and length of hospital stay [ 17 – 19 ], 
apart from a slightly longer operative time [ 20 ]. Therefore, morbid obesity is no 
suffi cient reason for choosing multisession retrograde endoscopic lithotripsy instead 
of PNL for the treatment of large renal calculi, obtaining low stone-free rates as 
33 % [ 21 ]. 

    We agree that there are some tips and tricks and modifi cations of the standard 
PNL technique and instrumentation to bear in mind when planning a PNL in an 
obese patient [ 17 ,  22 ], like the use of larger and longer access sheaths and 

  Fig. 16.1    Child arranged in the Galdakao-modifi ed supine Valdivia position with reference lines 
for the renal puncture       
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nephroscopes as effective additions to the urologist’s armamentarium, the suture of 
the Amplatz sheath to the skin to prevent its loss beneath it or the muscle fascia, and 
the trick to pull abdominal fat opposite to the operated side, possibly putting the 
patient in the supine/supine- modifi ed position. 

 Supine PNL has been proven to be very ergonomic and suitable in obese patients 
(Fig.  16.2 ), also considered high-risk ones for the abovementioned reasons. The 
supine decubitus has the advantages of a signifi cant shorter operative time (the 2008 
CROES study reported the opposite, with the bias that they did not take into account 
all the preliminary retrograde procedure before puncturing the kidney) and hospital 
stay [ 5 ,  20 ,  23 – 25 ].

16.5        Skeletal Malformations 

 Scoliosis involves a lateral and rotational deformity of the thoracolumbar spine and 
occurs in less than 4 % of the population, being 70 % idiopathic and 30 % secondary 
to congenital, neuromuscular disease, mesenchymal disorders, trauma, or 
infection. 

 PNL for urolithiasis in patients with spinal deformities, such as kyphoscoliosis 
or severe hip ankylosis, might be challenging from an anaesthesiological (respira-
tion impaired, mainly restrictive pulmonary defi cit), surgical (anatomic variations 
and accurate preoperative planning to avoid visceral damage), and technical point 
of view. A thorough preoperative imaging study should be carried out, especially 
to choose the best therapeutic approach and, in case of PNL, the more fi t position 
[ 26 ].    The supine position improves anesthesiological assistance from a cardioven-
tilatory point of view and implies less risk of postural damage, more comfort of the 
patient, and the possibility of a combined approach, although supine position may 
not be applicable to all skeletal malformations and may leave a very reduced space 
between ribs and iliac crest when the stone is located on the concave side of the 
spine (Fig.  16.3 ).

16.6        Previous Surgery 

 Urolithiasis has been often previously treated by means of extracorporeal shock 
wave lithotripsy (ESWL) and percutaneous, ureteroscopic, open, or laparo-
scopic surgery [ 27 ,  28 ]. Given the equivalence prone/supine, safe and effective 
PNL can be performed in such patients, with no higher risk of complications, 
except the need for more attempts to access the pelvicalyceal system and the 
diffi culty in tract dilation secondary to fascial and retroperitoneal scarring (and 
in this case the use of Alken coaxial dilators is of the utmost importance) [ 29 ] 
(Fig.  16.4 ).
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b

a

  Fig. 16.2    Obese patient in the Galdakao-modifi ed supine Valdivia position, ready for ECIRS ( a ) 
and prepared with adhesive strips in order to move the fat towards the side that does not need to be 
operated ( b )       
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a

c

b

  Fig. 16.3    Patient with kyphoscoliosis and osteogenesis imperfecta. CT scan for the study of the 
staghorn urolithiasis and of the anatomy ( a ) It was impossible to put the patient in the prone posi-
tion ( b ) and thus the supine position was employed ( c )       

  Fig. 16.4    Post-pyelolithotomy scar in a patient undergoing ECIRS       
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16.7        Bilateral Urolithiasis 

 Prone position seems more adapt for performing synchronous bilateral percutane-
ous procedures, in spite of the increased hemorrhagic risk [ 30 ,  31 ] (Fig.  16.5 ).

16.8        Upper Pole Puncture 

 During ECIRS performed in the Galdakao-modifi ed supine Valdivia position, upper 
pole puncture is seldom required because of the use of fl exible antegrade/retrograde 
endoscopes. Under this respect, a patient suffering from upper calyceal stone dis-
ease is the ideal one for ECIRS in this position. 

 In any case, if a subcostal access to the renal superior calyx is required in a 
supine position, renal displacement technique should be carried out, with lung infl a-
tion to facilitate the puncture and to reduce intrathoracic morbidity. Alternatively, 
the kidney could be pulled down with a balloon catheter [ 32 ], or, according to our 
personal experience, the inclination of the patient on the operating table can be fur-
ther increased.  

  Fig. 16.5    3D CT scan 
reconstruction of a bilateral 
urolithiasis       
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16.9     Urinary Congenital Malformations 

 A variety of developmental abnormalities of the kidney can present in adulthood. 
Anomalous kidneys (solitary, horseshoe, ectopic, and malrotated kidneys) often 
have abnormal renal position, anatomy, calyceal orientation, relationships of the 
calyces to the renal pelvis and upper ureter, rotation, aberrant vasculature, relative 
renal immobility, atypical relationships between kidney and other organs, and all 
elements causing urinary stasis with stone formation, often associated with con-
comitant infection and metabolic alterations. The same reasons causing an increased 
risk of stone formation contribute to an increased risk of renal stone management in 
anomalous kidneys [ 7 ,  33 ,  34 ]. 

 PNL in anatomically abnormal kidneys is challenging for fear of inaccessibility, 
and of vascular and visceral injury, but can be safely and effectively performed, 
sometimes with an extended operative time. Even more than usual it deserves a 
meticulous preoperative assessment of the anatomy of the collecting system and of 
visceral relationships for planning an optimal renal puncture, intraoperatively aided 
by real-time ultrasound assistance. The supine and oblique positions may be par-
ticularly favorable, especially in ectopic pelvic and malrotated kidneys [ 35 ,  36 ], 
with the bolster below the hemipelvis pushing the kidney closer to the anterior 
abdominal wall, while the bowel loops are displaced cephalad both by the position 
and by the pressure of the ultrasound probe itself. Also in horseshoe kidneys 
(Fig.  16.6 ), the supine position may be particularly useful to improve safety and 
effi cacy of the percutaneous procedure. All the same, universal application of PNL 
may also be challenged with alternative and creative solutions, like the combination 
with the laparoscopic approach (personal experience) (Fig.  16.7 ) or the alternative 
use of single port laparoscopic access for pyelolithotomy surgery [ 37 ,  38 ].

  Fig. 16.6    CT scan without 
contrast of a paraplegic 
patient with a horseshoe 
kidney       
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    As to UPJ stricture, similar to what happens in pediatric patients, concomitant lapa-
roscopic correction should be performed; thus, associated stones, often candidates to 
a percutaneous approach, may be extracted during the laparoscopic procedure, with 
graspers or combining trans-trocar lithotripsy. This is also our personal experience.  

16.10     Transplanted Kidney 

 Nephrolithiasis is an unusual (0.2–3 % of all urological complications) but chal-
lenging late complication of transplanted kidneys, due to hyperparathyroidism and 
nonabsorbable sutures, as well as to other predisposing causes identical to patients 
with native kidneys (obstructive uropathy, recurrent urinary tract infections, meta-
bolic abnormalities like hyperuricosuria). 

a

b

  Fig. 16.7    Combination of 
laparoscopy and ECIRS in 
the same paraplegic patient. 
Flexible RIRS phase ( a ) and 
litholapaxy ( b )       
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 Renal stones in transplanted kidneys need prompt recognition and manage-
ment, as they can be an important cause of deterioration of the graft function. PNL 
is most often the best modality to render patients stone-free, being effective and 
safe. Allograft superfi cial location close to the skin and its proximity to the bony 
pelvis, peritoneum, and iliac vessels makes the supine position a valid option, also 
allowing combined antero-retrograde approach with the use of fl exible scopes 
[ 39 – 42 ].  

16.11     After Urinary Diversions 

    Complications related to urinary-intestinal diversions are numerous and rather fre-
quent (up to 11 % within 3 years after surgery) because of anatomic and metabolic 
factors including refl uxing ureteroileal anastomoses, upper urinary tract dilation, 
urinary stasis, and heightened risk of stone formation. The hyperchloremic meta-
bolic acidosis from reabsorption of solutes across the intestinal mucosa results in an 
increased burden of urinary titratable acids, with an increased risk of hyperoxaluria, 
calcium oxalate stone formation in patients with ileal resection, and higher recur-
rence of urinary tract infections. Urea-splitting organisms elevate urinary pH and 
increase the risk of forming calcium phosphate and struvite stones [ 43 ]. Renal and 
ureteral calculi may be approached antegradely or with a combined approach, if the 
ureteroileal anastomosis is compliant enough to allow a retrograde approach [ 44 ], 
being the supine position particularly benefi cial in this setting.  

16.12     Pregnancy 

 Normal anatomic and physiological changes of the urinary tract during pregnancy 
(mechanical compression of the ureter, effect of the circulating progesterone on the 
ureteral smooth muscle with reduced peristalsis and increased dilation, gestational 
hypercalciuria secondary to a combination of increased GFR, dietary and fetal fac-
tors) may predispose to stone formation. Thus, nephrolithiasis is a not infrequent 
complication in pregnancy (the incidence of symptomatic nephrolithiasis during 
pregnancy varies between 1 in 244 and 1 in 2,000 pregnancies, but the actual inci-
dence is likely to be higher), representing a clinical dilemma because of potential 
risks to both mother and fetus [ 45 ]. 

 Most cases of urolithiasis in pregnancy are managed conservatively either with 
ureteral stents or percutaneous nephrostomy tubes, which need to be changed at 
regular intervals. Defi nitive management of the stone should be reserved to after 
delivery. Otherwise, X-ray-free ureteroscopy in pregnant patients can be carried out 
in the appropriate setting and with a multidisciplinary approach [ 46 ]. 

 PNL is not advised during pregnancy, in spite of the fact that supine positions 
and X-ray-free percutaneous approaches might be employed. General anaesthesia, 
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length of the procedure, use of fl uoroscopy, and prone position make PNL a hazard-
ous procedure [ 45 ,  47 ], although anecdotical cases have been reported [ 48 ,  49 ].  

16.13     Conclusions 

 Once PNL is the indicated treatment for a defi nite urolithiasis, the choice of patient 
positioning should not be dogmatic and aprioristic but rather tailored on the patient’s 
features. A supine PNL may be obliged in ectopic pelvic or transplanted kidneys; 
might be a very good option for elderly, high-risk, or obese patients, especially 
those with an impaired cardiopulmonary function; and can be a valid alternative for 
children with renal anomalies or previous surgeries. On the contrary, not all muscu-
loskeletal deformities can be easily arranged in the supine position, and bilateral 
procedures or certain renal stones in calyceal diverticula of the superior district 
might rather benefi t from the prone position.     
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    Abstract     Incidence and indications of urolithiasis treatment in children are revised in 
this chapter. In particular, the authors afford the issue of paediatric PNL, with particu-
lar reference to the operative armamentarium needed, patient positioning and advan-
tages of the supine position in children, renal anatomical features and technical aspects 
of ECIRS (Endoscopic Combined IntraRenal Surgery) in young age (with details 
regarding renal access and tract dilation). Paediatric ECIRS is as safe and effective as 
in adults, especially in case of concomitant congenital urinary malformations.  

17.1         Introduction 

 Incidence of urolithiasis, stone location and composition vary among different geo-
graphic areas. In Southeast Asia and Africa, bladder stones are widespread. On the 
other hand upper urinary tract stones are much more frequent in Europe and the 
USA, with a shift of this disease from the lower to the upper urinary tract in devel-
oped countries and a marked predominance of male gender in adults. 

 Urinary stone disease in children is relatively rare if compared to adult population, 
representing about 1 % of all patients affected by this disease. However, the 
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epidemiology of paediatric urolithiasis has quite changed in the last three decades. 
Incidence rates tend to increase and range between 0.3 and 0.94 of cases per 1,000 
hospitalizations in the western countries. Stone formation is uncommon in children 
younger than two years of age, and boys seem to be affected only slightly more than 
girls. Calcium oxalate and calcium phosphate are the most common types, account-
ing for more than 75 % of all paediatric urolithiasis. Bladder stones are commonly 
encountered in developing countries and mostly depend upon dietary factors; pri-
mary bladder stones in developed countries are usually related to bladder 
malformations. 

 As to the etiological modifi cations of lithogenesis, the most signifi cant evidence 
in Europe is the apparent reduction in infection stones (made up by organic matrix 
and struvite) in favour of those related to metabolic abnormalities, increased from 
16 % of the 1980s up to 44 % nowadays. This epidemiological phenomenon is prob-
ably linked to the prompt and early identifi cation and treatment of the urinary tract 
infections in children living in developed countries. On the other hand, it may also 
be due to the improved etiopathogenetic knowledge of the paediatric urolithiasis 
worldwide, with a similar incidence of European and US metabolic defects (due to 
inherited genetic causes and environmental factors such as obesity, high daily salt 
consumption, inadequate overall hydration. Metabolic alterations (hypercalciuria, 
hyperoxaluria, cystinuria, hyperuricosuria, hypocitraturia) account for more than 
50 % of diagnoses in children; thier prompt identifi cation is fundamental to prevent 
the development of relevant and often recurrent stone burdens. 

 Several studies demonstrated a high incidence of urolithiasis (20–44 %) in asso-
ciation with urinary malformations. Many children suffering from kidney stones 
also have urinary malformations, but the opposite cannot be demonstrated; in fact, 
a survey on 618 children with urinary malformations showed that only 3.6 % suf-
fered from renal stones. Probably other environmental factors contribute to the 
development of renal stones [ 1 ].  

17.2     Stone Management in Children: Treatment Options 

 The objective of stone management in children should be complete stone clearance 
along with prevention of stone recurrence, preservation of renal function, control of 
urinary infections, correction of anatomical abnormalities and of associated meta-
bolic alterations. Thus, any surgery should be planned after a thorough and compre-
hensive medical evaluation and followed by planned medical treatments as well as 
by long-term follow-up. 

17.2.1     Extracorporeal Shock Wave Lithotripsy (ESWL) 

 ESWL was successfully introduced into the paediatric setting in 1986 and very 
appreciated because of its minimal invasiveness, safety and effectiveness. For a very 
long time, ESWL remained the fi rst-line treatment for single or multiple stones of 
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both kidney and ureter. Nowadays, ESWL is the preferred approach for little patients 
with renal calculi <20 mm (<15 mm in case of cystine stones), as reported in the 
European Association of Urology guidelines. Stone-free rates range between 57 and 
92 %. It’s well known that ESWL treatment of lower calyceal stones has a rather 
low success rate (50–62 %), depending upon that specifi c anatomical site and grav-
ity; it depends on the length of the calyceal infundibulum, the infundibulopelvic 
angle (cut-off 40°) and of course on the stone burden [ 1 ,  2 ]. Spontaneous stone 
expulsion is easier in children than in adults (except for some urinary malforma-
tions); thus, the need for ancillary procedures (5–38 %) such as ureteral stenting or 
retrograde ureteroscopy is not so frequent as in adults [ 3 ,  4 ].  

17.2.2     Semirigid and Flexible Ureteroscopy for Retrograde 
IntraRenal Surgery (RIRS) 

 Semirigid ureteroscopy is recommended for proximal and mid-ureteral stones as fi rst 
choice in experienced hands or after a single session of failed ESWL. Rigid and fl ex-
ible instruments on the market have a larger working channel than years ago. Flexible 
endoscopes can bend up to 270° and are especially useful for removing stones from 
the lower pole. The incidence of postoperative ureteral strictures or vesico-ureteral 
refl ux is low (ostium dilation is very rare nowadays, owing to the miniaturization of 
the instruments). Complication rates of RIRS in children and in adults are similar 
(0–7 %), and the success rate in different paediatric published series ranges from 86 
to 100 %, with a mean value of 90 % with a single procedure for ureteral calculi. 

 The evolution and miniaturization of fl exible instruments and the introduction of 
L.A.S.E.R. as energy source for lithotripsy have strongly supported the retrograde 
ureterorenoscopic approach among the therapeutic opportunities in the treatment of 
paediatric urolithiasis. RIRS is a minimally invasive approach, high effi cient in the 
treatment of stones of 2 cm or less [ 1 ,  2 ]. 

 Since the ureter in children aged <3 years is not always compliant enough to 
allow the insertion of a ureteral access sheath, ureteral pre-stenting few days before 
RIRS might represent a good strategy. RIRS should be preferred to PNL when its 
mini-invasiveness does not compromise its effectiveness. The supine position of the 
child allows to modify the surgical technique from RIRS to Endovision PNL when 
needed, with no intraoperative changes in patient positioning.  

17.2.3     Percutaneous Nephrolithotomy (PNL) 

 The percutaneous approach is reserved to bigger and more complex stones, in case 
of ESWL-refractory stones or in the presence of anatomical abnormalities like caly-
ceal diverticula, representing a problem for lithotripsy or expulsion of the stone 
fragments. PNL is more invasive than ESWL and RIRS, but stone-free rates are 
about 90 % and complication rates very low [ 1 ,  2 ,  5 – 7 ].  
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17.2.4     Laparoscopic/Open Surgery 

 Open surgery remains the treatment of choice for 0.3–5.4 % of the paediatric popu-
lation in developed countries, while it is used in 14 % of cases in developing coun-
tries because of its cost-effectiveness [ 8 ,  9 ]. The combination of stone removal and 
simultaneous correction of anatomical abnormalities is the gold standard [ 2 ].   

17.3     Indications of PNL in Children 

 Based on our personal experience and on the world literature, the indications of 
PNL could be summarized as follows:

 Kidney stones >2 cm 
 Cystine kidney stones ≥1.5 cm 
 Lower pole stones >1.5 cm or with an unfavourable infundibular angle 
 Stones in anatomical abnormalities suitable for percutaneous resolution (calyceal diverticula, 

ureteral stenosis, recurrence after UPJ stenosis surgery) 
 ESWL-refractory stones when RIRS is not suitable for diffi cult retrograde approach 

   In the end, the indications are substantially identical to adults, in the absence of 
congenital urinary malformations requiring open or laparoscopic reconstructive sur-
gery, but the child safeguard needs the following essential requirements:

    1.    Minimal invasiveness (small calibre of the endoscopes).   
   2.    Minimal anaesthetic time.   
   3.    Minimal X-ray exposure.   
   4.    Maximal stone clearance in one session.   
   5.    Shortest duration of post-operative drainage (possibly tubeless PNL), leading to 

more comfort and less pain.      

17.4     Operative Armamentarium 

17.4.1     Endoscopes 

 The instruments are the same as in adult procedures but with reduced calibre and 
length. It’s mandatory to have all paediatric endoscopic sets for performing PNL in 
a child, especially if aged <3 years. 

 There are semirigid ureteroscopes with a very small calibre on the market (like the 
Wolf 4.8 Ch), allowing to enter virtually any ureter, even the smaller ones. The harm-
less shape of the tip of the ureteroscope, exactly as in the adult, is an essential feature 
of such instruments (see Chap.   12    ). The new generation of semirigid ureteroscopes 
includes 7 Ch instruments with a large 4.8 Ch operating channel, sometimes suitable 
also for older children and adolescents as well as for adults (Fig.  17.1 ).
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   Also fl exible ureteroscopes, representing an important support for all percutane-
ous/endoscopic maneuver, need to be suitable for paediatric urinary systems in 
terms of calibre and length. In our department, we use standard 7.5 Ch Flex-X2 
ureteroscope by Storz, allowing also the paediatric approach, upon application of a 
very small ureteral access sheath (9.5 Ch) when possible (Fig.  17.1 ). 

 As to the nephroscopes, those used for mini-PNL can be very handy, since their 
calibre is 12 Ch and their operative channel allows the introduction of ballistic 
probes and laser fi bres, the intracorporeal lithotripsy energies most commonly 
employed during this kind of procedure. Larger nephroscopes (17–20 Ch) may also 
be used, when a 24 Ch Amplatz sheath can be applied. 

 As to the fl exible instruments, both nephroscopes and ureteroscopes also in their 
digital version can be used, depending upon the diameter of the Amplatz sheath. 

Midi-PNL 
17–22 Ch

Padiatric URS
7,3 Ch Mini-PNL 12 Ch

Digital ureteroscope
8,5 Ch CMOS

Digital
flexible
cystoscope
8,5 Ch

Modular pediatric set:
resector/urethrotome/
cystoscope 7–9 Ch

Compact padiatric
cystoscope 8 Ch

Short flexible
ureteroscope 7,5 Ch

Laser desktop

  Fig. 17.1    Endoscopes used in a paediatric setting (RIRS/PNL)       
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 Warmed irrigation fl uid should be used for all the endoscopes. In fact, another 
relevant issue in the child is hypothermia. Being their body so small, heath disper-
sion takes place much quicker than in an adult; thus, the anaesthesiologist will take 
care of covering the child with warmers and the urologist to use heated irrigation 
fl uids (except during ultrasound lithotripsy, to avoid overheating), measures which 
are mandatory especially if PNL duration is 60–90 min.  

17.4.2     Dilation Set 

 The usual percutaneous renal access in very small children is commonly the one 
called mini-PNL. In the mini-percutaneous approach, a Tefl on coaxial dilation is 
used in order to achieve the 14/19 Ch Amplatz calibre (e.g. MIPP set – Rüsch – is a 
dedicated set with three coaxial hydrophilic dilators and a 14 Ch inner/19 Ch exter-
nal Amplatz sheath). The mini-PNL set conceived by U. Nagele for Storz may also 
be employed, as well as a pneumatic set for dilation of the renal access (18–24 Ch 
Cook pneumatic balloon set or larger ones by Cook or Boston). 

 The leading concept of operative endoscopy, i.e. that instruments and access 
must adapt to the collecting system anatomy of the patient and not vice versa, is 
valid for the child even more than in the adult. In fact, any damage (including bleed-
ing or urinary extravasation) may cause long-term consequences which may become 
diffi cult to manage with time. 

 The choice of the Amplatz sheath should be modulated on the calibre of the 
instruments we want to use in order to leave some space between Amplatz and 
endoscope, allowing the irrigation fl uid to pour out freely, avoiding dangerous high 
intrarenal pressures, septic risk and liquid resorption. In fact, even minimal fl uid 
resorption may cause hydro-electrolytic alterations and relevant metabolic conse-
quences in children. This is also the reason why we consider 60–90 min as the maxi-
mal duration of a percutaneous procedure in a child, in spite of all due precautions, 
and we rather prefer an early second look to a prolonged PNL.   

17.5     Technical Aspects 

17.5.1     Positioning on Surgical Table 

 The supine positioning is employed because of the related anaesthesiological and 
management advantages [ 7 ], and in particular the Galdakao-modifi ed supine 
Valdivia position is obtained as follows (Figs.  17.2 ,  17.3 , and  17.4 ):

 –       The use of antidecubitus cushions nearby the costal arch and the gluteus in order 
to lift and expose the fl ank involved.  

 –   The contralateral leg is lifted in semifl exed position.  
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Posterior
axillary
line

XII^ and XI^ ribs

Iliac crest

  Fig. 17.2    Percutaneous 
puncture landmarks are the 
posterior axillary line, the 
lower margin of costal arch 
and the upper margin of iliac 
crest       

[AU3]

a

b

  Fig. 17.3    Double support 
under the thorax and the 
ankle for supine position. 
Jelly supports can be used 
as well       
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 –   The homolateral leg is slightly abducted in order to allow the introduction of 
cystoscope and ureteroscope.  

 –   The homolateral arm is adducted and laid on the chest in order to allow a further 
elevation of the posterior axillary line.  

 –   The contralateral arm is abducted and fi xed horizontally for venous accesses.  
 –   Reference lines are marked on the skin.     

17.5.2     Renal Access and Endovision Procedure 

 The puncture of the chosen renal calyx follows the same rules applied in adults 
(Figs.  17.5 ) (see also Chap.   13    ). It depends on the surgeon’s habit and preference 
(X-ray  and/or ultrasound guided). When possible, the puncture of the renal papilla 
under direct vision (Endovision procedure) allows more security of the correct (in-
line) axis of the puncture with a lower hemorrhagic risk. Furthermore, it’s possible 
to follow all phases of the tract dilation with less X-ray exposure time for the child.

a

b

  Fig. 17.4    Child in the 
Galdakao-modifi ed supine 
Valdivia position, frontal 
view ( a ) and surgical 
percutaneous fi eld ( b )       
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17.6         Final Remarks 

     1.    PNL in the child is a safe and effective procedure but requires particular attention 
and experience.   

   2.    The paediatric kidney is not “so small” as generally thought, but the hypochon-
driac viscera are proportionally larger than in adults. Before renal puncture, 
ultrasound guidance could be useful for a general checking.   

   3.    The use of all the armamentarium you have for an optimal renal puncture (fl uoros-
copy, ultrasound, Endovision technique) is fundamental to avoid hemorrhagic com-
plications. In any case, the use of radiations should be limited to the minimum.   

   4.    It is essential to have the availability of  all the instruments required to adapt our 
surgery to the anatomy of the child.   

   5.    In children <3 years old, the ureter is less compliant than after 3 years of age. 
Therefore, insertion of a double J stent few days before the endourological pro-
cedure should be considered.   

   6.    The maximal duration of a percutaneous procedure in a child is 60–90 min in 
order to minimize complications and resorption risks; hypothermia should be 
minimized using warmed irrigation fl uids.   

   7.    Since paediatric urolithiasis is frequently related to urinary malformations, 
a thorough diagnostic evaluation and a preoperative planning with a paediatric 
surgeon is mandatory.         
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    Abstract     The present chapter deals with the technical aspects of percutaneous 
management of ureteral stenosis and upper urinary tract (UUT) tumours, where the 
preoperative investigations are usefully integrated by the preliminary retrograde 
endoscopic assessment of ureteral and pyelocalyceal features allowed by ECIRS in 
the Galdakao-modifi ed supine Valdivia position. Antegrade treatment details are 
also given, as well as follow-up advices, according to the current guidelines.  

18.1         Investigations Before the Procedure 

18.1.1     Stenosis 

 If the patient has a normal renal function and there is some passage of urine through 
the stenosis, a computed tomography (CT) scan in native and excretory phase is 
useful to map both localization and length of the stricture. This exam will also give 
some information about the renal function. 

 A reduced renal parenchyma means that the kidney has been obstructed for some 
time. However, to get a clear picture of the separated function of each kidney, the 
glomerular fi ltration rate (GFR) should be checked and a renogram with split func-
tion performed. 

 In case of severe stenosis with signifi cant or complete obstruction, the renal unit 
requires to be urgently decompressed applying a nephrostomy tube. In such a case, 
a renogram should be repeated some weeks after decompression. 
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 A tight stenosis causing partial obstruction may seem longer than it is because of 
the very small amount of contrast passing. Contrast administrated only through an 
antegrade approach is not able to evidentiate correctly the length of the stricture. To 
map a stenosis precisely, an antegrade pyelography in combination with a retro-
grade one is the method of choice (Fig.  18.1 ).

   Moreover, a reconstruction of a CT scan in arterial and excretory phases will 
reveal the presence of a vessel causing a stenosis (Fig.  18.2 ) or the presence of ves-
sels located posterolaterally to a ureteral pelvic stricture, which is important to 
know before laser incision.

18.1.2        Transitional Cell Cancer (TCC) in the Upper 
Urinary Tract (UUT) 

 The preoperative planning of the percutaneous access route is of utmost impor-
tance. The chosen calyx should give access to the calyces needed or to the ureter. 
Moreover, in case of TCC of the renal pelvis, it is crucial not to puncture through 
the tumour. The access should always be placed through a calyx containing no 
tumour. 

 A computerized tomography with three-dimensional reconstruction (3D-CT) is 
a good tool for a thorough preoperative planning. Even though some tumours will 
not be revealed by CT (see also Chap.   5    ), this is probably the best radiographic 
method to map out the UUT-TCC. By rotating 3D images in different directions, 
one can get a good idea on accessibility through a punctured calyx to other calyces 
and to the ureter.   

a b

  Fig. 18.1    ( a ) Contrast from antegrade approach only; ( b ) contrast added from combined ante-
grade and retrograde approaches helps to map the length and severity of a ureteral stenosis       
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18.2     Preparation and Positioning of the Patient 

 Ureterorenoscopy (retrograde, antegrade and combined approach) can be performed 
under general or spinal anaesthesia. General anaesthesia has the advantage of the 
patient being spared of the discomfort that may occur from manipulation and irriga-
tion of the renal pelvis and the possibility to obtain breathing control if needed. 

 For the possibility of a combined antegrade and retrograde approach, the patient 
is placed in a supine position. One or two wedge cushions are placed under the fl ank 
so that a desired calyx can be punctured or the nephrostomy tube becomes accessi-
ble (Fig.  18.3 ). Placing a nephrostomy tube a few days prior to the percutaneous 
procedure could be an advantage because bleeding caused by the puncture will not 
disturb the endoscopic evaluation of renal pelvis and ureter. On the other hand, 

a

c

b

  Fig. 18.2    ( a )    Antegrade pyelography showing a stenosis of the UPJ. However, the underlying 
cause is not clear. ( b ) 3D-CT scan, excretory phase, again illustrating UPJ obstruction. ( c ) CT 
artery phase visualizes a polar artery. By putting fi gure ( b ) and ( c ) together, it is clear that the ste-
nosis is caused by a polar artery       
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if the patient has a tumour, an indwelling nephrostomy tube may increase the risk 
of tumour cell seeding. Irrespective of the timing of the renal puncture (performed 
at the time of percutaneous surgery or beforehand for the placement of a nephros-
tomy tube), the choice of the calyx for renal access has to be planned thoroughly.

18.3        Accessing and Investigating the Renal Pelvis and Ureter 

 When the patient is punctured on the operating table during the percutaneous proce-
dure, a ureteral catheter is placed whenever possible. This will allow to inject con-
trast and distend the renal pelvis. By using a combination of ultrasound and 
fl uoroscopy guidance, the desired calyx can then be punctured. In case the patient 
has a suitable nephrostomy tube placed at the tip of a desired calyx, that access can 
be used. 

 If access to the renal pelvis is needed for the treatment of a calyceal diverticu-
lum, a large renal pelvic tumour or a UPJ stenosis, it is advisable to dilate the access 
tract and to place an Amplatz sheath. If the ureter is the target, it is usually not 

  Fig. 18.3    Positioning on 
operating table, with wedge 
cushions under the fl ank to 
expose the nephrostomy tube       
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needed to dilate up to 26–30. In those situations, it is handy to use a ureteral access 
sheath (UAS) or a peel-away sheath. A peel-away sheath has the advantage of being 
adjustable in length, decreasing the risk of slipping out of the body (Figs.  18.4 , and 
 18.5 ) as compared to a UAS. A fl exible ureteroscope can then be introduced, beside 
the safety guidewire, through the peel-away sheath (Fig.  18.6 ).

     In case of a ureteral stricture or of a patient with a urinary diversion, a guidewire 
is placed all the way from the renal pelvis through the urethra or urine reservoir 
stoma, so that traction can be added through the wire (Figs.  18.7 , and  18.8 ). An 
additional guidewire is placed using a dual-lumen catheter in order to have both a 
safety and a working guidewire (Figs.  18.9 , and  18.10 ). A fl exible ureteroscope can 
then be introduced antegradely or retrogradely (Fig.  18.11 ).

       In the presence of suspicious lesions, selected cytology and biopsies are taken. 
Biopsies are taken out together with the instrument. If the biopsy is extracted 
through the scope, valuable material will be lost when the small biopsy forceps is 

  Fig. 18.4    Peel-away sheath       

  Fig. 18.5    Peel-away sheath 
with guidewire       
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  Fig. 18.6    Flexible 
ureteroscope introduced 
through a peel-away sheath       

  Fig. 18.7    Positioning of 
urine-deviated patient with 
nephrostomy tube       
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dragged through the tight working channel in the instrument (Fig.  18.12 ). The 
biopsy, usually very small, is placed in a tube containing saline and treated as cytol-
ogy material [ 1 ]. Larger biopsies can be obtained using the BIGopsy® forceps 
(Cook Medical); however, it needs to be backloaded into the ureteroscope and con-
sequently requires a ureteral access sheath to avoid damage to the ureter.

18.4        Treatment 

18.4.1     Stenosis 

 Access to a calyceal diverticulum can be obtained using a small balloon (3 Ch) 
(Fig.  18.13 ) or performing a holmium:YAG laser incision. Before cutting with the 
laser, it is advisable to insert a safety guidewire through the opening into the 

  Fig. 18.8    Guidewire entered 
through a nephrostomy tube, 
grabbed with forceps and 
brought out through the 
stoma       
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diverticulum. If no safety guidewire is placed, there is the risk to lose the direction 
of the incision. However, sometimes the lumen is so small that there is no room for 
anything else but the laser fi bre.

   A stenosis of the ureteropelvic junction (UPJ) is incised in a posterolateral direc-
tion to avoid cutting into the lower renal pole and to minimize the risk of cutting 
through any vessel. 

 Distal strictures are often easier to pass through an antegrade approach than a 
retrograde one. Sometimes a stenotic orifi ce is not even possible to identify at cys-
toscopy but can be passed from above (Fig.  18.14 ).

   A guidewire is passed through the stricture to the bladder or a urinary conduit 
via antegrade approach. By using a cystoscope, the guidewire is grabbed by biopsy 
forceps and taken out through the urethra or the stoma (Fig.  18.8 ). A double-
lumen catheter is inserted over the guidewire so that an additional safety guide-
wire can be placed (Fig.  18.9 ). With some traction on the working guidewire, 
a dilation balloon is then placed using an antegrade or a retrograde approach. 

  Fig. 18.9    Double-lumen 
catheter is used to place a 
second safety guidewire       
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  Fig. 18.10    Two guidewires 
are in place       

  Fig. 18.11    A fl exible 
ureteroscope can be 
introduced with a retrograde 
approach over a guidewire 
that is placed through the 
nephrostomy channel. 
Traction is added on the 
guidewire, facilitating the 
introduction       
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In the ureter, a 15 Ch dilation balloon is usually enough. After dilation, an ante-
grade pyelography is performed, and the contrast should then pass easily reaching 
the bladder. Strictures in the ureter or of the ureteral orifi ce can also be incised by 
using holmium:YAG laser. 

 After dilating the stenosis, a double-pigtail stent is placed over the guidewire. 
Most urologists would leave a stent for 6–8 weeks; however, there is no evidence 
for this indication. When a stent is in place, the nephrostomy tube may be closed. 
However, it is advisable to keep the nephrostomy tube in place until the stent is 
removed. By doing so, the nephrostomy tube will act as a safety route if the stent 
does not drain suffi ciently, and it can also be used for antegrade pyelography 
when the stent is removed. If contrast does not pass through the ureter to the blad-
der suffi ciently, a second dilation can be performed. However, if the passage is not 
satisfactory after two procedures, additional dilations are usually not 
worthwhile.  

  Fig. 18.12    A biopsy is taken 
from a renal pelvic tumour       

  Fig. 18.13    Balloon dilation of a calyceal diverticulum. ( a ) Opening of a calyceal diverticulum 
containing a stone. ( b ) Calyceal diverticulum containing a stone, intraoperative fl uoroscopic view. 
( c ) Dilation balloon introduced through the small opening of the calyceal diverticulum. ( d ) Balloon 
dilation. ( e ) Ureteroscopic laser treatment of stones after dilation within the calyceal 
diverticulum       
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18.4.2     Follow-Up 

 If antegrade pyelography shows a satisfactory passage of the contrast through the 
ureter, a radiographic follow-up is performed at 3–6 months. There are no clear 
rules on how long patients need to be followed. In cases of less severe stenosis and 
two functioning kidneys, the patient may be followed up at 3–6 months and then 
released if the result is satisfactory. In other patients with higher risk of recurrence, 
follow-up for a longer period is recommended. To avoid heavy radiation exposure, 
an alternative is to follow the patient yearly by means of an isotopic scintigram with 
forced diuresis.  

18.4.3     Tumour in the Renal Pelvis or Ureter 

 If TCC is confi rmed (Fig.  18.15 ) and organ-sparing treatment is desired, the combi-
nation of holmium (Ho):YAG and neodymium (Nd):YAG laser is recommendable 
for treatment (Fig.  18.16 ). Nd:YAG is used for coagulation, whereas Ho:YAG is 
used for ablation. Especially in large tumours, this is very useful. In the UUT, the 
setting of the Nd:YAG laser may be 30 W and 3 s. For ablative effect of the Ho:YAG 
laser, one can start using a 6 Hz frequency and then increase energy until the abla-
tive effect is satisfactory. The Nd:YAG and the Ho:YAG lasers are alternated 
throughout the procedure to minimize the bleeding.

    During ablation, the intrarenal pressure should be kept as low as possible to 
minimize the risk of tumour cell seeding. If the procedure is performed retrogradely, 

  Fig. 18.14    Guidewire 
through a tight orifi ce, via 
antegrade approach       
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a small catheter (8 Ch with 3 ml in the balloon) in the bladder can usually be put 
alongside the ureteroscope or a UAS (Fig.  18.17 ). A UAS may be used if there is a 
large tumour in the renal pelvis that will take some time to ablate. The use of a UAS 
will most probably decrease the renal pressure during a long procedure [ 2 ,  3 ]. 
However, cautiousness should be used not to dilate with force, again to minimize 
the risk of tumour cell seeding.

  Fig. 18.15    Tumour in the 
renal pelvis       

a b

  Fig. 18.16    ( a ) Tumour in the ureter. ( b ) Tumour in the ureter after laser ablation       
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   If the tumour is large (>15 mm), the treatment may need to be performed in more 
than one session. A second treatment is then performed after 6 weeks since that will 
give necrotic tissue the time to pass, which will facilitate the second look. If a JJ 
stent has been placed after the fi rst procedure, to facilitate passage of necrotic tissue 
or because a ureteral access sheath has been used, it is advisable to remove the stent 
after 3–4 weeks. Otherwise, oedema caused by the stent will make the assessment 
of the mucosa at the second treatment more diffi cult. 

 If biopsies have been taken or treatment has been performed in the ureter, a stent 
must be placed so that the nephrostomy tube can be removed as soon as possible 
postoperatively, always in order to minimize the risk of tumour seeding in the access 
tract. After biopsy or laser treatment in the ureter, a stent is left for 10 days or more, 
depending upon the extent of the laser manipulation.  

18.4.4     Follow-Up 

 It is not clear how often and for how long time patients who have undergone organ- 
sparing treatment for TCC in the UUT need to be followed. It is clear that radio-
graphic methods are not adequate to detect small recurrences. Therefore, endoscopic 
follow-up is necessary. Ureteropyeloscopy every 3 months during the fi rst year, 

  Fig. 18.17    Bladder drainage, using an 8 catheter       
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every 6 months for the following 1–2 years (depending of the grade of the tumour) 
and then yearly for at least 5 years. When yearly ureteropyeloscopies are performed, 
a cystoscopy including urine cytology should be carried out every 6 months.      
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    Abstract     ECIRS (Endoscopic Combined IntraRenal Surgery) is an endourologic 
 procedure characterized by a certain degree of complexity under many respects, and the 
fi rst impression is that the task of the scrub nurse is a very hard one. Since each surgical 
step is strongly justifi ed and standardized, once understood, their sequence is highly 
reproducible and easy to teach/easy to learn, so that in the end ECIRS becomes also easy 
to assist from the point of view of the nursing staff, in spite of the fact that it remains a 
demanding procedure. All the nursing team is required to have a wide knowledge of all 
the instruments, devices, and accessories, patient positioning, operating room organiza-
tion, and ECIRS steps, as well as of a correct post- and preoperative care during the 
sterilization phase. A phase of “on-the-fi eld” formation is required, and each member of 
the staff should have defi ned and well-distributed tasks.  

19.1         The Mental Attitude of the Nurse Staff Towards ECIRS 

19.1.1     Sharing Understanding and Knowledge of ECIRS 
Surgical Steps 

    ECIRS is an endourologic procedure for the treatment of large and/or complex uroli-
thiasis characterized by a certain degree of complexity under many respects. In fact, 
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the urologists perform a sequence of surgical steps which may appear very compli-
cated at a fi rst glance, and the fi rst additional impression is that the task of the scrub 
nurse is a very hard one.    Each surgical step is strongly justifi ed and standardized, thus, 
once comprehended, their sequence becomes highly reproducible and easy to teach/
easy to learn. In the end, once the knowledge of ECIRS procedure has been shared and 
understood, the procedure suddenly becomes rather easy to assist from the point of 
view of the nursing staff, in spite of the fact that it remains a demanding procedure.  

19.1.2     Displaying a Synergic and Versatile Attitude 
in the Operating Room 

 From this point of view, the interplay between urologists performing ECIRS and 
scrub nurse/nurses present in the operating room (OR) is fundamental. Intraoperative 
synergy and versatility are the keywords for this procedure, which cannot give birth 
to a successful clinical outcome in the absence of a careful and interactive coopera-
tion among all the members of the team participating to ECIRS. 

 In particular, defi nite tasks have to be fulfi lled by a prepared scrub nurse during 
the procedure [ 1 ]:

 –    To know perfectly all the surgical steps of ECIRS, as we said before.  
 –   To know the functioning of all instruments, accessories, and devices, their 

sequence of use, and their fundamental or optional roles.  
 –   To be able to control and correctly assist the various steps of ECIRS, actively 

proposing adequate solutions to aid the surgeon.  
 –   To know how to manage during unforeseen events or complications.    

 This kind of contribution can reduce the risk of complications, shorten the oper-
ating times, and improve the quality of the work and the clinical results, making the 
difference between a common PNL and an optimal PNL. 

 Other relevant synergies are those among urologists, scrub nurse, the radiology 
technician, anesthesiologist, and supporting OR nurse team.  

19.1.3     Learning Pre-, Intra-, and Postoperative Preparation 
and Management of All the Endourologic 
Armamentarium 

 Additionally, a wide knowledge of all the instruments, devices, and accessories is 
required not only to the surgeon but also to the nurses, as well as a correct post- and 
preoperative care during the sterilization phase. Before starting ECIRS, everything 
must be ready to use, sterile, and perfectly functioning, according to the internal 
checklists. 
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 All our team (scrub nurses and OR nurses) has undergone a phase of “on-the- 
fi eld” formation, a number of ECIRS (at least 15) have been needed to complete the 
training, and subsequently some tools have been produced (as the list of all instru-
ments required for antegrade and retrograde endoscopy or sterilization protocols for 
fl exible endoscopes). 

 Each member of the staff behaves according to previously defi ned and well- 
distributed tasks, without standing in the way of each other. Setup of frequency and 
energy of the laser (Fig.  19.1a ) and regulation of the LithoClast Master (Fig.  19.1b ); 
switch between the ready and pause status; functioning of the C-arm; memorization 
of the fl uoroscopic and ultrasound images; setup of the video system in terms of 
white balance, brightness, contrast, zoom, and double focus; and management of 
the AIDA Storz system with the possibility of storing video and images are some 
of the tasks to share among each other, according to organizational and management 
internal protocols.

19.2         Operating Room Preparation 

 Care should be taken to prepare the operating room according to the local require-
ments. For instance, our present OR being a rectangle, the surgical bed has to be put 
oblique towards the right or the left in order to create enough space for all the 
devices. Usually, we prepare the fl oor with adequate absorbing coverings, to afford 
possible fl uid spilling during the procedure. The operating bed must be adaptable 
for the lithotomic position, radiotransparent, and movable to obtain enough space 
underneath for the C-arm (Fig.  19.2 ).

   The OR, after standard cleaning, has to be filled with all the devices ready 
for use: anaesthesiologist’s respirator, ultrasound, fluoroscopy screen and 
C-arm, laser and LithoClast Master with the related pedals, video tower with 
two monitors (or a single one with the possibility of splitting the two images 
from antegrade and retrograde endoscopy) and two video cameras, chair with 
wheels for the surgeon, heating/irrigation devices, 50 liters fluid aspirator, and 
operating trays (Fig.  19.3 ).

   Everything must have been preliminarily checked for effi cient functioning. 
The disposition of each element we mentioned is not casual but arranged accord-
ing to standardized schemes, different for the right and the left side (see 
Chap.    11    ). One of the most important things is that the surgeons must always be 
able to look at the monitor and at the fl uoroscopy screen at the same time without 
problems. 

 Before the patient enters the OR, also the three sterile operating trays must be 
almost ready, with all the instruments and accessories sterile and ready to be opened 
within the room on a dedicated table. Also lead aprons and collars with the related 
dosimeters must be readily worn by all the personnel in the OR, to prevent radiation 
exposure (Fig.  19.4 ) [ 2 ,  3 ].

19 The Scrub Nurse’s Point of View on ECIRS   

http://dx.doi.org/10.1007/978-2-8178-0459-0_11


252

a

b

  Fig. 19.1    Setup of laser frequency and energy ( a ) and of the combined ballistic/ultrasound litho-
tripsy device ( b )       
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  Fig. 19.2    Floor absorbent covering and oblique surgical bed, translated to create the space for the 
C-arm       

  Fig. 19.3    Overview of the full OR ready to start ECIRS       
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  Fig. 19.4    OR personnel wearing the lead aprons and collars before ECIRS       

  Fig. 19.5    Patient in the fi nal Galdakao-modifi ed supine Valdivia position       
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19.3        Patient Positioning 

 Patient positioning is a task implying serious responsibilities, thus to be shared 
among nursing staff, surgeon, and anaesthesiologist, since if incorrect, it may cause 
a variety of lesions, sometimes transient but sometimes irreversible. 

 The Galdakao-modifi ed supine Valdivia positioning of the patient [ 4 ] is less tir-
ing than the alternative traditional position, requiring to turn the anaesthetized 
patient from the dorsal lithotomic initial position to the prone one. Adequate pad-
dings should be placed, and the patient should be correctly fi xed in the fi nal posi-
tion, with self-adhesive bandages such as peha-haft (Fig.  19.5 ). Care to avoid 
excessive abduction of the limbs or tracheal tube/vascular accesses displacement 
should be taken while moving the patient.

   Also ECIRS requirements have to be kept in mind, for instance, the contralateral 
leg should not hinder retrograde access with the semirigid ureteroscope, or enough 
space should be left under the fl ank for nephroscopic manipulation (Fig.  19.6 ).

19.4        Sterile Draping 

 After skin disinfection of both antegrade (Fig.  19.7a ) and retrograde surgical 
fi elds (Fig.  19.7b ), sterile drapings can be applied for ECIRS, consisting in one 
original endourologic draping for TURB/TURP with the bags for draining fl uids 
and another one arranged for the percutaneous zone according to a personal 
solution (Fig.  19.3 ), trying to avoid irrigation liquid spilling on the fl oor or on 
the surgeon during the whole procedure. We established a sort of sequence in the 
application of all the sterile drapings (Fig.  19.8 ), starting from the legs, going on 
with the thorax, and fi nishing with the abdomen, sealing all the fi eld with adhe-
sive stripes.

  Fig. 19.6    There has to be enough space for nephroscopic manipulation under the area of the per-
cutaneous access, without being hindered by the border of the surgical table (arrow = direction in 
which the patient has to be moved) (© Carole Fumat)       
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a

b

  Fig. 19.7    Skin disinfection of both antegrade ( a ) and retrograde ( b ) surgical fi elds       
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19.5         Preparation of the Surgical Tables 

     1.    One surgical sterile tray is for all the surgical drapings and the sterile gowns and 
gloves. Sterile coverings are prepared also for the ultrasound probe, the head of 
the C-arm, and the surgeon’s chair with wheels (Fig.  19.9 ).

       2.    Another surgical sterile tray is for the retrograde access, carrying semirigid 6–7.5 
Ch and fl exible ureteroscopes, the digital fl exible ureteroscope being always 
ready although still sealed; cystoscope with 30° optics and forceps for stent 
removal; optic cable; guidewires; 20 cc syringes (one empty, one with saline, one 
with contrast); lubricant; ureteral access sheath when required; ureteral catheter/
stent; urethral catheter; water cable for heated irrigation; and laser fi bers 
(Fig.  19.10 ).

       3.    Another surgical sterile tray is for the percutaneous procedure, carrying rigid and 
fl exible nephroscopes, the digital one being always at disposal although still 
sealed; probes of LithoClast Master; optic cable; water cable for heated irriga-
tion; three cups (one empty, one with saline, and one with contrast); 20 cc 
syringes; lubricant; 18G Chiba needle; Alken dilators; Amplatz dilators; balloon 
dilators; 0.038″ hydrophilic guidewire; extraction basket like N-Perc; and 
pyelostomy (Fig.  19.11 ).

  Fig. 19.8    Final sterile draping of the patient, fi rst the legs, then the thorax, and fi nally the abdo-
men, sealed on every side       
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       The correct preparation of the surgical trays requires the preliminary briefi ng on 
the clinical case with the surgeon (adult patient or child, previous surgeries mean-
ing more likely Alken than balloon for tract dilation, morbidly obese patient need-
ing the extra long 25 cm nephroscope, etc.) in order to foresee the intraoperative 
needs and to plan together the strategy in terms of dilation system and size of the 
access.  

  Fig. 19.9    Table for sterile 
drapings       

  Fig. 19.10    Table for antegrade  access       
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19.6     Some Tips and Tricks 

 Here is a short list of “tips and tricks” which may be obvious for many but which we 
have learned with the experience to pay attention to:

 –    Preliminarily check that all the coaxial telescopic metallic dilators of Alken are 
present and easily roll one over the other (this does not happen if they have not 
been adequately cleaned) (Fig.  19.12 ).

  Fig. 19.11    Table for retrograde access       

  Fig. 19.12    Check the 
presence of all the coaxial 
Alken dilators and their 
correct insertion one over the 
other       
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 –      Correctly prepare the balloon injecting contrast (Fig.  19.13a ), avoiding to pro-
duce air bubbles (Fig.  19.3b ); attention to the side with the diagonal cut of the 
Amplatz sheath, which, should be positioned toward the tip of the dilated balloon 
(Fig.  19.13c ).

 –      Always verify the coherence of the diameter of the operating channel of all the 
semirigid and fl exible instruments with the accessories to insert within (like bas-
kets or forceps). This avoids to open too large accessories, not able to pass within, 
and to waste them (Fig.  19.14 ).

a

c

b

  Fig. 19.13    Correctly prepare the balloon injecting contrast ( a ), avoiding to produce air bubbles 
( b ) and never forgetting to pass the balloon within the Amplatz sheath before infl ating it ( c )       

  Fig. 19.14    Preliminarily 
verify the coherence of the 
diameter of the operating 
channel with the diameter of 
the accessories to insert 
within       
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 –      Mount correctly the LithoClast Master, with particular reference to the ballistic 
probe that has not to protrude    (no more than in the drawing because otherwise it 
hinders ultrasound functioning, not less because otherwise it does not work) 
(Fig.  19.15 ).

 –      Switch off the heating of the irrigation fl uids during ultrasound lithotripsy, to 
avoid overheating (this is not necessary during ballistic only or stone laser litho-
tripsy) (Fig.  19.16 ).

  Fig. 19.15    Correctly mounted ballistic probe of the LithoClast Master (arrow = wrong position of 
the ballistic probe) (© Carole Fumat)       

  Fig. 19.16    Setup of the 
heating of the irrigation fl uids 
(the device also avoids air 
bubble formation)       

  Fig. 19.17    Port Seal and 
three-branched tap for 
fl exible ureteroscope       
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 –      Always prepare in advance the Port Seal and the three-branched tap for the fl ex-
ible ureteroscope, to avoid bad vision due to the pouring out of all the irrigation 
fl uid (Fig.  19.17 ).

19.7           In the Sterilization Central 

 At the end of surgery, the work of the nursing team is not over. In fact, the correct 
management of all the endourologic armamentarium and the application of stan-
dardized protocols of sterilization have to be followed. For instance, the laser fi bers 
have to be washed, cut, peeled, and checked with the dedicated inspecting device 
controlling its integrity before sterilization processing (Fig.  19.18 ).

   For the fl exible endoscopes, a fi rst test of capacity verifi es the integrity of the 
sheath (pressure progressively diminishes in case of damage, Fig.  19.19a ). After 
15 min in cleansing solution, washing with a pressurized pistol and demineralized 
water is performed, for three times of one minute each. Water is eliminated from the 
operative channel using compressed air (no more than 50 kPa, Fig.  19.19b ) and the 
outside surface gently dried. The optics (Fig.  19.19c ) and the fl exibility (Fig.  19.19d ) 
are then checked, and the sheath integrity verifi ed again (Fig.  19.19e ), after putting 
all the taps (Fig.  19.19f ) and before sealing the fi nal product in Sterrad. Attention 

a

c

b

  Fig. 19.18    Preparation of the laser fi ber after its use: ( a ) cutting, ( b ) peeling, ( c ) visual checking 
of the laser fi ber       
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a

c

d

e

f

b

  Fig. 19.19    Various    steps of fl exible ureteroscope care in the sterilization central : sheath integrity 
control ( a ), drying of the working channel ( b ), check of the optics ( c ) and of the fl exibility ( d ), 
second sheath integrity control ( e ), after putting all taps ( f )        
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should be paid not to bend the instruments too much, overloading the guys, that they 
do not fall down or receive any kind of trauma [ 5 ,  6 ].

19.8        Conclusions 

 Nursing assistance to ECIRS requires for sure an initial effort, largely rewarded by 
the satisfaction coming from the fi nal results. The absolute benefi t of the patient (in 
terms of comfortable positioning, easy anaesthesiological assistance, effi cacy and 
safety of the percutaneous procedure, painless awakening) is the best prize for all 
our work. 

 Teaching to other colleagues is also important in order not only to share the tech-
nical notes but also to communicate the spirit of the team, for the fi nal benefi t of the 
patients and also to be proud of our expertise.     
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    Abstract     At present, PNL is the minimally invasive technique of choice to treat com-
plex renal stones. Despite being a safe surgical intervention, PNL is not exempt from 
potential complications, which can arise at any stage of the procedure: patient position-
ing, renal puncture, tract dilation, intraoperative manipulation, stone fragmentation and 
postoperative management. Besides being the majority of them minor, they can be kept 
to a minimum in experienced hands with the development of new techniques and 
improved technologies. However, patient positioning-related complications are not 
considered in any classifi cation, as well as those related to anaesthesiological prob-
lems, which are the ones minimised adopting ECIRS in the Galdakao-modifi ed supine 
Valdivia position. In particular, with regard to the potential complications due to decu-
bitus, haemodynamic conditions, management of the respiratory tract and the relative 
location of the colon with respect to the puncture site, PNL performed in supine decu-
bitus or in any of its variations proves to be safer than in prone decubitus.  

20.1         Introduction 

 At present, percutaneous nephrolithotomy (PNL) is the minimally invasive tech-
nique of choice to treat complex renal stones. Despite being a safe surgical interven-
tion, PNL is not exempt from potential complications, which can arise at any stage 
of the procedure: patient positioning, renal puncture, tract dilation, intraoperative 
manipulation, stone fragmentation and postoperative management.  
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20.2     Positioning-Related Complications 

 Placing a relaxed, anaesthetised patient from supine to prone decubitus is not an 
easy task. It implies great maneuvring and requires to be performed with great care 
and coordination to avoid extreme extensions and fl exions that may hurt neck and 
shoulders. 

 Neurological lesions have been described as a consequence of the extreme rota-
tion of the head, such as hemiparesis, quadriparesis, quadriplegia, cerebrovascular 
accidents and brachial plexus injury [ 1 – 4 ]. Fortunately, however, all these severe 
lesions are extremely infrequent. 

 The probability of these complications diminishes considerably when the 
patient’s fi nal position is supine decubitus or any of its variations [ 5 – 9 ], as its 
manoeuvring is much less or virtually nil (see also Chap.   8    ). 

20.2.1     Pressure-Point-Area-Related Complications 

 Prone decubitus requires the surfaces of the body that are in contact with the operating 
table to be thoroughly padded. A wide variety of lesions have been described as a result 
of prone decubitus: skin necrosis of the forehead, nose, malar region, chin, eyebrows, 
ears, iliac crests and genitals [ 10 – 13 ]; dermatitis [ 14 ]; tracheal compression [ 15 ]; mac-
roglossia; oropharyngeal congestion; oedema of the superior respiratory tract [ 16 ]; vis-
ceral ischemia; peripheral neuropathies in elbows, knees and toes; and amaurosis [ 17 ]. 

 Postoperative blindness after a non-ophthalmological surgery is a rare phenomenon, 
but in two out of three cases, it occurs after surgery with the patient in prone decubitus 
[ 18 ]. The mechanism could be the direct external compression of the ocular globe, caus-
ing an increase in the intraocular pressure, the consequent ischemia on the retina and the 
loss of sight (Hollenhorst syndrome) [ 19 ]. Another factor could be that the prone position 
itself increases the intraocular pressure, and if this pressure is the same as the mean arte-
rial pressure, which is reduced by the anaesthetic, a relative ischemia of the optic nerve 
might take place [ 20 ]. Amaurosis occurs in 0.2 % of the surgeries in prone decubitus [ 21 ]. 

 None of these complications has been reported in supine decubitus, presenting 
much less opportunity for injury to the patient, since the above-mentioned struc-
tures do not come into contact with the operating table. As to the Galdakao-modifi ed 
supine Valdivia position, care must be taken here to avoid with adequate paddings 
localised pressures of upper and lower limbs and to tilt the pelvis and thorax equally 
to avoid stress on the lumbar spine.  

20.2.2     Haemodynamic Disorders 

 The prone decubitus produces signifi cant changes in the blood distribution, breath-
ing movements and lung perfusion. The fact that the thorax is lying on the surface 
of the operating table restricts respiratory movements. Owing to this, intermittent 
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positive pressure ventilation is necessary to bear the weight of the chest [ 22 ]. This 
results in an increased intrathoracic pressure, which leads to a reduction in venous 
back fl ow, both cephalic and caudal [ 23 ]. This circulatory disorder is particularly 
relevant in obese, elderly and hypovolaemic patients. 

 In the supine decubitus and its variations, the rib cage moves freely, avoiding 
such haemodynamic disorders.  

20.2.3     Management of the Respiratory Tract 

 Air tract control and resuscitation maneuvers are diffi cult in the prone position. Any 
complication (involuntary disintubation, the need for cardiopulmonary resuscita-
tion, etc.) means the need to move the patient immediately into supine decubitus, 
which is extremely diffi cult to do in the middle of a surgical procedure [ 24 ]. 

 However, if the patient is treated in supine decubitus, in the event of an emer-
gency, the anaesthesiologist is comfortable and free to work.   

20.3     Puncture-Related Complications 

 An ideal renal puncture should fulfi l three conditions:

    1.    It should avoid lesion of any neighbouring organ. If the kidney is in normal posi-
tion (as shown by the preoperative computed tomography), the puncture should 
be performed in the safe area for lumbar puncture as described in Chap.   13    .   

   2.    The needle, having passed through the renal parenchyma, should penetrate the 
urinary tract through the papilla of the selected calyx.   

   3.    The needle should follow the same direction of the axis of the neck of the calyx.     

20.3.1     Colon Lesions 

 Even if a correct puncture is independent from the decubitus of the patient, it is 
worth noting that in supine decubitus (or in its variations), the colon moves away 
from the puncture area by an average of 2.5 cm, therefore decreasing the risk of its 
perforation. This has been shown by a work carried out at our department at the 
Hospital Italiano of Buenos Aires, where we compared 20 computed tomography 
scans of the abdomen and pelvis of patients positioned in prone and intermediate 
supine decubitus, respectively [ 25 ]. There is also the research by Hopper, which has 
become a classic, which compares the frequency of occurrence of retrorenal colon 
in prone and supine decubitus, 1.9 % in supine decubitus and 4.7 % in prone posi-
tion, respectively [ 26 ].    This is the reason why pre operative tomography is of vital 
importance as a safety precaution for the percutaneous procedure as any anatomic 
alteration would be revealed [ 27 ]. 
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 The diagnosis of colonic perforation could be intraoperative, but it tends to be 
immediately postoperative. The damage can be either retroperitoneal or intraperito-
neal (Fig.  20.1a ,  b ). The clinical manifestations of peritonitis indicate intraperito-
neal lesion, which can be confi rmed radiologically by a nephrostomy control with 
contrast medium. A retroperitoneal lesion can often clear itself up spontaneously 
without the need of active maneuvers except for corresponding ones of support. On 
the other hand, an intraperitoneal lesion must be repaired immediately. Sometimes 
a complementary derivative transitory colostomy is required. The  longer it takes to 
resolve, the greater the risk of patient mortality. Every hour counts.

20.3.2        Pleural Lesions 

 Any intercostal puncture passes through the diaphragm and increases the risk of 
pneumothorax, hydrothorax and/or haemothorax. The incidence of liquid accumu-
lating in the pleura varies between 3 and 38 % when the puncture is performed 

a

b

  Fig. 20.1    ( a ) Intraperitoneal 
bowel perforation ( b ) 
Intraperitoneal bowel lesion, 
surgical repair       
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above the 11th rib [ 28 ,  29 ]. The lung and pleura can be damaged when the decision 
is made to reach the kidney by a puncture above the 11th rib [ 30 ]. Hopper states that 
these cases reach 86 % in the right pleura and 29 % in the right lung and on the side 
79 % in the left pleura and 14 % in the left lung. 

 These lesions often clear up by themselves spontaneously. Only in cases of 
extensive pneumothorax or haemopneumothorax is it necessary to place underwater 
seal thoracic drainage. Open surgery is seldom required.  

20.3.3     Hepatic Lesions 

 Hepatic lesions are unusual (Fig.  20.2 ). They are found to be associated with hepa-
tomegaly or right punctures above the eleventh rib. They do not often require an 
active resolution.

20.3.4        Splenic Lesions 

 Splenic lesions are also unusual. They are associated with splenomegaly or left 
punctures above the 11th rib. They often bleed in an unconstrained manner and may 
require splenectomy. Although a recent paper has shown the possibility of a conser-
vative form of treatment, this seems to be only an exceptional option [ 31 ].  

20.3.5     Other Visceral Injuries 

    Other unusual lesions which have been described, such as biliary, duodenal and 
intestinal mesenteric ones, are generally caused by the perforation of the renal pel-
vis by exaggerated progression of a dilator or needle.  

  Fig. 20.2    CT scan 
demonstrating the 
transhepatic passage of the 
nephrostomy tube (Courtesy 
of A. Hoznek)       
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20.3.6     Vascular Lesions 

 The second objective of the needle, as well as avoiding a lesion of a neighbouring 
organ, is to reach the urinary tract passing through the renal parenchyma without 
causing arterial bleeding. In order to reduce this risk to the upmost, it is necessary 
to know the arrangement of the renal artery and its branches in relation to the pelvis 
and the calyces. The vascularisation of the kidney is detailed in Chap.   6    . 

 The safest area for the puncture is normally the dorsal calyx of the lower pole. It 
is especially important to bear in mind the pathway of the infundibular arteries, and 
thus the safest way to access the urinary system percutaneously is frontally through 
the papilla of a calyx, following the axis of the infundibulum [ 32 – 34 ]. A vascular 
lesion may occur as the consequence of an intrarenal puncture through the infun-
dibulum. In fact, the puncture of the kidney through the infundibulum of an upper 
pole calyx is very dangerous, as this zone is completely surrounded by large blood 
vessels, both venous and arterial. In the casts, when the puncture was via the neck, 
67 % of the cases presented vascular lesion, of which 26 % presented arterial lesion. 
When the puncture is through a mid-renal infundibulum, 23 % of the cases present 
lesion to blood vessels. When the puncture is through a lower pole infundibulum, 
13 % of cases present a vascular lesion. 

 These fi ndings clearly show that the puncture through the infundibulum is not a 
safe access, since there is a high risk of lesion to an arterial blood vessel [ 35 ]. On 
the other hand, access through the papilla showed venous lesion in 8 % of the cases 
(regardless to the selected calyx) and no arterial lesions. 

 Additionally, following the same criterion of intending to avoid lesions to infun-
dibular blood vessels that run parallel to the calyceal necks, not only should the tip 
of the papilla be punctured but the needle should also follow the direction of the axis 
of the calyceal neck (a further condition for an ideal puncture). This way, the needle, 
once inside the calyx, has a long endoluminal pathway towards the pelvis, decreas-
ing the risk of coming out and causing arterial lesions. 

 Unfortunately, the projection of a straight line that follows the axis of the infe-
rior calyx and passes through the centre of the papilla generally enters the skin at a 
point outside the safe area for lumbar puncture. This means that an ideal puncture 
is very rarely feasible. Therefore, the precaution should always be taken of advanc-
ing the needle just a few millimetres, once the papilla is punctured, and removing 
its mandrel by introducing a guide wire towards the renal pelvis in order to main-
tain the way.   

20.4     Dilation-Related Complications 

 Once the guide wire is inserted, the access tract is dilated. Throughout this step, the 
main concern is to avoid an exaggerated progression of the dilators inside the uri-
nary tract. It is also opportune to remember that the punctured calyx tends to be 
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occupied by stones, and untimely dilation can cause damage to the mucosa. These 
complications during the dilation are avoided by making precise, gentle and con-
trolled movements. 

 A current controversy is what calibre to use in order to dilate. It is accepted that 
the greater the calibre of the Amplatz sheath inserted, the greater the risk of lacera-
tions on the one hand but, on the other hand, the shorter the operating time (as it 
enables the extraction of larger-sized fragments) and a guarantee of lower intrarenal 
pressures, decreasing the risk of sepsis. 

 The dilation usually makes any mistake made during the puncture evident. Thus, 
a peripheral papillary puncture can lead to bleeding due to parenchymal laceration 
during the dilation. 

 When bleeding is present, it must be determined whether it is venous or arterial 
(Fig.  20.3a – c ). Venous bleeding is easy to solve. A simple occlusion of the venous 
fl ow for a few minutes triggers the quick clot formation and allows the procedure to 
continue without major frights. However, arterial bleeding, fortunately far less com-
mon, is a urological emergency which requires an immediate solution by means of 
a superselective embolisation (Fig.  20.3d – g ).

20.5        Manipulation-Related Complications 

 Although there are various potential complications at this stage, all of them can 
be easily prevented or limited. The fi rst is the loss of the nephrostomy tract due 
to the slipping out of the Amplatz sheath. This is prevented by means of a previ-
ous safety guide wire insertion, especially the “through and through” (kebab) 
guide wire. In case the access tract is lost, it may be quickly regained with a 
safety guide wire in place. The nephroscope follows the guide wire and the 
sheath is reinserted. 

 With no safety guide wire in place, the same situation becomes more complex. 
It may be of help to retrogradely inject contrast medium mixed with indigo car-
mine or a little air into the ureteral catheter; the dye or the bubbles will come out 
through the fi stulous tract, observed by the nephroscope and under radioscopic 
control. During these manoeuvres, it is important to use the smallest amount of 
fl uids possible, for the shortest length of time possible (especially if it is not 
saline), to avoid an absorption syndrome [ 36 – 38 ]. The absorption syndrome is a 
rarity when the sheath is adequately placed within the urinary tract but proves to 
be a potentially severe complication when the fl uids are dispersed in the retro-
peritoneum, requiring clinical and nephrological management and high com-
plexity support and control. 

 If the attempt of regaining the lost access tract is not successful, an alternative 
correct decision could be to create a new access tract re-puncturing the patient or to 
suspend the procedure (possibly inserting a double-J stent) programming a further 
surgery later on.  
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  Fig. 20.3    ( a ) Arteriographic evidence of renal active bleeding ( b ) Arteriographic evidence of a 
pseudoaneurysm ( c ) Arteriographic evidence of an  arrow : arteriovenous fi stula ( d ) Selective arte-
riographic catheterisation of the vascular lesion ( e ) Superselective embolisation of the vascular 
lesion ( f ) Postembolisation control: arterial phase ( g ) Postembolisation control: nephrographic 
phase: ischemic area         

a
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20.6     Fragmentation-Related Complications 

 Usually, complex calculi need to be fragmented in order to make their extraction 
possible via the Amplatz sheath. Any available energy can be used, whether ultra-
sonic, pneumatic, electrohydraulic or laser. Each one has different physical features 
as well as potential harmful mechanisms causing lesion to the surrounding mucosa. 

e f

g

Fig. 20.3 (continued)
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For instance, the obstruction of the probe of the sonotrode during ultrasonic litho-
tripsy can cause thermal lesions. The expansive features of the explosive evapora-
tion of the liquid around the electrohydraulic fi bre can cause mucosal laceration. 
The movement of the probe being propelled by pneumatic or electromagnetic 
pulses, following the principles of ballistics, can cause mechanical perforation of 
the renal cavities. The hyperthermia of the tip of the laser fi bre, if inadequately 
controlled, can cut through tissues as if they were butter. 

 In principle, none of these complications should force the procedure to be sus-
pended, and they can be solved spontaneously by inserting a nephrostomy at the end 
of the procedure to guarantee a low intraluminal pressure. It is possible to prevent 
these problems by using any of these energy sources with gentleness and always 
working under permanent endoscopic vision on the calculus, keeping as far as pos-
sible from the mucosa.  

20.7     Hypothermia 

 It may be unusual, but hypothermia has been described as a phenomenon possibly 
and inadvertently occurring when any surgical procedure is prolonged in time. 
Therefore, in such cases, it is advisable to administer tepid irrigation solutions [ 39 ].  

20.8     Exiting-Related Complications 

 Once the procedure is fi nished, a nephrostomy drain is usually left in, which may be 
somehow painful. Nevertheless, increasingly more and more research seems to 
show an advantage of leaving the patient at the end of the procedure without neph-
rostomy drainage, in other words, tubeless [ 40 ,  41 ]. The nephrostomy aims at guar-
anteeing low pressure inside the urinary tract. For that reason, it is indicated in cases 
of persistent lithiasic remains, bleeding that can result in potentially obstructive 
blood clots and previous urinary infections.  

20.9     Conclusions 

 Complications occurring during or after PNL may occur with a rate of up to 83 % 
and have been stratifi ed according to their severity [ 42 – 48 ]. It is important to realise 
that, besides being the majority of them minor, they can be kept to a minimum in 
experienced hands with the development of new techniques and improved technolo-
gies. However, patient positioning-related complications are not considered in any 
classifi cation of PNL complications, as well as those related to anaesthesiological 
problems. 
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 In spite of all the above-mentioned potential complications, PNL is still a proce-
dure that is minimally invasive, very therapeutic (whether or not in combination 
with endoscopic or laparoscopic procedures) and scarcely painful. It implies a short 
hospitalisation time and convalescence and has virtually no after-effects. Thus, PNL 
is defi nitely a useful and safe tool to treat complex calculi. 

 With regard to the potential complications due to decubitus, haemodynamic con-
ditions, management of the respiratory tract and the relative location of the colon 
with respect to the puncture site, PNL performed in supine decubitus or in any of its 
variations proves to be safer than in prone decubitus. 

 To conclude, there are ten points to bear in mind when carrying out a PNL:

    1.    Put together a stable surgical team defi ning the precise role of each of its 
members.   

   2.    Be knowledgeable of and have available a complete set of endoscopic 
instrumentation.   

   3.    Work in a relaxed environment.   
   4.    Perform a thorough preoperative assessment of the patient, with negative urine 

culture.   
   5.    Perform a preoperative computed tomography of the abdomen and pelvis.   
   6.    Carry out the puncture in the safe area for lumbar puncture: below the eleventh 

rib, outside the paravertebral muscles, above the iliac crest and inside the free 
end of the 12th rib.   

   7.    Puncture the tip of the papilla of the selected calyx, following the axis of the 
calyceal neck as much as possible.   

   8.    Penetrate the urinary tract by a few millimetres and insert a safety guide wire.   
   9.    Fragment and extract the stones delicately under direct vision.   
   10.    Never be in a hurry and never underestimate the procedure you are 

performing.         
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    Abstract     Postoperative infection in PNL represents one of the most feared and 
life-threatening complications in current urologic practice. In this chapter the 
importance of a correct preoperative evaluation of the patient and of the related risk 
factors is described; adequate antibiotic prophylaxis and intraoperative measures to 
prevent the development of infectious adverse events are indicated; early postopera-
tive signs that could anticipate the development of a sepsis, in order to achieve a 
timely diagnosis and establish early measures that consequently will reduce mor-
bidity and mortality, are identifi ed. These are the basic principles and key points that 
will help us to perform a secure PNL, limiting intraoperative risk.  

21.1         Introduction 

 Postoperative infection in percutaneous nephrolithotomy (PNL) represents one of 
the most feared and life-threatening complications in current urologic practice. In 
this chapter we will: 

     1.    Describe the importance of a correct preoperative evaluation of the patient and of 
the related risk factors.   

   2.    Indicate adequate antibiotic prophylaxis and intraoperative measures to prevent 
the development of infectious adverse events.   

    Chapter 21   
 Antibiotic Prophylaxis and Infectious 
Complications in PNL 
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   3.    Identify early postoperative signs that could anticipate the development of a sep-
sis, in order to achieve a timely diagnosis and establish early measures that con-
sequently will reduce morbidity and mortality.     

 PNL is considered a safe procedure for the management of renal stones [ 1 ]. It is 
an invasive procedure with a wide reported complication rate that ranges from 3 to 
83 % according to different authors [ 2 ,  3 ]. Indeed, urosepsis and urinary tract infec-
tions in PNL represent a dangerous situation when postoperative septicemia or 
severe sepsis develops. Urinary sepsis has a low reported incidence that ranges from 
0.3 to 1 % but a very high (66–80 %) mortality rate [ 2 ,  4 ,  5 ]. 

 Postoperative fever is a common and usually not exceptional adverse event, with 
a reported incidence from 10.4 up to 38.9 % [ 2 ,  6 ,  7 ]. It is well known that it is not 
always secondary to an infectious process, but the related literature frequently con-
siders it in any case an infectious complication. In spite of its benign clinical course, 
postoperative fever deserves close observation and the maintenance of a high index 
of suspicion, because 0.3–9.3 % of patients can develop potentially life-threatening 
sepsis [ 6 ].  

21.2     Pathogenesis of Urosepsis/Septic Shock 

 Most of the stones that are managed today by PNL are infected stones (magnesium 
ammonium phosphate or calcium carbonate) derived from persistent infection 
caused by urease-producing bacteria; in industrialized countries these represent up 
to 15 % of urinary calculi [ 8 ]. Noninfected stones (calcium oxalate or uric acid 
stones) are also frequently associated with bacterial colonization or active infec-
tions caused by associated factors like urinary fl ow obstruction and urine stasis. 

 The bacteria are incorporated into the interstices of the stone, establishing their 
own biofi lm environment and becoming diffi cult or impossible to eradicate without 
removal of the calculus. Stones can also injure the urinary tract, and this damage 
can further facilitate bacterial colonization [ 9 ]. 

 An infectious complication is triggered when during PNL urinary bacteria and 
their products enter the bloodstream via pyelovenous, pyelolymphatic, and pyelotu-
bular backfl ow and forniceal rupture, caused by a mixture of events related to the 
surgery per se (such as vascular, lymphatic, and urothelial disruption secondary to 
renal access; increased pressure into the collecting system during nephroscopy; 
stone manipulation producing an intense release of bacteria and endotoxins), trig-
gering a systemic infl ammatory response. 

 A generalized neurohumoral pro- and anti-infl ammatory response takes place. 
This begins with cellular activation of monocytes, macrophages, and neutrophils 
that interact with endothelial cells through numerous pathogen recognition recep-
tors [ 10 ]. A further host response includes the mobilization of plasma substances, 
such as tumor necrosis factor (TNF), interleukins (ILs), caspases, proteases, leukot-
rienes, kinins, reactive oxygen species, nitric oxide (NO), arachidonic acid, platelet 
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activating factor (PAF), and eicosanoids. TNF-α and IL-1 are the most important 
pro-infl ammatory cytokines and exhibit similar biologic properties. They infl uence 
the temperature regulatory centers in the hypothalamus, resulting in fever. They 
also have an effect on the reticular formation in the brain stem, which renders the 
patient somnolent and comatose. Release of adrenocorticotropic hormone (ACTH) 
in the pituitary gland is increased; therefore, the adrenal gland is stimulated. These 
factors also stimulate hematopoietic growth factors, which leads to the formation of 
new neutrophils and the release of stored ones. The neutrophils are additionally 
activated and produce bactericidal substances, such as proteases and oxygen radi-
cals. B and T lymphocytes are stimulated for the synthesis of antibodies and cellular 
immune reaction. In the continuing septic process, however, apoptosis of B cells, 
CD4 helper cells, and follicular dendritic cells causes an anti-infl ammatory immune 
suppression, called transient immune paralysis [ 11 ]. Activation of complement and 
coagulation cascades further amplifi es this chain of events. Microvascular injury, 
thrombosis, and loss of endothelial integrity (capillary leak) take place and result in 
tissue ischemia. This diffuse endothelial disruption is responsible for the multiple 
organ failure (MOF) and the global tissue hypoxia accompanying severe sepsis/
septic shock [ 12 ].  

21.3     Bacteriology 

 Pathogens associated with urinary tract infections (UTIs) and urosepsis have not 
varied greatly over the last decades except for the considerable changes in their 
resistance patterns [ 13 ,  14 ]. A continuous assessment of local patterns is important 
in order to establish the most appropriate and effective antibiotic regimens to pre-
vent infectious complications. 

 Escherichia coli remains the single most common microorganism to cause UTIs. 
This is followed by Klebsiella and Proteus spp., frequently associated with stone 
disease. Furthermore, the increasing presence of Gram-positive bacteria such as 
Enterococcus and Staphylococcus should be noted. 

 DasGupta et al. reported that 40 % of urology inpatients had Gram-positive organ-
isms, Enterococcus accounting for 27 % [ 15 ]. Several reports have shown that other 
organisms have increased not only their incidence but also their resistance to antibiot-
ics commonly used in urology, including trimethoprim, quinolones, cephalosporins, 
and aminoglycosides, such as gentamicin; this is the case for Pseudomonas aerugi-
nosa, methicillin-resistant Staphylococcus aureus, Serratia spp., and Clostridium dif-
fi cile [ 16 ]. Resistance of Pseudomonas to quinolones is reported in up to 20 % of 
urology inpatients, with multiresistant Pseudomonas outbreaks encountered in endou-
rologic units [ 17 ]. Kashanian et al. [ 18 ] recently reported in a retrospective analysis 
25 % resistance of  E. coli  to ciprofl oxacin. This rise in resistance of urinary pathogens 
towards quinolones has been reported worldwide and might be the consequence of its 
overuse due to its effi cacy in treating other infections and uncomplicated UTIs, as 
well as its misuse as prophylaxis in some urologic diagnostic procedures.  
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21.4     Preoperative Evaluation 

21.4.1     Identifying Risks for Infectious Complications 

 All patients who are being considered for PNL should be strictly evaluated with a 
complete medical history, physical examination, and laboratory tests, including an 
obligatory urine culture. This will help identifying those patients with a high risk for 
the development of an infectious complication [ 19 ]. There are well-recognized risk 
factors that can be categorized under the following headings. 

21.4.1.1     Related to the Patient 

 There are several patient characteristics known to increase the risk of infectious 
complications after surgery. Patients who are immunosuppressed for different 
causes, among others those with malignant or autoimmune diseases receiving che-
motherapy or chronic use of corticosteroids, usually have impaired infection resis-
tance. Also patients of advanced age or poor nutritional status, with diabetes, 
obesity, and signifi cant kidney or liver diseases, and female patients have a higher 
risk [ 20 ]. 

 Other risk factors that occasionally are present in stone disease patients are ana-
tomic anomalies, voiding dysfunctions, and urinary diversions. Many of these 
patients will have a positive urine culture and must receive preoperative antibiotics 
appropriately tailored to culture-specifi c organisms; at the end of treatment, urinary 
cultures must be repeated.  

21.4.1.2     Related to the Stone Disease 

 Any procedure performed in patients with urolithiasis represents a high risk of 
developing infectious complications because of factors related to the stones 
(obstruction or hydronephrosis, active infection) and their management (frequent 
use of antibiotics and instrumentation, indwelling catheters, and ureteral stents), 
both increasing the possibility of colonization and chronic bacteriuria. 

 Rao et al. reported that bacteriuria and pyuria are risk factors for bacteremia; 
they also found that preoperative bacteriuria had a positive predictive value 
(PPV) of 0.53 for detection of endotoxemia, another important risk factor for 
the development of urosepsis [ 20 ]. The Clinical Research Offi ce of the 
Endourological Society (CROES) PCNL global study, a prospective global 
database of indications and outcomes of PNL, included 5,803 patients and found 
that a positive culture is associated with a twofold risk of fever in the postopera-
tive period. Also the presence of staghorn calculi and the use of a prior nephros-
tomy tube were shown to independently increase the risk of fever by 
approximately 60 % [ 6 ].    
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21.5     Intraoperative Management and Risk Factors: 
Reducing Risks 

21.5.1     Prophylactic Antibiotic Therapy 

 Prophylaxis means a brief course of antibiotics administered before or at the start of 
an intervention and is used to minimize the infectious complications resulting from 
diagnostic and therapeutic interventions. While the rationale for the use of antibiot-
ics is well accepted, possible side effects and development of antimicrobial resis-
tance patterns are potential risks. Therefore, an antibiotic prophylaxis policy should 
be well considered and based on high levels of evidence [ 21 ]. 

 For prophylactic antimicrobial administration to be optimally effective, timing 
and dosing are critical. Infusion of the fi rst dose should begin within 60 min of the 
surgical incision (with the exception of 120 min for intravenous fl uoroquinolones 
and vancomycin). Correct dosing is equally important. Some drugs should be 
adjusted to the patient’s body weight. Oral administration is as effective as the intra-
venous route for antibiotics with suffi cient bioavailability. Additional doses are 
required intraoperatively if the procedure extends beyond two half-lives of the ini-
tial dose [ 22 ]. 

 It is generally agreed that patients who are scheduled for PNL must have a nega-
tive urine culture before surgery. Unfortunately, this is not always possible to adhere 
to because of stone or urinary tract colonization; in these patients, appropriate anti-
biotic therapy should start at least 1 week before the planned procedure. Results of 
urine cultures from patients with stones are not predictive of stone bacteriology, 
especially in those with struvite stones. Therefore, this group should receive broad- 
spectrum antibiotic therapy, specifi c to the cultured bacteria but also likely to be 
effective against urease-producing organisms residing in the stone. 

 In the last three decades, several studies have been published demonstrating the 
benefi t of prophylactic antibiotics in PNL independently of the drug and scheme 
studied. 

 Charton and coworkers [ 23 ] found in patients who had negative cultures and who 
did not receive antibiotics an incidence of 35 and 10 % of post-PNL bacteriuria and 
fever without sepsis or bacteremia, respectively. 

 Later, Darenkov and associates [ 24 ] demonstrated that patients who received 
preoperative intravenous or oral ciprofl oxacin to reduce the risk of postoperative 
urinary infection compared with a nontreatment group showed an incidence of 0 
and 17 %, respectively, versus 40 % in the arm without therapy. 

 Lately, Mariappan and colleagues [ 25 ] compared a historical cohort as a control 
arm that received gentamicin as a unique preoperative dosage [ 26 ] with a treatment 
group that received 1 week of ciprofl oxacin 500 mg/day preoperatively and showed 
that in patients with stones >20 mm or dilated pelvicalyceal systems, the risk of 
postoperative urosepsis development diminished signifi cantly up to three times 
(relative risk (RR) = 3.4) as well as systemic infl ammatory response syndrome 
(SIRS) (RR = 2.9) in patients who received ciprofl oxacin. 
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 Recently, Seyrek et al. [ 27 ] showed that ampicillin–sulbactam and cefurox-
ime are equally effective in terms of prevention of infl ammatory response 
 syndrome and did not fi nd any difference between different schemes of duration 
of antibiotic maintenance, concluding that a single dose administration is 
suffi cient. 

 Also, Dogan and coworkers [ 28 ] in a prospective comparative study on 81 
patients with preoperative sterile urine found that a single dose of ofl oxacin given 
during anesthetic induction was associated with the same incidence of fever, bacte-
riuria, and bacteremia as ofl oxacin administered until the time of nephrostomy tube 
removal. 

 Komar and colleagues [ 29 ] analyzed various risk factors for urosepsis following 
PNL and studied the role of 1-week nitrofurantoin before surgery in reducing the 
risk of urosepsis. They found that nitrofurantoin prophylaxis resulted in decreased 
risk factors as culture positivity (30.2 % vs. 8.3 %, odds ratio 0.36,  p  = 0.087), endo-
toxemia (41.9 % vs. 17.5 %, odds ratio 0.22,  p  = 0.001), and consequently SIRS 
(49 % vs. 19 %, odds ratio 0.31,  p  = 0.01). 

 Published literature suggests that antimicrobial prophylaxis is unnecessary 
after wound closure or on termination of an endoscopic procedure, but consider-
ing that PNL could be associated with a preexisting infection, infectious stone, or 
manipulation of an indwelling catheter, the subsequent course of antimicrobials 
(therapeutic rather than prophylactic) might include a period extending beyond 
24 h from the conclusion of the procedure. In the absence of preexisting bacterial 
colonization, there is no evidence that prophylaxis should extend beyond 24 h. In 
cases where prolonged catheterization follows the procedure (i.e., nephrostomy 
tube and/or double J stent), antimicrobial therapy at the time of catheter removal 
may be therapeutic rather than prophylactic, because colonization likely has 
occurred [ 30 ]. 

 Recently, both the European and American Urological Associations published 
guidelines and recommendations for best practice in antibiotic prophylaxis in uro-
logic surgery [ 21 ,  30 ,  31 ] (Fig.  21.1 ). These guidelines are extremely helpful to 
standardize the administration of antibiotics prior to surgery. However, local prac-
tice should be based on or adjusted according to local or even hospital microbio-
logic patterns and requirements, so it is crucial that each center and department 
reviews regularly its infection patterns and antibiotic resistance.

21.5.2        Urine and Stone Bacteriology 

 Mariappan et al. demonstrated that stone and pelvic urine cultures obtained during 
surgery are better predictors of potential urosepsis than bladder cultures [ 28 ]; they 
found that bladder urine cultures were positive in 11.1 % of cases versus 35.2 and 
20.4 % of stone and pelvic urine cultures, respectively. Stone culture showed the 
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greatest PPV (0.7). Infected bladder urine did not always carry identical bacteria to 
those found in the upper tract. Patients with pelvic- or stone-positive cultures 
showed a relative risk for urosepsis at least four times greater than the rest of the 
cohort. In this study, bladder urine did not predict SIRS. Also, they found that pre-
operative hydronephrosis and stones larger than 20 mm correlated with positive 
stone and pelvic urine cultures. 

 Margel and associates [ 32 ] obtained similar results. They found different patho-
gens between bladder urine and stones in 35 % of cases; colonized stones were 
associated with sterile urine culture in 25 % of patients. The relative risk (RR) 
of SIRS when the stone culture was positive was 3.6. Dogan and associates [ 33 ] 
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also found an increased risk of postoperative fever and sepsis in the group of 
patients with positive stone and fi rst urine obtained after puncture cultures. They 
found 35 % of positive stone cultures and 10 % of upper tract urine positive cul-
tures in patients with negative preoperative urine cultures or those who received 
appropriate antibiotic therapy before surgery. Recently, Lojanapiwat [ 34 ] divided 
200 patients in two groups, those that presented postoperative SIRS (group I) and 
those that did not (group II), and found that preoperative urine culture, pelvic 
urine culture, and stone culture, respectively, were positive in 66.1, 46.4, and 
48.2 % of the patients in group I, but only 10.4, 3.5, and 3.5 % for the correspond-
ing specimens in group II. These fi ndings underline the importance of intraopera-
tive microbiologic evaluation of both urine and stones; the obtained cultures may 
be a guide in the postoperative antibiotic adjustment if a more serious infectious 
complication develops. 

 Manipulation of infected stones can cause sepsis due to endotoxemia. McAleer, 
et al. measured endotoxins levels in renal stones and found markedly higher levels 
in infection stones [ 35 ]. Interaction of bacteria with different intracorporeal litho-
tripters may have antibacterial effects. In vitro studies have shown a decrease of 
bacteria viability after use of intracorporeal lithotripsy and laser [ 36 ]. Our group has 
reported recently that extracorporeal shock wave or intracorporeal lithotripsy, using 
all the alternatives currently available, is signifi cantly effective at reducing the via-
bility of bacteria located inside artifi cial stone models, including struvite stone 
models infected with Proteus mirabilis [ 37 – 39 ]. Whether this bactericidal effect is 
desirable is still to be answered, because reduction in the number of bacteria may 
represent an increase in the presence of proteins/endotoxins freed from bacterial 
cell lysis, therefore increasing the risk of urosepsis.  

21.5.3     Renal Pelvic Pressure During Surgery 

 Renal pelvic pressure (RPP) greater than 30 mmHg has been shown to result in 
pyelovenous and pyelolymphatic backfl ow. Troxel and Low, in a prospective study 
that included 31 patients, found that RPP greater than 30 mmHg was recorded only 
in eight patients (26 %) and did not fi nd any association between RPP levels and 
postoperative fever [ 40 ]. In contrast with them, Zhong et al. demonstrated that mean 
intrapelvic pressure greater than 20 mmHg and accumulated time of RPP greater 
than 30 mmHg may cause enough backfl ow to contribute to bacteremia and postop-
erative fever [ 41 ]. 

 Low RPP during surgery is achieved using an open low-pressure access system 
such as operating through an Amplatz sheath (operating instrument 4 Ch sizes 
smaller than the access sheath). Infl ow of irrigant should be at gravity and never 
pressurized. We also recommend the use of forced diuresis (furosemide 20 mg at 
the beginning of irrigation and every 60 min of surgery and irrigation time) to 
further reduce the pyelorenal refl ux potentially causing fl uid overload and bacte-
remia. Other factors that have been related to postoperative fever and risk of 

O.R. Negrete-Pulido and J. Gutiérrez-Aceves



287

bacteremia are long operative time, large stone burden, and high amounts of irri-
gating fl uid. 

 In the presence of an obstruction at the ureteropelvic junction or intrarenal seg-
ments, purulent urine may be obtained during renal access despite previous negative 
cultures of the voided urine (Fig.  21.2 ). In such instances treatment has to be post-
poned, the urine cultured and the renal collecting system drained under antibiotic 
coverage, until eradication of the infection is documented.

   According to Ramsey et al. in a recent evidence-based review [ 42 ], the effects on 
the resolution of infected hydronephrosis are similar if a ureteral stent or a nephros-
tomy tube is used. Nevertheless, Mokhmalji et al., in a prospective randomized 
study, reported prolonged fever and catheter placement time in the group of patients 
treated with ureteral stent and suggest that percutaneous nephrostomy is superior to 
ureteral stents for diversion of hydronephrosis [ 43 ]. 

 Small case series have been reported, exploring the possibility of continuing 
the surgery even if purulent urine is incidentally encountered. Aron et al. in a 
group of 19 patients reported no difference regarding the incidence of postopera-
tive fever or sepsis between patients with one-stage versus staged surgery with 
collecting system drainage and 3–7 days of intravenous antibiotic coverage 
before a second procedure [ 44 ]. Hosseini et al. divided 45 patients into two 
groups: in group 1 ( n  = 29) stones were removed during the fi rst session, and in 
group 2 ( n  = 16) a nephrostomy tube remained in place, while stone removal was 
accomplished 3–5 days later when results of urine and nephrostomy fl uid cul-
tures were negative [ 45 ]. They reported no intraoperative or postoperative com-
plications, other than transient fever in 10.3 and 12.5 % in groups 1 and 2, 
respectively. 

 In spite of these recent reports, there is neither suffi cient evidence nor well-
designed clinical trials to recommend other conduct than performing a staged pro-
cedure with drainage and broad-spectrum antibiotic therapy until infection has 
resolved.   

  Fig. 21.2    Purulent urine may 
be obtained during renal 
access       
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21.6     Treatment of Complications 

21.6.1     Postoperative Fever 

 Transient postoperative mild to moderate body temperature elevation is frequently 
seen, is usually secondary to the release of infl ammatory mediators, and is not 
always attributed to an infectious cause [ 4 ]. In several studies, discordant rates 
between postoperative fever and bacteriuria have been reported, ranging from 
10–35 % to 0–19 %, respectively [ 5 ,  23 ,  28 ,  32 ,  46 ,  47 ]. Ziaee and coworkers [ 48 ], 
using three simultaneous laboratory tests including postoperative urine cultures, 
blood cultures, and postoperative polymerase chain reaction, did not show any dif-
ference in bacteriuria between febrile and non-febrile patients. Also, Rao and asso-
ciates [ 5 ] demonstrated a lack of this correlation in their study in which 74 % of 
patients with PNL had fever postoperatively and only 41 % endotoxemia. These 
discordances may support the hypothesis that the presence of fever might be the 
result of infl ammatory mediators in response to surgical manipulation rather than 
infectious in origin. On the other hand, a possible explanation is the inhibitory effect 
of perioperative antibiotics on bacterial growth. 

 Thus, in patients with absence of bacteriuria or without struvite stone disease, 
who are given antibiotics preoperatively and maintained postoperatively, tempera-
ture rise usually resolves, does not have clinical signifi cance, and does not necessi-
tate immediate bacteriologic evaluation in those who are hemodynamically stable. 
Treatment of this group of patients consists of continued antibiotic coverage—i.e., 
intravenous antibiotics during the hospital stay and oral antibiotics for 5 days after 
discharge. In these patients, the nephrostomy tube is left to drain 24 h after disap-
pearance of any temperature rise (Fig.  21.1 ). The risk of a more severe infection and 
systemic bacteremia is low, provided that appropriate preventive measures are 
taken.  

21.6.2     Persistent Postoperative Fever 

 Noncontinuous, less than 38 °C persistent postoperative fever in patients without 
hemodynamic instability should be managed with continuous perioperative oral 
antibiotics for 5 days (or longer if residual infected stone remains inside the collect-
ing system) and maintaining open nephrostomy tube until the urine is clear. If per-
cutaneous renal drainage is necessary for longer periods (second session planned, 
status post-ureteropelvic junction repair), urine culture should be revaluated and 
antibiotic therapy modifi ed or restarted 3 days before any further manipulation, 
such as antegrade pyelography, repeated treatment sessions, or even clamping of the 
PNL tube. Prolonged percutaneous renal drainage almost invariably leads to bacte-
riuria; however, the risk of major infectious complications can be kept to a mini-
mum if these precautions are observed.  
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21.6.3     Postoperative Sepsis: Early Identifi cation 
and Initial Treatment 

 Early recognition and management of sepsis optimizes outcome. Therefore, patients 
in whom this problem is suspected after genitourinary surgery should be prioritized 
and receive timely care. 

 To diagnose sepsis and severe sepsis/septic shock as early as possible, it is neces-
sary to have clear defi nitions of infection, organ dysfunction, and global tissue 
hypoxia and to recognize the clinical and laboratory fi ndings that are indicative of 
these conditions. Sepsis is defi ned as the presence of SIRS caused by a documented 
or suspected infection. SIRS is defi ned as the presence of two or more of the follow-
ing: (1) temperature greater than 38 °C or less than 36 °C, (2) heart rate greater than 
90 beats/min, (3) respiratory rate greater than 20 breaths/min (or PaCO 2  <32 Torr), 
and (4) white blood cell count greater than 12,000/mm 3  or greater than 10 % imma-
ture band forms. Severe sepsis is defi ned as the presence of sepsis and one or more 
organ dysfunctions. Organ dysfunction can be defi ned as acute lung injury; coagula-
tion abnormalities; thrombocytopenia; altered mental status; renal, liver, or cardiac 
failure; or hypoperfusion with lactic acidosis. Septic shock is defi ned as the pres-
ence of sepsis and refractory hypotension, i.e., systolic blood pressure less than 
90 mmHg and unresponsive to a crystalloid fl uid challenge of 500 ml. 

 As mentioned above, clinical and laboratory recognition of septic problems is 
mandatory. Procalcitonin is a propeptide of calcitonin, but lacks hormonal activity. 
During generalized infections with systemic manifestations, its level may rise con-
siderably. In contrast, during severe viral infections or infl ammatory reactions of 
noninfectious origin, procalcitonin levels show no or only a moderate increase. Its 
exact site of production during infl ammatory response is still unknown. The docu-
mentation of high levels of early biochemical markers, such as procalcitonin and 
protein C, in the initial postoperative period may help identify a severe infl amma-
tory response to surgical stress from bacteremia, SIRS, or sepsis/septic shock and 
prompt the institution of adequate and opportune therapeutic measures [ 49 ]. 

 Appropriate therapy is a continuum of infection management ranging from 
drainage (maintaining indwelling catheter or opening the nephrostomy tube) and 
broad-spectrum antibiotics to aggressive fl uid resuscitation and invasive monitoring 
with medical management in the intensive care setting, until the causative agent is 
found and eradicated. 

 Continuous monitoring of vital signs, pulse oximetry, urine output, and initial 
laboratory testing to assess the severity of global tissue hypoxia and organ dysfunc-
tion, including assessment for lactic acidosis, renal and hepatic dysfunction, acute 
lung injury, and coagulation abnormalities, should be instituted as soon as possible 
in patients in whom severe sepsis/septic shock is suspected to facilitate the earliest 
recognition of this condition. 

 The usual bacteria cultured from urinary sources are aerobic Gram-negative 
bacilli and enterococci. Appropriate cultures (including blood and urine) should be 
obtained before the adjustment of antibiotics. At this point, it is important to 
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reanalyze urine cultures that were obtained preoperatively or during surgery and, 
based on their results, redirect antibiotic therapy. If results are not available, empiric 
broad-spectrum antibiotics should be initiated as soon as possible. Suggested pri-
mary regimens include the usage of ampicillin/gentamicin, or piperacillin–tazobac-
tam, or carbapenems (doripenem, imipenem, or meropenem). The duration of 
treatment is determined by the patient’s clinical response. It is imperative to modify 
the antibiotic regimen to a culture directed one when possible. If severe sepsis/sep-
tic shock is recognized, besides empiric antibiotic therapy, prompt treatment in the 
intensive care unit should include repletion of intravascular volume with large 
amounts of crystalloid intravenous fl uids. Pressors are administered as needed to 
maintain blood pressure, central venous pressures are monitored, and fl uids are 
administered to maintain a pressure of 8–12 cm H 2 O. Bicarbonate and low-dose 
steroids may be used and good blood glucose control maintained. Tight blood glu-
cose control by administration of insulin doses up to 50 U/h is associated with a 
reduction in mortality. Recombinant activated protein C (drotrecogin alfa) is a new 
drug that has been approved for therapy of severe sepsis. Multidisciplinary treat-
ment is essential to obtain good results [ 12 ,  50 ,  51 ].   

21.7     Conclusions 

 Infectious complications represent a potentially life-threatening scenario that has 
the possibility to be prevented or at least minimized in most of cases; thus it is cru-
cial to identify risk factors. All potential candidates to PNL must be evaluated with 
a meticulous and strict preoperative work-up. The appropriate time to perform sur-
gery according to the potential infectious sources should be established. A correct 
preoperative prophylaxis based on provided guidelines and adjusted according to 
the results of urine cultures or to local or even hospital microbiologic patterns 
should be provided. As mentioned, there are basic principles and key points that will 
help us to perform a secure surgery, limiting intraoperative risk. Once an infectious 
complication is suspected, it is imperative to act accurately with a multidisciplinary 
approach, to avoid the progression of the natural history of sepsis and to provide 
better opportunities to obtain a complete recovery.     
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    Abstract     There is still much controversy in the literature concerning the optimal 
approach for PNL. Although prone PNL remains predominant on a global level, 
with a superior acquired experience and more training opportunities when com-
pared to supine position, supine PNL is increasingly used and it is now quite con-
sensual that it allows an easier management from the anaesthesiological point of 
view and may reduce patient morbidity. The available randomized studies demon-
strate that in centers which already standardized the supine technique, this proce-
dure may be more ergonomic and quicker and equally effi cient in terms of stone 
clearance and morbidity.  

22.1         Introduction 

 Percutaneous nephrolithotomy (PNL) in prone position has been considered until 
recently as the gold standard for the treatment of large (more than two centimeters) 
and/or complex renal stones. However, during the last few years, a new approach in 
a modifi ed lithotomy and supine position has been proposed, with the purpose of 
simplifying patient positioning and improving the effi cacy of the procedure (see 
also chapter 9). 

 The fi rst large clinical series of PNL was reported by Valdivia Uría [ 1 ]. His tech-
nique was further improved by Ibarluzea [ 2 ], opening the era of Endoscopic 

    Chapter 22   
 Prone Versus Supine PNL: Results 
and Published Series 

                   András     Hoznek     ,     Julie     Rode     ,     Cecilia     Maria     Cracco      , 
and     Cesare     Marco     Scoffone    

        A.   Hoznek, MD      (*)  •     J.   Rode      
  Department of Urology ,  CHU Henri Mondor ,   51. Av. du Ml. de Lattre de Tassigny , 
 94010   Créteil Cedex ,  France   
 e-mail: andras.hoznek@gmail.com; rode.julie@orange.fr   

    C.  M.   Cracco ,  MD, PhD       •     C.  M.   Scoffone, MD     
  Department of Urology ,  Cottolengo Hospital ,   Via Cottolengo 9 ,  10152   Torino ,  Italy   
 e-mail: cecilia.cracco@libero.it; scoof@libero.it  



294

Combined IntraRenal Surgery (ECIRS). This approach is becoming increasingly 
popular worldwide, with widely documented advantages: easier anaesthesiological 
management, one-step patient positioning, and simultaneous antegrade and retro-
grade access to the urinary tract [ 2 – 8 ]. However, while it is clear that prone position 
is no longer the exclusive way to perform PNL, many urologists remain reluctant to 
consider supine positions as a valid alternative in their daily practice [ 9 ,  10 ].  

22.2     Heterogeneity of Reporting Outcomes of PNL 

 In order to establish advantages and inconvenience of both supine and prone posi-
tion and to decide which method is more effi cient and possibly safer, comparative 
studies are necessary. Unfortunately, the results currently reported by different cen-
ters are far from being standardized, and never refer to intra- and postoperative 
anaesthesiological complications. 

 First of all, in different series, the complexity of the cases may be very dissimilar. 
Only recently Thomas and colleagues have recommended a novel scoring system 
[ 11 ]. Guy’s stone score takes into account the complexity of the stone burden as 
well as the patient’s anatomy, in order to predict preoperatively the likelihood of a 
stone-free outcome. This grading system is important because there are currently no 
predictive models in the urologic clinical practice for this purpose. It comprises four 
grades (Table  22.1 ).

   The goal of PNL is to obtain a stone-free status with minimal morbidity and 
optimal cost effectiveness. Therefore, when evaluating the results of the surgery, it 
is necessary to assess several outcomes, which until now have been mainly stone-
free status, operative time, morbidity, costs, and quality of life. However, there is a 
substantial variability in the reporting of such outcomes among the different studies 
[ 12 ,  13 ]. 

  Table 22.1    Guy’s stone 
score  

 Grade I  Solitary stone in mid/lower pole 
 Or solitary stone in the pelvis with simple anatomy 

 Grade II  Solitary stone in upper pole 
 Or multiple stones in a patient with simple anatomy 
 Or solitary stone in a patient with abnormal anatomy 

 Grade III  Multiple stones in a patient with abnormal anatomy 
 Or stones in a calyceal diverticulum 
 Or partial staghorn calculus 

 Grade IV  Staghorn calculus 
 Or any stone in a patient with spina bifi da or spinal 

injury 
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22.2.1     The Stone-Free Rate 

22.2.1.1     The Cut-Off? 

 Regarding the stone-free status, some authors are faithful to the strict criterion 
of no fragments visualized on imaging, while others employ a more permissive 
defi nition tolerating small, passable, residual stone fragments (CIRF = clinically 
insignifi cant residual fragments). In these latter studies, the residual fragment 
size varies from 2 to 10 mm [ 12 ]. Furthermore, nearly one-third of papers evalu-
ating surgical management of urinary calculi do not defi ne stone-free status at 
all [ 12 ].  

22.2.1.2     How? 

 A further diffi culty arises from the different sensitivity and specifi city of the meth-
ods employed for the assessment of residual fragments. These include intraopera-
tive fl exible nephroscopy [ 14 ], postoperative plain fi lm of the abdomen (KUB), 
ultrasound (US), and computed tomography (CT). The reliability of these different 
methods is variable; therefore, the stone-free rate can be overestimated when using 
a poorly sensitive method. For example, KUB has been found to overestimate 
stone-free status by 35 % [ 14 ]. Although unenhanced computer tomography is the 
gold standard because it has the best sensitivity and specifi city, it is not systemati-
cally used because of its cost and high radiation exposure.  

22.2.1.3     When? 

 The timing at which stone-free status should be explored after PNL is also debat-
able. Many studies report the stone-free rate at 3 months, believing that during this 
period, most small fragments will pass. Others argue that in the case of PNL, all 
patients should undergo an immediate postoperative CT scan, before the nephros-
tomy is removed. This would allow selecting patients in whom a percutaneous sec-
ond look would be benefi cial.   

22.2.2     The Operative Time 

 Operative time is also an ill-defi ned outcome variable. Many studies report it as the 
time between the fi rst attempt to puncture the kidney and the suturing of the neph-
rostomy tube. However, this type of evaluation does not take into account the opera-
tive room occupation, which includes also patient positioning, endoscopic access to 
the bladder, and retrograde pyelography.  
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22.2.3     The Morbidity 

 Concerning complications, the modifi ed Clavien classifi cation seems to be world-
wide accepted and increasingly used [ 15 ]. Although this classifi cation demonstrates 
a high validity, it has been found somehow limited by its low inter-rater reliability 
for minor complications [ 16 ]. According to this classifi cation system, perioperative 
complications are stratifi ed into fi ve grades (Table  22.2 ).

   Standardization of all these criteria would be essential for a more accurate com-
parison of treatment modalities and outcomes. Unfortunately, at present, there is no 
consensus on how to report the results of PNL. Therefore, comparison of different 
series is able to provide only a limited level of evidence. Prospective randomized 
studies are also available, but only in limited number. Additionally, urologic papers 
never report clearly on other parameters such as intra- and postoperative anaesthe-
siological problems.   

22.3     Comprehensive Review of Case Series 

 Two review articles identifi ed a “trend in favour of better outcomes in the prone 
position over the supine position” [ 9 ] and recommend supine position only in “care-
fully selected patients” [ 10 ]. 

 De la Rosette and collaborators conducted a Medline search for articles pub-
lished during the 10-year period since the fi rst report of supine PNL. Based on the 
hypothesis that supine position is more fi t for physically compromised patients and 
complex calculi, this study focused on obese patients with a high proportion of 
staghorn calculi. The authors collected and analyzed 13 manuscripts, nine with 
supine [ 1 ,  3 – 5 ,  7 ,  8 ,  17 – 19 ] and four with prone position [ 20 – 23 ]. They concluded 
that outcomes in nonobese patients and with small-sized stones seem to favor the 
supine approach. To assess the outcomes in obese patients and with staghorn cal-
culi, the authors calculated the weighted means for each position separately. This 
comparison showed a slightly better success rate (84.7 % vs. 81.2 %) and a signifi -
cantly shorter operative time (79.1 min vs. 94.1 min) in prone position versus supine 

   Table 22.2    Clavien classifi cation of complications   

 Grade 1  All events that, if left untreated, would have a spontaneous resolution or need a simple 
bedside intervention 

 Grade 2  Complications requiring specifi c medications, including antibiotics and blood 
transfusions 

 Grade 3  Complications necessitating surgical, endoscopic, or radiologic intervention: 
 3a without general anesthesia 
 3b under general anesthesia 

 Grade 4  Neighboring organ injury and organ failures 
 Grade 5  Death 
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position respectively. However, a more recent study comparing prone and supine 
PNL in patients with a body mass index (BMI) >30 kg/m 2  did not confi rm any dif-
ference in stone-free rates, rather demonstrating an advantage of the supine position 
in terms of signifi cantly shorter operative time and hospital stay [ 24 ].  

22.4     The Global Study of the Clinical Research Offi ce 
of Endourologic Society (CROES) 

 The largest available observational prospective database was collected in the global 
study on PNL organized by the Clinical Research Offi ce of Endourologic Society 
(CROES). Investigators of 96 centers worldwide contributed to the database. Each 
center was invited to include all consecutive patients during a 1-year period. Five 
thousand seven hundred and seventy-fi ve patients were eligible for the study. 

22.4.1     Patient Positioning 

 Four thousand six hundred and thirty-seven patients (80.3 %) had their PNL in 
prone position, whereas 1,138 patients were operated supine (19.7 %). The distribu-
tion of supine versus prone position exhibited major regional differences world-
wide. While in Europe and South America, respectively, 23.5 % and 98.5 % of the 
patients were operated supine, patients in North America, Asia, and Australia were 
almost exclusively treated in prone position (98.5, 98.1, and 100 % of patients, 
respectively).  

22.4.2     ASA Score 

 Concerning patient demographics, interestingly, an ASA score of 1 was more com-
mon among patients in the prone position (54.7 % vs. 46.8 %), whereas an ASA 
score of 2 was less frequent when compared to supine position (33.4 % vs. 42.1 %).  

22.4.3     Renal Access and Tract Dilation 

 In the prone group, access through the upper pole and access above the 12th rib 
were more often employed (11.4 % vs. 4.0 % and 17.6 % vs. 5.5 %). Multiple punc-
tures were also more frequent in the prone than in the supine group (9 % vs. 4.1 %). 
This may be explained by the possibility of a simultaneous ureteroscopy in supine 
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position, offering retrograde access to the ureteropelvic junction or the upper caly-
ces, making an upper pole puncture unnecessary. However, the report did not men-
tion how many patients in the supine group had simultaneous retrograde 
ureterorenoscopy. 

 There was also a signifi cant difference in the tract dilation method with the bal-
loon, more frequently used in the supine positioned patients (43.8 % vs. 40.3 % 
 p  = 0.04).  

22.4.4     Operative Time 

 The mean operative time was signifi cantly shorter in the prone group with 82.7 min 
versus 90.1 min in the supine ( p  < 0.001). This is somehow unexpected, because one 
of the supposed advantages of supine position is the elimination of the necessity of 
patient repositioning after retrograde ureteric catheter insertion, which should 
shorten operative room occupation. A possible explanation is the dissimilar defi ni-
tion of “operative time” by different investigators. Analyzing the different publica-
tions deriving from the CROES database, the operative time is determined based on 
the sum of the different phases of surgery by some investigators [ 25 ], but others 
recorded the operative time as the time from the fi rst puncture to the completion of 
the stone removal [ 26 ]. If some investigators in the global study used the second 
defi nition, this would mean that patient positioning (which should be shorter in 
supine) was not always taken into consideration during statistical analysis.  

22.4.5     Stone-Free Rate 

 The stone-free rate at 1 month after the procedure was signifi cantly higher in the 
prone group (77.0 % vs. 70.2 %). However, it remains possible that different factors 
other than the difference in patient positioning may have at least partly contributed 
to the better results in the prone group. In this latter group, a more radical treatment 
strategy could be observed, with more stones managed through multiple punctures. 
Furthermore, the role of a difference in the acquired experience with either approach 
cannot be excluded. For example, in high-volume centers performing both supine 
and prone PNL, the average number of patients treated in the prone position was 74, 
whereas only an average of 15 patients were treated supine during the 1-year period 
in the same centers. This suggests that more experience has been accumulated with 
prone position, which was therefore better standardized. The relative novelty and 
infrequent use of the supine position suggest that some centers were in their discov-
ery or learning curve. 

 To eliminate this possible learning curve effect, a further analysis was per-
formed on a subgroup of patients comparing stone-free rates in centers using only 
supine versus only prone position for PNL. Again, reported stone-free rates were 
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statistically superior in the prone group when compared to supine, i.e., 76.9 % 
versus 63.3 %. But within this patient population, there was also a signifi cant dif-
ference in the assessment modalities of the stone-free status. For example, in the 
supine group, 20.4 % of patients had a CT scan at 1 month opposed to only 12.7 % 
in the prone group. The proportion of missing data was only 3.9 % in the supine 
group but was 11.1 % in the prone group. This suggests that the stone-free rate may 
have been overestimated in the prone group and that data in this group might be 
less reliable.  

22.4.6     Complications 

 On the other hand, there was a trend to a higher complication rate in the prone 
group. Transfusions were more often required (6.1 % vs. 4.3 %;  p  = 0.026), and a 
slightly greater proportion of patients had complications classifi ed as grade Clavien 
2 or more (10.0 % vs. 7.2 %;  p  = 0.064). One possible explanation for the increased 
rate of transfusions in prone patients is that this group underwent signifi cantly more 
multiple punctures than supine patients.   

22.5     Prospective Randomized Studies 

 There were only two randomized prospective studies comparing the outcomes of 
prone versus supine PNL [ 3 ,  27 ]. 

 Falahatkar compared 40 supine versus 40 prone PNL [ 27 ]. The two groups had 
similar body habitus and stone volume. However, postoperative evaluation was 
done exclusively with KUB with a relatively tolerant defi nition of stone-free status, 
which included also the presence of fragments smaller than 5 mm. But their results 
can be considered as valid, because the same evaluation method and criteria were 
used for both groups. Stone-free rate was 80 and 77.5 % in prone and supine posi-
tion, respectively. The only signifi cant difference was the operative time, favoring 
the supine approach. Mean operative time in the supine group was 74.7 ± 25.1 min 
compared to 106.87 ± 17.5 min in the prone group, with a statistically signifi cant 
difference ( p  < 0.0001). It is important to underline that operative time was defi ned 
as the procedure beginning with cystoscopy and ureteral catheterization and fi nish-
ing with fi nal wound closure at the nephrostomy tract site. 

 De Sio conducted a prospective randomized study with 39 patients operated in 
supine position and 36 patients in prone position [ 3 ]. No signifi cant differences 
were observed between the two groups in terms of stone-free rate, blood loss, and 
hospital stay. The only signifi cant difference established was the mean operative 
time, which was 43 min in the supine group and 68 min in the prone group 
( p  < 0.001). However, the main limitation of this study is the exclusion of stones in 
more than one calyx, complete staghorn stones, and BMI >30 kg/m 2 .  
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22.6     Conclusions 

 There is still much controversy in the literature concerning the optimal approach for 
PNL. While the CROES study should probably dampen the enthusiasm of pro- 
supine endourologists, the available randomized studies did not fi nd any difference 
in the stone-free rate, but operative time was signifi cantly shorter. 

 Which is the bottom line? Prone position remains predominant on a global level; 
the acquired experience is still superior when compared to supine position. The 
CROES global study suggests that urologists worldwide still perform more and feel 
more comfortable with the classical prone PNL. This is at least partly explained by 
more training opportunities with prone position. However, prone position is no 
more the exclusive way to perform a PNL, and supine position is increasingly used. 
It is now quite consensual that the latter allows an easier management from the 
anaesthesiological point of view and may reduce patient morbidity. The available 
randomized studies demonstrate that in centers which already standardized the 
supine technique, this procedure may be more ergonomic and quicker and equally 
effi cient in terms of stone clearance and morbidity.     
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    Abstract     The present chapter deals with an innovative application of ECIRS, inte-
grated with the recently introduced Microperc technique. Micro-ECIRS is intended 
as technical refi nement of the Microperc technique, solving a variety of recognized 
limitations of this approach. The idea of combining retrograde fl exible ureteroscopy 
(with or without ureteral access sheath) with Microperc allows Endovision puncture 
and tract dilation of the chosen calyx, optimal vision due to retrograde illumination 
and irrigation, maintenance of low intrarenal pressures, sand elimination and frag-
ments extraction. Micro-ECIRS indications are defi ned, although further large-scale 
studies are warranted.  

23.1         Microperc: An Innovation in the Landscape 
of Percutaneous Surgery Based on a Brilliant Rationale 

 The progressive miniaturization of the percutaneous procedure for the treatment of 
kidney stones started years ago with the proposal of the midi- and mini-PNL [ 1 ,  2 ] 
and of the MIP (minimally invasive percutaneous nephrolithotomy) [ 3 ]. 
Micropercutaneous nephrolithotomy (Microperc) technique, together with UMP 
(Ultra-Mini-Perc), is the last born of such family of mini-invasive percutaneous 
approaches (Fig.  23.1 ). 

 Since most of the complications (29–83 % in the literature) of percutaneous sur-
gery are related to renal access and tract dilation, especially bleeding up to 45 % [ 4 ], 
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the reduced size and the one-step creation of the tract without dilation are likely to 
be a step forward for the safety of the patient. Besides reducing invasiveness and 
associated morbidity of PNL, Microperc also overcomes the main limitations of the 
other currently available therapeutic approaches to renal stone disease, i.e. the 
unpredictable results of ESWL and the recurring costs and the risk of infectious 
complications of RIRS [ 5 ]. 

 The fi rst 15 Micropercs were published in 2011, using a 4.85F (1.6 mm) three- 
part all-seeing needle, inspired to the laparoscopic Veress needle. This modifi ed and 
irrigated needle (Fig.  23.1a ) has a working sheath, in which a micro-optical system 
0.9 mm in diameter with a 120° angle of view and a 10,000 pixels resolution as well 
as a 200 μm holmium:yttrium-aluminium-garnet laser fi bre can be inserted. The 
optical fi bre is highly fl exible (Fig.  23.1b ) and connected via a zoom ocular and a 
light adapter to a standard endoscopic camera system, with a Xenon light source of 
at least 100 W [ 6 ]. The all-seeing needle (PolyDiagnost, Pfaffenhofen, Germany) is 
aided by a surgeon-controlled pressurized irrigation system for vision improvement 
and stone debris removal, and exploits a variety of disposable devices, like the 
three- way connector (for optics, laser fi bre and irrigation system attached to the 
outer tip of the shaft) or the multi-jointed mounting arm for the optics. The absence 
of an Amplatz sheath is one of the possible disadvantages of Microperc [ 7 ]; thus, a 
6.6F Amplatz sheath has been proposed [ 8 ].

a

c

b

  Fig. 23.1    Microperc set with the all-seeing needle ( a ) and fl exible micro-optics ( b ) with the fi nal 
vision of the percutaneous access after the needle removal ( c )       
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23.2        Microperc and the Limitation of the Reduced 
Quality and Field of Vision 

 The necessity to employ a thin optics containing few fi bres implies the generation 
of less light, thus a reduced illumination with a reduced image resolution of the 
working fi eld. Additionally, the rigid optics has a limited fi eld of vision, with no 
possibility to follow a mobile stone or escaped fragments during lithotripsy and no 
possibility to check all the calyces for residual fragments at the end of the 
procedure.  

23.3     Microperc and the Limitation of the “Break 
and Leave” Principle 

 Microperc is based on the principle of “break and leave”, similarly to some RIRS 
and all ESWL. The lack of stone extraction after lithotripsy might be considered as 
a limitation factor, may cause renal colics postoperatively and also produce lower 
clearance rates [ 9 ]. Some urologists also succeeded in retrieving stone fragments for 
analysis using a basket catheter through the 8F microsheath [ 10 ].  

23.4     Microperc and the Limitation of the High 
Renal Pelvic Pressures 

 If lithotripsy is carried out using a 200 μm laser fibre with adequate energy and 
frequency settings until complete disintegration of the stone, the issue of high 
renal pelvic pressures (RPP) for a prolonged time interval becomes relevant. 
From this point of view, Microperc suffers of the limitations of RIRS, working 
with a mean RPP of 33 mmHg and developing peaks as high as 170–328 mmHg 
[ 11 ]. 

 Normal RPP is 5–15 mmHg, a 30–40 mmHg RPP for more than 10 min causes 
intrarenal refl ux (pyelovenous, pyelolymphatic/pyelotubular, pyelointerstitial) with 
potential harmful consequences and forniceal damage takes place with 
80–100 mmHg RPP [ 12 ]. Cadaveric studies revealed that with a 12/14F ureteral 
access sheath, even with high irrigation pressures, RPP remains within acceptable 
values [ 13 ]. On patients these data were also confi rmed [ 14 ]. 

 RPP generally remains low during PNL, if no mistakes like Amplatz malposi-
tioning or anatomical problems like narrow infundibula occur [ 15 ]. During 
Microperc the irrigation system creates 50 mmHg RPP with a fl ow rate of 16 ml/
min, and 100 mmHg RPP with 23 ml/min using saline when the optics is within the 
needle [ 6 ]. The question is whether this situation poses Microperc at increased risk 
of complications, especially in children [ 16 ].  
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23.5     Solving All Microperc Limitations: Micro-ECIRS 

 To our knowledge here, we report the fi rst technical description of micro-ECIRS, 
a feasible and safe modifi cation of the well-known one-step Microperc technique 
[ 17 ]. The idea of combining retrograde fl exible ureteroscopy (with or without ure-
teral access sheath) with Microperc, with the patient in the Galdakao-modifi ed 
supine Valdivia position (Fig.  23.2 ), is a proposal intended to solve most limitations 
of Microperc, also providing further advantages:

 –     The morphology of the collecting system can be preliminarily examined, inte-
grating the preoperative data from CT scans.  

 –   Stone features (mainly position, size, hardness) can be ascertained at the begin-
ning of the procedure for an optimal strategic planning.  

 –   The best calyx to puncture can be chosen in real time, also examining its dynamic 
features with irrigation.  

 –   Access to the renal collecting system is achieved under fl uoroscopic and 
Endovision control (Fig.  23.3 ) after preliminary ultrasound for controlling adja-
cent viscera and for identifying the correct inclination of the needle for the single 
access, avoiding as much as possible bleeding and multiple puncturing attempts.

 –      Migration of the stone into the ureter during initial irrigation or subsequent frag-
mentation is hindered.  

 –   Vision during lithotripsy is improved because of the retrograde illumination of 
the operating fi eld (Fig.  23.4 ).

 –      Vision during lithotripsy is also improved by the retrograde irrigation via the 
fl exible ureteroscope.  

 –   Whether better vision reduces operating time remains to be determined [ 10 ].  
 –   Intrarenal pressures are concomitantly maintained low in presence of the ureteral 

access sheath, thus reducing resorption and uroseptic risk.  

  Fig. 23.2    Patient in the 
Galdakao-modifi ed supine 
Valdivia position ready for 
micro-ECIRS       
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 –   Thanks to the ureteral access sheath, sand from lithotripsy can be washed out 
retrogradely (Fig.  23.5 ).

 –      At the end of the procedure, major stone fragments can be extracted using a ret-
rogradely inserted basket (Fig.  23.6 ) and the needle extracted under Endovision 
control (Fig   .  23.7 ).

  Fig. 23.3    Endovision 
application of the all-seeing 
needle       

  Fig. 23.4    The all-seeing 
needle with micro-optics and 
laser fi bre inserted 
(retrograde fl exible vision)       
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 –       At the end of the procedure all calyces can also be explored, in order to exclude 
migrated or residual stone fragments.  

 –   Both Microperc and micro-ECIRS offer the possibility to avoid prolonged laser 
lithotripsies in lower calyces/infundibula, maintaining the fl exible ureteroscope 
in constant defl ection with the laser fi bre inside, thus reducing the risk of rupture 
of those delicate instruments and reducing costs. In fact, the cost of the dispos-
able Microperc device is very reduced, in comparison to the expenses for a bro-
ken fl exible analogic or digital ureteroscope, thus more cost-effective (life 
expectancy of a fl exible ureteroscope = 5–14 cases) [ 17 ].     

  Fig. 23.5    Sand washed down 
the ureteral access sheath 
during fragmentation       

  Fig. 23.6    Stone fragments 
extracted retrogradely using a 
basket       
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23.6     Defi ning the Selected Indications for Micro-ECIRS 

 –     First-line treatment modality for medium-sized stones, between 1 and 2 cm in 
diameter, thus also suitable to RIRS, but with unfavourable features such as hard 
stones and/or stones impacted within a narrow infundibulum or a lower calyx 
with a narrow and long infundibulum.  

 –   Paediatric patients [ 17 – 19 ].  
 –   Stones in calyceal diverticula.  
 –   Second accesses during a standard PNL, in order to reach calyces parallel to the 

main percutaneous tract.     

23.7     Conclusions 

 Micro-ECIRS intended as technical refi nement of the Microperc technique can be 
proposed as endpoint percutaneous nephrolithotomy technologies for the next 
future. Of course effi cacy and safety studies are warranted, as well as an evaluation 
of the cost-effectiveness of such approaches, comparing it to that of RIRS. 
Comparison of Microperc and micro-ECIRS should also be carried out considering 
stone-free rates, need of conversion to mini- or midi-PNL and complication rates 
(especially bleeding and urosepsis).     

  Fig. 23.7    Endovision 
extraction of the needle at the 
end of the procedure       
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        During the last decade, endourology    underwent a profound and substantial 
transformation. 

 Extracorporeal shockwave lithotripsy lost its predominant role in the manage-
ment of most stones because of the relative unpredictability of its results. 

 Few years ago fl exible instruments were considered a luxury, but now they are 
an integral part of the endourologic daily routine. More specifi cally, fl exible ure-
teroscopy is increasingly used for the treatment of kidney stones even bigger than 
two centimeters, which represented traditional indications to percutaneous treat-
ment in a near past. The use of new-generation, smaller fl exible ureteroscopes con-
siderably reduces the morbidity related to the ureteral access to the upper urinary 
tract. Additionally, digital ureteroscopes offer an amazing visual quality. 

 The success of fl exible ureterorenoscopy is mainly due to its reputation of having 
the lowest morbidity with the highest effi cacy, while PNL is considered as a proce-
dure with a long learning curve and signifi cant complication rates. 

 However, concomitantly many improvements affected PNL as well. The modifi -
cation of patient positioning from prone to supine is part of this evolution. This 
innovation resulted in a more time-effi cient procedure and also opened the era of 
Endoscopic Combined IntraRenal Surgery (ECIRS). Although most urologists 
were trained for prone position and still feel more comfortable with the classical 
method, this positioning has nowadays lost its hegemonic role worldwide. 
Progressively, a growing number of urologist switched to supine, while many others 
practice both and choose the technique according to the case or personal preference. 
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Defi nitely, supine PNL is here to stay, and this technique represents a major contri-
bution to modern endourology. 

 But patient positioning is only one aspect of PNL. ECIRS proposal triggered 
very lively discussions about each PNL step, reconsidered in this new position. 
Thus, even for those who are not convinced about this alternative positioning and its 
relevant anesthesiological advantages, it has been a good chance to think over, max-
imally standardize, and even improve all the steps of the percutaneous procedure, 
carefully analyzing the clinical results in terms of safety and effi cacy. For ECIRS 
supporters this is a success in any case because the keywords of this procedure are 
“mental intraoperative versatility” and “meticulous technical standardization.” 

 Presently, as to renal access creation (the crucial step of PNL), we have a better 
understanding of how to optimize it and of the related renal trauma. Until few years 
ago renal puncture was highly dependent upon urologist’s experience and “feeling,” 
while now the big difference consists in the fact that we can plan in advance the 
needle’s path and then reproduce our planning, knowing exactly the target of our 
puncture. This allows to make this step reproducible and easy to teach/easy to learn. 
ECIRS further contributed to the optimization of the renal puncture introducing the 
possibility of the retrograde fl exible ureteropic assistance. 

 There is now increasing evidence that morbidity (blood loss, postoperative dis-
comfort, and urine leakage) is proportional to the access size. As in most fi elds of 
endourology, miniaturization attracts more and more attention of the urologic com-
munity concerning PNL as well. We now know that mini-PNL does not only consist 
in the use of smaller-size instruments and accessories but also facilitates the elimi-
nation of fragments due to the vacuum-cleaner effect. In many urologic departments 
in Europe, standard PNL has been abandoned and only mini-PNL is performed. The 
role of Ultra-Mini-Perc and Microperc has still to be determined. Any of these mini-
invasive approaches can be easily employed during ECIRS. 

 Another promising innovation is the tubeless technique. Diminishing the period 
of time during which the kidney and/or ureter is drained has the potential to improve 
patient comfort postoperatively and reduce hospital stay. The remaining task is to 
determine objectively which kind of patients may concretely benefi t from this tech-
nique without any risk in terms of bleeding, urinary extravasation, or obstruction. 
Again, mini-PNL has the potential of increasing the proportion of the patients which 
could be included in a tubeless protocol. 

 Lastly, the next step will be the modernization of our puncture technique. 
Outcomes of PNL highly depend on the precision, refi nement, and accuracy of this 
step. Image guidance, augmented reality, fusion of different imaging modalities, 
motion tracking systems, and robotics are rapidly evolving and strongly coming to 
the attention of the urologic community. 

 Optimal patient positioning; computer-assisted, image-guided, or robotic punc-
ture; Endoscopic Combined IntraRenal Surgery; miniaturization; and standardized 
exit strategies will synergistically contribute to give birth to the percutaneous tech-
nique of tomorrow.   

A. Hoznek et al.
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