
Madhu S. Agrawal
Dilip K. Mishra
Bhaskar Somani
Editors 

Minimally Invasive 
Percutaneous 
Nephrolithotomy



Minimally Invasive Percutaneous 
Nephrolithotomy



Madhu S. Agrawal • Dilip K. Mishra 
Bhaskar Somani
Editors

Minimally Invasive 
Percutaneous 
Nephrolithotomy



ISBN 978-981-16-6000-9    ISBN 978-981-16-6001-6 (eBook)
https://doi.org/10.1007/978-981-16-6001-6

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Singapore Pte Ltd. 2022
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, 
whether the whole or part of the material is concerned, specifically the rights of translation, 
reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilms or in any 
other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

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

Editors
Madhu S. Agrawal
Professor and Head, Department  
of Urology
Global Rainbow Healthcare
Agra, Uttar Pradesh, India

Bhaskar Somani
Professor and Consultant  
Urological Surgeon
University Hospital Southampton
Hampshire, UK

Dilip K. Mishra
Head, Department of Urology
Pushpanjali Hospital  
and Research Center
Agra, Uttar Pradesh, India

https://doi.org/10.1007/978-981-16-6001-6


v

With the advent of percutaneous access to the kidney in the 1980s, Kurt 
Amplatz developed a dilating system. I believed, at that time, that the tract 
size should allow the percutaneous removal of a 10 mm stone, which would 
allow us to use strong forceps through the scope to effectively grasp the stone. 
Empirically, it was decided that the largest Amplatz sheath would have an 
inner circumference of 30 mm.

Industry has now developed effective lithotripters and most fragments can 
be easily irrigated following fragmentation and larger fragments can be 
grasped with more delicate instruments. This allows sheaths with a smaller 
inner circumference to be used effectively.

Any changes in instrumentation and techniques that diminish morbidity in 
percutaneous renal surgery are welcome. Some studies have shown decreased 
blood loss with smaller tracts while others have shown no difference in the 
incidence of blood transfusion. Smaller scopes have a smaller field of vision 
and usually the procedures take longer. However, if the morbidity is less, it is 
time well spent.

Dr Agrawal and his co-editors are very experienced endourologists and 
they have compiled an excellent book covering all aspects of “Mini-PCNL”. 
They have selected authorities in the field to write the various chapters and I 
highly recommend this book to all endourologists. It not only covers all the 
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basic techniques, but in addition it elucidates the latest technology. It is so 
thorough that it will be a text that you will use repeatedly in your career as 
you encounter the various problems that we all experience in the treatment of 
difficult stones.

 Arthur D. Smith, MD
Long Island Jewish Medical Center

New York, USA

Donald and Barbara Zucker School  
of Medicine at Hofstra/Northwell

New York, USA

Northwell Health Urology at the Center for Advanced Medicine
New Hyde Park, NY, USA

ASmith1@northwell.edu
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vii

Stone disease is a global disease affecting all people of all ethnicity and gen-
der. There are around 50% chance of recurrent stone formation in a patient 
with stone disease. The stone disease may hamper kidney health and may 
even lead to renal failure.

Over decades, there has been a paradigm shift from high stone bulk like 
staghorn stones to lower stone bulk. There is early detection of smaller stones 
due to current imaging modalities. There have been technical advancements 
in stone management from open approach to minimally invasive endouro-
logical approach. The endourological management of kidney stone disease 
has undergone significant improvements from a large bore approach like 
standard PCNL to a very small-bore approach like Microperc. There have 
been improvements in the energy source technology as well. There has been 
shift in intra-corporeal lithotripsy from low-power laser to high-power laser 
and shift from traditional pneumatic to combined ultrasonic and pneumatic 
lithotripsy along with integrated suction. Newer ideas are being explored in 
stone management like addition of suction to the PCNL sheath. These 
advancements have led to miniaturisation of PCNL tract leading to increased 
implications of mini-PCNL in all stone scenarios.

This book focussing on mini-PCNL has thrown light on all aspects right 
from surgical anatomy of kidney, various patient positions, anaesthesia chal-
lenges, renal imaging and access, lithotripsy modalities, newer advances in 
the energy sources, and challenging situations in Mini-PCNL. I would take 
this opportunity to congratulate Dr Madhu S. Agrawal and his team for 
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addressing each aspect of mini-PCNL and inviting expert global faculties for 
their contributions. It would be an excellent piece of work for residents and 
endourologists.

Mahesh Desai, MS, FRCS, FRCS, FACS
Muljibhai Patel Urological Hospital

Nadiad, Gujarat, India
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The treatment of stone disease has undergone dramatic changes with the 
introduction of minimally invasive technology. Percutaneous Nephrolithotomy 
(PCNL) has become the mainstay of surgical treatment for large volume 
nephrolithiasis in the present time. Percutaneous stone surgery has also 
evolved from large tracts to smaller tracts over a period of time. This mono-
graph on Mini-PCNL has been prepared to cover all aspects and latest 
advances in this exciting field of minimally invasive percutaneous surgery 
with an honest overview from the leading world experts.

The book is composed of 30 chapters divided into 8 sections, which help 
maintain the flow. Section 1 deals with the history and anatomical principles 
of m-PCNL including the ALARA principle of reducing radiation. Section 2 
covers the armamentarium for m-PCNL including the fragmentation devices 
used with it. Section 3 looks into the anaesthetic considerations and the posi-
tioning of the patient for this procedure. Section 4 covers all aspects of renal 
access for the m-PCNL. Section 5 covers the nuances of the procedure includ-
ing tract dilatation, intrarenal pressure, fluid management, and exit strategy. 
Section 6 investigates the modern aspects of m-PCNL including the varia-
tions of m-PCNL including the micro, ultra-mini, super-mini, and ECIRS 
techniques. Section 7 covers special situations of doing m-PCNL including 
bilateral procedures, renal anomalies, renal transplant, obese and paediatric 
patients. Section 8, which is the last section, looks into the complications and 
outcomes of m-PCNL.

The book covers all aspects of m-PCNL and will be a good guide to new 
endourology trainees as well as a refresher and update for experienced endou-
rologists. The use of figures and tables allows the reader to understand and 
comprehend the message well. This summarises all aspects of m-PCNL 
including the future aspects of technological advances. We hope all urologists 
will enjoy reading this, also that this monograph will encourage safe and 
standardised uptake of m-PCNL.

We are grateful to all authors for their contribution and support in this 
endeavour. We would also like to take this opportunity to thank our families 
for their support, our office staff for their help in preparation of the manu-
script, and the publishers Springer Nature and their team for their help and 
cooperation in making this project successful.
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History, Anatomical Principles,  
and Imaging
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Anatomy of the Kidney 
with Respect to Percutaneous 
Nephrolithotomy

Cesare Marco Scoffone and Cecilia Maria Cracco

1.1  Introduction

Anatomy provides the roadmap for percutaneous 
nephrolithotomy (PCNL).

Familiarity with gross, surgical, and radio-
logic anatomy of the kidney is essential in order 
to plan and then perform a successful percutane-
ous renal access, foresee possible intraoperative 
technical difficulties, prepare a proper and com-
plete armamentarium of endoscopes, devices, 
and accessories, inform the patient about the 
expected success rate of the procedure, minimize 
the shared risk of complications and, in case of 
complications occur, recognize them timely and 
manage them efficiently [1].

In the past, the knowledge of renal anatomy 
for PCNL could count on books and atlases, 
the study of formalin-fixed human cadavers, 
the observation of open surgeries, imaging 
from intravenous urography and retrograde 
pyelography, resin casts of the renal collecting 
system [2].

Nowadays, we can count on additional tools 
like freshly frozen [3] or embalmed [4] human 
cadavers for surgical training, the Anatomage 
virtual dissection table [5] (Fig.  1.1), ultrathin 
Computerized Tomography (CT) with urogra-
phy/pyelography, three-dimensional (3D) 

reconstructions, low-dose/ultra-low-dose proto-
cols and the dual-energy technology [6, 7], 3D 
printing of the vascularization and collecting 
system of the kidneys [8, 9] (Fig. 1.2), intraop-
erative real-time endoscopic vision in high defi-
nition (HD) [10], informing us about the 
real-time dynamic anatomy of the collecting 
system [11, 12].

Thanks to all these technological advance-
ments urologists in these days have the unique 
opportunity to obtain a detailed and personalized 
picture of the anatomy of the patient before 
PCNL, with particular reference to the collecting 
system containing the urolithiasis, the surround-
ing organs and the renal vascularization.

1.2  Renal Number

The kidneys are paired organs. A solitary kidney 
(1/1000 people) [13] might be congenital (unilat-
eral aplasia/agenesis) or acquired (secondary to 
nephrectomy performed because of structural 
abnormalities, renal/pararenal tumors, outcomes 
of severe parenchymal infection or ureteral 
obstruction, renal trauma). Supernumerary kid-
neys are extremely rare, in fact not more than 100 
cases have been reported [14].

C. M. Scoffone (*) · C. M. Cracco 
Department of Urology, Cottolengo Hospital,  
Torino, Italy
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1.2.1  Clinical Implications for PCNL

A solitary kidney should be identified and ade-
quately studied before PCNL from the anatomi-
cal and functional point of view. In fact, the 
choice of the percutaneous approach for the treat-
ment of large and/or complex urolithiasis in a 
solitary kidney should be balanced, taking into 
account not only the well-known efficacy of the 
procedure (stone-free rates range from 67% to 
97.7% with the lowest retreatment rate), but also 

its safety (complication rates are about 26.4%, 
especially bleeding in anticoagulated patients, 
with potential postoperative acute kidney failure) 
[15–17].

The extremely rare supernumerary kidneys 
(sometimes with abnormal size, position, and 
morphology) should also be recognized, defining 
the entity of their functional contribution as well 
as their exact position, in order to avoid their 
inadvertent lesion during the percutaneous renal 
puncture of the native kidney.

a b

c

Fig. 1.1 Anatomic details of the kidneys obtained from 
the Anatomage Table EDU (Anatomage Inc.), located in 
the Department of Neuroscience, Torino, Italy (courtesy 
of prof. A. Vercelli). The 3D rendering of the cadaver is 
from Anatomage Table. The Image sets were provided by 
Dr. JinSeo Park, Department of Anatomy, Dongguk 
University College of Medicine, and Dr. Min Suk Chung, 

Department of Anatomy, Ajou University School of 
Medicine. (a) Relationship between right kidney and right 
colon in the supine position; (b) Superficial projection of 
the right kidney covered by the renal capsule in the supine 
position; (c) Transversal section of the kidneys in supine 
position, similar to CT scan axial images
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1.3  Renal Position

Orthotopic kidneys are normally situated in the 
posterior part of the abdomen in the retroperito-
neum, on each side of the vertebral column. The 
right kidney is 1–2 centimeters lower than the left 
one because of the compression of the liver 
(extending from the top of the 1st to the bottom 
of the 3rd lumbar vertebra on the right, from the 
12th thoracic vertebra to the 3rd lumbar vertebra 
on the left) [1] (Fig. 1.3).

1.3.1  Clinical Implications for PCNL

Changes in body position (supine/erect and 
prone/supine), physiologic respiratory move-
ments as well as forced inspiration and expiration 
during general anesthesia, nephroptosis, 

a b

c

Fig. 1.2 (a) 3D reconstructions of vascularization and 
collecting system of the kidney (Medics©, Moncalieri 
(Torino); Italy, permission granted); (b) 3D model of the 
collecting system from a stone patient, obtained from 3D 

reconstructions prepared from CT scans; (c) another 3D 
model of the collecting system of another patient, demon-
strating the high anatomic variability of the upper tract

Fig. 1.3 Drawing showing the lower position of the right 
kidney in comparison with the left kidney in normal 
conditions

1 Anatomy of the Kidney with Respect to Percutaneous Nephrolithotomy
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hydronephrosis with thin renal parenchyma may 
modify the normal position of the kidneys 
because of different extents of renal mobility in 
the various planes [18–22].

For instance, during inspiration kidneys may 
be displaced caudally, ventrally, and outward in a 
triaxial movement up to 25 mm [21] (Fig. 1.4), 
possibly interfering also with the complete effi-
cacy of fusion imaging for the renal percutaneous 
puncture.

In prone position the nephrostomy tract length 
is shorter, which is considered an advantage: the 
nearer the fulcrum to the skin the more 
 maneuverable the distal end of the lever will be 
within the collecting system. This happens 
because of the different compliance of posterior 
and anterior body walls: when the more pliable 
anterior body wall as opposed to the surgical bed 
more backpressure is placed on the kidneys, 
which pushes them posteriorly reducing the tract 
length [18]. On the other hand, in supine position 
the kidneys situated deeper in the abdomen have 
a wider access angle [19].

Ectopic kidneys (congenital, with or without 
fusion abnormalities, or iatrogenic like in case of 
renal transplant) should be ruled out by preopera-
tive imaging, representing a therapeutic chal-
lenge [23–25].

1.4  Renal Morphology 
and Spatial Orientation

The kidneys are bean shaped, with an anterior 
and a posterior aspect, a lateral convex and 
medial/hilar concave margin, an upper and a 
lower pole. The right kidney is slightly shorter 
and wider than the left one.

Upper poles are more medial and posterior 
than the inferior ones, which are more lateral and 
anterior. The main axis is therefore directed 
downward, laterally and anteriorly, parallel to the 
oblique course of the psoas major muscles. 
Additionally, the medial margins are 30° anteri-
orly rotated if compared to the lateral margins [1] 
(Fig. 1.5).

a b

Fig. 1.4 Retrograde pyelography (a) demonstrating in 
(b) the lower position of the kidney in forced inspiration 
during general anesthesia, which can be used for a better 

percutaneous puncture (red lines marking the same lum-
bar vertebra used as reference anatomic structure, white 
lines showing the level of the collecting system)
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Congenital malrotation of the kidneys may 
occur, alone or conjugated with other renal 
anomalies like horseshoe kidneys [26, 27].

1.4.1  Clinical Implications for PCNL

When performing a percutaneous renal puncture 
it is useful to know the spatial orientation of the 
kidney in the three planes, but it is especially 
important to know which factors may possibly 
modify it, like the intraoperative position of the 
patient chosen for PCNL [18–20], the patient’s 
body mass index (BMI) (with variable consisten-
cies of the perirenal fat in obese patients, or an 
increased mobility in very slim patients where 
the perirenal fat is scarce, especially in the supine 
position and in females) [11, 12, 28–30], the 
respiratory movements (displacing the kidneys 
up to 3 cm, a distance equivalent to one vertebral 
body) [31] (Fig. 1.4).

Renal cysts of various sizes, renal masses of 
any kind, pyelonephritic scars, outcomes of pre-

vious open or endoscopic surgeries for renal 
stones, other anatomic anomalies like calyceal 
diverticula may well modify the renal morphol-
ogy. A preoperative CT urography is essential in 
order to characterize any renal mass and define 
its priority relative to stone treatment; the pres-
ence of a simple renal cyst on the way of the renal 
puncture should be ruled out in order to manage 
it correctly; renal and perirenal scarring as out-
comes of previous renal surgeries might also 
interfere with the three-dimensional renal dis-
placement of the kidney during the access pro-
cess, especially during tract dilation [28].

1.5  Renal Size

In the adult, each kidney measures 10–12 centi-
meters in length, 5–7.5 centimeters in width, 
2.5–3 centimeters in thickness [1]. They are 
about 125–170 grams in weight, being 10–15 
grams smaller in women and even smaller in chil-
dren, according to age and BMI [32].

a b

c

Fig. 1.5 Drawing demonstrating the orientation of the kidneys: (a) in the coronal plane, (b) in the sagittal plane, and 
(c) in the axial plane

1 Anatomy of the Kidney with Respect to Percutaneous Nephrolithotomy
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1.5.1  Clinical Implications for PCNL

One or both kidneys can be congenitally smaller 
(hypoplasia) or become smaller (hypotrophy) as 
a consequence of clinical conditions such as 
chronic obstruction, acute pyelonephritis, or ves-
icoureteral reflux. When facing urolithiasis in a 
small kidney the entity of its functional contribu-
tion should always be determined in advance, in 
order to decide whether it is worthwhile to treat 
the renal stones, or if it’s better to perform a sim-
ple nephrectomy of a nonfunctioning kidney.

When dealing with a pediatric kidney, the 
urologist should adapt instruments and accesso-
ries to the patient and not vice versa [11, 12].

1.6  Relationships of the Kidney 
with Neighboring Organs [1]

1.6.1  Posterior Relationships

• Superiorly  =  inferior edge of the diaphragm 
and underlying costo-diaphragmatic sinuses, 
ribs (on the right the 12th rib, on the left the 
11th–12th rib).

• Medially = psoas major muscle and its fascia.
• Laterally = quadratus lumborum muscle and 

aponeurosis of the transversus abdominis 
muscles.

• Obliquely across the posterior surfaces of the 
kidneys = subcostal nerves and vessels, iliohy-
pogastric, and ilioinguinal nerves.

1.6.2  Clinical Implications for PCNL

There is the risk of pneumothorax/hemothorax/
hydrothorax when puncturing above the 11th rib in 
the 10th intercostal space, where underlying there 
are the pleural cavities containing the lungs [33].

There is also the risk of injury of the posterior 
intercostal artery, potentially causing hemotho-
rax, when staying attached with the needle to the 
inferior margin of the rib, therefore it is better to 
stay in the middle of the intercostal space or 
immediately above the upper border of the lower 
rib [34, 35].

1.6.3  Anterior Relationships (Fig. 1.6)

• Right side  =  liver superiorly (intraperitoneal 
and retroperitoneal bare area), adrenal gland 
superomedially, small intestine and hepatic 
flexure of the colon inferiorly, second portion 
of the duodenum and head of the pancreas 
medially.

• Left side  =  spleen and stomach superiorly, 
adrenal gland superomedially, pancreatic tail, 
jejunum and splenic vessels medially, jejunum 
and splenic flexure of the colon inferiorly.

1.6.4  Clinical Implications for PCNL

There is the theoretical risk of puncturing all 
these organs, especially in case of hepatomeg-
aly/splenomegaly, or if the renal puncture is 
performed anteriorly to the posterior axillary 
line in supine (Fig.  1.7) and posteriorly in 
prone, and/or too deep over passing the kidney 
[36, 37].

Excessive traction and torquing during the 
procedure might damage the right hepatorenal 
ligament (joining upper pole of the right kidney 
and liver), on the left the splenorenal ligament 
(joining the upper pole of the left kidney and 
spleen), with the risk of capsular tear and conse-
quent bleeding.

Fig. 1.6 Drawing of the main anterior relationships of 
the kidneys
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Retrorenal colon should be preoperatively 
identified by CT scan: its frequency of occur-
rence in supine position is 1.9%, but up to 10.0% 
in prone position because in this case the colon is 
displaced posteriorly [18, 38]. Another work 
demonstrated that the colon was located along 
the expected path of a lower pole access tract in 
15% of prone CT scans and only in 6% of supine 
ones [39] (Fig. 1.8).

1.7  Gross and Microscopic 
Anatomy of the Kidney

The kidneys are surrounded by a smooth, tough 
fibrous capsule, provided with an afferent inner-
vation sustaining nociception in case of disten-
sion [40, 41].

Between the capsula fibrosa and the renal 
fascia of Gerota there is the perinephric fat, 
while outside the renal fascia of Gerota there is 
the paranephric fat. The renal fascia of Gerota 
constitutes an anatomic barrier, being closed 
superiorly (fused above the adrenal glands with 
the infradiaphragmatic fascia) and laterally 
(fused behind the ascending and descending 
colon), fused with the contralateral one medi-
ally, while it is open inferiorly. Anteriorly the 
prerenal fascia and posteriorly the retrorenal 
fascia fade caudally in the retroperitoneum, 
medially the posterior sheaths fade in the pre-
vertebral fascia, giving rise to the Zuckerkandl’s 
fascia, and the anterior ones join each other ven-
trally to the blood vessels forming the Toldt’s 
fascia immediately below the parietal perito-
neum [1] (Fig. 1.9).

Fig. 1.7 Reference lines for a safe percutaneous renal 
puncture in the Galdakao-modified supine Valdivia posi-
tion: posterior axillary line, 12th rib, and iliac crest

a b

c

Fig. 1.8 Drawing of the relationships of the colon with the percutaneous tract to the right kidney in prone (a) and 
supine (b) position; (c) open surgery for the repair of a left colon injury

1 Anatomy of the Kidney with Respect to Percutaneous Nephrolithotomy
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Two distinct regions can be identified on the 
cut surface of a bisected kidney: the cortex and 
the medulla. The renal cortex corresponds to the 
columns of Bertin containing glomeruli with 
proximal and distal convoluted tubules, the 
renal medulla corresponds to the 14–20 pyra-
mids containing straight tubules, loops of Henle, 
and collecting ducts, joining to form about 20 
papillary ducts opening at the area cribrosa 
papillae renalis [1].

1.7.1  Clinical Implications for PCNL

The renal capsule is nonelastic and provided with 
an afferent innervation sustaining nociception in 
case of acute distension of the collecting system 
like during a renal colic [40, 41], while a sudden 
increase in intrarenal pressure can break it allow-
ing the formation of a urinoma.

The perirenal space is open inferiorly, allow-
ing bleeding and hematomas (including those 
post-PCNL) to flow down along the psoas.

The perinephric fat volume of calcium oxalate 
kidneys seems to be significantly greater than 
non-stone bearing kidneys [29]. An increased 
para/perinephric fat could influence renal func-
tion through local mechanisms secreting para-
crine substances with functional or metabolic 
renal action, or exerting a direct mechanical com-
pression of the kidney causing its damage through 

increased interstitial hydrostatic pressure and 
reduced renal blood flow. It could be secondary 
to reduced kidney size, filling the free space left 
by kidneys, being an epiphenomenon of impaired 
renal function [30]. A certain amount of para/
perinephric fat can also increase the skin-to-stone 
distance, which together with obesity may create 
the need for an extralong equipment.

High intrarenal pressures may cause pyelo- 
venous, pyelo-lymphatic, and pyelo-interstitial 
reflux of bacteria and toxins, supporting the 
development of infectious complications [42]. 
The normal architecture of the kidney may be 
altered also by post-PCNL renal scarring, espe-
cially in case of multiple accesses and depending 
upon the kind of tract dilation used [43]. Finally, 
the presence of Randall’s plaques adherent to the 
renal papillae can help identify calcium oxalate 
stone formers [44].

1.8  Renal Arteries

The renal arteries arise from the aorta, being the 
right one longer and passing dorsally to the infe-
rior vena cava. Renal arteries are located between 
the renal vein anteriorly and the renal pelvis pos-
teriorly. There should be a single renal artery, but 
supernumerary renal arteries are very common 
(25–40% of kidneys) [1].

The renal artery gives off the inferior suprare-
nal artery, and then branches in an anterior and a 
posterior branch, the first for the anterior two- 
thirds of the renal parenchyma and the latter for 
the posterior one-third.

The anterior branch further gives rise to an 
apical, upper, middle, and lower branch, so in the 
end the segmental branches are five, also accord-
ing to the classic Graves’ classification. Although, 
the arterial segmental vasculature is often differ-
ent from this description [45], with overlapping 
terminal vessels between the different segments 
reducing the potential ischemic damage.

Each segmental artery branches into lobar 
arteries, further subdividing into interlobar arter-
ies progressing peripherally through the renal col-
umns of Bertin between the pyramids. Close to 
the base of the pyramids they give off the arcuate 

Fig. 1.9 Drawing of the perirenal and pararenal spaces 
with the delimiting fascias

C. M. Scoffone and C. M. Cracco



11

arteries, from their convex side originate the inter-
lobular arteries, which in turn originate the affer-
ent arterioles of the glomeruli. The arterioles 
rectaespuriae originate from the efferent arterioles 
of the glomeruli; the rectaeverae originate from 
the concavity of the arcuate arteries [46].

1.8.1  Clinical Implications for PCNL

The line of Brödel (a German medical illustrator 
of the beginning of the twentieth century) or 
avascular plane is longitudinal and located 
between the anterior and posterior segmental 
arteries, just posterior to the lateral aspect of the 
kidney. It is always consistent at the level of the 
middle segment of the kidney, while it is variable 
at the apical, superior, and inferior segments, 
being 1.8–2.4 centimeters from the lateral margin 
of the kidney. It is absent in 20% of cases, and 
4th/5th order vessels cross this line in 100% of 
cases at the level of the middle calyx, in 27% of 
cases at the level of the superior calyx and in 33% 
of cases at the level of the inferior calyx. For all 
these reasons the best calyx for the puncture 
seems to be the lowermost posterior calyx [47].

The architecture of the arterial vascularization 
of the kidney supports the rationale of the so- 
called “papillary puncture,” reaching the tip of the 
renal papilla along the axis of the calyceal infun-
dibulum where major arterial branches should be 
absent most of the time [48] (Fig. 1.10). In spite of 
this, the no-papillary puncture has also been per-
formed safely and effectively, at least in expert 
hands [49]. The use of vessel-sparing technique 
with the aid of color Doppler ultrasound in real 
time may also be effective in identifying major 
arterial vessels within the renal parenchyma [50].

If the posterior segmental branch passes ante-
rior to the ureter ureteropelvic junction obstruc-
tion (UPJO) may occur. It is important to 
remember that not all renal calcifications are 
stones… a thorough preoperative imaging might 
save the situation, for instance avoiding to per-
form a dangerous PCNL for a calcified pseudoa-
neurysm [51]. Finally, in case angioembolization 
for a post-PCNL arteriovenous fistula or pseudo-
aneurysm, have in mind the arterial architecture, 

in order to minimize the ischemia of the renal 
parenchyma [52].

1.9  Renal Veins

The venous drainage does not follow the segmen-
tal scheme, being diffusely anastomosed and not 
terminal. The cortex is drained by the stellate 
veins, mainly draining into the arches of the 
interlobular veins.

There are three systems of longitudinal free 
anastomotic arcades, of first, second, and third 
order from the periphery to the center, with anas-
tomoses between the stellate veins (peripherally 
in the cortex), the arcuate veins (at the base of the 
pyramids), and the interlobar veins (close to the 
renal sinus). There are also transverse anastomo-
ses linking ventral and dorsal veins at various lev-
els. Around the minor calyces, there are large 
anastomoses forming a sort of venous collar.

The interlobar veins become lobar veins, pro-
ducing two (29%) or three (54%) large venous 
segmental trunks, draining into the renal veins 
(which should be two), then into the inferior vena 
cava, being the left one longer and receiving the 
left suprarenal, gonadal, and lumbar veins [1].

Anomalies of the venous drainage are less 
common than those of the renal arteries.

Fig. 1.10 Drawing of the “avascular tract” followed by 
the so-called papillary renal puncture
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1.9.1  Clinical Implications for PCNL

Injuries to the main renal vessels are uncommon, 
accounting for less than 0.5%. Tearing and torqu-
ing the kidney may cause lesions of the major 
renal veins and thus relevant bleeding. Direct 
injury and penetration into the vascular system 
with the puncturing needle, the dilators or the 
Amplatz sheath may cause massive hemorrhage. 
In any case, venous injuries during PCNL are 
probably underdiagnosed most of the time in 
absence of injection of contrast material through 
the nephroscope [53].

1.10  Renal Lymphatic Drainage

There is a superficial subcapsular plexus drain-
ing the tissue beneath the capsule, a deep hilar 
plexus draining interstitial fluids into 4 or 5 
large trunks, and a plexus communicating with 
the subcapsular one but draining independently 
to the lateral aortic nodes. They empty into the 
lymph nodes associated with the renal vein. Left 
drainage mainly goes to the left para-aortic 
lymph nodes, right drainage primarily into the 
right interaortocaval and right paracaval lymph 
nodes [54].

1.10.1  Clinical Implications for PCNL

This compartment is not relevantly involved in 
PCNL. A rare case of chyluria has been reported 
in the literature, due to mechanical injury of one 
of the trunks near the renal hilus [54].

1.11  Renal Innervation

Innervation of the kidney includes both afferent 
and efferent fibers of the renal plexus. This plexus 
is a combination of fibers originating from the 
celiac plexus, intermesenteric plexus, and lumbar 
splanchnic nerves.

The afferent innervation is essential for noci-
ception recognition and projects to brain regions 
like subfornical organs, hypothalamus, and 
brainstem.

The efferent innervation mainly regulates car-
diovascular function and arterial pressure; it is 
primarily sympathetic and receives input from 
each contributing plexus, while little evidence 
exists for parasympathetic innervation of the kid-
ney [39, 40].

1.11.1  Clinical Implications for PCNL

Kidneys can function well without neurologic 
control, as evidentiated by the successful func-
tion of transplanted kidneys.

The afferent innervation is essential for noci-
ception recognition, having the highest density in 
the renal pelvis and being activated by an increase 
in wall tension like in the acute distension of the 
collecting system. Pain radiates in a dermatomal 
pattern covering the anterior abdominal wall and 
flanks as it happens during renal colics [39, 40].

1.12  Pyelocaliceal System 
of the Kidney

Minor renal calyces range from 5 to 14, being 8 
on average, and enclose the pyramids (sometimes 
compound, enclosing 2 or 3 papillae together); 
they open into the major calyces, two or more, 
opening in turn into the renal pelvis, which can 
be intrarenal or extrarenal, with different degrees 
of accessibility and extent of urine drainage [1].

Pelvicalyceal system (PCS) anatomy might 
vary (Fig.  1.2), being the Brödel’s kidney type 
(short and medially directed anterior calyx, lon-
ger and laterally directed posterior calyx) present 
in 69% of the right kidneys and the Hodson’s one 
(longer anterior calyx close to the lateral border 
of the kidney, shorter and more medial posterior 
calyx) in 79% of left kidneys. Sampaio further 
classified into types A and B, with two subtypes 
each [55–57].

1.12.1  Clinical Implications for PCNL

Relevant anatomic parameters might be the 
infundibular width (better >5  mm) and length 
(better <3  cm), and the lower pole 

C. M. Scoffone and C. M. Cracco



13

infundibulopelvic angle (better >45°). Such 
details may be obtained by contrast CT scan, 
identifying the so- called static anatomy of the 
PCS, and foreseeing the success rate of any treat-
ment of urolithiasis. Intraoperative irrigation and 
contrast injection may provide additional data on 
the elasticity of the PCS, the so-called dynamic 
anatomy, relevant in order to adapt nephroscopes 
and accessories (mainly dilators and Amplatz 
sheath) to the PCS features rather than forcing a 
stiff infundibulum or calyx and causing its dam-
age with bleeding [1, 11, 12, 58–60].

1.13  Conclusions

The knowledge of the gross, surgical, and radio-
logical anatomy of the kidney is fundamental in 
the preoperative planning of PCNL, essential in 
the tailoring of the procedure on the patient, the 
urolithiasis, and the anatomy of the collecting 
system containing the stones, relevant for the 
optimization of PCNL success and the minimiza-
tion of PCNL complications (Table 1.1).
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2.1  History

Currently, percutaneous nephrolithotomy is the 
procedure of choice for the minimally invasive 
management of large stones (>20  mm) both in 
adults and in children. Related to the evolution of 
the procedure, percutaneous procedures to the 
renal collecting system for different indications 
have been performed for a long time. In 1871, 
Simon G. was the first physician who mentioned 
the trocar puncture of hydro or pyonephrotic kid-
neys [1]. In other words, trocar puncturing the 
dilated kidneys for the drainage of the collecting 
system for the first time paved the way for renal 
puncture to do other intrarenal endoscopic proce-
dures. Based on this evolved concept, an “ante-
grade pyelography” was done by CaseyWC and 
Goodwin WE in 1953 following an accidental 
entry into the renal collecting system during a 
needle biopsy of a “nonfunctioning” kidney [2–
4]. They punctured the kidney and drained some 
urine and pus which thereafter let Goodwin WE 
and his colleagues describe “percutaneous 
pyelostomy” as the next logical step after percu-
taneous pyelography [5]. However, despite the 
establishment of renal puncture with this aim, it 

took another 10  years until this procedure was 
suggested and performed again for percutaneous 
stone removal (PNL) [6].

Related to the application of percutaneous 
renal access, initially, radiologists were the phy-
sicians performing the procedure and despite the 
widespread use of X-ray (fluoroscopy) to get an 
access to the kidney, combined sonography and 
fluoroscopy were first used by Pedersen JF with 
this aim [7]. Alken P and his co-workers initiated 
renal access to the collecting system under sono-
graphic guidance on an X-ray table in 1978 and 
with this experience urologists began to perform 
the whole PNL procedure after this new approach 
in puncturing the kidney [8, 9].

Regarding the dilation of the percutaneous 
access tract, the use of malleable conical dilators 
and plastic sheaths were originally introduced by 
Seldinger SI in 1953 based on the accumulated 
experience from his angiographic radiological 
procedures [10]. Subsequently, Fernström I, a 
radiologist, used Couvelaire catheters up to 24 F 
and tapered plastic dilators for tract dilation at 
the beginning of this procedure [11, 12]. Another 
radiologist Rusnak B. et al. described the grad-
ual dilation technique by using polyurethane 
dilators enlarging up to 30 F in 1982 where he 
used a 34  F sleeve remaining in place as the 
Amplatz sheath [13]. Balloon dilatation was 
described by Clayman R. et al. [14], which was 
also primarily used in radiological angioplasty 
procedures [15]. Last but not least, in 1980 by 
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Alken P. et  al. described the principle of the 
metallic telescope dilators, a technique which 
enabled the urologists to perform a safe dilation 
process in one step [16, 17].

Although large bore tubes and dilators have 
been used in the beginning, in an attempt to limit 
the degree of invasiveness and the risk of serious 
complications small size tracts were popularized 
in recent years. By using a 12.5 F ureteroscope, 
while Wu W. et  al. performed Mini-PNL 
 procedures in staghorn stones since 1988  in 
China [18], an 11/13 F sheath and a 7.7 F pediat-
ric cystoscope were used by Jackman SV et al. in 
their “mini-perc” series in 1998. All these proce-
dures were done after one-step dilation [19]. A 
similar procedure in pediatric PNL was published 
by Helal M et  al. [20] again with a single-step 
dilation technique and this approach became 
even more popular [21] with smaller tracts [22].

Regarding the first successful stone removal 
from the punctured kidney, Fernström I. et  al. 
performed the first percutaneous procedure under 
radiological control during which they extracted 
kidney stones through percutaneously estab-
lished tracts first in 1974 and published three suc-
cessful cases together with the urologist 
Johansson in 1976 [11].

Regarding the intracorporeal stone disintegra-
tion, electrohydraulic lithotripsy was the first 
modality applied in operatively established tracts 
in 1969 [23], which was associated with the high-
est risk to tissue and instruments [24]. Later on 
ultrasound lithotripsy was introduced [25–27] 
and the use of this modality along with the devel-
opment of new accessory instruments (i.e., con-
tinuous flow nephroscope), PNL began to be 
applied more commonly by different groups. 
Following its clinical introduction, this new pro-
cedure replaced 50% of our surgical procedures 
for large stones in a successful manner [24, 28, 
29]. Although it was not necessary to leave a 
nephrostomy tube following the extraction of 
stones after an uneventful procedure (by leaving 
the tract to close on its own), Bellman et  al. 
reported the first concept of planned no- 
nephrostomy strategy with successful outcomes 
[30]. This “tubeless PNL” concept was per-
formed by inserting a double-J stent instead of a 

nephrostomy tube in the beginning and as a result 
of increasing experience “totally tubeless PNL” 
concept has evolved in uncomplicated cases 
(with no bleeding, perforation, and residual frag-
ments left) by leaving no tube and/or stent after 
the procedure.

2.2  In Summary

• Fernström and Johansson published the first 
percutaneous access under radiologically 
controlled percutaneous renal stone extrac-
tion [11].

• Kurth et al. first removed a staghorn stone by 
using ultrasound lithotripsy [31].

• Rolf Günther, Gerd Hutschenreiter, and 
Peter Alken developed endoscopically con-
trolled percutaneous renal stone removal in 
1976 [32].

2.3  Evolution of Minimally 
Invasive Percutaneous 
Nephrolithotomy (PNL)

2.3.1  Miniaturization in PNL: A New 
but Rapidly Evolving Concept

With an increasing incidence both in adults and 
in children in all parts of the world, stone disease 
requires an appropriate treatment to prevent pos-
sible functional and morphologic changes in the 
affected kidneys. Management mainly aims at a 
completely stone-free status with minimal or no 
risk of complications. Currently available con-
temporary management options of urinary stones 
include extracorporeal shock wave lithotripsy 
(ESWL), retrograde intrarenal surgery (RIRS), 
and percutaneous nephrolithotomy (PNL). With 
the efficient and judicious use of these tech-
niques, open and laparoscopic surgeries are being 
performed rarely (1–2%) in selected complex 
cases with relatively larger stones.

Of these available options, PNL was first 
described by Fernstrom I. and Johansson S. in 
1976 [11], since then this modality has been 
accepted and applied as the treatment of choice 
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in the minimal invasive removal of renal calculi 
sizing >2  cm [33]. Despite its relatively more 
invasive nature which may be associated with 
certain severe complications (bleeding, perfora-
tion, and infection), PNL enables the endourolo-
gists to render the patients stone free in a single 
session when compared to other treatment 
modalities associated with relatively lower 
stone-free and higher re-treatment rates [34]. It 
is clear that with the clinical introduction of 
PNL, the morbidity and mortality associated 
with open renal surgery were significantly 
reduced. On the other hand again, although the 
role of ESWL and RIRS has considerably 
increased as a result of the developments in 
endoscopic instruments and techniques, PNL 
still has certain indications with many advan-
tages over ESWL and RIRS in patients with 
large and complex stones. Excellent stone- free 
rates (SFR) ranging from 76% to 98% have been 
reported following PNL [35].

As mentioned above although PNL is the most 
efficient method with respect to the stone-free 
rates, complications such as extravasation, blood 
transfusion, fever, septicemia, colonic injury, and 
pleural injury may be encountered during and 
after the procedure. In addition to postoperative 
sepsis (2%), fever (10–16%) and adjacent organ 
perforation (0.4%); blood transfusion (3–6%) 
and significant bleeding (8%) could be encoun-
tered during and/or after the procedure. Based on 
the data reported by the British Association of 
Urological Surgeons (BAUS) [36] and Clinical 
Research Office of the Endourological Society 
(CROES) [37], risks associated with PCNL 
include postoperative sepsis (2%), fever (10%–
16%), and perforation of adjacent organs (0.4%). 
In particular, blood transfusion (3%–6%) and 
significant bleeding (8%) are not uncommon 
complications after PCNL, with potentially dev-
astating consequences.

Taking the evident invasive nature and higher 
risk of complications associated with standard 
PNL into account, endourologists aimed to lower 
the invasiveness and decrease the risk of severe 
complications (mainly bleeding) by using 
smaller tract sizes to limit the trauma induced in 
the renal parenchyma. As a result of the continu-

ous efforts on this aspect, the concept of “minia-
turization” has evolved and relatively 
smaller-sized instruments began to be used in 
recent years. As the cornerstone of this new era, 
Jackman SV et  al. [38] have first developed a 
specifically designed minimally invasive PNL 
(mini-PCNL) device for children in 1998. 
Following this advancement, a specially 
designed miniaturized nephroscope for mini-
PCNL in adults was first designed and used by 
Lahme S. et al. [39] in Germany in 2001.

Since then, the “miniaturized-PCNL” tech-
nique has developed rapidly with the intro-
duction of other techniques designed by using 
other types of specially designed miniaturized 
systems (Ultra-mini-PNL, Micro-PNL, and 
Super-Mini-PNL) became increasingly popular 
worldwide.

Although limited, published data in recent 
years demonstrated that these newer miniaturized 
techniques using relatively smaller size tracts and 
instruments seemed to reduce the morbidity 
rates, increase the efficacy of PNL, and also 
increase the range of its indications. Current 
European Association of Urology (EAU) guide-
lines recommend standard PNL as the first treat-
ment alternative for large renal calculi sizing 
>20 mm and also for moderate-sized lower caly-
ceal stones (10–20  mm) when unfavorable fac-
tors for ESWL exist [40].

2.4  Currently Available 
Miniaturized PCNL 
Techniques

With the clinical introduction of “miniaturiza-
tion” concept, endourologists began to use the 
smaller instruments through smaller diameter 
sheaths in an attempt to reduce the extent of 
injury induced in the renal parenchyma with sim-
ilar success rates and reduced complications. 
With this aim, a variety of endoscopes with dif-
ferent sizes have been used for stone disintegra-
tion and removal, by using the access sheaths 
sizing from11 to 20 Fr. However, over the past 
20 years different surgical techniques have been 
defined and this situation brought the terminology 
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of mini-PNL into a more complex position neces-
sitating further clarification for the term of “mini-
PNL” where many studies used the same 
terminology for the different sized sheaths (14–
22 F sheaths).

2.4.1  Mini-PCNL

Based on these observations to decrease the mor-
bidity associated with larger tracts, reduction of 
the tract size with the use of smaller instruments 
have been proposed. As a result of these efforts, 
the new technique using a small caliber working 
sheath was defined as “mini-PNL” or “miniperc.” 
This technique was originally developed for the 
management of large renal stones in pediatric 
patients. However, as stated above the term 
“mini-perc” has been used in the literature, for 
varying sized sheaths between 11 and 20 Fr [19, 
41, 42]. Related to this issue, Helal et  al. [20] 
were the first group reporting miniaturized PNL 
for a 2-year-old pediatric patient with renal stones 
by using a 15-Fr peel-away vascular sheath. 
Following the definition and first application of 
this technique, Jackman SV et al. [19] performed 
mini-PNL by using an 11-Fr access sheath. The 
stone-free rate was significantly high (89%) in 
this first series without any procedure-related 
complications.

2.4.2  Minimally Invasive PCNL

Within the concept of miniaturization which aims 
to use smaller instruments and reduced tract 
sizes, Minimally Invasive PCNL (MIP) approach 
was first described by Nagele U. et  al. in 2007 
[41]. Regarding the instrumentation, this system 
was found to use a 12 Fr nephroscope with a 6.7 
Fr working channel, single-stage dilators and 
corresponding operating sheaths. Stones are 
being disintegrated by using a ballistic litho-
tripter and the fragments formed are evacuated 
due to the difference of the intrarenal pressure 
and the pressure outside the apparatus, a phe-
nomenon described as the “vacuum cleaning 
effect” of the system [43].

2.4.3  Ultra-Mini-PCNL

In an attempt to decrease the size of the PNL 
instruments further; “Ultramini-PNL” (UMP) 
concept has been brought into the agenda of 
endourologists by Desai J. et al. This new tech-
nique used a specially designed 7.5 Fr nephro-
scope enabling the surgeon to carry out PNL 
through 11 to 13 Fr sheaths [44]. As the most 
important characteristic advantage of this tech-
nique, this special design of the working sheath 
allows stone fragment retrieval without the use of 
baskets or graspers with a minimal complication 
rate, a high SFR and very limited need for auxil-
iary procedures [45, 46].

2.4.4  Micro-PCNL

This technique is carried out using a 4.85 Fr “all- 
seeing needle” [47], which aims to perform the 
renal access and PCNL procedure in one single 
step under direct visualization. The main aim of 
the “all-seeing needle” was to establish a perfect 
initial tract under direct vision, to limit the risk of 
tract-related morbidity. The microoptics of the 
needle was planned to help in the confirmation of 
a correct papilla, to puncture and avoid to injure 
and viscera on the way to renal parenchyma.

2.4.5  Super-Mini-PCNL and Authors’ 
Experience

Related to the ongoing miniaturization process, 
some drawbacks such as lack of or limited con-
tinuous irrigation flow, relatively poorer endo-
scopic visualization, difficulty in stone extraction, 
and more importantly the theoretical risk of per-
sistent intraoperative elevation of renal pelvic 
pressure have led the urologists to look for new 
techniques to overcome such important disadvan-
tages, which closely affect the final outcome of 
the procedures. As a result of these efforts, 
G. Zeng et  al. developed the Super-mini-PCNL 
(SMP) system in 2016 [48]. The basic compo-
nents of the original SMP system were a 7 Fr 
miniature nephroscope with enhanced irrigation 
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capability and a modified nephrostomy access 
sheath, which allows a continuous negative pres-
sure aspiration. The nephroscope has a 3.3 Fr 
working and irrigation channel which allows the 
use of both a 0.8-mm pneumatic lithotripter 
probe, a laser fiber up to 365 mm, and also a 2.5 
Fr stone basket.

In conclusion, following the first description 
of miniaturized PCNL technique nearly two 
decades ago, all those different smaller-sized sys-
tems have not gained a widespread acceptance so 
far, and their exact roles within the armamentar-
ium of renal stone surgery remain to be defined. 
Accumulated experience so far has clearly dem-
onstrated that the miniaturized PCNL technique 
appears to be a reasonable alternative for adult 
patients with small-to-medium-sized stones and 
particularly in pediatric ones which allow the 
application of the procedure in a “totally tube-
less” manner. However, further well-designed, 
randomized controlled studies are certainly 
needed to outline the specific role of these sys-
tems better in a comparative manner with the cur-
rently available standard PCNL technique.

# We are grateful and thankful to Prof. Peter 
ALKEN for having his published paper on History 
of PNL as the only available main source for the 
preparation of our chapter.

2.5  Classification

Following its first clinical introduction nearly 
40 years ago, although the indications and appli-
cations of PNL have been well assessed and per-
formed with well-established guidelines. 
However, based on the well-known severe com-
plications (i.e., bleeding and infection) a trend of 
equipment miniaturization has been emerged to 
reduce the tract related above mentioned morbid-
ity with the currently available relatively large 
sized tracts [49]. With this aim and strong desire, 
endourologists began to use smaller caliber 
instruments.

However, although the idea and subsequent 
use of smaller tracts merit certain attention, the 
clinical introduction of the “miniaturization 
concept in PNL” has been accompanied by 

confusion in the terminology, as there is no 
established consensus among the clinicians. 
The investigators introducing different tech-
niques have suggested a variety of terms for 
their newly proposed techniques. On the other 
hand, practicing endourologists began to look 
for a unified, commonly accepted terminology 
based on the size of the access sheaths used 
[19, 45, 49–53].

This search basically originated from the use 
of several new PNL terms, like mini-PNL (<22 
Fr) [19], MIP [52], ultra-mini-PNL [44], super- 
mini- PNL [48], and micro-PNL [54], by different 
investigator groups and confusion regarding the 
appropriate use of terminology for PNL applica-
tions increased substantially. Based on this con-
fusion arising from the “personal author 
definitions” in the published literature, endourol-
ogists realized the importance of a single, widely 
accepted reporting nomenclature, which will 
definitely ease the documentation and compari-
son of currently available techniques.

Related to this issue evaluation of the pub-
lished data has shown that majority of the pro-
posed miniaturized systems have been put into 
the concept of “Mini-PNL procedure.” However, 
as one cannot put a 24F sheath and 10F sheath 
into the same concept, once again to avoid confu-
sion with regard to various names used in PCNL 
although limited some authors tried to propose a 
uniform nomenclature based on sheath size used 
[49] (Table 2.1).

Accumulated experience on this aspect so far 
has clearly indicated that PNL techniques using 
access sheath size smaller than 24 Fr could be 
considered miniaturized approaches. Concerning 
the formation of a new nomenclature for clinical 
use, Schilling et al. [49] proposed a categoriza-
tion of PNL based on the diameter of the outer 
sheath. Any diameter > 25 Fr was considered to 
be XL size, 20–24 Fr as L size, 15–19 Fr as M 
size, 10–14 as S size, 5–9 Fr as XS size, and 
finally <5 Fr XXS size. Similarly, Tepeler et al. 
[51] proposed labeling based on the size of the 
access tract. PNL techniques were categorized as 
PNL + 30, PNL + 20, and PNL + 12 (Table 2.1). 
We believe that once established and commonly 
used, the further acceptance of these techniques 
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will eventually result in an expert consensus that 
would clarify the issue of terminology.

Although the main concept for the use of 
smaller instrumentation was to induce less stress 
on the kidney, which may result in less bleeding 
compared with standard 30F instruments; 
 however, to date, most studies comparing mini-
mally invasive PNL with standard PNL have 
failed to demonstrate considerable differences in 
outcomes [48, 50, 54–66].
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Diagnostic Imaging for Mini 
Percutaneous Nephrolithotomy
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3.1  Introduction

Traditionally, percutaneous nephrolithotomy 
(PCNL) has been advocated for the treatment of 
patients with large and/or complex renal calculi. 
During recent years miniaturizing the access in 
PCNL (mini PCNL) has widened the indications 
for PCNL, and continuing evolutions in access 
and intracorporeal lithotripsy technology have 
increased the possibilities of a true Personalized 
Stone Approach (PSA), taking into consideration 
best available evidence, patients’ preferences, 
and expectations as well as surgeons’ clinical 
expertise (Fig. 3.1) [1]. In this perspective, imag-
ing is an essential tool for patient selection, 
access planning, as well as for complication and 
outcome evaluation.

3.2  Introducing the RALARA 
Principle and Imaging 
in Nephrolithiasis

Nephrolithiasis is often recurrent, and patients 
with kidney stones are at risk of high radiation 
exposure [2]. To reduce ionized radiation in stone 
patients it is of upmost importance to apply the 
ALARA principle. ALARA stands for “as low as 
reasonably achievable”, which should be an inte-
gral part of all activities that involve the use of 
ionized radiation to prevent unnecessary expo-
sure as well as overexposure. Further details 
regarding the ALARA principle will be outlined 
in the next chapter.
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Fig. 3.1 PSA in an EBM perspective. (PSA = Personalized 
Stone Approach; EBM  =  Evidence Based Medicine; 
[Adapted from Axelsson et al. World J Urol [1]])
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In patients undergoing PCNL there are several 
additional factors contributing to high radiation 
exposure, including high body mass index (BMI), 
multiple tract access, complex renal anatomy, and 
increased stone burden [3]. Therefore, the concept 
of ALARA is of special importance in this group 
of patients. On the other hand, we need sufficient 
and reliable diagnostic imaging to define indica-
tion for treatment, for performing safe surgery, 
and for evaluation of outcome. In this respect, we 
introduce the concept of RALARA, “risk as low 
as reasonably achievable”, taking into consider-
ation both 1) risk of performing the imaging pro-
cedure (radiation risk) and 2) risk of not 
performing the imaging procedure, potentially 
resulting in insufficient information for treatment 
decisions. Therefore, imaging strategy needs to be 
personalized (Fig. 3.2).

3.2.1  Paediatric Nephrolithiasis

Since mini PCNL plays a particular role in man-
agement of paediatric urolithiasis, special atten-

tion should be on imaging modalities for 
paediatric upper urinary tract stone disease. 
Ideally radiation free imaging should be used; 
however, for planning PCNL procedures this 
may not be sufficient. Ultrasonography (US) is 
the preferred initial diagnostic examination in 
children with the advantages of being easily 
available and with no radiation exposure [4] 
(Fig.  3.3). However, US for diagnosis of uroli-
thiasis and characterization of renal anatomy do 
have limitations. US accuracy is very operator 
dependent, and sensitivity and specificity for 
detection of renal stones have been reported to be 
61–93% and 95–100%, respectively [4, 5]. 
Additionally, US often does not present renal and 
perirenal anatomy and details of stone burden 
accurately. Therefore, additional imaging is often 
necessary for treatment planning, especially if 
PCNL is considered. The other radiation free 
alternative, Magnetic Resonance Urography 
(MRU), is seldomly used [6]. Although 
Gadolinium-enhanced-excretory MRU has 
shown up to 90–100% sensitivity for urolithiasis 
diagnosis and is excellent for presenting anatom-
ical details and severity of obstruction, the exam-
ination has considerable limitations, including 
longer procedure duration, need for general 
anaesthesia, motion artefacts, and high costs [4, 
6]. Combining US and plain abdominal radiogra-
phy (Kidney-Ureter-Bladder = KUB) with retro-
grade pyelography at surgery may be enough for 
PCNL surgical strategy; however, since ultra-low 
dose CT (ULD-CT) protocols with radiation 

RALARARALARA

Radiation
exposure

Patient’s
consent

Case
complexity

Procedure
complexity

Fig. 3.2 RALARA—Risk as Low as Reasonably 
Achievable. (Risk of performing imaging [ionized radia-
tion hazards] should be weighed up against risk of not 
performing sufficient and reliable diagnostic imaging, in 
order to be able to select the right treatment for the right 
patient. In this clinical decision-making scenario, the con-
cept of RALARA interacts dynamically with case and 
procedure complexity, patient’s consent and potential 
radiation risks for the individual patient)

Fig. 3.3 Ultrasonography [ULS] of kidney with a stone 
in the middle calyx. (The stone strongly reflect ultrasonic 
waves and appears as a bright echogenic structure with an 
acoustic shadow behind, due to the fact that that the ultra-
sonic waves are unable to penetrate through the stone)

S. S. Osther and P. J. S. Osther



27

doses close to KUB (0.5 mSv) and without limit-
ing image quality in the paediatric population, 
ULD-CT has been suggested as standard prior to 
PCNL in children [7] (Fig. 3.4). Again, due to the 
extreme diversity of stone disease, especially in 
the population needing PCNL, a PSA imaging 
strategy in children should be applied, taking into 
consideration the concept of RALARA.

Overall diagnostic imaging considerations 
concerning mini PCNL will be discussed in the 
following.

3.3  Preoperative Diagnostic 
Imaging

Preoperative imaging is considered the major 
tool for individualizing stone management; 
thereby enabling PSA [1]. Ideally imaging should 
characterize the stone, present renal and perirenal 
anatomy as well as estimate kidney function [8].

3.3.1  Stone Characteristics 
and Renal Anatomy

Previously, Intravenous Urography (IVU) 
(Fig.  3.5) was considered the gold standard for 
diagnosis and treatment planning of urolithiasis; 

however, nowadays CT has almost completely 
taken over the stone imaging scenario. For assess-
ment of acute flank pain, Non-contrast CT 
(NCCT) with sensitivities and specificities for 
evaluating renal and ureteral calculi approaching 
100% performs significantly better than IVU 
(evidence level 1a) [9–12]. Regarding treatment 
strategies in PCNL, CT examinations are of par-
ticular value for (1) assessment of stone charac-
teristics (composition and volume) and (2) for 
defining renal anatomy, in order to choose opti-
mal access size and site, which both are para-
mount in mini PCNL.

3.3.1.1  Stone Characteristics
CT-attenuation values, expressed as Hounsfield 
Units (HU), are widely used to estimate stone 
composition and hardness [13]. This may be of 
importance, when selecting endoscopic proce-
dures (RIRS, mini PCNL) instead of SWL, since 
higher HU values (above 900–1200 HU) have 
been found to be independent predictors of SWL 
failure [13, 14]. It has been shown, however, that 
the correlation between HU and SWL failure is 
not linear despite identical stone composition, 
suggesting a multitude of factors involved (15). 
By using high-resolution detection of internal 
structure of renal calculi with helical CT, it was 
found that internal structure rather than HU of 

Axia plane Coronal plane

Fig. 3.4 Ultralow dose computerized tomography 
[ULD-CT]. (ULD-CT in a 3-year-old boy with a very 
dense stone [mean HU 2501]. The examination could be 
designed with a radiation dose of 0.36 mSv, which is com-
parable or even less than a KUB. The boy was treated by 

mini-PCNL and Thulium fiber laser lithotripsy, since this 
very hard stone probably would have been Shock Wave 
Lithotripsy [SWL] resistant. In this way the imaging 
modality helped choosing the right treatment up front, 
thereby enabling a personalized stone approach [PSA])

3 Diagnostic Imaging for Mini Percutaneous Nephrolithotomy



28

calcium oxalate monohydrate (COM) [15] and 
cystine stones [16] predicted lithotripsy fragility 
in  vitro. COM and cystine 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 (void regions) that were visi-
ble by CT (Fig.  3.6). Hounsfield unit values of 
COM as well as cystine 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 COM and cys-
tine stones, and these stone characteristics may 
be used for selection of patients to primary SWL 
or primary endoscopic treatment, such as mini 
PCNL, increasing efficacy of both (Fig. 3.7).

Traditionally, stone diameters have been used 
to characterize stone burden. This is a routine that 
stems from the era of plain abdominal radiogra-
phy (KUB) and IVU; however, with use of CT 
technology exact volume of stone burden is 
achievable, and volume seems to correlate better 
to treatment outcome and should be used in clini-
cal as well as research settings [17, 18].

Whether a KUB should be added to the NCCT 
before stone treatment is a matter of debate [19]. 
KUB envisions radiopaque stones; including 
 calcium stones, cystine and struvite stones, 
whereas uric acid stones are radiolucent 
(Fig. 3.8). This may be useful information during 
access as well as during endoscopy when evaluat-
ing residual fragments with fluoroscopy. This 

Fig. 3.5 Plain abdominal radiography [KUB] and intra-
venous urography [IVU]. (KUB [left] showing large radi-
opaque stone in the left kidney. IVU [right] demonstrating 

that the stone is located in the renal pelvis with a slight 
degree of obstruction, resulting in dilatation of calyces)
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information may also be achieved using the CT 
planning image (CTI, Scout, Topogram, etc.), 
since it has been shown that kidney stones visible 
on CTI are also visible on KUB/fluoroscopy 
(positive predictive value 100%) [20]. Thus, add-
ing a KUB seems to be unnecessary exposure of 
ionized radiation, if a CTI is available.

3.3.1.2  Renal Anatomy
Regarding anatomical information, NCCT has 
been considered less suitable than IVU, and 
patients with complex stones or anatomy sched-
uled for PCNL may need additional imaging [13]. 
This can be done by a retrograde contrast study 
during surgery, which often is enough for a safe 
puncture. Additionally, this gives an impression 
of the dynamic anatomy of the collecting system, 
which may define need for a  miniaturized access 
(narrow calyceal neck, diverticulum stones. Etc.). 
This also may be achieved by a contrast enhanced 
CT, which according to the Guidelines of 
European Association of Urology (EAU) should 
be done if renal stone removal is planned and the 

Fig. 3.6 Non-contrast CT[NCCT] in bone window. 
(NCCT [left] demonstrating a branched stone in the upper 
pole of the left kidney that has a close relation to the 
spleen, which potentially would be a problem in an upper 
pole access. In the bone window it appears that the stone 
is heterogenous with void regions, which makes the stone 
easier fragmentable with SWL. Therefore, SWL was pre-

ferred, and after one SWL session the patient was almost 
stone free with only minor fragments left in the lower pole 
demonstrated on KUB [right]. Prior to SWL the patient 
had a JJ inserted to prevent adverse events of a Steinstrasse. 
In this way imaging helped personalizing treatment, 
focusing on both efficacy and safety)

Fig. 3.7 Plain abdominal radiography [KUB] of cystine 
stones. (KUB demonstrating weak radiopaque staghorn 
stones in both kidneys of a 3-year-old boy with 
cystinuria)
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anatomy of the renal collecting system needs to 
be assessed [13, 21, 22]. Excretory contrast stud-
ies (ECT) may mask stones [8, 23]; however, 
viewing the images in the bone window most 
often will give valuable information regarding 
stone and calyceal system interrelations. In com-
plex cases where access difficulties are antici-
pated, 3-D CT pyelography may be beneficial for 
detailed evaluation of stone burden and anatomy 
as well as for perirenal organ mapping, thereby 
helping to choose the right plane of access and at 
the same time avoiding injury to adjacent organs 

(Fig. 3.9). This may be of especial importance in 
patients with abnormal body habitus (Fig. 3.10). 
Three-dimensional CT pyelography demonstrates 
calculi in parallel calyces, calyceal orientation, 
and size of calyceal necks as well as presence of a 
calyceal diverticulum and other anatomical abnor-
malities, which may be highly valuable when 
deciding the best route of access, access size, and 
when performing combined endoscopic intrarenal 
surgery (ECIRS) (Fig. 3.11) [21, 24, 25]. In this 
way the advantages of a miniaturized access often 
become evident.

Fig. 3.8 Low-dose 3-D CT. (In this 9-year-old boy initial 
ultrasonography gave the suspicion of a large stone in the 
lower part of the left kidney. For treatment planning a low- 
dose CT [1.7 mSv] was performed, and this examination 
gave the suspicion of a dual system [upper right], which 

was confirmed by a retrograde pyelography during sur-
gery [lower right]. 3-D reformatting [left] helped deciding 
proper calyx for access in mini PCNL. Thus, the slightly 
higher radiation dose was justified by the additional infor-
mation achieved, securing efficacious and safe surgery)
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3.3.2  Perirenal Organ Mapping

Preoperative imaging should provide informa-
tion regarding interpositioned organs (colon, 
spleen, liver, pleura and lung) within the 
planned percutaneous access route, thereby 

reducing risk of organ injury during PCNL 
[23]. In a study comparing CTs in supine and 
prone position, it was shown that colon is more 
often positioned behind the colon (retrorenal) 
in prone (10%) compared to the supine position 
(1.9%) [26], which may suggest a lower risk of 
colon injury in supine PCNL.  Another study 
has demonstrated that colon is more often retro-
renal on the left side, especially in women [27] 
(Fig. 3.12). This information may be used when 
planning patient positioning and access route. 
Theoretically, preoperative CT for PCNL plan-
ning should be performed with the patient in 
the same position in which surgery is planned 
[28]. In our practice we perform all CTs in 
supine position, and when the colon position is 
considered a problem, multiplanar reformatted 
images (3-D CT) are provided, since these often 
gives a more reliable estimate of risk of colon 
injury compared to evaluation of axial CT 
images [29].

If a supracostal puncture is planned, the rela-
tion of the access tract to the pleura and the lung 
must be considered. 3-DCT in both inspiratory 
and expiratory phases may be helpful in showing 
the relationships between the kidney and pleura/
diaphragm/ribs [30]. It is generally recommended 
to do percutaneous puncture while the patient is 
in expiration [8].

Fig. 3.9 3-D CT in renal anomaly. (3-D CT reconstruc-
tion in a patient with bilateral UPJ stenosis, showing the 
large stone burdens and the upper urinary tract in rich 3-D 
format that may be rotated to visualize the system from all 
directions, in order to plan optimal access)

Fig. 3.10 3-D CT in complex stone scenario. (CT with 
3-D reconstruction of large calcium oxalate monohydrate 
staghorn stone. 3-D reformatting helped deciding best 
route of access in an endoscopic intrarenal surgical 
[ECIRS] procedure)

Fig. 3.11 NCCT and perirenal organ mapping. (Non- 
contrast CT [NCCT] in a female with solitary stone in the 
left kidney. Examination revealed a retrorenal colon 
[arrow], which one must be aware, when access is 
planned)
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3.3.3  Estimation of Renal Function

If the kidney function of the stone-bearing kidney 
is suspected to be severely decreased (reduced 
parenchymal thickness), a renogram/scintigraphy 
is considered mandatory for exact evaluation of 
the renal split function. The threshold deciding 
whether the patient should be offered PCNL or 
nephrectomy is depending on the total combined 
renal function, which must be evaluated by a 
clearance estimate (Fig. 3.13).

3.4  Postoperative Imaging

3.4.1  Evaluation of Complications

Although, miniaturized PCNL seems to have a 
lower complication rate, suspicion of procedure 
related complications postoperatively should 
prompt immediate imaging according to the spe-
cific clinical symptoms to limit serious sequelae.

Access above the ribs is associated with a 
higher risk of pleural injury [8]. In supra 12th and 
supra 11th accesses, hydro- or pneumothorax 
have been reported in up to 12% and 35%, respec-
tively [8]. Chest fluoroscopy during surgery can 

be used to detect pleural complications, and this 
allows immediate drainage [8, 31]. If the patient 
develops symptoms indicative of pleural injury 
postoperatively, a chest X-ray or CT should be 
performed (Fig. 3.14).

If the patient develops postoperative diar-
rhoea/haematochezia, signs of peritonitis, or pas-
sage of gas or faeces through the nephrostomy 
tract, a colonic perforation should be suspected, 
and such findings should prompt an abdominal 
CT, possibly with injection of contrast medium 
through the nephrostomy tube, if this has been 
placed [32]. Since colonic injuries are most often 
retroperitoneal, most of these can be managed 
conservatively.

Bleeding during and after PCNL is most often 
venous and usually self-limiting. Severe postpro-
cedural haemorrhage is rarely seen in mini 
PCNL. However, if it happens, an arteriovenous 
fistula or a pseudoaneurysm must be suspected, 
and the patient should undergo immediate angi-
ography with the possibility of performing super-
selective embolization, which is both a lifesaving 
and a nephron-sparing intervention [33]. Using 
B-mode with colour Doppler ultrasound for 
access guidance may avoid injury to the renal 
blood vessels during PCNL [34].

Fig. 3.12 Renogram for deciding best approach. (Female 
admitted with right sided flank pain. NCCT showing large 
stone just below the UPJ of a right nephropathic kidney 

[right corner]. Renogram unveiled a non-functioning right 
kidney. Patient was treated by laparoscopic 
nephrectomy)
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3.4.2  Evaluation of Residual Stones

Intraoperative imaging. Fluoroscopy during the 
PCNL procedure is used for nephroscopy guid-
ance to detect residual stones. High magnifica-
tion rotational fluoroscopy as an adjunct to 
aggressive nephroscopy has been shown to 
increase detection rate of residual calculi, and 
thereby may increase stone free rate (SFR) [35].

Postoperative imaging. Postoperative imaging 
for residuals helps deciding whether the patient 
needs additional treatment (repeat nephroscopy, 
SWL, ureteroscopy, etc.). Also, postoperative 
imaging is used for selecting patients that are 
candidates for metaphylaxis. Need of sensitive 
image studies is highlighted by the fact that 
patients with residual fragments are at higher risk 
for recurrence compared with patients rendered 
stone free [36]. In this perspective, KUB and 
nephrotomograms have been challenged, since 
these imaging modalities seem to overestimate 
SFR by 35% and 17% [8], respectively. In pro-
spective series of patients undergoing PCNL for 

Fig. 3.13 Plain chest X-ray. (PCNL was performed 
through an upper pole access for a right-sided partial stag-
horn stone [right]. Upper calyx was dilated and accessed 
just above costa 12. Surgery was uneventful, and patient 
was rendered stone free. Postoperatively, patient developed 

dyspnoea and pain at deep inspiration. Patient was hemody-
namic stable with no haemoglobin drop. Plain chest X-ray 
showed pleural fluid accumulation on the right side. The 
pleural cavity was drained for clear fluid with an 8.3 Fr pig-
tail drain that could be removed two days postoperatively)

Fig. 3.14 Angiography with transarterial superselective 
embolization. (The patient presented with intermittent 
haemorrhage through the nephrostomy drain and haemo-
globin drop 18 hours post-PCNL. Transarterial angiogra-
phy was performed, showing an intrarenal pseudoaneurism 
that was treated by superselective embolization)
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large and staghorn calculi, NCCT has been shown 
to be superior to KUB with regard to detecting 
residuals (NCCT sensitivity 100% compared to 
KUB sensitivity 46%) [8, 37–39]. The downside 
to conventional NCCT is radiation dose, and sub-
sequently ultra-low dose CT protocols have been 
developed with radiation doses close to KUB 
[40], and in our experience such protocols may 
be equally good for postprocedural evaluation of 
SFR.

Ultrasonography (US) may be an appealing 
modality without radiation concerns for residual 
fragment evaluation; however, it has been 
 documented that US has a poor sensitivity for 
residual fragment detection post-PCNL [41, 
42]. Thus, it is evident that detection rate of 
residual stone burden is highly dependent on the 
applied imaging modality, which may influence 
clinical decision making. NCCT has the highest 
sensitivity for detecting residual fragments; 
however, less than half of patients with residual 
fragments on NCCT seem to experience a sub-
sequent stone- related event [43], and thus early 
CT evaluation may lead to overtreatment. 
Taking into account the potential hazards of ion-
ized radiation, this calls for a selective, person-
alized approach, in which the highly sensitive 
CT evaluation should be restricted to those 
patients, who have a high risk of residuals, and 
in whom residual calculi mandate aggressive 
treatment, for instance, infection and cystine 
stones. Timing of follow-up imaging has been a 
matter of debate. On the one hand, an early fol-
low-up within the first days postoperatively may 
diagnose dust or residual fragments that will 
pass spontaneously without causing any adverse 
events, and as a consequence of this the EAU 
Guidelines propose imaging at four weeks to be 
most appropriate for evaluating stone free rate 
(SFR) [22, 44, 45]. On the other hand, early 
diagnosis of significant residual stone fragments 
will enable second-look nephroscopy in case a 
nephrostomy tube was placed. Thus, due to the 
diversity of stone disease follow-up timing of 
course also will have to be personalized, and 
according to above considerations a selective 
approach seems advisable [46].

3.5  Summary

Mini PCNL has evolved as an important treat-
ment modality to enable a personalized approach 
to stone treatment (PSA). In this, imaging plays a 
crucial role for selection of the right patient to the 
right treatment. CT has emerged as the image 
modality of choice for defining stone burden and 
renal anatomy, as well as relationship of the kid-
ney to adjacent organs. Also, with regard to com-
plication management and detection of residual 
stone burden (SFR), CT plays an important role. 
However, both regarding diagnostic and follow-
 up imaging ionized radiation risk should be thor-
oughly considered, since stone formers are at 
increased risk of having cumulative doses of 
radiation, and in selective patients, such as chil-
dren and severely recurrent stone formers, less 
radiation-heavy imaging modalities should be 
considered. In other words, the risks of ionized 
radiation should outweigh the risks of overlook-
ing stone characteristics, anatomical details, and 
residual fragments (RALARA). Uroradiologists 
and urologists should work in close collaboration 
to design selective imaging protocols in such a 
way that the amount of ionized radiation is strati-
fied and justified according to the clinical 
question.

References

 1. Axelsson T, Cracco C, Desai M, Hasan MN, Knoll T, 
Montanari E, Pérez-Fentes D, Starub M, Thomas K, 
Williams JC Jr, Brehmer M, Osther PJS. Consultation 
on kidney stones, Copenhagen 2019: lithotripsy in 
percutaneous nephrolithotomy. World J Urol. 2020 
Jul 29; https://doi.org/10.1017/s00345- 020- 03383- w.

 2. Miller DT, Semins MJ.  Minimizing radiation 
dose in management of stone disease: how to 
achieve ‘ALARA’. Curr Opin Urol, 2020 dec 31. 
Publish ahead of print. https://doi.org/10.1097/
MOU.0000000000000845. Online ahead of print 
PMID: 33394609.

 3. Lipkin ME, Preminger GM. Risk reduction strategy 
for radiation exposure during percutaneous nephroli-
thotomy. Curr Opin Urol. 2012;22(2):139–43. https://
doi.org/10.1097/MOU.0b013e32834fc36a.

 4. Grivas N, Thomas K, Drake T, Donaldson J, Neisius 
A, Petrik A, Ruhayel Y, Seitz C, Türk C, Skolarikos 
A.  Imaging modalities and treatment of paediatric 

S. S. Osther and P. J. S. Osther

https://doi.org/10.1017/s00345-020-03383-w
https://doi.org/10.1097/MOU.0000000000000845
https://doi.org/10.1097/MOU.0000000000000845
https://doi.org/10.1097/MOU.0b013e32834fc36a
https://doi.org/10.1097/MOU.0b013e32834fc36a


35

upper tract urolithiasis: a systematic review and 
update on behalf of the EAU uroliothiasis guidelines 
panel. J Ped Urology. 2010:612–24.

 5. Robertson NP, Dillman JR, O’Hara SM, DeFoor 
WR Jr, Reddy PP, Giordano RM, et al. Comparison 
of ultrasound versus computed tomography for the 
detection of kidney stones in the pediatric popula-
tion: a clinical effectiveness study. Pediatr Radiol. 
2018;48:962–72.

 6. Routh JC, Graham DA, Nelson CP. Trends in imag-
ing and surgical management of pediatric urolithiasis 
at American pediatric hospitals. J Urol. 2010;184(4 
suppl):1816–22.

 7. Gedik A, Tutus A, Kayan D, Yilmaz Y, Bircan 
K.  Percutaneous nephrolithotomy in pediatric 
patients: is computerized tomography a must? Urol 
Res. 2011;39:45–9.

 8. Park S, Pearle MS.  Imaging for percutaneous renal 
access and management of renal calculi. Urol Clin N 
Am. 2006:353–64.

 9. Chen TT, Wang C, Ferrandino MN, Scales CD, 
Yoshizumi TT, Preminger GM, Lipkin ME. Radiation 
exposure during the evaluation and management of 
nephrolithiasis. J Urol. 2015;194:878–85.

 10. Miller OF, Rineer SK, Reichard SR, Buckley 
RG, Donovan SM, Graham IR, Goff WB, Kane 
CJ.  Prospective comparison of unenhanced spi-
ral computed tomography and intravenous uro-
gram in the evaluation of acute flank pain. Urology. 
1998;52:982–7.

 11. Pfister SA, Deckhart A, Laschke S, Dellas S, Otto 
U, Buitrago C, Roth J, Wiesner W, Bontgartz G, 
Gasser TC.  Unenhanced helical computed tomog-
raphy vs intervenous urography in patients with 
acute flank pain: accuracy and economic impact 
in a randomized prospective trial. Eur Radiol. 
2003;13:2513–20.

 12. Shine S.  Urinary calculus IVU vs. CT renal stone? 
A critical appraised topic. Comput Biol Med. 
2008;33:41–3.

 13. Villa L, Giusti G, Knoll T, Traxer O.  Imaging for 
urinary stones: update in 2015. Eur Urol Focus. 
2016;2:122–9.

 14. Ouzaid I, Al-qahtani S, Dominique S, et  al. A 970 
Hounsfield units (HU) threshold of kidney stone den-
sity on non-contrast computed tomography (NCCT) 
improves patients’ selection for extracorporeal shock-
wave lithotripsy (ESWL): evidence from a prospec-
tive study. BJU Int. 2012;110:E438–42.

 15. Williams JC Jr, Saw KC, Paterson RF, Hatt EK, 
McAteer JA, Lingeman JE.  Variability of renal 
stone fragility in shock wave lithotripsy. Urology. 
2003;61:1092–6.

 16. Zarse CA, Hameed TA, Jackson ME, Pischalnikov 
YA, Lingemen JE, JA MA, Williams JC Jr. CT vis-
ible internal stone structure, but not Hounsfield unit 
value, of calcium oxalate monohydrate (COM) cal-
culi predicts lithotripsy fragility in  vitro. Urol Res. 
2007;35:201–6.

 17. Kim SC, Burns EK, Lingeman JE, Paterson RF, 
McAteer JA, Williams JC Jr. Cystine calculi: corre-
lation of CT-visible structure, CT number, and stone 
morphology with fragmentation by shock wave litho-
tripsy. Urol Res. 2007;35:319–24.

 18. Panthier F, Doizi S, Illoul L, Berthe L, Traxer 
O.  Developing free three-dimensional software 
for surgical planning for kidney stones: volume 
is better than diameter. Eur Urol Focus 2020; 23: 
S2405–4569(20)30161–9. https://doi.org/10.1016/j.
euf.2020.06.003.

 19. Brehmer M, Beckman MO, Magnusson A.  Three- 
dimensional computed tomography planning 
improves percutaneous surgery. Scand J Urol. 
2014;48(3):316–23.

 20. Bariol SV, Tolley DA. What is the best imaging for 
stone management? BJU Int. 2005;95(1):4–5.

 21. Graumann O, Osther SS, Spasojevic D, Osther 
PJ. Can the CT planning image determine whether a 
kidney stone is radiopaque on a plain KUB? Urol Res. 
2012;40(4):333–7.

 22. Patel U, Walkden RM, Ghani KR, Anson K. Three- 
dimensional CT pyelography for planning of per-
cutaneous nephrolithotomy: accuracy of stone 
measurement, stone detection and pelvicalyceal 
reconstruction. Eur Radiol. 2009;19:1280–8.

 23. European Association of Urology (EAU) guidelines 
on Urolithiasis. ISBN 978–94–92671-04-2. https://
uroweb.org/guideline/urolithiasis/#note_42- 44. 
Accessed 17 Jan 2021.

 24. Nolte-Emsting C, Cowan N. Understanding multislice 
CT urography techniques: many roads lead to Rome. 
Eur Radiol. 2006;16:2670–86.

 25. Thiruchelvam N, Mostafid H, Ubhayakar G. Planning 
percutaneous nephrolithotomy using multidetector 
computed tomography urography, multiplanar recon-
struction and three-dimensional reformatting. BJU 
Int. 2005;95:1280–4.

 26. Heyns CF, van Geldern WF. 3-dimensional imaging 
of the pelviocalyceal system by computerized tomo-
graphic reconstruction. J Urol. 1990;144:1335–8.

 27. Hopper KD, Sherman JL, Lurthke JM, Ghaed N. The 
retrorenal colon in the supine and prone patient. 
Radiology. 1987;162:443–50.

 28. Azhar RA, Szymanski KM, Lemercier E, Valenti 
D, Andonian S, Anidjar M.  Visceral organ-to- 
percutaneous tract distance is shorter when patients 
are placed in the prone position on bolsters compared 
with the supine position. J Endourol. 2011;25:687–90.

 29. Chalasani V, Bissoon D, Bhuvanagir AK, Mizzi A, 
Dunn IB. Should PCNL patients have a CT in the prone 
position preoperatively? Can J Urol. 2010;17:5082–6.

 30. Traxer O.  Management of injury to the bowel 
during percutaneous stone removal. J Endourol. 
2009;23:1777–80.

 31. Tuttle DN, Yeh BM, Meng MV, Breiman RS, Stoller 
ML, Coakley FV.  Risk of injury to adjacent organs 
with lower-pole fluoroscopically guided percutane-
ous nephrostomy: evaluation with prone, supine, and 

3 Diagnostic Imaging for Mini Percutaneous Nephrolithotomy

https://doi.org/10.1016/j.euf.2020.06.003
https://doi.org/10.1016/j.euf.2020.06.003
https://uroweb.org/guideline/urolithiasis/#note_42-44
https://uroweb.org/guideline/urolithiasis/#note_42-44


36

multiplanar reformatted CT.  J Vasc Interv Radiol. 
2005;16:1489–92.

 32. Ogan K, Corwin SC, Smith T, Watumull LM, 
Mullican MA, Cadeddu JA, Pearle MS.  Sensitivity 
of chest fluoroscopy compared with chest CT and 
chest radiography for diagnosing hydropneumothorax 
in association with percutaneous nephrolithotomy. 
Urology. 2003;62:988–92.

 33. Valdivia JG, Scarpa RM, Duvdevani M, Gross AJ, 
Nadler RB, Nutahare K, de la Rosette JJ.  Supine 
versus prone position during percutaneous neph-
rolithotomy: a report from the clinical research 
Office of the Endourological Society Percutaneous 
Nephrolithotomy Global Study. J Endourol. 
2011;25:1619–25.

 34. Jain V, Ganpule A, Vyas J, Muthu V, Sabnis MRB, 
Rajapurkar MM, Desai MR.  Management of non- 
neoplastic renal hemorrhage by transarterial emboli-
zation. Urology. 2009;74:522–7.

 35. Lu M-H, Pu X-Y, Gao X, Zhou X-F, Qiu J-G, Si-Tu J. A 
comparative study of clinical value of single B-mode 
ultrasound guidance and B-mode combined with 
color doppler ultrasound guidance in mini- invasive 
percutaneous nephrolithotomy to decrease hemor-
rhagic complications. Urology. 2010;76:815–20.

 36. Portis AJ, Laliberte MA, Drake S, Holtz C, Rosenberg 
MS, Bretzke CA.  Intraoperative fragment detection 
during percutaneous nephrolithotomy: evaluation of 
high magnification rotational fluoroscopy combined 
with aggressive nephroscopy. J Urol. 2006;175:162–6.

 37. Gettman MT, Pearle MS.  Evaluation of residual 
stones following percutaneous nephrolithotomy. Braz 
J Urol. 2000;26:579–83.

 38. Pearle MS, Watamull LM, Mullican MA. Sensitivity 
of noncontrast helical computerized tomography and 
plain film radiography compared to flexible nephros-

copy for detecting residual fragments after percutane-
ous nephrolithotomy. J Urol. 1999;162:23–6.

 39. Park J, Hong B, Park T, Park HK.  Effectiveness of 
noncontrast computed tomography in evaluation of 
residual stones after percutaneous nephrolithotomy. J 
Endourol. 2007;21:684–7.

 40. Osman Y, El-Tabey N, Rafai H, Elnahas A, Shoma 
A, Eraky I, Kenwy M, El-Kapany H.  Detection of 
residual stones after percutaneous nephrolithotomy: 
role of nonenhanced spiral computerized tomography. 
J Urol. 2008;179:198–200.

 41. Hyams ES, Shah O.  Evaluation and follow-up of 
patients with urinary lithiasis: minimizing radiation 
exposure. Curr Urol Rep. 2010;11:80–6.

 42. Fowler KAB, Locken JA, Duchesne JH, Williamson 
MR.  US for detecting renal calculi with nonen-
hanced CT as a reference standard. Radiology. 
2002;222:109–33.

 43. Ulusan S, Koc Z, Tokmak N. Accuracy of sonography 
for detecting renal stone: comparison with CT. J Clin 
Ultrasound. 2007;35(5):256–61.

 44. Gokce MI, Ozden E, Suer E, Gulpinar B, Gulpinar 
O, Tangal S.  Comparison of imaging modalities for 
detection of residual fragments and prediction of 
stone related events following percutaneous nephro-
lithotomy. Int Braz J Urol. 2015;41(1):86–90.

 45. Olvera-Posada D, Ali SN, Dion M, Alenezi H, 
Denstedt J, Razvi H. Natural history of residual frag-
ments after percutaneous nephrolithotomy: evaluation 
of factors related to clinical events and intervention. 
Urology. 2016;97:46–50.

 46. Tokas T, Habicher M, Junker D, Herrmann T, Jessen 
JP, Knoll T, Nagele U. Uncovering the real outcomes of 
active renal stone treatment by utilizing non- contrast 
computer tomography: a systematic review of the cur-
rent literature. World J Urol. 2017;35(6):897–905.

S. S. Osther and P. J. S. Osther



37© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
M. S. Agrawal et al. (eds.), Minimally Invasive Percutaneous Nephrolithotomy, 
https://doi.org/10.1007/978-981-16-6001-6_4

ALARA: How to Reduce Radiation 
Exposure

B. M. Zeeshan Hameed, Milap Shah, 
and Bhaskar Somani

4.1  Introduction

4.1.1  Radiation Exposure Amongst 
Patients

Recent published literature has shown an expo-
nential rise in the incidence of renal calculus dis-
ease [1, 2]. Ionizing radiation is an integral part 
of diagnosis, pre-operative planning, and post- 
operative follow-up in urology. So, residents and 
practicing urologists should have awareness and 
knowledge regarding practices of radiation safety 
and strategies to mitigate radiation exposure 
(RE). United Nation Scientific Committee on 
The Effects of Atomic Radiation (UNSCEAR) 
[3] defined the risk to the public in terms of “col-
lective dose.” The definition of the collective 
dose is “the product of the number of exposed 
individuals and their average effective dose.” In 
the USA annually, almost 400 million diagnostic 
medical X-ray examinations are performed. The 
annual individual and collective effective doses 
have been estimated as 0.5 mSv and 130,000 mSv, 
respectively [4]. A study from India suggested 
that in 2010, the annual collective dose received 
from diagnostic radiology was 47.3  mSv 

(1.23 mSv/patient) [5]. The guidelines regarding 
the annual limit of RE for occupational exposure 
for individuals in healthcare have been issued by 
International Commission on Radiological 
Protection (ICRP). No guidelines are issued for 
patient-related RE.  As per literature, very few 
single center studies have assessed the patient 
radiation exposure [6–9].

4.1.2  Radiation Exposure Amongst 
Healthcare Professionals

As per guidelines laid by ICRP, 20 mSv is the 
annual safe limit for healthcare personnel for 
the maximum duration of 5 years. Therefore, a 
total of 100 mSv over the 5-year period is con-
sidered within acceptable limits [10]. Literature 
suggests that urologists are protected by shields 
and receive less than 1% of the total scattered 
dose [11].

4.1.3  Radiation Exposure Amongst 
Urologists

A substantial source of radiation dose taken by 
the operator is the radiation from the patient [12]. 
Sahin et  al. observed that radiation exposure to 
urologist’s hand, feet, head, and neck area were 
0.021  mSv, 0.003  mSv and less than 0.1  mSv, 
respectively [12]. Majidpour et  al. reported the 
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radiation exposures of urologist in order for head, 
eye, hand, and foot were 0.47  μGy, 0.04  μGy, 
0.21 μGy and 4.1 μGy (1 microgray = 0.001 mil-
lisievert) [13]. The mean fluoroscopy time in 
these studies ranged from 2.5  min to 12  min. 
Overall, it was observed that radiation exposure 
decreased with fluoroscopy time [12, 13]. In 
another German study, the authors reported mean 
values of RE as recorded by forehead and ring 
dosimeter during various procedures. The results 
from the forehead dosimeter showed mean RE of 
0.04 mSv, 0.03 mSv, 0.18 mSv and 0.1 mSv dur-
ing ureteral stent change (USC) and ureteral stent 
placement (USP), percutaneous stent change 
(PCS), percutaneous nephrolithotomy (PCNL) 
and ureteroscopy (URS), respectively. While the 
ring dosimeter showed mean values of 0.1 mSv, 
0.2 mSv, 0.2 mSv, 0.1 mSv, and 4.3 mSv during 
USC, USP, PSC, URS, and PCNL, respectively 
[14]. Even for an average screening time of 
10 min for an annual workload of 50 such cases, 
the surgeon would receive less than 2% (10 mGy) 
of the annual dose limit. Assuming a high error of 
estimation of 100%, it is unlikely that radiation 

exposure would increase to greater than 4% of 
the annual dose limit. Therefore, the annual dose 
received is well below the threshold dose for 
deterministic effects of ionizing radiation. Doses 
to surgeons and staff assisting in such procedures 
involving radiation are therefore low and should 
never approach the regulatory dose limits [15].

4.1.4  Awareness of ALARA 
and Radiation Exposure 
Amongst Urologists

Due to lack of awareness and knowledge with 
respect to principles of ALARAthere is an ele-
ment of risk of increased RE amongst residents 
and practicing urologists [16]. Simple practice 
such as keeping the image intensifier closer to the 
patient and maximizing the distance between the 
X-ray tube and the patient can considerably 
reduce the radiation exposure (Fig. 4.1) and use 
of collimation to avoid the scattering of the X-ray 
beam (Fig.  4.2). Arslanoglu et  al. showed that 
nearly 70% to 97% of urologists undervalue the 

ATTENTION TO C-ARM POSTION

IMAGE INTENSIFIER

X-RAY TUBE

ALARA

You want this
distance small

You want this
distance big

Every 3 cm
patient thickness,

the skin dose
doubles

• Image intensifier as close to the
  patient as possible.
• Maximise distance between the X-ray
  tube and the patient, angio table
  elevated to maximum.
• Be aware of hostile C-arm angulations
   which generate higher dose.

Fig. 4.1 Showing the ideal spacing of the image intensifier and the distance between the X-ray tube and the patient to 
reduce the radiation exposure
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RE of patients during diagnostic procedures [17]. 
Friedman et  al. demonstrated the lacunae of 
knowledge of radiation safety among trainees 
through an online survey. The survey showed that 
the ALARA principle was adequately practiced 
by 88% of trainees, but more than two-third did 
not use dosimeters, and only just above 50% had 
received proper radiation safety training [16]. 
The results of this survey threw light on the fact 
that there was still room for improvement in 
terms of educating urology residents regarding 
radiation safety [16].

4.2  Applications of Radiation 
in Urology and its 
Effective Dose

The prime priority is the need for accurate, acces-
sible, and cost-effective radiological imaging 
modalities which can aid in the diagnosis of renal 
calculus, planning of treatment and monitoring 
response [18]. One of the major concerns is the 
cumulative dose exposure amongst recurrent 
stone formers. With this in mind, various newer 
and alternative modalities have been imple-
mented as the first line of imaging [19]. The 
effective radiation doses of various diagnostic 
and interventional imaging modalities are as 
mentioned in Table 4.1 [20].

4.2.1  Diagnostic Modalities

X-Ray KUB
Earlier, the first imaging modality of choice for 
patients with suspected renal calculus was plain 
X-ray KUB.  The sensitivity and specificity of 
X-ray KUB are 59% and 71%, respectively [21]. 
Part from low sensitivity, other drawbacks of 
plain radiography were inability to detect radio-
lucent stones and poor quality images due to 
shadows of overlying bowel gas [21]. The only 
advantages include easy availability, low cost and 
lowRE as compared to other modalities (effective 
radiation dose of 0.2–0.7 mSv) [22].

X-RAY TUBE X-RAY TUBE

Anode Anode

Regulator Regulator

Anticathode
(target)

Anticathode
(target)

Regulator wire
(lever)

Regulator wire
(lever)

Spark Gap Spark Gap

Cathode

- ++

X-RAY BEAM
Without

Colimation

SCATTERING

With
Colimation X-RAY BEAM

Cathode

Fig. 4.2 Use of collimation to avoid the scattering of X-ray beam

Table 4.1 Effective dose of diagnostic and interventional 
modalities

Diagnostic imaging modalities
Mean effective dose 
(mSv)

X-ray KUB 0.7–1.1
IVU 1.5–3.5
CT abdomen and 
pelvis

Standard 
dose

5–10

Low dose 2.0–3.5
Ultra-low 
dose

0.5–1.5

CT Urogram 10–31

Interventional modalities (fluoroscopy)
SWL 1–8
Ureteroscopy 1–7
PCNL 3–18
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Intravenous Urography (IVU)
The added advantages of IVU over KUB are the 
ability to delineate the anatomy as well as give an 
idea regarding the functioning of the kidney. The 
effective radiation dose is higher as compared to 
plain radiography (0.7–3.7 mSv). It also depends 
on the number of films taken [23]. The limita-
tions of IVU are that it can be more time consum-
ing and needs trained personnel technicians to 
perform it. The risk of contrast-induced nephrop-
athy and allergic reactions due to contrast mate-
rial also persist.

Computed Tomography (CT)
CT is useful in the diagnosis of stones as well as 
pre-operative planning. As per the American 
Urologic Association and Endourological 
Society Guideline for the Surgical Management 
of Stones, non-contrast CT (NCCT) should be 
done before performing PCNL in children and 
adults [24]. It also recommendsNCCT to help in 
deciding the interventional procedure between 
ESWL and URS [25]. Various stone scoring sys-
tems which assesses the complexity of PCNL 
procedure also require NCCT as a pre-operative 
imaging modality [26, 27]. One major disadvan-
tage is the increased radiation exposure and cost 
of the procedure [23]. Low dose (LDCT) or 
ultra-low dose CT (ULDCT) is an appropriate 
alternative to standard CT in order to overcome 
the drawback of increased RE.  Studies have 
shown that the dose can be reduced by 56%, and 
yet the sensitivity and specificity of LDCT 
remains the same with minimal intra- and inter-
observer difference [28, 29]. Hence, it is now the 
first choice of imaging for the diagnosis of uroli-
thiasis. It is also the first choice for follow-up 
cases, especially in patients with recurrent neph-
rolithiasis [30].

4.2.2  Interventional Modalities

Fluoroscopy
Fluoroscopy is an integral part of various inter-
ventional procedures used in the treatment of 
urolithiasis such as URS, SWL, and PCNL. There 
are various techniques to achieve a perfect punc-
ture during PCNL, and the most common one is 

the Bulls eye technique which needs the C-arm to 
be positioned at 0° and 30° position during the 
puncture (Fig. 4.3). A validated model is used to 
quantify RE in patients undergoing URS and 
PCNL [31, 32]. The mean effective dose expo-
sure in URS, SWL, and PCNL is mentioned in 
Table 4.1 [20]. Details regarding the methods to 
reduce radiation exposure during these proce-
dures are discussed later in the chapter.

4.2.3  Newer Technology

Digital Tomosynthesis (DT)
It is the reconstruction of X-ray images by remov-
ing overlying bowel gas shadows. This improves 
the overall image quality [30]. Various studies 
have suggested that the dose of radiation expo-
sure in IVP decreases when combined with DT as 
the time taken to complete the procedure is less. 
Also, when compared to low dose CT, the radia-
tion exposure in DT is lower [33, 34].

4.3  Occupational Limits 
of Radiation Exposure Set by 
National Organization

ICRP has given organ-specific permissible limits 
for radiation exposure. These values can only be 
used in those specific organs when exposed to 
radiation rather than the whole body, these dose 
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Fig. 4.3 The C-arm position at 0° and 30° during the 
PCNL procedure to aid the Bull’s Eye technique of PCNL 
puncture
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limits are summarized in Table 4.2 [6]. Atomic 
Energy Regulatory Board of India (AERB) has 
also laid down radiation exposure dose limita-
tions which are in line with ICRP recommenda-
tions. As per AERB “No practice or source within 
a practice should be authorized unless the prac-
tice produces sufficient benefit to the exposed 
individuals or to society to offset the radiation 
harm that it might cause; that is: unless the prac-
tice is justified, taking into account social, eco-
nomic, and other relevant factors” [35].

4.4  Effects of Increased 
Radiation Exposure

4.4.1  Deterministic Effects

Deterministic effects occur as a result of cell kill-
ing. Cataract formation is an exception to this 
rule [36]. These effects occur only when a certain 
dose threshold has been crossed. No effect is 
observed below this dose limit while the severity 
increases as the dose increases above the thresh-
old. The mode of delivery of the dose also plays 
an important role. Large dose single exposure is 
more harmful than smaller dose exposure over an 
extended period. At doses of approximately 2 Gy, 
radiation sickness occurs while bone marrow 
suppression occurs at dose range 1–10  Gy [37, 

38]. Risk of cataract formation increases after a 
single exposure of 2 Gy or more than 10 Gy if 
radiation exposure is infractions. At 5–20  Gy 
small intestinal cells are affected, and an acute 
dose of more than 10  Gy may cause internal 
bleeding due to damage of the GI tract. CNS is 
affected at dose of 20–50 Gy, and cerebrovascu-
lar syndrome occurs at100 Gy. Radiation severity 
can be assessed by noting the reduction in lym-
phocyte count. Lymphocyte count can be used as 
a biological radiation dosimeter [37].

4.4.2  Stochastic Effects

Cancer induction is one of the most prominent 
stochastic effects resulting from RE.  Unlike 
deterministic effects, there is no threshold limit 
in this case, and the severity is independent of the 
dose [39]. Stochastic effects can also be seen in 
the form of stroke, respiratory, heart, and GI tract 
disease at dose levels above 1 Sv [39].

4.5  Factors Affecting Increased 
Radiation Exposure 
Amongst Urologists

Multiple factors such as obesity, stone number, 
size, location, Hounsfield units (HU) and opera-
tive factors such as the side of procedure, access 
technique, multiple tracts and operative time 
have been studied to assess their influence on 
the radiation exposure (RE) amongst urologists. 
Balaji et al. [40] showed that the multiple tracts, 
large stone size, low stone density, use of fluo-
roscopy to gain PCS access and larger sheath 
size resulted in increased RE. Factors that had 
no impact on RE were operative time, stone 
number and location, BMI and age of the patient 
[40]. In obese patients, it is logical that more 
fluoroscopy time (FT) will be required for better 
visualization of images [41]. Ritter et  al. [42] 
reported that experienced surgeons (> 2 years-
experience) could easily reduce the FT up to 
55% in  comparison to novice surgeons (< 
2  years- experience) during relatively easier 
endourological interventions. This leads to 
lesser RE of patients as well as OT personnel. 

Table 4.2 Dose limitation recommendations as per 
ICRP-2007 [6]

Part of the body Occupational exposure
Public 
exposure

Whole body
(effective dose)

20 mSv/year averaged 
over 5 consecutive 
years;
30 mSv in any single 
year

1 mSv/y

Lens of eyes
(equivalent 
dose)

150 mSv in a year 15 mSv/y

Skin
(equivalent 
dose)

500 mSv in a year 50 mSv/y

Extremities: 
Hands and feet
(equivalent 
dose)

500 mSv in a year –

Note: For pregnant radiation workers, after declaration of 
pregnancy 1 mSv on the embryo/fetus should not exceed
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Lipkin et  al. [43] reported that for a right and 
left PCNL, the expected dose rate (EDR) was a 
mean 0.014 and 0.021 mSv/s, respectively. But 
no such variation was noted in the study by 
Balaji et al. [40]. The latter also mentioned the 
mean RE measurements based on the type of 
PCNL (sheath size) and stone location which is 
described in Table 4.3 [40].

4.6  Measures to Reduce 
Radiation Exposure

4.6.1  ALARA Principles

The principles of ALARA or “as low as reason-
ably achievable” has three lines of defense:

time (minimum), distance (maximum) and 
shielding (protective gear).

Such strategies should be cost-effective, avoid 
delay in the procedure, should not affect the 
outcomes of the procedure.

Strategies to follow ALARA principles are as 
mentioned in Table 4.4.

Time (Minimizing Time)
Decreasing radiation time to as minimum as pos-
sible is an effective strategy to reduce 
RE.  Strategies to achieve this are mentioned in 
Table 4.4 [44–48].

Distance (Maximizing Distance)
Maximizing distance is a cost-effective strategy 
to minimize RE. RE follows the inverse square 
law. When the distance is doubled, the RE 
decreases to one-quarter, and at a distance of 
3meters, the radiation dose becomes similar to 
background levels [48, 49].

Shielding (Protective Gear)
This is important for personnel who will be 
within the radiation field. The most common 
heavy metal used for shielding is lead which is 
capable of attenuating radiation, but 100% pro-
tection is not provided by lead shields. So shield-
ing should not be considered as a substitute for 
other principles [49–51].

Table 4.3 RE measurements based on Sheath size/type 
of PCNL and stone location [40]

Type of PCNL
Sheath size (Fr), 
mean (SD)

RE (mSv), mean 
(SD)

RE based on type of PCNL/sheath size
Standard 
PCNL

26.5 (1.6) 0.29 (0.12)

Miniperc 21.2 (1.7) 0.18 (0.1)
MIP-M 15.7 (0.8) 0.21 (0.08)
MIP-S 10.7 (0.6) 0.16 (0.08)

RE based on stone location
Pelvis 79 (37.3) 0.2 (0.06)
Lower calyx 45 (21.2) 0.17 (0.1)
Middle calyx 14 (6.6) 0.18 (0.08)
Upper calyx 12 (5.7) 0.21 (0.09)
Proximal ureter 9 (4.2) 0.17 (0.1)
Multiple (different calyx) 53 (25) 0.25 (0.12)

Table 4.4 Principles and strategies to achieve ALARA

Time (minimize)
Distance 
(maximize)

Shielding (use 
shields)

1. Substitute 
fluoroscopy with 
other imaging 
modalities such 
as US-guided 
PCNL puncture

1. Avoid being 
in the room 
during the 
procedure, 
whenever 
possible (IVP, 
CT)

1. Lead- 
impregnated 
eyeglasses, 
gloves, thyroid 
shields, chest and 
pelvic aprons, 
and ceiling- 
mounted shields.

2. Use digital 
fluoroscopy

2. Lens- 
mounted video 
cameras 
decreases the 
distance of the 
surgeon and 
radiation 
source

3. Use 
“last-image- 
hold” technique
4. Pulsed 
fluoroscopy with 
still frames 
should be used
5. Track FT and 
keep reminders 
or alarms if it 
exceeds a 
certain limit
6. Cumulative 
dose history 
should be 
documented if 
patient has 
underwent 
multiple 
procedures
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4.6.2  Use of Protective Shields/Gear 
for Reducing RE

4.6.2.1  Effect of Shielding on Imaging
Shielding (using protective shields) is one of the 
key principles of ALARA [52]. The results 
regarding the effect of shields on image noise are 
controversial and contradictory [53–58]. If 
shields are placed over the area of interest, it is 
known as “in-plane” shielding. If placed over 
areas outside of the area of interest, it is called 
“out-of-plane” shielding. The former increases 
the image noise and hence can result in poor 
image quality [55]. Improper application of in- 
plane shielding can result in loss of protective 
effect of the shield. Due to these limitations, Iball 
and Brettle strongly recommend the use of “out- 
of- plane” shielding [54].

4.6.2.2  Protective Gear Equipment
Shields can be ceiling-mounted, lead-based 
gloves, eyeglasses, thyroid shields, pelvic, and 
chest aprons. The thickness of lead aprons is vari-
able. 0.5 mm Lead thickness can attenuate radia-
tion by more than 95%. Annual inspection of 
these aprons is necessary to check for cracks. 
Thyroid shields also attenuate the RE by almost 
23 times (reduce from 46 mSv to 0.02 mSv). This 
is almost equivalent to background radiation lev-
els [51]. One major limitation of the chest and 
pelvic shields is the weight of the aprons. In lit-
erature, survey results have shown urologists 
complaint of orthopedic problems in the form of 
back pain, neck, hip, and knee and even hand 
problems [59]. The compliance associated with 
wearing chest and pelvic aprons was high and 
reported to be 97%. While the results showed 
poor compliance with the use of thyroid shields, 
dosimeters, eyeglasses, and gloves [59].

4.6.3  Techniques to Reduce 
Radiation during Pre- 
Operative Imaging 
and Evaluation

Radiation exposure in a patient with nephrolithi-
asis is increasing owing to the increase in the use 
of CT for diagnosis as well as for follow-ups. 

Various studies have reported that increased use 
of CT does not alter the rate of re-admissions [60, 
61]. Alternatives such as X-ray and US have 
lower cost and RE, but the sensitivity is also low 
when compared with standard CT [62]. As per 
the American Urological Association guidelines 
regarding appropriate imaging Selection for the 
evaluation of ureteral calculi “low dose” NCCT 
should be the initial imaging modality for a 
patient with flank pain and a suspected ureteral 
stone if the body mass index is less than 30 kg/m2 
and a standard dose NCCT if the patient is obese 
[Table 4.5]. They recommend a KUB concur-
rently with the NCCT if the stone is not seen on 
the scout image. For follow-up of radio-opaque 

Table 4.5 Tips to reduce radiation exposure during pre- 
operative evaluation, intraoperative procedure, and post- 
operative follow-up

Pre-operative Intraoperative Post-operative
1. X-ray KUB/
US should be 
performed first. 
If the stone is not 
visible on scout 
film or US, then 
perform NCCT

1. Pulsed 
fluoroscopy

1. For 
radio-opaque 
stones:
   X-ray or 

US can be 
preferred

2. LDCT should 
be preferred

2. Air 
pyelography

2. For 
radiolucent 
stones:
   • USG can 

be done 
initially

   • NCCT 
can be 
done if 
stone not 
visualized 
on USG

3. ULDCT can 
also be 
considered for 
stones >4 mm

3. Endoscopic- 
guided puncture

4. US-guided 
access
5. Use of 
protective gear
6. Improve 
surgical training 
regarding US and 
endoscopic- 
guided access
7. Optimize 
positioning and 
magnification
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stones, they recommend ultrasound along with 
KUB. In cases of radiolucent stones, they recom-
mend follow-up imaging with NCCT.  From 
results of meta-analysis, the pooled sensitivity 
and specificity of Low Dose CT (LDCT) was 
96% and 95% respectively [63]. The estimated 
radiation doses for the various modalities have 
been mentioned earlier. ULDCT is defined as CT 
protocol, which is comparable to X-ray KUB and 
emits an effective dose of less than 1 mSv. The 
specificity and sensitivity of ULDCT were 
reported to be as high as 96% and 92%, respec-
tively, for stones more than 4  mm in size. But 
when generalized to all stone sizes, the sensitiv-
ity dropped to 72% [64]. Increase in BMI of the 
patient also reduces the sensitivity of ULDCT 
[65]. So in order to reduce RE of patient, US can 
be deployed as the first line of imaging followed 
by LDCT if required for pre-operative planning. 
Following this protocol can reduce RE from 
17.2  mSv to 1.4 to 2.0  mSv [22]. Another 
 alternative is Digital Tomosynthesis (DT) having 
ERD of 0.8 mSv which is lower than LDCT [33].

4.6.4  Methods to Reduce Radiation 
during PCNL

The RE during NCCT of the abdomen and PCNL 
has been reported to be similar [30]. PCNL has 
the highest radiation exposure when compared 
with other interventional endourological proce-
dures [49, 66–68]. We have already highlighted 
the factors which add to the increase in radiation 
exposure during PCNL. There are several strate-
gies for reducing radiation exposure during 
PCNL. [Table 4.5]

 1. Pulsed Fluoroscopy: Using this strategy at 4 
frames per second resulted in the decrease of 
FT by 65% [47]. This value was further 
reduced to 80% when pulsed fluoroscopy was 
done at 1 frame per second by an experienced 
technician in conjugation with the use of a 
laser-guided C-arm with fixed lower current 
and kVp [69].

 2. Air pyelography reduced the ERD by almost 
40–50% [32].

 3. Endoscopic-guided PCS access using retro-
grade flexible ureterorenoscopy and ultrasound- 
guided puncture has been associated with 
fewer access tracts, less operative time and 
decreased transfusion rates [70–73]. It also 
reduced fluoroscopy time (FT) and RE during 
PCNL with comparable outcomes [74–78].

 4. Blind Access: This technique can be per-
formed without the use of fluoroscopy. Very 
few studies have reported the outcomes of the 
blind access technique. It resulted in increased 
operative time and low stone free rates. This 
strategy can be adopted in the absence of 
ultrasound. This technique should be per-
formed only by experts in selected cases [79].

4.6.5  Radiation Exposure 
in Pediatric Age Group 
and Measures to Reduce 
the Exposure

PURSE (Pediatric Urology Radiation Safety 
Evaluation) study was one of the first to clearly 
show that radiation exposure during pediatric 
endourological procedures was not insignifi-
cant [80].

Strategies to Reduce RE in Pediatric Age 
Group [81, 82]

 1. Position optimization: The skin entry dose 
can be reduced by keeping the fluoroscopy 
table away from the source. The image cap-
ture can be maximized by keeping it near to 
image intensifiers (II). The position of II 
should be focused over the area of interest 
before fluoroscopy is started rather than 
adjusting during fluoroscopy.

 2. Reduce Radiation Scatter: This can be 
achieved by installing a lead drape around 
the II. Lead covers should be avoided around 
the patient as it leads to an increase in radia-
tion scatter. Bismuth impregnated drapes can 
be used [16].

 3. Pulse fluoroscopy during the interventional 
procedure and still images for reviewing the 
findings can be used.
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 4. Perform non-magnified fluoroscopy when-
ever possible.

 5. Avoid angulating beam over radiosensitive 
areas (eyes, thyroid, breast, gonads).

 6. Experienced technicians help in avoiding 
inadvertent fluoroscopy and thereby reduce 
overall FT.

 7. Alarm bells or live intraoperative read outs 
can be used when fluoroscopy time extends 
beyond a certain limit.

 8. Ultrasound can be used as the primary 
modality for diagnosis, pre-operative plan-
ning, intraoperative setting, and follow-up 
whenever feasible.

 9. Proper Documentation: Cumulative dose 
history should be documented in cases where 
multiple procedures are done in children.

 10. Equipment modification can be done by inte-
grating dose-measurement and dose reduc-
tion devices.

4.6.6  Radiation Exposure 
in Pregnant Women

RE reducing strategies are of prime importance 
in this set of populations. It poses a challenge for 
the urologists in diagnosis, pre-operative plan-
ning and decision making [83]. The most adopted 
strategy is to ensure the safety of the fetus. The 
safe cumulative dose limit set by various organi-
zations is not more than 50 mGy.Level more than 
10–20 mGy doubles the risk of leukemia over a 
background rate of 1 in 3000 [84–86]. One thing 
to be kept in mind while considering the risks of 
radiation in the management of urolithiasis is 
balanced against the risk of a negative ureteros-
copy (URS). This may be due to ambiguity in the 
diagnosis of stones. One trial reported negative 
URS of 4.2% only when both US and NCCT 
were used in diagnosis in comparison to more 
than 20% negative URS when either US or MRI 
was used alone [87]. ESWL is an absolute contra-
indication in pregnancy due to the increased risk 
of fetal death and malformations observed in ani-
mal studies [88, 89]. PCNL is considered a con-
traindication in pregnancy due to the need for 
general anesthesia, difficulty in patient position-

ing, and need for fluoroscopy [90]. There are case 
reports of PCNL being performed safely in all 
three trimesters, but there is not enough literature 
to recommend PCNL outside of an experimental 
setting [90–92].

4.6.7  Ultrasound and Virtual Reality 
Simulator Training Models

4.6.7.1  Ultrasound-Guided Access 
and Training

Certain studies have reported higher fluoroscopy 
time required for fluoroscopy-guided access 
(FGA) in PCNL, which directly results in more 
radiation exposure [93–95]. As per a Meta- 
analysis by Wang et al., the X-ray exposure was 
2.6  min longer for FGA compared to the USG 
guided access (USGA) group [95]. The use of 
ultrasound in endourological procedures is not 
just a safe and efficient alternative for adult and 
pediatric populations but also in lines with the 
principles of ALARA [96]. Ultrasound-guided 
access training will become one of the key com-
ponents in mitigating RE during PCNL. Various 
training models are proposed for US guided 
punctures for trainees [97]. Veys et al. proposed a 
Thiel-embalmed cadavers training model for 
ultrasound-guided supine endoscopic combined 
intrarenal surgery (ECIRS) [97]. US-guided renal 
puncture reduces radiation exposure in obese 
patients, and it reduces costs compared to fluo-
roscopy [98, 99]. Complete US-guided proce-
dures can be safely performed in the absence of 
fluoroscopic guidance and are considered to be as 
effective, feasible, and secure as conventional 
fluoroscopic PCNL with the advantage of zero 
radiation exposure [100, 101]. Surgical skill 
development on training models can help in 
reducing the trainees’ learning curve.

4.6.7.2  Virtual Reality Simulator 
Training

Competency and proficiency in PCNL can be 
achieved only after an average of 36–45 and 105–
115 cases, respectively [101]. Studies have shown 
that urology residents with previous training in 
PCNL perform the procedure with reduced 

4 ALARA: How to Reduce Radiation Exposure



46

FT. This was confirmed with the decrease in RE 
when virtual reality simulators (VRS) were used 
for training residents in achieving percutaneous 
access. Therefore, VRS can be incorporated in 
the early phase of training, which can lead to a 
decrease in radiation exposure to urologists and 
patients [102–104].

4.6.8  Clinical Governance 
and Radiation Safety  
Culture [105]

4.6.8.1  Clinical Governance [105]
The four key components of clinical governance 
are:

• Clinical effectiveness.
• Clinical audit.
• Risk management strategies.
• Education, training, and continuing profes-

sional development.

Radiation safety is an integral part of all four 
components [105].

4.6.8.2  Strategies to Improve Radiation 
Safety Culture [105]

 1. Education and creating awareness.
 2. Standardize the norms and guidelines.
 3. Proper training and feedback.
 4. Quality improvement based on feedback.
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5.1  Introduction

Various minimally invasive techniques like 
Percutaneous Nephrolithotomy (PCNL), 
Extracorporeal ShockWave Lithotripsy (ESWL), 
flexible ureteroscopy (fURS)/Retrograde 
IntraRenal surgery (RIRS) have dominated upper 
urinary tract calculi management in the last sev-
eral decades. Even though Rupel and Brown [1] 
removed renal calculi from pre-existing nephros-
tomy tract in1941, formal credit goes to 
Fernstromand Johansson [2] for reporting the 
first PCNL in three patients in 1976. Since then, 
several people have contributed to make PCNL a 
safe and popular treatment modality [3–5]. As 
per EAU and AUA guidelines, PCNL is the pre-
ferred treatment modality for renal stones greater 
than 2 cm in size [6, 7]. In 1980s, ESWL appeared 
to be a more promising modality due to its mini-
mally invasive appeal. However, stone-free rates 
were consistently poor, especially if the stone 
size was found to be greater than 20 mm, and it 
was lower calyceal calculi. Stone-free rates of 
PCNL procedures are higher than ESWL and 
RIRS [8]. Till the late 1990s, conventional PCNL 

with tract size 24–30  F had complications like 
bleeding, postoperative pain, and prolonged hos-
pitalization [9]. Even though the incidence of 
bleeding was not very high, it was the most feared 
adverse event [10]. As preference for ESWL, 
especially in larger calculi (greater than 15 mm), 
gradually faded in the last two decades, RIRS 
emerged as a promising modality [11]. 
Advancements in technology have led to better 
quality of flexible endoscopes over the years. 
Nevertheless, the attractive feature of RIRS is 
that renal parenchymal transgression can be 
avoided and there is a minimal chance of bleed-
ing due to injury to segmental renal vessels. 
Stone-free rates in RIRS for smaller calculi (less 
than 15 mm) in lower calyces were comparable 
to PCNL [12].

To avoid hemorrhagic complications of con-
ventional PCNL (cPCNL), an attempt was made 
to reduce the size of the tract, and smaller endo-
scopes were used to break stones. The term 
coined for this procedure was Mini-PCNL or 
Mini-Perc. Helal et  al. [13] were the first to 
attempt a small size tract in a pediatric patient. 
Additionally, Jackman et  al. [14] published the 
possibility of using a smaller tract in adults with 
a peel-away sheath and ureteroscope. Both the 
studies showed 89% stone-free rates. Monga [15] 
and many others [16, 17] also published their 
experiences with a miniaturized tract for 
PCNL. The idea of a miniaturized tract was not 
well accepted initially, as stone-free rates were 
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less compared to cPCNL and operative time was 
more with Mini-PCNL [18]. However, Lahme 
[19] and Udo Nagele [20] with their teams as 
well as several centers from China [21, 22], per-
sisted with improvised techniques to enable bet-
ter outcomes in Mini-PCNL.  Sasha C.  Druskin 
et  al. [23] in 2016 accepted the fact that stone- 
free rates of MPCNL were comparable to stan-
dard PCNL, however, the lower morbidity claim 
of MPCNL may need well-designed multicentric 
studies.

In this chapter, we shall look into various 
sheath and instrument options available for 
Mini-PCNL.

5.2  Innovative Sheaths and Mini 
Endoscopes

Helal et al. in 1997, used a 15 F Hickman cath-
eter introduction kit in a 2-year-old girl with left 
renal calculus. The sheath was peeled away to 
accommodate a 10 F pediatric cystoscope to use 
graspers and remove the calculus. His experi-
ence of manipulation with a small endoscope 
was easy and there was no bleeding [13]. 
Stephen W Jackman [14] published his experi-
ence of using 11 F Vascular access sheaths in 7 
pediatric patients in October, 1998 [24] and 
13  F Ureteroscopy sheaths in 9 adults in 
December, 1998 [14]. During his study, he 
found that 6 children out of 7 and 8 adult patients 
out of 9 were stone free at 3–6 weeks follow-up. 
Chan and Jarrett [25] from the same John 
Hopkins Institute modified Jackman’s technique 
in prone split-leg position and attempted flexi-
ble ureteroscopic access to lower calyceal cal-
culus. If flexible ureteroscopy failed, they 
punctured lower calyx and proceeded with dila-
tation up to 16  F using fascial dilators. 
Ureteroscopy sheath with 13 F size was used for 
access and 10 F peditric cystoscope as nephro-
scope. Excess sheath was trimmed if necessary. 
At 1 month follow-up, 16 out of 17 patients in 
their cohort series were stone free. Occasionally, 
poor visualization and grasper- related issues 
were noted as primary limitations in their minia-
turized PCNL.

Generally, Mini-PCNL term is used when 
access sheath size is between 11 and 20 F and in 
conventional PCNL access sheath size is 
26–30 F. Monga et al. in 2000 [15], used Cook 
balloon dilator with 20F Amplatz Sheath and 
used 8  F/9.5  F Richard wolf uretero-renoscope 
with Laser/Ultrasonic lithotrite for stone frag-
mentation. Their study achieved a single proce-
dure stone-free rate of 90%.

M I Feng et al. [26] published their prospec-
tive randomized study of 30 patients with 
Standard PCNL (sheath size 34 F) and labelled 
Mini-PCN (sheath size 24  F) in 2001. They 
observed no significant advantage for Mini-
PCN versus Standard technique. Lipsky et al. in 
2013 [27] reported the use of 24  F Amplatz 
sheath after balloon dilatation of the tract and 
used conventional 26  F Storz made nephro-
scope without its outer sheath. They could use 
conventional energy sources and graspers 
through this scope. By using this technique, 
they could avoid limitations of Mini-PCNL like 
poor visualization or irrigation issues, using 
specialized miniaturized instruments and tele-
scopes. This strategy helped in better irrigation 
and ability to remove larger fragments with 
minimal post-procedural morbidity. They 
termed this as the Modified Technique of PCNL 
with modified instruments.

Desai et al. designed an innovative 13 F metal-
lic outer sheath with a 6 F inner sheath, a small 
tube of 3 F welded to the inner wall, and finally 
connected to a port outside for injecting saline. 
An ultrathin 3 F telescope in a newly designed 
7.5 F nephroscope was used for this procedure, 
which was labelled as “UltraMini PCNL.” [28] 
This technique is described in Sect. 5.6 of this 
book.

Song et al. in 2011 [29] published their study 
of using a patented sheath with Lithotripsy and 
suctioning/clearance system to address high inci-
dence of residual stones after Chinese Mini- 
PCNL. They designed a 16 F metallic sheath with 
a side port for attaching suction device. They 
used a specially designed small 12 F nephroscope 
and holmium laser for lithotripsy.

Shah et al. [30] also mentioned in their study a 
similar device −10/12 metallic sheath (Shah 
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sheath) used with a small pediatric ureteroscope 
4.5/6  F (Richard Wolf) as nephroscope. This 
technique termed “Superperc” is also described 
in Sect. 5.6.

Bader et al. [31] in 2011 used a 0.9-mm diam-
eter micro-optical needle connected to a light 
source to perform an optical puncture into the tar-
geted calyx in 15 patients undergoing PCNL. This 
was further developed so that the entire PCNL 
procedure was done through a 4.85F tract using 
the optical needle as camera without dilatation. 
There were several limitations of using a 4.8 F 
sheath, as it was extremely fragile to manipulate. 
To overcome the limitations of micro-PCNL, an 
additional technical modification on micro- 
PCNL was proposed [32]. A bigger 8 F metallic 
sheath has been proven to restrict the bending of 
the sheath in the collecting system and also 
makes it possible to accommodate a 1.6-mm 
ultrasonic lithotripter probe. This technique of 
“Microperc” is described in detail in Sect. 5.6.

5.3  “Peel Away” Sheath

The concept of Mini-PCNL originated at the 
John Hopkins Institute, USA.  However, it was 
made more popular by Urologists in Germany 
and China. Sung Y M [17] and his colleagues in 
the year 2006 published their study involving the 
largest patient cohort group at the time. Seventy- 
two patients were included from 1999 to 2002, 
with 3 years follow-up. They used 14 F Peel away 
sheath and 8/9.5  F ureteroscope for Mini- 
PCNL. They observed 95.7% stone-free rates in 
cumulative stone burden less than 6 cm2, but 52% 
in stone burden more than 6 cm2.

Guohua Zeng et  al. [33] and Xun Li [34] 
from the Guongzhou, China has the record of 
the largest number of Mini-PCNLs in a single 
center. They described the use of Ureteroscope 
through a mature nephrostomy tract as a part of 
staged PCNL from 1992 to 1998. They modified 
their technique from 1998 by using Peel Away 
Sheath 16–20 F size, with 8/9.5 F Ureteroscope 
and used Holmium laser or Pneumatic Lithotrity 

for stone fragmentation. Their center utilizes 
indigenously designed Pressure Pump for irri-
gation. Zeng et  al. attributed their success of 
Chinese MPCNL to the selection of the middle 
calyx as puncture site as well as the use of a 
pressure pump to facilitate flushing of frag-
ments [35]. Zhaohui He [36] from the same cen-
ter also published their experience of 
Mini-PCNL for successful stone removal in 7 
patients with transplant kidneys.

5.4  LahmeNephroscope 
and Sheath

In 2001, Sven Lahme [19] and his group from the 
Department of Urology, University of Tübingen, 
Germany, published their initial experience with 
a newly designed, dedicated 12  F Mini 
Nephroscope (Richard Wolf) and 15  F or 18  F 
metallic sheath with working length of 205 mm. 
The instrument is designed as a continuous-flow 
version. It allows irrigation via the nephroscope 
(12F) and outflow via the sheath. As an alterna-
tive, it is possible to work via an Amplatz sheath. 
The instrument has a straight 6 F working chan-
nel. The angle of the view is 12°. The light con-
ductor consists of 50,000 pixels. Between January 
2000 and February 2001, minimally invasive per-
cutaneous nephrolitholapaxy (MPCNL) was per-
formed in 19 patients. The mean stone size was 
2.4 cm2. All the patients were treated with ultra-
sound access and the average operative time was 
99  min. Re-treatment rate was 0.7 and none 
required blood transfusion. They also promoted 
one-step dilatation. MPCNL of 12  F requires 
only 1/5 of the cross-sectional area compared 
with a conventional instrument caliber of 26 F. In 
2011, V.  Zimmermann [37], S.  Lahme and his 
group expanded their experience with the same 
technique in 649 patients. On average re- 
treatment rate was 26.4%. The mean stone size 
was 4.1  cm2. The average operating time was 
65 min. The overall stone-free rate was 93.6%. 
Blood transfusions were needed in nine cases 
(1.4%).
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5.5  Minimally Invasive PCNL

Udo Nagele and his group at the Department of 
Urology, University of Tübingen, Germany 
(same as Sven Lahme initiated Mini-PCNL) car-
ried forward their research on improving out-
comes of Mini-PCNL. Their new Gelatin Matrix 
Haemostatic Sealant (GMHS) for closing the 
tract of Mini-PCNL in a tubeless procedure was 
published in September, 2006 [38]. They retro-
spectively reviewed 11 patients in whom GMHS 
was used at the end of Mini-PCNL. They were 
the first to describe the use of indigenously 
designed 18 F metallic sheath. Proximally open- 
ended sheath and 12 F Lahme Mini Nephroscope 
were used for this study. Subsequently, in April 
2007 [39] they published their experience with a 
new application device that can be used to close 
the renal-access tract with GMHS.

In September 2007, an experimental study 
was done by Udo Nagele et  al. [20] in a fresh, 
perfused cadaveric porcine kidney model. The 
study tested a new 18 F nephroscope sheath spe-
cially designed to decrease intrapelvic pressure 
during Mini-PCNL. It was compared against con-
ventional closed 18  F metal sheath (used with 
Lahme Mini-Nephroscope) with Luer-Lok. 
Intrarenal pressure peaks were measured with a 
urodynamic workstation. In 1999 [40], Roger 
Low first studied nephroscopy sheath character-
istics. He postulated that intrarenal pressure gen-
erated during percutaneous nephroscopy is 
affected by the height of the irrigation fluid and 
the sheath characteristics. A shorter length and 
larger diameter may help in reducing intrarenal 
pressures. Udo Nagele et al [41]. concluded that 
by using a 12F nephroscope in connection with 
the new open 18 F access sheath, critical intrare-
nal pressure can be avoided, even if the inflow 
pressure is as high as 125 cm H2O.  In contrast, 
using a closed sheath of an equal diameter 
resulted in pressure peaks as high as 137 cm H2O.

In August 2008 [42], Udo Nagele coined the 
term Minimally Invasive PCNL (MIP) for the 
procedure which was characterized not only by 
the diameter of the miniaturized 18  F Amplatz 
sheath that was adopted from the Mini-Perc, but 
also, by the following features: (1) Ultrasound- 

guided puncture of the kidney, (2) single-step 
dilatation of the access tract, (3) ballistic litho-
tripsy, (4) a low-pressure irrigation system 
together with stone retraction by irrigation with a 
specially designed nephroscope sheath, for the 
so-called vacuum cleaner effect, and (5) a sealed 
and tubeless access tract with primary closure of 
the channel independent of hemorrhage and 
without a second-look procedure. The results of 
the first 57 patients demonstrated primary stone- 
free rates of 92.9% with operating times averag-
ing 62 (25–123) minutes. Severe complications, 
such as sepsis or bleeding requiring blood trans-
fusion, did not occur. Their experience of treat-
ment of lower calyceal calculi (0.8–1.5 cm size) 
with new MIP technique was published in 
September 2008 [43]. Stone disintegration was 
achieved by ballistic lithotripsy through a 12  F 
minis cope with a 6F working channel (modular 
miniature nephroscope system with automatic 
pressure control by Nagele, Karl Storz, 
Tuttlingen, Germany). Hydrodynamic effects of 
a specially designed sheath were used to evacuate 
fragmented stones without additional pressure or 
suction. When fragments adhered to the paren-
chyma, a 2.4F tipless nitinol basket was used for 
stone retrieval. Mean operative time was 54 min 
(range 32–94  min). The average postoperative 
hospital stay was 3.2 days. One patient received a 
flexible Ureteroscopy (URS) for the removal of 
residual stone fragments and was stone-free 
thereafter. Together with this secondary ureteros-
copy procedure, a complete stone-free status 
could be achieved in all patients.

The MIP system is available in three different 
sizes, including the 15/18, 16.5/19.5, and 21/24 F 
sheaths (representing the inner and outer circum-
ferences). There is an irrigation channel within 
the sheath as well as the working channel.

Hennessey et  al. [41] highlighted several 
advantages of MIP over standard PCNL and 
RIRS, for example—flexible patient position, 
simple single-step dilatation, sleek but robust 
metallic sheath easy to manipulate during supra-
costal access and easy learning curve for an expe-
rienced surgeon doing standard PCNL. It is safe 
to learn this procedure for novice surgeons as 
well due to lower risk of trauma and bleeding. 
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Bergmann et al. [44] also observed that MIP can 
be safely and effectively implemented with a 
mentor-based approach.

The new MIP generation of nephroscope 
comes with more versions and even smaller 
diameters (MIP XS and S), and hence offers the 
chance for even less access trauma (Fig.  5.1). 
This upgraded concept of MIP is geared to serve 
as an alternative to retrograde intrarenal surgery 
while at the same time allowing for an increase in 
size (MIP M and MIP L systems), to select the 
best possible treatment option for the manage-
ment of larger or multiple stones. Thus, this way 
full advantage of the specific features inherent to 
MIP is ensured.

5.6  Endoscopes and Accessories

The idea of miniaturization of instruments was to 
reduce the size of nephrostomy tract and use a 
smaller sheath (18 F instead of 30 F) to reduce 
renal parenchymal trauma. Any small endoscope 
with a proper working channel (greater than 5 F) 
for energy sources and irrigation, which could 
pass through a small sheath, was good enough to 
visualize and break the stone. Short Uretero- 
renoscopes or pediatric cystoscopes worked well 
in initial trials. First dedicated 12  F Mini- 
Nephroscope was designed by Sven Lahme in 
2001. This was manufactured by Richard Wolf 
company. But, MIP system was designed by Udo 

Nagele team and it was manufactured by Karl 
Storz. Currently, the different endoscope options 
available for Mini-PCNL are described in 
Table  5.1. Special endoscopes for Ultramini 
PCNL and Microperc will be discussed in respec-
tive sections of this book. Invention of vacuum 
cleaner effect/hydrodynamic effects has led to a 
decline in the use of accessories in MIP [45, 46]. 
Various accessories for Mini-PCNL are described 
in Table 5.2.

5.7  Irrigation and Suction 
Pumps

One of the reasons for compromised vision dur-
ing Mini-PCNL is the smaller working channel 
of the endoscopes. Proper flow of irrigation fluid 
is mandatory to wash away blood or debris dur-
ing endoscopic surgery. If working channel is the 
same for irrigation flow and accessory instru-
ments like forceps or lithotripsy probes, irriga-
tion flow reduces further while using these 
instruments. Increasing the height of irrigation 
fluid bottle is one option, but, various centers use 
some sort of a pressure system to increase the 
flow of irrigation. Li et al. [34] described use of a 
specially designed irrigation pump (MMC 
Yiyong, Guangzhou, China) during Chinese 
PCNL. This pulsatile pump generates high pres-
sure (>300 mm Hg) for 3 s followed by low pres-
sure which helps in retrieval of fragments during 
withdrawal of the nephroscope without using for-
ceps. Alternate high and low pressures created by 
this pump do not contribute to persistently high 
Renal Pelvic Pressures and avoid its detrimental 
effects. Udo Nagele et al. [43] described use of a 
suction irrigation pump (UROMAT E.A.S.I. SCB) 
where suction (100–1800  ml/minute) and pres-
sure irrigation (20–200 mm of Hg) are regulated. 
They recommended use of a suction pump during 
MIP XS or S, where sheath size is small, and the 
suction is attached to ureteric catheter to reduce 
intrarenal pressure. Omar et  al. [47] described 
use of the Thermedx Fluid Smart System™ for 
pressure irrigation, where, the irrigant tempera-
ture was maintained at 21C or higher.

Fig. 5.1 Sheath size 15 F, MIP S and XS with 7.5 F and 
12 F telescope
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5.8  Sealants

“Tubeless” PCNL exit strategy is considered as 
one of the advanced techniques used in conven-
tional PCNL. In MIP, tubeless exit and nephros-
tomy tract sealing is an essential step. A variety 
of materials are used for sealing the tract to effec-
tively control tract bleeding, prevent urine leak-
age and thus reduce postoperative pain after 
PCNL [48]. Lee et al. [49] first described use of 
GMHS for tubeless PCNL in 2004. The major 

advantage of GMHS over other sealants is that it 
dissolves completely in the urine within 5 days. 
This prevents it from acting as a nidus for future 
stone formation. Udo Nagele et al. [42] published 
their study about sealant applicators for 
MIP.  They concluded that this new applicator 
facilitated application of the GMHS sealant and 
prevented its migration into the pelvicalyceal 
system. However, no convincing evidence in the 
literature about the advantages of using any tis-
sue sealants after tubeless PCNL.  Well- 
controlled, prospective multicenter trials with 
proper randomization of large numbers of 
patients are needed for ascertaining further trend 
related to usage of these sealants [50, 51].

5.9  Conclusion

Idea of using miniaturized instruments for percu-
taneous stone removal has revolutionized the 
management of upper tract calculi over the last 
two decades. Especially, 10–20 mm lower caly-
ceal calculi can be managed with high stone-free 
rates, reduced ancillary procedures and lower 
morbidity. Specially designed equipment like 
MIP sheaths and telescopes are worthy invest-
ments for all specialized centers managing upper 
urinary tract calculi. Alternatively, small Amplatz 
sheaths or Peel Away sheaths (14–20 F) are avail-
able which can be used with short Uretero- 
renoscopes as nephroscope for Mini-PCNL. With 
proper irrigation pressure and vacuum cleaner 
effect for stone fragment removal, use of acces-
sory equipment can be minimized.
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Fragmentation Devices: 
Lithotripters, Lasers and Other 
Advances

Sudheer Kumar Devana and Aditya P. Sharma

6.1  Introduction

In mini percutaneous nephrolithotomy (mini-
PCNL), after gaining safe access into the pelvi-
calyceal system (PCS), renal stones are ablated 
by intracorporeal lithotripsy (ICL). ICL during 
miniPCNL can be done effectively using frag-
mentation devices like lithotripters and lasers [1]. 
Paralleling the advancement in miniaturization of 
nephroscopes during the past few decades, a sig-
nificant development in the fragmentation 
devices has also taken place. ICL involves either 
smash and extract or smash and go techniques. 
Smash and extract technique involves breaking 
larger stones into smaller stone fragments and 
then extracting them out of the PCS.  During 
miniPCNL these stone fragments can be retrieved 
via the smaller sized percutaneous tract passively 
with the vacuum cleaner effect, actively with 
saline flushing of stone fragments using the ure-
teric catheter or by applying active suction to 
innovative mini nephroscope sheaths like shah 
sheath or clear petra systems (Well Lead Medical 
Co., Ltd., China) [2]. Stone fragments can also be 
retrieved using stone grasping forceps and bas-
kets. Smash and go technique involves ablating 
the larger stone into fine stone dust without the 
need for using forceps or baskets. The stone dust 

automatically gets cleared due to saline irrigation 
or active suction or if left will be cleared up spon-
taneously in the postoperative period. During 
miniPCNL as the size of the percutaneous tract is 
smaller, majority of the endourologists prefer to 
dust the major bulk of the stone using various 
fragmentation devices (lithotripters and lasers) 
and then clear the smaller residual stone frag-
ments left at the end for achieving complete stone 
clearance.

6.2  Lithotripters

Various intracorporeal lithotripters were invented 
for ablating the renal stones since the inception of 
PCNL.  These lithotripters differ based on the 
type of energy source like electro hydraulic, 
pneumatic and ultrasonic lithotripsy [3, 4]. 
Recently newer generation lithotripters have 
been developed, which use combination of bal-
listic and ultrasonic energies for better and faster 
fragmentation of renal stones.

6.2.1  Electro Hydraulic Lithotripters 
(EHL)

These were the first intracorporeal lithotripters 
introduced in 1955 for treating bladder stones that 
were subsequently extended to breaking ureteric 
and renal stones as well. They work by the genera-
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tion of spark between two electrodes leading to the 
formation of a cavitation bubble. Collapse of this 
bubble generates a shock wave that helps in frag-
mentation of the stones. Significant retropulsion of 
the stone and tissue perforation are the drawbacks 
of this modality [5]. Because of this, use of EHL is 
hardly ever practiced in modern-day practice for 
treating renal stones.

6.2.2  Mechanical or Ballistic 
Lithotripters

These lithotripters work similarly to a jackham-
mer where the projectile inside the hand piece is 
accelerated either using electromagnetic energy 
or pneumatic energy (compressed air). 
Pneumatic lithotripters are the most commonly 
used mechanical lithotripter device for breaking 
renal stones. Using compressed air, ballistic 
energy is generated which gets transferred onto 
a metallic probe which further breaks the stone 
like a hammer and chisel effect. It breaks all 
types of stones irrespective of their composition 
but stone fragments generated are larger which 
have to be manually retrieved. The probe 
vibrates longitudinally either in single or multi-
ple pulses [6]. The Swiss Lithoclast®(Electro 
medical systems, EMS) was first introduced in 
1991 which was further improvised in 2005, 
Swiss Lithoclast® 2(Electro Medical Systems, 
EMS) with better fragmentation and lesser 
pushback effect. The lithoclast probes come in 
various sizes and lengths for use in standard 
PCNL, miniPCNL, and semirigid ureteroscopic 
surgery. Probes specifically designed for use in 
miniPCNL are smaller in size ranging from 
0.8 mm to 2 mm. Recently, flexible pneumatic 
probes of size 0.89 mm and length 600–940 mm 
were also introduced for use in retrograde intra-
renal surgery (RIRS). During PCNL both the 
frequency and the air pressure can be adjusted 
according to the hardness of the stone for opti-
mal fragmentation. The major disadvantage of 
pneumatic lithotripters is a significant amount 
of retropulsion and also bleeding due to friction 
between the stone and the pelvicalyceal mucosa 
while breaking the stones.

6.2.3  Ultrasonic Lithotripters

These lithotripters convert electrical energy into 
mechanical energy with the help of piezo ceramic 
elements. A very high frequency of 20,000  Hz 
will be transmitted to the probe which helps in 
breaking the stone into smaller fragments and 
also generation of fine dust. This high-frequency 
oscillations can lead to generation of heat, which 
might risk damaging the scopes. Hence continu-
ous cooling of the generator is achieved by con-
tinuous saline irrigation and also suctioning. 
Simultaneous suctioning helps in the clearance of 
stone fragments and stone dust at a faster speed 
leading to decreased operation times. Isolated 
ultrasonic lithotripters are not commonly used in 
day-to-day practice. Lithotripters with both pneu-
matic and ultrasonic energy facilities have been 
shown to be having superior efficiency than used 
alone in stone fragmentation [7]. Examples of 
such lithotripters include Swiss Lithoclast® 
Master/Ultra (EMS, Switzerland), Swiss 
Lithoclast® Select TM(EMS), and Calcuson 
Lithotripter® (Karl Storz). Swiss Lithoclast® 
Master, as shown in Fig.  6.1, has a facility for 
both pneumatic and ultrasonic lithotripters. 
Special handpieces such as Vario for ultrasonic 
lithotripsy and PN3 handpiece for pneumatic 
lithotripsy are used. For combined use of pneu-
matic and ultrasonic energy compatible solid 
pneumatic probes are available which pass inside 

Fig. 6.1 Swiss Lithoclast® Master (EMS) having com-
bined pneumatic and ultrasonic lithotripter facility. Also 
depicted in the figure are three handpieces from above 
downward (Vario handpiece, PN3 handpiece and 
combined)
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the hollow ultrasonic probes. The ultrasound 
probes are of larger diameter (3.3–3.8 mm), have 
added facility of suctioning and are generally 
used in standard PCNL. They cannot be passed 
through a 12 Fr mini nephroscope with a working 
channel of 6Fr. However, recently ultrasound 
probes of size less than 2 mm have been intro-
duced for use in miniPCNL.  Xiong et  al. have 
designed a Micro Ultrasonic probe 
(HuifuKangCo.Ltd., China) of size 2 mm, which 
combines the high efficiency of ultrasonic litho-
tripsy while retaining the ability to pass through 
mini nephroscopes as well [8]. CyberWand™ 
(Gyrus ACMI, Southborough, MA, USA) is 
another fixed dual-probe lithotripter where the 
inner ultrasonic probe vibrates at 21000 Hz with 
suction and the outer probe (size 3.3 and 3.8 mm) 
vibrates at 1000  Hz. However, this cannot be 
passed through mini nephroscope due to larger 
size of the probe. Retropulsion is significantly 
less with ultrasonic lithotripters but they are not 
effective in hard stones.

6.2.4  New Generation Dual 
Lithotripters

Lithotripters like Swiss Lithoclast® Master or 
CyberWand™ have double probes (inner and 
outer probes) for providing both pneumatic and 
ultrasonic energies for fragmenting and suction-
ing of stone fragments. Newer generation dual- 
energy lithotripters with single probes were 
developed with better fragmentation/dusting and 
faster stone clearance rates. These include Shock 
Pulse Stone Eliminator™ (Olympus, Japan) and 

Swiss Lithoclast®Triology (EMS) (Fig.  6.2). 
They have single lumen probes with larger inner 
lumen compared to dual-probe lithotripters lead-
ing to better suctioning of even larger stone frag-
ments without the need for active removal of 
stone fragments. Both these lithotripters have 
plug and play facility and have handpiece to 
which single lumen probes of various sizes are 
attached for use in standard or miniPCNL and 
ureteroscopic surgery (URS). Effective and vari-
able suction facility with these lithotripters 
greatly reduces the operating times.

Shock Pulse Stone Eliminator™ simultane-
ously delivers constant ultrasonic energy with 
intermittent high-frequency bursts (as high as 
300  Hz) of ballistic or mechanical energy for 
fragmenting as well as aspirating renal stones 
(Fig.  6.3) [9]. Standard and high power modes 
buttons are provided on the handpiece for use, 
according to the hardness of the stone. Single and 
reusable probes are available with this equip-
ment. For use in miniPCNL, a single or reusable 
1.83 mm probe of length 418 mm is available.

Swiss Lithoclast®Triology delivers electro-
magnetically generated impact and ultrasonic 
energy along with suction capability. Unlike 
Shock Pulse, in Lithoclast®Triology there is an 
option to use either ultrasonic or mechanical or 
both energies. Pistol grip handpiece and inte-
grated active cooling mechanism for handpiece 
are also available (Fig. 6.4). Stone catcher with 
integrated suction facility minimizes the risk of 
clogging of single lumen probes and also helps in 
collecting stone dust or fragments for stone anal-
ysis. For use in miniPCNL, probe sizes 1.1, 1.5, 
and 1.9 mm are available. However, the probes 

a b

Fig. 6.2 Showing newer generation dual-energy lithotripters (a) Shock Pulse Stone Eliminator™ (Olympus, Japan); 
(b) Swiss Lithoclast®Triology (EMS, Switzerland)
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used in Lithoclast®Triology are disposable for 
single use, thus adding to increased cost of treat-
ment. Lithoclast®Triology has been shown to be 
faster than Shock pulse in in vitro studies due to 
16 times more ultrasonic probe tip displacement 
(0.041 mm Vs 0.0025 mm), greater tip displace-
ment during impact or function (0.25  mm Vs 
0.01 mm) and larger probe tip diameter [10, 11] 
(Table 6.1).

6.2.5  Cordless Lithotripters

For ease of use and portability, handheld litho-
tripters were also developed. The Stone Breaker™ 
(Laryngeal mask airway company Switzerland; 
distributed by COOK Medical, Bloomington, IN) 
is a cordless handheld lithotripter that generates 
ballistic energy using a compressed carbon diox-
ide cartridge. Lithobreaker®(EMS) is an electro-
kinetic handheld lithotripter that works using 
four AAA batteries. Probe sizes of 1  mm and 

2 mm are available for use in PCNL as well as 
URS.  These lithotripters have shown to be as 
effective as conventional lithotripters [12].

6.3  Lasers

Laser energy devices are the most versatile litho-
tripters available. Developed over a period of 6 
decades, a lot of research has gone into optimiza-
tion of type of laser and laser settings for both 
soft tissue ablation and for stone fragmentation 
[13]. Lasers providing pulsed mode are best 
suited for lithotripsy as compared to continuous 
mode lasers, which are better suited for soft tis-
sue ablation [14].

Holmium: YAG laser is the most commonly 
used laser for lithotripsy and is the current gold 
standard for laser intracorporeal lithotripsy (ICL) 
[15]. Modes commonly used in miniPCNL are 
dusting and fragmentation. In case of fragmenta-
tion as mentioned earlier the vacuum cleaner 
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Fig. 6.4 (a) Handpiece used in Shock Pulse Stone Eliminator™ (Olympus, Japan) with surgeon controls; (b) Pistol 
grip handpiece used in Swiss Lithoclast®Triology (EMS, Switzerland) without any surgeon control buttons on it

Shockwave Shockwave

ShockPulse-SE Technology Standard Ultrasonic Vibration

Fig. 6.3 Mechanism of generation of constant ultrasonic energy with intermittent high-frequency ballistic pulses in 
Shock Pulse Stone Eliminator™ (Olympus, Japan) when compared to standard ultrasonic vibration
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effect in addition to the use of forceps/baskets for 
active removal of fragments is used [16]. Moses 
effect which improves the transmission of laser 
energy through water is the latest advancement in 
Ho:YAG laser [17, 18]. The Thulium Fiber laser 
is another emerging diode-based laser that pro-
vides new options to treat stone disease [19].

The laser provides a range of techniques of 
lithotripsy that include dusting, fragmentation, 
popcorning and pop-dusting [13, 17]. The modu-
lation of pulse energy, pulse frequency and pulse 
width provide this wide range of modes of litho-
tripsy while using laser technology. These aspects 
of laser lithotripsy in the perspective of mini-
PCNL are discussed in the following section.

6.3.1  Settings of Laser and Lasing 
Techniques

The Ho: YAG laser provides a wide range of set-
tings for power output. Based upon the permuta-
tion and combination in frequency, energy and 
pulse width the laser can be used to dust the 
stone, to fragment it into small pieces or to create 
a popcorn effect [20]. Fragmentation and dusting 
are two most commonly used lithotripsy tech-
niques in miniPCNL.

Dusting is carried out at low energy, high- 
frequency settings (0.2–0.5 J × 20–80 Hz) [21]. 
Dusting although a little time consuming creates 
powder of sub-centimetric size of the stone, 
which does not require active removal. On the 
other hand, fragmentation entails the use of 
higher energy, low frequency and shorter pulse 

width so as to create fragments, which require 
active removal (08–1.2 J × 6–10 Hz). Pinning the 
stone against the wall of the calyx helps in frag-
mentation of stone safely. The removal of frag-
ments is most commonly done using Bernoulli’s 
principle or the Vacuum Cleaner effect [16]. The 
stone fragments themselves migrate along the 
sheath with the eddy current formation. The use 
of a small fibered laser also helps in continued 
irrigation to create this effect. The other methods 
of fragment retrieval include the use of suction, 
forceps and baskets for stone retrieval. The exit 
strategies may also be determined by the modal-
ity or the technique used for lithotripsy in addi-
tion to the stone size and achievement of complete 
stone clearance.

Devices such as lithAssist (Cook Medical, 
Bloomington, IN) and laser suction handpiece 
devices are handheld devices tailor-made to suck 
fragments created by laser [22]. LithAssist has a 
11.6 Fr dual lumen stainless steel cannula for 
suction with a 5 Fr coaxial inner lumen to allow 
passage of Laser fiber. In contrast to this device, 
the laser suction handpiece device has a 12 Fr 
lumen for suction and a separate working channel 
for laser fiber [23]. These devices have helped in 
extending the use of laser lithotripsy to bigger 
stones including staghorn stones.

6.3.2  Laser Fiber

Laser fiber is a particularly important determi-
nant of the laser lithotripsy technique. In contrast 
to flexible ureteroscopy, a larger diameter fiber is 

Table 6.1 Various Lithotripters of use during miniPCNL

S. No. Lithotripter Probe type Available probe sizes
1. Swiss Lithoclast® 2 (EMS) Pneumatic probe 0.8 mm × 410 mm

1.3 mm × 410 mm
2.0 mm × 425 mm

2. Swiss Lithoclast® 
Master(EMS)

Ultrasound probe
Combination of pneumatic with 
ultrasound probe in miniPCNL

1.5 mm × 573 mm
1.9 mm × 360 mm
Not available

3. Swiss Lithoclast®Triology 
(EMS)

Combined pneumatic and ultrasound 
single-use probes

1.5 mm × 440 mm (5Fr)
1.9 mm × 341 mm (6Fr)

4. Shock Pulse Stone 
Eliminator™ (Olympus)

Combined pneumatic and ultrasound 
single and reusable probes

1.83 mm × 440 mm(5.5Fr)

EMS, Electro Medical Systems; PCNL, Percutaneous nephrolithotomy
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preferred for miniPCNL (300 or 550/600 
microns). Large diameter fibers help in using 
higher energies and cause lesser retropulsion as 
compared to smaller fibers [24]. On the other 
hand, small fiber allows for irrigation fluid to 
egress easily through the sheath, thus improving 
the vision, efficiency and operating times. The 
smallest caliber laser fibers (100 microns) are 
available with Thulium Fiber laser as compared 
to Ho-YAG where the smallest fiber diameter 
available is 200 microns only [25]. This is much 
advantageous with miniaturized version of 
PCNL.

Ball tip laser fibers have been proposed to pro-
vide easy insertion in scopes and also prevent 
damage to flexible scopes. However, the ball tip 
degrades due to burn back effect within a few 
seconds of surgery. Thus, this effect is useful in 
the setting of single-use fibers. The single-use 
fibers have been claimed to decrease the overall 
cost of procedure [26]. There has been much ado 
about whether the fiber’s outer cladding should 
be stripped or not. The advantages and disadvan-
tages of both are highlighted in Table 6.2. Optimal 
use of laser fiber is extremely important to obtain 
the optimal outcome at the same time preventing 
damage to scopes and operation room (OR) staff 
as discussed later.

6.3.3  Newer Advances in Lasers

6.3.3.1  Moses Effect and Moses 
Technology

Moses effect is a phenomenon of deformation of 
the surface of a diamagnetic liquid by application 
of a magnetic field [27]. As mentioned in the Old 
testament, Moses crossed the red sea and divided 
the water holding his staff as the Israelites crossed 
the sea [28]. Similarly, the Holmium laser, which 
is absorbed by water due to its properties, creates 
a vapor tunnel parting the “Sea” of water and 
blood. Moses technology capitalizes on this prin-
ciple by using 2 consecutive pulses (Figs. 6.5 and 
6.6a) [29]. The first pulse imparts the energy to 
create a vapor bubble while the second wave trav-
els through this bubble to cause maximal effect 
over the stone. There are both in vitro and in vivo 

studies comparing Moses technology to Standard 
Ho:YAG pulse mode for URS as well as its effi-
cacy for miniPCNL [30, 31]. It has shown to 
decrease retropulsion and consequently a reduc-
tion in procedure duration in preclinical studies 
[18]. However, cost and single manufacturer 
remains a drawback for its wider adoption.

6.3.3.2  Thulium Fiber Laser
Thulium Fiber laser (TFL) has been called so as 
the energy is generated in a chemically doped 
small fiber and has a wavelength of 1940  nm 
(Fig. 6.6b) [32]. The wavelength provides a high 
absorption peak in water and is hence proposed 
to have better fragmentation properties with 
almost 1.5 to 4 times faster ablation of stone [33]. 
Further, it can be easily coupled with smaller 
fibers with diameter as low as 100 microns. This 
helps in easy maneuverability and better irriga-
tion while doing lithotripsy.

6.3.4  Laser Vs. Other Modalities 
for miniPCNL—Head to Head 
Comparison

Tangal et  al. and Ganesamoni et  al. have com-
pared Laser versus ballistic lithotripsy [34, 35]. 
The fragmentation time, stone-free rates and 
complications were comparable between both 
the groups. However, Ganesamoni et  al. found 
higher stone migration, higher use of forceps for 
stone retrieval and difficult fragment retrieval 
when using ballistics [35]. Tangal et al. in addi-
tion had a combined group in which the opera-
tive time was found to be significantly shorter 
than either of the groups [34]. They stated that it 
is better to fragment large size stones using bal-
listic to around a size of 1 cm each and then use 
laser for either dusting or fragmentation to 
smaller pieces, which can be retrieved easily. In 
a comparative study by Akbulut et al. on laser vs 
ultrasonic lithotripter, they found that there was 
higher stone- free rate in laser group as compared 
to ultrasonic group although it did not reach sta-
tistical significance. They further found laser to 
be much cost effective as compared to ultrasonic 
lithotripter [36].
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6.3.5  Complication and Safety 
Concerns

The complications of miniPCNL using laser lith-
otripsy are no different from the use of any other 
intracorporeal lithotripsy technique. The compli-
cations such as bleeding and infection are more 
related to the surgical procedure itself rather than 
the use of laser ICL [37]. In fact, in one of the 
recent studies from our center we found no dif-
ference in clinically significant blood loss or 

infection rate in standard vs miniPCNL [38]. 
Thus, these common complications and few oth-
ers such as pelvicalyceal injury, pleural injury, 
solid organ injury, or bowel injury are more 
related to access rather than the type of litho-
tripsy used.

However, unique to Laser lithotripsy is safety 
concerns for OR staff and surgeons associated 
with its use in OR. The eyes remain the most vul-
nerable organ, which can be damaged by laser, 
especially when it is brought in very close con-

Table 6.2 Summary of the advances or technical aspects of laser lithotripsya

Laser 
Parameter Technical aspect Benefit Verdict
Laser 
settings and
Technique

Fragmentation Faster ablation of primary 
stone
Fragments removed using 
vacuum cleaner effect

Excellent technique

Dusting Sub centimetric 
powdered fragments
   •  No need for active 

removal

Ablation itself takes more time, 
compensated by other time gains
   •  Ultra-high-frequency lithotripters 

further
Shorten surgical time

Pop Corning & Pop 
Dusting

Ideal for multiple smaller 
stone
Fragments in an enclosed 
space such as calyx
Avoids endless chase of 
fragments

Helpful technique, complementing other
Lithotripsy methods

Laser 
lithotripter

Long pulse length (pulse 
duration or pulse width)

   •  Less fiber tip 
degradation

   •  Less stone 
retropulsion

   •  Smaller residual 
fragments

   • Ideal for “dusting”

Gradual rise in its use

Moses effect (modulated
laser pulse)

More ablative (in vitro)
   • Less retropulsion

No significant difference between 
lasingand procedural time in vivoSingle 
manufacturer)
   • Cost is an issue

Thulium fiber laser More ablative than 
Ho:YAG
   •   Less retropulsion
Coupled with small fiber

Limited availability
Lack of randomized trials

Laser fibers Ball tip fiber Easier insertion in 
deflected scope

Initial benefit lost after a few seconds 
with degradation

Tip cleaving tools All were equivalent Simple scissors are equally effective
Coated fiber Greater stone ablation

   •  Easier to pass in the 
scope

   •  Safer than stripped 
fiber

More advantageous than stripped fibersin 
several categories

Stripping of fibers Debatable higher stone 
ablation

Significantly less advantages than coated
Fibers

a Adapted from Kronenberg P et al. Curr Urol Rep. 2018 (13)
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Only to from
the initial
bubble

Already formed bubble

The energy is delivered in two bursts. The
first burst to form the bubble. The second

burst travel through the vapor

Moses technologyMoses effect

All the energy is deliverd in one burst.
Most of the energy is wasted in forming

the bubble and absorbed by water

Fig. 6.5 Moses effect and Moses Technology for Ho:YAG laser (From: Aldoukhi AH, Black KM, Ghani KR. Emerging 
Laser Techniques for the Management of Stones. Urol Clin North Am. 2019 May;46(2):193–205)

a b

Fig. 6.6 Laser Generators (a) Moses™ Technology from Lumenis™ Pulse (Yokneam, Israel). (b) Thulium Fiber 
Lasers from Quanta™ (Samarate, Italy) and Intercardia Life Sciences™ (Delhi, India)
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tact to the eye without any protective covering for 
the eyes. Simple eyeglasses are equally effective 
as special Laser protective glasses [39]. The eye 
injury is a zero event and has never been reported 
in literature yet.

Another important collateral damage of laser 
energy is to delicate scopes used in endourology. 
It is more common for flexible scopes used dur-
ing URS or RIRS rather than to the rigid scopes 
used in miniPCNL. Still, the laser fiber should be 
kept in vision at all times, especially when acti-
vating the laser. The fiber should be kept at an 
adequate distance from the optical end of the 
scope [40]. Other recommendations include 
keeping the fiber tip covered and regular cleaving 
of fiber.

6.4  Other Advances

To overcome the high complication rate because 
of the generated shockwaves with EHL, a newer 
lithotripter named nanosecond electro pulse lith-
otripter (NEPL) (Urolith-105  M device) was 
developed by Lithotech Medical Ltd. (Israel). It 
produces electric pulses of high voltage being 
discharged in nanosecond duration, which gets 
transferred onto the stone. This generates tensile 
thermomechanical stress in the stone leading to 
fragmentation of stone. NEPL was found to be 
better than EHL in an in vitro study by Martov 
et  al. [41]. Martov et  al. also have shown in 
another in vitro study that NEPL was more effec-
tive and requires significantly less energy and 
time for stone disintegration than holmium laser 
[42]. Flexible probes of various sizes 2.7 to 4.5 Fr 
are available for use with cystoscope, semirigid 
ureteroscope, and flexible ureteroscopes [43]. 
Studies done using this technology in miniPCNL 
are not available so far in the existing literature.

6.5  Conclusions

Miniaturization of fragmentation devices has 
accompanied the miniaturization of PCNL proce-
dure. Currently Ho:YAG Laser remains the gold 
standard for stone ablation in miniPCNL. Moses 

technology and Thulium Fiber laser are showing 
promising results in terms of faster stone abla-
tion. Newer generation lithotripters with thin 
probes are tailor-made to decrease retropulation 
and are being combined with effective suction 
mechanism for a better clearance rate.
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Anesthesia in Mini-PCNL
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7.1  Introduction

It is intuitive to believe that mini-PCNL would 
offer many benefits from the perspective of anes-
thesia. The flexibility with patient positioning 
and the reduction in surgical invasiveness are the 
main reasons behind it. It enables us to juggle 
with different modalities of anesthesia and 
choose the best one for a particular patient. But, 
are these perceptions supported by evidence from 
literature? Do the facts that mini-PCNL with its 
small incision, reduced surgical invasiveness, and 
hence the pain, ability to do in prone or supine 
position translate to better patient outcomes? We 
seek to explore.

7.2  Anesthetic Concerns 
for Mini-PCNL

The patient-related concerns would remain the 
same, whether it is PCNL or mini-PCNL. These 
include the comorbidities of the patient like dia-
betes mellitus, hypertension, coronary artery dis-
ease, impaired renal function, dyselectrolytemia, 
and age-appropriate considerations (pediatric, 
geriatric).

The surgical stress in the intraoperative and 
postoperative period during mini-PCNL was 
assumed to be lesser than standard PCNL, due to 
mini-PCNL being less invasive. It was claimed 
that the lower surgical stress would then translate 
to a better perioperative course, even in patients 
with above-mentioned comorbidities. The evi-
dence to support this claim is contrasting. Li LY 
et  al. demonstrated that both regular and mini- 
PCNL resulted in comparable surgery-related tis-
sue damage [10]. Traxer O et al. also concluded 
that postoperative scarring and renal parenchy-
mal loss were similar between mini-PCNL and 
standard PCNL [19]. Clinically though, it has 
been shown that patients undergoing mini-PCNL 
have lower blood loss, lesser need for transfu-
sion, and shorter in-hospital stay [14].

PCNL is most commonly performed in the 
prone position. Hence, it is accompanied by the 
concerns associated with prone positioning, like 
alteration of ventilation and hemodynamics, 
pressure effects on the soft tissues, threat of dis-
lodgement of tracheal tube, and venous access 
[4]. Mini-PCNL performed in prone position also 
faces the same concerns of prone position and 
requires the same attentive care.

Mini-PCNL can also be performed in modi-
fied supine position, avoiding the problems seen 
with prone positioning. Sakr A et  al. reported 
improved safety of mini-PCNL in supine position 
compared to standard PCNL [15]. The position 
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chosen to perform mini-PCNL dictates the con-
cerns and precautions to be taken.

A smaller incision in mini-PCNL means lesser 
postoperative pain, lower blood loss, and increased 
incidence of tubeless PCNL. When taken together, 
these have led to a shorter postoperative hospital 
stay [18]. As an extension of this idea, an ambula-
tory or overnight stay tubeless mini-PCNL can be 
considered in selected patients. Anesthetic concerns 
for an ambulatory or overnight stay surgery would 
be appropriate patient selection, use of short-acting 
anesthetic agents, and good pain control, which is 
known to improve patient satisfaction, reduce cost, 
and hospital resource utilization [9].

The time duration for mini-PCNL depends on 
the stone characteristics and the surgical experi-
ence. It is intuitive to guess that the surgical dura-
tion for mini-PCNL would be less than that for 
PCNL and it would result in lesser exposure to 
anesthetics and reduced cost. But most studies 
show equal time duration for both or mini-PCNL 
taking longer time [7, 21].

7.3  Available Anesthetic 
Techniques for Mini-PCNL

Mini-PCNL can be performed under general 
anesthesia, central neuraxial (spinal/epidural) 
anesthesia, or local anesthesia (Table  7.1). The 
advent of ultrasound-guided nerve blocks has 
also kindled interest in ultrasound-guided truncal 
blocks for mini-PCNL. The patient’s position in 
which the procedure is planned (supine vs. 
prone), patient comorbidities that determine the 
modality of anesthesia best tolerated by the 
patient, stone characteristics influencing the 
duration of the procedure, and the extent of tissue 
handling determine the choice of anesthesia.

General anesthesia is as popular for mini- 
PCNL as for PCNL.  Fentanyl-propofol- 
atracurium/vecuronium-isoflurane/sevoflurane in 
air/nitrous oxide–oxygen mixture—paracetamol- 
based general anesthesia is commonly used. 
Patients are usually intubated with tracheal tube 
to have a secure airway, especially for prone 
position procedures. However, laryngeal mask 
airway or I gel can be used instead of tracheal 
tube for procedures in the supine position. The 
use of these supraglottic devices for prone posi-
tion surgeries has been reported [11]. Secure air-
way, better control of hemodynamics, better 
control over oxygenation and ventilation of the 
patient, lack of awareness of the procedure and 
surrounding environment to the patient, no limi-
tation to the surgical duration are some of the 
advantages of general anesthesia. The disadvan-
tages of general anesthesia are that it is expen-
sive, masks some of the warning symptoms the 
patient would have reported had he been awake 
(like pressure over soft tissues), risks of instru-
menting the airway, and aspiration.

Mini-PCNL done in supine position can be 
done under spinal or epidural anesthesia. 
Hyperbaric bupivacaine with or without additives 
like fentanyl, buprenorphine, and clonidine is the 
commonly used drug for spinal anesthesia while 
bupivacaine, ropivacaine, and levobupivacaine 
are widely used for epidural anesthesia. 
Combining central neuraxial block with sedation 
enhances patient comfort. The advantages of cen-
tral neuraxial block are it avoids polypharmacy 
(and hence the side effects of the multiple drugs) 
as seen in general anesthesia, less expensive, bet-
ter intraoperative and postoperative analgesia, the 
ability of the awake patient to report the symp-
toms which can provide early warning, protec-
tion against deep venous thrombosis by improving 
the rheologic properties of blood, reduced proce-
dural bleeding due to accompanying reduction in 
blood pressure. The disadvantages of central 
neuraxial block are hypotension, especially if the 
block height ascends above T6 segment, brady-
cardia secondary to blockade of cardio accelera-
tor fibers due to high block, awareness of the 
surrounding by the patient which could be 
unpleasant, breakthrough pain, especially with 

Table 7.1 Anesthetic options for mini-PCNL

General anesthesia with tracheal intubation
General anesthesia with supraglottic device
Spinal/epidural anesthesia
Local anesthesia with Monitored Anesthesia Care 
(MAC)
Ultrasound-guided truncal blocks (paravertebral block, 
erector spinae block)
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the ungentle handling of the deeper tissues, lim-
ited duration (2–3  h) with spinal anesthesia. A 
sensory level of blockade up to at least T4 seg-
ment is required for PCNL.  Hemodynamic 
changes like hypotension and bradycardia are 
expected to occur with this height of blockade. 
Spinal anesthesia is not always a safe alternative 
to general anesthesia. Having an awake patient 
does not necessarily mean enhanced safety.

There are centers that perform mini-PCNL 
and PCNL in prone position under spinal anes-
thesia. But this requires special precautions and 
experience. Data for the feasibility of regional 
anesthesia in prone PCNL surgeries are mostly 
single-center randomized controlled trials (RCT) 
done in patients undergoing standard 
PCNL. However, this data can be extrapolated to 
patients undergoing mini-PCNL as the surgical 
indication, duration of surgery, and anesthetic 
techniques are similar. Mehrabi S et al. reviewed 
160 patients who underwent standard PCNL sur-
gery in prone position under spinal anesthesia 
safely. There were no major complications. Six 
patients complained of postoperative headache, 
and only eight patients complained of mild pain 
intraoperatively [12]. An RCT done by 
Movasseghi G et al. compared 30 patients each 
under spinal and general anesthesia undergoing 
PCNL.  They found spinal anesthesia to be 
equally feasible as general anesthesia, with more 
stable hemodynamics, lesser postoperative pain, 
and lower blood loss in the spinal anesthesia arm 
[13]. Cicek T et al. also retrospectively compared 
patients who underwent PCNL surgery under 
spinal and general anesthesia and concluded both 
to be equally safe techniques [2]. Studies com-
paring epidural and spinal–epidural anesthesia 
with general anesthesia, as the primary anesthetic 
technique for standard PCNL, also showed simi-
lar efficacy and safety [8, 16, 17]. While overall, 
the data does suggest lower surgical time, lesser 
postoperative pain, and more stable hemodynam-
ics with regional anesthesia, we have to keep in 
mind that these are single-center studies, where 
there might be requisite setup and training to 
manage patients undergoing regional anesthesia 
in the prone position, which may add bias to 
these studies.

Mini-PCNL can be performed under local 
anesthesia as well. A cooperative patient, gentle 
urologist, and a vigilant anesthesiologist to moni-
tor the vital parameters make this technique suc-
cessful. Lignocaine 1–2% with 1:200000 
adrenaline, bupivacaine0.25%, levo-bupivacaine 
0.25%, ropivacaine 0.2% are commonly used for 
local anesthetic infiltration of the puncture site. 
Deeper infiltration is made as one proceeds. 
Attention must be paid to the maximum permis-
sible dose of these local anesthetics to prevent 
local anesthetic toxicity (4 mg/kg for plain ligno-
caine, 7  mg/kg for lignocaine with adrenaline, 
and 2–3 mg/kg for bupivacaine, levo- bupivacaine, 
and ropivacaine). Aravantinos et al. performed 25 
mini-PCNL under local anesthesia, all of whom 
tolerated the procedure well with some mild 
sedation and intravenous analgesics [1]. Ding 
et al. also performed mini-PCNL in 40 patients 
under local anesthesia successfully [3]. Local 
anesthetic technique is useful in sick patients 
who would not tolerate general or spinal anesthe-
sia. Still, it should be borne in mind that the pain 
results not only from the skin incision but also 
from the surgical dissection in the deeper 
tissues.

Ultrasound-guided erector spinae block and 
paravertebral block have been described for mini- 
PCNL. The paravertebral block involves inject-
ing local anesthetic around spinal nerve roots as 
they exit from the intervertebral foramen and 
offer superior analgesic quality compared to local 
anesthetic infiltration technique without the 
hemodynamic changes seen with spinal anesthe-
sia. This technique requires multilevel injections 
to block T10–T12 segments using 0.25–0.5% ropi-
vacaine or bupivacaine. The disadvantages of this 
technique include the requirement of multiple 
injections, ipsilateral lower limb weakness, long 
duration for the onset of anesthesia (10–20 min), 
risk of failed block, risk of pneumothorax, and 
local anesthetic systemic toxicity due to the high 
dose of local anesthetic used. Yang et  al. per-
formed mini-PCNL in 45 patients under paraver-
tebral block and mild sedation. All patients 
tolerated the procedure well [20].

Erector spinae plane block relies on a high 
volume of local anesthetic injected below the 
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erector spinae muscle and spread of the local 
anesthetic along the erector spinae plane, thereby 
blocking the spinal nerves as they emerge out 
from the intervertebral foramen. Large volumes 
(20–40 mL) of local anesthetic are required for 
adequate spread along the correct plane, and 
hence it is less reliable than paravertebral block 
as a sole anesthetic technique. It can also be used 
as a technique for postoperative analgesia as a 
part of multimodal analgesia and has been shown 
to provide a safe and effective analgesic tech-
nique [5, 6].

7.4  Specific Anesthetic Problems 
Encountered During 
Mini-PCNL

The option to do mini-PCNL in supine position 
avoids all the problems associated with the prone 
position. Problems with the prone position are 
discussed in detail in another chapter. A high 
puncture can result in pneumothorax even with 
mini-PCNL as well. Nitrous oxide is avoided if 
there is a suspicion of pneumothorax, and post-
operative chest X-ray is required to rule out pneu-
mothorax. If significant, it might require the 
insertion of an intercostals drain tube. For pro-
longed procedures, significant fluid absorption, 
blood loss (and its estimation), hypothermia, 
need to convert spinal anesthesia to general anes-
thesia could be problematic.

7.5  Conclusion

Does your anesthesiologist like mini-PCNL? Yes, 
if there is a flexibility to do it in the supine or 
prone position, to choose the right modality of 
anesthesia which suits the best for the patient, if 
the duration of the procedure is shorter, if the 
accompanying surgical stress response is lower, 
if the postoperative pain is lower, if the postop-
erative recovery is faster resulting in earlier dis-
charge from the hospital. Above all, if it is safe 
and results in better patient satisfaction, an anes-
thesiologist, undoubtedly would welcome mini- 
PCNL wholeheartedly.
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Positioning for MIP (Prone 
and Supine)

Abhishek Singh

8.1  Introduction

Percutaneous nephrolithotomy (PCNL) is the 
treatment of choice for stones larger than 1.5–
2.0 cm [1]. The procedure has evolved manifold 
since its inception in 1976 [2]. There has been 
modification and progress in each and every step 
of the procedure, the instrumentation has also 
greatly developed [3]. If you consider access 
techniques, they have changed, so have the instru-
ments, miniaturization has become the order of 
the day. Energy sources have become more effi-
cient and quicker [3].

Patient positioning has also come a long way, 
the initial position described by Fernstorm was in 
prone position and it is still the most popular 
position for PCNL surgery [2, 4]. Modifications 
in patient positioning started as early as the late 
80s when Valdivia et  al. described PCNL in 
supine position [5]. Since then many variations in 
patient positioning have been described. All the 
positions have merits and demerits. Between 
supine and the prone position there is no clear 
winner, as all the operative parameters are com-
parable in both the positions [6]. The positioning 
time may potentially make the supine position 
more time efficient, but this does not translate 

into better perioperative outcomes like stone free 
rate and complications [6].

In the following text we shall try to understand 
various patient positions that have been described 
for mini PCNL. The patient positioning for stan-
dard PCNL and mini PCNL remains the same. 
The details of each of the positioning technique, 
their advantages and disadvantages will be 
described.

8.2  Classification of Positioning 
in Mini PCNL

 8.2.1 Classical Prone position.
 8.2.2 Modification of Prone position.
 8.2.2.1 Reverse lithotomy.
 8.2.2.2 Prone split leg position.
 8.2.2.3 Prone flex position.
 8.2.3 Complete supine position.
 8.2.4 Modifications of supine position.
 8.2.4.1 Double S position.
 8.2.4.2 Valdivia position.
 8.2.4.3 Galdakao-Modified Valdivia 

position.
 8.2.4.4 Bart’s position for PCNL.
 8.2.4.5 Modified Bart’s flank free 

position.
 8.2.4.6 Supine oblique position.
 8.2.4.7 Semi supine position.
 8.2.5 Lateral position for PCNL.
 8.2.6 Sitting position for PCNL.
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8.2.1  Prone Position

PCNL was first described in prone position by 
Fernstorm et al. [2]. After this for many decades 
it was done in prone position only [4].

In the prone position the patient lies on his 
belly. The legs are adducted, the arms are hyper 
abducted and placed by the side of the head, 
slightly flexed at the level of elbow. The head is 
placed on a pillow and turned to one side. A bol-
ster is placed below the lower chest and at the 
level of pelvis/hips so that the abdomen falls for-
ward and abdominal compression does not give 
rise to cardio-respiratory embarrassment [7, 8]. 
All the pressure points are well padded and 
secured. These points include the knee, dorsum 
of feet, the elbows, forehead, shoulder, and eyes.

Positioning Technique
 1. The patient is anesthetized on a trolley/

stretcher and after intubation the patient is 
turned prone on to the operating table.

 2. Patient is anesthetized on the operating table, 
then shifted on to the stretcher and then again 
turned back on to the operating table.

 3. Patient is anesthetized on the operating table 
and then turned prone on the same table 
(Fig.  8.1a and b). This technique is labor 
intensive and requires experienced manpower. 
A minimum of three adults may be required to 
turn a relatively heavy adult (80 kg) (Fig. 8.1a 
and b).

As the patient is being turned prone, the circu-
lating staff nurse places two bolsters below the 
lower chest and hip (Figs.  8.1a, b, 8.2 and 8.3). 
Commercially available gel filled mattress can also 
be used, they support the lower chest and the pel-
vis, so that abdominal compression does not occur. 
This also allows the abdominal viscera to fall for-
ward, whereas the kidney which is fixed to the ret-
roperitoneum remains behind (Fig. 8.4a and b).

Montreal mattress is an example of a PCNL 
positioning mattress [9] (Fig. 8.5). It is a rectan-
gular mattress with a central hollow, this hollow 
accommodates the abdomen and prevents 
abdominal compression [9]. At the cranial end 

there is a groove which accommodates the head 
of the patient; this also ensures that the neck is 
under slight flexion. The head can also be pro-
tected by a prone helmet. The caudal end has a 
slope for the thighs to rest upon.

Advantages of Prone Positioning
This position provides the widest surface area 
to work with for percutaneous access [10–12]. 
Posterior calyceal entry in this position is very 
easy. Multiple calyceal entry becomes easy as 
there is a large working space. Larger space for 
movement of nephroscope allows access of 
upper pole with a lower calyceal puncture and 
vice versa [10–12]. The irrigation fluid does 
not drain out keeping the PCS (pelvicalyceal 
system) relatively filled, making movement of 
the nephroscope and the accessories possible 
in PCS.  In complex system with multiple 
branched calyx, prone position is beneficial as 
it provides better mobility of the scope with 
reasonable distension of the pelvicalyceal sys-
tem [11, 12].

In the prone position, upper polar puncture is 
easier as the upper pole is located close to the 
posterior wall than the lower pole, though it is 
more medial than the lower pole.

In the prone position both fluoroscopic and 
ultrasound guided access are possible and equally 
effective. This is not true with all the positions in 
PCNL. In some of the variation of supine posi-
tion, where the flank and chest are torqued, the 
kidney overlies the spine and the fluoroscopy 
guided access becomes impossible.

In prone position bilateral simultaneous PCNL 
is possible and has been demonstrated by Desai 
et al. [13].

Disadvantage of Prone Position
 1. Retrograde access is not possible in the con-

ventional prone position.
 2. For ureteric catheterization the patient has to 

be first placed in the lithotomy position and 
then shifted to prone position.

 3. Due to the change in position that is required 
the overall operative time increases [6, 11, 
12, 14].
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Anesthetist

Three personal are
required: one at the level of
chest, one at the level of
chest, one at the level of
pelvis and one at the level
of legs. The anesthetist
takes care of the head and
neck

Circulating staff nurse is ready with the
bolsters to be placed below chest and
pelvis

Patient is first shifted
to lateral position

Circulating Nurse
is ready with the
bolsters

a

b

Fig. 8.1 Figure showing technique of turning the patient prone (a and b)

Arm Placed by the
side of the head

Fig. 8.2 Prone position 
for PCNL patient 
cranio-caudal view

8 Positioning for MIP (Prone and Supine)



86

 4. Turning the patient prone or rolling him over 
may cause injury to cervical spine.

 5. The prone position can lead to corneal abra-
sions, increased pressure on the eye leading to 
increased intraocular pressure, consequently 
neuropathic and vascular effects on eye. Optic 
atrophy and vision loss have also been 
reported.

 6. Injury to brachial plexus can occur if the axilla 
is not padded and the arms are not positioned 
diligently.

 7. It is relatively difficult to maintain the airway 
access in prone position. Abdominal compres-
sion may lead to cardio-respiratory embar-
rassment. There is a possibility that the airway 
pressures may rise, and the ventilation may 
decrease. The cardiac index may decrease in 
prone position.

8.2.2  Modification of Prone 
Positions

8.2.2.1  Reverse Lithotomy
Reverse lithotomy is also known as Sky divers’ 
position [15]. Patient is given a general anesthe-
sia and placed in prone position. Patients thighs 
and knees are placed in molded cradle made of 
plastic. The caudal end of the table is taken 
down to the lowest feasible position and the 

Upper bolster

Lower bolster

Legs Supported
by pillow

Fig. 8.3 Prone position 
for PCNL caudo-cranial 
view

a b

Fig. 8.4 Prone position for PCNL lateral view (a and b)

Fig. 8.5 Montreal mattress with helmet
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limbs are abducted at hip and flexed at knee 
(Fig. 8.6). Both the legs on the cradle are ade-
quately padded [15].

Advantage
This position allows simultaneous access to the 
urethra. Single position can be used for the entire 
procedure.

Disadvantage
It is a cumbersome procedure. The positioning 
process is labor intensive and there are risks of 
pressure injuries. The ureteroscopic surgeon may 
require some time to get oriented to the 
anatomy.

8.2.2.2  Prone Split Leg Position
This position was initially described by Grasso 
et al. [16], the patient is anesthetized on a stretcher 
and then turned prone as he is shifted on the oper-
ating table. The genitalia are exposed and placed 
at the caudal edge of the table. Both the legs are 
padded and placed on the adapters which enable 
abduction/splitting legs up to 45° in the same 
plane as the level of the table (Fig. 8.7a–d) [16].

This position allows a retrograde access to the 
kidney along with large flank exposure, enabling 
puncture and dilatation to be achieved in a more 
conventional way.

Advantages
A single positioning for entire procedure is ade-
quate. This position allows the retrograde access 
to the PCS.  As the flank is well exposed, the 

puncture and dilation can proceed with ease. 
Large working area makes nephroscopic manipu-
lation easier.

Disadvantages
Splitting of legs may not be possible in patients 
with hip issues.

8.2.2.3  Prone Flex Position
In this position, the patient is placed in prone 
position and at the level of the flank the table is 
flexed to 30° [17] (Fig.  8.8). This position 
increases the distance between the 12th rib and 
the iliac crest by 2.9 cm on an average and the 
distance between 11th rib and the iliac crest 
increased by a mean of 3.0 cm.

Authors described a caudal displacement of 
upper calyx by 1.5 cm and this led to a decrease 
in the supracostal punctures and the punctures 
above the 11th rib could be decreased by 
45.5% [17].

The imaging studies showed that the liver and 
spleen rotated laterally in this position, so if the 
surgeon used a bull’s eye technique the chance of 
injury would theoretically decrease [17].

Advantages
The working space for PCNL increases and bet-
ter manipulation of instruments can be achieved. 
There is a decreased chance of visceral organ and 
pleural injury.

Disadvantage
Anesthetic challenges increase as the IVC (infe-
rior vena cava) gets compressed in addition to the 
abdomen. In morbidly obese patients the airway 
pressures increase with this position. On occa-
sions to achieve a lower airway pressure, one 
may have to decrease the flexion.

8.2.3  Completely Supine Position

Completely supine PCNL has been described by 
Falahatkar et al. [18]. The patient is placed supine 
on the ipsilateral edge of the operating table, with 
the flank exposed (Fig.  8.9). The legs are kept 
straight and adducted [18, 19]. Ipsilateral arm is 

Fig. 8.6 Reverse lithotomy
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Fig. 8.7 Split leg prone position (a–d)

Legs Split

Bolster below the
pelvis

Operating Field
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b
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folded over the chest and contralateral hand is 
placed on an arm rest.

Advantage
Advantage in this position is that the spine does 
not overlap with kidney and fluoroscopic visual-
ization can be achieved.

Disadvantage
Simultaneous retrograde access is not possible 
and the working space in the flank region is also 
limited.

8.2.4  Modifications of Supine 
Position

8.2.4.1  Double S Position
The patient is placed on the operating table with 
buttocks at the lower edge. Patient should be 

placed away from the metallic part as it may be 
radiopaque [20, 21]. The legs of the patient are 
split, and the hips are abducted, but not flexed. The 
split leg position allows retrograde access [20, 21]. 
The ipsilateral arm is folded over the thorax and 
fixed to the opposite arm by a bandage tied to the 
wrist of the ipsilateral arm [20]. The contralateral 
arm is abducted and placed on an arm rest. The 
ipsilateral side thorax is rotated by 30°.

All the rotations can be measured by using the 
Protractor™ app on smart phone [20] (Exa 
Mobile S.A Poland).

Advantages of Double S Position
 1. This position of course allows a simultaneous 

retrograde access. Lesser number of operating 
room personnel need, to shift a lighter load 
[20, 21].

 2. The distance between ribs and iliac crest 
increases in this position increasing the flank 
exposure giving a better working space to the 
surgeon for puncture, dilatation, etc.

 3. The support is placed under the shoulder in 
this technique as compared to the Valdivia 
position where it is placed under the lumbar 
region. The lumbar support may lead to a cra-
nial migration of the kidney making an upper 
pole access difficult, this is less likely to hap-
pen in a double S position [20, 21].

 4. The thoracic rotation is only 30°, this does not 
interfere with the fluoroscopic visualization 
of the kidney, as the vertebral column is still 
away from the kidney at this angle.

Fig. 8.8 Prone flex

Patients supine, legs
adducted.
Patient positioned to
ipsilateral edge of the
table

Fig. 8.9 Completely 
supine position
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 5. The knees are not flexed in this position, so 
the pressure injuries to structures around the 
knee will not occur.

Disadvantage
The distance between the two legs is less in this 
position, so the effective working space for the 
retrograde access surgeon may be less.

8.2.4.2  Valdivia Position
Patient is placed supine and a three-liter collaps-
ible saline bag is placed below the flank [5, 22]. 
The legs are adducted and fully stretched, and the 
patient lies supine (Fig.  8.10). Any thoracic or 
flank rotation should be avoided. The ipsilateral 
hand is folded over the thorax and the contralat-
eral hand is extended for iv access and placed on 
armrest [5, 22].

The ureteric catheterization requires a flexible 
cystoscope and is done in supine position.

Advantages
Single and simple positioning for the entire pro-
cedure is required. There is a decreased need for 
manpower.

Disadvantages
Simultaneous retrograde access is not possible. 
Decreased working space and hyper mobile kid-
ney may be very difficult to handle in this 
position.

8.2.4.3  Galdakao-Modified Valdivia 
Position

The patient is positioned supine with a 3-L saline 
bag filled with air placed below the ipsilateral 
flank (Fig. 8.11). The amount of air can be varied 
to achieve desired elevation. Ipsilateral leg is 
extended, and contralateral leg is slightly flexed 
and abducted [23]. Both the legs are in essence 
separated from each other and placed on padded 
stirrups. The ipsilateral hand is folded over the 
thorax and the contralateral hand is extended and 
placed over an arm rest for IV access.

Advantage
Single position can accomplish the complete pro-
cedure. It is less labor intensive and simultaneous 
retrograde access possible [23].

Disadvantage
Decreased working space. Hyper mobile kidney 
may be very difficult to handle.

8.2.4.4  Bart’s Position for PCNL
Patient is placed in lithotomy position; A foam 
wedge is used to raise and tilt the patient’s pel-
vis to 45° [24]. The thorax and the torso of the 
patient are rotated towards the contralateral 
side. The ipsilateral leg is slightly flexed and 
adducted, and the contralateral leg is abducted 
and extended [24].

Advantages
This positioning provides an excellent exposure 
of the flank. Simultaneous percutaneous and ret-
rograde access can be achieved. Single position-
ing can be used to complete the surgery. It is less 
labor intensive. Operating surgeon has a larger 
number of access points to choose from and also 
choose a steeper angle to puncture.

Disadvantage
Significant rotation occurs in this positioning 
which can give rise to pain post operatively. The 
kidney overlies the spine in fluoroscopic imag-
ing, so on occasions an ultrasound guided access 
may be the only way to gain access (Fig. 8.12). 
Increased obliquity may disorient the operating Fig. 8.10 Valdivia position
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surgeon. Patients with musculoskeletal abnor-
malities cannot be subjected to so much torsion.

8.2.4.5  Bart’s Flank Free Modified 
Supine Position

This position was developed to overcome the 
shortcomings of Bart’s positioning. In this posi-
tion patient is placed in lithotomy position, a 
saline bag is placed under ipsilateral rib cage and 
gel pad below ipsilateral hip, this helps achieve a 
15° flank tilt [25] (Fig. 8.13a–c). As no support is 
placed below the flank, a greater working space is 
achieved in the flank region. The legs are placed 
on stirrups with the ipsilateral leg extended and 
contralateral leg is abducted and in an elevated 
position. The ipsilateral hand is folded on to the 
chest and the contralateral hand is placed on a 
hand rest for IV access.

Using this modified positioning, Bach et  al. 
treated 37 patients in their first series and clear-
ance rate of 86.5% could be achieved [25].

Advantages
The absence of cushion below the flank and cush-
ion below the rib cage and hip increases the 
working space between the costal margin and the 
iliac crest. This provides larger space for punc-
ture, dilatation, and manipulation of the nephro-
scope. The position by virtue of the saline bag 
below the rib cage stabilizes the kidney and 
decreases mobility. This leads to the puncture 
and dilatation becoming easier. This position 
makes a posterior calyceal puncture possible 
even in supine position.

Disadvantages
The tract is more horizontal in this position as 
compared to Valdivia position and the original 
Bart’s position, which may make space for neph-
roscope limited.

8.2.4.6  Supine Oblique Position
In this position the patient is kept oblique at 
45° to the operating table [26]. No cushions 
are used but instead two rolls each of 25  cm 
length is placed below the scapula and hip 
[26]. Patient leans on to the table at an angle of 
45° and his body is secured with two tapes one 
at the level of thorax and other at the level of 
trochanter.

Saline bag

Contralateral leg
depressed and abducted

Ipsilateral leg extended
and elevated

Fig. 8.11 Galdakao- 
modified Valdivia 
position

Fig. 8.12 USG guided puncture in Bart’s position
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Ultrasound is used for initial puncture and ini-
tial puncture is behind the posterior axillary line. 
It is a good procedure to use in emergency situa-
tion [26].

Advantage
Flank exposure is good.

Disadvantage
Spine will overlie the kidney. Simultaneous ret-
rograde access is not possible.

8.2.4.7  Semi Supine Position
Xu et al. described three methods to keep patient 
semi supine or at 45° [27].

Method 1: a wooden plank with a 
40 cm × 20 cm area cutout to expose the flank 
was used to position the patient. This plank was 
mounted on a wooden base. The angle of the 
plank could be altered to achieve any degree of 
inclination and to achieve a semi supine position 
it was kept at 45° [27].

In the second method the operating team 
designed a special table, the table could be 
adjusted to an inclination of 45° and the area cor-
responding to the flank was cutout.

The third method described was a standard 
flank position of 60° inclination and the patient was 
strapped to the table at the level of chest and thighs. 
The kidney bridge was raised, and the patients was 
tilted 15° to achieve a net inclination of 45°. The 
back and hips were supported by metal baffles [27].

A success rate of 92.2% for single calculus 
and 72.9% for staghorn calculus has been 
described using this position [27]. It was possible 
to achieve a superior calyceal puncture in 12.1% 
patients using this positioning [27].

Advantages
The flank exposure is good. Monitoring of the 
patient under anesthesia is more convenient. The 
hands of the operating surgeon do not come in the 
field of fluoroscopy. Low pressure in the PCS can 
be maintained while doing nephroscopy.

Gel ped

Saline
beg

Flank Free

Contralateral leg at a
lower position

Contralateral leg at a
lower position
Bolster supporting the upper
chest and scapula
Roll Below the hip

Upper
chest
rotated

a

b

c

Fig. 8.13 Flank free position (a–c)
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Disadvantage
Positioning has to be done after ureteric catheter 
placement. Kidney may overlie the spine, making 
visualization difficult.

8.2.5  Lateral Position

This position was first described by Kerbl et al. 
[28]. The patient is positioned in lateral decubitus 
with the ipsilateral side facing upwards and on 
the ipsilateral edge of the table (Fig. 8.14). The 
kidney bridge is raised, and the table is flexed at 
the level of flank; this increases the exposure of 
the flank. The patient is strapped to the table at 
the level of chest and flank. The C arm is placed 
in a “u” configuration. Using this position Gan 
et  al. described a retrospective review of 347 
patients [29]. The upper calyceal puncture in this 
series was 77.4% and the stone clearance rate 
was 82.7% [29].

This positioning is very useful in patients with 
morbid obesity and kyphoscoliosis as neither can 
these patients lie supine nor can they be turned 
prone [30].

Advantages
This position can give advantages of both supine 
and prone. The raised kidney bridge and table 
break give excellent flank exposure.

Disadvantage
Flexible cystoscopy is needed to put in a ureteric 
catheter. If rigid cystoscope is used, it needs to be 

done in lithotomy position. Simultaneous retro-
grade access is not possible.

8.2.6  Sitting Position

Sitting position is an extremely unergonomic 
position for PCNL, surgeons use it only when 
pushed to the wall.

Indications
Severe COPD where the patient cannot lie down 
in supine or flank position. Musculoskeletal 
abnormality like osteogenesis imperfecta. Where 
the patient cannot lie down in supine, prone or 
flank position [31].

Patient Positioning
A chair is placed at the end of the operating table 
with the head rest facing the headend of the table 
[31]. The patient is seated on the chair with the 
chest facing the back rest. Both the hands of the 
patient rest on the operating table and the patient 
is leaning on the operating table. This forward 
leaning increases the intercostal space and makes 
the puncture easier. The puncture is done under 
ultrasound guidance. The ureteric catheterization 
is done with flexible cystoscopy.

Disadvantage
The procedure has to be accomplished in  local 
anesthesia, general anesthesia and airway control 
is not possible in this position. Retrograde access 
is of course not possible.

So, how do you decide which position is 
suitable for an index patient?
After understanding the technicalities of the 
patient positioning, it is critical to understand that 
patient positioning in PCNL is a shared decision 
that the surgical team, the anesthetist, and the 
nursing team should make. There is nothing like 
a best position, rather horses for courses approach 
and what fits the bill is more important.

So, the ideal position for mini PCNL in a 
given case could be tradeoff between a position 
that is best to gain access and what the patient can 
actually tolerate (Table 8.1). All the positions can Fig. 8.14 Lateral position
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cause certain physiological changes that may 
affect the patient’s outcome. Like if we consider 
prone position, it causes decrease in cardiac 
index as IVC is compressed and venous return 
compromised. The splinting and cranial displace-
ment of diaphragm can cause increase in airway 
pressures and decrease the pulmonary compli-
ance [32]. But in the absence of abdominal com-
pression, the prone position may have benefit as 
the functional residual capacity increases [33, 
34]. In spite of the discussion going around the 

prone positioning, it is still the most popular 
position for PCNL [35]. But patients with kypho-
scoliosis, obese patients, and patients with mar-
ginal lung and heart function do not tolerate this 
position and are absolute indications for supine 
positioning [36]. In the originally described 
supine position the working space was limited, so 
the modifications of supine position are effective 
in increasing the space and allowing a retrograde 
access, these modifications make supine more a 
more effective position.

Table 8.1 Comparison of various features of each of the positions in mini PCNL

Features of each position

Positions
Ease of 
positioning

Retrograde 
access 
possible

Puncture 
guidance

Ease of 
puncturing Tract dilatation

Multiple 
punctures

Classic 
prone

Labor 
intensive

No Fluoroscopic 
and USG

Routine Routine, shorter 
tracts easy 
dilatation

Possible as 
large 
operative 
working space

Reverse 
lithotomy

Labor 
intensive

Yes Fluoroscopic 
and USG

Routine Routine, shorter 
tracts easy 
dilatation

Possible as 
large 
operative 
working space

Prone split 
leg

Labor 
intensive

Yes Fluoroscopic 
and USG

Routine Routine, shorter 
tracts easy 
dilatation

Possible as 
large 
operative 
working space

Prone flex Labor 
intensive

No Fluoroscopic 
and USG

Routine Routine, shorter 
tracts easy 
dilatation

Possible as 
large 
operative 
working space

Classic 
supine

Simple No Fluoroscopic 
and USG

Routine Longer tract, 
but otherwise 
routine

Difficult as 
limited space

Double S Simple Yes Fluoroscopic 
and USG

Rotation makes 
puncture 
challenging

Kidney mobile, 
hence difficult

Possible as 
flank well 
exposed

Valdivia Simple No Fluoroscopic 
and USG

Rotation makes 
puncture 
challenging

Kidney mobile, 
hence difficult

Difficult as 
limited space

Galdakao- 
modified 
Valdivia

Simple Yes Fluoroscopic 
and USG

Kidney mobile, 
hence difficult

Difficult as 
limited space

Bart’ s 
position

Simple Yes USG may be 
easier

Rotation makes 
puncture 
challenging

Kidney mobile, 
hence difficult

Possible as 
flank well 
exposed

Flank free 
position

Simple Yes Fluoroscopic 
and USG

Routine Kidney less 
mobile than 
other supine 
positions

Possible as 
flank well 
exposed
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How do you compare Supine to prone 
positioning in terms of perioperative 
variables?
There are about six meta-analysis comparing the 
supine to prone positioning in PCNL [6, 37–41]. 
The earlier meta-analysis concluded that the 
operating time was lesser in supine PCNL with 
no difference in the perioperative variables like 
stone clearance and complications [37, 38].

In the analysis by Zang et al. and Yaun et al., 
the operative time was still less in supine group, 
but the stone clearance was inferior [38, 39]. The 
meta-analysis by Falhatkar et al. concluded that 
though stone clearance is comparable, but the 
incidence of fever and blood transfusion is less in 
supine position.

These studies do not specify the type of supine 
position used, so it is difficult to compare apples 
and oranges, also the cases have not been strati-
fied according to BMI and comorbidities making 
any recommendation difficult.

Learning Points
 1. Patient positioning is a combined decision of 

surgeon, anesthetist, and nursing team.
 2. Familiarity of a surgeon with a procedure in a 

particular position may determine the 
outcome.

 3. A surgeon should be well versed with techni-
cal details of all the positions in PCNL, as he 
may need any of the positions sometimes or 
the other.

 4. No guidelines have opined on a best position-
ing for PCNL.

 5. The patient positioning at present should be 
tailored to the patients’ profile, i.e. stone bur-
den, location, anatomy and his comorbidities.
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9.1  Introduction

Percutaneous nephrolithotomy is an established 
technique since more than 40 years for manage-
ment of upper tract urolithiasis worldwide. It has 
stood the test of time and established its undoubted 
superiority in management of complex and larger 
renal calculi. A better, more appropriate, and 
explanatory name for this technique should be 
Percutaneous Nephrostolithotripsy, since the pro-
cedure involves creating a hole (os, track) through 
renal parenchyma to gain access into the collecting 
system. Establishing an accurate renal access is 
the first and most crucial step for a successful out-
come, be it a standard or a Mini PCNL, initial 
steps remain the same. Renal access is convention-
ally obtained under fluoroscopic guidance, right 
from the first reported description of PCNL tech-
nique by Fernstrom I and Johansson B. in 1976 on 
three cases [1]. This crucial step of accurate renal 
access under fluoroscopic guidance is the most 
challenging aspect of PCNL, because it encom-
passes an accurate imagination and visualization 
of three-dimensional anatomy on a two- 
dimensional fluoroscopic screen. This involves a 
thorough understanding of details of renal anat-
omy and scope and limitations of fluoroscopic 
technology. This chapter is aimed to provide a step 

by step understanding of this complex situation 
through available published literature and personal 
experience of author in carrying out this technique 
on more than 10,000 cases over last 33 years.

9.2  Relevant Anatomical 
Considerations

9.2.1  Location

Embryologically, kidneys develop from meso-
nephros and hence are always located in retro-
peritoneal space. Even if kidneys have been 
found in ectopic locations, viz. in pelvis or in tho-
rax, they are always retroperitoneal or retromedi-
astinal, respectively. Only, muscles and fat in 
different layers are found in relation with the kid-
neys posteriorly (Fig. 9.1). It appears, as if kid-
neys are so well positioned and made for 
percutaneous approach from behind, only. 
Posterior lumbotomy approach described and 
practiced in the 1970s and thereafter, for removal 
of stones from upper tract may be considered first 
step forward in this direction, which identified 
this anatomical fact and took proper advantage of 
this favourable location of the kidneys.

As per surface anatomy, all those calyces, 
which fall within the outlined space in Fig. 9.2, 
under fluoroscopic visualization, can safely be 
approached from posterior aspect, to gain access 
into pelvicalyceal system.S. K. Pal (*) 
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9.2.2  Vascular Anatomy

Kidneys are highly vascular organs. Almost 20% 
of cardiac output straight goes into the kidneys. 
As is evident in Fig. 9.3, most often, main renal 
artery divides into two main branches Anterior 
and Posterior division. Anterior division, which 
is usually larger in size, further subdivides into 3 
to 5 Anterior segmental arteries, which fan out on 
the anterior aspect of renal pelvis and further 

divide and proceed as interlobar arteries adjacent 
to infundibuli and supply anterior aspect of renal 
parenchyma and both the poles of the kidney 
(Fig. 9.4) [2].

In more than 57% of cases Posterior segmen-
tal artery courses at neck of the infundibulum of 
superior calyx, where infundibulum joins the 
renal pelvis and supplies posterior portion of 
renal parenchyma (Fig. 9.5) [3]. Due to this ana-

Fig. 9.1 Posterior relations of kidneys

Fig. 9.2 Calyces visualized within outlined space can 
safely be accessed from behind

Fig. 9.3 Main renal artery divides into anterior and pos-
terior divisions

Fig. 9.4 Anterior segmental arteries fan out on the ante-
rior aspect of pelvis and proceed as interlobar arteries sur-
rounding the infundibuli
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tomical fact, suggested by Sampaio et al., during 
percutaneous access to the superior calyx, with 
patient in prone position, special care must be 
taken, not to come anywhere close to the infun-
dibulum of superior calyx and all punctures must 
be made, higher up, through the fornices of supe-
rior calyx only.

Interlobar arteries gradually get oriented hori-
zontally and curve to form arcuate arteries at cor-
ticomedullary junction. Further, finer interlobular 
arteries branch off from arcuate arteries at right 
angle and get oriented vertically as shown in 
Figs. 9.6 and 9.7.

An imaginary Brodel’s white line, situated 
1 cm posterior to the convex border of the kidney 
delineates a relatively avascular plane between 
supplies from anterior and posterior divisions 
(Fig. 9.8). This is the plane, through which anat-

rophic nephrolithotomy has been recommended 
and all efforts must be made to gain percutaneous 
renal access through this plane only, so as to 
avoid bleeding complications.

9.3  Planning for Fluoroscopic 
Guided Access

A very meticulous planning must be done for 
every percutaneous access, in the quite surround-
ings of the clinic, one day before, rather than just 
before the surgery in operation theatre. All avail-
able images of computed tomography, old and 
recent X-rays or IVU must be viewed together 
and a three-dimensional imagination must be 
constructed in the mind. Although most accurate 
three-dimensional anatomical details get visual-
ized pre operatively through computed tomogra-
phy, but practically in operation theatre, we have 
to depend upon two-dimensional fluoroscopic 
and/or ultrasonic guidance only. During IVU or 
CT Urography, it is strongly recommended to get 
at least few images in prone position, because 
this is how we are going to visualize the patient 
on table during prone PCNL.

Once all the films are displayed on the view 
box together, following points must be carefully 
looked for, in great details for a perfect planning 
of percutaneous access:

 1. Location of Calculi within Pelvi Calyceal 
System?

 2. Are Calculi Fixed or Changing Position 
within PCS?

 3. Pattern of Colonic Gas Shadows?
 4. Which is the Ideal Calyx to Puncture?
 5. Any Alternative Calyx?
 6. How to Manage Possible Migration of Stone 

Fragments?

9.3.1  Location of Calculi within 
Pelvi Calyceal System?

Although planning must be aimed for complete 
clearance of renal calculi, obstructing stones 
must get tackled on priority basis. Since rigid 

Fig. 9.5 Close relationship of posterior segmental artery 
with the infundibular neck of superior calyx
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nephroscopes are straight instruments, a planning 
must be made to create access through those 
calyces, which are in straight alignment with 
maximum bulk of the stones. If some stone bulk 
is extending into those calyces, which are at an 
angle of more than 70 degrees to the planned 
 primary track, a secondary track may be required 
during the course of the procedure, and must be 
planned in advance. Another important factor 
while planning access up to the stone is width of 
the infundibulum. All efforts must be made, not 
to overdilate or injure infundibuli during making 
of a track or to and fro movements while remov-
ing calculi. Preferably a track should be made 
through that calyx which has a wider infundibu-
lum (Fig. 9.9). Narrow infundibuli will necessi-
tate use of smaller nephroscope and may restrict 
free movement of rigid nephroscope within pel-
vicalyceal system. Separate tracks for calculi in 

different calyces may be required in such cases 
(Fig. 9.10). Very complex calculi need a meticu-
lous planning. Apart from straight individualized 
tracks through selected calyces, a Y track may be 
required in these cases to approach stones in 
neighbouring calyces (Fig. 9.11).

Staghorn stones, occupying most of the caly-
ces are best approached through access through 
superior calyx (Figs. 9.12 and 9.13). It is stated 
that entering pelvicalyceal system (PCS) through 
superior calyx is similar to entering into the room 
through the roof. It allows you to inspect and deal 
with all the objects in the room. At the same time, 
you can easily access all the stones in anterior as 
well as posterior calyces of the inferior and mid-
dle group along with straight access to PUJ and 
upper ureter also, through this singular approach.

Entering PCS through PUJ as in RIRS is like 
entering the room through the door, and through 

Figs. 9.6 and 9.7 Interlobar arteries gradually curve to form arcuate arteries at corticomedullary junction. Further, 
finer interlobular arteries branch off from arcuate arteries at right angle and get oriented vertically
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Fig. 9.8 Renal parenchyma is supplied by Anterior and 
posterior divisions of renal artery. Brodel’s avascular 
white line is 1 cm. posterior to the convex border of the 

kidney. Portion of renal parenchyma supplied by posterior 
division of renal artery is shown as shaded area

Fig. 9.9 For accessing renal pelvic calculus, track should be made through that calyx which has a wider 
infundibulum
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middle and inferior calyces is like entering 
through windows with a limited access. 
Anatomically, it is easier for a right-handed uro-
surgeon to access through superior calyx on right 
side as compared to the left side, when patient is 
in prone position because the arm and hand 
movements of the surgeon are smooth and in 
alignment with the body (Figs.  9.14 and 9.15). 
This avoids excessive bending and physical strain 
on the operating surgeon. As per Tae Kon Hwang, 
Right-sided kidneys are also situated slightly 
lower down as compared to the left and their 
movement with respiration is also more, which 
avoids pleural complications in supracostal punc-
tures on the right side [2]. This fact must be kept 
in mind, while planning and superior calyceal 
access should be preferred for all complex and 
staghorn stones on the right side by a right- 
handed urosurgeon and vice versa.

9.3.2  Are Calculi Fixed or Changing 
Position within PCS?

All efforts must be made to collect and display 
all previous and recent images together to 
assess relative or absolute movement of any 
stone within pelvicalyceal system. It is always 
easier to pick up and remove mobile stones 
from within the PCS.  Those stones which are 
noticed at different locations within PCS in dif-
ferent images are free and mobile stones in 
dilated system and can easily be mobilized and 
pushed with saline jet to move to more appro-
priate locations for extraction. Since, presence 
of obstructing stone in renal pelvis or PUJ 
causes back pressure changes and dilatation of 
infundibuli and calyces (Fig. 9.16), most of the 
times it becomes easier to push a calyceal stone 
with the help of a saline jet, through a selective 

Fig. 9.10 Narrow infundibuli may restrict free movement of rigid nephroscope within PCS. Separate tracks for calculi 
in different calyces may be required in such cases
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calyceal puncture of stone harbouring calyx, 
with initial puncture needle, from wide infun-
dibulum into the renal pelvis from where the 
calyceal stone can easily be picked up and 
removed through original primary tract 
(Figs. 9.17, 9.18 and 9.19).

Author has been using and demonstrating 
this saline push technique since more than 
25  years, very successfully. This technique 
greatly helps in reducing the number of addi-
tional tracts and ancillary procedures, viz. flex-
ible nephroscopy and laser lithotripsy of 
calyceal calculi. Since whole stone is pushed 
in front of Amplatz sheath and is picked up and 
removed as shown in Figs. 9.20, 9.21 and 9.22, 
no dust or residual fragments are left behind in 
the inaccessible calyces as probable nest for 
early recurrence. Operating time and subse-
quent bleeding also get reduced by using this 

Fig. 9.11 Very complex calculi need a meticulous planning. Apart from straight individualized tracks through selected 
calyces, a Y track may be required

Fig. 9.12 Superior calyceal access is ideal for managing 
staghorn stones
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technique. Only prerequisite for efficient and 
successful use of this technique is to learn 
accurate initial puncture technique to be able 
to place needle tip in the desired calyx, at the 
lateral aspect of each calyceal stone, chosen 
for this purpose, as shown in Figs. 9.23, 9.24 
and 9.25. During planning of the procedure, 
with display of all images together, such 
mobile and pushable calculi can be identified 
and kept in mind.

9.3.3  Pattern of Colonic Gas 
Shadows

Colon lies in close proximity to the middle por-
tions and lower poles of both the kidneys 
(Fig. 9.26). When patient lies in supine position, 
in 1.9% individuals, colon is seen lying either at 
posterior or postero-lateral relation to the lower 
pole of the kidneys (Fig. 9.27), where it becomes 

Fig. 9.13 Primary track should be able to access most of the bulk of the stone. Secondary smaller tracks may be 
planned to remove the remaining calculi

Fig. 9.14 Comfortable posture of right-handed urosur-
geon for right superior calyceal access in prone PCNL Fig. 9.15 Left superior calyceal access involves bending 

and physical strain for right-handed urosurgeon
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vulnerable for getting injured during percutane-
ous access. When the same patient lies in prone 
position, colon gets pushed to these locations in 
4.7% individuals (Hopper K D et  al) [4]. 
Incidence of partial, or through and through 
colonic injuries (Fig. 9.28) during percutaneous 
renal access is very low because colon is a mobile 
organ and usually moves away or gets pushed 
away during initial puncture or making a track.

When all available radiological images are 
displayed together on view box, it becomes 
imperative to study the location and pattern of 
colon in relation to the lower pole of the  ipsilateral 
kidney in all the images. Special attention must 
be paid to assess the movement or fixity of the 

colon (Fig.  9.29). If colon remains fixed to the 
lower pole of the ipsilateral kidney in all the 
images (Fig.  9.30), there are more chances of 
colonic injury during PCNL, and an alternative 
plan of gaining access through superior or middle 
calyx has to be made and very special attention 
must be paid to keep an eye on the movement of 
the colonic gas shadows while advancing needle 

Fig. 9.16 Presence of staghorn leads to dilatation of 
calyces and infundibuli

Fig. 9.17 After extraction of staghorn stone, calyceal 
puncture is made on lateral aspect of stone

Fig. 9.18 Forceful injection of saline through puncture 
needle pushes the calyceal stone into the renal pelvis

Fig. 9.19 Pushed and relocated calyceal stone can easily 
be removed through original tract
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for making an initial puncture or making a track 
in such a case. Use of ultrasound is highly recom-
mended in such situations.

Chances of colonic injuries are more in fol-
lowing situations, and special care must be taken 
to study the radiological images of these patients 
with predisposing factors:

 1. Previously operated patients.
 2. Congenital renal anomalies.
 3. Very thin or morbidly obese patients.
 4. Patients with history of panniculitis or peri-

nephric abscess.
 5. Patients with Diabetes.
 6. Extremes of ages.
 7. Patients with Incisional hernia.

9.3.4  Which Is the Ideal Calyx 
to Puncture?

1. If calculi are located in renal pelvis, at PUJ 
or in upper ureter and there are no associated 
calyceal calculi-
In such a situation, a most peripheral calyx 
(lateral) should be chosen which has thin renal Fig. 9.20 Inaccessible calyceal calculus far away from 

Amplatz sheath

Fig. 9.21 Selective accurate stone guided puncture is made on lateral aspect of calyceal stone and forceful injection of 
saline is made to push and relocate the stone
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Fig. 9.22 Relocated calyceal stone nearer to Amplatz sheath is then picked up and removed

Fig. 9.23 Few calyceal calculi were inaccessible through 
two superior calyceal tracts

Fig. 9.24 Selective stone guided punctures were made 
and all calyceal calculi were pushed with saline jet

9 Fluoroscopic-Guided Access



110

parenchyma over it, has a wider infundibulum 
(Figs. 9.9 and 9.31) and is in direct alignment 
with the bulk of the stone. In Hodson type of 
kidneys (Figs. 9.32 and 9.61), which are more 
common on left side, calyx fulfilling these cri-
teria is mostly an anterior calyx of the lower 
calyceal group. In contrast to the common 
teaching of selecting air identified posterior 
calyx to be the most preferred calyx in all the 
situations, irrespective of location of the stone, 
there should not be any hesitation in punctur-
ing the anterior calyx, if it is a lateral calyx and 
has a wide infundibulum. This leads to the 

Fig. 9.25 All calyceal calculi could be flushed and 
pushed towards the Amplatz sheaths and picked up and 
removed within no time

Fig. 9.26 Relation of colon with the kidneys

Fig. 9.27 CT image showing a retrorenal colon, prone to 
get injured during percutaneous renal access

Fig. 9.28 Transcolonic access to the kidney
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Fig. 9.29 Colonic gas shadows are seen changing their position in relation to the lower pole of the left kidney in dif-
ferent films taken within a span of 90 min

Fig. 9.30 Colonic gas shadows remain fixed to the lower pole of this previously operated upon right kidney in all the 
films, making colon vulnerable to injury during PCNL
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reduction in blood loss if a calyx with thin 
overlying parenchyma is punctured.

2. If there is an additional calyceal calculus 
along with the pelvic calculus
In such situation stone bearing calyx (Anterior or 
posterior) must be chosen for making initial 

puncture (Fig. 9.33) After making a puncture, it 
needs to be confirmed that stone bearing calyx 
only has been punctured and none else, by any of 
the following manoeuvres, before making a tract, 
so that whole stone bulk gets removed through a 
single track:

• By confirming the close and constant proxim-
ity of needle tip to the calyceal stone in any 
two planes of the C arm.

• Movement and feeling of the stone by moving 
the needle.

• Slight movement and displacement of stone/
stones by injecting saline through initial punc-
ture needle.

• Movement of stone/stones by the touch of 
guide wire.

Once successful puncture of stone bearing 
calyx gets confirmed, guide wire can be placed 
and PCN track should be established. In such 
situation, it is better to manage the pelvic cal-
culi first and once that has been done up to sat-

Fig. 9.31 For renal pelvic calculi, access should be made through most peripheral calyx, which has thin overlying 
parenchyma and wide infundibulum

Fig. 9.32 In Hodson type of kidneys anterior calyces 
extend laterally
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isfaction, the Amplatz sheath should be slowly 
withdrawn till the entry point in renal calyx to 

visualize and tackle calyceal calculus later. 
This policy has been found to be useful on two 
counts.

By keeping the Amplatz sheath well within 
the PCS for some duration, while managing the 
pelvic calculus, a good and reasonable haemosta-
sis gets achieved by the tamponade effect of 
Amplatz sheath and there is reduced blood loss 
while tackling the calyceal calculus later.

During fragmentation and removal of pelvic 
calculus, some fragments move away with the 
irrigation fluid and get settled just below and 
behind the Amplatz sheath. Later on, when 
Amplatz sheath is slowly withdrawn till the entry 
point in PCS, these fragments also become 
 obvious and get managed along with calyceal 
calculus.

3. If stones are located within both the 
anterior and posterior calyces at lower pole 
with or without calculi in renal pelvis or 
upper ureter
It is better to plan access into pelvicalyceal sys-
tem through superior calyx in such cases 
(Fig. 9.34). This gives direct, straight, and easy 
access to these locations simultaneously 
(Fig.  9.35). In moderately or severely hydrone-
phrotic kidneys, similar access can be obtained 
through middle calyx also.

Fig. 9.33 Planning must be done to puncture stone bear-
ing calyx in such a situation (It may be an anterior or a 
posterior calyx) and accurate puncture must be confirmed 
before making a tract by injecting saline and watching 
movement of the calyceal stone

Fig. 9.34 All calculi in anterior or posterior lower pole calyces, at PUJ and upper ureter are best accessed through 
superior or middle calyceal puncture
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4. Staghorn Stones
It is better to approach staghorn stones through 
superior calyx. Entering the pelvicalyceal system 
through superior calyx offers a wider access and 
helps in reducing the number of ancillary tracts. 
In those situations, where kidney is located 
higher up and making a track through superior 
calyx is likely to cause pleural or pulmonary 
complications, other options of choosing middle 
or inferior calyces may be considered.

9.3.5  Choice of an Alternative Calyx

During planning of a percutaneous access for any 
particular case, an ideal and another alternative 
calyx must be selected. It is not always possible 
to gain access through ideal and selected calyx in 
all of the cases due to following reasons and 
therefore an alternative calyx must be chosen and 
kept in mind:

 1. Anatomical restrictions like presence of ribs, 
Kyphoscoliosis, contour of buttocks, etc.

 2. If the ideal calyx does not get adequately 
opacified during RGP due to poor entry of 
contrast caused by blockage of calyx by stone, 

blood clot, pus flakes, fungal balls, or stone 
matrix or it is cut off from PCS due to infun-
dibular stenosis.

 3. Contrast extravasation during RGP or during 
repeated attempts of puncture hides or over-
shadows the desired chosen calyx.

 4. If significant bleeding is encountered on 
puncturing selected calyx, necessitating aban-
doning of this track.

9.3.6  Stone Migration

Mechanical impact of pneumatic lithoclast and 
fast irrigation during mini PCNL may cause 
migration of stone and/or stone fragments to 
other locations within pelvicalyceal system. 
This fact must be kept in mind during selection 
of most appropriate calyx for percutaneous 
access. Chosen route should also provide ade-
quate and straight access to the possible loca-
tions of the migratory stone fragments. This 
problem of possible migration of stone/stone 
fragments is seen more often in mini PCNL, 
when fast irrigation is applied for spontaneous 
extraction of calculi/fragments by whirlpool 
effect and pelvicalyceal system is moderately or 
severely hydronephrotic.

9.4  Ureteric Catheterization

Prior ipsilateral ureteric catheterization must be 
done in all cases being planned for percutaneous 
renal access, even if it is being done for relook or 
when a previous track is already existing. This 
simple procedure, first of all helps in confirming 
absence of any significant anatomical obstructive 
pathology in the ureter, which might have got 
missed in other available investigations, prior to 
making a track. A percutaneous track is never 
going to heal spontaneously and will continue to 
leak, if any obstructive ureteric pathology contin-
ues to offer distal obstruction. In case, any diffi-
culty or resistance is encountered during ureteric 
catheterization, an ureteroscopic examination 
must be done to identify and manage the situa-
tion. It is strongly recommended by author, to 

Fig. 9.35 Superior calyceal track provides easy, direct, 
and simultaneous access to both the anterior and posterior 
lower pole calyceal calculi
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directly visualize, identify, and manage the situa-
tion by ureteroscopic examination and not to 
inject contrast agent at this time as far as possi-
ble. If contrast is injected at this time, it will fill 
up or outline certain calyces of ipsilateral kidney 
and the details of stone will get masked, which 
may create problem in accurate assessment of the 
bulk and lie of stone/stones, within the kidney 
and hence in proper planning of the most suitable 
and appropriate track for removal of the stone. 
Routinely, contrast should be injected under con-
stant visualization, only after the patient has been 
positioned and initial puncture needle is indicat-
ing the stone bulk.

Some amount of uncertainty always exists in 
percutaneous renal surgery, in spite of the greatest 
experience of the operator and hence this surgery 
must be carried out with all due precautions being 
observed. This surgical exercise can never be 
taken for granted. Presence of ureteric catheter 
well beyond PUJ into the renal pelvis fortifies 
operators position with significant control over 
the situation in many ways, even if something 
goes wrong in the course of this surgery. Uses and 
advantages of in situ ureteric catheter during and 
after percutaneous renal surgery are as follows:

 1. Opacification of pelvicalyceal system by 
injecting contrast/air or both.

 2. Distension of pelvicalyceal system for better 
ultrasonic visualization and/or for placement 
of guide wire in a compact or stone filled 
system.

 3. Confirmation of accurate puncture by obtain-
ing free flow of injected saline.

 4. Prevention of migration of stone fragments 
down into the ureter because of its mechanical 
presence, when the flow of irrigation is aug-
mented by pressure pump during mini PCNL 
for obtaining stone clearance by whirlpool 
effect.

 5. Flushing back of those stone fragments into 
PCS, which accidentally migrate down into 
the ureter.

 6. Easy identification of PUJ in cases with 
oedema and/or intense congestion of renal 
pelvis, or when there is malrotation or a very 
large, dilated renal pelvis.

 7. It helps in placement of double J stent.
 8. It provides drainage in routine and sometimes 

in difficult situations, when an accidental tear 
or partial avulsion at PUJ has taken place.

9.5  Use of Bolsters

There is no general agreement or guidelines as 
regards to use or position of bolsters. At most of 
the centres, it is planned according to mutual 
understanding and agreement between anaesthe-
tist and urologist. Basic purpose to place bolsters 
from anaesthetists point of view is to ensure free 
movements of abdominal wall and lower chest to 
ensure proper oxygen saturation in prone posi-
tion during surgery. Although few operators from 
Germany demonstrate placement of inflatable 
bolsters just in the middle of epigastric region, 
upper abdomen and lower chest, which theoreti-
cally should create problem in free movement of 
abdominal wall. In India, either no bolsters are 
used or these are positioned in horizontal or verti-
cal orientation. Horizontal placement of bolsters 
implies, positioning of one bolster across the 
lower chest and another across iliac crests, so that 
whole abdomen is totally free and without any 
compression (Fig. 9.36). In author’s opinion, hor-
izontal placement of bolsters allows excessive 
forward movements of kidney during initial 
puncture and subsequent dilatation and creation 
of track.

Author’s preference has always been to place 
bolsters in vertical orientation (Fig. 9.37), paral-

Fig. 9.36 Horizontal placement of bolsters
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lel to the body, supporting both flanks, extending 
from lower chest to the iliac crest on either side. 
Such placement is supposed to give stability and 
fixity to the kidney and offers counter pressure to 
the push by advancing needle and dilators while 
making a tract. At the same time, this allows free 
movement of the central portion of abdomen to 
help maintain the optimum oxygen saturation in 
prone position.

Most probably the ultimate average length 
of the track will also be shorter, when bolsters 
are placed in vertical orientation (Fig.  9.37). 
Prospective study by Sagalovich D et  al. [5] 
demonstrated increase in kidney to diaphragm, 
kidney to 12th rib, and kidney to vertebral body 
distances by placing bolsters in horizontal posi-
tion but there was no statistically significant 
difference in the length of the track whether 
bolsters were placed horizontally or vertically. 
They concluded that horizontal placement of 
bolsters allowed kidneys to be displaced cau-
dally, which movement would help in avoiding 
pleural complications in supracostal punctures. 
On the contrary, Tae kon Hwang [2] suggested 
that kidneys get displaced in cephalad direction 
on placement of bolster under the chest and 
upper abdomen. In fact, several multicentre 
studies are needed to address this issue and till 
then it remains a personal choice of the opera-
tor or a mutual agreement between anaesthetist 
and the urologist.

9.6  Placement of Equipments 
in OR

PCNL procedure has a highly unpredictable 
course. A case appearing very simple and 
straightforward may turn into a nightmare. 
Therefore, urosurgeon who is going to start a 
PCNL surgery must make himself very comfort-
able and physically at ease on all counts. Lighting 
in the operating room should be dim, so as to 
visualize images on the X-ray image intensifier 
and Endo monitor better, without straining the 
eyes. OR temperature should be optimum and all 
monitors should be right in front of the surgeon, 
so that he can fix his gaze even for a long time if 
needed, without straining on his neck.

There are four likely positions for urosurgeon 
to stand while performing PCNL surgery, two on 
each side. Supracostal approach is used to access 
superior calyx and infracostal approach is used to 
access middle or lower calyces. In both the 
approaches, both monitors should be placed 
together right across side to side, just straight in 
front of and facing the surgeon on appropriate 
side of the C arm as shown in Figs. 9.38 and 9.39. 
Energy source for fragmentation of stone should 
be positioned next to or just behind the trolly for 
instruments.

Fig. 9.37 Vertical placement of bolsters

Fig. 9.38 Placement of both C arm monitor and endo-
scopic image monitor straight in front of urosurgeon for 
left superior calyceal access
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9.7  How to Place C Arm and 
Proceed

9.7.1  For PCNL in Prone Position

C Arm image intensifier should be wheeled in 
from the opposite side, right in the middle of the 
table after the patient has been positioned in 
prone position following ureteric catheterization 
(Fig. 9.40). A general assessment of position of 
stone, ureteric catheter, and pattern of colonic gas 
shadows in vicinity of ipsilateral kidney is made 
with C arm in zero degrees position. If ureteric 
catheter is not draining the drops of urine or if it 
appears to have got placed much higher up in the 
superior calyx or has coiled up in dilated PCS, it 
needs to be slightly withdrawn and straightened 
under radiological control. About 5 to 10 ml of 
saline should be injected through ureteric cathe-
ter at this time and slow return dripping of saline 
through ureteric catheter should be noted. It con-
firms patency and proper placement of ureteric 
catheter into the space of pelvicalyceal system. If 
the ureteric catheter has got blocked due to matrix 
or some blood clot during the time elapsed for 
positioning of the patient and equipment around 
the table, injection of saline will encounter resis-
tance. Ureteric catheter must be opened by force-
ful injection of saline or passage of guide wire or 
stellate through it or else changed in such a situa-
tion. If absence of return dripping of injected 
saline is noted, following possibilities should be 
entertained:

• Downward slipping of ureteric catheter into 
the ureter.

• Tip of ureteric catheter might have created and 
entered in a submucosal tunnel or perforated 
and gone out of PCS. This can happen if the 
ureteric catheter is overenthusiastically 
pushed too much into a calyx or if stone is 
densely impacted and there is no sufficient 
space between the impacted stone and mucosa. 
Injecting contrast in these situations will result 
into extravasation and loss of anatomical 
details.

• Tip of ureteric catheter is in close apposition 
to the oedematous mucosa in PCS and hence 
free return of injected saline is compromised.

• Presence of blood clots, thick pus, matrix 
within PCS.

Once free return dripping from ureteric cath-
eter has been established, cleaning and draping 
should be done and image intensifier is covered 
with sterile cover. Now the C arm should be tilted 
30 degrees, with image intensifier coming closer 
to the head of the surgeon and X-ray tube moving 
far away from the surgeon’s body to make an ini-
tial puncture as shown in Fig. 9.41. This helps in 
reducing the radiation exposure to the operating 
surgeon, assistant, and the scrub nurse.

Positioning of C arm with such 30 degrees tilt 
also allows the target calyces to be visualized 
head-on and in most accurate anatomical ways, 

Fig. 9.39 Placement of both C arm monitor and endo-
scopic image monitor straight in front of urosurgeon for 
left inferior calyceal access

Fig. 9.40 C arm is wheeled in from opposite side and 
positioned in zero degree position
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as the operating surgeon must visualize his target 
straight and head-on, in position (Fig. 9.42).

Figure 9.43 shows the CT image of the kid-
neys when patient is lying in supine position.

When the same patient is turned prone 
(Fig. 9.44), both the kidneys are seen to be oriented 
with a 30 degrees tilt to the coronal plane because 
of presence of bulk of psoas muscles. Since several 
studies published by Sampaio et al. have demon-
strated, that most appropriate place to enter into 
PCS is through the Brodel’s white line, situated 
1 cm posterior to the convex border of the kidney 
and entering PCS through fornix of the chosen 
calyx, such placement of C arm is the best anatomi-
cal orientation to visualize and gain head-on access 
to the target. It is like visualizing the target straight 
on its face. Placement of C arm in zero degrees will 

be showing the straight two- dimensional image of 
a kidney, actually lying obliquely and not as per the 
anatomical orientation within the body. In fact, we 
have become used to seeing straight images of the 
kidneys, actually oriented obliquely in the body in 
IVU, but when it comes to visualization of kidneys 
for the purpose of accurate anatomical access, we 
should image the kidneys in most perfect anatomi-
cal way, as these are.

Now, the tip of the needle is placed on the 
back in such a way, that it is pointing to the bulk 
of the stone and well diluted contrast is injected 
through ureteric catheter very slowly, while con-
tinuous monitoring the inflow of contrast into 
PCS, till the preselected calyx for initial puncture 
gets adequately opacified. If the filling of target 
calyx with contrast is very slow, delayed, or 

Fig. 9.41 C arm is tilted 30 degrees to visualize kidney in 
most appropriate anatomical orientation

Fig. 9.42 30 degrees tilt of C arm allows to visualize tar-
get calyx straight head-on for an accurate puncture

Fig. 9.43 CT image when patient is in supine position 
shows 30 degrees tilt of the kidneys due to bulk of psoas 
muscles

Fig. 9.44 CT image of same patient when turned prone 
shows exact anatomical orientation of calyces
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obstructed at this time, a very free and fast egress 
of saline cannot be expected during initial punc-
ture. This happens when bulk and orientation of 
stone or blood clot, stone matrix or thick pus 
within PCS does not allow free filling of the tar-
get calyx with contrast.

Once the target calyx fills up, some adjust-
ments are made by repositioning of image inten-
sifier so that actual radiological image of this 
particular calyx on the X-ray monitor gets fixed 
at 11 o’clock position for the right side (Fig. 9.45) 
and 1 o’clock position for the left side (Fig. 9.46).

This repositioning allows proper imaging of 
the maximum length of the needle and the future 
tract, when it is being advanced towards the tar-
get calyx. It also allows to keep a watch on neigh-
bouring organs like colon, if these are coming on 
the way.

Now, the needle tip is positioned on the back 
of the patient indicating at the cup of the target 
calyx and length of the needle is aligned in 
straight line to the infundibulum of that calyx, so 
that a straight track can be made advancing up to 
the renal pelvis. A line may be drawn along the 
needle track on the skin at this time to guide the 
direction and alignment of the track.

If colonic gas shadow starts getting indented 
or starts moving vigorously with the jerky move-
ments of advancing needle, a colonic puncture 
must be suspected and needle should be with-
drawn immediately (Fig.  9.47) Next, a more 
medial skin puncture site must be selected on 
patients body in the same line and another attempt 
should be made (Fig. 9.48).

Fig. 9.45 Target calyx is brought at 11 o’clock position 
of c arm image for the right side, so that progress, direc-
tion, and alignment of maximum length of needle are 
observed and monitored and colonic gas shadows are con-
tinuously observed

Fig. 9.46 Target calyx is brought at 1 o’clock position of 
c arm image for the left side, so that progress, direction, 
and alignment of maximum length of needle are observed 
and monitored and colonic gas shadows are continuously 
observed

Fig. 9.47 Needle tip is seen indenting the colonic gas 
shadow
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9.7.2  For PCNL in Supine Position

Similar to PCNL in prone position, C arm has to 
be wheeled in from opposite side only. It has to 
be tilted 30 degrees in opposite direction, so that 
image intensifier moves away from the surgeon’s 
head and X-ray tube comes closer to the operat-
ing team as shown in Fig. 9.49. This is the ideal 
way in which kidney will be visualized in accu-
rate anatomical orientation. This positioning has 
a clear disadvantage of exposing operating team 

with higher doses of X-ray radiation, because of 
proximity to the X-ray tube. Due to this signifi-
cant disadvantage, most of the urosurgeons per-
forming supine PCNL keep the C arm in 0 degree 
position only and actually visualize the kidney in 
its oblique orientation.

9.8  What Does Fluoroscopy 
Show

Mobile C arm X-ray unit is a must for fluoro-
scopic renal access. There should be a clear mini-
mum distance of 30  inches (76.2 cms.) between 
the X-ray tube and image intensifier (Fig. 9.50), 
so that adequate working distance is still available 
to operate and insert instruments when operating 
table and overlying patient are brought in this gap. 
Another important feature in c arm unit, helpful 
for the beginners is to be able to obtain an image 
of 9  inches diameter area in one frame, so that 
good length of approaching needle, as well as 
neighbouring colonic gas shadow is visualized 
and alignment with the infundibulum gets well 
appreciated to create a short straight track safely. 
After sufficient experience of working under fluo-
roscopic guidance has been gained, C arm with an 
image diameter of 6 inches proves adequate and 
provides better and sharper images of the objects.

Fig. 9.48 Needle is positioned on more medial location 
and advanced

Fig. 9.49 Showing proper positioning of C arm for 
supine PCNL, which will help in visualization of kidney 
in accurate anatomical orientation

Fig. 9.50 Showing specifications worth verifying for 
selection of C arm unit for PCNL. Optimum distance of 
76.2 cm between X ray tube and image intensifier leaves 
just adequate working space between patient’s back and 
image intensifier for urosurgeon to introduce needle and 
dilators, etc
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A fluoroscopic image obtained by the C arm 
is similar to a picture obtained by a camera. It is 
a two-dimensional image and lacks in delinea-
tion of the third dimension, viz. distance or depth 
perception between the two objects as becomes 
clear by analysing following pictures Figs. 9.51 
and 9.52.

Although there is a huge distance between the 
sun and the basket, and moon and the cart or 
crane, it appears contained within or close by in 
these pictures. These pictures taken by a camera 
are not able to demonstrate the real distance 
(third dimension) between the two objects. We 
need to take another picture, moving to another 
nearby location, with both these objects in the 
same frame, to appreciate the real distance (third 
dimension) between these two objects. 
Absolutely, same situation gets repeated when C 
arm is utilized during fluoroscopic guided access. 
When the needle tip is just positioned on the skin 

surface, indicating the target calyx, and C arm is 
activated, it appears in the obtained image on 
fluoroscopic monitor that the needle tip has 
already reached into the target calyx (Fig. 9.53).

It must be appreciated here, that similar image 
will be obtained on the fluoroscopic monitor, 
whether the needle tip is on the skin surface (Blue 
arrow), actually on the target (yellow arrow) or 
deeper (anterior) to the target (red arrow), but 
reaching exactly anywhere on the straight imagi-
nary line between the X-ray tube and image 
intensifier (Fig. 9.54).

Now, C arm has to be positioned at another 
location, say 0 degree to assess the actual depth or 
the third dimension. If this relocation of C arm 
unit to 0 degree is done, leaving the needle at the 
same position where it was, the needle which was 
actually superficial or posterior to the targeted 
calyx will be seen moving lateral to the target in 
the new image, while the needle which had been 
positioned deeper (anterior) to the target will be 
seen moving medial to the target in the new image. 
If the needle was located exactly on the target 
calyx, it will be seen at the same point on the tar-
get in both the images with locations of C arm at 
30 degrees as well as in 0 degree (Fig. 9.55).

Different researchers and urosurgeons have 
different opinions regarding preferred two loca-
tions and movement of the C arm or carrying out 
whole procedure in one fixed position of the C 
arm, but this fact must be well appreciated that 
for true three-dimensional assessment and proper 
anatomical placement of initial puncture needle 
and subsequent fluoroscopic renal access, the 
clinical orientation and situation must be assessed 
and verified in at least two dimensions. Carrying 
out whole procedure only in one fixed position of 
C arm may remain anatomically inaccurate and 
only guess work.

9.9  Use of Contrast

9.9.1  Dilution of Contrast

As a basic precaution, the injected contrast for 
opacification of pelvicalyceal system should be so 
well diluted, to the extent that once injected, it 

Fig. 9.51 This two-dimensional picture taken with a 
camera shows sun in the basket. This picture fails to 
appreciate the third dimension of huge distance between 
the sun and the basket
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should not hide away the calculi altogether. At the 
same time, pelvicalyceal system should get well 
opacified to render easy identification of anatomi-
cal details of the infundibuli, calyces, and fornices. 
In the beginning, contrast should be diluted by 
50% (10 ml contrast and 10 ml saline). 10 to 15 ml 
of this diluted contrast is then filled in a 20  ml 
syringe and this syringe is placed on the patient’s 
back. Stone and this contrast filled syringe are 
visualized under C arm image, together in one 
frame to compare their respective densities 
(Fig. 9.56). Contrast is diluted further with saline 
to the extent that it becomes slightly less dense or 
at par with the density of the stone, when seen and 
compared in one frame on fluoroscopic image. 
This much dilution of contrast, when injected, 
does not hide away the stone completely.

After proper positioning of the C arm, with 30 
degrees tilt, tip of the needle is placed on the 

Fig. 9.52 Two-dimensional picture taken with a camera shows moon in the cart or hanging on the crane. These pictures 
fail to appreciate the third dimension of huge distance between the moon and the cart and moon and the crane

Fig. 9.53 When the needle tip is just positioned on the 
skin surface, (Blue arrow) indicating the target calyx, and 
C arm is activated, it appears in the obtained image on 
fluoroscopic monitor (inset) as if the needle tip has already 
reached up to the target calyx. Actual distance between 
needle tip on the skin and the target calyx (depth) cannot 
be appreciated in this image. C arm needs to be shifted to 
another location to appreciate this distance
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patient’s back in such a way, that it is pointing to 
the bulk of the stone (Fig.  9.57). Well diluted 
contrast is then injected through ureteric catheter 
very slowly, while continuous monitoring the 
inflow of contrast into PCS, till the preselected 
calyx for initial puncture gets adequately opaci-
fied. If the filling of target calyx with contrast is 
very slow, delayed, or obstructed at this time, a 
very free and fast egress of saline cannot be 
expected during initial puncture. This happens 
when bulk and orientation of stone or blood clot, 
stone matrix or thick pus within PCS does not 
allow free filling of the target calyx through ure-
teric catheter, with contrast. In fact, minimum 
amount of well diluted contrast should be injected 
in the beginning under direct fluoroscopic con-
trol, through already placed ureteric catheter just 
to adequately opacify the pelvicalyceal system 
and for orientation for the location of calculi and 
planning of access. Once PCS gets opacified, 
needle is adjusted and repositioned on the back of 
the patient to bring it in direct straight alignment 
with the infundibulum of the targeted calyx 
(Fig. 9.58). First passage of the needle is going to 
dictate the direction and alignment of the track 
through which fragments of stone are going to be 

Fig. 9.54 With the C arm tilted at 30 degrees, if a needle 
tip gets positioned anywhere on the imaginary line (white) 
between X-ray tube and image intensifier, it appears in the 
obtained image on fluoroscopic monitor that the needle tip 
has exactly reached up to the target calyx (Insert). Now, 
leaving the needle wherever it is, if the C arm is brought to 
0 degree position, and a new image is obtained, the actual 
superficial or posterior needle (Blue) is seen lateral to the 
target calyx, while the actual deeper or anterior needle 
(Red) is seen medial to the target calyx, in the new image. 
The position of the needle, which is exactly on the target 
(Yellow), remains absolutely unchanged in both the images, 
whether C arm is in 30 degrees or 0 degree position

Fig. 9.55 When an accurate puncture is achieved, the 
needle tip is noted exactly within the target calyx in both 
the fluoroscopic images obtained in 30 and 0 degree posi-
tions of C arm. If the gradual descent technique is fol-
lowed, this puncture gets obtained through Brodel’s 
avascular white line and the access falls very well in align-
ment with the infundibulum, so that the track remains 
straight and there occurs no torque of the renal paren-
chyma, while accessing and removing the stones from 
within pelvicalyceal system

Fig. 9.56 Contrast filled syringe is brought under fluo-
roscopy to compare its density with that of stones
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retrieved throughout the course of PCNL.  It 
should be as straight and aligned to the infundib-
ulum as possible, so that there is no repeated 
torquing of renal parenchyma and therefore 
oblique, non-aligned approach to the calyx as 
shown in Fig. 9.59 should not be accepted.

9.10  Which Calyx to Puncture: 
Anterior or Posterior

This is the most controversial issue during fluoro-
scopic access. Traditionally since the introduc-
tion of PCNL, renal access through posterior 

calyx has been advocated by most of the research-
ers [6, 7]. Various techniques have been 
 recommended for confident identification of pos-
terior calyx including injection of air through 
ureteric catheter. In fact, Brodel had studied cor-
rosion casts of 70 cadaveric kidneys in 1901. He 
had mentioned that all posterior calyces are lat-
eral calyces (Fig. 9.60) [8]. This concept remained 
unchallenged for more than 70 years. It was natu-
rally conceived that laterally oriented posterior 
calyces will be ideal for gaining renal access with 
patient in prone position and hence all efforts 

Fig. 9.57 Tip of the needle is placed on the patient’s back 
in such a way, that it is pointing to the bulk of the stone. 
Well diluted contrast is then injected through ureteric 
catheter very slowly

Fig. 9.58 Correct alignment with the infundibulum will 
create a straight track for smooth torque free extraction of 
calculi

Fig. 9.59 Needle should be brought in correct alignment 
with the infundibulum so as to create a straight track. This 
needle placement needs to be corrected

Fig. 9.60 In Brodel type of kidneys posterior calyces are 
extending laterally
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were being made for proper identification of pos-
terior calyces only, for this purpose.

Further, some studies started creating some 
difference of opinions. Hodson studied calyceal 
anatomy and classified calyces as anterior and 
posterior, only on the basis of IVU images in 
1972 [9]. He mentioned just the opposite, that all 
the posterior calyces are medial in  location and 
anterior calyces are located laterally (Fig. 9.61).

In 1984, Kaye and Reinke [10] took the help 
of CT images, which is the modality of choice to 
actually identify anterior or posterior calyces. 
They concluded that Brodel type of kidneys with 
posterior calyces being lateral (Fig.  9.60) are 
seen predominantly on the right side (69%), 
while Hodson type of kidneys with anterior caly-
ces being lateral (Fig.  9.61) are seen predomi-
nantly on the left side (70%).

Sampaio FJ studied endocasts and published 
several articles from 1987 to 2001 [3, 11, 12]. He 
mentioned that true anterior and posterior orien-
tation of calyces depends upon the region. 
Superior pole almost always has a compound 
calyx which drains into pelvis through single 
midline infundibulum in 98.6% cases. At middle 
pole, in 96% of cases, calyces are arranged in 
paired form as anterior and posterior and drain 
into pelvis independently. At lower pole, only in 
58% cases true anterior and posterior orientation 
of calyces is maintained. In 42% cases at lower 
pole, calyceal orientation is very variable, super-
imposed or alternately distributed.

Miller et al. 2013 [13] mentioned that at supe-
rior pole, calyces are typically oriented in lateral 
and medial disposition to each other rather than 
in anterior and posterior orientation. Hwang TK 
(2010) advised to access only lateral calyx at 
superior pole because medial calyceal access is 
associated with injury to posterior segmental 
artery [14]. Eisner BH et al. (2009) studied the 
lower pole anatomy by analysing CT Scans of 
101  units. They found out that lower poles are 
drained either through two or through three caly-
ces. When there are two draining calyces, medial 
calyx is oriented anteriorly in 95% of cases and 
lateral calyx is oriented posteriorly in 93% of 
cases. When three calyces are draining lower 
pole, the most medial calyx is oriented anteriorly 
(93%), middle one is oriented posteriorly (70%), 
and lateral calyx is again oriented anteriorly in 
71% of cases. In 31% cases, no calyx was truly 
posterior [15].

This must be appreciated here that there exists 
great variation in anterior or posterior orientation 
of the calyces and nothing can be assumed with 
certainty in a given case. Moreover, exact ante-
rior or posterior orientation of calyx gets identi-
fied in the transverse section of CT image as is 
evident in Fig. 9.62. This cannot be appreciated 
in IVU films (Figs. 9.63 and 9.64) or even in cor-
onal sections of CT images (Fig. 9.65).

At present, we do not have availability of CT 
scan units in operation theatres to guide renal 
access and we have to depend upon the 

Fig. 9.61 In Hodson type of kidneys, anterior calyces are 
extending laterally

Fig. 9.62 Only transverse sections of CT images could 
conclusively demonstrate that this stone is lying in ante-
rior calyx
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Fig. 9.63 Presence of stone in anterior or posterior calyx cannot be identified in X-ray KUB and IVU films

Fig. 9.64 It is impossible to conclude decisively by 
studying X-ray KUB and IVU films, as to which calyx is 
anterior and which one is posterior. Exactly same situa-

tion is encountered during PCNL, when only two- 
dimensional fluoroscopic guidance is available
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two- dimensional fluoroscopic images of C arm 
radiological units only. Taking all above into 
consideration, author has always been suggest-
ing, neither to designate any preferred calyx for 
renal access preoperatively, nor to make any 
efforts to selectively identify anterior or poste-
rior calyx for renal access. It is advisable to 
choose most peripheral calyx with thinnest renal 
parenchyma over it, which is leading towards the 
stone bulk in straight alignment and has a wide 
infundibulum to work through. In case, there 
exists an associated calyceal calculus anywhere, 
the stone bearing calyx must be accessed first, be 
anterior or posterior to be able to remove all 
stones through single tract. Proper calyceal 
puncture of stone bearing calyx has been 
achieved is confirmed by slight movement of the 
stone/stones by the needle tip, passage of guide 
wire or by injecting small quantity of saline and 
watching slight movement of the stone/stones 
under fluoroscopy.

9.11  Renal Access Techniques

9.11.1  Bull’s Eye Technique

This is by far the simplest of all techniques for 
percutaneous renal access. It only requires skills 
to maintain whole length of initial puncture 
 needle in the same straight line throughout its 
progress from the skin up to the target calyx. This 

straight line is an imaginary line (white line in 
Fig.  9.66) between X-ray tube and the image 
intensifier passing through the target.

The C arm may be positioned in any way dur-
ing bull’s eye puncture, but the more accurate 
anatomical position looking straight at the target 
through convex border of the kidney is achieved, 
when C arm is positioned with 30 degrees tilt 
towards the operating surgeon (Fig. 9.67).

In bull’s eye technique, the surgeon is expected 
to maintain the needle tip, whole length of the 
needle, and the needle hub in same straight line 
between the X-ray tube and image intensifier and 
therefore superimposed on each other through-
out, till the needle tip hits the target calyx. At no 
time the longitudinal segment of the needle 
should appear on the fluoroscopic screen. If the 
needle is being manipulated and pushed with the 
hand, there occurs lots of radiation exposure to 
the hand of the operator, in Bull’s eye technique 
(Fig. 9.66). Most of the surgeons following Bull’s 
eye technique for initial puncture use a sponge 
forceps, haemostat, or a radiolucent needle holder 
to avoid undue radiation exposure to their hands.

If C arm remains in the same position through-
out (monoplanar approach), it is not possible to 
assess the depth of the puncture and the needle 
tip may overshoot and go through and through 
the target calyx and beyond, without being appre-
ciated. Hence, the C arm should be rotated to 
another position every now and then (biplanar 
approach) to assess the depth of the needle 
achieved so far and the remaining distance 
between the approaching needle tip and the target 
calyx.

If renal access is achieved with Bull’s eye 
technique, keeping the C arm in 0 degree posi-
tion, as shown in Fig. 9.66, this provides a straight 
vertical entry of the needle and subsequent track 
into the targeted calyx. This remains the vertical 
segment of the subsequent track from the skin up 
to the calyx. The length of this vertical segment 
depends upon the skin to calyx distance. Further 
extension of the track into pelvicalyceal system 
(PCS) through infundibulum and up to the renal 
pelvis may not be in the same straight line and in 
alignment. Hence, when a rigid nephroscope is 
advanced up to the stone in the pelvis, there is a 

Fig. 9.65 Presence of stone in anterior or posterior calyx 
cannot be identified in coronal sections of CT images
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point of torque and angulation at the entrance of 
the calyx, which may result in parenchymal tear 
and bleeding complication. All tracks made with 
Bull’s eye technique with C arm at 0 degree posi-
tion tend to enter the renal parenchyma on a more 
medial location (Fig.  9.68) as compared to the 
tracks made with gradual descent technique. 
Medial portion of renal parenchyma tends to be 
more vascular as compared to the lateral part and 
hence it is likely to produce more bleeding.

Lastly, these tracks are almost verical tracts 
(Fig.  9.69) and every stone fragmet has to be 
picked up and removed with the help of a 
forceps. Gravity and forceful irrigation are of no 
help for expulsion of stone fragments through 
such tracks.

Fig. 9.66 In bull’s eye technique, the surgeon is expected 
to maintain the needle tip, whole length of the needle, and 
the needle hub in same straight line between the X-ray 
tube and image intensifier and therefore superimposed on 

each other throughout. It is advisable to use some instru-
ment to advance the needle to prevent radiation exposure 
to hands

Fig. 9.67 Renal access with Bull’s eye technique can be 
obtained with C arm either in 0 degree position or in  
30 degrees position
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9.11.2  Triangulation Technique

This technique of gaining access into PCS is 
based on mathematical trigonometric principles. 
An imaginary right-angled triangle is created, 
considering the back of the patient as flat surface. 
While the patient is in prone position and C arm 

is in 0 degree position, a mark is made on the skin 
surface (Point A) corresponding to the target 
calyx (Fig. 9.70).

Now the C arm is tilted 30 degrees with image 
intensifier tilting towards the urosurgeon. Another 
mark is made on the patient’s back (point B) cor-
responding to the target calyx. Target calyx itself 
is now considered as the third point (point C) of 
the imaginary triangle (Fig. 9.70). On analysing 
this triangle, it becomes obvious that angle BAC 
is of 90 degrees, qualifying it to be considered as 
a right- angled triangle. Line BC becomes the 
hypotenuse (line opposite to the right angle and 
longest line) of this triangle. Another angle ACB 
is of 30 degrees, because C arm was tilted by an 
angle of 30 degrees. So, this becomes a 90-30-60 
degrees right-angled triangle, in which length of 
the short arm AB and all the three angles are 
known. Pythagoras theorem applies on such tri-
angles and exact length of the other two arms AC 
and BC can easily be calculated. AC is the depth 
of the target calyx from point A (with C arm in 0 
degree position) and BC is the depth of the target 
calyx from point B (with C arm in 30 degrees 
tilted position).

Fig. 9.68 All tracks 
made with Bull’s eye 
technique tend to be 
entering the renal 
parenchyma on a more 
medial location

Fig. 9.69 All tracks made with Bull’s eye technique with 
C arm at 0 degree position tend to be entering the renal 
parenchyma on a more medial location, as compared to 
the tracks made with gradual descent technique with C 
arm at 30 degrees tilted position
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On applying sine trigonometric function

• Sin ACB = sin 30
• = Opposite side of 30 degrees angle (AB)/

Hypotenuse (opposite side of 90 degrees angle 
(BC) = 1/2

• = AB/BC = 1/2
• Hence BC (Depth of target) = 2 AB

This mathematically calculates the length of 
line BC (actual depth of the target from the skin) 
to be twice of the length of line AB (distance 
between the marks on the patient’s back). These 
mathematical calculations have now predeter-

mined the depth of the target calyx. Now, if the 
needle is appropriately marked as per calcula-
tions and skin puncture is initiated at 30 degrees 
mark (point B) and needle is continuously main-
tained at 30 degrees angle on the trajectory as in 
Bull’s eye technique, it should hit the target 
exactly, when the predetermined depth is reached.

Similar calculations can be made by turning 
the C arm to 45 degrees (possible in very few C 
arm units available). If sin ACB  =  sin 45, then 
line BC will be 1.414 times of line AB [16].

Practically, most of the urosurgeons following 
triangulation technique mark two points A and B 
on the skin, corresponding to target calyx with C 
arm in 0 degree and 30 degrees, respectively. 
Distance between these two points is measured 
and a mark is made on the initial puncture needle 
at double the distance from the tip of the needle. 
Now C arm is positioned at 0 degree but the skin 
puncture is made at previously marked point B, 
corresponding to target with C arm in 30 degrees 
position. Needle is advanced strictly at 30 degrees 
angle with or without the guidance of protractor, 
till the mark, towards the target calyx, intermit-
tently watching the trajectory under fluoroscopy. 
If correct angulation is maintained throughout, it 
hits the target calyx properly. This method 
requires strict maintenance of exact 30 degrees 
trajectory throughout the passage of the needle 
and any slight deviation during the course will 
not allow the exact hit at the target. This method 
may not be suitable for supine PCNL.

Significant advantage of triangulation tech-
nique over Bull’s eye technique is the lower radi-
ation exposure to the hands of the surgeon 
compared to the Bull’s eye technique, which is 
straightforward and easy to learn by a novice sur-
geon as per the European Section of 
Urotechnology [17]. Another salient feature of 
this technique is that the angle and depth of punc-
ture and thereby the needle trajectory are easily 
predetermined without the need for sophisticated 
instrumentation or complex calculations. The 
theoretical disadvantage of this technique is the 
fixed angle of puncture, which may not be possi-
ble in malrotated kidneys or applicable to all 
sorts of body contours and habitus.

Fig. 9.70 While the patient is in prone position and C 
arm is in 0 degree position, a mark is made on the skin 
surface (Point A) corresponding to the target calyx. Now 
the C arm is tilted 30 degrees and another mark is made on 
the patient’s back (point B) corresponding to the target 
calyx. Target calyx itself is now considered as the third 
point (point C) of the imaginary triangle. On analysing 
this triangle, it becomes obvious that angle BAC is of 90 
degrees, qualifying it to be considered as a right-angled 
triangle. Line BC becomes the hypotenuse (Line opposite 
to the right angle and longest line) of this triangle. Another 
angle ACB is of 30 degrees and as per sine trigonometric 
function line BC (depth of target) will be twice the length 
of line AB (difference between two points) in such a 
triangle
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9.11.3  Gradual Descent Technique

This technique is considered similar to landing of 
an aeroplane onto a runway in a straight and 
smoothly descending fashion. This technique has 
been named and popularized by the author. This 
technique provides minimum bleeding complica-
tions as all efforts are made to gain entry through 
convex border of the kidney into the target calyx 
through its most lateral aspect, gradually and 
smoothly traversing the distance from the skin up 
to the calyx in straight, smoothly descending 
fashion and in correct alignment with the respec-
tive infundibulum ahead, so as not to produce any 
points of angulation and torque at the renal paren-
chyma or at the level of infundibulum till the 
main bulk of the stone. Since the point of punc-
ture into renal parenchyma is at Brodel’s avascu-
lar line at the convex border of the kidney, it is 
likely to produce minimum amount of blood loss 
(Fig. 9.71). Since, hands of the urosurgeon, guid-
ing and pushing the needle do not come in the 
operative field, there is minimal radiation expo-
sure to the hands.

In this technique, C arm is initially positioned 
with a 30 degrees tilt towards the operator and 
image intensifier close to the head of the operator 
(Fig. 9.72). By such positioning of C arm, X-ray 
tube shifts far away from the operating team 

thereby reducing the radiation exposure. This 
positioning also provides a head-on sighting of 
the convex border of the kidney for gaining 
access into PCS. Most peripheral calyx with thin-
nest overlying renal parenchyma is then identi-
fied after slow filling of PCS by diluted contrast. 
Maximum importance is given to choose that 
particular calyx, which is leading straight to the 

Gradual Descent Technique

Fig. 9.71 In gradual descent technique, the needle makes its entry into the renal parenchyma through its most lateral 
aspect (Brodel’s white line), thereby producing minimal bleeding complications

Fig. 9.72 After positioning C arm at 30 degrees skin 
puncture is made 3 to 4 cm lateral to the target calyx and 
needle is gradually advanced towards the cup of the calyx
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major bulk of the stone and has a wide infundibu-
lum. Now needle tip is positioned on the skin sur-
face at the back at the site of lateral border of the 
targeted calyx and length of the needle is aligned 
in direction of straight line to the centre of the 
infundibulum ahead (Fig. 9.73). This line may be 
marked on the skin surface.

Now a point of skin puncture is chosen on this 
line, 3 to 5 cm lateral to the lateral border of tar-
geted calyx, but still medial to the posterior 
axillary line. Skin puncture is made here and 

needle is advanced towards the targeted calyx in 
slow gradual manner. Thus landing into the tar-
geted calyx, from skin surface is begun, 3 to  
5 cm lateral and then this distance is utilized in 
slow gradual descent, straight towards the tar-
geted calyx (Figs. 9.74 and 9.75).

Fig. 9.73 Needle is placed on the back of the patient in 
such a way that needle tip is visualized in the cup of the 
targeted calyx and length of the needle is in correct align-
ment with the centre of the infundibulum ahead. This line 
may be marked on the skin surface

Fig. 9.74 Now a point of skin puncture is chosen on this 
line, 3 to 5  cm. Lateral to the lateral border of targeted 
calyx. Skin puncture is made here and needle is advanced 

towards the targeted calyx in slow gradual manner with 
jerky movements

Fig. 9.75 In gradual descent technique, a point of skin 
puncture is chosen, 3 to 5 cm. Lateral to the lateral border 
of targeted calyx. Skin puncture is made here and needle 
is then advanced in slow gradual manner, descending 
down towards the targeted calyx
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The angle of entry and progress through subcu-
taneous fat and muscle layers depends upon the 
built and thickness of individual patient. Female 
and thick built fatty patients are likely to have 
thick posterior bulk of Gerota’s fascia and kidneys 
are likely to be situated more deeper from the 
back. Therefore, the angle of entry will be more 
(30 to 40 degrees) to reach to the target. In con-
trast, male patients, thin individuals, and children 
are likely to have a thin layer of Gerota’s fascia 
and in previously operated patients also, kidneys 
are likely to be adherent or closer to the posterior 
abdominal wall. In such cases, the angle of entry 
will be less (approx. 10 to 25 degrees) to reach to 
the target. In any case, when the point of skin entry 
is far lateral, and then the further progress of the 
needle is also manipulated by holding the needle 
near its hub at a distance, radiation exposure to the 
hands of the operator gets minimized. In this tech-
nique, since kidney is being approached at its most 
convex border, special care is taken to avoid injury 
to the colon in the vicinity. Needle is advanced 
very gradually towards the kidney in jerky move-
ments, observing the movements of gas shadows 
outlining the colon, continuously (Fig.  9.75). At 
any point if colonic gas shadows start moving in 
unison with the advancing needle, it is removed in 
toto immediately and skin puncture site is shifted 
to a more medial location on the same line. 
Obviously, when skin puncture site gets shifted 
more medially, the angle of entry needs to be 
increased to cover the same distance accordingly.

Once the needle tip reaches up to the distance 
of 1 to 1.5 cm from the target calyx, it is expected 
to have punctured the overlying renal  parenchyma 
and now the whole kidney should start moving in 
jerks along with jerky movements of the pro-
gressing needle (Fig. 9.76). If the needle is pro-
gressing further with absolute accuracy towards 
the fornix of the target calyx, a clear indentation 
in the cup of the calyx can be well appreciated. 
Now, the needle is left in situ with its tip within 
the target calyx (Fig. 9.77) and C arm is rotated to 
0 degree position. Needle tip is constantly 
observed while the C arm is being repositioned to 
0 degree, for its movement.

If the needle tip, which was seen in the middle 
of the calyx with C arm in 30 degrees position 
(Fig. 9.78), now starts moving lateral to the target 
calyx with the C arm being shifted to 0 degree 

Fig. 9.76 Once the needle tip reaches up to the distance 
of 1 to 1.5 cm from the target calyx, it is expected to have 
punctured the overlying renal parenchyma and now the 
whole kidney should start moving in jerks along with 
jerky movements of the progressing needle

Fig. 9.77 If the needle is in accurate position, a clear 
indentation in the cup of the calyx can be well appreci-
ated. Now, the needle is left in situ and C arm is rotated to 
0 degree position. If the needle tip constantly remains in 
the same position accurate puncture has been achieved
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position (Fig. 9.79), the needle tip is superficial 
or posterior to the  target. The needle needs to be 
withdrawn up to subcutaneous plane, and angle 
of entry has to be increased for the next attempt. 
C arm should be brought back to 30 degrees posi-
tion and needle should make another straight 
landing into the target calyx with higher degree 
of angulation than previous attempt.

If the needle tip, which was seen in the middle 
of the calyx with C arm in 30 degrees position 
(Fig. 9.80), now starts moving medial to the target 
calyx with the C arm being shifted to 0 degree 
position (Fig. 9.81), the needle tip has gone deeper 
or anterior to the target. The needle needs to be 
withdrawn up to subcutaneous plane, and angle of 
entry has to be decreased for the next attempt. C 

Fig. 9.78 With C arm in 30 degrees position, needle tip is 
seen in the cup of the calyx

Fig. 9.79 By shifting C arm to 0 degree position, needle 
tip is seen moving lateral to the target calyx. It confirms 
that needle is superficial or posterior to the target

Fig. 9.80 With C arm in 30 degrees position, needle tip is 
seen well within the lower calyx

Fig. 9.81 By shifting C arm to 0 degree position, needle 
tip is seen shifting medial to the target calyx. It confirms 
that needle is deeper or anterior to the target
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arm should be brought back to 30 degrees posi-
tion and needle should make another straight 
landing into the target calyx with corresponding 
lower degree of angulation.

If the needle tip, which was seen in the middle 
of the calyx with C arm in 30 degrees position, 
remains at the same place within the target calyx 
and does not change its position with the C arm 
being shifted to 0 degree position, the needle tip 
is exactly at the target and successful puncture 
has been achieved. The stylet should be removed 
and clear efflux of saline can be witnessed.

At times, it needs slight adjustments and cor-
rections in angulation to bring the needle in 
alignment with the infundibulum so as to get the 
free efflux of saline injected through ureteric 
catheter.

At times, needle tip gets slightly advanced 
across the calyx, through and through and enters 
the anterior renal parenchyma and small amount 
of bloody efflux is noted in the beginning. 
Withdrawl of needle by 1 to 2 mm while simulta-
neously maintaining gentle suction with 2  ml 
syringe helps repositioning of needle tip in the 
space of PCS and smooth flow of saline gets estab-
lished. Presence of blood clot, thick pus, stone 
matrix, or tiny stones may not allow a free flow of 
saline to get established and alternate aspiration 
and injection of 1 to 2 ml of saline through needle 
in the same position will solve the problem.

9.12  Troubleshooting during 
Renal Access

9.12.1  Extravasation of Contrast 
(Figs. 9.82 and 9.83)

Causes
 1. Rapid injection of high volume of contrast 

with higher pressure in PCS (Normal capacity 
of undilated PCS is 5 to 8 ml only).

 2. Improper placement of ureteric catheter may 
happen in cases where impacted calculus at 
PUJ does not allow free passage of guide wire 
or ureteric catheter and manipulations are 
undertaken with an oedematous mucosa 
around. Ureteric catheter or guide wire may 

raise a submucosal tunnel (Fig.  9.84). At 
times even straight tip guide wire may cause 
perforation and go beyond the confines of 
PCS (Fig. 9.85). If ureteric catheter is threaded 
over such a guide wire, extravasation is bound 
to happen. This will go unrecognized till con-
trast is instilled.

 3. During several attempts of initial puncture, if 
PCS was accessed and punctured successfully 
in one or more attempts but needle was 
removed from PCS due to any reason, further 
injection of contrast will lead to 
extravasation.

Fig. 9.82 Contrast extravasation during percutaneous 
access makes it difficult to identify a selected calyx

Fig. 9.83 Accidental contrast extravasation
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Remedial Measures
 1. In case, contrast is found to be extravasating, 

further injection must be stopped immedi-
ately. Small quantity of saline should be 
injected. Waiting for 5 to 15 min dilutes the 
extravasated contrast to some extent. Giving 
diuretics during this time may also be of 
some help. Now, ureteric catheter should be 

withdrawn very slowly under fluoroscopic 
guidance to pull it down to bring it back 
within PCS, at PUJ, just below the probable 
site of perforation, distal to the stone or in 
upper ureter as the situation may be. Further, 
saline should be injected in small aliquots 
and return dripping of saline should be 
observed from ureteric catheter. Return 
dripping of saline is a good indicator of 
presence of tip of ureteric catheter within 
PCS. Once, reasonable surety of tip of ure-
teric catheter within upper ureter or PCS 
gets established, slightly higher concentra-
tion of contrast is injected this time, just to 
adequately opacify the target calyx within 
already extravasated contrast. Thus, this 
manoeuvre of injecting much diluted con-
trast in the beginning and higher concentra-
tion of contrast subsequently gives a second 
chance to the operating surgeon to identify 
and access the target calyx.

 2. If extravasated contrast is not disappearing 
and remains dark enough to obscure the anat-
omy of PCS, ureteric catheter must be pulled 
down by 2 to 6  cm, to the level, where one 
feels confident that, it must be within PCS or 
may be in upper ureter. Then first bolus of 5 to 

Fig. 9.84 Creation of submucosal tunnel during passage of Cobra guide wire

Fig. 9.85 Perforation and passage of proximal 3  cm 
length of Cobra guide wire, outside the pelvicalyceal 
system
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15 ml of saline is injected so as to distend the 
PCS, and then immediately a new Terumo 
glide wire is passed. Progress of guide wire is 
watched. It should reach up to superior or 
middle calyx and then should coil and take a 
turn backwards. If this happens, it should be 
left in situ.

Now a Bull’s eye puncture is made in the 
coil of guide wire, while saline is being 
injected freely through ureteric catheter. 
Once, reasonably free outflow of saline from 
puncturing needle is obtained, contrast is 
injected through this needle and PCS gets 
opacified adequately.

 3. At times stone guided punctures are helpful in 
such situation.

 4. Ultrasound guided puncture is another good 
alternative.

 5. Air pyelogram may also be considered for 
obtaining access in such situation.

 6. Abandoning the procedure and postponing for 
48 hours or more is the last option.

9.12.2  Inability to Pass Guide Wire

Causes
At times it becomes impossible to introduce and 
park a guide wire in PCS in cases where calyx is 
completely filled up with the bulk of the stone 
and no free space is available (Fig. 9.86).

Remedial Measures
 1. Terumo hydrophilic guide wires are supposed 

to be very slippery and flexible. It is possible 
that these guide wires may prove to be of 
some help in these situations.

 2. Pelvicalyceal system should be distended 
adequately with retrograde injection of saline 
so as to create some space between the mucosa 
and the filling stone. Now the needle hub is 
bent downwards, while the needle tip is main-
tained at the same place, thereby giving the 
direction to the guide wire to slide over the 
back of the stone and enter the PCS.  This 
manoeuvre has proved to be extremely useful 
for successful placement of guide wire in PCS 
(Fig. 9.87).
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USG-guided Puncture 
in Mini-PCNL

Thomas Knoll and Nabil Atassi

10.1  Introduction

Establishment of the renal access is one, if not the 
key point in the success of a PCNL [1]. It is 
achieved by an exact and proper puncture of the 
collecting system of the kidney. Once established, 
the success of the procedure in terms of Stone-
Free Rate (SFR) and safety can be significantly 
increased [2]. The use of ultrasonography for 
access in PCNL was first described in the 1970s. 
Since then, its efficacy, safety, and feasibility 
were demonstrated with sufficient literature- 
based data [3]. Ultrasonography- guided access 
alone as well as an intraoperative combined ultra-
sonography–fluoroscopy-guided access impli-
cates the advantage of a more adequate puncture 
and fewer access-related complications [4]. 
Regarding ultrasound-guided access, Stone-Free 
Rates are comparable with the positive effect of a 
lower complication rate [5–7]. The identification 
of surrounding organs is possible and nearby 
eliminates the risk of inadvertent organ injuries 
[8]. Ultrasonography guidance of the renal punc-
ture has various advantages: It is real time, safe, 
and rapid in experienced hands, suitable in case of 
renal failure, as the use of nephrotoxic contrast 

medium is unnecessary. It is free of radiation for 
patients including children and pregnant women 
and operating personnel [9–11]. Ultrasonography-
guided access is safe for the experienced surgeon, 
SFR, and safety increases significantly after a 
learning curve of a minimum of 20 interventions 
[12, 13]. During that learning curve of younger 
surgeons, Ultrasonography-guided access showed 
to be as well safe and feasible [14]. So, there are a 
lot of good reasons to perform the puncture of the 
collecting system as the first step during the inter-
vention by the surgeon itself instead of leaving it 
to the radiologist as it is common in some coun-
tries, considering that there is no significant dif-
ference in success between access obtained by 
either an interventional radiologist or a urologist 
[15]. Regarding dilatation of the renal tract, few 
data is available showing that it can be safely per-
formed by ultrasound guidance with equal effi-
cacy and safety compared to fluoroscopic 
guidance [16]. Disadvantages in ultrasonography- 
alone guided puncture can be the difficulty to 
puncture non-dilated collecting systems and 
sometimes poor visualization of the guidewire 
and even the puncture needle itself [17]. This 
problem can be resolved by the placement of a 
ureteral catheter and injection of saline solution 
with or without a contrast agent [8, 18]. Latest 
studies assessed the feasibility of contrast- 
enhanced ultrasound for non-dilated kidneys in 
percutaneous nephrolithotomy with promising 
results that need to be further validated.
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10.2  Principles of Ultrasound 
for Renal Access

Ultrasonography-guided access can be per-
formed safely both in prone and supine positions 
[19–21]. The safest access to the renal collecting 
system is a long and posterior lower calyx, as it 
is at the closest distance to the skin and has less 
risk of interference with other structures such as 
surrounding organs [18, 22]. In some cases, due 
to the location of the stone, an upper-pole punc-
ture might be needed and can also be safely per-
formed by ultrasonography guidance [23]. The 
first step in preoperative planning of the proce-
dure is to identify the ideal target calyx and to 
obtain three- dimensional knowledge of the kid-
ney and the stone. It is essential to understand 
the anatomical location of the kidney: It is 
located anterior to the psoas muscle, between the 
12th thoracic vertebral body and the second/
third lumbar vertebral body. Both kidneys are 
within the retroperitoneum at approximately 30° 
posterior to the frontal plane of the body 
(Figs.  10.1 and 10.2). Access to the kidney is 
always established individually according to the 
particular anatomy. Frequently, the ribs or the 
iliac crest limit the space for access. In these 
cases, the area has to be shifted a few degrees 
(caudally or cranially 10–20°) [24]. The ideal 
puncture passes through the extension of a renal 

calyceal papilla (Fig.  10.1). The puncture site 
direction is determined to be as close as possible 
from the calyx to the skin. The procedure may be 
facilitated by using a diuretic to dilate the calyx 
[25]. The ultrasonography scanner has to be 
moved laterally within the defined puncture 
plane until the access calyx points directly 
toward the scanner (Fig. 10.3). An electronically 
generated puncture line (depends on the device 
used) that indicates in the longer axis of the nee-
dle guidance adapter helps find the right punc-
turing line and angle. It is intended to puncture 
the avascular zone in the center of the calyx. 
This is achieved by moving the scanner head lat-
erally on the predefined puncture plane while 
keeping the scanning plane within the predefined 
puncture plane (Fig.  10.1). The image will 
change until the access calyx points directly 
toward the scanner head (Fig. 10.4). This is the 
least traumatic and nearly avascular path through 

Fig. 10.1 Determination of the puncture site and 
direction

Fig. 10.2 Positioning of the US probe for puncture of the 
lower calyx
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the kidney parenchyma and the calyx to the renal 
pelvis [Knoll/Michel et al.]. The use of a needle 
guidance adapter is not mandatory, a freehand 
puncture can also be performed. Using the nee-
dle guidance adapter may be advantageous for 
the beginner, but one has to consider, that the 
needle can be deflected from the predefined path 
due to different tissue consistencies. Freehand 
puncture allows easier detection and correction 
of the needle’s direction. To correct the needle’s 
direction, it has to be moved outside the kidney, 
sometimes even out of the skin. Once the direc-
tion of the puncture inside the kidney is defined, 
it should be finished. The needle can be followed 
until it reaches the calyx by ultrasound. The suc-
cess of the puncture can be verified by urine flow 

through the inner part of the hollow needle. In 
those the stone completely fills the target calyx, 
this effect will not appear. The direction of the 
puncture will then directly target the stone [24]. 
Haptic confirmation of stone contact can be use-
ful to assure the optimal position of the needle 
tip. Ultrasonography also allows the use of 
Doppler Mode to visualize renal vasculature. It 
can facilitate the needle puncture without caus-
ing injury to significant vessels [26]. There also 
is first data indicating that contrast-enhanced 
ultrasound (CEUS) could be valuable for percu-
taneous nephrolithotomy in a non-dilated kidney 
improving visibility and facilitating the selection 
of suitable calyx for puncture [27].

10.3  Technique of Combined 
Ultrasound-fluoroscopy 
Guided Access

Regarding and interpreting the recent status-quo 
of available data, the ideal imaging technique in 
percutaneous access for (Mini-)PCNL seems to 
be a combination of ultrasonography and fluoro-
scopic guidance, especially for more complex 
stones [6, 18]. While simpler stones seem to be 
accessible with ultrasound-alone guidance with 
no radiation at all, more complex stone treatment 
shows better outcomes using a combined access 
[28]. The combined approach increases the accu-
racy of the puncture and decreases the radiation 
exposure for patients, surgeons, and nurses [29]. 
Practically, determination of the target calyx and 
puncture plane, puncture site, and puncture direc-
tion moves in the long axis of the target calyx: 
The best way to identify is by fluoroscopy. In par-
ticular, an initial puncture under ultrasound guid-
ance in a fluoroscopy suite appears to be the best 
modality for percutaneous access in percutane-
ous nephrolithotomy [30]. Especially for inexpe-
rienced surgeons during the learning curve, the 
combined access surely is an additional safe-
guard to visualize the collecting system with the 
help of fluoroscopic guidance. The surgeon’s 
experience in any way is fundamental in choos-
ing the best modality for percutaneous access.

Fig. 10.3 Puncture direction of the needle

Fig. 10.4 Ultrasound picture: Puncture direction of the 
needle

10 USG-guided Puncture in Mini-PCNL
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Newer Advances in Access

Jean de la Rosette, Amir H. Kashi, 
and Saman Farshid

Percutaneous nephrolithotomy (PCNL) was intro-
duced almost four decades ago by Fernstrom and 
Johansson [1] and revolutionized the treatment 
for renal stones. While PCNL has undergone sig-
nificant developments in instrumentation and 
technique during the past decade it still maintains 
to follow the same principles initially laid down. 
PCNL can be categorized into three phases of 
access, dilation, and nephroscopy. The access 
phase has been repeatedly declared as the most 
important and difficult phase of PCNL and in the 
opinion of many urologists, a key step in opera-
tion success [2–4]. Therefore, many studies have 
focused on the improvement of the access phase 
to be quicker, more accurate, and with fewer com-
plications. Fluoroscopy has been used for more 
than four decades as the main guidance modality 
in PCNL and its advantages of disadvantages 
have been extensively explored and disclosed. 
The CROES study revealed that fluoroscopy is the 

major imaging modality in 87% of patients [5]. 
Modern c-ARM devices produce more accurate 
images with relatively less irradiation resulting in 
better functionality in the operating room. 
Nevertheless, fluoroscopy imaging is associated 
with some inherent disadvantages not yet resolved 
by technology improvements.

Radiation is a key concern for physicians and 
personnel. Several studies have evaluated radia-
tion dose in PCNL and most studies have revealed 
a total yearly radiation dose less than the maxi-
mum allowed doses [6]. However, there are con-
cerns about non-dose-dependent adverse effects 
of radiation and there are also concerns on radia-
tion for high-risk patients including children and 
pregnant women in whom radiation should be 
minimized and optimally excluded at all [7]. The 
adverse effects of radiation received in the diag-
nosis, treatment, and follow-up are cumulative 
and every attempt to reduce radiation dose in 
each phase is valuable [8]. The quality of the 
image in radiation-based systems is dependent on 
the amount of radiation emitted [9] and for better 
image quality, more radiation should be emitted. 
Another disadvantage of conventional fluoros-
copy is the failure to reveal soft tissue informa-
tion including organs in the access tract [10]. 
Kidneys are in proximity to the liver, spleen, and 
pleura at their posterior surface and bowels at the 
lateral borders. Therefore, posterior access to 
kidneys risks injury to the aforementioned 
organs. Retro-renal colon is a recognized 
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anatomic variation in a small percentage of 
patients and failure of its preoperative diagnosis 
can result in considerable complications [11]. 
Conventional fluoroscopy fails to reveal any of 
these organs in the access tract and hence histori-
cally, the diagnosis of injury to these organs had 
been made postoperatively losing precious time 
for their management.

Opacification of the pelvicalyceal system by 
radio-opaque media is required for fluoroscopy- 
guided access and is performed by retrograde 
insertion of a ureteral catheter which is some-
times difficult due to neobladder, edema of the 
ureteral orifice, or bladder trabeculation with 
severe diverticula formation. Also, in the case of 
contrast extravasation, fluoroscopy-guided access 
will be faced with difficulties. Supine, prone, lat-
eral, or a combination of these positions has been 
described for patient positioning in PCNL; how-
ever, in patients with skeletal deformities result-
ing in overlap of renal stone with vertebrae, 
fluoroscopy access will be difficult in many of 
these positions. In addition, fluoroscopy pro-
duces 2D images and estimation of needle depth 
is based on additional fluoroscopy by rotating the 
c-ARM to caudal, cranial, or lateral positions. 
This maneuver is less able to reveal the depth of 
the needle in relation to target the calyx in case of 
a dilated caliceal system or multiple calices as a 
result of caliceal overlapping. Identification of 
the posterior calyx is not perfect with fluoroscopy 
imaging.

These shortages have caused fluoroscopy to 
be recognized as a suboptimal guidance modality 
for percutaneous renal access (PRA) and a con-
tinuous search to find better guidance methods to 
quicken access with more accuracy and fewer 
complications.

The importance of these becomes greater as 
PCNL is confronting powerful rivals in recent 
years like retrograde intrarenal surgery. If the 
accuracy and safety of PCNL are not improved 
and its complications are not significantly mini-
mized, PCNL is doomed to the same destiny as 
we have witnessed for shock wave lithotripsy.

One of the oldest substitutes for fluoroscopy- 
guided PCNL has been the use of ultrasonogra-

phy for only the access obtaining phase or the 
total process of percutaneous access and tract 
dilation. The experience with ultrasonography- 
guided access is more than two decades and its 
safety and efficacy in comparison with fluoros-
copy have been established in several studies. A 
recent meta-analysis of randomized clinical trials 
comparing fluoroscopy versus ultrasonography 
showed encouraging results. This meta-analysis 
revealed that ultrasonography-guided PCNL was 
comparable with fluoroscopy-guided PCNL in all 
studied parameters except for Clavien grade II 
complications which were higher in the 
fluoroscopy- guided access [12].

The advantages of ultrasonography include 
disclosing organs in the access tract, absence of 
radiation, demonstration of posterior and anterior 
calices, and identification of some renal patholo-
gies like renal cyst and obstructed calyx. Besides, 
ultrasonography is a continuous real-time imag-
ing modality that reveals renal parenchyma and 
pelvicalyceal system and their adjacent organs in 
the access tract and can be continuously used 
until successful access is achieved without any 
concern for imaging time. Nonetheless, the adop-
tion of ultrasonography has been slow and grad-
ual due to several disadvantages. In obese patients 
and patients with a high skin-to-stone distance, 
the accuracy and precision of ultrasonography 
drops. Ultrasonography-guided access is more 
difficult with atrophic kidneys, and in patients 
with a history of renal surgery, there is the possi-
bility of less accuracy in visualization of needle 
path and adjacent organs. The presence of gas, 
bone, and air in access pathway or pelvicalyceal 
system will result in the drop in image quality 
[13]. The resolution and spatial contrast of ultra-
sonography are limited. Ultrasound machines are 
not present in every operating room and working 
with them needs extensive education. 
Ultrasonography-guided puncture is sometimes 
difficult as the operator needs to visualize the 
needle path in the 2D ultrasound image which 
scans a limited width of tissue. A slight deviation 
of needle path due to tissue resistance can result 
in extrusion of the needle from the ultrasound 
screen or failure to access the target calyx [14].
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The current gold standard in percutaneous 
renal access is a combination of fluoroscopy and 
ultrasonography guidance modalities to be able 
to reduce radiation dose and visualize access 
tract organs. Nevertheless, in addition to the 
above-mentioned disadvantages for ultrasonog-
raphy and fluoroscopy, their learning curve is 
steep causing morbidity and complications dur-
ing the learning phase [4].

There is still a constant search to find novel 
percutaneous guidance methods with higher pre-
cision and lower complications. It comes as no 
surprise that in recent years, various methods 
have been reported on. Some of these methods 
have only been examined in laboratory settings/
scaffolds, and some in human or animal phantom 
models or in living animals. Only a few numbers 
have been examined on human subjects with 
renal stones. In the following sections, the most 
noticeable methods are presented.

11.1  Integrated Optical System 
in the Needle

An important consideration in percutaneous renal 
access is to be assured of proper entry into the 
pelvicalyceal system before dilation of the access 
tract. Perhaps the most secure method to ensure 
entry to the renal caliceal system and appropri-
ateness of the entry site is direct visual inspec-
tion. Endoscopic control of the needle entry and 
access dilation has been described a long time 
ago and can be in an antegrade or retrograde fash-
ion. The retrograde approach requires two sur-
geons for an operation and is performed most 
often in the supine position. This method will be 
explained in detail in the ECIRS section and will 
not be discussed here.

The antegrade approach was first reported by 
Bader and colleagues [15]. This approach con-
sists of combined integrated optical and irriga-
tion systems in a 1.6-mm needle (4.8F). This 
device is only slightly larger than a standard 18G 
needle (1.3 mm). They first evaluated the perfor-
mance of this optical needle in 18 patients. 
Access was guided by ultrasonography and dila-

tion with fluoroscopy. In 4/15 patients a second 
puncture was needed and in one patient the punc-
ture failed to enter the target calyx. In 3/15 
patients with entry into renal calyx, the guidewire 
could not be passed into another calyx or the ure-
ter due to an inappropriate entry angle. The 
advantage of this method is that upon entry to the 
kidney, the appropriateness of entry site can be 
evaluated prior to dilation and to avoid dilation in 
case of suboptimal access. Besides, with the help 
of the optical needle, more expertise can be 
acquired in performing the percutaneous access 
since the needle path can be directly viewed. 
Nonetheless, the results of clinical studies did not 
yield ideal outcomes and primary access was suc-
cessful only in 66% of instances. One of the main 
problems with this method is that the guidance 
modality is ultrasonography (or less commonly 
fluoroscopy) with their inherent inadequacies 
previously described. In addition, only after entry 
to the renal system the accuracy of entry can be 
evaluated and not in the planning phase. However, 
this modality has the potential to determine pos-
sible retrorenal colon violation during the access 
as visual inspection of the colon is possible [11].

To enhance fluoroscopy-based access also 
innovative avenues have been explored in this 
field. Novel radiation-based technologies use the 
3D reconstruction of kidney and organs to opti-
mize access tract selection and avoidance of 
organ injury. They will be discussed in the next 
sections.

11.2  UroDyna-CT

One of the disadvantages of fluoroscopy previ-
ously described is its inability to visualize soft 
tissues and the 2D nature of fluoroscopy images. 
3D soft tissue imaging can overcome these short-
comings. UroDyna-CT (Siemens Healthcare 
Solutions, Erlangen, Germany) is a ceiling- 
mounted fluoroscopy unit with cone-beamed 
imaging [9]. This unit takes 396 images during 
8 sec with its 240° rotatable arms and then recon-
structs 3D images of the kidney and adjacent 
organs. The appropriate access tract is chosen 
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and by use of a laser guide planning tool 
(SyngoiGuide) a laser cross is projected on the 
patient’s body indicating entry site and angle. 
Access is then obtained by the bull’s eye method 
and depth of entry is determined by additional 
fluoroscopy at 0°. This technology was initially 
evaluated on 12 patients with complex punctures 
including patients with unclear ultrasound 
images, or suspicion of bowel adjacent to kid-
neys, or failed prior conventional access. The 
radiation dose was reported very high with a 
median (range) of 6113 (1081–7957) μGym2. 
Nine (75%) of punctures were successful. 
UroDyna-CT imaging duration was 8  sec, 3D 
image reconstruction was completed in less than 
2 min and planning time was on average 6 min 
(range: 4–15 min). In three patients, the puncture 
was unsuccessful: In two cases, inadequate visu-
alization occurred due to extravasation and in one 
case access failed due to kidney excessive move-
ment. In these cases, ultrasonography guidance 
was used to establish access. UroDyna-CT use is 
possible in operating rooms that are fitted with 
cone beam imaging technology. UroDyna-CT is 
associated with a steep learning curve and in a 
significant percentage of patients (25%), access 
failed.

Imaging in UroDyna-CT is not real time and 
for evaluation of the depth of needle entry, con-
ventional fluoroscopy is required. Adjustment 
and correction of the needle path is possible with 
this technology. The developers of this technol-
ogy advise its usage ONLY in complex access 
cases or failure of conventional percutaneous 
access methods which includes a small percent-
age of PCNL cases. With this in mind and consid-
ering the steep learning curve of this technology, 
it seems that the usage of this method should ide-
ally be restricted to designated referral centers 
for the treatment of selected patients.

11.3  iPAD-Assisted PCNL

The only method that uses augmented reality to 
visualize organs in the access tract is iPAD- 
assisted puncture method [16]. The sequence of 

procedures can be divided into a preoperative and 
an intraoperative phase.

In the preoperative phase, a CT scan is acquired 
in the same position of the surgery with placing 
the necessary cushions during surgery and at the 
end of the inspiration phase. Five radio-opaque 
markers are placed on the patient body. MITK 
software reconstructs important organs like kid-
neys, bowels, stone, and bones and it is possible to 
reconstruct other important organs like liver and 
spleen if needed. Excretory images are used to 
reconstruct the pelvicalyceal system and ureter if 
necessary. The reconstructed organs will be dis-
played semi-transparently on images of the 
patient’s body taken by the iPAD camera with 
control of radio-opaque markers. During the 
intraoperative phase, the patient is positioned on 
the operation table in the same position and with 
the same cushions used during preoperative imag-
ing. Radio-opaque markers are placed in their pre-
vious locations. iPAD is then used as camera and 
screen, information is relayed through WLAN to 
the server and visualization models are created 
and displayed on the iPAD screen. The kidney is 
stabilized with the help of the anesthesiology 
team and its movements are prevented and con-
firmed by fluoroscopy. Access is made in inspira-
tion. This technology has been evaluated in a 
clinical trial enrolling 22 patients and comparing 
them with 22 similar patients matched for age, 
gender, stone size, and location. The stone volume 
in the control group was higher; however, 
researchers did not present a statistical compari-
son of this difference (312 (36–2750) versus 153 
(19–2856)). The results of this study disclosed a 
shorter puncture and fluoroscopy time in the con-
trol group relative to the iPAD group (2.14 ± 1.22 
versus 6.17  ±  5.13  min for puncture time 
(P  =  0.01) and 52.5 (11–208) versus 378 (33–
1100) for radiation (P < 0.01)). There was no fail-
ure for percutaneous renal access in the patients 
studied, however, in the iPAD group, three 
patients needed 3 or 4 needling attempts while in 
the control group all accesses were established by 
≤2 needling attempts.

The authors reported software problems 
resulting in an inaccurate overlay of segmentated 
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organs in ten patients as markers were not appro-
priately recognized by the software in these 
patients. In the other 12 patients, puncture time 
was not different from the control group. The 
iPAD technology is in the research and develop-
ment phase, especially for software.

The iPAD method is the only technology that 
employs augmented reality on images to recon-
struct organs in the access tract. Robotic tech-
nologies only use augmented reality to determine 
site and angle of entry and do not disclose access 
tract organs. A main problem with this technol-
ogy is target organ movement that results in tar-
get loss. Imaging in the same position and fixing 
respiration by the help of the anesthesia team 
were used to mitigate organ movements, how-
ever, these strategies have not adequately 
addressed the organ movements. The last points 
are that displayed images in the iPAD technology 
are 2D images that are based on 3D reconstruc-
tion of the anatomy. Perhaps it would have been 
better to construct the puncture on a 3D image. 
Obviously, organ reconstruction is not real time 
and is based on the preoperative CT scan and the 
possibility of access correction is minimal. 
Besides, kidney deformation due to respiration is 
not demonstrated when using this technology.

11.4  Other Radiation-Based 
Methods

Some other technologies used radiation-based 
improvements to optimize renal access. One of 
these technologies is Sabre Source [17] which 
has been examined in a phantom model of human 
kidneys. Sabre Source (Minrad International 
Inc.; New York; USA) is a real-time image guid-
ance that is mounted on a c-ARM and indicates 
access site and angle by crosshair. The c-ARM is 
rotated for a bull’s eye access technique and the 
laser beam demonstrates the entry site for renal 
access. In this technique, the needle collimator 
has a small hole in its back allowing entry of a 
laser beam. When the needle location and angle 
are both appropriate, the needle lights up by the 
emitted laser beam. A locator is then used to sta-

bilize the needle. In a phantom model, this tech-
nique was associated with a 70% reduction in 
fluoroscopy for percutaneous renal access. The 
performance of this technique in patients with 
kidney movement due to respiration needs to be 
evaluated in clinical studies yet.

11.5  Polaris Technology

Polaris ® is an infrared camera that detects reflec-
tive markers on various instruments [18]. Under 
fluoroscopy, several images are taken at 30°, 0°, 
and −30°. Then c-ARM is moved aside and ultra-
sonography is used for percutaneous access. 
Real-time ultrasonography images are displayed 
on an ultrasound monitor and a reconstructed vir-
tual 3D image is displayed on the Polaris monitor 
which illustrates the access tract on fluoroscopy 
images. This technique has also been evaluated in 
human phantom models.

The so far discussed techniques, apart from 
optical technique use fluoroscopy for access 
guidance during renal access, bear the previ-
ously mentioned disadvantages of fluoroscopy. 
Development of ultrasonography-guided percu-
taneous renal access technologies have been 
presented in recent years and various ultra-
sound-guided technologies have been intro-
duced including modification of ultrasound 
technology (3D or 4D) or combination of ultra-
sound with other technologies including mag-
netic navigation. These will be discussed in the 
following sections.

11.6  3D Ultrasonography

In 3D ultrasonography, parallel images obtained 
from 2D ultrasonography are received by a com-
puter that reconstructs volume-rendered images 
or multiplanar images displayed simultaneously 
on a computer screen. Few studies have been per-
formed on the performance of 3D ultrasonogra-
phy and it seems that multiplanar images are 
superior to volume-rendered images regarding 
percutaneous access [19].
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11.7  Ureteroscopic Doppler 
Ultrasonography

In this technology, a Doppler transducer is 
mounted on the tip of a 120-cm-long 3F wide cath-
eter which is introduced into the kidney by flexible 
ureteroscopy. The Doppler probe investigates the 
renal blood flow in its calices to find the best loca-
tion for the renal access with the least blood flow 
[20]. This technology has been evaluated in pigs 
but needs further studies in human subjects.

One of the problems of ultrasound previously 
mentioned is its 2D image nature and that needle 
navigation to target calyx is based on 2D images 
which is less accurate than a 3D technology. The 
combination of ultrasound with electromagnetic 
navigation has recently been studied in a few 
technologies which are discussed next.

11.8  Real-Time Virtual 
Sonography (RVS)

In this technology, real-time ultrasonography is 
merged with CT and MRI (through magnetic navi-
gation) and volume location images are produced. 
This technology has been used for prostate biopsy 
and focal therapy [21]. For percutaneous renal 
access, an electromagnetic sensor is mounted on 
an ultrasound probe and 3D images are produced 
showing the location and direction of the ultra-
sound probe in the formed magnetic field [13]. 
Software then displays ultrasound images side to 
side to reconstructed images on one screen. 
Clinical evaluation of this technology was per-
formed in 15 patients and compared to 15 control 
patients who underwent conventional sonography-
guided renal access. Study results revealed a lower 
frequency of needling attempts and hemoglobin 
drop in the RVS group. Additionally, no Clavien 
grade III complication was observed in the RVS 
group versus three cases in the conventional ultra-
sonography group. One of the problems of this 
technology in synchronizing ultrasound images 
with CT is kidney movement. To minimize this 
concern, the CT position is similar to the operation 
position (similar to the iPAD technology) and 
access is performed at the end of expiration. 
Nonetheless, patients undergo radiation in the pre-

operative CT scan, and synchronizing images 
causes increasing operation duration.

11.9  SonixGPS

SonixGPS [22] is an ultrasound guidance tech-
nology employing time navigation technology. In 
this technology, position sensors are mounted on 
an ultrasound transducer, and access needle. This 
technology has previously been used for neural 
block and vascular access [23]. One of the advan-
tages of this technology is that it is possible to 
track needle trajectory through electromagnetic 
(EM) navigation even when the needle is not in 
the ultrasound plan resulting in a more accurate 
puncture and reducing the possibility of adjacent 
organ injury. This method has been compared 
with conventional ultrasound-guided renal access 
in a retrospective study on 74 patients (37 in each 
arm). Hydronephrosis severity was more pro-
nounced in the control group in comparison with 
the SonixGPS group rendering the control group 
an easier target for percutaneous renal access by 
ultrasound guidance. Nevertheless. Access dura-
tion was shorter in the SonixGPS group (6.62 
(2–13) versus 11.53 (4–26) min). Also, success 
upon first entry was 84% (31/37) in the SonixGPS 
group versus 51% (19/37) in the conventional 
ultrasound group. Bleeding was reported less in 
the SonixGPS group (median (range) of hemo-
globin drop in SonixGPS: 13.79 (7–33) versus 
20.97 (8–41) in the ultrasound group) and com-
plications were also less frequent as no complica-
tion was observed in 25/37 patients in the 
SonixGPS group versus 15/37 patients in the 
conventional ultrasound group. One of the key 
successes of this study was that all accesses were 
successfully made to the target calyx in the 
SonixGPS group. One of the reasons for this 
increased success rate is enhanced accuracy of 
targeting by adding EM navigation so that access 
can be established even when the needle is not 
observable in the ultrasound image.

In another study, the first entry success rate of 
SonixGPS was reported as high as 100% which is 
interestingly high. A similar technology to 
SonixGPS was described by Chau et  al. [24] 
using magnetic field-based ultrasound navigation 
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to track needle trajectory real time to the target 
calyx. The needle puncture was guided freehand 
by ultrasound and no needle guide was used 
resulting in an 83% success rate on the first entry.

11.10  Electromagnetic Tracking 
(EMT)

The use of an Electromagnetic sensor in the 
SonixGPS was associated with an astonishingly 
high success rate. Thereafter, several researchers 
have focused integration of EM navigation with 
guidance systems of percutaneous access. One of 
the innovations is the use of EM sensors in the 
target calyx resulting in the use of three sensors 
in ultrasound probe, needle tip, and target calyx 
with a presumably higher precision for EM navi-
gation. A group of researchers in Portugal have 
evaluated the performance of this technology in 
laboratory scaffolds, animal models, and then in 
a clinical trial on human subjects.

The results of the scaffold laboratory study 
[25] revealed a precision of 1.35 mm for location 
and 0.51° for an angle which is similar to results 
obtained in other studies for location (0.79–
1.40 mm) and angle (1.0–1.57°). It was also dis-
covered that EM navigation was not distorted by 
2D ultrasound probes and analog or digital ure-
teroscopes while 3D and 4D ultrasound probes 
caused significant interference with signal recep-
tion of EM sensors. EM navigation was then stud-
ied for kidney and ureteral access in 12 pigs. All 
12 kidney punctures were successfully made in an 
average duration of 19 sec and all ureteral punc-
tures were successfully made in an average dura-
tion of 51  sec. Lastly, this technology was 
evaluated in ten patients with renal pelvis stones. 
Relatively easy patients for percutaneous renal 
access with pelvis stones of 1.5–2.5 cm with Guy 
stone score of 1 (90%) or 2 (10%) were included. 
Patients with obesity, bilateral stones, solitary 
kidney, chronic kidney disease, or abnormal anat-
omy were excluded. The authors did not report 
hydronephrosis severity of patients which is an 
important consideration in ultrasound-guided 
renal access. Necessary equipment include an EM 
producing unit, two sensor interface units that 
decrease EM interference in the operation room 

and send spatial data to a computer for analysis, 
18G access needle and 1.1 mm ureteral catheter 
both with Aurora EMT sensors with 5° of free-
dom in their tips and 3D puncture software [3].

Patients are positioned in the modified 
Galdako-Valvidia position and a ureteral catheter 
is placed in the fornix of the target calyx by a 
flexible ureteroscope. Ultrasound is used to 
ensure the absence of organs in the access tract. 
Real-time ultrasound and EM navigation pro-
duced 3D images to help navigate the needle to 
the target calyx. Needle entry is confirmed by 
visual ureteroscopy and slight modifications are 
made in case necessary. Other steps of guidewire 
insertion and dilation and sheath entry are con-
trolled by visual endoscopy. Study results on ten 
patients revealed a median (range) access time of 
20 (15–35) seconds. All accesses were successful 
on the first entry with no need for fluoroscopy.

One of the reasons for the considerable suc-
cess of this technology is the illustration of the 
virtual access pathway by 3D software so that 
continuity of needle trajectory to the ureteral 
catheter tip can be evaluated before needle entry. 
In addition, the access path can be continuously 
projected after the needle insertion and modifica-
tions made if necessary. The advantages of this 
technology were absence of radiation, real-time 
3D illustration of needle trajectory, real-time 
determination of needle entrance and angle and 
its modification, easier learning, continuous 
monitoring by EMT sensors and ureteroscopy 
and the possibility of slight modifications in 
access tract, real-time control of anatomical 
changes in access tract and performance of sur-
gery in supine position with no wasting of time 
for a change of position.

Disadvantages include not a perfect investiga-
tion of organs in the access tract due to the absence 
of CT investigation and difficulty in the introduc-
tion of ureteral catheter into target calyx when it is 
loaded with stones. It should also be notified that 
this clinical study was a limited clinical study on 
relatively simple patients for percutaneous renal 
access. Furthermore, patients with difficult ultra-
sound investigation including obese with a less 
quality ultrasound image and less precise EM 
navigation due to higher distance of stone with 
EM source generator were excluded from the 
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study. Also, patients in whom flexible ureteros-
copy is not possible can be ideally treated with 
another EM-based technology like SonixGPS.

11.11  Robots

Studies on the use of robotics in percutaneous 
renal access date back to two decades ago. 
Nevertheless, no commercially available master- 
slave systems are available for renal access and 
research and development are necessary for the 
improvement of robotic instruments.

The PACKY-RCM robot has been evaluated 
on human subjects two decades ago. No statisti-
cally significant difference was observed in nee-
dling attempts, and access duration with the 
manual method. Besides, in 13% of cases, the 
robot was unable to obtain access after six nee-
dling attempts and a manual method was used to 
establish renal access resulting in no improve-
ment of percutaneous renal access in the robotic 
arm of the study [26].

AccuBot robot has been used for renal biopsy 
in human phantom models resulting in improved 
access time and precision relative to the manual 
method. However, this technology has not been 
investigated in human subjects and kidney move-
ment may cause a significant difference in clini-
cal application relative to a phantom model [27].

The current role of robots is in laparoscopy- 
assisted PCNL which can obviously be per-
formed by robots instead of conventional 
laparoscopy instruments [28]. This technique is 
applicable for kidneys in which retroperitoneal 
access is not possible and anterior access is 
needed to be made through an anterior abdominal 
wall like pelvic kidneys.

11.12  Comparison of New Access 
Methods and Conclusion

The important factors upon which it is possible to 
compare novel percutaneous renal access meth-
ods are precision, learning curve, radiation dos-
age, success rate, morbidity, and cost.

EMT technique and SonixGPS were associ-
ated with 100% success rendering them as prom-
ising technologies. High success rates of these 
procedures are due to their real-time identifica-
tion of the needle and the target calyx in 3D 
images and the possibility of pathway modifica-
tion based on ultrasound and EMT data. First 
entry success rates were 73% for optical method 
[15], 58% for UroDyna-CT [9] and 64–68% [16, 
29] for iPAD technologies. The success rates of 
other technologies were also lower than EMT 
and Sonix GPS.

In terms of the learning curve, EMT and 
Sonix GPS are easier to learn than conven-
tional fluoroscopy or ultrasound-guided PCNL 
as control of needle can be made by real-time 
EMT in addition to ultrasound guidance and 
that 3D images help to improve navigation of 
needle to the target calyx with less error and 
easier learning. Learning curve is declared to 
be only 12 cases for the EMT technology [30, 
31] which is considerably less than 40–60 
cases for conventional fluoroscopy- guided 
PCNL [32]. The learning curve of UroDyna-CT 
is steep as indicated in its relevant section. In 
the case of iPAD-assisted PCNL, learning of 
in-training surgeons was shorter compared 
with expert surgeons.

Regarding radiation, SonixGPS and EMT 
technologies are radiation-free technologies. 
Optical methods can be guided by ultrasonog-
raphy or fluoroscopy. UroDyna-CT and iPAD- 
assisted methods are radiation-based 
technologies.

In some novel technologies, fixation of respi-
ration with the help of the anesthesia team is 
required for percutaneous renal access. Recently, 
the use of spinal anesthesia has increased in 
PCNL and in some centers, spinal anesthesia is 
the main modality for anesthesia in PCNL [33]. 
In these patients, patient cooperation is required 
for respiratory fixation which may not be as 
easy as the control of respiration by the anesthe-
sia team.

Table 11.1 summarizes a comparison of the 
most important novel percutaneous renal access 
technologies.

J. de la Rosette et al.



153

Ta
bl

e 
11

.1
 

C
om

pa
ri

si
on

 o
f 

di
ff

er
en

t n
ov

el
 te

ch
no

lo
gi

es
 to

 o
bt

ai
n 

pe
rc

ut
an

eo
us

 a
cc

es
s 

to
 p

er
fo

rm
 P

C
N

L

Te
ch

no
lo

gy
R

ef
er

en
ce

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
O

pt
ic

al
 s

ys
te

m
 in

 th
e 

ne
ed

le
[1

5]
Se

cu
re

 id
en

tifi
ca

tio
n 

of
 th

e 
ne

ed
le

R
ea

l-
tim

e 
ne

ed
le

 v
is

ua
liz

at
io

n 
vi

a 
ul

tr
as

ou
nd

 
ea

sy
 h

an
dl

in
g 

an
d 

le
ar

ni
ng

 c
ur

ve
N

o 
io

ni
zi

ng
 r

ad
ia

tio
n

M
os

t s
ec

ur
e 

w
ay

 o
f 

ne
ed

le
 id

en
tifi

ca
tio

n 
in

 
re

na
l p

el
vi

ca
ly

ce
al

 s
ys

te
m

N
ee

dl
e 

re
di

re
ct

io
n 

no
t p

os
si

bl
e 

in
 th

e 
ca

se
 o

f 
er

ro
r 

tr
aj

ec
to

ry
2D

 im
ag

in
g

D
if

fic
ul

t v
is

ua
liz

at
io

n 
in

 o
be

se
 p

at
ie

nt
s

E
xa

m
in

er
 d

ep
en

de
nc

e

U
ro

D
yn

a-
C

T
[9

]
3D

 a
na

to
m

y 
im

ag
in

g
Q

ui
ck

, s
af

e,
 a

nd
 h

ig
hl

y 
ac

cu
ra

te
 p

un
ct

ur
e

A
pp

lic
ab

le
 in

 c
om

pl
ex

 c
as

es
T

ra
je

ct
or

y 
vi

su
al

iz
at

io
n 

in
 r

ea
l t

im
e 

an
d 

po
ss

ib
ili

ty
 o

f 
tr

aj
ec

to
ry

 c
ha

ng
e

H
ig

he
r 

io
ni

zi
ng

 r
ad

ia
tio

n 
do

se
 th

an
 c

on
ve

nt
io

na
l t

ec
hn

iq
ue

Te
ch

ni
qu

e 
ha

m
pe

re
d 

by
 e

xc
es

si
ve

 r
en

al
 m

ot
ili

ty
St

ee
p 

le
ar

ni
ng

 c
ur

ve
H

ig
h 

in
st

al
la

tio
n 

co
st

A
dv

is
ed

 o
nl

y 
fo

r 
co

m
pl

ex
 c

as
es

iP
ad

-a
ss

is
te

d 
pu

nc
tu

re
[1

6]
C

or
re

ct
 s

el
ec

tio
n 

of
 th

e 
ne

ed
le

 lo
ca

tio
n,

 
an

gl
e,

 a
nd

 tr
aj

ec
to

ry
3D

 im
ag

in
g

C
or

re
ct

 v
is

ua
liz

at
io

n 
of

 a
na

to
m

y
M

in
im

al
 s

pa
tia

l e
rr

or
s

Sh
or

t l
ea

rn
in

g 
cu

rv
e 

fo
r 

in
-t

ra
in

in
g 

su
rg

eo
ns

U
se

 o
f 

io
ni

zi
ng

 r
ad

ia
tio

n
N

o 
re

al
-t

im
e 

3D
 im

ag
e

O
nl

y 
m

in
im

al
 a

dj
us

tm
en

ts
 o

f 
th

e 
pa

th
 a

llo
w

ed
Pa

tie
nt

 in
 p

ro
ne

 p
os

iti
on

So
ft

w
ar

e 
pr

ob
le

m
s

L
on

ge
r 

le
ar

ni
ng

 c
ur

ve
 o

f 
ex

pe
rt

 s
ur

ge
on

s
U

ltr
as

on
og

ra
ph

y 
us

in
g 

So
ni

x 
G

PS
 

na
vi

ga
tio

n
[2

2]
N

o 
io

ni
zi

ng
 r

ad
ia

tio
n

N
ee

dl
e 

tr
aj

ec
to

ry
 p

re
di

ct
io

n
O

pe
ra

to
r 

ca
n 

ke
ep

 tr
ac

k 
of

 th
e 

ne
ed

le
 d

ur
in

g 
th

e 
pr

oc
ed

ur
e 

w
ith

 3
D

 d
is

pl
ay

A
llo

w
s 

ad
ju

st
m

en
t o

f 
th

e 
tr

aj
ec

to
ry

 d
ur

in
g 

th
e 

pr
oc

ed
ur

e
E

as
ie

r 
to

 p
er

fo
rm

 th
an

 c
on

ve
nt

io
na

l p
un

ct
ur

e

In
 o

be
se

 p
at

ie
nt

s,
 th

e 
ul

tr
as

ou
nd

 im
ag

e 
is

 h
ig

hl
y 

im
pa

ir
ed

, 
an

d 
us

e 
of

 fl
uo

ro
sc

op
y 

is
 r

ec
om

m
en

de
d

2D
 im

ag
in

g

E
M

T
[3

]
N

o 
io

ni
zi

ng
 r

ad
ia

tio
n

3D
 im

ag
e 

of
 th

e 
ne

ed
le

 tr
aj

ec
to

ry
 in

 r
ea

l t
im

e 
po

si
tio

n 
an

d 
or

ie
nt

at
io

n 
of

 th
e 

ne
ed

le
 in

 r
ea

l 
tim

e
E

as
y 

ha
nd

lin
g 

an
d 

te
ch

ni
ca

l l
ea

rn
in

g
Sh

or
te

r 
ex

ec
ut

io
n 

tim
e

A
bi

lit
y 

to
 r

ed
efi

ne
 th

e 
tr

aj
ec

to
ry

Pr
oc

ed
ur

e 
do

ne
 in

 s
up

in
e 

po
si

tio
n.

L
ac

k 
of

 v
is

ua
liz

at
io

n 
of

 a
na

to
m

ic
al

 s
tr

uc
tu

re
s 

in
 th

e 
pu

nc
tu

re
 p

at
h

D
if

fic
ul

t t
o 

in
se

rt
 a

 u
re

te
ra

l c
at

he
te

r 
w

ith
 a

n 
el

ec
tr

om
ag

ne
tic

 s
en

so
r 

in
 th

e 
de

si
re

d 
ca

ly
x 

in
 s

itu
at

io
ns

 in
 

w
hi

ch
 th

e 
ca

ly
x 

is
 f

ul
ly

 o
cc

up
ie

d 
by

 s
to

ne
s

11 Newer Advances in Access



154

References

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

 2. Basiri A, Kashi AH, Zeinali M, Nasiri M, 
Sarhangnejad R, Valipour R.  Ultrasound—guided 
access during percutaneous nephrolithotomy: enter-
ing desired calyx with appropriate entry site and 
angle. Int Braz J Urol. 2016;42(6):1160–7.

 3. Lima E, Rodrigues PL, Mota P, Carvalho N, Dias E, 
Correia-Pinto J, Autorino R, Vilaça JL. Ureteroscopy- 
assisted percutaneous kidney access made easy: first 
clinical experience with a novel navigation system 
using electromagnetic guidance (IDEAL stage 1). Eur 
Urol. 2017;72(4):610–6.

 4. Rassweiler-Seyfried MC, Lima E, Ritter M, Klein JT, 
Michel MS. [Navigation systems for the percutaneous 
access to the kidney]. Urologe A. 2020;59(9):1017–25.

 5. de la Rosette J, Assimos D, Desai M, Gutierrez 
J, Lingeman J, Scarpa R, Tefekli A.  The Clinical 
Research Office of the Endourological Society per-
cutaneous nephrolithotomy global study: indications, 
complications, and outcomes in 5803 patients. J 
Endourol. 2011;25(1):11–7.

 6. Basiri A, Mohammadi Sichani M, Hosseini SR, 
Moradi Vadjargah A, Shakhssalim N, Kashi AH, 
Kamranmanesh M, Nasseh H. X-ray-free percutane-
ous nephrolithotomy in supine position with ultra-
sound guidance. World J Urol. 2010;28(2):239–44.

 7. Basiri A, Nouralizadeh A, Kashi AH, Radfar 
MH, Nasiri MR, Zeinali M, Sarhangnejad R, 
Hosseini-Sharifi SH.  X-ray free minimally inva-
sive surgery for urolithiasis in pregnancy. Urol J. 
2016;13(1):2496–501.

 8. Mahesh M.  Fluoroscopy: patient radiation exposure 
issues. Radiographics. 2001;21(4):1033–45.

 9. Ritter M, Rassweiler MC, Michel MS. The Uro dyna-
 CT enables three-dimensional planned laser-guided 
complex punctures. Eur Urol. 2015;68(5):880–4.

 10. Andonian S, Scoffone CM, Louie MK, Gross AJ, 
Grabe M, Daels FP, Shah HN, de la Rosette JJ. Does 
imaging modality used for percutaneous renal access 
make a difference? A matched case analysis. J 
Endourol. 2013;27(1):24–8.

 11. Maghsoudi R, Etemadian M, Kashi AH, Mehravaran 
K. Management of colon perforation during percuta-
neous nephrolithotomy: 12 years of experience in a 
referral center. J Endourol. 2017;31(10):1032–6.

 12. Yang YH, Wen YC, Chen KC, Chen C. Ultrasound- 
guided versus fluoroscopy-guided percutaneous neph-
rolithotomy: a systematic review and meta-analysis. 
World J Urol. 2019;37(5):777–88.

 13. Hamamoto S, Unno R, Taguchi K, Ando R, Hamakawa 
T, Naiki T, Okada S, Inoue T, Okada A, Kohri K, 
et al. A new navigation system of renal puncture for 
endoscopic combined intrarenal surgery: real-time 
virtual sonography-guided renal access. Urology. 
2017;109:44–50.

 14. Wang Y, Jiang F, Wang Y, Hou Y, Zhang H, Chen 
Q, Xu N, Lu Z, Hu J, Lu J, et al. Post-percutaneous 
nephrolithotomy septic shock and severe hemorrhage: 
a study of risk factors. Urol Int. 2012;88(3):307–10.

 15. Bader MJ, Gratzke C, Seitz M, Sharma R, Stief CG, 
Desai M. The “all-seeing needle”: initial results of an 
optical puncture system confirming access in percuta-
neous nephrolithotomy. Eur Urol. 2011;59(6):1054–9.

 16. Rassweiler-Seyfried MC, Rassweiler JJ, Weiss C, 
Müller M, Meinzer HP, Maier-Hein L, Klein JT. 
iPad-assisted percutaneous nephrolithotomy (PCNL): 
a matched pair analysis compared to standard 
PCNL. World J Urol. 2020;38(2):447–53.

 17. Howlett J, Lazarus J, Kaestner L. SabreSource™: a 
novel percutaneous nephrolithotomy apparatus to aid 
collecting system puncture—a preliminary report. S 
Afr J Surg. 2020;58(2):105.

 18. Mozer P, Conort P, Leroy A, Baumann M, Payan Y, 
Troccaz J, Chartier-Kastler E, Richard F. Aid to per-
cutaneous renal access by virtual projection of the 
ultrasound puncture tract onto fluoroscopic images. J 
Endourol. 2007;21(5):460–5.

 19. Rose SC, Nelson TR, Deutsch R.  Display of 
3- dimensional ultrasonographic images for interven-
tional procedures: volume-rendered versus multipla-
nar display. J Ultrasound Med. 2004;23(11):1465–73.

 20. Patel RM, Limfueco L, Tapiero S, O’Leary M, Cooper 
V, Parkhomenko E, Kaler KS, Okhunov Z, Regan D, 
Landman J, et al. Ureteroscopic Doppler ultrasonog-
raphy: mapping renal blood flow from within the col-
lecting system. J Endourol. 2020;34(6):687–91.

 21. Miyagawa T, Ishikawa S, Kimura T, Suetomi T, 
Tsutsumi M, Irie T, Kondoh M, Mitake T. Real-time 
virtual sonography for navigation during targeted 
prostate biopsy using magnetic resonance imaging 
data. Int J Urol. 2010;17(10):855–60.

 22. Li X, Long Q, Chen X, He D, He H. Assessment of 
the SonixGPS system for its application in real-time 
ultrasonography navigation-guided percutaneous 
nephrolithotomy for the treatment of complex kidney 
stones. Urolithiasis. 2017;45(2):221–7.

 23. Brinkmann S, Tang R, Sawka A, Vaghadia H. Single- 
operator real-time ultrasound-guided spinal injection 
using SonixGPS™: a case series. Can J Anaesth. 
2013;60(9):896–901.

 24. Chau HL, Chan HC, Li TB, Cheung MH, Lam KM, 
So HS. An innovative free-hand puncture technique 
to reduce radiation in percutaneous nephrolithot-
omy using ultrasound with navigation system under 
 magnetic field: a single-center experience in Hong 
Kong. J Endourol. 2016;30(2):160–4.

 25. Gomes-Fonseca J, Veloso F, Queirós S, Morais P, 
Pinho ACM, Fonseca JC, Correia-Pinto J, Lima E, 
Vilaça JL. Technical note: assessment of electromag-
netic tracking systems in a surgical environment using 
ultrasonography and ureteroscopy instruments for per-
cutaneous renal access. Med Phys. 2020;47(1):19–26.

 26. Su LM, Stoianovici D, Jarrett TW, Patriciu A, Roberts 
WW, Cadeddu JA, Ramakumar S, Solomon SB, 
Kavoussi LR.  Robotic percutaneous access to the 

J. de la Rosette et al.



155

kidney: comparison with standard manual access. J 
Endourol. 2002;16(7):471–5.

 27. Pollock R, Mozer P, Guzzo TJ, Marx J, Matlaga 
B, Petrisor D, Vigaru B, Badaan S, Stoianovici D, 
Allaf ME. Prospects in percutaneous ablative target-
ing: comparison of a computer-assisted navigation 
system and the AcuBot robotic system. J Endourol. 
2010;24(8):1269–72.

 28. Simforoosh N, Radfar MH, Valipour R, Dadpour M, 
Kashi AH. Laparoscopic pyelolithotomy for the man-
agement of large renal stones with intrarenal pelvis 
anatomy. Urol J. 2020;18:40–4.

 29. Rassweiler JJ, Müller M, Fangerau M, Klein J, 
Goezen AS, Pereira P, Meinzer HP, Teber D. iPad- 
assisted percutaneous access to the kidney using 
marker-based navigation: initial clinical experience. 
Eur Urol. 2012;61(3):628–31.

 30. Huber J, Wegner I, Garg Y, Singh V, Sankhwar SN. Re: 
collecting system percutaneous access using real-time 

tracking sensors: first pig model in vivo experience: 
P. L. Rodrigues, J. L. Vilaça, C. Oliveira, A. Cicione, 
J. Rassweiler, J. Fonseca, N. F. Rodrigues, J. Correia- 
Pinto and E.  Lima J Urol 2013;190:1932–1937. J 
Urol. 2014;191(5):1476–8.

 31. Rodrigues PL, Vilaça JL, Oliveira C, Cicione 
A, Rassweiler J, Fonseca J, Rodrigues NF, 
Correia-Pinto J, Lima E.  Collecting system per-
cutaneous access using real-time tracking sen-
sors: first pig model in  vivo experience. J Urol. 
2013;190(5):1932–7.

 32. Ziaee SA, Sichani MM, Kashi AH, Samzadeh 
M. Evaluation of the learning curve for percutaneous 
nephrolithotomy. Urol J. 2010;7(4):226–31.

 33. Basiri A, Kashi AH, Zeinali M, Nasiri MR, Valipour 
R, Sarhangnejad R. Limitations of spinal anesthesia 
for patient and surgeon during percutaneous nephroli-
thotomy. Urol J. 2018;15(4):164–7.

11 Newer Advances in Access



157© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
M. S. Agrawal et al. (eds.), Minimally Invasive Percutaneous Nephrolithotomy, 
https://doi.org/10.1007/978-981-16-6001-6_12

Access in Supine Position

Guido Giusti, Mario Basulto-Martínez, 
Silvia Proietti, Giuseppe Saitta, and Yuyi Yeow

12.1  Introduction

The most remarkable and constantly debated 
modifications that percutaneous nephrolithotomy 
(PCNL) has undergone are the tract miniaturiza-
tion and the patient’s position. Despite safety and 
effectiveness between the prone and supine posi-
tions being comparable, and the fact that sur-
geons should be familiar with both approaches, 
many advantages favor supine. Hence, several 
centers worldwide have set supine position as 
their standard practice. Moreover, mini-perc has 
proved better outcomes for small-medium size 
stones when compared to retrograde intrarenal 
surgery (RIRS), especially for lower pole ones. 
Similarly, smaller tracts have proved lower hemo-
globin drop and transfusion rate when compared 
to standard size while maintaining the stone-free 
rates (SFR) [1–3].

When compared to prone, the supine position 
makes anesthesia administration and patient 
positioning easier and faster, improves ergonom-

ics and upper calyx approachability from a lower 
pole access, makes it easier switching to an endo-
scopic combined approach when needed, and 
also might decrease intrarenal pressure and radia-
tion exposure [2, 4].

When percutaneous renal access was first 
described and then largely adopted, it was per-
formed in a prone position as surgeons theorized 
it was less likely to injure the colon [5]. However, 
thanks to cross-sectional imaging now, we can be 
aware of any retro renal structures in advance and 
evidence suggests these injuries are uncommon 
in a supine position as they are in prone. Colonic 
injuries occur in ~0.5% of cases, and the retro 
renal colon is the major risk factor. Retro renal 
colon can be defined as the presence of colon 
behind a line traced from the anterolateral aspect 
of the vertebral bodies to the renal hilum on com-
puted tomography (CT) scan, as reported by 
Prassopoulus et  al. [6]. However, Hopper et  al. 
[7], found 4.7% of the significant retro renal 
colon in subjects in prone whereas only 1.9% in 
supine due to organs’ displacement by gravity. 
Valdivia-Uría was the first to describe supine 
PCNL in 1987 and since then, many advantages 
for supine PCNL have been reported [6–10].

Thus, urologists adopting a supine approach 
must acknowledge these features and be minded 
with the anatomical orientation to feel comfort-
able with it. Furthermore, the decision of minia-
turizing the tracts must rely upon proper patient 
selection to enhance success.
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12.2  Evolution of Percutaneous 
Renal Access

Creating a renal access was originally an open pro-
cedure aimed at urinary diversion; however, in 
1955 the first percutaneous approach was reported, 
and 20 years later, the first percutaneous treatment 
of a stone [5, 11]. Currently,  minimally invasive 
techniques have displaced old practices with 
image guidance, whether fluoroscopy, ultrasound, 
or endoscopic-assisted view; or a combination 
thereof. Moreover, the created tract can be safely 
used either for nephroscopy, lithotripsy, tumor 
treatment, among others [11, 12].

Percutaneous renal access techniques were 
mainly established in a prone position, under 
fluoroscopy and using standard size PCNL (i.e., 
30F), but the constant refinements to these con-
cepts have brought a wide variety of approaches. 
Two major techniques are commonly spread, 
from which many variations and simplifications 
have arisen: the bull’s eye and triangulation 
technique.

Bull’s eye is performed aligning the calyx, the 
needle, and the fluoroscopy’s intensifier (rotated 
30°) obtaining a bull’s eye-like image on the 
monitor. Then, a needle is advanced, and its tra-
jectory is continuously traced by fluoroscopy. 
The major drawbacks of this technique are the 
higher radiation exposure and its complexity; 
therefore, several modifications have been 
communicated.

In the triangulation technique basically, the 
mediolateral orientation is set in the monoplanar 
anteroposterior view (0°) and the depth is con-
trolled with an oblique cephalad view (30°), 
implying less radiation but still facing some com-
plexity, thus simplifications and refinements have 
been developed as well.

Currently, there is a wide variety of modifica-
tions and mixes of these techniques and are con-
ducted with help of US and whether in prone and 
supine positions. Many centers have adapted 
their own approach; however, for learning and 
academic proposes, it is important to set a stan-
dardized and reproducible technique [13, 14].

Regardless, a recent preliminary study sup-
ports the feasibility of a non-papillary puncture 
[15], evidence points the safest way to access is 
through the papilla regardless of the position-
ing and imaging guidance. Furthermore, most 
surgeons gain their own access under fluoros-
copy guidance or sometimes combined with 
US.  Nonetheless, there is a current growing 
awareness to prevent ionizing radiation exposure; 
therefore, US-guided access and endoscopically 
assisted puncture have attracted interest [16, 17].

12.3  Access Guidance Methods

Fluoroscopy has played a major role in renal 
image-guided access as it provides surgeons 
many advantages that might not be replaced with 
US.  New techniques have sought to decrease 
radiation exposure but going totally fluoroscopy- 
free is still risky especially for inexperienced sur-
geons, as the fluoroscopy images provide 
important information for collecting system anat-
omy, orientation, stones characteristics, and loca-
tion, and are paramount when complications 
arise, as surgeons might detect contrast extrava-
sation, opacification of surrounding organs, and 
it turns easier to go back into the urinary tract 
when accidentally slipping out or going through 
a false passage. On the other hand, US has the 
strength to identify organs interposed in the 
planned tract avoiding injures, and also can detect 
perirenal collections, along with the key feature 
of preventing radiation. To date, regardless of 
that X-ray-free PCNL has widely been described, 
the safest way is to always have both image 
modalities available [18–22].

12.4  Position and Technique 
Description

In the supine position, after intubation and anesthe-
sia administration, the patient is pulled down 
toward the edge of the surgical table as if placed for 
standard lithotomy position. However, the stone 
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side remains straight on half of the table and the 
contralateral leg on the stirrup. With this, we avoid 
the stirrup holder bumping with our instruments 
especially when trying to reach an upper calyx 
from a low pole access when some alignment of the 
scope onto the patient’s body. Contralateral arm 
also remains straight and the stone sidearm is 
placed over the patient’s chest high enough to avoid 
conflict with the C-arm of mobile fluoroscopy. The 
patient is slightly rotated from stone side toward 
the opposite side, and a tubular cushion is placed 
below the patient from the scapula to the gluteus. A 
good option is using a swimming noodle (about 
7 cm in diameter). The patient is then pulled later-
ally toward the stone side and left 5 cm inside the 
metallic edge of the table in order to avoid inter-
pose with fluoroscopy [2]. Figure 12.1 displays the 
final supine position. Once the patient has been 
properly positioned and landmarks are drawn, skin 
prepping and draping are then carried out, a flexi-
ble cystoscope is inserted via the urethra into the 
bladder and the respective ureteral orifice is identi-
fied and cannulated with a guidewire, over which 
an occlusion balloon is placed and inflated after 
performing a pyelogram. In our center, we still 
place an occlusion balloon at the ureteropelvic 
junction (UPJ) in the majority of cases as we con-
sider it very useful to facilitate the puncture by 
dilating the collecting system.

12.4.1  Choosing the Best Calyx

The proper selection of a calyx must ensure the 
best chances to treat the whole stone(s), and this 
is mostly where the bigger part of the stone is 
located. However, other factors are important as 
well, such as ruling out organ interposition, 
ensuring going through the parenchyma and 
through the papilla, and puncturing within secu-
rity zone. The proper assessment of a preopera-
tive computed tomography scan is key when 
planning the access. The features to be assessed 
are kidney anatomy and location, stone charac-
teristics with special regards to HU density, 
stone-to-skin distance, surrounding fat thick and 
surrounding organs, hydronephrosis and obstruc-
tion, retrorenal structures, and parenchymal 
thickness.

For stones located in the lower calyx and renal 
pelvis is always easier to access from the lower 
pole; for stones located in the middle calyx and 
ureteropelvic junction, the middle calyx might be 
the best option; and stones located in the upper 
pole are mostly reachable from the lower pole in 
supine unlike prone (Fig. 12.2), but in some cases 
and upper calyx puncture might be needed 
(Fig. 12.3).

Nonetheless, a thorough evaluation of the 
anatomy must be carried out in order to decide 
where the puncture would be best at. However, 
when stones are located in parallel calyces, it is 
unlikely to reach them from a single access; 
therefore, an extra access should be considered, 
otherwise using flexible equipment (i.e., mini- 
Endoscopic Combined Intrarenal Surgery) 
(Fig. 12.2d).

12.4.2  Choosing the Instruments

Mini-perc instruments are available from differ-
ent companies, each with its own advantages and 
drawbacks. Usually, mini-perc set comes with 
two lengths: if supine position is supposed to be 
adopted, longer access sheaths and dilators are 
suggested in order to overcome the longer tract 
faced in this position.

Fig. 12.1 Giusti’s supine position for percutaneous 
nephrolithotomy. The stone side remains straight with the 
patient near the edge of the table (about 5 cm inside) with 
a cushion roll (about 7 cm in diameter) positioned below 
the flank and the contralateral leg on stirrup. The safe zone 
for puncture (shown in green) is comprised between the 
safety landmarks of the posterior axillary line, costal 
flange, and iliac crest

12 Access in Supine Position
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An important factor is having a difference 
between the access sheath and scope size of at 
least 3–4 Fr, in order to ensure low pressure in the 
kidney. Besides, bearing in mind that not all 
access sheath sizes fit flexible nephroscope, 
which are 16Fr, and can be very useful in render-
ing a patient stone-free. However, if the surgeon 
decides it is necessary to use a flexible nephro-
scope, it is always feasible to upsize the access. 
In Table 12.1, the most commonly manufactured 
mini-perc sets are enlisted.

12.4.3  Puncture

The wanted calyx is targeted by placing the nee-
dle over the patient by fluoroscopic biplanar 
view (0°) so the direction is set. Once achieved, 
the surgeon should back off with the needle 
toward the security zone and puncture the skin 
toward the previously set directions and with the 
needle in line with the infundibulum and parallel 
to the ground. While advancing the needle slowly 
and constantly checking fluoroscopically, as we 

a b c d

Fig. 12.2 Best approaches for different stone locations in 
mini-perc. (a), stones located in the lower pole and/or 
renal pelvis are better reached through a lower pole 
access; (b), stones located in the middle calyx and/or the 
ureteropelvic junction are better reached through a middle 

calyx access; (c), stones located and the upper pole are 
mostly reached through the lower pole or through an 
upper pole access; and (d), when facing stones in parallel 
calyx either a combined approach or additional access are 
needed to reach all the stones

Fig. 12.3 Upper pole access for supine mini-perc
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are nearing the desired calyx, the kidney should 
move and the tip of the papilla should flatten, 
both signs of a proper depth and correct target-
ing. This may be easier to visualize by doing 
gentle push movements with the needle. Once 
the collecting systems have been reached, the 
inner part of the needle is removed to verify if 
urine comes out spontaneously. Conversely to 
prone, in supine position there is no need to aspi-
rate with a syringe: if the needle is in, spontane-
ous dropping out of urine is determined by 
gravity. If urine does not come out spontane-
ously, puncture is not correct and the needle 
should be redirected. We suggest using an instil-
lation mix with indigo carmine  +  contrast 
medium diluted at 50% with saline so that we 
ensure being inside the tract and, in case of a 
concomitant cyst, discriminating when punctur-
ing it instead of collecting system. Moreover, in 
case of accidental loss of access, retrograde 
injection of the colored solution may highlight 

the previous path to get back into the collecting 
system avoiding a second challenging puncture.

If the needle is in the correct position in two- 
dimension fluoroscopic view but urine does not 
come out, it means that the correct depth is miss-
ing, and the needle must be redirected. 
Sometimes, when the puncture attempt fails the 
depth by just a few milliliters, minor direction 
adjustments are needed, by backing out of the 
kidney with the needle and advancing again with 
the adjusted directions. Otherwise, we can rotate 
the C-arm 30° toward the patient’s head to see 
whether the needle is above the papilla, meaning 
the puncture is too posterior; or alternatively, the 
needle is below the papilla, meaning puncture is 
too anterior. Hence, the surgeon must back out of 
the kidney with the needle and safely readjust the 
directions by tilling down the hands to reach 
anteriorly or rising them up to reach posteriorly, 
as needed according to fluoroscopy vision 
(Fig. 12.4).

Table 12.1 Commonly manufactured mini-perc sets

Name Company, Country
Access sheath (size × 
length)

Nephroscope 
(size × length)

Working 
channel* (Fr)

MIP-M Karl Storz, Germany 15/16 Fr × 18 cm
16.5/15. Fr × 18 cm
21/22 Fr × 18 cm

12 Fr × 22 cm 6.7 (up to 5 
Fr)

MIP-S Karl Storz, Germany (XS) 8.5/9.5 
Fr × 18 cm
(S) 11/12 
Fr × 18 cm

7.5 Fr × 24 cm 2

Miniature 
Nephroscope

Richard Wolf, Germany Continuous 
irrigation:
15 Fr × 20.5 cm
18 Fr × 20.5 cm
Amplatz sheath:
18 Fr × 15 cm

12 Fr × 22.5 6

Mini 
Nephroscope

Olympus, Japan NA 15 Fr × 23 cm 7.5 (up to 6 
Fr)

Ultra mini 
nephroscope

SchöllyFIiberoptic GMBH, 
Germany

11 Fr × 22 cm
13 Fr × 22 cm
Inner sheaths 6 Fr 
and 7.5 Fr

3 Fr NA

Micro Perc Guangdong Key Laboratory of 
Urology, China

7 Fr × 25.2 cm 3 Fr 3.3

*Some scopes have a combined irrigation/working channel and can accommodate instruments of different sizes, which 
are presented in parenthesis in the column
Information retrieved from manufacture’s product brochure

12 Access in Supine Position
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12.4.4  Dilation

With the needle properly positioned into the col-
lecting system, a 0.038′ guide wire is inserted 
and advanced down to the ureter and a small skin 
and fascial incision are made with the scalpel. 
When facing difficulties cannulating the ureter, 
place a cobra catheter over the guidewire, remove 
the guidewire so that the cobra catheter can be 
twisted to negotiate the UPJ, and reinsert the 
guidewire down to the ureter. Then, an 8/10 Fr 
dilator is inserted, and a second guidewire must 
be placed for safety. Hence, one guidewire is 
placed into the dispenser coil and attached to the 
draping for safety, and the remaining guidewire is 
used to dilate the tract. After these steps, we are 
safely inside the urinary tract through the planned 
calyx, and therefore, the metallic dilator is placed 
over the guidewire by a gentle push and twist 

movements until inside the collecting system, 
always under fluoroscopic control.

Then, the metallic access sheath is placed over 
the dilator bearing in mind that it should be firmly 
held by the non-dominant hand and then removed, 
as the access has been safely and successfully 
created. Then, lithotripsy can be started 
(Fig. 12.5).

When facing a difficult access, a stepwise dila-
tion is suggested. After having gained access into 
the collecting system with the guidewire, dilate the 
tract using a 9-Fr diameter set (i.e., MIP-S set) and 
commence nephroscopy including exploration of 
the entire tract to rule out eventual adjacent organ 
injuries and/or false passages or wrong tracts, 
making the needed adjustments under vision. 
Once assured the access is correct and injuries are 
ruled out, the tract size can be uneventfully 
increased to mini-perc or even standard PCNL.

a b c

Fig. 12.4 In the monoplanar view (a) the needle might 
be aligned with the wanted calyx but missing proper 
depth. Thus, rotate the C-arm 30° toward the patient’s 
head to notice whether the needle is displaced (b) below 

the papilla, meaning that the puncture was too anterior; or 
(c) above the papilla, meaning that the puncture was too 
posterior. Therefore, surgeons can realign the needle 
respectively with the C-arm back again at 0°

G. Giusti et al.
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Simulation-Based Training 
for Access

Ashish V. Rawandale-Patil and Lokesh G. Patni

13.1  Introduction

Percutaneous renal access (PRA) is the key to 
minimally invasive renal surgeries. Initial punc-
ture, tract dilatation and sheath placement remain 
the crucial steps that determine outcome of the 
surgery.

It has been reported that 24 cases are required 
for the trainee to obtain a good proficiency for 
percutaneous nephrolithotomy (PCNL), they 
become competent after 60 cases and excellence 
is obtained at more than 100 cases [1].

Halsted approach of “see one, do one, teach 
one” has been the conventional approach to sur-
gical training. Nowadays with increasing com-
plexity of cases, rapid development in the 
technology and medico legal pressures have con-
tracted the training opportunities for the younger 
surgeons. At the same time operative skill evalu-
ation of the trainees by the mentor is also a diffi-
cult task due to lack of objective parameters and 
varied spectra of clinical cases. As a solution to 
surgical training, animal or simulation labs are 
now being organised to train the young surgeons 
and overcome their learning curve of various 
essential surgical skills.

13.2  Training for Percutaneous 
Renal Access

Acquiring a new surgical skill is a process and 
not an event. In order to acquire the surgical skill 
a novice surgeon has to go through three phases 
which may be described as under.

Cognitive phase: It includes education on topics 
like anatomy, operating room arrangement, instru-
ment armamentarium and more. This is the manda-
tory foundation required prior to performing a new 
psychomotor skill. This phase of training is achieved 
by book readings, didactic lectures, instructional 
courses, illustrations and group discussions.

Integrative phase: This phase includes appli-
cation of learned skills to acquire the ability to 
perform a task. Ideally this is best possible in an 
operative room set-up, but the lack of opportuni-
ties makes simulators a better tool for learning. 
This step helps transferring the acquired knowl-
edge to learn psychomotor skills [2, 3].

Autonomic phase: This includes sufficient 
repetitive practice to enhance the proficiency to 
perform the learned art, so that the motor skills 
are executed automatically with little cognitive 
input.
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Simulators are now being widely used to train 
the residents. Any teaching module should be 
able to provide the trainee and the mentor with 
the following:

 (A) A basic three-dimensional (3-D) orientation 
of the retroperitoneum, kidney and pelvical-
yceal system.

 (B) Ability to allow the mentor to provide 
instructions on the steps of percutaneous 
renal access.

 (C) Ability of the mentor to deliver knowledge 
of common mistakes during the procedure, 
the ways to identify and correct them.

 (D) Ability to train and enhance the skills.
 (E) To allow post training evaluation to assess 

the improvement in the trainee.
 (F) Formulation of tailored simulation sessions 

for the candidate according to their level of 
performance.

Global attempts are underway to create a 
wholesome simulator which could help to repro-
duce all these essentials of renal access.

13.3  Available Avenues 
for Training

13.3.1  Animal Laboratories

Wet animal laboratories are being used for a long 
time to develop new surgical skills and tech-
niques. Live animals like pigs and goats have 
been employed for training. The porcine kidney 
anatomically resembles the human kidney. It is 
more friable and has a less capacious pelvicaly-
ceal system. Animal labs have an advantage in 
terms of near human anatomy with natural tissue 
haptics, bleeding, respiratory movements, etc., 
but the major disadvantages include ethical issues, 
availability, specimen/animal preparation time, 
limited practice sessions due to lack of reusability, 
permission issues, biological borne diseases, ani-
mal rights issues and so on. These restraints have 
led to development of non-animal dry labs world-
wide for training of young surgeons.

13.3.2  Dry Labs

Dry simulation labs using non-animal models are 
being established worldwide for training of nov-
ices. They consist of various fidelity bench mod-
els, using various targets or artificial models 
resembling human kidney.

Various levels of simulation models have been 
developed over the years ranging from low fidel-
ity models to high fidelity software based com-
plex models. As the fidelity of the simulator 
improves it gives more real experience of operat-
ing room.

13.3.3  Hybrid Labs

Apart from mannequin-based non-biological 
models, hybrid models using harvested animal 
organs as a target for practicing PRA are also 
being practised. This helps to improve the tissue 
haptics and realism. The models overcome vari-
ous issues associated with use of live anaesthe-
tised animals but availability, storage, preparation 
time, biological borne diseases recurring cost and 
reusability for these models are still a concern.

13.4  Simulators Available 
for Dry Labs

13.4.1  Radiation Free Training 
Modules

These are the training modules where actual 
X-rays are not used with a simulator, during 
training. It has been studied that the mean radia-
tion time during a percutaneous puncture is 
7  minutes and expose the surgeon to a mean 
entrance skin dose of 110 mGy [4]. The exposure 
is more when considered for the complete PCNL 
procedure. To avoid the radiation exposure dur-
ing the training of percutaneous renal procedures 
virtual fluoroscopy (virtual reality) simulators 
were developed. They produce fluoroscopy like 
images on the screen using computer-based soft-
ware or visible light optics.
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13.4.1.1  Puncture Logic Bench 
(Fig. 13.1)

The authors have devised a teaching aid for the 
novices to help them understand the logic behind 
the percutaneous renal access. It is a simple low 
fidelity device made up of plastic sheets demon-
strating the horizontal and vertical planes of 
puncture. The target is then approached via a 
fixed entry point. The movements including the 
planar directional changes are learnt by the stu-
dent which helps him understand the 3-D orienta-
tion of the calyx with respect to the skin entry 
point. This also reveals the geometrical concept 
of puncture technique.

13.4.1.2  Rawandale’s Virtual 
Fluoroscopy Simulator 
(Fig. 13.2a & b)

It is a mid-fidelity simulator designed and fabri-
cated by the authors. The simulator based upon 
the principle of visible light optics and shadows. 
It has a C-arm replica with the lower end replaced 
with a visible light source. The camera on the top 
captures the image casted by a target onto a trans-
lucent sheet. The image is transmitted to a moni-
tor. A mannequin with vertebra and lower ribs 
resembles the human torso in prone position. The 

trainee punctures through the translucent fascia 
placed in the flank region of the torso.

The surgeon activates the foot switch and 
reproduces the fluoroscopy like image. The image 
mimics the real fluoroscopy image of the pelvi-
calyceal system. Any puncture technique can be 
used. Once the initial puncture needle reaches the 
targeted calyx, an electronic beep indicates com-
pletion of the task. An internal camera visually 
confirms the position of the needle below the fas-
cia in case of successful/unsuccessful puncture. 
This view can be used as an added aid for learning. 
The respiratory excursions are managed with help 
of a motorised cam arrangement. Various shapes 
of targets (pelvicalyceal system) are available to 
change the difficulty level of the tasks.

In a phase I study conducted by the authors, 
the simulators demonstrated a favourable face 
and content validity as evaluated by the experts. 
It is a low-cost alternative for the available virtual 
reality simulators [5, 6].

The model lacks objective electronic feedback 
and scoring like the computerised surgical simu-
lators, but it allows the trainee to practise all of 
the steps of the percutaneous renal access in a 
radiation free environment, at home or office- 
based laboratory.

IPN

VERTICAL
PLANE

HORIZONTAL PLANE

TARGET

TRIANGLE

Fig. 13.1 Puncture 
logic bench
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13.4.1.3  SimPORTAL C-arm Trainer 
(CAT) Simulation Model 
(Fig. 13.3) [7]

Veneziano and co-workers designed a C-arm 
training model for performing PRA. The model 
consists of a replica of C-arm mounted with two 
video cameras. The flank is simulated with a sili-
con model containing replica of human kidney 
with pelvicalyceal system, ureter, ribs and verte-
bra. The camera captures the images of the kid-
ney and pelvicalyceal system and projects it on 
the monitor that mimics images produced on a 
C-arm. The authors claim that the fluoroscopy- 
free CAT is an economically feasible and accu-
rate model for training parallax without any 
radiation hazard to the learner.

SimPORTAL is available commercially but it 
has hard haptics and puncture through the silicon 
slab is very difficult. The clarity of the images 
decreases after multiple punctures and the recur-
ring cost to change the flank model may not be 
cheap. Dilatation of the tract and stone manipula-
tion is not possible on this model.

13.4.1.4  Ultrasound Compatible PERC 
Simulator (Fig. 13.4)

Authors have fabricated a mannequin-based sim-
ulator for initial puncture compatible with ultra-
sound. It consists of a recyclable cassette made 
up of specialised wax with targets of various size 

filled with liquid to simulate the target calyx. It 
orients the trainee to use the ultrasound machine 
and learn the concept of ultrasound based renal 
access [6, 8].

13.4.1.5  PERC Mentor™
The PERC Mentor™ developed by Simbionix; 
Lod, Israel (Fig. 13.5) is one of the high fidelity 
fluoroscopy-free simulator. It gives real-time flu-
oroscopy images using a virtual C-arm controlled 
via foot pedal. A metal needle with a spatial sen-
sor is used to puncture a digitally projected renal 
collecting system. A retrograde ureteric catheter 

Fig. 13.3 Sim portal

a b

Fig. 13.2 (a) Rawandale’s virtual fluoroscopy simulator. (b) simulation room
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can be used to instil contrast medium if required. 
Special ports are available to place the guide wire 
and initial track dilators into the fictitious collect-
ing system. Various database case scenarios with 
different difficulty levels to improve the skills of 
the trainee are preloaded onto the console. It also 
provides an orientation of 3-D anatomy of kidney 
and perirenal structures to the trainee. Objective 
parameters such as overall procedure time, num-
ber of punctures, fluoroscopy time, rib collisions, 
collecting-system perforations, and blood-vessel 
injuries are recorded by the simulator. This allows 
for continuous real-time monitoring of the trainee 
and can be utilised to device a tailored pro-
gramme based on individual performance.

Phase I and II studies [9, 10] conducted by 
Knudsen et  al. demonstrated a statistically sig-
nificant improvement in the baseline performance 
of the participants and favourable results using 
the task of performing percutaneous renal access 
in an anesthetised pig.

PERC Mentor is one of the most high-end 
simulator produced till date but still it also has its 
own pitfalls. The simulator lacks the natural tis-
sue haptics, and the needle used for initial punc-
ture does not resemble the usual initial puncture 
needle. The needle is thick and contains a wire 
attached to the hub which interferes with move-
ment of the needle. There are separate slots for 
introduction of wires and catheters and available 
armamentarium for practice is also limited. The 
image on the monitor often pixelates and the 
instrument movement may not be exactly repli-
cated by the software. Occasional glitches are 
known with the software.

13.4.1.6  Virtual Reality Simulator 
(Marion Surgical K181) 
(Fig. 13.6)

The mechanical simulators use physical objects 
(such as mannequins or kidney models) to pro-
vide haptics while in virtual reality simulators the 
physical interactions are rendered by a robotic 
haptic system, while the visuals are shown using 
either a screen or a head-mounted display.

Marion Surgical K181 is a virtual reality sur-
gical simulator for PCNL training that allows the 
users to interact with a virtual patient in a virtual 
operating room. The system consists of the vir-
tual reality visual headset which simulates a vir-
tual operating room. The virtual room includes a 
C-Arm that can be operated manually or over 
voice command or through a motion controller 
provided. The screen displays the images from 
the endoscope. The user can physically interact 
with various instruments like endoscopes, nee-
dles and graspers. The instruments are attached 
to a haptic robotic device which provides various 
degrees of freedom. Tissue force is provided by a 
tissue simulation software which is a feedback 
from the various movements of the instruments 
attached to the robotic arm and the video feed 
from the endoscopes. The surgeon can perform 

Fig. 13.4 Rawandale’s ultrasound guided simulator

Fig. 13.5 PERC mentor
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initial puncture as well as stone fragmentation 
and extraction using the instruments.

The authors evaluated the face and construct 
validity of the simulator in the study and con-
cluded that the simulator is an effective tool for 
practice, hand-eye coordination training and it 
can be added as another tool available to resi-
dents aiding in their skill development [11].

13.4.2  Radiation-based Training 
Modules

Radiation-based simulators allow the trainee to 
learn in a near natural OR environment. They 
help to learn the optimum use of fluoroscopy dur-
ing PRA.

13.4.2.1  PERC Trainer™
Developed by Mediskills Limited (United 
Kingdom), PERC trainer™ is a low fidelity 
trainer (Fig.  13.7) available commercially. It is 
fluoroscopy and ultrasound compatible and 

allows performance of percutaneous renal punc-
ture, guide wire placement, track dilatation, 
nephroscopy, stone fragmentation and retrieval. 
The major disadvantage is the limited life span if 
tract is dilated many times. Cost may be a limit-
ing factor as once damaged the whole bench has 
to be replaced. When used with a fluoroscopy 
machine the simulator carries the hazards associ-
ated with radiation.

13.4.2.2  Vegetable Model (Fig. 13.8)
A bench model using a vegetable substrate was 
described by Sinha et al. [12]. This low fidelity 
model was used to orient the trainee to depth and 
distance perception during a PCNL puncture. A 
small study concluded that this model was easily 
replicable, inexpensive and can be used for train-
ing PCNL puncture.

13.4.2.3  Sponge Trainer (Fig. 13.9) [13]
Ahmad M. Tawfik and colleagues designed and 
validated a sponge trainer for percutaneous renal 
access. They used simple sponge blocks of vari-

Fig. 13.6 Marion surgical’s K181
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ous sizes to simulate the human torso. Trainees 
were asked to perform various tasks during the 
study. They performed PRA under guidance of 
their mentors in the operating room and the 
results were compared. The authors concluded 

that the model is a good tool to train the novices 
in percutaneous renal access. It is an inexpensive, 
low fidelity, easily available and reproducible 
model for practice of PRA, but it lacked tactile 
feedback and tissue haptics.

Fig. 13.7 PERC trainer

Fig. 13.8 Vegetable model for PRA
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13.4.2.4  Rawandale’s Fluoroscopy- 
based Percutaneous 
Nephrolithotomy Simulator 
(Fig. 13.10) [6, 14]

The authors designed, patented and fabricated 
their own novel fluoroscopy-based PCNL simula-
tor to overcome the availability, cost and reusabil-
ity factors associated with commercially available 
PCNL simulators.

This mid-fidelity simulator was designed 
using the computer-assisted designing software, 
fabricated using plastic and metal sheets along 
with a mass-produced silicone kidney model 
housed in a mannequin. A cassette made up of 
polyvinyl foams/rubber of variable density simu-
lates the parietal wall and retroperitoneum. 
Placed on the operating table the model simulates 
a patient torso. Fluoroscopy can be used at the 
lowest settings 50 kVA and 0.6  mA to reduce 
trainee radiation exposure. Any access technique 
can be used with the model. A successful punc-
ture is confirmed by returning fluid which can be 
instilled through the ureter of the silicon kidney. 
On successful puncture, a wire is then parked into 
the system. After dilatation of the tract the 
amplatz sheath is placed. If the initial puncture 
needle hits the metallic spine and/or ribs, it acti-
vates an alarm thus providing a real-time feed-
back to the trainee. Respiratory excursions are 
being replicated by a motorised mechanism.

It is a low-cost, mid-fidelity simulator. It is 
reusable. The kidney model can be used for up to 

800 punctures. It weighs around 6 kilogrammes 
and can be easily shifted from place to place. It 
gives a 3-D orientation of the renal and perirenal 
anatomy and provides near natural haptics. Being 
fluoroscopy compatible it is used in the OR envi-
ronment. Fluoroscopy training can be done on 
the simulator in a controlled environment. 
Routine instruments used during PCNL such as 
initial puncture needle, wires, scopes, etc., can be 
used with this model. A primary study has pro-
vided positive evidence for the simulator as a 
training and evaluation tool.

13.4.2.5  3-D Printed Kidney Replica 
Bench (Fig. 13.11) [15–17]

Phantom kidney models made up of water- 
soluble plastic or wax embedded in silicon were 
fabricated using 3-D printing technology, for 
practising initial puncture and planning for per-

Fig. 13.9 Sponge trainer
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KIDNEYS

RIBS & VERTEBRA

Fig. 13.10 Rawandale’s fluoroscopy-based simulator
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cutaneous renal access. Computed tomography 
images of the collecting system are reformatted, 
a pelvicalyceal system is made and its shape 
embedded into a silicon replica. Various types 
of simple to complex collecting systems can be 
made using the technology. These silicon kid-
neys are then assembled in a layer of dense foam 
which replicate tissues between skin and kidney. 
A limitation of this model includes its 
 incompatibility for ultrasonographic imaging 
[10, 11]. Fluoroscopic use comes with its radia-
tion hazard. Poor haptics in lieu of the silicon 
used, and the use of computed tomography, 3-D 
printing and casting of each model individually 
add significantly to the cost. These models have 
a limited usage in terms of various steps of per-
cutaneous renal access and PCNL.

13.4.3  Biological Bench Models 
for Hybrid Labs (Fig. 13.12)

It is difficult to replicate natural tissue haptics 
with inanimate substrates. Hence various animal 
tissue-based bench models have been developed. 
Porcine kidney resembles human pelvicalyceal 
system but is fragile and less capacious. 
Hammond and co-workers [18] used porcine kid-
ney prefilled with stones placed in an intact 
chicken carcass as a model for PCNL. The train-
ees performed various steps of PCNL under fluo-
roscopy guidance. No formal assessment of the 
model was done; but anonymous evaluations sub-
mitted by the participants showed high degree of 
satisfaction with model effectiveness in learning 
percutaneous renal access and steps of PCNL.

Phantom Kindney Model 3-D Printed Inner PCS Model

Mould Arrangement

Fig. 13.11 Three-dimensional kidney model
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Strohmaier and Giese [19] used slaughtered 
pig kidneys with ureter embedded in a silicon 
mould for practising percutaneous renal proce-
dures. The ureter was used for saline injection to 
simulate hydronephrosis and placement of 
stones. This ex-vivo model was used for training 
of percutaneous endourological procedures (e.g. 
percutaneous nephrostomy, percutaneous lithot-
omy, endopyelotomy). The authors claim good 
tissue haptics and anatomical resemblance.

An ex-vivo PCNL organ training model was 
also described by Zhang et al. [20] using a por-
cine kidney wrapped in a full-thickness skin flap 
with subcutaneous fascia and muscle and fixed to 
a wooden board. Various other models [21–23] 
using the porcine kidney with full-thickness skin 
cover mounted on various platforms have also 
been described. All are fluoroscopy and ultra-
sound compatible and replicate near natural tis-
sue haptics.

Procurement and preservation of porcine kid-
ney along with skin flaps restrict its reusability. 
There are always issue of cleanliness, specimen 
preparation, animal borne diseases, tissue dis-

posal and sanitation issues associated with the 
ex-vivo bench models.

13.5  Discussion

PCNL has a steep learning curve. Selection of the 
correct calyx and initial puncture remains the 
cornerstone for a successful PCLNL. Mastering 
PRA requires practice. Primary goal of any 
teaching programme is to train the residents to 
acquire the psychomotor skills before they face 
the real patient. Simulation provides an opportu-
nity to train the novices in a supervised and 
stress-free environment without harming the 
patients.

Traditionally animal models were preferred 
for learning the operative skills till the issues 
regarding animal rights came into picture. 
Though live animal models do not represent 
accurate human anatomy they still provide the 
best haptics and other intra and postoperative 
conditions like bleeding, etc., for learning 
purposes.

a b

Fig. 13.12 (a & b) Biological bench model (porcine kidney wrapped in skin tissue)
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Bench models using artificial kidney models 
were developed to avoid the issues associated 
with animal models. Various artificial materials 
like silicone, sponges, foams and other materials 
are used to simulate the renal and perirenal anat-
omy. These models show a close resemblance to 
human renal anatomy. Present-day simulators try 
to replicate the difference felt between extrarenal 
tissue and the kidney. There is associated mainte-
nance and recurring cost due to damage of the 
models following each puncture and tract dilata-
tion. The hybrid models using animal or  cadaveric 
kidney can overcome the difficulties associated 
with artificial bench models, but the issues of 
organ procurement, hygiene and animal disease 
transmission still pose practical problems for 
these models to be accepted worldwide.

Virtual reality simulators can give the trainee a 
better visual, auditory feedback, and case sce-
nario variability; but they lack in haptics. 
Although it has demonstrated its ability to 
improve the skill of trainees [5, 9]. At present 
these simulators are expensive and hence are not 
included in the curriculum at all institutions.

13.5.1  Simulation and Teaching 
Curriculum

Inclusion of simulation-based training in the 
teaching curriculum is the future of simulation. 
Paucity of objective parameters, standardisation 
of simulators, lack of data regarding the valida-
tion of simulators are some of the hurdles related. 
Simulators need to be validated on basis of face, 
content, construct and predictive validity before 
they can be incorporated in the curriculum. With 
the development of instruments such as global 
rating scale and checklist, it has become possible 
to assess the acquisition of surgical skills with a 
higher degree of reliability and validity. Predictive 
validity which remains the most important end 
point for any simulator to achieve is not studied 
much. It measures the ability of the trainee to 
apply the learned skills to the real operating envi-
ronment, i.e. the transfer of the skills from simu-
lation room to OR.  This validity is practically 

difficult to establish owing to ethical issues, 
patient variability and differences in learning 
capabilities of individual trainee.

In the current situation simulators are being 
used as an adjunct to formal training in the oper-
ating room under supervision of the mentor. 
Simulators can better be utilised to teach the con-
cept and to make the candidate more oriented to 
the steps of procedure.

13.5.2  Future of Simulation

Simulation in Urology is still in its mid- development 
and consolidation stages. There is immense poten-
tial in this field with regard to training and develop-
ment of the surgical skills of novice surgeons. 
There are many unattended arenas in the present-
day simulators which need to be looked into. The 
ideal simulation environment should provide the 
exact scenario that involves training of all the sen-
sory and motor systems of the trainee. Trainee 
should be able to learn the planning, decision mak-
ing, correct techniques, instrument handling, oper-
ating room ethics, operating room behaviours, 
troubleshooting during the procedure, just to men-
tion a few. Simulator should detect the flaws in the 
trainee and should be able to guide the surgeon to 
rectify them. This requires algorithms to be devel-
oped for each simulation prototype.

Future simulators would be aimed at provid-
ing anatomically accurate models which allow 
various difficulty levels for the trainee, cost effec-
tive, non-biologic, hygienic, work with or with-
out radiation exposure depending on the skill 
level of the surgeon, have near natural haptics 
and allow for tailored training and practice. They 
should allow the trainee to practise and master 
various steps of surgery with real-time experi-
ence of various events encountered during the 
surgery. The future simulators would also have to 
satisfy the emerging issues of animal rights, 
trainee and trainer rights, model borne diseases, 
biocompatibility and easy environment friendly 
disposability of the model.

The authors have introduced the concept of 
micro simulation which includes division of the 
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operation of PCNL into smaller steps called 
microtasks [6]. This is followed by development 
of micro-simulators and then training the trainee 
on these micro-simulators which replicate each 
step of PCNL. The trainees are then oriented to 
fuse all the micro tasks into a complete procedure 
in the OR (Fig. 13.13).

The simulation models developed by the 
authors consists of a wide range of micro- 
simulators for practising each step of PRA 
 separately. The simulation training module as 
designed by authors consists of:

 (A) Brief overview of calyceal anatomy via 
didactic lectures, videos and graphical 
presentations.

 (B) Learning the 3-D concept of calyceal orien-
tation on PCNL logic bench.

 (C) Concepts of choosing the correct calyx, 
basics of PRA techniques (Triangulation & 
Bull’s eye) on a fluoroscopy-free simulator.

 (D) Practising the same skills on an ultrasound 
based percutaneous access simulator.

 (E) OR training using the fluoroscopy compati-
ble PCNL simulator.

 (F) Hands on training in the form of assisting a 
case of PCNL in OR under supervision.

These simulators help the trainee to get ori-
ented to the three-dimensional anatomy, calyceal 
orientation, choice of desired calyx, steps of ini-
tial puncture, dilatation of tract, stone manipula-
tion separately. This helps the trainee to learn and 
master every aspect of PCNL at their own pace in 
a stress-free environment. Post training assess-
ment and transfer of skills from simulation room 
to operating room need to be focussed while 
developing new models. Objective assessment 
tools need to be developed to make it more prac-
tical. The lab training will have to be seamlessly 
fused to the OR training in the near future.

The other facet which would have to be stan-
dardised would be the training schedule and algo-
rithms, trainer training, teaching and evaluation 
algorithms. With further development of these 
pathways, newer issues would emerge that would 
need trouble shooting. Till that time the student 
and the teachers need to adapt to the present sim-
ulation avenues and contribute to the existing 
knowledge of simulation.

START

Simulation Protocol for PRA Training

FLUORSCOPY FREE

FLUORSCOPY GUIDED ULTRASOUND GUIDED

LOGIC BENCH “OR” EXPERIENCE

STONE MANIPULATION

TRACT DILATATION

Fig. 13.13 Simulation protocol
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Intrarenal Pressure, Fluid 
Management, and Hydrodynamic 
Stone Retrieval in Mini-PCNL

Theodoros Tokas  and Udo Nagele

14.1  Introduction

Mini-PCNL (mPCNL) constitutes an advancing 
field in active renal stone treatment. Manufacturers 
have enriched our armamentarium with a variety 
of instruments. At the same time, different study 
groups have presented new techniques in patient 
body positioning, kidney puncture, and stone 
lithotripsy. Nevertheless, by decreasing instru-
ment caliber to prevent damage caused by 
instrument access to the kidney, the water inflow–
outflow balance is compromised. To achieve bet-
ter visibility and improve stone clearance, the 
surgeon must increase irrigation flow (IF). This 
action results in an increase of inflow/irrigation 
pressures (IPs). However, subsequent intraopera-
tive intrarenal pressure (IRP) increments can lead 
to serious complications [1]. This problem 
becomes more evident when utilizing extra-small 
instruments. Nonetheless, the majority of endou-
rologists are not aware of normal and pathologi-
cal IRP ranges during mini-PCNL and their 
impact on kidney physiology. In this chapter, we 
will present ways to maintain optimal fluid man-
agement to effectively remove stone fragments 
after lithotripsy and achieve perfect vision during 

the whole procedure. Furthermore, we are going 
to discuss the influence of increased IRPs in com-
plication development and prevention measures 
to control IRPs and, at the same time, maintain 
optimal irrigation flow.

14.2  Adverse Events 
Due to Increased IRPs

14.2.1  Fluid Backflow 
and Absorption (Fig. 14.1)

Pyelorenal backflow occurs when pelvic or caly-
ceal fluid leaks into the sinus peripelvic tissue 
(pyelosinous backflow), the collecting ducts and 
tubules (pyelotubular backflow), the renal inter-
stitium (pyelointerstitial backflow), or the renal 
vein (pyelointerstitial backflow) (pyelovenous 
backflow). Animal studies have presented that it 
occurs at pressures 40.8–47.6  cmH2O [2]. 
Backflow to the renal vein may complicate even 
low pressures (13.6–27.2 cmH2O) [3, 4] and 
becomes evident at 40.8–68  cmH2O [5, 6]. At 
IRPs of 81.6–95.2  cmH2O, different research 
groups have found a risk of pyelosinous backflow 
or even fornix rupture in rabbits [7, 8] and at 
272 cmH2O in pigs [9]. Irrigating fluid may reach 
the retroperitoneum in considerable amounts 
after renal pelvic perforation [10]. Low urine 
flow, vesicoureteral reflux, ischemic damage are 
possible pre-existing conditions that can lower 
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the backflow threshold [7, 11]. The direct intra-
vascular absorption via opened veins, or the 
intraperitoneal space opening with subsequent 
peritoneal resorption, lead to the so-called “acute 
absorption syndrome” [3, 12]. Additional venous 
hemorrhage and renal pelvis wall lesions are pos-
sible contributing factors. Fluid absorption can 
occur directly into the opened veins or indirectly 
as a result of a perinephric irrigating fluid accu-
mulation [13]. Reported fluid absorption during 
conventional PCNL ranges 50–2200  ml [3, 14, 
15], but no data exist regarding miniaturized 
instruments.

14.2.2  Infections

Increased IRP, backflow, and urinary tract infec-
tions, fever, systemic inflammatory response syn-
drome (SIRS), and sepsis all have a direct link, 
demonstrating antibiotics’ beneficial effect. The 
amount of irrigation fluid used is also a potential 

risk factor for SIRS [16]. In general, postopera-
tive fever after PCNL appears in 10.8% of the 
cases [17]. Despite its low incidence rates (0.3–
1%), septic shock is associated with significant 
mortality rates (66–80%) [18]. In addition, incre-
ments in IRP are a substantial risk factor for post-
operative fever and urosepsis [19]. Finally, 
elevated IPs (272 cmH2O) trigger SIRS more fre-
quently (46%) than low IPs (108.8 cmH2O/11%) 
[20]. However, information on the occurrence of 
infections following mini-PCNL is limited.

14.2.3  Kidney Damage

Animal studies have proven the direct correlation 
of increased IRP with irreversible damage [6, 
21]. Immensely increased IPs (>200 cmH2O) 
more probably have a detrimental effect on por-
cine kidneys in comparison with IPs less than 
120 cmH2O. An IRP as high as 250 cmH2O can 
lead to a rupture of the collecting system [21]. 
Furthermore, pyelosinous backflow caused by 
fornical rupture can be the cause of perirenal 
pseudocysts, edema and hemorrhage of the retro-
peritoneum, perinephritic abscess, and fibrolipo-
matosis [6]. Moreover, increased IRPs might lead 
to congestion due to calyceal urothelium denuda-
tion, and submucosal edema formation [6, 21]. 
Even 4–6 weeks following a procedure, tubular 
vacuolization, and degeneration, as well as peri-
calyceal vasculitis and metaplasia, have been 
observed [6, 21].

Due to microvessel compression and insuffi-
cient venous flow, high IRPs can cause oxidative 
damage to the kidney and subsequent loss of 
renal function. Of note, due to ischemia/reperfu-
sion injury, venous outflow obstruction is more 
harmful than arterial obstruction [22, 23]. 
Pyelovenous backflow causes venous stagnation 
to some extent, resulting in perfusion pressure 
compression of microvessels, reducing the blood 
supply to the renal parenchyma. The resulting 
condition may be a renal ischemia, or reperfusion 
damage [24].

Fig. 14.1 Backflow and fluid absorption during PCNL 
demonstrated in a postoperative CT excretory phase
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14.2.4  Various Complications

Urine leakage is a powerful fibrotic response 
causative factor [6, 25]. Furthermore, intrarenal 
backflow may cause papillary damage and conse-
quent pathological stone growth development 
[26]. Due to fornix or parenchymal rupture, high 
IRPs can cause subcapsular hematomas [27] and 
potentially life-threatening perirenal bleedings 
[28]. The increase of the mean systolic and dia-
stolic blood pressures might be considerable. 
Moreover, due to large elevations in renin, aldo-
sterone, and ACTH levels, a propensity to hypo-
natremia and metallic acidosis occurs. These 
alterations could be attributed to the invasive 
nature of kidney intervention and continuous irri-
gation, which has been linked to an increase in 
IRPs [29, 30].

14.2.5  Role of Time

Procedure times independently correlate with 
postoperative fever and SIRS rates [31, 32]. 
Additionally, infection risk and postoperative 
fever rates increase when IRPs remain higher 
than 40 cmH2O for more than 10 min [33]. In pig 
models, renal cellular injury occurs within 1 h at 
IRPs of 20 cmH2O or higher [34]. The volume of 
fluid absorbed during PCNL increases as the 
IRPs and procedure times increase [3]. After a 
total irrigation period of 30 min, fluid absorption 
reaches its peak. The volumes of absorbed irrig-
ant after 30 and 90  min are 154 and 1360  ml, 
respectively [14]. From the 30th to the 120th irri-
gation minute, potassium levels drop and do not 
recover until 24 h after surgery. Researchers dis-
covered an increase in Cl levels at the 120th min-
ute of irrigation, as well as a lowering trend in pH 
from the beginning to the 120th minute of irriga-
tion, which abates 24 h after surgery [15]. As a 
result of the prolonged irrigation durations, a 
trend toward metabolic acidosis can be seen. As a 
result, based on existing evidence, the total pro-
cess time should not exceed 2 h [15].

14.2.6  Kidney Injury: The Role 
of Obstruction, Irrigation 
Pressure, and Irrigation 
Volume

Renal obstruction is detrimental because IPs 
starting at 82  cmH2O are more likely to cause 
acute kidney damage in rats with substantially 
obstructed kidneys. Not obstructed kidneys, on 
the other hand, sustain no renal injuries, whereas 
partially obstructed kidneys sustain injuries only 
at pressures of 136 cmH2O [35]. When rabbits are 
exposed to renal perfusion pressures of more than 
82 cmH2O, severely obstructed kidneys are more 
sensitive to oxidative damage and mitochondrial 
injury than slightly obstructed kidneys. Both 
obstructed and non-obstructed kidneys are dam-
aged by irrigation pressures of 136 cmH2O [24]. 
Current research advises keeping perfusion pres-
sure between 70 and 410 cmH2O during endouro-
logical procedures to keep the IRP limit below 
30 cmH2O and avoid kidney injury [36, 37].

14.3  IRPs during Mini-PCNL

14.3.1  IRP Measurement

Using pressure transducers in animals and peo-
ple, researchers were able to get precise intralu-
minal pressure readings in the renal pelvis and 
ureter [38–40]. The Pressure Flow (PPF)—or 
Whitaker test—was introduced by Robert 
H.  Whitaker, who created the groundwork by 
establishing an antegrade pressure measurement 
of the upper urinary tract [41]. He first used this 
technique on children, with the goal of identify-
ing obstruction as a cause of urinary tract dilata-
tion [41, 42]. Normal IRPs range from 12 to 
15  cmH2O, whereas pressures greater than 
20 cmH2O indicate an obstruction. Intermediate 
values range from 15 to 20  cmH2O [43]. 
Nowadays, surgeons are able to measure intraop-
erative IRPs by placing a special catheter either 
antegradely after a kidney punction in a way 
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similar to the Whitaker test, or retrogradely after 
catheterizing the ureteral orifice [44].

14.3.2  IRP Values during Different 
Conditions

The flow of a fluid through a rigid tube is influ-
enced by the pressure gradient between its ends, 
the fluid viscosity, the length, and the diameter of 
the tube, according to the Poiseuille equation 
(dP  =  8VgL/pR4; V  =  FR through the tube, 
g = fluid viscosity, L = tube length, and R = tube 
radius) [45, 46]. Additional parameters, includ-
ing the difference between internal and exterior 
pressures, external compression, wall tension, 
and wall thickness, play an important part in a 
collapsible tube. The transmural pressure equals 
the tension per unit length over the radius, accord-
ing to the Laplace equation. The pressure gradu-
ally climbs to a certain capacity during the early 
filling phase, indicating the upper urinary tract’s 
natural elasticity. The rise of the curve is a proxy 
for the compliance of the pelvic wall [46].

The IRPs at low urine FRs are not higher than 
a few cmH2O in a normal human kidney with no 
obstruction [47]. During diuresis, however, IRPs 
may exceed 27.2 cmH2O. They range from 68 to 
95 cmH2O in chronic kidney blockage, and as a 
result, the values fall until the kidney is no longer 
functional [2]. In hydronephrosis, mean basal 
IRPs of 12 cmH2O have been reported [48], and 
at flow rates >10 mL/min, the pressure reaches 
obstructive levels [49, 50]. Of note, there is also 
direct relevance between changes in intravesical 
pressure and IRP changes. In hydronephrotic kid-
neys, bladder pressure at 50% capacity is 
8.9  ±  3.1  cmH2O, whereas pelvic pressure is 
20.8 ± 2.1 cmH2O, compared to 7.4 ± 1.1 cmH2O 
in non-hydronephrotic kidneys [51]. To avoid 
further increases in IRPs, the urinary bladder 
should be continually drained during endouro-
logical treatments.

14.3.3  IRPs during Mini-PCNL

In humans, IRPs have been tested in the follow-
ing mini-PCNL systems; 9.5  Fr, 12  Fr, 14  Fr, 

16 Fr, and 18 Fr with scopes of 7.5–9.8 Fr [32, 
52–55]. Additionally, one study group have tested 
IRPs during micro-PCNL (4.8 Fr) [56]. Irrigation 
pressures range from 40 to 340 cmH2O, with flow 
rates ranging from 250 to 580 mL/min. Surgeons 
usually utilize gravity to achieve adequate irriga-
tion flow. Usually, IRPs are remaining below the 
critical level of 40 cmH2O, and reach 30 cmH2O 
in 14 Fr, 20 cmH2O in 16 Fr, and 15 cmH2O in 
18 Fr. Maximal IRPs of >40 cmH2O have been 
documented with 9.5 F and 14 F sheaths [53, 57].

14.3.4  IRPs in Supine Versus Prone 
Mini-PCNL

Limited data exist comparing the two techniques. 
However, by taking into account the Poiseuille 
equation (dP = 8VgL/pR4;) we conclude that the 
generated IRPs are proportional to the length of 
the access sheath (L) and reversely proportional 
to the sheath radius (R). In prone PCNL, the 
instrument angle ranges from +30° to +90° which 
means that the sheath adds up 1520 cmH2O to the 
estimated IRP.  On the other hand, in supine 
PCNL the instrument angle ranges from 0° to 
−45°, which sometimes reduces pressures until 
the collecting system collapses. Therefore, using 
a slightly longer access sheath during supine 
position with the absence of a collapsing system 
may result in increased IRPs. Further research is 
deemed necessary to support this hypothesis.

14.4  Clearance of Fragments 
and Maintaining Low IRPs by 
Taking Advantage 
of Different Hydrodynamic 
Effects

The big caliber of standard PCNL systems allows 
maintenance of IRPs below 40 cmH2O [56, 58–
62]. However, irrigation backflow via the access 
sheath is not achievable with very small-caliber 
instruments (less than 10 Fr), resulting in a mis-
match between in- and outflow. Due to mechani-
cal problems, the open sheath designs of the 
first-generation miniaturized instruments (15–20 
Fr) are sufficient for pressure control [63]. The 
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smaller instrument diameter of miniaturized 
instruments often results in an increase in the 
number and decrease in the size of stone frag-
ments to be harvested. With an ever-increasing 
quantity of microscopic fragments or even dust, 
stone retrieval is shifting away from mechanical 
methods and toward hydrodynamic effects. There 
are numerous essential concepts of hydrodynamic- 
assisted fragment removal that are independent 
of access.

14.4.1  Passive Washout

It is the secondary natural removal of stones over 
a period of time, usually specified as one week, 
one month, or three months. It is commonly 
accomplished by using a Mono-J stent for a few 
days, a Double-J stent for a longer period, or even 
without any stenting postoperatively.

14.4.2  Active Washout

It could be used in a variety of ways [64–66]. 
Transporting fragments within the continuous 
irrigation backflow through the access sheath 
alongside the scope is one option. During Chinese 
mini-PCNL, the surgeon fills the collecting sys-
tem with high pressure with the nephroscope and 
then quickly removes it, causing an immediate 
inversion of irrigation flow and pressure, leading 
in a spillage-like stone removal throughout the 
access sheath. The irrigation flow pushes stone 
particles down the ureter during micro-perc. 
Finally, during ultra-mini PCNL, the surgeon 
injects irrigation fluid with a syringe into an extra 
channel within the access sheath and washes off 
fragments through the main channel of the access 
sheath without any pressure peaks.

14.4.3  Ureteral Sheaths 
and Catheters

During conventional PCNL, the concept of a ret-
rograde ureteral catheter or ureteral access sheath 
(UAS) placement was introduced [36]. When 
compared to an empty ureter (11–38 cmH2O), a 

ureteral catheter (15–52 cmH2O), or an occlusion 
balloon application (16–56 cmH2O), researchers 
found that using a 10/12  Fr or 12/14  Fr UAS 
(5–22 cmH2O) resulted in lower IRPs. In the case 
of mPCNL, the inclusion of a suction device can 
help with the fluid washing out. In a cadaveric 
pork model, a combination of pressure irrigation 
with sensor-controlled suction using a modified 
transurethral 8-Fr mono-J catheter with expanded 
drainage holes resulted in enhanced irrigation 
flow and lower IRP [67].

Purging effect [67] is a pressure-controlled 
irrigation process that transports fragments 
through a percutaneous entry and outflows 
through a Mono-J catheter or UAS (Fig. 14.2). It 
provides a high irrigation fluid turnover as well as 
effective fragment transportation without causing 
pressure overload in the collecting system. This 
approach is particularly appealing for stone clear-
ance in small-caliber percutaneous instruments, 
where adequate simultaneous in- and outflow 
irrigation via the same access is not usually pos-
sible due to construction and stability issues. 
IRPs could be reduced by 14% at 100 cmH2O 
(19–14.5 cmH2O) and 28% at 150 cmH2O input 
pressure (37–26.5 cmH2O) due to the purging 
action.

14.4.4  Vacuum Cleaner Effect 
(Fig. 14.3) [68]

In a cadaveric pork model, the minimally inva-
sive PCNL (MIP) idea was initially tested using 
an 18 Fr nephroscope sheath with an open proxi-
mal end [63]. In low-pressure settings, the 
vacuum- cleaner effect is the active and purpose-
ful entrapment of fragments in a hydrodynamic 
pseudo cavity in front of the scope. The effect 
resembles mechanical forceps, such as an invisi-
ble grasper, and it is not simply a washout phe-
nomenon. It emerges when a slipstream forms in 
front of the distal end of a round-shaped nephro-
scope, which is caused by an excursive shift in 
the width of the fluid flow at the flushing canal’s 
exit. It is determined by the relationship between 
the diameter of the nephroscope and the diameter 
of the inner sheath. The greatest benefit is 
obtained with a 12 Fr nephroscope and a 15 Fr 
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inner sheath diameter; however, utilizing a 
16.5 Fr sheath with a 12 Fr scope creates an ideal 
combination (pressure/stone clearance) at the 
cost of a high IRP [68].

14.4.5  Pressure/Suction Connected 
with the Nephroscope

During mPCNL, Song et al. introduced a unique 
irrigation and clearance method (16 Fr). The irri-
gation volume was 600–800 mL/min, the irriga-
tion pressure was 340–410  cmH2O, and the 
suction pressure was 140–340 cmH2O. The IRP 
remained below six cmH2O on average [69]. 
Different settings included an irrigation volume 
of 600–800 mL/min, irrigation pressure of 340–
410  cmH2O, and suction pressure of 140–
340  cmH2O.  IRPs remained below six 
cmH2O.  Yang et  al. [70] demonstrated a mini- 

PCNL (12 Fr) setup with intelligent monitoring 
and control of IRPs below three cmH2O.

14.4.6  Stone Clearance in Small 
and Extrasmall Instruments 
(Ultraminiperc, Superperc, 
Super-Mini Perc, MIP S, 
MIP XS)

The MIP S system (Karl Storz, Germany) is the 
smallest instrument with regular backflow via the 
access sheath in percutaneous surgery, and it was 
also the smallest percutaneous OR system to cre-
ate a vacuum cleaner effect in a low-pressure set-
ting [68]. Because irrigation backflow via access 
sheath was not possible due to the mechanical 
features of the instruments, all smaller systems, 
such as the Microperc (Polydiagnost, Germany) 
and the MIP XS system by Nagele (Karl Storz, 

Irrigation solution

Irrigation through
the sheath

Irrigation - suction pump

Adaptor Catheter

Irrigation through
the sheath

Kindney stone

Fig. 14.2 The purging effect is the fragment transportation process by pressure-controlled irrigation using inflow 
through the percutaneous access and outflow through a Mono-J catheter or UAS
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Germany), rely on an outflow utilizing a ureteric 
catheter. The MIP XS system uses a sensor- 
controlled dual action pump with purging effect 
and active pressure control, whereas the 
Microperc system depends on both active and 
passive washout without pressure control.

The ultraminiperc uses a 13-Fr access sheath 
and a 3.5-Fr nephroscope in a 6-Fr inner sheath as 
a final step in downsizing (Schoelly Fiberoptics 
GmbH, Denzlingen, Germany) [64]. MIP 2.0, a 
MIP set expansion by Nagele, is now available in 
sizes “S” and “X.S.” with access sheath diameters 
of 8.5/9.5 and 11/12 Fr and a nephroscope diam-
eter of 7.5  Fr (Karl Storz GmbH). The isotonic 
saline can flow beside the inner sheath through the 
outer sheath due to the unique construction of 
these instruments [64]. However, this effect can 
only be achieved with an 11/12 Fr sheath, not an 
8.5/9.5 sheath. Following the removal of the inner 
sheath with the nephroscope during ultramini-
perc, the surgeon flushes stone fragments by 
injecting saline through the integrated channel 

inside the sheath with a syringe, causing a jet in 
the calyx and the stones to escape, resulting in the 
so-called whirlpool effect [64, 71].

The super-miniperc (8 Fr scope, 12 Fr or 14 Fr 
double-layer metal sheath) [54, 55], superperc 
(4.5/6 Fr scope, 10/12 Fr sheath, Richard Wolf) 
[72] and ClearPetra (12 Fr scope, 16 Ch dispos-
able sheath, Well Lead Medical Co., Ltd., China) 
[73] systems achieve a stone clearance depending 
on an irrigation-suction mechanism. Stone frag-
ments are removed through an additional tube 
connected to a negative pressure aspirator.

All currently available small and extra small- 
caliber instruments offer attractive options in the 
armamentarium of modern percutaneous stone 
surgery. Nevertheless, the absence of high- quality 
data limits their wide distribution and implemen-
tation in the everyday clinical praxis. Furthermore, 
all hydrodynamic benefits are also applicable in 
conventional modern PCNL instruments, which 
leads to the term minimally invasive PCNL (MIP) 
[63, 68].

a b

c

Fig. 14.3 Vacuum cleaner effect. In front of the distal end 
of the round-shaped nephroscope a slipstream is develop-
ing induced by the excursive change of width of the fluid 
flow on the outlet of the flushing canal (a). This allows the 

adhesion of a stone fragment in the eddy while the fluid 
flow is circulating around the stone (b). By pulling the 
scope through the sheath the stones are spontaneously 
evacuated through the proximal end (c)

14 Intrarenal Pressure, Fluid Management, and Hydrodynamic Stone Retrieval in Mini-PCNL
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Tract Dilatation, Nephroscopy, 
Stone Fragmentation, 
and Retrieval

Dilip K. Mishra and Madhu S. Agrawal

15.1  Introduction

It has now been well established that PCNL 
(Percutaneous nephrolithotripsy) can achieve a 
high stone-free rate over a short treatment period 
in most patients. At the present time, when a 
post-operative CT scan is considered the standard 
method of confirming stone clearance, no other 
procedure can match the primary stone-free rates 
of PCNL for upper tract urolithiasis.

The procedure of PCNL is based on the cre-
ation of a direct percutaneous renal access to the 
pelvicalyceal system, followed by fragmentation 
and removal of the stone. Recent efforts to 
decrease the complications of PCNL have 
focused on reducing access size, leading to the 
development of Mini-PCNL.  There is now 
enough evidence to suggest that decreasing the 
tract size for PCNL could decrease bleeding and 

reduce morbidity [1]. The most important aspect 
of the performance of a PCNL procedure revolves 
around a correct and accurate puncture. Once the 
puncture is achieved, tract dilatation, nephros-
copy, and stone removal comprise the bulk of the 
PCNL procedure. We shall discuss these impor-
tant aspects of PCNL in this chapter.

15.2  Tract Dilatation

Tract dilatation refers to increasing the percutane-
ous tract to the required size for placement of 
Amplatz sheath to allow the introduction of nephro-
scope and retrieval of stone. The various techniques 
of dilatation include metal telescopic dilatation 
(MTD), single-step dilatation (SSD), balloon dilata-
tion (BD), and fascial Amplatz dilatation (AD) [2, 
3]. In the case of standard PCNL, tract dilatation 
goes up to 24–30 Fr, whereas in Mini-PCNL, the 
tract dilatation is mostly done up to 15–18 Fr.

15.2.1  Puncture Prerequisites

“Mini-PCNL” essentially signifies the use of 
nephroscope and Amplatz sheaths of smaller cal-
iber as compared to the conventional PCNL.  It 
utilizes a nephroscope of 12  F size with an 
Amplatz sheath size of 15–18  F.  However, the 
technique of initial puncture remains the same 
(discussed in Sect. 4, Chaps. 9–13 of this book). 
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Access is obtained to the desired calyx with 
either USG or fluoroscopic guidance and a 
Terumo or extra-stiff guidewire is inserted in the 
pelvicalyceal system. It is important to place a 
good length of the wire in the pelvicalyceal 
system, preferably in the upper ureter, to avoid 
slippage of the wire. The puncture should be in 
line with the infundibulum through which access 
is intended, to minimize the torque effect on the 
parenchyma. If multiple tracts are needed in a 
given case, it is advisable to obtain all accesses at 
the beginning itself, with separate guidewires for 
each access. These tracts can be dilated later on a 
preferential basis as needed.

15.2.2  Metal Telescopic Dilatation 
(MTD)

This was the first described method for percutane-
ous tract dilatation, proposed by Alken et al. [4] 
An Alken’s cannula is introduced over the guide-
wire under fluoroscopic control which is followed 
by a guide rod. This is followed by an introduc-
tion of serial telescopic metal dilators which slide 
one over the other till the required diameter of 
Amplatz sheath to be placed is reached. The 
advantage of this system is that a central rod is 

always there to guide the dilator, and if the initial 
angle and depth are maintained, there is minimal 
chance of under- or over- dilatation. The equip-
ment, being metallic, is reusable and thus cost-
effective, and remains a popular approach in 
conventional PCNL. However, it has largely been 
replaced by the simpler single-step dilatation 
(SSD) in mini-PCNL.

15.2.3  Single-step Dilatation (SSD)

This system was proposed by Frattini et al. [5] in 
2001. Herein the desired tract size is created in a 
single step with the dilator of appropriate size 
without resorting to multiple steps. After initial 
puncture and guidewire placement, the desired 
sized dilator is passed over the Alken rod fol-
lowed by the access sheath. This takes consider-
ably less time and the amount of radiation 
exposure is also less with this technique. In mini-
PCNL, this is the preferred form of dilatations; 
the tract size is also small (Fig. 15.1).

An alternative, which is our preferred choice, 
is to use a single-step screw dilator. The dilator is 
made of PTFE and is flexible to allow easy pas-
sage through the muscles and fascia. This has a 
considerable advantage over conventional dila-

Fig. 15.1 Mini-PCNL—single-step dilatation
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tors, as this screw dilator can be passed straight 
over the initial guidewire. The dilator is advanced 
in a screwing motion till it reaches the desired 
position. The access sheath can be back- loaded 
over the dilator and can be slid in all the way once 
the dilator is in place. The entire process is over 
quickly, saving on time as well as radiation expo-
sure. Figure 15.2 (screw dilator with sheath).

15.2.4  Balloon Dilatation (BD)

The use of a balloon dilator for tract dilatation 
was proposed by Clayman et al. [6] in 1983. This 
involved passing a balloon over the guidewire 
into the pelvicalyceal system over which the 
desired access sheath can be passed. This has 
been a popular approach in conventional PCNL 
where a tract size of 30 Fr was used. The balloon 
dilates the tract in one shot; however, the proce-
dure must be done under complete fluoroscopic 
control, resulting in greater radiation exposure. 
The balloon dilator (Nephromax; Boston 
Scientific, MA) is available in size of 30 F which 
is suitable for standard PCNL.

The procedure involves the passing of a 0.035- 
or 0.038-inch guidewire into the pelvicalyceal 
system through the puncture needle once an 
appropriate puncture is made. A 10-F fascial dila-
tor is advanced over the guidewire. After these 
steps, tract dilatation is performed with a balloon 
dilator which is inflated with a LeVeen inflator 
(Boston Scientific) until all “waisting” in the bal-
loon disappears. The Amplatz sheath is passed 
over the balloon to create the final tract [7].

15.2.5  Fascial Amplatz Dilatation 
(FAD)

This method of tract dilatation is like telescopic 
metal dilatation. In standard PCNL, serial 
passage of Amplatz dilators is done, progressing 
from 8 to 30  F followed by placement of the 
Amplatz sheath over the last dilator [8]. The 
disadvantage is that when one dilator is 
withdrawn, it allows bleeding in the tract until the 
next dilator comes in. In mini-PCNL, the number 
of steps is less as the dilatation needs to proceed 
only up to 15–18  Fr, which also provides an 
opportunity to use one-step dilatation in these 
cases.

15.2.6  Trouble Shooting

Tract dilatation in PCNL holds as much impor-
tance as an initial puncture. If this step goes 
wrong, it may cause severe hemorrhage and may 
lead to loss of tract, and may result in abandoning 
the procedure. In cases of under-dilatation 
wherein the Amplatz sheath is still in the 
parenchyma or outside the PCS, the dilator needs 
to be passed yet again over the guidewire till it is 
inside the PCS and the full process of dilatation is 
repeated and the Amplatz sheath advanced and 
secured before a relook. In such cases, it is not 
unusual to encounter bleeding and collection of 
clots inside the PCS.

The guidewire should always be retained in 
place without letting it slip out until the tract is 
fully secured. The initial angle of the tract must 
be maintained throughout the dilatation 
procedure, failing which the guidewire may kink 
at the fascial interfaces during dilatation. The tip 
of the guide rod should be kept at the point in a 
calyx and care should be taken not to advance the 
dilator beyond that point. The final dilator and 
sheath should be passed to the pre-desired point 
only and any further advancement of the Amplatz 
sheath is to be done under nephroscopic vision.

Sometimes, over-dilatation may lead to shear-
ing of the infundibulum and hemorrhage. In cases 
of over-dilatation, we need to assess the damage 

Fig. 15.2 Screw dilator

15 Tract Dilatation, Nephroscopy, Stone Fragmentation, and Retrieval



194

done during nephroscopy. If there is bleeding 
from the infundibulum, it may be controlled by 
advancing the Amplatz beyond the traumatized 
area, to create a tamponade effect. In severe 
cases, the procedure may be curtailed with the 
placement of a Nephrostomy.

If the dilator is advanced more, it may some-
times lead to a counter-puncture of the opposite 
wall of pelvicalyceal system, leading to extrava-
sation of fluid and extrusion of stone fragments. 
In counter-puncture cases, if the injury is minor, 
one may proceed to finish quickly under low-
pressure irrigation, while avoiding extrusion of 
stone fragments. However, if there is major per-
foration, it is wise to abandon the procedure and 
place a JJ Stent and a nephrostomy to allow 
drainage and healing of the system.

15.3  Nephroscopy

Nephroscopy refers to the introduction of a neph-
roscope through the access sheath placed in the 
tract created, to inspect the PCS and remove the 
stone. In the case of mini-PCNL, the tract size is 
<20Fr, so only mini-nephroscopes are used in 
these settings. Mini-nephroscopes are supplied 
by several manufacturers, and the most popular 
size is 12 Fr (Fig. 15.3). Smaller sizes including 
7.5 Fr, called by several names including “ultra- 
mini” PCNL and “MIP XS” are also available 
(Fig. 15.4). The various nephroscopes have been 
discussed in Chap. 5.

With the initial introduction of nephroscope, 
we must assess the adequacy of dilatation and 
any trauma to the PCS. The Amplatz sheath must 

be advanced or retracted as required under vision 
to get a clear view of the PCS and the stone. It 
should be our endeavor to have a direct access to 
the stone without much torque on the renal paren-
chyma. Any clot if present should be either 
washed out or removed with appropriate grasping 
forceps. Once the PCS is clear of clots and debris, 
stone fragmentation should be started.

Working with an Amplatz sheath of 15–18 Fr 
and a 12 Fr nephroscope leaves adequate space 
between the telescope and sheath for the outflow 
of irrigation fluid during nephroscopy. This helps 
in keeping the intra-renal pressures low and also 
allows egress of any stone dust and fragments, 
clots, and infected urine and debris.

Nephroscope is also useful to pass a guidewire 
across the Pelvi-Ureteric Junction (PUJ) for 
placement of a DJ stent at completion. Stenting is 
optional in mini-PCNL (discussed elsewhere in 
this book) but is often required in the case of 
upper ureteric stones, edematous pelvi-ureteric 
junction, or in presence of bleeding or significant 
trauma to the mucosa.

15.4  Stone Fragmentation 
and Retrieval

Various lithotripsy devices are available for stone 
fragmentation, ranging from pneumatic 
lithotripters which work very well for larger 
stone bulk, to Lasers that can do effortless 
lithotripsy for any stone type. All these have been 
discussed in Chap. 6 of this book. The type of 

Fig. 15.3 Mini-PCNL Equipment (12 Fr Nephroscope 
and 15 Fr Amplatz sheath)

Fig. 15.4 MIP XS Equipment (7.5Fr Nephroscope and 
8.5 and 11 Fr Amplatz sheaths)
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lithotripter chosen is decided by the stone bulk 
and type of stone.

In cases of small and medium stone burden 
(<2 cm size), Lasers work very well. The major 
advantages offered by Lasers are smooth 
operation, smaller fragments and limited 
retropulsion. Holmium is the most popular laser 
for stone fragmentation, as being a pulsed laser, it 
is highly efficient in stone fragmentation. There 
are various settings available for stone 
fragmentation or dusting during Laser lithotripsy. 
In mini-PCNL, fragmentation may be chosen as 
the primary modality to clear the stone completely 
and rapidly. The usual laser settings are frequency 
ranging from 10 to 30  Hz with the energy of 
1.5–3 Joules with power outputs ranging from 15 
to 50 Watts. One can work with 550 μm fiber, 
which passes easily through the working channel 
of nephroscope [9]. High-power settings in 
Holmium YAG laser, beyond 50 watts, can be 
very useful for large and hard stones but should 
be used with caution.

A new addition to the laser armamentarium is 
the Thulium Fiber Laser (TFL). TFL has been 
found to be effective for soft tissue application as 
well as lithotripsy. Due to its continuous-wave 
form and high-frequency format, it has been 
found to have a special benefit for stone dusting 
and is believed to produce less retropulsion as 
compared to conventional holmium laser [10].

A remarkable feature of mini-PCNL is the 
“vacuum-cleaner effect” which allows stone 
fragments to get washed out with the in-and-out 
movement of the telescope without the use of any 
graspers [11]. The hydrodynamics of the outflow 
of irrigation fluid through the Amplatz sheath 
creates a “Venturi effect,” producing a low- 
pressure bubble in front of the telescope which 
entraps the freshly produced fragments and 
allows them to be retrieved as the telescope is 
withdrawn through the Amplatz sheath 
(Fig. 15.5).

In addition, various bi-pronged and tri- 
pronged graspers of 3–5 Fr size are also available, 
which can be passed through the working channel 

of nephroscope. These devices help to remove 
clots or stone fragments that may be stuck to the 
mucosa and fail to get washed out with irrigation 
flow. A stone basket of appropriate size can also 
be used to grasp and remove any fragments.

Another new addition to the mini-PCNL 
armamentarium is suction, either in the sheath or 
in the lithotripsy probe. In mini-PCNL, sheaths 
with suction have begun to play a major role in 
getting quick and good clearance. The Super 
Mini Perc (SMP), and the Super perc (Shah 
Sheath), both work on a similar principle, 
explained in Chaps. 19 and 20 of this book, with 
suction as an integral part of the sheath. The stone 
fragments are sucked inside the sheath as the 
stone is fragmented and delivered to a stone 
collection bottle.

For large volume stones, as in multiple or 
staghorn stones, we now have dual-energy 
lithotripters like Trilogy (EMS) or Shock-pulse 
(Olympus), which use a combination of Ballistic 
and Ultrasonic lithotripsy. The third component 
in these advanced combined lithotripters is the 
availability of suction through the channel of the 
lithotripsy probe, which allows rapid clearance of 
the stone fragments, and thus is extremely help-
ful in large stone bulk. The details about these 
new gadgets are available in a separate chapter in 
this book.

Fig. 15.5 Stone fragments after Spontaneous expulsion 
(Extracted fragments)
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Exit Strategy After PCNL

Palaniappan Sundaram, Mukhilesh Ramesh, 
Dilip K. Mishra, and Madhu S. Agrawal

16.1  Introduction

Let us look at a case scenario: the PCNL has been 
done successfully, complete clearance of all 
stone fragments has been achieved. Now a deci-
sion needs to be made, what next? Placement of a 
nephrostomy tube has been the traditional 
approach, regardless of the complexity of the 
PCNL. Nephrostomy tube can be a Nelaton cath-
eter, Malecot tube, pigtail catheter, Foley cathe-
ter, or a nephro- ureteral stent.

However, over the years, our understanding of 
the procedure of PCNL has evolved greatly. It is 

now understood that a tubeless or totally tubeless 
procedure can be performed safely, avoiding 
nephrostomy altogether. “Tubeless” refers to a 
procedure where an indwelling double-J (DJ) 
stent or a ureteric catheter alone (with no neph-
rostomy) is placed. “Totally tubeless” refers to a 
case where there is no internal or external drain-
age. In such situations, the normal ureter will be 
the only drainage for the kidney.

The initial purpose of the nephrostomy was to 
allow good drainage of the pelvicalyceal system, 
and additionally, aid in the healing of the percu-
taneous tract. Small stone fragments and clots 
may pass via the nephrostomy without causing 
significant obstruction to the urinary tract. 
Hence, the nephrostomy would prevent renal 
colic, urinary extravasation, and possible uri-
noma formation. This is crucial particularly in 
procedures where there is ureteral or pelvi-ure-
teric junction edema or obstruction. Moreover, 
nephrostomy provides access for future proce-
dures through the same tract. This may be a 
planned re-look procedure, antegrade nephrosto-
gram, or percutaneous chemolysis. Importantly, 
it was often thought to reduce bleeding by allow-
ing tamponade of the tract. However, there is 
sufficient evidence to support this assumption, as 
seen in studies where bleeding complications 
were found to be no worse when tubeless proce-
dures are performed [1].
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16.2  Large Tube Versus Small 
Tube

Several authors have investigated whether the 
smaller size of the nephrostomy tube had any ben-
efits. Liatsikos et al. studied the benefit of an 18-F 
nephrostomy over the 24-F nephrostomy using a 
randomized trial [2] while Pietrow and colleagues 
compared 22-F nephrostomy with a 10-F pigtail 
catheter in a randomized fashion [3]. Another ran-
domized study by Desai et al. assessed the differ-
ences between 20-F nephrostomy, 9-F pigtail 
catheter, and a tubeless approach with an indwell-
ing stent [4]. All three studies found that smaller 
nephrostomy induced less pain and hence reduced 
the analgesic requirements. It also resulted in less 
urine leakage [2, 4, 5]. The tract contracts around 
the smaller tube and hence seals earlier without 
much urine leaking after the tube removal. No 
increase in bleeding rates was seen in these stud-
ies. In addition, postoperatively patients with 
smaller tubes were found to have a short hospital-
ization period. It was found that patients with 
larger percutaneous nephrostomy had an increased 
risk of urine leakage after tube removal. This was 
most likely related to the tract not collapsing as the 
large tube kept it splinted open, leaving a fistula 
that may take longer to close off.

However, CROES PCNL database presented 
contradictory results, with the smaller bore 
(<18F) nephrostomy group having significantly 
greater bleeding, higher fever, and higher compli-
cations than the larger bore nephrostomy group 
(>18F). The rates of urine leakage, duration of 
hospital stay, and stone-free rates were no differ-
ent between the two groups. The conclusion of 
this study was if there was a need to place a neph-
rostomy, especially in complicated cases, the 
larger tube was preferable. These results may be 
attributed to the heterogeneous population and 
unmatched groups included in this study [6].

16.3  Tubeless PCNL

Although tubeless PCNL was proposed as early 
as 1984 by Wickham [7], within the next 2 years 
Winfield reported poor outcomes of severe dis-

comfort and prolonged hospital stay in two 
patients, putting the progress of tubeless PCNL 
on a long hold [8]. Eventually, Bellman and col-
leagues revived this technique in 1997 with an 
internal stent in place of an external nephrostomy 
[9]. This tubeless technique refers to the absence 
of a nephrostomy, but often a stent is left in place 
for a period of 1–2 weeks (Fig. 16.1). However, 
any ureteral drainage is acceptable, which could 
be in the form of a DJ stent on an external string 
or even a retrograde ureteral catheter.

The supposed hemostatic advantage of leaving 
the nephrostomy that was equal to the size of the 
initial access sheath was found to be less plausible 
as the use of small caliber nephrostomy did not 
result in an increased risk of bleeding from the 
tract. On the other hand, early tract  closure due to 
the absence of the nephrostomy may actually 
result in better tamponade of the tract.

The tubeless approach has significant advan-
tages, which have been demonstrated practically. 
Firstly, there is decreased pain leading to lower 

Fig. 16.1 Tubeless PCNL with DJ stent
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analgesic usage and greater patient comfort. 
Secondly, there is avoidance of external drainage of 
the kidney. Thirdly, tract contracts completely after 
removal of the Amplatz sheath reducing the likeli-
hood of protracted urine leakage which is more 
commonly associated with nephrostomy place-
ment. The presence of the nephrostomy would lead 
to the maturation of the tract which may lead to 
prolonged urinary leakage. Lastly, with all the 
above benefits, the hospital stay is reduced to a 
minimum, and healthcare costs are kept low.

16.3.1  Tubeless PCNL with Ureteric 
Catheter for Drainage

As these tubeless procedures usually had double-
 J stents placed, this created a new set of issues for 
the patients. They reported more discomfort 
related to the indwelling stent and required medi-
cations to cope with the symptoms [10]. 
Moreover, they required an additional procedure, 
cystoscopy, to remove the stent at a later date. 
Hence a ureteral catheter [11] or a DJ stent on a 
string [12] could be an alternative. Meta-analysis 
comparing drainage of tubeless procedures by 
ureteric catheter and DJ stent showed no differ-
ences in complication rate, change in hemoglo-
bin, postoperative pain, need for analgesia, 
operative time, and hospital stay [13]. When an 
external ureteric catheter was used for 1 or 
2 days, stent-related symptoms could be avoided, 
thus improving the quality of life for the patients. 
In minimally invasive PCNL, the use of an exter-
nal ureteric catheter for 24  hours or even less, 
with a correspondingly short hospital stay, is fea-
sible as demonstrated in a study conducted at our 
center using Ultra-Mini-PCNL (UMP) [14].

16.3.2  Tubeless PCNL with DJ Stent 
on an External String

An alternative option is the placement of a dou-
ble- J stent on completion of the procedure in 
an antegrade fashion leaving an external string 

[15], which exits through the nephrostomy tract 
(Fig. 16.2). This allows the stent to be removed 
from the flank as an office procedure without the 
need for cystoscopy. The tether exiting from the 
flank also provides access to pelvicalyceal sys-
tem for a re-look procedure. The tether can be 
used to pull the proximal end of the stent to the 
skin level, to allow passing a guidewire down 
the ureter to gain access to the pelvicalyceal 
system.

16.4  Early Nephrostomy Tube 
Removal

Early nephrostomy tube removal was also con-
sidered as an alternative to address the issue of 
stent-related symptoms in tubeless procedures. 
This involves removal of the nephrostomy after 
the first postoperative day instead of later in the 
postoperative period. Mishra et al. performed a 
randomized study and found analgesic require-
ment, drop in hemoglobin and hospital stay in 
early nephrostomy removal patients to be 
equivalent to the tubeless group. However, the 
stone clearance was better in the early tube 
removal group while urine leak was of shorter 
duration in the tubeless group. The presence of 
the tube gives the option of the second-look 
nephroscopy to improve stone clearance if at all 
required [16, 17].

Fig. 16.2 Tubeless PCNL with tether exiting through 
external tract
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16.5  Impact of Mini and Ultra- 
mini- PCNL on the Exit 
Strategy

Bleeding is an inherent part of PCNL. This starts 
as soon as the puncture and dilatation is per-
formed which causes blunt trauma to the kidney. 
In recent years, it has been understood that reduc-
ing the caliber of the percutaneous access reduces 
bleeding complications significantly [18]. Mini- 
PCNL was first described by Jackman and col-
leagues [19]. Its advantages were reproducible 
and together with the use of holmium laser, 
advances in optics, smaller accessories, and frag-
mentation devices, mini-PCNL established itself 
as an important armamentarium for the treatment 
of urolithiasis.  With mini-PCNL, the differences 
between small-bore nephrostomy and tubeless 
procedure became less apparent. Mini-PCNL has 
opened up the possibilities of doing away with 
drainage altogether, allowing urologists to per-
form more frequently “totally tubeless PCNL.”

16.6  Totally Tubeless PCNL

Since the presence of a stent adds further morbid-
ity to the patient in the form of bothersome stent 
symptoms, “totally tubeless” procedure came 
about in order to reduce the patient morbidity 
[20, 21]. This proved to be a safe and feasible 
option in a selected population. The length of 
stay as well as the need for analgesia were sig-
nificantly lower in the totally tubeless group as 
compared to the standard PCNL group.

A meta-analysis showed totally tubeless pro-
cedure resulted in shorter operative time, shorter 
hospital stay, and reduced postoperative analge-
sia requirements. No significant difference 
existed in terms of drop in hemoglobin, postop-
erative fever, and stone-free rates [22]. Another 
network meta-analysis of 16 trials reported a 
comparison of large tube, small tube, tubeless, 
and totally tubeless [23]. Totally tubeless and 
small tube PCNL groups were superior to tube-
less procedure in terms of the drop in hemoglobin 
while the length of hospital stay was shorter in 
totally tubeless and tubeless groups. It was postu-
lated by the authors that the presence of the stent 

in the tubeless group may have caused more 
hematuria compared to the other groups. This 
reinforces the fact that leaving any tube in the 
patient adds to the morbidity, and the earliest 
removal results in best outcomes. However, we 
must remain mindful that these studies are con-
ducted in selected populations by experienced 
surgeons in high-volume centers.

16.7  Adjuncts for Hemostasis 
and Sealants

Innovative techniques have been described to aid 
in the hemostasis of the tract created for 
PCNL.  Specifically for mini-PCNL, mechanical 
compression for some minutes after the procedure 
usually stops the small amount of bleeding from 
the tract. Placing stitches in the deep fascia may 
help sometimes. Other adjuncts have also been 
described to aid tubeless procedures, such as direct 
diathermy of the bleeding points and cryotherapy 
to the tract prior to the removal of the tube.

Instillation of various hemostatic agents has 
been used as quicker alternatives to achieve 
hemostasis [24]. These include oxidized cellu-
lose, gelatin, and fibrin sealants. Examples of 
gelatin matrix products are Floseal, Surgiflo, and 
Spongostan. These do not contain fibrinogen so 
thrombin present in the product would activate 
the patient’s own fibrinogen to form the fibrin 
clot. In addition, they expand to many times 
greater than their original volume to produce a 
compressive effect. Examples of fibrin sealants 
include Tisseel, Evicel, and Tachosil. Tachosil 
may produce the clot regardless of patient factors 
as they contain both thrombin and fibrinogen. 
The clinical utility of these agents is still unclear 
as experimental studies show some adverse 
effects. Gelatin matrix products become a fine 
suspension of particles when it is in contact with 
urine whereas fibrin sealants form a thicker semi-
solid material, which may remain even after 
5 days of contact in urine and hence may predis-
pose to stone formation [25]. Though the use of 
sealants remains controversial with respect to 
earlier hemostasis, the quick closure of the tract 
will aid recovery and encourage more tubeless 
procedures.

P. Sundaram et al.



201

16.8  Specific Situations

16.8.1  Bleeding

Bleeding is commonly from two sources. It can 
occur if the opposite wall is injured during dilata-
tion when the dilators overshoot past the renal 
parenchyma. The other area of bleeding is from 
the tract itself. In both these situations, the best 
immediate treatment is to place a nephrostomy 
across the bleeding site and leave it clamped. A 
clot that forms will tamponade further bleeding. 
If the bleeding from the tract is very severe, a 
Foley catheter with traction or a Kaye nephros-
tomy catheter may be used.

16.8.2  Perforation of Pelvicalyceal 
System

Perforation of the pelvicalyceal system may lead 
to fluid extravasation and lead to perinephric col-
lection or even fluid overload if absorbed into the 
intravascular space. In addition, when there is 
large perforation, stone fragments may extrude 
outside the kidney. The irrigation fluid does not 
remain in the pelvicalyceal system in the event of 
a large perforation. Hence, there will be no dis-
tension and the pelvicalyceal system will col-
lapse. This makes it difficult to progress with 
stone fragmentation and retrieval. In these large 
perforations, it would be prudent to stage the pro-
cedure by placing a DJ stent and a nephrostomy 
away from the perforation site. This would allow 
healing of the perforation as urine is drained 
away from the perforation via the stent and the 
nephrostomy. Whereas with a small perforation, 
no specific treatment is needed.

16.8.3  Complex and Staghorn 
Stones

In PCNL for complex stone or staghorn stone, 
multiple tracts may be used. In such instances, 
following the same tubeless principle, placing 
multiple tubes is not necessary, a single nephros-
tomy tube drainage is adequate [26]. It should be 
placed in the largest tract to provide adequate 

drainage and to allow re-entry if there is a need 
for a re-look.

16.8.4  PCNL in Children

The exit strategy after PCNL in children needs to 
be individualized. The age of the patent is not the 
deciding criterion. Saleem et al. [27] assessed the 
outcome of tubeless PCNL in children (mean age 
7.5 years) and found out that tubeless PCNL was 
less painful, less troublesome, and shortens the 
hospital stay of the child. In this study, the proce-
dure was a standard PCNL with 24 Fr sheath and 
drainage was through an externalized ureteric 
catheter, removed 24–48  hours postoperatively. 
The miniaturization of PCNL has also made the 
tubeless PCNL feasible and safe. Bilen et al. [28] 
showed a tubeless mini-PCNL safe option for 
children with stone disease. The mean age in this 
study was 3 years and the tubeless procedure was 
found to have a short hospitalization course.

16.8.5  PCNL in Patients 
with Previous Open Surgery

PCNL in patients with a history of previous open 
surgery can be done tubeless. Shah et  al. [29] in 
their study showed 25 patients who underwent 
tubeless PCNL with a history of open surgery for 
calculus in the ipsilateral renal unit had a short hos-
pital stay and low analgesia requirement. They did 
not have any compromise in stone-free rate or 
increased complication. Lojanapiwat [30] per-
formed tubeless PCNL in similar patients and found 
out that there was no increased complication rate.

16.8.6  Bilateral Tubeless PCNL

Simultaneous bilateral tubeless PCNL is a safe 
and effective exit strategy [31–34]. Shah et al. [31] 
studied the outcome of bilateral tubeless PCNL in 
10 patients with those who underwent bilateral 
PCNL with a nephrostomy tube. They showed that 
bilateral tubeless PCNL is safe and effective with-
out increasing the complication rate. The outcome 
of bilateral tubeless PCNL in staghorn calculus 
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was compared with staged PCNL by Wang et al. 
[32]. They reported that there was no increase in 
complication rate as well as blood loss. The stone-
free rate was similar to staged PCNL with neph-
rostomy tube while pain, analgesic requirement, 
hospital stay, and cost were low.

16.8.7  Ambulatory Tubeless PCNL

Tubeless PCNL as an ambulatory procedure is 
feasible [35, 36]. Singh et al. [35] performed tube-
less PCNL under spinal anesthesia (bupivacaine 
with fentanyl) in 10 consecutive patients. The 
patients were discharged the next day with no 
complications. The advantage of tubeless PCNL, 
combined with spinal anesthesia, makes ambula-
tory tubeless PCNL effective and feasible.

16.8.8  PCNL in Renal Anomalies

The ectopic position of kidneys does not make 
the tubeless PCNL impossible. Matlaga and asso-
ciates [37] showed lap-assisted PCNL in 6 
patients with pelvic kidney to be successful. 
Aghamir et  al. [38] published their randomized 
study comparing totally tubeless PCNL with 
standard PCNL in renal anomalies. Their results 
showed that even for moderate to large stone bur-
den the tubeless PCNL had decreased pain, hos-
pitalization days, and early return to activity.

16.8.9  PCNL in Obese Patients

The outcome of tubeless PCNL in obese patients 
was analyzed by Yang et al. [39] in their study; 

they analyzed the data of 45 patients who had 
normal BMI (18.5–25), 55 overweight (BMI 
25–30), 28 obese (BMI 30–40), and 5 morbid 
obese (BMI greater than 40). A stone-free rate of 
94.5% was achieved. BMI does not affect the 
stone-free rate or complication rate of tubeless 
PCNL [40]. Kazem Aghamir et al. [41] in their 
study compared standard PCNL with totally 
tubeless PCNL in obese patients (BMI >35). 
They showed that early return of activity in 
totally tubeless PCNL and recommended it for 
the obese.

16.9  Summary

Recent meta-analyses have shown that tubeless 
procedures resulted in a shorter operative dura-
tion, shorter hospital stay, earlier convalescence, 
lesser postoperative pain, and lower analgesia 
requirements [16]. In terms of complications, 
urine leakage rates were markedly lower. No 
significant difference in rates of fever, bleeding 
and other complications were seen. Moreover, 
the stone-free rates were not significantly differ-
ent between patients who underwent tubeless 
procedures and those who had nephrostomy 
placement [1, 4, 42, 43]. A comparison of the 
advantages and disadvantages of tubeless proce-
dure vs conventional PCNL is provided in 
Table 16.1.

Regardless, we need to remain mindful of the 
need for a nephrostomy in certain situations such 
as prolonged multi-tract procedures, bilateral 
procedures, pyonephrosis or infection, signifi-
cant bleeding, large pelvicalyceal system perfo-
ration, pleural injury, patient on antiplatelets, 
patients with renal impairment, or when re-look 
nephroscopy is needed.

Table 16.1 Comparison of tube and tubeless procedures

PCNL with Nephrostomy Tube Tubeless PCNL
Advantages Able to drain kidney even if ureter is obstructed

Possible re-look procedure can be performed if 
residual stones are present

Less pain
Shorter hospitalization
Shorter duration of urine leak from 
puncture site

Disadvantages More pain
Longer hospitalization
Longer duration of urine leak from puncture site

Clot colic
Unable to perform re-look nephroscopy for 
residual stones
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Ultra-mini PCNL

Ramandeep S. Chalokia and Janak Desai

17.1  Introduction

Percutaneous nephrolithotomy (PCNL) remains 
the treatment of choice for large and complex 
renal stones leading to a higher rate of stone 
clearance as compared to Shockwave lithotripsy 
(SWL) and retrograde intrarenal surgery (RIRS) 
[1, 2]. It all began in 1941 when Rupel and Brown 
from Indianapolis removed a stone through an 
already formed nephrostomy track [3]. Fernstrom 
and Johansson further pioneered the concept of 
stone removal with percutaneous access using 
radiologic control in the late 1970s [4]. Further 
progress in the optics and imaging techniques, 
three-dimensional computed tomography recon-
struction, improved telescopes, novel, and effi-
cient energy devices contributed to the rapid 
development of this technique to a well- 
recognized method of minimally invasive method 
of renal stone treatment [5, 6].

Although PCNL is considered safe, it can, 
however, be associated with significant morbidity 
with complications which include postoperative 
sepsis (2%), fever (10–16%), blood transfusion 
(3–6%), and significant bleeding (8%) [7]. Sheath 
size is the key parameter associated with blood 

loss. The incidence of transfusion was about 
1.1% for smaller sheaths (less than 18Fr) as com-
pared to 5.9% for the standard large sheaths (27 
Fr, 28 Fr, 30 Fr) and 12% in the largest sheaths 
(32 Fr, 33 Fr, and 34 Fr) in the analysis found by 
the Clinical Research Office of the Endourological 
Society (CROES) PCNL global study [8]. An 
ongoing global effort to reduce the rate of bleed-
ing complication, potential damage to the renal 
parenchyma, and postoperative pain resulted in 
the creation of smaller cross-sectional endo-
scopes and sheaths for use in smaller size tracks 
to remove renal stones. These innovations 
resulted in various minimally invasive percutane-
ous methods to treat renal stones.

17.2  Ultra-mini PCNL

One of the above many methods was the develop-
ment of ultra-mini PCNL (UMP) by Desai et al. 
from Ahmedabad, India [9]. This technique lim-
its the dilatation to either 11 Fr or 13 Fr. This 
concept was borne out of the observation while 
performing standard PCNL, renal parenchyma 
was generally resilient up to a dilatation of 14–15 
Fr. However, dilatation beyond 15 Fr resulted in 
lateral tears leading to increase in bleeding com-
plication and renal parenchymal damage. A set of 
particularly designed instruments include a tele-
scope of 1 mm with a resolution of 17,000 pixels; 
an inner sheath of 6.0 Fr, which has two ports 
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(one for the irrigation and the other for a laser 
fiber); and an outer sheath of 11 Fr or 13 Fr with 
a side-port that connects to a very thin tube run-
ning parallel to its lumen. The access is per-
formed with the aid of ultrasound and dilatation 
done under fluoroscopy after the initial place-
ment of a 6-Fr ureteric catheter cystoscopically 
under general anesthesia.

The stone fragmentation is done with a hol-
mium laser of 200 or 365 μm with an aim to pro-
duce small fragments of 1.5–2.0 mm. The laser 
settings are set at high energy (12  W) and low 
frequency (8  Hz). The stone fragments are 
removed by creating a whirlpool effect by inject-
ing saline through the side port of the outer sheath 
(see video).

Alternatively, a vortex can be created by 
injecting saline through the ureteric catheter. The 
fluid moves from a high-pressure zone of the 
renal pelvis and calyces into a low-pressure zone 
which is the lumen of the outer sheath. Frequently 
the fragments will be evacuated automatically by 
the vortex. On certain occasions, a low suction 
can be placed on the end of the outer sheath to 
remove the fragments. The mini whirlpool effect 
can be viewed in the small video (see video).

The results from the initial study were quite 
promising with SFR at 1 month of 86.66% on a 
cohort of 62 patients. Two patients required con-
version into mini-PCNL due to bleeding and the 
average hemoglobin decrease was 1.4 gm/dl. The 
mean stone size was 16.8 mm.

The UMP can be used as a primary modality 
of renal stone treatment up to 20 mm or as a com-
plement to the standard PCNL for removal of a 
stone in a difficult calyx while treating staghorn 
stone. The deemed advantage of the UMP over 
RIRS is the relative speed of the procedure and 
the use of minimal disposables which may result 
in UMP being more cost-effective. UMP and 
RIRS are compared in Table 17.1 [10].

Our results have been compared to other high 
stone volume centers using this modality of mini-
mally invasive PCNL.  Agrawal et  al. used this 
method of renal stone treatment for stones mea-
suring between 8 and 20 mm on a cohort of 120 
patients. Complete stone fragmentation was seen 
in 114 out of 120 patients (95%). A 2-week fol-

low- up revealed a stone-free rate of more than 
99% (119/120) and there were no significant 
postoperative complications [11].

17.3  Synopsis

UMP is a minimally invasive option of PCNL 
and demands a high level of experience before 
undertaking it. The availability of this technique 
along with the others such as Mini-PCNL, Micro- 
perc, Mini-micro PCNL, and Super-mini-PCNL 
provide a range of available treatment options 
along with standard PCNL for renal stones. The 
common driving factor for the introduction of 
these techniques is to minimize the risk of bleed-
ing encountered during standard PCNL. Kukreja 
et al. analyzed potential factors leading to blood 
loss during PCNL. They found that using smaller 
tracts in pediatrics, non-hydronephrotic systems, 
and those with narrow infundibulum and second-
ary tracts in a multiple-tract procedure where the 
main bulk of the stone has been cleared with a 
wider tract may reduce the blood loss [12].

The need for a routine nephrostomy place-
ment can be avoided in this technique which 
would have an important factor in minimizing the 
postoperative pain and hence quicker discharge 
[13].

For large renal stone burden, the standard 
PCNL would still be considered the gold stan-
dard. For renal stones of 1–2 cm size, either UMP 
or RIRS can be an option and the choice would 
also depend on the surgeon and familiarity with 
the technique and the stone location. UMP may 

Table 17.1 Comparison between ultra-mini- percutaneous 
nephrolithotomy and retrograde intrarenal surgery [10]

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

UMP ultra-mini percutaneous nephrolithotomy, RIRS ret-
rograde intrarenal surgery
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be preferred in lower pole stone. UMP can also 
be used as an auxiliary procedure to standard 
PCNL; the main bulk of the stone being dealt 
with standard PCNL and the UMP used for a 
small stone in an inaccessible calyx.

It is important to recognize the familiarity 
with the available surgical options and with the 
necessary skills one could facilitate a minimally 
invasive treatment of the renal stone without 
compromising the safety. Of course, these many 
options would create a dilemma of the choice of 
the treatment one could offer to a patient. This 
again may be reflected in the availability of 
instruments and experience of a particular tech-
nique familiar to the urologist (Tables 17.2 and 
17.3) [14].

It is not surprising to note that there will be 
more advances in these modalities in the future 
and possibly more high-quality evidence to shed 
more light on the recommendations for their use. 
A lot would depend on the skill of the surgeon, 
availability of resources, patient factors and the 
financial implications to decide the best treat-

ment for renal stones. The least invasive option of 
SWL, however, must be kept in mind before 
offering these modalities to the patient. One must 
remember that size of the tract does matter but 
more vital is the correct indication and the skill of 
the surgeon [15].
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Micro-PCNL

Ravindra B. Sabnis and Abhijit P. Patil

18.1  Introduction

PCNL since its invention in the 1980s has under-
gone a lot of modifications. From open surgery to 
PCNL was a conceptual change & because of its 
minimally invasive nature, it became standard of 
care for treating renal stones. However, over a 
period of years, it was realized that PCNL is not 
without many complications and some can be 
disastrous. It became evident that the large tract 
was associated with many complications. In the 
year 2000, Miniperc was introduced with a tract 
size of 16–18  F, which had many advantages. 
Impressed with the success of Miniperc, several 
innovations were introduced like Ultra-Miniperc, 
super-miniperc, MIP-XS, Microperc, reducing 
the tract size to as low as 4.85 F. Microperc is the 
lowest tract size instrument used for the removal 
of kidney stones as of today.

18.2  How Microperc Came into 
Existence

Laparoscopy has a small needloscope which is 
used to see if the tract is proper or not especially 
if adhesions are expected in the abdomen, and 
with this 2 mm scope, the tract is created under 

vision to avoid any injury. Markus Badar 
thought to use the same technique for PCNL—
to ensure that the PCS access was proper [1]. He 
called it “All-seeing needle”—purpose of which 
was to establish the tract under vision—so that 
tract can be made through papilla and complica-
tions of a wrong puncture could be avoided. His 
objective of using this method was only to get 
access to the kidney and once proper access is 
established, then proceed to regular 
PCNL.  However, Desai et  al. thought—why 
cannot this tract be utilized to complete the 
treatment of stone fragmentation [2]. This is 
how “Microperc” came into existence.

18.3  Concept of Microperc

All forms of PCNL have a similar concept, which 
involves multiple steps—(access to pelvicalyceal 
system (PCS), putting guide wire, dilating tract to 
whatever size, and nephroscopy) before stone dis-
integration. Microperc is different from other for-
mats, as it is a one-step procedure. Once you get 
access, you can start doing nephroscopy and stone 
dusting. The steps of inserting guidewire and dila-
tation are avoided. Hence, many complications 
and problems arising out of wire insertion and 
tract dilatation are avoided. There are two ways in 
which PCS access can be obtained. The first 
method is by inserting a needle under vision. The 
optical needle avoids the risk of traversing through 
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the viscera and confirms the selection of the cor-
rect papilla [3]. Another method is getting access 
like any PCNL—fluro guided or USG guided.

18.4  Instruments (Fig. 18.1)

 1. 3 part −16 G (4.85 F) needle (also called as 
all-seeing needle)

 2. 0.9  mm Telescope which is flexible and has 
10,000-pixel resolution—whose distal end has 
light cable and camera attachment provision

 3. 3 part plastic adaptor
 4. 200-micron laser fiber
 5. Irrigation tubing which goes to irrigation 

pump.

18.5  Technique

It is performed under general or spinal anesthe-
sia. The procedure can be performed in prone as 
well as supine position. In lithotomy position, 

ureteric catheter (preferably 6 or 7 F open-ended, 
multi-hole) is passed. Then, the patient is posi-
tioned in a prone or modified Valdivia position. 
The puncture of the desired calyx is done under 
fluoroscopic or ultrasonic guidance or using the 
direct visual guidance of the “all-seeing needle.” 
Confirmation of PCS access can be done by fluid 
coming out of needle or by direct vision. Then a 
three-way adapter is connected to the hub. The 
latter serves as the inlet for—laser fiber 
(200/272  μ) via “Touhy Borst” adapter, saline 
irrigation, and 0.9 mm flexible telescope. Saline 
irrigation is under pressure irrigation enough for 
proper vision. Multi-hole ureteric catheter con-
tinuously drains the PC system to maintain the 
intrarenal pressures in physiological limit. A 
laser fiber is passed and stone is dusted. Once the 
stone is powdered completely and clearance is 
confirmed on fluoroscopy, then the needle is 
withdrawn. Ureteric catheter and foley are kept 
for 24 hrs. In case DJ stenting is desired, a ure-
teric catheter can be changed to DJ at the end of 
the procedure.

Laser Fibre

0.9 mm flexible
telescope

Irrigation
Channel

4.85 Fr “All seeing needle”

Fig. 18.1 Microperc assembly consisting of—0.9 mm flexible telescope, 4.85 Fr “All-seeing needle” with three-way 
adaptor for laser fiber, scope, and irrigation channel
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Important Points
 1. Space inside the 16  G needle is limited—

which has to accommodate a 0.9  mm tele-
scope, laser fiber, and fluid irrigation. Hence, 
only 240 or less size laser fiber can be passed, 
irrigation will have to be used under 
pressure.

 2. Telescope carries light as well as captures 
images. The camera or light cable is not 
attached near the needle as the needle will 
not take the weight of the camera as well as 
the light cable. Hence, light cable and  camera 
attachments are at the other end of the cable. 
Camera and light cable are mounted away by 
an articulating arm (Fig. 18.2).

 3. Better to use a large diameter multi-hole ure-
teric catheter—if a single-hole ureteric cath-
eter is used, it can get blocked by stone 
fragments. If it gets blocked, free drainage 
from the ureteric catheter will not happen and 
thereby intrarenal pressures will increase.

 4. It is a closed system; hence, irrigation pres-
sure should be adjusted in such a way that it 
is just sufficient to keep vision good. Too 
much pressure and flow will distend the sys-
tem and increase pressure. Flow should keep 
vision good and amount should match out-
flow coming out from the ureteric catheter.

 5. Laser setting should be of dusting as there is 
no way to remove the fragments. Once the 
powder is formed, it will clear over a period 
of time.

 6. Since it is a needle puncture—it is always 
tubeless procedure.

 7. In case DJ stenting is required (if any problem, 
for example—fragments are slightly bigger, 
injury to PCS), then this will have to be done at 
the end of the procedure—retrogradely.

 8. In Microperc, usually, the desired calyx is 
calyx containing stone. Hence, generally, it 
is stone-guided puncture. Since the sheath is 
just a needle, there is no way to move from 
one calyx to other calyces. If you try to do 
that, the needle gets bent at abdominal wall 
level, as the needle has no strength. Hence, 
whether calyx is anterior or posterior is 
immaterial.

 9. Since this is a one-step procedure, even if the 
puncture is not perfect or maybe a little 
oblique, it may not matter how much pro-
vided vision is good. Sub-optimal punctures 
pose problems and complications once such 
tract is dilated.

 10. If stones migrate to some other calyx, it may 
be difficult to approach other calyces with 
Microperc and may require conversion to 
Miniperc. Hence, laser settings are very 
important—to dust the stone and prevent 
migration.

 11. Fragment retrieval is not possible in 
Microperc—so in that way, it may be similar 
to RIRS or ESWL, where stones are blasted 
and stone fragments are expected to pass out.

 12. Mostly, Microperc is used for a therapeutic 
purpose—stone removal. There are hardly 
any reports for only puncture purposes as 
originally was thought of.

18.6  Modifications of Microperc

Mini-Microperc (Fig. 18.3) is a modification of 
using 8/10 Fr outer sheath for better intrarenal 
manipulation and stability. The additional benefit 
is the admission of a 1.6-mm Ultrasonic 
Lithotripter (which helps with faster fragmenta-
tion and extracting of fragments) and basket or 
fine forceps (3 Fr) [4, 5].

Penbegul et al. used a double angiocath tech-
nique. Earlier, the author used a 14-gauge 

Fig. 18.2 An articulating arm to mount the camera and 
light cable for Microperc

18 Micro-PCNL
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angiocath needle and sheath (micro sheath) dur-
ing microperc surgery for pediatric patients to 
reduce the IPP [6]. Now, a second angiocath is 
used to drain fluid during surgery [7].

Ibrahim Buddu et  al. combined microperc 
with standard PCNL for complex renal stones to 
improve stone clearance rates without increasing 
the morbidity of the procedure [8].

Drawbacks
 1. Thicker puncture needle (16 G–1.65 mm ver-

sus 20 G—0.9 mm or 18 G—1.27 mm)
 2. Though it is an all-seeing needle, vision 

through the scope is red till calyx is reached.
 3. Intrarenal pressure may rise. Even though a 

large multi-hole ureteric catheter is used, as it 
may not be sufficient to drain the same amount 
of fluid that is coming through irrigation.

 4. There is no active stone retrieval mechanism. 
It depends on the natural passage of stone. 

Hence, clearance of stone from a calyx with a 
very thin infundibulum may be difficult.

 5. Even if there is a small amount of blood/clot 
in the system, then vision will be hampered. 
There is no way to remove clots. Sometimes, 
clots cover stone. Laser disintegration of stone 
can be started to disperse clots and proper 
visualization of stone. However, poor vision 
can result in conversion to Miniperc.

 6. Microperc telescope is very delicate and 
hence wear and tear is high.

Benefits and Ideal Indications of Microperc
 1. Since Microperc is the smallest tract size, it 

has a huge benefit in the pediatric population, 
where a smaller tract is better.

 2. In malrotated, ectopic kidneys, often calyces 
are awkwardly placed, stone targeted punc-
ture and one-step method is most beneficial. 
In ectopic kidneys, USG-guided, puncture 

Laser Fibre

0.9 mm flexible
telescope

Irrigation
Channel

8 Fr Mini Microperc sheath

Fig. 18.3 Mini-Microperc assembly: it is the same as conventional Microperc assembly except the 4.85 Fr needle is 
replaced with an 8 Fr Mini-Microperc sheath
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and finishing procedure in one step can pre-
vent a lot of complications. Just puncture usu-
ally does not have morbidity, even if it has hit 
surrounding structures. No requirement of 
dilatation makes it the most suitable method 
in anomalous kidneys provided stones are 
small.

 3. Compact calyceal stone—where there is no 
space for wire placement, tract dilatation may 
not be complete, in that situation, stone- 
guided puncture and immediate laser disinte-
gration makes it an ideal indication.

 4. As additional tract in association with standard 
or miniperc has the benefit of achieving one 
more access without additional morbidity.

 5. Stones for Microperc preferably should be 
less than 1.5 cm. Larger stones will take time 
and will need the necessity of fragment 
retrieval—which is not possible in microperc.

18.7  Outcomes and Need for 
Conversion [2, 4, 9–18]

The stone-free rates in various studies on 
microperc have been 82–97%, with a mean hos-
pital stay of around 1–2  days. The hemoglobin 
drop in various studies ranged from 0.1 to 1.4 
gm%. The majority of the complications of 
microperc are of low Clavien grade like fever, 
urinary tract infection, renal colic, intra−/extrav-
asation, and need for DJ stenting. Many studies 
have reported steinstrasse and renal colic after 
microperc requiring medical management or DJ 
stenting. This could be attributed to the proce-
dural technicality of clearance of stone using 
laser and depending upon spontaneous passage 
of stone fragments. The stone fragments cannot 
be actively retrieved. Some studies (Armagan 
et al. [16], Desai et al. [2], Tepeler et al. [10], and 
Piskin et al. [11]) have mentioned about conver-
sion of microperc to mini-microperc or Miniperc. 
The 4.85 Fr sheath has limited ability to irrigate 
the system. Thus, there was a need to convert due 
to the inability to maneuverer the scope from one 
calyx to another and poor visibility due to intra-
operative bleeding.

18.8  Comparison with Other 
Techniques

Microperc after its introduction in 2011 is widely 
practiced across the globe. Various authors have 
published their results. Obviously, when there are 
several modalities available to treat stones up to 
1.5 cm, Microperc will have to be compared with 
all other modalities.

18.8.1  Microperc Versus EWSL

Hatipoglu et  al. retrospectively compared 
microperc with ESWL and found lower treat-
ment rates in microperc [15].

18.8.2  Microperc Versus RIRS

Sabnis et al. (2013) performed a randomized con-
trolled trial of Microperc versus RIRS for renal 
calculi <1.5 cm. They concluded that Microperc 
is safe and has similar stone clearance and com-
plication rates as RIRS for small renal calculi. 
Microperc is associated with higher hemoglobin 
loss, increased pain, and higher analgesic require-
ments, while RIRS is associated with a higher 
requirement for JJ stenting [13].

Fata et  al. (2014) compared the efficacy of 
microperc with RIRS for intermediate renal cal-
culi (1–3  cm). They concluded that both these 
techniques have comparable stone clearance and 
compilation rates [14].

Armagan et  al. (2015) retrospectively com-
pared microperc with RIRS for moderate (<2 cm) 
lower pole stones and concluded that microperc 
is safe and efficacious with significantly higher 
stone-free rates [17].

Bagcioglu M et al. (2016) performed a cost- 
effectiveness analysis of 111 procedures of 
microperc and RIRS.  They concluded that 
microperc is less expensive than RIRS due to 
additional required treatments and ancillary 
equipment in RIRS. RIRS is more effective than 
microperc in terms of operation time and more 
effective use of operation rooms [19].
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Baş O et al. (2016) retrospectively compared 
microperc and RIRS for 10–20  mm calculi in 
pediatric patients. Both the techniques were 
equally efficacious and had similar complication 
rates. Hospital stay and radiation exposure were 
significantly lower in the RIRS group [20].

Cepeda M et  al. (2017) prospectively com-
pared microperc and RIRS for <2 cm renal cal-
culi. Stone-free and complication rates, hospital 
stay, and JJ stenting were similar for both groups. 
The hemoglobin drop was more in the microperc 
group [32].

Kandemir A et al. (2017) prospectively ran-
domized 60 patients with <15 mm lower pole 
renal stones into microperc and RIRS groups. 
Both techniques have comparable stone-free 
and complication rates. Microperc had the dis-
advantage of prolonged hospital and scopy 
times [21].

Li X et al. (2018) performed a meta-analysis 
of nine studies (842 patients) comparing 
microperc with RIRS. Microperc was associated 
with higher stone-free rate (SFR) (OR: 1.6; 95% 
CI, 1.03 to 2.48), significantly longer hospital 
stays (MD: 0.66 day; 95% CI, 0.17 to 1.15), lon-
ger fluoroscopy time (MD: 78.12  s; 95% CI, 
66.08 to 90.15), and larger decreases in hemoglo-
bin (MD: 0.59 g/dl; 95% CI, 0.16 to 1.02) than 
was RIRS.  No significant differences were 
observed with respect to operative time, stone- 
free rate, complication rate, or auxiliary proce-
dures [22].

Zhang B et al. (2020) in a systematic review 
and meta-analysis of three RCTs and four non- 
RCTs of Microperc versus RIRS concluded 
that Microperc is associated with fewer DJ 
stent insertions and higher SFR at the expense 
of a greater drop in hemoglobin and longer 
hospital stay. On subset analysis of lower pole 
and non- lower pole stones, the SFR, auxiliary 
procedure and complication rates were compa-
rable. The hemoglobin drop was greater for 
Microperc in both lower or non-lower pole 
stones group, while the operative time was 
comparable for RIRS and Microperc for lower 
pole stones [23].

18.8.3  Microperc Versus Miniperc

Karatag T et al. (2015) compared Microperc and 
Miniperc for treatment of pediatric renal stones 
of sizes 10–20 mm in retrospective multicentric 
analysis. An analysis of 119 patients concluded 
that Microperc has similar stone clearance and 
complications rates with lower hemoglobin drop, 
shorter hospitalization stay, and fluoroscopy 
time. The stone-free rate at 1 month was 92.8% 
for Microperc versus 93.6% for Miniperc [24].

Tok A et  al. (2016) compared clinical out-
comes of 98 patients of Miniperc with Microperc 
for treatment of lower calyx stones of 10–20 mm. 
The stone-free and complications rates in both 
the arms were comparable. They concluded that 
Microperc is a treatment option for medium- 
sized lower calyx stone, being associated with 
lower blood loss, reduced fluoroscopy, procedure 
time, hospitalization time, and a higher tubeless 
rate [25].

Dundar G et  al. (2016) compared Miniperc 
with Microperc in 43 pediatric patients for stones 
less than 2  cm. These patients had undergone 
unsuccessful SWL procedures. The mean opera-
tive duration and hospitalization duration was 
less in Microperc as compared to Miniperc. The 
stone clearance rate for Microperc (93.8%) and 
Miniperc (92.6%) was comparable. The hemo-
globin drop was less in Microperc but was statis-
tically comparable with that of Miniperc [26].

18.9  Microperc in Pediatric 
Population

Sen H et  al. (2017) compared Microperc and 
RIRS in 48 pediatric patients. They had compa-
rable operative duration and stone-free rate in 
both arms. They concluded Microperc and RIRS 
are safe first-line minimal-invasive treatment in 
pediatric patients [27].

Caione P et al. (2015) evaluated the feasibility 
of Microperc in Valdivia-modified position in 
five pediatric patients. They concluded that 
Microperc is a new cost-effective and time- saving 
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technique that demonstrated as safe and effective 
in the minimally invasive procedure for lower 
pole and pelvic renal stones of small size [28].

The feasibility and safety of Microperc in the 
pediatric population have been well described in 
literature. Microperc has been performed in a 
7-month-old kid (Sancaktutar AA et  al. [29]), 
2-year-old kid (Kaynar M [30]), and Laparoscopic-
assisted microperc of a stone in a pelvic kidney of 
a 3-year-old girl (Tepeler A et al. [31]).

18.10  Where Microperc Stands 
Today

Microperc should not be considered as an alter-
native but as complementary to other modalities 
like Miniperc, ESWL, or RIRS.  As mentioned 
above, there are specific benefits and ideal indica-
tions for Microperc. In carefully selected cases, 
Microperc is very useful.
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Superperc

Kaushikkumar V. Shah, Ulhas Sathaye, 
and Arabind Panda

19.1  Introduction

Percutaneous nephrolithotomy (PCNL), since its 
introduction by Fernstrom and Johansson in 1976, 
has been the modality of choice for treating com-
plex upper tract urolithiasis [1]. It has several 
advantages over shock wave lithotripsy (SWL) and 
retrograde intra renal surgery (RIRS). The ease of 
treating a larger stone burden, stones with distal 
obstruction, infection stones, a higher stone free 
rate, one-stage procedure, and cost- effectiveness in 
developing countries, with wide applicability in 
most cases, are some of the advantages.

Appropriate access to the pelvicalyceal sys-
tem is critical to remove all stone burdens effec-
tively. Access has two components—correct 
puncture and an appropriate tract size. Tract size 
is related to significant morbidity like bleeding, 
need for transfusion and duration of hospital stay 
[1]. Major advances in PCNL were possible due 
to improvement in areas like optics, lithotripsy 
devices and stone fragment evacuation systems. 
Advances in optics allowed reduced size of neph-
roscope without losing the quality of vision.

Another major advance is related to reducing 
tract size without losing efficacy, safety, and cost- 
effectiveness of the procedure. Now we have a 
mini perc nephroscope from a number of manu-
facturers, an ultra mini PCNL (UMP) telescope 
and even a Microperc telescope [2]. Lithotripsy 
devices include pneumatic, holmium laser and 
thulium fiber laser. Thinner probes of pneumatic 
lithotripsy allowed the nephroscope size to be 
reduced from 24–26 F size to 12–18 F size with 
high efficacy with almost no maintenance cost. 
Holmium laser lithotripsy allowed the nephro-
scope size to go down further. It paved the way for 
small tract size PCNL, especially for small volume 
stone burden with excellent efficacy, reduced mor-
bidity and increased tubeless procedures. However, 
Holmium laser lithotripsy may be relatively slow 
in the treatment of large-sized stones due to pro-
longed operative time, increased intrarenal pres-
sure with delayed or reduced stone clearance.

In minimally-invasive PCNL techniques, there 
is difficulty in the removal of the fragments using 
conventional methods. Alternative systems to 
remove stone fragments emerged like flushing 
fragments down the ureter (Microperc), whirl-
pool effect (UMP) or vacuum cleaner effect 
(miniperc from Karl Storz). Efforts to increase 
the speed of fragmentation with simultaneous 
fragment retrieval have resulted in the develop-
ment of advanced lithotripters using suction—
Lithovac, Shock Pulse lithotripsy and Trilogy. 
However, the addition of suction channel inside 
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the probe increases the size of the lithotripsy 
probe needing a bigger nephroscope and thereby 
a bigger tract size. These offer a definite advan-
tage in large stone volumes.

An alternative approach is the addition of suc-
tion to the sheath rather than the lithotripsy probe. 
Superperc and Super Mini PCNL have added suc-
tion in the sheath itself. This breakthrough allowed 
the nephroscope and lithotripsy device to be 
smaller. The addition of suction in the renal sheath 
along with retrograde irrigation in Superperc has 
resulted in a number of advantages while offering 
a wide range of sheath and nephroscope sizes to 
choose for PCNL depending upon the size of 
stone.

19.2  Armamentarium

Superperc uses the same principle of minimally- 
invasive PCNL, with added suction to the sheath, 
which would create negative pressure and aug-
ment the vacuum cleaner effect to help egress of 

the fragments. The sheath has been finalized as 
Shah sheath, and it has now been patented in 
China and subsequently in US.

Set up for Superperc is almost the same as in 
any PCNL (Fig. 19.1). Few of the instruments we 
use are modified to meet the need. It includes (1) 
multihole ureteral catheter in place of the con-
ventional open-end ureteral catheter, (2) a set of 
Shah sheath as renal sheath, (3) stone catcher 
bottle (4) low-power suction machine along with 
a suction bottle with a tap.

19.2.1  Multihole Ureteral Catheter

Multihole ureteral catheter is an open-ended ure-
teral catheter with a few holes in the sidewalls for 
a few centimeters at the distal end that is placed 
in the renal pelvis and upper ureter. It has to be 
placed on a guidewire under C arm guidance so 
that the tip of the ureteral catheter is in the upper 
calyx. This will ensure that some of the holes are 
in the renal pelvis and a few are in the upper ure-

Multi-hole Ureteric catheter

Renal Calculus

IRRIGATION

AIR
OPENING

Shah
Sheath

Suction
tube

Laser fiber or
Pneumatic Probe

Stone collection
bottle

Suction
machine

Fig. 19.1 Set up for Superperc
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ter. It is to fill/empty the whole pelvicalyceal sys-
tem and upper ureter simultaneously and 
effectively. It is aimed at (1) effective, simultane-
ous visualization of the pelvicalyceal system 
while doing renal calyceal puncture, (2) good ret-
rograde irrigation during lithotripsy in the renal 
pelvis and upper ureter, (3) as an exit strategy at 
the end of procedure leaving only ureteral cathe-
ter for drainage.

19.2.2 Shah Superperc Sheath

Shah Superperc sheath (Fig. 19.2) has two com-
ponents: (1) tubular metal sheath along with 
dedicated metal dilator (2) connector. It has 
evolved over the years from being a pure metal 
design with detachable parts to having a clear 
suction master and dilator integrated into the 
sheath. It is available as reusable, both autoclav-
able and non-autoclavable version. This allows 
for reducing one step in placing sheath, visual-
ization of the fragments, significant reduction in 

the weight of the sheath with improved 
ergonomics.

The tubular metal sheath is available in differ-
ent working lengths −10 cm, 12 cm, and 14 cm, 
the default being 14 cm. It is also available in dif-
ferent sizes—12 F, 15 F, 18 F, 21 F, and 24 F. This 
is to suit different tract lengths and widths needed 
for a particular patient. For a shorter tract, as in 
children, one can use a shorter length sheath-like 
10 cm sheath for better ergonomics. For a smaller 
tract size as in UMP, one can use 12 F, and for 
miniperc size tract, one can use 15 F, 18 F, and 
21  F size sheath. For a bigger tract size, as in 
large stone volume, one can use 21  F or 24  F 
sheath. Thus, the system provides a lot of flexibil-
ity in choosing the most appropriate sheath length 
and width (Fig. 19.3).

A dedicated metal dilator is provided for each 
size of the sheath. For 12 F,15 F, and 18 F sheath, 
a dilator is designed to be introduced over a guide 
wire as a one-step dilatation. For 21 F and 24 F, a 
dilator is designed to be used over a guide rod as 
a one-step dilatation.

Autoclavable

Non Autoclavable

Fluid outlet opening for Suction tube.

Suction Master

Suction
control
Opening

Fig. 19.2 The Shah 
Superperc Sheath
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The suction master attached to the tubular 
sheath has two pillar openings (1) air inlet open-
ing (2) fluid outlet opening with an area to attach 
a connector. Air inlet opening serves as a suction 
control opening. If it is open to air, minimal 
suction power is transmitted to the pelvicalyceal 
system (PCS). If it is closed by the finger of either 
surgeon or assistant, full suction power is trans-
mitted to the PCS to suck the fluid with frag-
ments. The fluid outlet opening is connected to a 
stone catcher bottle with the help of a suction 
tube. The connector is screwed to the top, and it 
has a valve that allows for the repeated passage of 
a nephroscope with an airtight system (Fig. 19.2).

The connector is available in four different sizes: 
(1) small, (2) medium, (3) large and (4) extra-large.

Depending on the size of the nephroscope, 
one needs to attach a connector to the sheath. It is 
attached to the sheath by thread and screw mech-
anism (Fig. 19.3).

19.2.3  Stone Catcher Bottle

It is a small container to collect stone frag-
ments. The cap has two pillar openings, one 

smaller and one bigger in diameter. Big open-
ing is attached to a suction tube coming from 
the fluid outlet opening of the Shah sheath. 
Smaller opening is connected to a low-power 
suction machine via another suction tube 
(Fig. 19.4).

Nephroscope Connector Sheath
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18.5F)

Nephroscope (17.5F to
21F)

Fig. 19.3 The appropriate nephroscope for each sheath

Bigger opening to connect
to sheath

Smaller opening to
connect to suction
machine

Fig. 19.4 Stone catcher bottle

K. V. Shah et al.



223

19.2.4  Low-Power Suction Machine 
and a Suction Bottle with a Tap

Low power suction machine is designed to provide 
low-power suction with a control knob to vary the 
suction power. Set the power of the suction 
machine to 0.020 to 0.026 megapascal or 0.2 to 
0.26 Bar or 150 to 200 mm of Hg. Start with the 
lowest setting and increase if necessary. It has a tap 
attached by T connection. The suction bottle has a 

tap at the bottom part of it. When the  suction bottle 
is filled with returning fluid, tap on suction bottle 
and tap on T tube connection of suction machine 
are opened. This will allow the bottle to be emp-
tied easily, quickly, and safely. When the bottle is 
empty, both taps are again closed (Fig. 19.5).

19.3  Technique

Technique for Superperc is almost the same as in 
any form of PCNL (Fig.  19.6). There are four 
minor differences from conventional technique.1. 
Insertion of a multihole ureteral catheter instead 
of the simple ureteral catheter. 2. Placement of 
Shah sheath instead of other renal sheath. 3. 
Attaching a low-power suction machine with a 
stone catcher bottle to the fluid outlet port of the 
sheath. 4. Adding a retrograde irrigation via ure-
teric catheter [3, 4].

Once we decide to offer PCNL to a particular 
patient, one has to plan the technique like prone, 
supine, or ECIRS. First step is to put a multihole 
ureteral catheter over a straight tip guide wire, 
under C arm guidance to keep the tip of the ure-
teral catheter in the upper calyx. Insert A foley 
catheter and fix the ureteral catheter well so that 
it does not slip down.

Tap on T
connection

Suction bottle
with tap

Fig. 19.5 Low power suction machine and a suction 
bottle with a tap

Cystoscopy and Ureteric catheterisation
Multihole Ureteric catheterSimple Ureteric Catheter

Floro guidedUltersound guided
Puncture as you do in your PCNL or Percs

Dilatation as you do in your PCNL or Percs
Guide wire Guide rod

In place of using your respective sheaths of perc or PCNL, will use SuperPers sheath
15 F 18 F 21 F 24 F12 F

Nephroscopy will be done.
Nephro scope of your choice!!!

Stone Breaking
LaserPneumatics

In place of using forceps, will use Suction.
Low pressure

NephrostomyDJ Stant
Exit procedure as you do in your PCNL or Percs 

Use ureteric catheter

On and Off suction as per situation

Fig. 19.6 Adapting conventional PCNL to Superperc
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19.3.1  Preparing for Suction

After draping the patient, keep the stone catcher 
bottle at an appropriate place. Attach a suction 
tube of 8 mm inner diameter to the bigger open-
ing of the bottle and keep it ready so that it can be 
easily attached to the fluid outlet opening of the 
Shah Sheath. Attach another suction tube from 
the stone catcher bottle to the low-power suction 
machine. Set the suction power to 150 to 250 mm 
of Hg/0.02 to 0.025 mega pascal. Adjust the suc-
tion power of the machine to minimum and 
increase as and when needed.

During retrograde pyelography, multihole ure-
teral catheter fills all the calyces simultaneously 
due to multiple holes in the ureteral catheter. That 
will help to delineate all the calyces and upper 
ureter well. Due to multihole ureteral catheter, 
the system empties fast and one needs to refill the 
system if repeated attempts to puncture are 
required. Air does not drain out easily as com-
pared to saline. Decide the position of calyx and 
size of infundibulum to puncture. Depending on 
the nephroscope/s available, characteristics of 
stone/s and surgeon’s preference, tract size, along 
expected tract length are decided. Select the 
appropriate size and length of the Shah sheath.

Create a tract under sonography or fluoro 
guidance or combined, as per personal prefer-
ence. Dilate tract as per individual choice or 
using appropriate one-step dilator and insert the 
sheath without connector over/with a dilator. 
Remove the dilator, leaving guide wire in situ. 
Perform nephroscopy, confirm that the sheath is 
in system and properly placed and locate the 
stone. Now remove the guide wire under vision. 
Attach a connector appropriate for the size of the 
nephroscope, attach a suction tube to the fluid 
outlet opening of the suction master of Shah 
sheath.

Nephroscopy is started as per individual pro-
tocol. Once orientation is achieved, pneumatic or 
laser lithotripsy is started. Retrograde irrigation 
is started. Suction machine is always kept on. 
When air inlet opening is open to the air, only 
minimal suction is transmitted to renal pelvis and 
fluid is coming by overflowing from PCS, aug-
mented by minimal suction. When extra suction 
is required, air inlet opening is closed either by a 
surgeon or assistant’s finger. Suction is activated 

with a nephroscope in situ or during withdrawal 
of the nephroscope to remove fragments of vary-
ing sizes. Suction is activated in the following 
situations. (1) during lithotripsy to remove small 
fragments by the side of the nephroscope so that 
vision is maintained. (2) if you feel that stone/
fragment is migrating into distant calyx or ureter 
due to irrigation from nephroscope. It will reduce 
the chances of migration. (3) when enough frag-
ments of size smaller than sheath size are present, 
suction is activated while withdrawing the neph-
roscope. It will allow multiple bigger fragments 
to come out due to space created by the gradual 
removal of the nephroscope. Few repeated pas-
sages of the nephroscope will remove all small 
fragments. Now the stone fragments are bigger 
than sheath size. They are again fragmented and 
the cycle is repeated. Advancing the tip of the 
sheath near the stone fragments and retrograde 
irrigation will augment the stone clearance. 
Suction is very useful in the severely hydrone-
phrotic system, obese patient, infected system 
and if you want low pressure in PCS while doing 
Superperc. The use of forceps is reduced 
significantly.

At the end, all calyces are inspected for stone 
clearance. One can distend the system by detach-
ing the suction tube and closing both air inlet 
opening and fluid outlet opening. This is very 
useful to find out narrow calyceal neck openings 
containing stone and during final nephroscopy. It 
is extremely useful in ECIRS and supine PCNL 
to distend the PCS. Once complete clearance is 
achieved, the decision to put a DJ stent/nephros-
tomy/ureteral catheter as an exit strategy is 
decided and implemented. Multihole ureteral 
catheter is extremely efficacious in draining PCS.

19.4  Advantages [3, 4, 5]:

Superperc as an innovation or modification has 
established itself as another method of stone 
management.

Some of the advantages of this method are:

 1. Ease of use.
 2. Ergonomically optimal. Lightweight, length 

of the sheath as per need, in and out move-
ments of the nephroscope is very easy.
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 3. Quicker because of continuous circulation of 
fluid and washing of the dust results in clearer 
vision.

 4. When using the smaller sheaths, tubeless sur-
gery is possible.

 5. For larger stone bulk, a bigger sheath with the 
same suction capabilities is available.

 6. Continuous suction can potentially prevent 
the migration of stone fragments into 
 inaccessible calyces after the fragmentation 
of the stone.

 7. Convenience of using stone forceps or grasp-
ers if required.

 8. Convenience of placing a stent under direct 
vision.

19.5  Disadvantages 
and Troubleshooting

 1. The ureteric catheter is always placed under C 
Arm guidance.

 2. Because of the multiple holes in the ureteric 
catheter, the initial puncture may take time 
when performed under C Arm guidance 
because contrast leaks off in the upper ureter 
and does not allow the PCS to fill optimally.

Solution: The assistant needs to inject 
diluted contrast in small pulsatile increments 
to keep the system full, till the puncture is 
completed or few cc of air can be injected to 
delineate the desired calyx. Air will not drain 
out spontaneously.

 3. The procedure is compromised if the catheter 
tip slips out of the upper calyx during the pro-
cedure. Displaced tip of the catheter will not 
allow the pelvicalyceal system to fill opti-
mally, and renal puncture will be difficult.

Solution: The ureteric catheter has to be 
fixed to the urethral catheter. Ensure that the 
urethral catheter is draining and the bladder 
does not fill up. Ureteral catheter can get dis-
placed with a full bladder.

 4. If the suction is more than the inflow, the PCS 
wall collapses on the sheath and can be 
traumatized.

Solution: Ask the assistant to increase the 
force and speed of retrograde irrigation. With 
a little bit of practice, one gets to know when 

to stop using the suction by optimal use of air 
inlet opening. Reduce suction power if 
possible.

 5. Suction settings and functioning may be a dis-
traction in case of an operative challenge dur-
ing the procedure and preclude concentrating 
fully on the procedure.

Solution: Before starting the procedure, 
delegate the suction functioning to a dedi-
cated person with instructions for all eventu-
alities. Use a dedicated low-pressure suction 
machine rather than using existing suction 
machines or central suction.

 6. Though the procedure can be performed for 
impacted pelvic and upper ureteric stones, the 
advantages of the ureteric catheter cannot be 
utilized fully because of the inability to place 
the ureteric catheter tip proximal to the stone.

Solution: Try to negotiate a glide wire 
proximal to the stone. Once that is done, the 
ureteric catheter can be negotiated, and the 
procedure started. Occasionally pushing 2% 
lidocaine jelly diluted in water with enough 
pressure can push up the stone, and the pro-
cedure can commence. As a last resort, use 
a simple open-ended ureteral catheter rather 
than the multihole ureteral catheter. Place 
tip just distal to the stone. Make the punc-
ture and commence the fragmentation. If 
the stone gets dislodged, the ureteric cathe-
ter tip can be seen, pull it up and place opti-
mally if needed. Then Superperc can 
continue.

 7. In case there is a small bleed, the blood flow 
keeps on coming in line of vision and may 
compromise the ease of the procedure.

Solution: Stop the procedure for a couple 
of minutes. The small bleed usually stops. 
Once it stops, restart the procedure but avoid 
rushing into using the suction.

19.6  Discussion

The basic technique of PCNL has remained 
unchanged for decades. Superperc with its novel 
Shah sheath that incorporates suction has 
modified the way the ureteric catheter, renal 
sheath, and lithotripsy devices are used.
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As urologists became aware of the reduced 
morbidity in a smaller tract size, there has been 
widespread adoption of mini PCNL techniques. 
With a smaller tract size, the technical challenge 
was to achieve complete clearance within a rea-
sonable time.

In the quest towards achieving a smaller tract 
for access, each mini PCNL technique had to 
evolve their own system of managing the stone 
fragments. In Microperc, the calculi are dusted 
by a laser, and the fragments are washed away by 
the irrigating fluid down the ureter with its own 
consequences. UMP redesigned the renal sheath 
and used forceful irrigation through the side 
channel of UMP sheath to cause a whirlpool 
effect for fragment removal [2]. In the Miniperc, 
there is a “vacuum cleaner effect” by repeated in 
and out movements of the nephroscope to remove 
fragments through the sheath. The ultimate aim is 
to try to remove the fragments completely and 
relatively easily.

Intermittent suction has always been an impor-
tant part of standard PCNL. It reduced the intra-
renal pressure, removed small fragments, 
improved vision during lithotripsy and helped to 
achieve complete clearance with ease, safety, 
efficacy, and speed. The traditional way in stan-
dard PCNL is to use intermittent suction with a 
suction cannula through a nephroscope. Later 
multiple manufacturers introduced inbuilt suc-
tion in the ultrasonic lithotripter. Both these tech-
niques meant that a minimum size of the 
nephroscope and working channel was necessary 
as these instruments were of a larger caliber. 
Miniaturization was not possible.

Superperc and Super miniperc use a renal 
sheath with the capability of continuous suction 
and the ability to change the force of suction by 
occluding the air vent without interrupting the 
procedure. During withdrawal of the scope with 
suction, it is possible to suck the renal pelvic 
mucosa with subsequent injury. To prevent muco-
sal injury during blind suction during withdrawal 
of the nephroscope and to flush the stone frag-
ments into the sheath, retrograde irrigation is 
done with the ureteric catheter. To provide flow 
of saline from multiple areas rather than from the 

tip of the ureteric catheter, with even fluid pres-
sure distribution, Dr. Shah designed the multi-
hole ureteral catheter. It irrigated the pelvicalyceal 
junction and all the calyces simultaneously to 
flush out fragments towards the renal sheath to be 
sucked out.

In the initial series of 20 patients with stone 
sizes ranging in size from 10 to 29 mm in vary-
ing locations (renal pelvic stone, upper ureteric 
stone, low volume partial stag horn stone and 10 
cases of multiple stones), 95% complete clear-
ance was achieved with tract size of 
10  F/12  F.  The drop in Hemoglobin was 
0.8  gm% without need for any blood transfu-
sion. A nephrostomy was not placed in any 
patient. Eleven patients were totally tubeless 
procedures without even a D J stent. (4) 
Compared to Microperc and UMP, the straight 
working channel allowed the use of biprong and 
tri prong forceps when it was occasionally 
needed. Tract size was almost the same as UMP 
and slightly more than microperc.

A year later Shah and Agarwal reported a 
series of 43 cases of Superperc in upper tract uro-
lithiasis (upper ureteric stones, multiple renal 
stones, stones in horseshoe and anomalous kid-
ney and pediatric renal calculus) and renal stone 
>1.5 cm. A tract size of 10 F/12 F was used. In 2 
cases, conversion to a 15 F tract and to 22 F in 
another case was done. A single patient needed a 
2nd stage procedure to achieve 100 percent clear-
ance. Average length of hospital stay was 2 days. 
There was no transfusion requirement. Only one 
patient had a nephrostomy, 20 had only DJ stents, 
and the rest were totally tubeless. These results 
were comparable or better than any form of 
PCNL [5].

In another prospective observational study of 
52 cases of Superperc, stone size ranged from 10 
to 37  mm, mean operative time was 40.9  min-
utes. 32 patients were totally tubeless with a hos-
pital stay of 31.5  hours with 96.15% stone 
clearance. Only 3 patients had mild fever with a 
drop in hemoglobin of 0.32 gm%. These results 
clearly showed high clearance with minimal 
infective and bleeding complications with tube-
less procedures with reduced hospital stay [3].
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Superperc sheath is now available in sizes 
ranging from 12 F to 24 F. The sizes are compat-
ible with pneumatic lithotripsy and nephroscope 
of 12 F to 22 F size. Trial comparing Superpec 
with a pneumatic lithotripsy probe using suction 
and standard PCNL with Shock pulse lithotripsy 
and/or Trilogy will be interesting.

19.7  Future

PCNL is an important technique in the arma-
mentarium in the management of upper tract 
urolithiasis. The addition of suction to the 
nephoscope sheath makes the Shah sheath a 
very attractive option. It is hoped that the obvi-
ous advantages may result in the Shah sheath 
completely replacing the conventional renal 
sheath over a period of time. Multiple studies 
from different centers by urologists from across 
the world will evaluate its true position in the 
coming decade.
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Super-Mini-PCNL (SMP)

Guohua Zeng and Wei Zhu

20.1  Introduction

According to the European Association of 
Urology, the latest guidelines suggest PCNL as 
the therapy of choice for renal calculus greater 
than 20 mm and also for smaller stones from 10 
to 20  mm of the lower calyceal when SWL is 
unfavorable [1]. Comparing to traditional open 
surgery, PCNL offers significantly higher stone- 
free rates. However, the significant complication 
risks associated with PCNL may compromise its 
efficacy [1]. Potential significant associated mor-
bidities include bleeding, injury to the kidney and 
its adjacent visceral or vascular organs, etc. 
PCNL complications are usually associated with 
inaccurate sizing and placement of the nephros-
tomy tracts. To reduce morbidity associated with 
conventional-sized PCNL, miniaturized PCNL 
such as minimally invasive PCNL, mini-PCNL, 
and miniperc were developed. These procedures 
include the use of miniaturized endoscopes via 
smaller percutaneous tracts (14–20  F), and are 
generally termed into multiple sessions. In addi-
tion to miniperc, Desai et al. [2] first reported the 
ultra-mini PCNL (UMP), and later micro-PCNL 
was introduced for clinical use [3]. In order to 
reduce nephrostomy tract size, research and 
development of miniaturized nephroscopes and 

access sheaths are necessary. However, using 
smaller nephrostomy tracts may result in com-
promised visual quality, therefore, increases 
stone extraction difficulties. Utilizing a pressure 
pump helps increase irrigation pressure while 
improving visual fields and passive extractions of 
stone fragments but may meanwhile increase 
intra-luminal pressure.

The super-mini-PCNL (SMP) treatment was 
created to alleviate further the critical limitations 
of conventional miniaturized PCNLs [4, 5]. SMP 
technique is a recent addition to the armamen-
tarium of miniaturized PCNL, with the use of a 
recently engineered access sheath of 10–14 F. The 
unique design of the access sheath has been 
shown to be able to prevent excessive intrarenal 
pressure while providing excellent endoscopic 
visual quality for stone fragmentation and extrac-
tion at the same time.

20.2  Armamentarium

The key components of the SMP system consist 
of an 8 F miniaturized nephroscope with a work-
ing channel of 3.3  F and an irrigation-suction 
sheath [6].

20.2.1  Miniaturized Nephroscope

The SMP nephroscope is a miniaturized nephro-
scope with a dismountable sheath. The sheath has 
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an outer diameter of 8 F and an inner diameter of 
7.5 F. The telescope consists of a 4.2 F fiber-optic 
bundle, delivering 120° angle of view and up to 
40,000 pixels. During the procedure, after inser-
tion of the telescope into the sheath, a 3.3 F space 
remains in the bottom half of the dismountable 
sheath, which serves as the working channel 
(Fig. 20.1). This working channel can accommo-
date a laser fiber up to 550 μm in size for stone 
fragmentation. Alternatively, a 2.4  F (0.8  mm) 
pneumatic lithotripter probe, or a 3 F stone  basket 
or forceps, could also pass through the working 
channel. The nephroscope has a working length 
of up to 25.2 cm.

20.2.2  Irrigation-Suction Sheath

The irrigation-suction sheath is the key element 
of the SMP technique, as its design essentially 
allows efficient irrigation and stone clearance 
within a miniaturized mechanism which consists 
of a straight sheath as well as a handle.

The straight sheath component consists of a 
double-layered metallic, tubular structure with 
measures between 12 F and 14 F and provides a 

working length of 8 or 14 cm. The gap between 
the two sheath layers works as the irrigation 
channel, while the central lumen of the sheath 
acts as a conduit for continuous suction. Side 
holes are located at the distal tip, which allows 
irrigation fluid to outflow to the target area.

The handle component includes a straight 
tube, an irrigation port with an integrated stop-
cock, as well as an oblique bifurcated suction 
tube at 45° placed around the mid-shaft. The 
straight tube is connected to the central lumen of 
the straight sheath. Lithotripsy instruments or 
endoscopic baskets could be inserted through the 
rubber cap end of the straight tube. During the 
SMP procedure, the irrigation port is mounted to 
a pump for irrigation inflow, while the bifurcated 
suction port is connected to a negative pressure 
aspirator. Suction pressure could be modified by 
pressing or releasing the pressure vent located in 
the axis of the suction tube (Fig. 20.2). A speci-
men collection bottle is connected to the suction 
port and the aspirator to facilitate the efficient 
collection of stone fragments.

20.3  Indications 
and Contraindications

20.3.1  Indications

• Adult patients with stones less than 30  mm, 
including those who had previous  unsuccessful 
stone clearance with SWL or ureteroscopic 
lithotripsy, patients with cystine calculus.

4.2 F telescope

8.0 F OD/7.5 F ID dismountable sheath

Assembly

3.3 F working channel

Fig. 20.1 Detailed structure of the miniaturized nephro-
scope (OD = outer diameter; ID = inner diameter)

Suction port

Pressure vent

Irrigation port

Side holes

Rubber cap

Fig. 20.2 Irrigation-suction sheath
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• Patients with unfavorable renal anatomy for 
RIRS such as infundibulum less than 5 mm or 
greater than 30 mm.

• Pediatric patients with stone size less than 
25 mm who had unsuccessful treatment with 
SWL.

20.3.2  Contraindications

• Patients must suspend anticoagulant therapy 
before the SMP procedure.

• SMP should not be performed on patients 
when any of these conditions are present:

 – Untreated urinary tract infections (UTIs).
 – Pregnancy.
 – Atypical interposition of visceral organs 

including bowel, spleen, or liver.
 – Tumor in the probable percutaneous tract 

area or potential malignant renal tumor.

20.4  Technique

Routine preoperative preparations should be per-
formed before any percutaneous surgery. This 
should include thorough evaluations of available 
imaging such as CTs and IVUs to assist the selec-
tion of primary calyx as the site of puncture, 
through which most stone bulk can be safely 
cleared. In patients with complex stone burden or 
unfavorable renal anatomy, stones located in sep-
arate calyces which are difficult to be extracted 
through the primary tract should also be identi-
fied. Secondary tracts could be considered pre- 
operation in order to access these calyces safely.

In conventional SMP treatment, patients are 
placed in the prone position, which provides 
direct access to the posterior calyx. However, 
SMP can also be carried out in the supine posi-
tion, which allows the use of endoscopic com-
bined intrarenal surgery (ECIRS), which provides 
simultaneous antegrade and retrograde access to 
facilitate stone clearance. Supine SMP also 
allows easier switch from regional to general 
anesthesia when necessary and could be benefi-
cial to patients with co-morbidities that may 

cause placing the patient in prone position anes-
thetically challenging. In the supine position, 
however, the establishment of multiple percuta-
neous tracks could be challenging due to space 
limitations.

Under general anesthesia, a 5 F ureteral cath-
eter is first inserted in the target kidney retro-
gradely using a cystoscope or a ureteroscope. A 
Foley urethral catheter is then inserted into the 
bladder. Percutaneous access is carried out using 
an 18-gauge coaxial needle, puncturing the target 
calyx under fluoroscopic or ultrasonic guidance. 
A 0.032-inch flexible tip guidewire is then 
inserted through the needle. The access track can 
then be dilated using 10  F fascial dilators. The 
irrigation-suction sheath with obturator then rail-
roads into the pelvicalyceal system following the 
guidewire. The guidewire is then removed 
together with the obturator. The handle is then 
mounted onto the straight sheath to create irriga-
tion and suction channels.

The irrigation port of the handle is connected 
to the irrigation pump, while the suction port is 
connected to the aspiration unit with a specimen 
collection bottle attached. The pressure of the 
irrigation fluid should be set between 200 to 
250 mmHg, while the suction pressure should be 
set between 100 to 150 mmHg. The miniaturized 
nephroscope is inserted into the access sheath 
through the rubber cap of the handle. Once tar-
geted renal stones are reached, lithotripsy can be 
engaged using a holmium-yttrium aluminum gar-
net (YAG) laser or pneumatic lithotripter. Laser 
lithotripsy is often the preferred method in SMP, 
although pneumatic lithotripters could work as 
an alternative when laser lithotripters are not 
readily available. With continuous suction, small 
stone fragments could travel through the gap 
between the endoscope and the straight sheath 
then exit through the suction channel. The suc-
tion pressure could be modified by the surgeon 
pressing or releasing the pressure vent with a 
thumb while holding the handle. If stone frag-
ments are unable to travel through the space 
between the scope and the access sheath, the 
scope can be gradually withdrawn to create a 
wider channel for those fragments to evacuate. To 
treat patients with greater stone sizes such as 
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staghorn stones, secondary percutaneous tracks 
should be considered to assist stone clearance.

After stone clearance, a fluoroscopic image is 
captured to confirm the stone-free status follow-
ing endoscopic assessment. Antegrade insertion 
of a double-J stent should be considered for 
patients with significant ureteric inflammatory 
changes associated with the stone obstructions, 
evidence of ureteropelvic junction obstruction, 
following rigid ureteroscopic treatment of ipsilat-
eral ureteric stones, significant pyelocaliceal 
blood clots after the lithotripsy, or significant 
residual stones after SMP.  Lastly, the straight 
sheath is removed, and the incision is either 
sutured or sealed with absorbable gelatin.

With smaller percutaneous tracts, the less 
invasive characteristic of SMP comparing to con-
ventional PCNL makes it possible for patients to 
be tubeless, especially in uncomplicated cases 
when the patient is completely stone-free. 
Advantages of a tubeless procedure include bet-
ter patient comfort, less postoperative pain, a 
shorter hospital stay, and a quicker recovery.

Nephrostomy tube placement could be con-
sidered in selected patients with significant resid-
ual stone fragments following SMP that requires 
auxiliary procedures, as well as in patients who 
developed significant pyelocaliceal blood clots or 
bleeding following lithotripsy.

20.5  Clinical Evidence

Comparative studies were conducted to analyze 
the advantages and disadvantages of SMP and 
other modalities such as RIRS and SWL. Overall, 
these studies demonstrate that SMP has relatively 
higher efficacy and a lower risk of complications.

20.5.1  A Comparison Between SMP 
and RIRS in Treating 
10–20 mm Lower-Pole Renal 
Stones

According to available literature, stone-free rates 
of RIRS range from 65% to 92%, and the proce-
dure is known for its low risk of complications 

when treating smaller renal stones. However, the 
stone-free rates of RIRS drop significantly when 
treating lower-pole renal stones, especially in the 
case of a narrow calyceal infundibulum with an 
acute infundibulo-pelvic angle. Additionally, 
RIRS has shown other disadvantages, including 
the need to perform multiple procedures if pas-
sive ureteral dilatation is required and if stone 
size or location is unfavorable, which increases 
the risk of ureteric damage. Temporary ureteric 
stenting is often required after the RIRS proce-
dure, which may result in a higher cost for 
patients in comparison to SMP.

As of today, Level-1 evidence is limited when 
comparing SMP and RIRS for treating 10–20 mm 
lower calyceal calculus. To further investigate the 
safety and efficacy of the two modalities, we car-
ried out a prospective, multicenter, randomized 
controlled trial from 2015 to 2017 [7]. The results 
show that SMP had a higher stone-free rate and a 
lower auxiliary rate comparing to those of RIRS, 
making it the preferred treatment method for 
10–20 mm lower-pole stones. Despite that RIRS 
was associated with less postoperative pain, the 
risks of complications and duration of hospital 
stay between the two modalities were compati-
ble. Therefore, the SMP technique could be a 
safe and effective substitute for RIRS, especially 
when treating smaller renal calculi in the lower 
calyceal.

20.5.2  A Comparison Between SMP 
and Miniperc in Treating 
Renal Stones Greater than 
20 mm

Similar to conventional PCNL, miniperc is a 
multistep procedure with a smaller percutaneous 
tract size. When comparing SMP with miniperc, 
the track-size-related complication risks of SMP 
are expected to be lower than those of miniperc. 
The results from an international multicenter 
comparative study show that SMP is the pre-
ferred treatment option for stones less than 
40  mm as compared to miniperc. For patients 
with 20–30 mm renal stones, SMP is more effica-
cious with advantages including a lower chance 
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postoperative fever, less blood loss and pain com-
paring to miniperc. When treating stones larger 
than 40 mm, however, SMP requires a prolonged 
operative time which reduces its efficiency [8].

20.5.3  A Comparison Between SMP 
and SWL in Treating Pediatric 
Patients with Renal Stones 
Less than 25 mm

Although urinary stones are rarely found in chil-
dren, management of urinary stones in pediatric 
patients poses a technical challenge. SWL has 
gained widespread popularity because of its con-
servative and non-invasive nature. However, 
SWL often requires multiple treatment sessions 
and additional auxiliary procedures to achieve 
desired stone clearance. A retrospective study 
suggests that alternatively, SMP could be a valu-
able substitution [9]. In selected pediatric 
patients, the SMP technique is able to achieve a 
comparatively higher stone-free rate after one 
single treatment session, with a higher tubeless 
rate, less need for auxiliary procedures, and an 
acceptable complication rate in the minimally 
invasive treatment of stones less than 25  mm. 
Additionally, unlike SWL, the use of SMP allows 
a much broader range of indications that is less 
limited by both stone (size, location, and density) 
and patient (obesity, anatomic abnormalities) 
related factors.

20.6  Summary

The notion of SMP has yet to be widely recog-
nized. Nevertheless, both the safety and efficacy 
of the SMP technique have been investigated in 
adults and pediatric patients [8, 9]. Although 
SMP could be performed in treating larger stones 

in carefully selected patients, the procedure 
should be performed by a surgical team that has 
been properly trained and has adequate experi-
ence in using the equipment involved. Careful 
patient selection and thorough surgical planning 
pre-operation are crucial for a successful SMP 
procedure.
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Flexible Mini Nephroscopy

Madhu S. Agrawal, R. Mukhilesh, 
and Dilip K. Mishra

21.1  Introduction

Percutaneous Nephrolithotripsy (PCNL) has 
been the surgical procedure of choice for moder-
ate to large renal stones for more than thirty years 
now. However, the complications associated with 
the standard PCNL, specially bleeding and pain, 
have led to the miniaturization and development 
of Minimally-Invasive PCNL [1, 2]. Mini-PCNL 
has been shown to be effective in achieving stone 
clearance rates matching standard PCNL, with 
lower complication rates compared to conven-
tional PCNL [2–4].

Flexible Ureterorenoscope (fURS) or 
Retrograde Intrarenal Surgery (RIRS) is the other 
minimally-invasive endourological procedure for 
upper tract urolithiasis, which has evolved in 
recent years. Though a minimally-invasive pro-

cedure, fURS has got the potential drawbacks of 
higher costs and the need for pre-stenting and 
staged procedures [5].

A novel flexible mini-Nephroscope has been 
developed to combine the benefits of minimally- 
invasive percutaneous approach as well as flexi-
ble instrumentation [6]. During regular 
mini-PCNL with rigid nephroscope, the creation 
of additional tracts may be required for achieving 
complete stone clearance in case of inaccessible 
calyces and multiple calyceal calculi. The flexi-
ble mini-nephroscope allows access to almost the 
entire pelvi-caliceal system through a single 
calyx, thereby avoiding the need for additional 
tracts to achieve complete stone clearance.

Flexible Mini-Nephroscope—Instrument:
The novel mini-nephroscope (Karl Storz, 

Germany) combines the features of flexible 
cysto-nephroscope and flexible ureteroscope. 
Compared to the regular cysto-nephroscope the 
diameter of which is 15  Fr, the size of mini- 
nephroscope is 7.5  Fr, which allows it to pass 
through the smallest mini-PCNL sheath. 
(Fig. 21.1).

The length of the shaft measures about 
45  cm, which is considerably shorter than the 
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regular flexible ureteroscope. Though the regu-
lar flexible ureteroscopes can also be utilized 
during mini- PCNL, the length of the scope 
makes it difficult to use ergonomically during 
mini-PCNL, besides the risk of damage to the 
instrument.

The flexible mini-nephroscope has a working 
channel of 3.6 Fr, and the tip has a deflection of 
about 270 degrees in both directions, similar to 
the flexible ureteroscope. Laser fiber and flexible 
basket can be used with the instrument in the 
same way as ureteroscope.

21.2  Flexible Mini 
Nephroscopy—Indication

The aim of any stone surgery is to achieve 100% 
stone-free rate, and it should be no different in 
the minimally-invasive techniques. Mini-PCNL 
has gained popularity in recent years largely 
because of its smaller tract size, thereby avoiding 
bleeding and pain. The expanding role of mini- 
PCNL has now led to its utilization in larger 
stones and multiple calculi (Fig. 21.2). However, 
this may require the need for additional tracts for 
complete clearance, especially in patients with 
multiple renal calculi, when the rigid nephro-
scope is unable to reach all calyces. Utilization of 
flexible mini-nephroscope helps to achieve stone 
clearance without increasing the number of tracts 
in these situations.

21.3  Flexible Mini 
Nephroscopy—Technique

The procedure is performed in the usual prone, or 
supine if preferred, position. Initial puncture is 
done in the standard fashion, under fluoroscopic 
or ultrasonic guidance, and single-step tract dila-
tation used to put in the 15–16 F mini-Amplatz 
sheath. The rigid mini-nephroscope(12 F) is used 
initially for nephroscopy and fragmentation of 
the main bulk of the stone. In mini-PCNL, most 
of the fragments can be cleared by the “whirlpool 
effect” without using any graspers. Following 
clearance of the major bulk of stone with rigid 
nephroscope, the flexible mini-nephroscope is 
introduced through the same mini-Amplatz 
sheath. All calyces can be inspected with the flex-
ible nephroscope (Fig. 21.3), in a manner similar 
to using a flexible ureteroscope, and remaining 
calyceal calculi or fragments cleared with hol-
mium laser and stone basket. The procedure can 
be done “tubeless” without any nephrostomy 
tube, leaving a DJ stent to be removed after 
10–14 days. Alternatively, just an indwelling ure-
teric catheter can be left in at completion, to be 
removed the next day before discharge from the 
hospital.

Fig. 21.2 CT image of the kidney with multiple calyceal 
calculi

Fig. 21.3 Fluoroscopic view of Flexible Mini- 
Nephroscope in use
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21.4  RIRS Vs. Flexible Mini 
Nephroscopy

Flexible ureteroscopy competes with PCNL as 
the first line of management of renal calculus up 
to 2 cm depending upon the stone and anatomic 
factors, mainly because of its minimally-invasive 
nature. However, the need for pre-stenting, the 
need for ancillary procedures, and increased risks 
for sepsis are the major drawbacks of fURS. The 
costs for endoscopes and disposables are also 
high compared to mini-PCNL. There is also need 
for stenting postop, removal of which requires 
additional procedure [5]. The same can be said 
about combined supine mini-PCNL and flexible 
URS procedure (ECIRS).

Flexible cysto-nephroscope has already been 
shown to reduce morbidity in conventional PCNL 
[7, 8]. Flexible mini Nephroscopy aims to achieve 
the stone-free rate in minimally-invasive way. It 
obviates the need for additional tract in the inac-
cessible calyx, thereby reducing the complica-
tions. Limiting the number of tracts can limit the 
injury caused to the renal tissue, decrease the 
operative time and morbidity.

21.5  Flexible Mini 
Nephroscopy—Outcomes

Our previously published study [6] has demon-
strated the utility and feasibility of flexible mini 
Nephroscopy in patients with renal stones up to 
2  cms. The study compared the outcomes with 
fURS. The study showed the stone-free rate was 
higher  in the mini-PCNL group (92% vs. 80%). 
The need for the ancillary procedures was also 
less with flexible mini-nephroscope (8%). 
Compared to fURS group, mini-PCNL group did 
not require compulsory stenting post-procedure, 
thus avoiding stent-related symptoms and the 
need for the second procedure. Flexible mini 
Nephroscopy helps to achieve a better stone-free 
rate compared to fURS in least invasive way.

21.6  Conclusion

Mini-PCNL has shown to be an effective treat-
ment modality for renal stone with minimal mor-
bidity as compared to conventional 
PCNL. However, in situations that warrant addi-
tional tract creation, flexible mini nephroscopy 
offers an effective alternative with minimum 
morbidity without compromising the stone-free 
rates. Flexible mini-nephroscope has the poten-
tial to be a useful addition to the minimally- 
invasive endourological armamentarium.
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Endoscopic Combined Intrarenal 
Surgery (ECIRS)
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22.1  Introduction

Percutaneous Nephrolithotomy (PCNL) has 
undergone various advances and modifications 
since it was first introduced in 1976 [1]. Since its 
inception, PCNL is commonly being done in 
prone position all over the world. There have 
been several advances in optics, nephroscope 
designs, puncture techniques and miniaturization 
of instruments in the past few decades resulting 
in better stone clearance and reduction in patient 
morbidity. The morbidity of PCNL is attributed 
to the puncturing and dilatation of the renal 
parenchyma which at times can lead to bleeding 
and also significant pain in the postoperative 
period. Moreover, the prone position is also 
responsible for the difficulty to access airway and 
ventilation faced by the anaesthesiologists [2]. 
Prone positioning is time-consuming and requires 
more personnel in the theatre [3].

In the year 1990, Valdivia presented his work 
on PCNL in the supine position for the first time 
in world literature. It took more than two decades 

for a more widespread acceptance of the supine 
position for PCNL after various modifications in 
patient positioning. With the advent of the supine 
position and the Galdakao-modified supine 
Valdivia (GMSV) position [4, 5], the simultane-
ous access to the kidney both from below and 
above became less cumbersome. This has evolved 
beautifully in the technique of Endoscopic 
Combined Intrarenal Surgery (ECIRS) [6].

ECIRS is a very versatile technique wherein 
PCNL is combined with flexible ureteroscopy to 
achieve maximal stone clearance in minimal time 
duration. The disadvantages of additional time 
for prone positioning and restricted or no access 
from below are transformed to advantages in the 
supine position. ECIRS not only helps in the 
reduction of the number of access tracts, but also 
in complete clearance of large stone bulk in a 
single session in a short time thereby reducing 
the chances of bleeding [7].

22.2  Evolution of Mini ECIRS

Performing PCNL in the prone position gives us 
a large surface area for obtaining access. It is not 
so in the supine position, wherein there is a small 
window to obtain access. The advances in minia-
turization of access tract with the advent of mini 
PCNL have been very fruitful as the smaller 
sheaths can be easily guided into the pelvicaly-
ceal system (PCS) even from a small window as 
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is available in the supine position [8]. 
Traditionally, ECIRS has been performed with 
flexible ureteroscopy from below using the mod-
ern flexible scopes and a standard PCNL (>20 F) 
for the percutaneous tract. Flexible ureteroscopy 
helps to assess the pelvicalyceal system anatomy, 
stone size, location and its configuration before 
making the renal access. Furthermore, the renal 
access can be guided under vision making a per-
fect papillary puncture through the papilla. In 
mini ECIRS, the renal access tract is small (<20F) 
which can be easily created from the limited win-
dow available. The dilation process can be a sin-
gle step in all cases of mini PCNL thereby 
minimizing the time to create the tract. Most of 
the stone fragmentation is done through the neph-
roscope and the renal tract is used for egress of 
the fragments. There is minimal chance of raised 
intra-pelvic pressure as the renal tract offers a 
low-pressure outlet [9].

22.3  Indications

The various indications of mini ECIRS include 
the following situations.

 1. Partial staghorn stone with secondary stones 
in other calyces.

 2. Large bulk impacted upper ureteric stones.
 3. Multiple stones in various calyces.
 4. Stone at PUJ with suspected PUJ obstruction.
 5. Large compound/multiple necrosed detached 

papilla in the PCS.

22.4  Armamentarium

Mini ECIRS is a versatile technique but it needs 
more armamentarium than conventional PCNL 
or flexible ureteroscopy. It requires

 (i) Standard or large operation theatre to 
accommodate two operating teams 
simultaneously.

 (ii) Two Endourology operating teams (2 
Urologists and 2 Operating assistants).

 (iii) Two camera units.

 (iv) Fluoroscopy unit.
 (v) Ultrasonogram.
 (vi) Flexible ureteroscopy with its accessories.
 (vii) Mini PERC nephroscope set.
 (viii) Lithotripsy devices (LASER/Pneumatic/

Trilogy).

This enormous amount of armamentarium 
needs planning to avoid clutter in the operating 
room. Positioning of endoscopy and fluoroscopy 
monitors should be in such a way that both the 
renal and ureteral surgeons should have direct 
visual access to their corresponding monitors as 
well as the fluoroscopy screen. There are various 
schemes described for the accommodation of the 
equipment. We prefer to arrange this equipment 
as shown in Fig. 22.1.

22.5  Technical Considerations

22.5.1  Anaesthesia

Traditionally PCNL has been done under general 
anaesthesia in the prone position for several 
decades. Restricted access to the upper airway, 
changes in the key cardio respiratory parameters 
and neurological damages are some of the well- 
known complications of the prone position. 
Supine position eliminates most of these disad-
vantages and access to the upper airway is readily 
available to the anaesthetist. The safety of PCNL 
under regional anaesthesia is well established in 
many recent studies [10, 11]. Mini ECIRS can be 
safely performed under regional or general anaes-
thesia depending on the preference of the operat-
ing team, stone burden, patient’s comorbidities 
and patient’s choice.

22.5.2  Positioning

The standard Galdakao-Modified Supine Valdivia 
(GMSV) position works very well for all cases of 
ECIRS giving excellent access to renal as well as 
the ureteric surgeon [6]. The patient is positioned 
under anaesthesia at the edge of the table with the 
ipsilateral side tilted 15 to 20 degrees to the 
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opposite side. The ipsilateral knee is extended 
and the contralateral thigh flexed and abducted. 
The ipsilateral hand is rested over the thorax 
appropriately while the contralateral hand is 
extended for easy access to the anaesthesia team. 
This position gives the renal surgeon comfortable 
access to the kidney percutaneously allowing 
simultaneous retrograde access to the ureteric 
surgeon. Retrograde access to the contralateral 
unit is also possible in this position to perform 
simultaneous bilateral endoscopic surgery [12]. 
At times the angulation can be difficult to negoti-
ate a rigid ureteroscope into the upper ureter due 
to the pushing effect by the renal surgeon but the 
same renal tract can be used to push the kidney 
cranially to straighten the ureter.

22.5.3  Retrograde Access

The initial access is almost always retrograde in a 
mini ECIRS procedure [13]. The upper ureter is 
visualized directly using a 6/7.5-Fr semi-rigid 
ureteroscope (Wolf™; Richard Wolf GmBH, 
Knittlingen, Germany) which paves the way for 
the insertion of a suitable Ureteral Access sheath 
(UAS). The initial rigid ureteroscopy assesses the 
ureter for any strictures or any stones which 

might have been missed. It also assesses the ure-
teric orifice and may obviate the dilation of the 
orifice with a balloon if required to allow place-
ment of suitable UAS (11/13-Fr or 13/15-Fr). A 
smaller UAS always suffices as the aim is to 
facilitate passage of the flexible scope and not 
retrieval of stone fragments which is usually done 
via renal access.

The flexible scope is used to create a roadmap 
of the whole PCS and access the calyces for a 
suitable puncture site for renal access. The flexi-
ble scope can be used to direct the renal access 
for a completely end vision guided puncture [13].

We have been using mini ECIRS for the treat-
ment of large upper ureteric stones which are 
always in the dilemma group on the selection of 
suitable modality. The rigid ureteroscope works 
very well in this setting as it can be used to frag-
ment and disimpact the stone and renal access 
can be used to clear the fragments.

22.5.4  Renal Access

The renal access is created mostly using ultraso-
nography for the initial puncture. The access can 
also be guided with the help of flexible scope 
which visualizes the target calyx and can fine- tune 

Flexi monitor

C Arm

Nephroscope
monitor

C arm
monitor

Fig. 22.1 Operation 
room set-up. Note the 
endoscopy and 
fluoroscopy monitor 
positions
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the entry of the puncture needle (Fig. 22.2). With 
the needle in place, a hydrophilic Terumo guide 
wire can be passed into the system down the ure-
ter followed by a single step dilator. Mostly the 
inferior or middle calyx is used to create the renal 
access followed by insertion of a 16 or 18F renal 
access sheath depending on the stone burden. As 
the damage to the flexible scope is significantly 
higher for lower polar stones especially when the 
infundibulopelvic angle is less than or equal to 60 
degrees [14], it is prudent to clear the lower caly-
ceal stone burden with the percutaneous access. 
The renal access quickly clears the turbid urine or 
clot formed following which both the scopes can 
work in tandem to clear the stone. The nephro-
scope used in this access can be a standard 
12–15F scope.

22.5.5  Stone Fragmentation 
and Retrieval

Most of the times, renal access is used for frag-
mentation and retrieval of stone fragments. Laser 
energy (VersaPulse PowerSuite 100 W Lumenis, 
San Jose, CA, USA) or a Swiss mini LithoClast 
probe (EMS Electro Medical Systems SA, Nyon, 
Switzerland) can be utilized for stone fragmenta-
tion with the mini nephroscope. The stone frag-
ments are curated to a size appropriate to pass 
through the renal access sheath. The flexible 

scope is used just to collect any peripherally 
lying stones and to deliver them to the nephro-
scope using 1.5-Fr tipless nitinol baskets 
(NCircle/Ngage; Cook Medical) by the technique 
of “Passing the ball” (Fig. 22.3). Sometimes for 
an impacted calyceal stone inaccessible by neph-
roscope, the flexible scope is used to fragment the 
stone and wash it out of the calyx which can then 
be picked up by the nephroscope and cleared 
through the percutaneous tract.

Fig. 22.2 Endovision 
assisted renal puncture. 
The flexible scope will 
guide the puncture 
through desired calyx

Fig. 22.3 Passing the ball technique. The stone fragment 
is passed from the flexible ureteroscope to the nephro-
scope which will be removed through the percutaneous 
tract
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22.5.6  Exit Strategy

Once all stone fragments have been cleared, both 
scopes are used to relook into the PCS to clear 
any leftover fragments and clots. Flexible ure-
teroscopy is very helpful in identifying any resid-
ual fragments in the calyx of nephroscope entry 
as well as in any of its parallel calyx. A nephros-
tomy tube is seldom required following mini 
PCNL [15]. Nephrostomy tube (8–14 Fr) inser-
tion is required rarely in complicated cases hav-
ing uncontrolled bleeding, prolonged operating 
time of more than 2  hours, perforation of the 
renal pelvis and the presence of residual stones. 
A double J stent is inserted routinely and removed 
after 10–14 days. In some uncomplicated cases, a 
5/6 Fr Ureteric catheter is left in situ and is 
removed on the first postoperative day. It is also 
possible to be totally tubeless following uncom-
plicated mini ECIRS when the stone burden and 
the operating time are less without any excessive 
bleeding and/or pelvis perforation.

22.6  Follow-up

Plain radiograph of the KUB region is done after 
24–48  h to confirm stone clearance. 
Ultrasonogram is a good modality for follow-up 
following mini ECIRS without any radiation 
exposure. But the artefact created by the indwell-
ing double J stent may be misleading in some 
cases. Follow-up computed tomography is rarely 
required unless they are radiolucent stones.

22.7  Complications

The complications following mini ECIRS may 
be related to either flexible ureteroscopy or mini-
PCNL or both. Fever and urosepsis are the most 
dreadful complications of flexible ureteroscopy 
which are less frequent in mini ECIRS owing to 
less intrarenal pressure during the procedure. 
With the advent of miniaturization of flexible 
scopes and hence the small size of ureteric access 
sheath used, ureteric injury due to access sheath 
use is uncommon in the current era. Bleeding, 

drop in haemoglobin, blood transfusion and pel-
vic perforation are statistically less in miniPCNL 
when compared to conventional PCNL [16].

22.8  Conclusion

Mini ECIRS is a versatile endourology technique 
for complex upper tract stones. It has the advan-
tage of maximal stone clearance with minimal 
nephron loss. The overall stone free rate is com-
parable to conventional PCNL with reduced risk 
of bleeding and other complications. The need 
for two operating teams with various equipment 
may be a rate limiting step in the widespread 
adaptation of mini ECIRS.

22.9  Future Considerations

With the recent widespread adaptation of mini 
PCNL and ECIRS, there is a compelling need for 
more RCTs in this topic.
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23.1  Introduction

Percutaneous nephrolithotomy (PCNL) is the 
standard of care treatment modality for renal 
stones >2 cm. It is also recommended for 1–2 cm 
renal stones located in the lower calyces [1]. 
Since its introduction, surgical approaches and 
instrumentation of PCNL have undergone con-
tinuous improvement decreasing the complica-
tions and improving the outcomes. Nevertheless, 
the procedure is associated with several intra and 
postoperative complications ranging from 4 to 
50.8% according to different authors. Most of the 
complications are minor, serious complications 
occurring in approximately 5% of cases [2].

No PCNL procedure is possible without an 
appropriate puncture of the renal collecting sys-
tem. The puncture and establishment of a work-
ing access tract are critical steps for PCNL. As 
such the puncture can be successfully obtained 
using papillary and non-papillary approaches [3]. 
Tract dilation can be achieved with different dila-
tors [4]. As for the positioning of the patient 

supine and prone approaches can be utilized [5].
Finally, single or multiple tracts can be required 
to reach stone-free status [6].

Ideal renal access allows achievement of a 
stone-free rate (SFR) at the shortest operative 
time with minimal perioperative complications. 
An inappropriate puncture can increase the risk 
of intraoperative and postoperative complica-
tions. On the other hand, the development of 
intraoperative complications could result in sig-
nificant difficulty for the surgeon and may lead to 
the displacement of the already existing tract and 
further failure of the procedure [7, 8].

In fact, the failure of PCNL access is not rare. 
According to different authors, its prevalence can 
range from 1.7% to 9% [9, 10]. Several factors 
including anatomic target restricted vision, diffi-
culties of handling of instruments and hand-eye 
coordination, an atomic structure deformations, 
and movement of organs are reported to impact 
the puncture quality and obscure its proper per-
formance [11]. Knowledge of those factors and 
specific tricks can allow the surgeon to diminish 
the failure rate and associated complications.

Failure of establishment of the initial PCNL 
tract may lead to additional punctures. Overall, 
secondary puncture can be required in clinical 
scenarios such as multiple tract procedures, lack 
of scope maneuverability, displacement of stone 
fragments, loss of initial access, doubt of the 
puncture of vessel or other adjacent organs.
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23.2  Determinants of Successful 
Puncture

23.2.1  Surgeon’s Expertise

Surgeon’s experience is a crucial factor for 
achieving successful outcomes. According to de 
la Rosette et al., obtaining renal access is respon-
sible for the steep learning curve of PCNL [12]. It 
is, therefore, recommended, that a minimum of 
24 PCNL are required during residency period 
for good surgical proficiency. Surgeons compe-
tency is reached after 60 procedures and >100 
procedures are required for excellency [12]. To 
achieve successful dilation of tract fluoroscopic 
and ultrasound guidance or a combination of 
approaches can be used [13]. In addition, new 
technologies including robotics, augmented real-
ity, or electromagnetic navigation have been pro-
posed [14]. Fluoroscopic-guided PCNL is widely 
accepted among urologists [13]. The limitations 
of the approach are radiation exposure and addi-
tional difficulties in positions other than prone 
[13, 15]. In a single surgeon analysis, it was 
shown that the fluoroscopy time significantly 
decreases from a mean time of 17.5 min during 
the first 15 cases to 8.9 min for the cases 46–60. 
An additional decrease in fluoroscopy time was 
observed thereafter, though the difference failed 
to show statistical significance [16]. Therefore, it 
was concluded that surgeons learning curve for 
fluoroscopic-guided PCNL was 60 surgeries. In 
addition, the learning curve for obtaining PCNL 
access with only ultrasound guidance was evalu-
ated by Yu et  al. [17]. The authors similarly 
reported improved competency after 60 surgeries 
with a significantly decreased mean puncture 
duration time of 4.4 min and excellency after 120 
surgeries with a further 1.3  min mean time 
decrease [17]. It seems that the puncture approach 
does not change the learning curve and the punc-
ture success required for PCNL for competency 
and proficiency. In a direct comparison of ultra-
sound- and fluoroscopic-guided PCNL 
approaches of trainees with experience <25 
PCNL, ultrasound guidance was associated with 
less radiation exposure. However, 6 out of 32 
patients in the ultrasound guidance group 

required fluoroscopic adjustment. Therefore, it 
was recommended for a beginner to have exper-
tise in fluoroscopic-guided access to effectively 
handle all possible situations [18]. Factors such 
as obesity, presence of stag horn calculi, and 
hydronephrosis might pose additional risk for 
change from ultrasound to fluoroscopic guidance 
[19, 20].

In terms of safety for the patients none of the 
approaches was found to be superior over the 
other. According to meta-analyses of 8 random-
ized controlled trials, lower complications in the 
ultrasound-guided group were reported only in 
one study. Other studies found similar overall 
complication rates in 2 groups. Moreover, the 
pooled data showed no differences in terms of 
success rate, surgery duration, hospital stay, drop 
in hemoglobin after the surgery, and auxiliary- 
procedure rate [13]. Nevertheless, the ultrasound- 
guided PCNL could be easier performed in the 
supine position.

Electromagnetic (EM) guidance kidney punc-
ture is the recent advancement of technology. The 
feasibility for obtaining renal puncture was eval-
uated in the porcine model among specialists 
with different levels of expertise [21]. The authors 
observed higher success rates, fewer attempts, 
and shorter access time when comparing EM 
with fluoroscopy, even for beginners. For sure the 
new method is appealing in regard to no radiation 
and effectiveness, however, new studies are 
required before any conclusion can be drawn.

23.2.2  Standardization 
and Preoperative Planning

PCNL represents a difficult endourological pro-
cedure with several essential steps for its perfor-
mance. Therefore, standardization of each 
surgical step is essential for obtaining good 
results, limiting the complications, and evaluat-
ing the sources of complications. We recommend 
a standardized approach for every PCNL 
procedure.

For preoperative planning of the surgery imag-
ing with computer tomography (CT) and meticu-
lous examination of the CT images should be 
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performed. Significant information extracted 
from the CT is the size and exact location of the 
stone, the vascular and collecting system anat-
omy of the renal system, and relationship of the 
kidney to the adjacent anatomic structures [2]. 
Based on the aforementioned the site and number 
of the punctures should be decided. Subsequently, 
the occurrence of serious complications such as 
colon, liver, and spleen injury can be avoided.

In cases of big and complicated stones where 
a multiple tract surgery is planned, the punctures 
should be performed at the initial step before pro-
ceeding to the dilation of the tract. Exudation, 
bleeding, contrast extravasation, and presence of 
the working tract may hinder the visibility of the 
collecting system negatively affecting the suc-
cess of the puncture. Regardless of the puncture- 
guidance approach (ultrasound or fluoroscopic) 
neglecting this simple but important strategy can 
lead to difficulties and failure of the second punc-
ture, increased operative time, and a higher rate 
of perioperative complications. Ding et al. evalu-
ated the effect of the pre-puncture of collecting 
system at the time of double-tract PCNL [7]. In 
63 out of 178 patients, the puncture for obtaining 
the second PCNL tract was performed after the 
first tract dilation (non-pre-puncture technique). 
In the remaining 115 patients pre-puncture 
approach was applied. The reported instant and 
final SFR was similar in both of the groups. 
Nevertheless, the non-pre-puncture double-tract 
PCNL approach was associated with higher rates 
of blood transfusion and longer operative time 
compared to pre-punctured technique.

23.3  Puncture Site and Secondary 
Puncture

After initial puncture failure obtaining a second-
ary puncture can be more challenging. Depending 
on the nature of failure (staghorn stone, horse-
shoe kidney, and contrast extravasation) the sub-
sequent site of the puncture should be decided 
accordingly.

It is widely accepted that the puncture for the 
establishment of the percutaneous tract should be 
performed through the fornix of the calyceal 

papilla with an attempt to reduce the possibility 
of vascular injury. The current beliefs are based 
on existing anatomical studies evaluating the cor-
relation of vascular network to the collecting sys-
tem in unaffected cadaveric kidneys [22–24]. 
Their results indicated that the puncture to renal 
papilla carried 7–8% probability of vessel injury, 
whereas punctures to the upper, middle, or lower 
infundibulum were associated with 67.6%, 
61.5%, and 68.2% vessel injuries, respectively 
[23]. However, the performance of papillary 
puncture due to individual anatomical particular-
ities is not always possible in clinical practice. A 
more medial puncture of the collecting system 
could provide a solution for successful comple-
tion of surgery.

The technique for a non-papillary PCNL has 
been well-described in the literature [3, 25, 26]. 
In general, there is no exact indication or contra-
indication for performance of papillary or non- 
papillary puncture. In fact, the non-papillary 
approach can be utilized in all clinical scenarios 
of prone PCNL, where papillary puncture is pos-
sible. For specialists practicing papillary tech-
nique, non-papillary alternative could be an 
option in patients with small calyces and narrow 
infundibula, staghorn stones and stones impact-
ing the anterior and posterior lower calyces. It 
could be advocated that in any challenging case 
that the papillary access fails, the non-papillary 
approach could be performed with safety.

In terms of safety, the non-papillary technique 
was not associated with an increased rate of over-
all complications compared to papillary PCNL 
[3]. Moreover, tract dilation was not associated 
with significant differences in vascularization 
irrespectively of the puncture site [26]. 
Importantly, the non-papillary approach has been 
correlated to several advantages [3, 25, 26]. 
Specifically, entering the collecting system of the 
kidney more medially provides a wider range of 
movements of the nephroscope. Thus, more loca-
tions of the pelvicalyceal system could be 
accessed reducing the number of additional 
punctures in comparison to the papillary tech-
nique. The given advantages can result in a reduc-
tion of the operative time and overall radiation 
exposure when using the non-papillary technique 
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[3, 25, 26]. In addition, the non-papillary tech-
nique provides an easier passage of the guide 
wire down to the ureter which is a well- established 
safety step for PCNL. Nevertheless, the current 
technique was only described in prone 
PCNL.  Whether this approach is an option for 
supine PCNL needs to be proven.

23.4  Failed Access

A wide variety of factors can affect the success of 
the percutaneous puncture and subsequent tract 
dilation. Although difficulties of obtaining PCNL 
access are present in the practice of every urolo-
gist, little is documented in the literature. We 
tried to summarize our experience and the avail-
able literature and present factors and specific 
recommendations for reducing the possibility of 
failure of the access. In an attempt to have easier 
classification, patient-related and surgery-related 
factors were considered.

23.4.1  Patient-related Factors

Several patient-related factors might increase the 
risk of access failure. These factors include ana-
tomical malformations of the kidneys, trans-
planted kidneys, renal surgery prior to PCNL, 
presence of staghorn and impacted stones, as 
well as obesity [9, 19, 27, 28].

PCNL can be safely performed in most of the 
patients with anatomical malformations. 
However, their presence makes the access estab-
lishment more difficult. Horseshoe, ectopic kid-
neys, and malrotation of the kidney represent the 
most often observed anatomical anomalies in the 
PCNL population [9]. The presence of those 
anomalies was associated with significantly 
higher rates of failed procedures (5.0%) com-
pared to the general population (1.7%). In most 
of these cases, prone PCNL was the preferred 
approach. Nevertheless, patients with ectopic and 
malrotation of the kidneys more often required 
supine procedures [9]. Autosomal dominant 
polycystic kidney disease (ADPKD) represents 
another renal malformation affecting the success 

of the PCNL tract establishment [28]. It results in 
compression and elongation of the collecting sys-
tem. Several techniques may ease the puncture of 
the latter kidneys including methylene blue injec-
tion via retrograde ureteral catheter or aspiration 
of the cyst along the access tract [28].

The stone disease of the transplanted kidney is 
found in 0.4–1% [28]. PCNL procedure is feasi-
ble in transplanted kidneys, though it can be asso-
ciated with increased bleeding [29]. Due to the 
specific location of the kidney in the pelvis, supine 
PCNL should be performed. Although it is located 
anteriorly, post-implantation scarring and forma-
tion of the tough fibrous capsule surrounding the 
kidney pose a threat for PCNL failure [29].

Τhe presence of prior renal surgery increases 
the number of puncture attempts, and the risk of 
access failure in non-transplanted kidneys [27]. 
Margel et  al. reported a 2-times higher mean of 
puncture attempts, longer operative time, and a 
significantly higher rate of secondary procedures 
in patients with open nephrolithotomy prior to 
PCNL [8, 27]. Falahatkar et al. documented a lon-
ger guide wire insertion and tract dilation time in 
individuals with prior renal surgeries [30]. 
Nonetheless, this prolongation did not increase the 
rate of perioperative complications. The impact of 
prior renal surgery on the success of the access 
establishment may be more pronounced with the 
presence of additional confounding factors.

Obesity and the presence of staghorn stones 
might also complicate the puncture and tract dila-
tion during PCNL.  A longer learning curve for 
successful puncture with ultrasound guidance 
was documented in a recent study [19]. It was 
proposed that the increased skin to stone distance 
as well as the absorption of ultrasound waves by 
the fatty tissue contributed to poor ultrasound 
image resulting in puncture failure [19]. On the 
other hand, staghorn stones may impact appropri-
ate tract dilation and the safety step of guide wire 
insertion in the ureter may not be possible [31].

23.4.2  Surgery-related Factors

The puncture site and the course of the needle 
are decisive for subsequent dilation of the tract. 
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During PCNL procedures accurate navigation is 
confounded with continuous movement of the 
kidney. Depending on anatomical differences, 
the kidney can be located at 5 to 10  cm depth 
from the skin. Nevertheless, the needle trajec-
tory cannot be corrected after the advancement 
of more than 2 cm, although the deflection of the 
needle from its initial course may occur. The 
parameters influencing the deflection are needle 
diameter, depth of the target, the shape of the 
needle tip, insertion force, and speed, as well as 
mechanical properties of the tissue [11]. Hing 
et  al. documented reduced tissue deformation 
with the slower advancement of the needle as a 
result of reduced force generated on the tip of the 
needle [32].

After successful puncture of collecting system 
tract dilation is initiated. The standard instru-
ments proposed for dilation include Amplatz fas-
cial dilators, Alken metal dilators, and balloon 
dilators. In a recent randomized controlled trial, 
none of the dilation instruments was superior 
over the other in terms of success [4]. It was addi-
tionally found that dilation technique did not 
affect the renal displacement. Patient’s character-
istics such as female gender, body mass index 
(BMI), and previous flank scar were the reported 
determinants of significant renal displacement 
[33]. In contrast, Joel et al. described 17% of total 
failure with the use of balloon dilation [8]. A 
higher rate of failure comprising 25% was 
reported in patients with prior renal surgery. The 
failed cases were successfully managed with the 
Amplatz dilators in 15 patients, whereas Alken 
metal dilators were used in the remaining 2 
patients [8].

23.5  Minimizing the Failure: 
Recommendations 
from Practice

An individual approach to overcome intraopera-
tive issues during PCNL surgery is mostly 
required. Nevertheless, some general rules should 
be followed to obtain a safe PCNL tract while 
minimizing the failure rate.

As a general rule, the subcostal puncture 
should be preferred to decrease the risk of pleural 
complications [2]. Regardless of the used punc-
ture approach (papillary or non-papillary), the 
puncture should be performed at posterolateral 
surface of the kidney at 20–30 degrees from the 
vertical axis, known as Brodel’s avascular line. In 
case of a suspect of vessel penetration, the needle 
should be withdrawn and additional puncture 
should be performed in another site (Fig. 23.1).

As already discussed, when multiple tracts 
are planned, initial puncture and passage of the 
hydrophilic guide wire is essential. The guide 
wire is left in the collecting system, preferen-
tially in the ureter, till the subsequent dilation. If 
no dilation is intended, the guide wire can be 
removed in the end of the procedure (Fig. 23.2a 
and b).

In most of the cases, the PCNL procedures 
are performed with a retrograde ureteral cath-
eter in place. Care must be taken to adequately 
dilate the renal collecting system with contrast 
instillation allowing easier puncture and tract 
establishment. Ureteral catheters with an 
incorporated balloon on their tips can success-
fully block the outflow of the injected fluid 
keeping the system distended. When normal 
ureteral catheters (without balloon) are uti-
lized, a continuous fluid injection should be 
performed at specified steps. The injection 
should be initiated during the puncture and at 
the time of tract dilation when the tip of the 
dilator reaches the kidney. This maneuver pre-
vents contrast extravasation and preserves 
unchanged visualization during the whole 

Fig. 23.1 Blood aspiration
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dilation step (Fig.  23.3). Moreover, contrast 
injection through the puncture needle should 
be omitted (Fig.  23.4). To check the correct 
position of the needle aspiration rather than 
injection should be performed.

An adequate initial skin incision is another 
important rule for successful tract dilation. It 
should be kept in mind that increased friction 
between skin and dilators can increase the force 
applied to the dilator. The latter could turn the 
dilation to a cumbersome procedure resulting in 
injury of the collecting system or even the major 
blood vessels of the kidney. During balloon dila-
tion, smaller skin incision can limit the full 
expansion of the balloon. Additional injury of the 
balloon and spillage of the contrast medium can 
occur with extension of skin incision with the 
dilated balloon in place.

One of the main considerations is to establish 
the PCNL tract over a stiff guide wire. A safety 
maneuver of passing the guide wire down the 
ureter diminishes the unexpected damage of the 
collecting system or hilar structures since the 
forces of dilation are directed towards the ureter. 
Care should be taken to advance the dilator 
according to the course of the guide wire without 
bending it. If still a bending of a guide wire 
occurs, it should be exchanged with the new one 
to enable successful dilation (Fig.  23.5). When 

a

b

Fig. 23.2 (a) Guidewire fixed outside view. (b) 2 
Guidewires_X-ray view

Fig. 23.3 X-ray image dilation

Fig. 23.4 Do not inject contrast
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passage of the guide wire down the ureter is not 
possible, usage of stiff guide wire with short, 
floppy J tip is recommended. The guide wire will 
be coiled inside the collecting system.

In some cases, the dilation is not easily 
achieved and the access sheath remains inside the 
renal parenchyma requiring reinsertion of dila-
tors and their further advancement. Alternatively, 
the advancement of the access sheath can be per-
formed endoscopically (under direct vision) over 
the grasper or lithotripter probe.

Putting patients with general anesthesia in 
selective apnea can be required for hyper mobile 
kidneys and punctures of difficult locations. The 
latter trick limits the movements of the kidneys 
due to breathing and eases the targeting of the 
preferred area of the collective system.

23.6  Conclusion

The puncture and dilation of the tract remain the 
critical steps in the successful performance of 
PCNL.  The surgery is associated with a steep 
learning curve. A wide variety of patient and 
surgery- related factors including anatomical 
anomalies, presence of prior surgery, presence of 
staghorn and impacted stones, high BMI, and 

surgeon’s experience may impact renal access 
leading to its failure. High expertise, deep knowl-
edge, and standardization of each step could 
improve the clinical outcome.
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Simultaneous Bilateral Mini PCNL

Rajeev TP, Karthickeyan Naganathan, 
and B. M. Zeeshan Hameed

24.1  Introduction

The incidence of kidney stone disease shows an 
increasing trend globally [1]. The prevalence of 
urolithiasis is between 1% to 15% worldwide and 
in the Asian continent it ranges between 1% to 
5% [2]. Nearly a quarter of patients present with 
multiple stones. Over a period, 33% of the stone 
patients without symptoms end up with an inter-
vention [3].

Percutaneous nephrolithotomy (PCNL) is the 
standard of care for large renal stones. Over the 
past few decades, various innovations in the field 
of instruments pertaining to size, endoscopic lens 
and design; the emergence of powerful laser 
machines and accessories have led to miniatur-
ization of this procedure. Mini PCNL has gained 
popularity owing to smaller access tract, less 
pain, shorter hospital stay and faster post- 
operative recovery.

In cases with symptomatic bilateral renal 
stone disease, there has always been a reluctance 
in performing PCNL in a simultaneous approach 
when compared to staged PCNL. Simultaneous 

surgeries can be both synchronous and asynchro-
nous depending on the case selection and surgical 
team’s proficiency. Although there were concerns 
regarding the risk of morbidity and complica-
tions, it was proven otherwise by many recent 
studies including a randomized control trial by 
Wang et al. [4] The documented safety and effi-
cacy of bilateral simultaneous standard PCNL 
(BS-spinal) has garnered interests among experi-
enced Endo Urologists to adopt this procedure 
for bilateral renal stones [5, 6]. While there are no 
studies reported in the literature regarding the 
practice of bilateral simultaneous mini PCNL 
(BS-mPCNL), we discuss the various intricacies 
and technical aspects involved in performing this 
procedure for bilateral renal stone disease.

24.2  Causes of Bilateral 
Urolithiasis

The occurrence of bilateral urinary tract stones 
has always been a source of grave danger to the 
patient and the Urologist is faced with dilemmas 
and difficulties concerning treatment strategies. 
In patients with bilateral nephrolithiasis, it is 
imperative to know the presence of any metabolic 
abnormality, stone burden, presence of infection, 
the function of the kidney and anomalies in the 
urinary system to plan the procedure. The pres-
ence of anuria and infection are the tell-tale signs 
for immediate interventions such as diversion in 
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the form of nephrostomies or double J stenting, 
but may not be a candidate for bilateral simulta-
neous stone clearance [7]. Amaro et al. detected 
the presence of the following metabolic disor-
ders—hypercalciuria (74%), hypocitraturia 
(37.3%), hyperoxaluria (24.1%), hypomagnes-
uria (21%), hyperuricosuria (20.2%), primary 
hyperparathyroidism (1.8%), secondary hyper-
parathyroidism (0.6%) and renal tubular acidosis 
(0.6) in a cohort of 158 patients. Further, 95.5% 
of these patients with urinary lithiasis showed 
metabolic changes [7].

24.3  Treatment Options 
for Bilateral Renal Stones

The treatment options for bilateral renal disease 
include both simultaneous and staged procedures. 
The simultaneous intervention for bilateral renal 
stones remains an uphill task for Endo Urologists 
and demands expertise along with the availability 
of multiple armamentaria. Hence they pose a 
tough challenge and are usually performed at high 
volume centres. With the careful patient selection 
and competence of surgeon, the outcomes of 
simultaneous procedures are favourable, cost-
effective and have improved the quality of life [8]. 
An adequate pre-operative counselling which 
includes the other surgical options such as shock-
wave lithotripsy (SWL), Percutaneous 
Nephrolithotomy (PCNL), Retrograde Intrarenal 
Surgery (RIRS), open/laparoscopic/robotic- 
assisted pyelolithotomy, their stone-free rates and 
complications rates should be made available by 
the surgical team. The patient should be made 
aware of the possibility of deferring the contralat-
eral procedure if warranted.

24.4  Evolution of Simultaneous 
Bilateral mini PCNL

Since the first description of percutaneous surgi-
cal removal of renal stones by Fernstrom and 
Johansson in 1976, PCNL has undergone multi-
ple technical modifications and innovations. It 
has even replaced open surgeries for complex 

renal stones and staghorn calculi. Although 
PCNL is technically challenging, it is one of the 
commonest procedures performed by the endou-
rologist for stone disease. The availability of 
PCNL simulators and other training models 
along with the vast knowledge of experts in this 
field of endourology have drastically upgraded 
the resident training at a global level. Prone 
PCNL practised for decades is being reconsid-
ered in cases suitable for the supine position and 
ECIRS [9–11]. The traditional practice of leaving 
a nephrostomy tube is replaced by tubeless PCNL 
(only double J stent, no nephrostomy) and totally 
tubeless PCNL (no double J stent, no nephros-
tomy) with better patient tolerance, recovery 
rates and similar outcome [12–14].

Colón-Pérez et  al. reported a case series of 
three simultaneous bilateral PCNL in 1987 [15]. 
There is always a debate regarding the perfor-
mance of bilateral simultaneous vs staged PCNL 
for bilateral renal stones. Though there is a theo-
retical risk of renal injury and morbidity, recent 
studies have proven bilateral simultaneous stan-
dard PCNL to be safe and with better outcomes 
[16–18]. Smaller instruments, technical advance-
ments in optics and introduction of robust laser 
machines have led to miniaturization of 
PCNL.  The exact definition of mini PCNL is 
debatable, but it is commonly defined as a renal 
tract size less than or equal to 22  Fr [19]. 
Anything beyond 22 Fr is considered as standard 
PCNL. The indications for mini PCNL are more 
or less the same as the standard PCNL. The min-
imization of invasiveness has broadened the 
indications for mini PCNL in smaller renal 
stones less than 2 cm, which includes adult lower 
pole kidney stones; failed ureteroscopy due to 
narrow infundibulum, inaccessible calyx; stones 
in calyceal diverticulum; paediatric renal stones 
and secondary access to residual fragments [20–
22]. This low morbid procedure has also been 
recently performed for staghorn calculus and 
proximal ureteric stones [23, 24]. There are no 
direct studies comparing BS-standard to 
BS-mPCNL, but for all practical purposes, we 
assume mini PCNL to be at least as efficacious 
as standard PCNL for bilateral small medium-
sized stones.
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24.5  Bilateral Simultaneous vs 
Staged PCNL

Traditionally, staged PCNL is being preferred 
due to concerns of higher complication rate, 
injury to both renal units and fear of acute renal 
insufficiency. In a comparative study by Kadlec 
et  al, involving 47 bilateral vs 78 unilateral 
PCNL, there was an overall higher complication 
rate in the bilateral PCNL group when com-
pared to unilateral PCNL [25]. Subsequent stud-
ies [26–30] including a survey [31] regarding 
the surgeon preference for bilateral renal stones 
did not show any difference in complication 
rates. Indeed, these studies have published 

favourable outcomes of BS-PCNL concerning 
procedure time, overall anaesthesia time, stone-
free rate, procedure cost and patient recovery. It 
is evident that with careful patient selection and 
counselling, BS-PCNL offers the same advan-
tages as staged PCNL.  In Synchronous 
BS-PCNL, two surgical teams will be working 
in tandem whereas in asynchronous approach 
the second side is operated after the completion 
of the first side by the same or another team. The 
following is the comparison between bilateral 
simultaneous PCNL and staged PCNL concern-
ing indications, procedure, armamentarium, 
complications, hospital stay, recovery and cost 
efficiency (Table 24.1).

Table 24.1 A comparison between bilateral Simultaneous vs Staged PCNL

Variables Bilateral simultaneous Bilateral staged
Indications Synchronous:

Simple anatomy, small and medium-sized stones
Nil comorbidities
Asynchronous:
Symptomatic first, Simple anatomy, small and 
medium-sized stones
Nil comorbidities

Most symptomatic side 
first.
Large stones, staghorn 
calculus
Complex anatomy
Patient comorbidities
Patient preference

Blood investigations and 
imaging

Once Twice

Procedure
Personnel Synchronous PCNL—Two teams

Asynchronous—One team
One team

Armamentarium Two sets (Nephroscope, Laser machine/lithotripters, 
Monitors)

One set

Experience of surgeon Experienced surgeon Novice
Anaesthesia time Short Longer
Duration of procedures Short Longer
Operation Room (OR) space Larger OR Regular OR
Ancillary procedures May require May not require
Complications
Renal injury Similar Similar
Blood transfusion rate Similar Similar
Analgesia requirement Same as a single unit Cumulative—Higher
Stone-free rate Similar Similar
Hospital stay Shorter Cumulative—Longer
Costing
Procedure + ++
Social + ++
Reimbursement to doctor/
hospital

+ ++

Patient recovery Early Cumulative—Delayed

24 Simultaneous Bilateral Mini PCNL
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24.6  Advantages of Bilateral 
Simultaneous Mini PCNL

Lingeman et Al. conducted a survey of mem-
bers of Endourological Society regarding sur-
gical management in bilateral renal stone 
disease [31]. Of the 153 respondents, only 
38% performed bilateral PCNL under anaes-
thesia, indicating the general trend among 
endourologists in embarking bilateral 
PCNL.  However, the safety and efficacy of 
BS-PCNL were well established in many stud-
ies [4, 5]. Reduction in cumulative operative 
time, overall hospital stay, avoidance of mul-
tiple anaesthesia are some of the advantages of 
performing bilateral simultaneous PCNL [4, 
16]. Bagrodia et al. have reported at least 30% 
reduction in the overall cost when PCNL was 
done simultaneously on both sides. [30] Blood 
investigations and imaging need not be 
repeated if both sides are dealt with in the 
same sitting. Limited use of disposables, 
reduced use of pharmaceuticals and its associ-
ated cost and short cumulative hospital stay all 
contribute to the overall reduction in the total 
expenditure to the patient [5, 16].

24.7  Disadvantages of Bilateral 
Simultaneous Mini PCNL

Prolonged operative time, hypothermia, slightly 
increased risk of bleeding are some of the major 
concerns in doing bilateral PCNL simultane-
ously. Need for repositioning the fluoroscopy 
and other Urological armamentarium including 
monitors, lithoclast and laser machines are time 
consuming and requires more theatre person-
nel. If bilateral PCNL is contemplated in the 
supine position, then the patient also needs to 
be repositioned at the end of the first side 
procedure.

One major disadvantage to the operating sur-
geon is the financial disincentive for performing 
bilateral PCNL in one sitting. Globally, all health 
insurance companies reimburse only half of the 
authorised amount for the second procedure if 
done in the same sitting [4, 16, 30].

24.8  Technical Considerations

Technically there is no major difference between 
simultaneous and staged bilateral PCNL except 
for the need for two sets of instruments. However, 
due considerations should be given to case selec-
tion, patient positioning and OR set up.

24.9  Importance of Case Selection

The most important step in successful bilateral 
simultaneous mini PCNL is proper case selec-
tion. After establishing enough experience and 
expertise in various forms of PCNL like standard 
PCNL and mini PCNL endourologists should 
attempt bilateral mini PCNL simultaneously. 
Initially, clinicians should select young patients 
with good renal function with favourable caly-
ceal anatomy and without large stone burden 
(Fig.  24.1). Any anatomy requiring more than 
one tract on one side should not be selected for 
simultaneous procedure initially.

Fig. 24.1 X-ray KUB showing bilateral renal calculus 
ideally suited for BS-mini PCNL
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As one grows with experience and confidence 
more complex anatomy, young patients with lim-
ited comorbidities and elderly patients can be 
included. Patients with complex stone and 
 calyceal anatomy with anticipated more than two 
tracts on one side should not be selected for bilat-
eral PCNL simultaneously (Fig. 24.2).

Case selection should be tailored according to 
patient demography, comorbidities, stone and 
calyceal anatomy, surgeon and anaesthetist expe-
rience [1]. Other complications of PCNL like 
bleeding, sepsis, perforation of the renal pelvis, 
extravasation and residual fragments should also 
be discussed.

24.10  Prone vs Supine Position

Bilateral PCNL can be done simultaneously in 
both prone and supine positions depending on the 
surgeon’s preference. However, the prone posi-
tion is more suitable for bilateral mini PCNL as 
there is no need to change the patient position for 

the contralateral side. The availability of large 
working space in the prone position is another 
advantage.

PCNL in the modified supine lithotomy posi-
tion allows access to both upper and lower tracts 
at the same time. After successful completion of 
unilateral side, the patient has to be repositioned 
to allow access to the contralateral side to per-
form supine PCNL.

24.11  Operation Room (OR) Set-up

OR set up including the position of instrument 
trolley, fluoroscopy and lithotripsy equipment 
vary according to the patient position. The side 
with maximal stone load, complex anatomy, or 
more symptomatic side is operated first. After 
placing retrograde catheters on both sides, the 
patient is repositioned to prone. The operating 
surgeon stands on the ipsilateral side with a mon-
itor and fluoroscopy positioned on the opposite 
side. A Pneumatic/Ultrasonic lithotripter/Laser 
machine is positioned behind or to the side of the 
operating surgeon. After successful completion 
of the ipsilateral side, everything needs to be 
repositioned to the opposite side to allow contra-
lateral PCNL. Some experienced endourologists 
might be able to complete PCNL with fluoros-
copy in the ipsilateral side itself.

For supine PCNL, the patient is positioned in 
the modified supine lithotomy position with ipsi-
lateral side brought to the edge of the table with 
slight 15 to 20-degree torso tilt to the opposite 
side and the ipsilateral arm is adequately sup-
ported. The same side thigh and knee extended 
and slightly lowered (Fig. 24.3). Standard land-
marks for supine PCNL like posterior axillary 
line, 12th rib and iliac crest are marked for better 
orientation.

24.12  Armamentarium for Bilateral 
Simultaneous Mini PCNL

Two sets of
Standard miniperc nephroscope (Wolf/Karl 

Storz/Olympus)

Fig. 24.2 X-ray KUB showing bilateral large staghorn 
calculus requiring more than two tracts on each side, not 
an ideal case for BS-mini PCNL

24 Simultaneous Bilateral Mini PCNL
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Amplatz sheath of variable sizes
Two-part puncture needle
Guide wires and retrograde catheters
Fascial dilators
Pneumatic/Ultrasonic lithotripsy/Laser machine
Graspers and baskets
Double J stents

24.13  Access and Dilatation

Renal access can be achieved by ultrasound or 
fluoroscopy-guided depending on surgeon’s 
experience and preference. Ultrasound guided 
access has the advantage of less radiation 
exposure and it also helps in avoiding adjacent 
organ injury during puncture and dilatation. 
After puncturing the desired calyx, a hydro-
philic floppy tip guide wire (0.032/0.035 inch) 
is placed through the puncture cannula into the 
ureter or the renal pelvis or the desired calyx. 
Tract dilatation over the guide wire should be 
done with metal dilator or balloon dilator 
monitored under fluoroscopy. Single-step dil-
atation saves time and reduces radiation expo-
sure to the patient as well as the operating 
team. The tract should be secured with 
Amplatz sheath of appropriate size using the 
Seldinger technique over the guide wire under 
fluoroscopy guidance.

24.14  Nephroscopy and Stone 
Clearance

The standard mini nephroscope ranges from 12 F 
to 18 F (Karl Storz, Olympus, Wolf). With ade-
quate irrigation ensuring clear vision, thorough 
nephroscopy should be done to assess the pelvi-
calyceal anatomy and stone localisation. 
Lithotripsy can be performed with laser, pneu-
matic or ultrasonic lithotripters. The need for 
stone graspers is greatly reduced in miniperc as 
the stone fragments are passively cleared due to 
the whirlpool effect created by the flow of irriga-
tion fluid. Because of the rapid passive stone 
clearance by the whirlpool effect, the operative 
time is comparable to standard PCNL [1].

24.15  Exit Strategy

Weld and Wake, first performed tubeless bilateral 
simultaneous PCNL in the year 2000 [32]. Since 
then several successful series with tubeless 
BS-PCNL were published [16, 26]. Exit strategy 
following bilateral simultaneous PCNL should 
be tailored for each individual case [5]. Tubeless 
or totally tubeless should be dependent on the 
amount of intraoperative bleeding, any perfora-
tion, residual fragments, subsequent plan to re- 
look, surgeon’s preference and other features. For 
miniperc tracts, there is no need for the routine 
placement of nephrostomy tubes [33]. Thapa 
found 75–80% of miniperc are tubeless in his 
series [34]. It is always safe to place at least dou-
ble J stent on one side as post-operative anuria, 
though rare is one dreadful complication follow-
ing bilateral PCNL [16].

24.16  Follow-up

Post-operative X-ray of kidney, ureter and bladder 
region needs to be taken after 24 hours to assess 
any residual fragment and stent position. 
Hemogram and renal function tests should be 

Fig. 24.3 Patient positioned for supine PCNL, note the 
position of right thigh and knee
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repeated after 24–48  hours to identify any 
significant blood loss and renal function impair-
ment. CT KUB may be more precise in identifying 
residual fragments, especially in radiolucent stones.

24.17  Complications

Any complication inherent to PCNL is theoretically 
doubled in bilateral simultaneous PCNL.  But in 
practice, most studies have found the complications 
rates are similar to or at least comparable to single 
side or staged PCNL [17, 35]. Fever is the most 
common complication after simultaneous bilateral 
PCNL in the majority of studies [36, 37]. The 
release of bacteria and bacterial endotoxins during 
stone fragmentation and manipulation is responsi-
ble for postoperative fever and sepsis [38]. Even 
when the pre- operative urine culture is negative, 
pyrexia and systemic inflammatory response can 
occur as preoperative urine culture does not repre-
sent stone culture in a significant number of cases. 
Korets et al. prospectively evaluated the correlation 
between preoperative urine culture, renal pelvic 
urine culture and stone culture in 198 patients who 
underwent PCNL.  He found that 48.5% of cases 
with positive stone culture had negative pre-opera-
tive bladder urine culture indicating the poor corre-
lation between the two [39]. Maintaining a 
low-pressure system intraoperatively is paramount 
in preventing sepsis and fever [40].

Haematuria, delayed bleeding requiring blood 
transfusion, persistent urine leak through the tract 
site, bowel injury and pulmonary complications 
occur in a similar frequency to single-sided PCNL 
if each unit is considered individually rather than 
the number of patients [5]. In a randomised control 
study conducted by Li et  al., the rate of blood 
transfusion is much lesser in mini PCNL (1.1%) 
when compared to standard PCNL (6.9%).

24.18  Conclusion

Bilateral simultaneous mini PCNL is feasible and 
safe for small bilateral renal stones. The proce-
dure can be done both simultaneous or staged 

depending on the case, consent of the patient and 
the availability of armamentarium and personnel. 
However, the morbidity of the procedure can be 
reduced by careful case selection and experience 
of the surgeon.
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Special Situations Stone 
with PUJO, Calyceal Diverticulum

C. Mallikarjuna and Mohammed Taif Bendigeri

25.1  Mini-PCNL in Stone 
with Calyceal Diverticulum

Calyceal diverticulum is the outpouching of the 
calyx which is lined with urothelium and drained 
by the neck of the diverticulum. It presents spe-
cial challenges to clear the stone present in this 
diverticulum. Caution at every step is essential 
for a smooth procedure in these patients.

25.1.1  Work-up

Proper evaluation of the patient with regards to 
defining the anatomy of the pelvicalyceal system 
is of paramount importance in these situations. 
Non-contrast CT-KUB is usually the preferred 
investigation for renal stone disease, but some-
times it can miss the delineation of diverticulum. 
Patients with calyceal diverticulum stones need a 
contrast-based delineation of the pelvicalyceal 
system for better pick-up of the calyceal diver-
ticulum. One can opt for intravenous pyelogram 
or contrast-enhanced computed tomography 
(CT-IVU/CT urography). Figures 25.1 and 25.2 
show examples of imaging for the calyceal diver-
ticular stone. The clinching feature would be the 
isolated presence of the diverticulum away from 

the calyx and connected through a neck. The 
neck of diverticulum is often not delineated 
clearly in the pre-operative evaluation. The stone 
in the diverticulum would appear as being pres-
ent in the parenchyma and away from the calyx. 
This should alarm the surgeon about the presence 
of stone in a diverticulum and not a regular caly-
ceal stone. If it is missed pre-operatively, then the 
surgeon would be in for an unexpected surprise 
intra-operatively.

25.1.2  Considerations About 
Diverticulum

When the stone is detected to be present in a caly-
ceal diverticulum pre-operatively, one can plan to 
obtain the maximum possible information about 
the diverticulum. The important aspects of diver-
ticulum that one needs to note are:

 1. Location of the diverticulum
 2. Neck of diverticulum
 3. Stone in diverticulum

The location of the diverticulum bears an 
enormous impact on the difficulty of the proce-
dure. The location can be polar in the form of an 
upper polar or lower polar diverticulum or it can 
be in the mid-zone. It should also be noted 
whether the diverticulum is anterior or posterior 
to the calyx. One should obtain a thorough 
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orientation of the relation of the diverticulum 
with respect to the pelvicalyceal system. Three- 
dimensional computed tomography reconstruc-
tion would be of great help in simplifying this. 
The location determines the difficulty level in 
accessing the diverticulum. For example, a diver-
ticulum that is located in the mid-zone of kidney 
and posterior to the middle calyx would be lot 
more simpler to access in conventional prone 
mini-PCNL than a diverticulum that is located in 
the lower pole on the medial aspect of the lower 
calyx.

Another aspect of diverticulum that needs to 
be looked at is the neck of the diverticulum. 
Most often it is not defined clearly in pre-oper-
ative evaluation. The only indirect information 
that can be obtained is the length of the neck. 

The length can be assessed by noting the dis-
tance of the diverticulum from the nearest 
calyx. Closer the diverticulum to the calyx, 
shorter is the neck. This would make it easy for 
incising the neck of the diverticulum to drain it 
into the calyx. If the diverticulum with stone is 
located significantly away from the wall of the 
calyx, it indicates that the neck would be long 
and incising the neck for drainage would be 
difficult. Longer neck also tends to be narrower 
in calibre and hence identification intra-opera-
tively would be lot more challenging. The lon-
ger necks also pose a challenge in terms of 
incising and widening it. There are higher 
chances of encountering vessels in the thick 
parenchyma adjoining it, which can lead to sig-
nificant bleeding.

The stone in the diverticulum has to be care-
fully assessed as well. The size and density of the 
stone are essential to be noted. The size of stone 
may dictate the size of the access sheath that one 
might consider using. The density of the stone 
would make one cautious of the type of energy 
opted for lithotripsy. Often the diverticular stone 
tends to be a bunch of small secondary calculi 
instead of a single stone. This might be picked up 
in the imaging if they tend to form a horizontal 
level of stone density in the diverticulum or if 
there is significant non-uniform stone density. 
The presence of bunch of small stones will have 
a bearing on the intra-operative improvisations 
needed.

Fig. 25.1 Imaging of a patient with left renal lower pole calyceal diverticular stone with X-ray KUB and plain CT

Fig. 25.2 Anterior calyceal diverticular stone in inter- 
polar region of right kidney on plain CT scan
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• Intra-operative considerations:

Tackling calyceal diverticular stone needs 
improvisation in every step of the procedure. The 
challenges in each step need to be pre-empted in 
order to prevent complications.

 1. Puncture: The biggest challenge in doing 
mini-PCNL for calyceal diverticular stone 
would be obtaining proper access to the 
 diverticulum. The first step of doing a proper 
puncture often presents the biggest hurdle. 
The step becomes difficult if the neck of the 
diverticulum is narrow enough to preclude 
delineation of the diverticulum on the retro-
grade pyelography (RGP). Often one might 
succeed in getting a little bit of contrast across 
with usage of extra pressure albeit at risk of 
intravasation and sepsis. However, if the 
diverticulum gets delineated on RGP the pro-
cedure would be similar to puncturing a calyx. 
Figure 25.3 shows an example of RGP of left 
lower pole calyceal diverticular stone. If the 
delineation of diverticulum does not happen 
on RGP, then the next option would be to con-
sider a stone-guided puncture. This would be 
based on the feel of touching the stone with 
the puncture needle. The stone-guided punc-
ture works well when the diverticular stone is 
a single stone. However, when the diverticular 

stone is actually a bunch of small secondary 
stones instead of a single stone, the sensation 
of feeling the stone with a puncture needle 
becomes challenging. In such scenarios one 
has to look for other signs for confirmation of 
presence of the tip of needle inside the diver-
ticulum such as movement of the stones on 
passage of guide wire, aspiration of urine 
from the needle, injecting saline and watching 
for stone movement, antegrade injection of 
dilute contrast to delineate diverticulum, con-
firmation on rotating the fluoroscopy in sec-
ond axis as part of triangulation technique, 
usage of ultrasonography to puncture the 
diverticulum and demonstrate the needle tip 
inside the diverticular cavity. The aspiration 
of urine might not be helpful if there is a blood 
clot in the cavity due to previous puncture 
attempts. In this case, in spite of being inside 
the cavity one may not be able to aspirate. 
Antegrade instillation of dilute contrast can be 
helpful in such a situation but carries a high 
risk of impairing the fluoroscopy image if 
there is extravasation happening. The extrava-
sated contrast would make further attempts 
extremely challenging. Considering these 
risks, one might be better off using guide wire 
to look for signs of confirmation such as stone 
movement with the wire and the guide wire 
curling inside the diverticulum taking the 
shape of the cavity. This can be repeated with-
out risk of spoiling the image on fluoroscopy 
and works well even if blood clots are present 
in cavity. However, if previous multiple punc-
ture attempts have failed, the guide wire might 
tend to repeatedly take the false passage of 
prior puncture instead of coiling inside the 
cavity. A combination of all the improvisation 
possible would help in negotiating our way 
out of difficulty.

 2. Dilatation: The dilatation is tricky in the sense 
that the guide wire would almost always be 
coiled up in the diverticulum itself and hence 
the chances of error during dilatation are 
higher. There can be over-dilatation due to 
lack of stability, under-dilatation or tangential 
dilatation. These will make the subsequent 
procedure difficult as the bleeding will impair 

Fig. 25.3 RGP image showing left lower polar calyceal 
diverticular stone with long narrow diverticular neck
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the visibility during mini-PCNL significantly. 
The errors during dilatation are higher due to 
the instability of the guide wire, which can be 
coiled up only in the diverticulum. The length 
of wire that can be coiled up will also be mar-
ginal in some cases due to inadequate space. 
This would increase the chances of slippage 
of guide wire during dilatation. Hence, utmost 
care has to be taken during dilatation in diver-
ticular stones. As the mini-PCNL usually fol-
lows single-step dilatation, the chances of 

errors can be minimised as compared to the 
multi-step dilatation of conventional 
PCNL.  Overcautious dilatation can be often 
an under-dilatation which is a better bargain 
than having an aggressive over-dilatation sce-
nario. Figure  25.4 gives an example of pre- 
operative imaging and the various steps of the 
procedure.

 3. Stone clearance: If the diverticulum is con-
taining multiple secondary stones that are 
usually small in size, the clearance can be 

Fig. 25.4 Left lower polar calyceal diverticulum with pre-operative imaging, RGP and intra-operative steps of 
mini-PCNL
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easily accomplished with the vacuum cleaner 
effect of the mini-PCNL. If the stone is large 
and needs lithotripsy, care has to be taken 
regarding selection of energy used. Pneumatic 
lithotripsy can have risk of injuring the paren-
chyma and extrusion of the stone fragments 
into the parenchyma and beyond it. This can 
happen more often if the stone is very hard in 
nature and the underlying parenchyma is of 
inadequate thickness to provide adequate 
counter support. The risk is higher in the 
medially located diverticulae and especially 
the polar ones. Injury to the underlying paren-
chyma and extrusion of stone fragments will 
lead to incomplete stone clearance and extrav-
asation of irrigation fluid intra-operatively. 
The bleeding from the parenchymal injury 
would obscure the vision significantly and 
one might have to even terminate the proce-
dure prematurely. To avoid this scenario, one 
would be better off using Laser energy for 
lithotripsy in diverticular stones as the pre-
ferred energy source.

 4. Exit strategy: After the clearance of stone is 
over, one needs to decide about the exit strat-
egy for the case. Multiple options are available 
for this. The safest would be to identify the 
neck of the diverticulum and negotiate across it 
and place a stent across the neck of the diver-
ticulum. This would ensure drainage of urine 
antegradely and minimal chances of peri-neph-
ric collection. Identification of neck of diver-
ticulum can be accomplished with injecting 
contrast mixed with a colouring agent such as 
dilute povidone iodine or methylene blue from 
the ureteric catheter and identifying the loca-
tion of the neck. Once the location of neck is 
identified, a guide wire can be negotiated 
across it. In case the neck is too narrow for the 
wire to be negotiated across it, one has to con-
sider incising the neck with help of Laser to 
widen the calibre of the neck. One has to be 
careful to avoid too deep incision into the 
parenchyma in order to prevent bleeding. 
Multiple radial cuts can be given to widen the 
neck adequately in order to pass the wire across 
it. The longer length of the neck makes it more 
challenging to achieve this incision due to the 

larger thickness of intervening parenchyma. 
Sometimes the neck might not be visible at all. 
In such scenarios, one has to create a neo-
infundibulum of the diverticulum by punctur-
ing across the wall of diverticulum with the 
initial puncture needle and then dilating the 
track. One might encounter increased chances 
of bleeding in this step. Once neo- infundibulum 
is created, it is required to place a nephrostomy 
tube across it. Another option would be to 
ablate the surface of the diverticulum so that 
urine extravasation does not happen from the 
surface. This can be achieved with help of 
Laser in mini-PCNL.  This would reduce the 
chances of post-operative peri- nephric urinoma 
formation significantly. The obliteration of the 
cavity is found to improve recurrence-free 
rates. One can place a nephrostomy tube at the 
exit time; however, the chances of its slippage 
are high due to inadequate space in the diver-
ticulum. Placing a stent across the neck of 
diverticulum and ablation of surface of the 
diverticular cavity would be a safe play at the 
time of exit.

25.1.3  Post-operative Considerations

Post-operative care for mini-PCNL for diverticu-
lar stone would be almost the same as any other 
case barring a concern for the probability of peri- 
nephric collection. One has to be cautious to pick 
it up at the earliest to avoid further complications. 
Urinoma can happen if the antegrade drainage of 
the diverticulum is inadequate and the overlying 
parenchymal covering is thin. If in such cases 
scenarios, the ablation of surface is not performed 
there can be possibility of urinoma formation, 
which can lead to fistula formation as well if not 
picked up early enough. Injury to the parenchyma 
during improper dilatation can lead to bleeding 
post-operatively as well which can manifest as 
peri-nephric collection. Since the communication 
with pelvicalyceal system is not very broad, there 
might not be a significant haematuria even if 
there is a large peri-nephric hematoma. If the col-
lection is large, one will have to consider an inter-
vention to treat it accordingly.

25 Special Situations Stone with PUJO, Calyceal Diverticulum
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25.2  Mini-PCNL in Stone 
with PUJO

Presence of stone and PUJO can present to us in 
a varied manner. The scenarios differ and this 
needs proper evaluation and planning of both the 
ailments in order to provide complete care for the 
patient.

• Work-up and Various Situations

Some of the situations that we encounter the 
presence of stone and PUJO are as follows:

 (a) PUJO with secondary stone in calyx
 (b) Stone at PUJ with suspected PUJO
 (c) Stone with ballooned pelvis suspicious of 

PUJO
 (d) Residual stone after pyeloplasty
 (e) Recurrent stone after pyeloplasty

The principles of evaluation for these settings 
would be the same as dictated by the principles of 
endourology. The suspicion of PUJO should 
always be clarified with a renogram study prefer-
ably. The presence of PUJO and secondary stone 
in calyx can be treated simultaneously with stone 
extraction during the pyeloplasty procedure. 
Presence of a stone impacted at PUJ with suspi-
cious PUJO would need stone clearance and then 
re-assessment for the adequacy of PUJ drainage 
later on. Figure 25.5 shows one such example of 
this tricky situation. The other scenarios will 
need a similar approach of stone clearance and 
confirmation of PUJ adequacy. Figure 25.6 shows 
an example of left renal calculus with ballooned- 
out pelvis suspicious of PUJO. We would need a 
regular work-up for stone and the only additional 
evaluation required would be for the PUJ patency. 
Contrast-based study to delineate the pelvicaly-
ceal system would be helpful in giving a clue on 
the patency of PUJ as well.

25.2.1  Special Considerations

There would be several special considerations to 
be looked at in the setting of PUJO and stone 

before one proceeds with surgery. If the patient 
has a PUJO and a secondary stone, one needs to 
address whether to proceed with simultaneous 
clearance in same sitting versus sequencing of 
stone clearance and pyeloplasty. Majority of 
times the attempt would be to do simultaneous 
clearance of stone during pyeloplasty, however, 
often we end up facing the challenge of confirm-
ing the complete clearance intra-operatively and 
tackling the residual stone later on. Patient has to 
be informed pre-operatively about this possibil-
ity. One might also face a difficult situation post- 
operatively in patients who undergo clearance of 
impacted stone at PUJ or patients with PUJO and 
secondary stones that opt for clearance of only 
the secondary stones and without opting for a 
pyeloplasty. It has got significant medico-legal 
importance. If these patients are not counselled 
clearly about the nature of the PUJ, then one 
might have to face the blame of PUJO being a 
complication that has risen from the stone clear-
ance procedure.

Fig. 25.5 Plain CT KUB showing stone impacted at left 
PUJ. Stone impacted at PUJ is always a tricky situation 
wherein ruling out the presence of PUJO is not possible 
with surety without clearing the stone
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25.2.2  Endopyelotomy 
Consideration

There can also be a consideration for combining 
an endopyelotomy procedure. This would give 
the benefit of solving both issues in the same sit-
ting. There have been mixed opinions about the 
role of endopyelotomy and the initial enthusiasm 
for the procedure has considerably waned off. 
Primary endopyelotomy has not been the 
favoured approach from a long-term success 
point of view. However, endopyelotomy might be 
considered in the setting of recurrent stones with 
previous pyeloplasty that is having a doubtful or 
an overtly obstructive pattern of drainage. One 
can consider endopyelotomy as a salvage proce-
dure for the recurrent PUJO in these settings. 
Patients will have to be counselled about the 

advantage of a single sitting endoscopic proce-
dure versus the possibility of recurrence later on.

The advantages that mini-PCNL provides in 
the setting of performing endopyelotomy is the 
miniaturised instruments that can easily negotiate 
the narrow calibre of the PUJ. Performing percu-
taneous endopyelotomy would be lot more com-
fortable when we can negotiate the nephroscope 
across the PUJ. This ensures the endopyelotomy 
incision can be done in a controlled way while 
retracting back the scope from the upper ureter 
into the pelvis. However, if the calibre of PUJ is 
too narrow then performing endopyelotomy 
would be challenging because negotiating the 
conventional nephroscope might not be possible 
in all cases. The miniaturised instrument solves 
this issue to a great extent. Negotiating the PUJ 
can be done lot more easily with the miniaturised 

Fig. 25.6 Plain CT KUB and RGP showing left renal calculi apparently secondary to suspected left PUJO
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instruments. The incision with mini- PCNL has to 
be performed with Laser energy. This adds to the 
precision of the endopyelotomy further.

The principles of performing the endopy-
elotomy remain the same. The site of incision 
has to be selected. Incision is made over the 
lateral aspect of the upper ureter, the lower part 
of the PUJ and the inferior aspect of the renal 
pelvis. The cut has to be deep across all the 
layers of the ureter and pelvis. Figure  25.7 
shows the steps of laser endopyelotomy. One 
can confirm the adequacy of the incision depth 
by the visualisation of fat around the ureter and 
pelvis. The dye instillation would show a free 
extravasation outside the walls. Placing of 
wide calibre endopyelotomy stent would help 
in healing over it with epithelialisation of the 
defect. The stent would need to be placed for 
an adequately long duration of time to cover 
this healing phase, usually about 6–12 weeks. 
Some of these patients might need a re- 
insertion of the stent as well.

Post-operative complications due to extrava-
sation of irrigation fluid would be expectedly 
lesser compared to conventional nephroscope 
usage since the flow rates would be lot less and 
the amount extravasating would be proportion-
ately less. The post-operative pain due to this 
would be comparatively lesser. Nevertheless, 
endopyelotomy is incomplete if the incision is 
not deep enough to demonstrate extravasation 
intra-operatively. The risk of the extravasated 
fluid getting infected remains. Adequate cover-
age with antibiotics and proper drainage of the 
pelvicalyceal system remains extremely essential 
for smooth post-operative recovery.

25.2.3  Intra-operative 
Considerations

Doing a mini-PCNL in the setting of a pelvicaly-
ceal system that bears the impact of PUJO poses 
few challenges. One has to be wary of the fact 

Fig. 25.7 Left laser endopyelotomy done with mini-PCNL for secondary PUJO with stone

C. Mallikarjuna and M. T. Bendigeri



273

that a dilated system need not always be the easi-
est system to perform a mini-PCNL.

 1. Puncture: Obtaining a puncture per se would 
not be a challenge in the dilated pelvicalyceal 
system. However, one has to be careful in not 
to get carried away with a dilated system. One 
has to be careful to make sure that the entry is 
not through a flattened infundibulum in the 
dilated pelvicalyceal system. The calyx of 
entry might not make a significant impact in a 
dilated pelvicalyceal system due to the ease of 
manoeuvrability.

 2. Dilatation: There might be a few issues during 
dilatation due to the dilated pelvicalyceal sys-
tem. There can be buckling of the guide wire 
during dilatation due to the minimal resis-
tance of the dilated pelvicalyceal system and 
thinned out parenchyma. This buckling would 
make entry into the calyx difficult with a sin-
gle-step dilatation. One might have to opt for 
a sequential multi-step dilatation in such situ-
ations. The other difficulty that one might face 
is in cases that have undergone pyeloplasty 
previously. The fibrosis in the peri-nephric 
plane would create a lot of resistance during 
dilatation and again makes a single step dila-
tation difficult.

 3. Stone clearance: The challenges of clearing 
stones during mini-PCNL in a PUJO pelvi-
calyceal system are unique. A grossly dilated 
pelvicalyceal system is counter-productive to 
stone clearance by the vacuum cleaner effect 
of Eddy currents in mini-PCNL.  One might 
end up struggling to clear the fragments that 
keep floating around in a baggy pelvicalyceal 
system. Keeping the pelvis semi-distended by 
controlling the inflow of the irrigation fluid 
might reduce the effective size of the pelvi-
calyceal system and aid in clearing stones. 
Another problem that one can face is finding a 
large dilated pelvis that is filled up with large 
blood clots due to infundibular entry or a trou-
bled dilatation in the prior step. Blood clots 
are the biggest enemy of mini-PCNL. Clearing 
the clots would need a lot of patience or one 
might have to even consider converting it to a 

conventional PCNL. Usage of a suction probe 
might be of some help in clearing the clots. 
Stone clearance cannot be performed effi-
ciently unless the clots are cleared. The 
chances of leaving residual fragments are 
higher if the clots are not cleared completely 
and the entire pelvicalyceal system is checked 
for stone clearance. Since the drainage of the 
PUJ is circumspect in this set of cases, one 
has to make sure that the clearance of stone 
fragments is complete. Relying on the natural 
passage of small residual fragments would not 
be an ideal proposition in these kidneys. One 
has to put extra effort to clear even the mini-
mal amount of “stone dust” also from the pel-
vicalyceal system intra-operatively.

 4. Exit strategy: The exit strategy in cases with 
doubtful PUJ would need to be considered 
separately from a regular case. Proceeding 
with a tubeless or a totally tubeless strategy 
might not be the safest approach. There can be 
an increased risk of urinary extravasation 
from the access track if the PUJ does not drain 
adequately. Since these patients have compro-
mised and doubtful PUJ, it would make sense 
to opt for stenting in these cases at the end of 
procedure.

25.2.4  Post-operative Considerations

There could be higher chances of urinary extrava-
sation in patients with PUJO who undergo mini-
PCNL and have a tubeless or totally tubeless exit. 
One needs to be careful in avoiding this scenario 
which might lead to risk of urinoma formation 
and getting infected to form an abscess with sep-
tic complications. The other aspects of post- 
operative care would be similar to any regular 
mini-PCNL.
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26.1  Introduction

PCNL is a standard of care for large and complex 
renal calculi. Although most percutaneous access 
are safe to make, in some clinical situations, 
making access can be a huge challenge. The chal-
lenge could be related to patient factors like mor-
bid obesity or spinal deformities, or renal factors 
like un-ascended pelvic ectopic kidney or poly-
cystic kidney disease. Here, the intra- or peri- 
renal anatomy and anatomical relations change 
making the PCNL procedure difficult. Such 
patients should be treated only by a very experi-
enced endourologist who is backed by a complete 
gamut of equipment and technology.

26.2  PCNL in Morbid Obesity

26.2.1  Introduction

The World Health Organization defines obesity 
as “abnormal or excessive accumulation of fat 
that may impair health.” For adults, a body mass 
index (BMI) of 18.5 to 24.9 kg/m2 is considered 
normal. “Overweight,” “obesity,” and “severe 
obesity” are defined as BMI of 25–29.9  kg/m2, 
>30  kg/m2, and >40  kg/m2, respectively. 
Worldwide, the incidence of obesity has tripled 
since 1980 with more than 650 million adults 
classified as obese in 2016.

Obesity leads to metabolic alterations, most 
notably, insulin resistance which leads to lowered 
urine pH on account of decreased excretion of 
ammonia. This urinary milieu is conducive to 
uric acid stone formation. Obesity has been iden-
tified as an independent risk factor for formation 
of renal stones and also for stone recurrence. 
Percutaneous management of urolithiasis in 
obese patients poses distinct anesthetic and surgi-
cal challenges, which require certain modifica-
tions in the standard procedure of percutaneous 
nephrolithotomy (PCNL).

26.2.2  Anesthesia Considerations

Obesity presents a triad of challenges to the anes-
thetist. There could be a difficulty for intubation 

P. N. Maheshwari (*) 
Fortis Hospital Mulund, Mumbai, Maharashtra, India 

Department of Urology, Grant Government Medical 
College and Sir JJ Group of Hospitals, Mumbai, 
Maharashtra, India 

V. A. Gite · M. Agrawal 
Department of Urology, Grant Government Medical 
College and Sir JJ Group of Hospitals, Mumbai, 
Maharashtra, India 

A. M. Arora 
Tata Memorial Hospital, Mumbai, Maharashtra, India

26

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-6001-6_26&domain=pdf
https://doi.org/10.1007/978-981-16-6001-6_26#DOI


276

that can be reduced by “ramped” position instead 
of the “sniff” position while intubating. Severe 
obesity is associated with decreased compliance 
of the respiratory system, reduction in lung vol-
umes and oxygenation, and an increase in the 
work of breathing. Also, obesity hardly ever 
exists alone and is almost always associated with 
other comorbidities like hypertension, diabetes, 
and cardiac disease as a spectrum of the meta-
bolic syndrome, and these conditions increase the 
overall anesthesia risk.

26.2.3  Positioning

Prone position continues to remain the traditional 
and most commonly used position in which PCNL 
is performed across the world. Extra precaution 
and personnel are required while turning an obese 
patient from the supine to the prone position. This 
needs to be done with utmost care to prevent any 
kind of spine or skeletal injury. The patient needs 
to be positioned with bolsters under the chest and 
the pelvis to allow the abdominal wall to move 
freely. This reduces splinting of the diaphragm and 
inferior vena cava compression and helps reduce 
the burden on the cardiopulmonary system.

To circumvent the challenge associated with 
turning an anesthetized obese patient from supine 
to prone, Wu and colleagues described the tech-
nique of awake intubation and prone patient self- 
positioning [1]. This problem can be completely 
avoided by supine PCNL.  Mazzucchi and col-
leagues compared the supine and prone positions 
for PCNL in obese patients [2]. They reported 
similar stone-free rates for both positions and 
shorter operating times and hospital stays in the 
supine position group. However, it must be 
remembered that supine positioning is associated 
with a longer access tract and reduced nephro-
scope maneuverability, both of which are any-
ways existing concerns in obese patients.

26.2.4  Challenges in the PCNL 
Technique and their Solutions

While performing a PCNL in an obese patient, 
difficulties might be encountered at various steps: 

puncturing the desired calyx, maintaining the 
established tract, and maneuvering the nephro-
scope in the pelvicalyceal system. The underly-
ing problem here is the excess abdominal fat 
which increases the “skin to calyx distance.”

While excess body fat may not prove to be a 
problem in visualizing the collecting system 
under fluoroscopy, it can lead to poor quality of 
ultrasound images and a steep learning curve for 
ultrasound guided PCNL. Visualization of deep- 
seated kidneys can be improved by using lower 
frequency ultrasound probes and by optimizing 
the brightness, gain, and focal zone.

The increased skin-to-calyx distance can 
prove to be too long for instruments and acces-
sories of standard length. This calls for use of 
“extra-long” equipment. The standard Amplatz 
sheath is 17 cm long while the extra-long one has 
a length of 20  cm. This long sheath may also 
require the use of an extra-long nephroscope and 
stone grasping forceps. To prevent an on-table 
surprise, the skin to calyx distance should be esti-
mated using the pre-operative CT scan and one 
should be ready with the necessary instruments. 
In centers that have facilities for holmium laser 
enucleation of prostate, the morcelloscope can be 
utilized as an extra-long nephroscope. A flexible 
nephroscope, if available, may also be used if the 
length of the rigid nephroscope proves to be short 
in reaching stones in different calyces.

On certain occasions, even the extra-long 
sheath may prove inadequate then the skin and 
subcutaneous tissue can be incised down to the 
thoracolumbar fascia so that the tract begins at the 
level of the back muscles. If the skin and subcuta-
neous tissue has not been incised, there is a risk 
that the access sheath may be advanced too far 
and get lost under the level of the skin. Nguyen 
and Belis described tying long sutures to the 
access sheath (Fig. 26.1), using which the sheath 
could be pulled out at the end of the procedure 
even if it had advanced below the skin [3]. Another 
technique includes opening the stone grasping 
forceps beyond the sheath and then retracting the 
forceps along with the sheath. Also, a Foley cath-
eter may be passed into the collecting system via 
the sheath. The balloon is inflated with radiocon-
trast and the catheter is then withdrawn under 
fluoroscopic guidance along with the sheath.
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Anatomically, we are aware that in prone posi-
tion the upper calyx is more superficial as com-
pared to lower calyx. Whenever feasible, an 
upper calyx tract would be shorter than the lower 
calyx tract and hence may be appropriate in obese 
patients.

26.2.5  Results with PCNL in Obese 
Patients

Multiple series have described the efficacy of 
PCNL in the setting of obesity. The largest review 
from the CROES (Clinical Research Office of the 
Endourological Society) database reported on the 
results of PCNL in more than 3700 patients strat-
ified as normal weight, overweight, obese, and 
super-obese [4]. The study concluded that PCNL 
can be safely performed in obese patients, albeit 
with longer operative times and an inferior stone- 
free rate. Studies have also noted no difference in 
perioperative complications in super obese 
patients compared to patients with normal 
BMI. Credibility to evidence for safety and effi-
cacy of PCNL in obese patients is also provided 

by a recently reported meta-analysis, which ana-
lyzed outcomes in close to 2000 patients with 
obesity [5].

The use of miniaturized scopes has also been 
evaluated in obese patients. Akbulut et  al. 
reported mini-PCNL with 18 Fr sheath size in 50 
patients with a mean stone size of 25  mm [6]. 
They noted no significant increase in complica-
tions or duration of hospital stay and comparable 
stone-free rates (70%) as compared to mini- 
PCNL in nonobese patients. Super mini-PCNL 
with 12/14 Fr access sheath has also been com-
pared to retrograde intra-renal surgery (RIRS) in 
obese patients [7]. In a study for stone size 
between 20–30 mm, no difference was noted in 
the efficacy of the 2 approaches. However, the 
super mini-PCNL group had a shorter operating 
time and lower total cost and rates of 
reintervention.

While the ideal exit strategy following PCNL 
is debatable, researchers have reported on the 
safety and feasibility of the totally tubeless tech-
nique of PCNL in obese and severely obese 
patients [8]. It was associated with lower require-
ment of postoperative analgesics and faster return 
to routine activity. However, whenever a neph-
rostomy tube is placed following a PCNL, there 
is a higher chance of tube dislodgement in an 
obese patient. Thus, it would be prudent to use a 
nephro-ureteral tube that has a coil in the renal 
pelvis with a further extension down the ureter.

26.2.6  Urolithiasis Following 
Bariatric Surgery

Obesity increases the risk of stone formation due 
to associated metabolic alterations as previously 
outlined. Even the surgical treatment of obesity 
poses its own metabolic problems. Bariatric sur-
gery, especially Roux-en-Y gastric bypass causes 
alterations in 24-h urine profile in the form of 
increase in urinary oxalate, decreased urine vol-
ume, and urinary citrate levels. This leads to the 
development of calcium oxalate stones that can 
be recurrent. PCNL in a patient who has under-
gone bariatric surgery would not be expected to 

Fig. 26.1 Sutures placed through the amplatz sheath that 
can be used at the end of the procedure to pull out the 
sheath from inside the abdominal wall
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pose any special challenges of its own except that 
there is an increased risk of retro-renal colon in 
these patients [9].

26.2.7  Conclusion

PCNL is safe, feasible, and effective in obese 
patients with no risk of increased perioperative 
complications compared to patients with normal 
BMI. Obesity should not lead one to avoid PCNL 
if it is clinically indicated. However, it is impor-
tant to be aware of the challenges posed by the 
long access tract and be prepared with technical 
modifications to provide optimum results in this 
special cohort of patients.

26.3  PCNL in Patients with Pelvic 
Kidney Disease

26.3.1  Introduction

The pelvic ectopic kidney (PEK) is a common 
renal anomaly where the kidney fails to ascend to 
its normal location and remains positioned in the 
pelvis anterior to the sacrum. Pelvic kidney usu-
ally has anomalous blood supply with a short tor-
tuous ureter with high insertion, leading to poor 
drainage and hence predisposition to the forma-
tion of renal calculi. The options of treatment 
depending on the stone characteristics could be 
ESWL, RIRS, PCNL, or open surgery.

26.3.2  Issues in Patients with Pelvic 
Kidney Disease

PEK has abnormal calyceal orientation and 
anomalous vascular patterns and is surrounded 
by bowel anteriorly and sacrum posteriorly hence 
the percutaneous transperitoneal approach to the 
pelvic kidney would be a big challenge. Risk of 
injury to the surrounding bowel, abnormal vascu-
lature resulting in bleeding from tract dilatation, 
and spillage of urine into peritoneal cavity are 
major concerns during PCNL. The deeply located 
pelvic kidney necessitates a longer amplatz 

sheath and a long nephroscope. The chances of 
tract loss, bleeding, and a prolonged time for 
healing of tract are also theoretically higher [10].

26.3.3  How to Make a Percutaneous 
Access in These Patients

Different approaches have been described for 
making the initial puncture safely in a PEK, which 
includes guidance by laparoscopy, ultrasound, CT, 
and fluoroscopy. Puncture in an ectopic kidney 
using fluoroscopy alone, without any other guid-
ance is exceedingly difficult and unsafe because of 
its abnormal location, position of pelvis and caly-
ces and anomalous blood supply. USG-guided 
punctures are a safe and effective approach when 
pelvic kidney is mobile and displaceable toward 
the abdominal wall [11]. In supine oblique posi-
tion, the kidney must be elevated by placing a 
small bolster behind the pelvis. This maneuver 
displaces the bowel overlying the kidney. The 
main limitation of the USG access is its learning 
curve and potential risk of injury to bowel, if bowel 
is collapsed or fixed, so this approach is suitable 
only for highly selected thin individuals with large 
hydronephrotic kidney [12].

Laparoscopy-guided PCNL is the safest 
access to PEK [13–15]. There are two teams, the 
laparoscopy team keeps the bowel away from the 
PCNL tract, while the PCNL team makes a fluo-
roscopy and laparoscopy-guided tract (Fig. 26.2). 
This is a versatile technique that can be used in 
most patients even who are obese or have adhe-
sions related to prior surgery. The kidney is usu-
ally very easily visible on laparoscopy and most 
often mobilizing the bowel and the overlying 
mesentery is not needed.

Mini PCNL offers advantages in reducing the 
size of the puncture tract with Laser fragmenta-
tion of the stone which reduces the morbidity of 
standard PCNL.

26.3.4  How to Prevent Bowel Injury?

Bowel injury is the biggest concern during PCNL 
for PEK. This could be prevented by:
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 A. Proper positioning (Trendelenburg) which 
shifts the bowel upward.

 B. Peripheral puncture under ultrasound 
guidance.

 C. Puncture and tract placement under direct 
visual control (laparoscopy guidance).

26.3.5  Post-op Care 
and Complications

Urine Spillage—Use of an Amplatz sheath gives 
a stable and secure tract to the kidney and helps 
maintain a low intrarenal pressure thus reducing 
the risk of intraperitoneal spillage. Occurrence 
and morbidity of spillage can be avoided using 
intraperitoneal drain, double J stent without any 
external drainage or both. At the end of the proce-
dure extravasated fluid in the abdomen can be 
aspirated along with any stone fragments. Zafar 
et al. [16] modified the laparoscopic technique to 

include intracorporeal suturing of the nephrot-
omy site and ureteral stent placement allowing 
elimination of a transperitoneal nephrostomy 
tube.

Paralytic ileus—Extravasation of fluid into 
the abdominal cavity, even a small amount, is 
enough to irritate the peritoneal surface to cause 
ileus. Meticulous care at the end of laparoscopy 
procedure to aspirate all extravasated fluid can 
reduce this complication.

Prolonged postoperative leak—Any 
obstruction in the tract due to migrated stone 
down the ureter, obstructed stent or associated 
comorbidity/impaired renal function can delay 
healing.

Bleeding—One must watch for postoperative 
bleeding and manage accordingly.

26.3.6  Literature Review

Eshghi and coworkers [13] were the first to report 
a method of PCNL in a pelvic kidney by a com-
bination of retrograde nephrostomy and laparo-
scopic retrieval of the guide wire. Toth and 
colleagues [17] described an antegrade transperi-
toneal approach. The puncture was controlled 
both fluoroscopically and laparoscopically. Both 
techniques depended on the laparoscope for 
observation and displacement of bowel. Holman 
et  al. reported 15 patients treated with 
laparoscopic- assisted transperitoneal PCNL [14]. 
With the patient in the Trendelenburg position 
under laparoscopic control, the bowel was dis-
lodged until the kidney became visible, allowing 
percutaneous access. Troxel et  al. described 
extraperitoneal laparoscopy-assisted percutane-
ous approach to access the lower-pole calyx of a 
pelvic kidney for PCNL [18].

USG-guided PCNL has also been adopted in 
many centers. Otano et al. performed PCNL in 26 
patients with USG-guided punctures [19]. They 
concluded that USG-guided puncture was a safe 
and effective approach to the collecting system 
even in renal anomalies like in pelvic ectopic 
kidneys.

Monga et al. used prone supra-iliac approach. 
However, postoperative incomplete femoral 

Fig. 26.2 Laparoscopy-assisted PCNL: A versatile tech-
nique that can be used in most patients with pelvic ectopic 
kidney, even those who are obese and have adhesions 
related to prior surgery

26 PCNL in Complex Situations: Obese Patients and Spinal Deformities, Ectopic, and Pelvic Kidneys



280

neuropathy was observed probably due to direct 
trauma to dorsal divisions of the lumbar plexus 
[20]. Watterson et  al. described the approach 
through the greater sciatic foramen under fluoro-
scopic control [21].

Due to problems associated with other 
approaches PCNL with assistance of laparo-
scopic/sonography supine and oblique position is 
the favored approach.

26.4  PCNL in Patients with Spinal 
Deformity

Management of upper urinary tract calculi in 
patients with severe spinal deformity becomes a 
huge challenge. Spinal deformities lead to altera-
tions in the curvature of the spine, mainly caused 
by congenital and neuromuscular diseases. Stone 
disease (carbonate apatite and struvite) is com-
mon with spinal deformities due to its associated 
restricted mobilization, voiding dysfunction, 
metabolic disorders such as hypercalcemia and 
chronic recurrent urinary infections.

Stone management in the presence of spinal 
deformity, however, can be a challenge. The 
issues with spinal deformity are that not only the 
person becomes more prone to stone formation 
and recurrence, but due to difficulty in position-
ing and altered anatomy, the treatment also 
becomes difficult. All standard modes of stone 
treatment have been attempted with difficulties 
and poor results. Extracorporeal shock wave lith-
otripsy is possible and safe (in patients who can 
be positioned), but stone-free rates are poor and 
need for ancillary procedures is higher [22]. 
Rigid ureteroscopy may be difficult as even 
lithotomy position may be awkward. Small renal 
and upper ureteric calculi can be treated using 
flexible ureteroscopy, while larger stone burden 
still requires PCNL. [23]

Spinal deformities could be a combination of 
scoliosis with lordoscoliosis or kyphoscoliosis. 
Such curvatures lead to a three-dimensional 
deformity in the thorax or pelvis leading to 
altered internal anatomy and restriction of lung 
ventilation and consequent respiratory dysfunc-

tion. The changed internal relations could 
increase the risk of injuring neighboring organs 
during PCNL. The severity of deformity is diag-
nosed by measurement by Cobb angle. When 
Cobb angle is above 45°, most patients would 
have impaired pulmonary function reserve. 
Especially for those with thoracic spinal defor-
mity, pulmonary compliance would decrease dra-
matically because of a small chest cavity and stiff 
chest wall [24]. Pulmonary issues would be 
amplified if the patient is under regional anesthe-
sia or in prone position hence all such patients 
need a pulmonary evaluation and intubated gen-
eral anesthesia before PCNL.

One more important consideration for PCNL 
is appropriate positioning. In view of extreme 
curvatures, associated pelvic tilt and hip alkalo-
ses, even placing the patient on the operation 
table may be difficult hence positioning needs to 
be individualized. Soft cushions and holders can 
help steady the patient and cover the pressure 
points. All positions like prone, lateral, supine, 
and other unconventional positions have been 
described. Supine position may have an advan-
tage of easier airway control, less ventilation 
problems, and possibility to perform a simultane-
ous retrograde ureteroscopy (ECRIS). Prone 
position is still preferred if feasible with the 
patient’s body habitus, because it provides 
enough space for access establishment and endo-
scopic instruments.

The key determinant of the complexity of the 
procedure is which side of the curvature the 
affected kidney is; the kidney on the convex side 
of the spine would have ample space while access 
making would be difficult on the concave side as 
the kidney is squeezed by internal organs.

Puncture can be made under the guidance of 
ultrasound, fluoroscopy, or CT scan. Ultrasound 
provides advantages like proper visualization of 
the kidney and its surrounding structures, clear 
delineation of the anterior and posterior calices, 
detection of radiolucent calculi, and identification 
of blood vessels so that injury can be avoided. 
Fluoroscopy may be difficult in view of severe 
body distortion, the abnormal relationship 
between kidney and surrounding structures also 
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increases the risk of visceral injury during 
fluoroscopy- guided puncture. CT-guided access 
may be the safest but it increases the radiation 
exposure to the patient. One important precaution 
is that the treating surgeon should monitor 
CT-guided access so that the choice of calyx and 
the direction of the tract is appropriate for further 
PCNL and lithotripsy. For anteriorly pushed kid-
neys with larger burden in anterior calyces, lapa-
roscopic assistance for PCNL has also been 
described. After a proper and safe tract is made, 
having access to ECIRS, flexible nephroscopy 
and laser lithotripsy would improve access to the 
stones and hence improve overall stone-free rates.

Apart from surrounding organ injury and pul-
monary complications, infection and sepsis are 
the most common perioperative events. 
Appropriate antibiotic prophylaxis and intraop-
erative care would help reduce these events. 
Infection remains one of the important causes for 
stone recurrence in these patients. Overall there 
is a higher rate of minor complications reported 
in patients with spinal deformity. Considering the 
higher recurrence rate in this subgroup and the 
possibility of needing surgery in the future, these 
surgeries should be performed in centers with 
experienced surgeons so that every attempt 
should be made to achieve complete stone-free 
status. Post-procedure aggressive treatment of 
infection and stringent follow-up is very vital.

26.5  PCNL in Autosomal 
Dominant Polycystic Kidney 
Disease

26.5.1  Introduction

Incidence of nephrolithiasis in patients with auto-
somal dominant polycystic kidney disease 
(ADPKD) is 20–28% which is 5–10 times more 
than in the general population. About 50% are 
symptomatic and 20% ultimately require inter-
vention. Occurrence of stone (uric acid and cal-
cium oxalate) in ADPKD may be due to anatomic 
and metabolic factors which include hypocitratu-
ria, aciduria or low urinary pH, abnormal trans-

port of ammonia, and distal acidification defects. 
All four management options (RIRS, ECIRS, 
ESWL, and PCNL) can be offered as per the 
standard stone and patient characteristics. PCNL 
is the ideal method for the larger stones and in 
failed cases of ESWL.

26.5.2  Anesthesia and Surgical 
Consideration

Majority of the patients with ADPKD have 
decreased renal reserves hence, nephrotoxic 
drugs like NSAIDS and aminoglycosides need to 
be avoided. Although PCNL can be done under 
general or regional anesthesia, general with con-
trolled ventilation is the technique of choice for 
PCNL. The position of the patient can be supine 
or prone. Prone position in patients with large 
cysts carries a risk of compression of the dia-
phragm with ventilation difficulty or at times rup-
ture of these cysts.

Preoperative issues—Every case should 
receive preoperative nephrological consultation 
as majority have decreased renal reserve. 
Preoperative management of urinary tract infec-
tion, correction of electrolyte imbalance, coagu-
lation defects, and de-obstruction of 
obstructed-infected system is advisable.

Issues with the diagnosis of stone—Wher-
ever possible, a contrast-enhanced computed 
tomography (CECT) with excretory films is pre-
ferred over sonography or NCCT. It helps in dif-
ferentiating cyst wall or parenchymal calcification 
from the stone, dilated PCS from cyst, and better 
delineation of length of the infundibula of the 
calyces.

26.5.3  Issues with the Puncture 
and Dilatation

Distorted PCS in ADPKD can lead to difficulty in 
puncture, dilatation, or may result in cyst punc-
ture, cyst bleeding, cyst infection. The calyceal 
spaces are often narrow and long due to the com-
pressive effects of the parenchymal cysts leading 
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to difficulty in puncture and subsequent tract dil-
atation which necessitates the use of a special 
smaller caliber and longer instruments.

26.5.4  How to Make the Initial 
Puncture?

The cysts can come in the way of the puncture 
and, in some cases, might need to be aspirated 
before a puncture or use of ultrasound guidance 
may be required. Ultrasound-guided puncture 
could be difficult owing to the presence of mul-
tiple cysts that could interfere with accurate 
localization of the compressed calices. To over-
come this, ultrasonography guidance along with 
fluoroscopy control, should be used.

Confirmation of the correct puncture—Jet 
of urine seen emerging from initial puncture nee-
dle, after flushing sterile normal saline through 
ureteric catheter, is enough evidence of right 
puncture. Al-Kandari and Ahmad et  al. alludes 
contrast material mixed with methylthioninium 
chloride (methylene blue) during retrograde 
pyelogram to confirm the correct puncture [25]. 
Any coloring fluid-like betadine or methylene 
blue can be used. Once proper tract is made 
access to flexible nephroscopy and ECIRS would 
improve your reach and hence increase the over-
all stone-free status.

26.5.5  Complications 
and Post-Op care

In postoperative period one must watch for com-
plications such as bleeding, fever, paralytic ileus, 
inadequate stone clearance, and worsening of 
preexisting renal failure.

Bleeding—Causes:

 1. Tendency to over dilate as the parenchyma is 
not as dense as a normal kidney.

 2. Trans-calyceal puncture can result in infun-
dibular injury.

 3. Preexisting renal failure and associated 
coagulopathy.

 4. Cyst rupture in PCS.

26.5.6  Literature Review

Umbreit et al. found PCNL to be safe and effica-
cious for patients of ADPKD with a large stone 
burden, despite increased operative complexity, 
need for multiple punctures, and repeat endos-
copy [26]. In a case series of 19 patients with 
ADPKD and upper-tract nephrolithiasis, PCNL 
achieved stone clearance in 89.4%. Another case 
series by Srivastava et  al. of 25 such patients 
achieved stone clearance in 88% [27]. Despite the 
distorted calyceal anatomy and associated chronic 
kidney disease, PCNL is safe and effective in 
managing nephrolithiasis in ADPKD.  Proper 
identification of the targeted calyx and access to 
flexible nephroscope and laser lithotripsy can 
make this safe and effective [28].

26.6  Conclusion

PCNL is a versatile procedure for large and com-
plex renal calculi. Although the risks and compli-
cations in these difficult situations are higher 
than when the kidney that is normally placed and 
oriented, with experience, proper planning by 
radiology, backup of long nephroscopes, flexible 
nephroscopes, ultrasound puncture, and laser 
lithotripsy, it is possible to surmount the diffi-
culty posed by these anatomical variations.

Acknowledgments: A sincere thanks to Mr. Ramkhilavan 
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27.1  Introduction

Percutaneous nephrolithotomy (PCNL) is the 
treatment of choice for large upper urinary tract 
calculi and its widespread use and integration in 
the teaching programs across the world has made 
it one of the most important components of the 
armamentarium of a urologist dealing with uroli-
thiasis in his/her daily practice. It has gradually 
been realized that miniaturization of PCNL, also 
called mini PCNL (mPCNL) in terms of sheath 
size can definitely reduce its morbidity while 
retaining the same efficiency. The procedure has 
successfully been able to replace the conven-
tional PCNL in almost all situations barring large 
staghorn calculi or multiple calculi filling most of 
the calyces where the operative time may get sig-
nificantly prolonged.

However, as useful and reproducible results of 
PCNL might be in normal and native kidneys, its 
implementation in dealing with calculi in special 
situations like polycystic kidneys, horseshoe kid-
neys (HSK), and transplant kidneys is often unfa-
miliar to a lot of urologists and comes with its 
own set of attendant challenges. HSKs are the 
commonest type of renal fusion anomaly and 
have an estimated incidence of 1 in 400–700 live 

births from both autopsy and radiographic data 
[1]. Urolithiasis is the most common complica-
tion observed in HSKs and has an incidence of 
20–60% [2]. Autosomal dominant polycystic 
kidney disease (ADPKD) is an inherited disorder 
affecting 4–six million people worldwide and 
responsible for up to 10% of people with end- 
stage renal disease (ESRD) who are on renal 
replacement therapy (RRT) [3]. Patients with 
ADPKD have a 5–10 fold higher incidence of 
nephrolithiasis compared to the general popula-
tion, affecting 20–28% of patients [4]. While kid-
ney transplant continues to be the treatment of 
choice for ESRD, it has a significant incidence of 
urological complications. Allograft urolithiasis 
though, is rather uncommon and affects between 
0.2 and 6% of all renal transplant recipients 
[5–7].

In the subsequent sections, we will describe in 
brief, the salient points of urolithiasis in these 
three special situations, including aggravating 
factors, indications of and the rationale behind 
planned interventions. We will also describe in 
detail the use of PCNL in dealing with such 
stones, including a brief history, the description 
of the applied surgical anatomy and technique, 
the advantages and disadvantages versus other 
available options, and the expected complica-
tions. Occasionally, these situations may need to 
be extrapolated from the conventional PCNL to 
mini PCNL where one may not get sufficient lit-
erature as the technique is relatively new.
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27.2  Upper Tract Urolithiasis 
in Special Situations

27.2.1  Horseshoe Kidney

Factors Predisposing to Urolithiasis In patients 
with HSKs, the upward migration of the kidneys 
is arrested in the embryological stage of develop-
ment due to trapping of the fused lower poles 
under the inferior mesenteric artery. The altera-
tions in the molecular levels responsible for the 
arrested ascent of the fused HSK also express 
themselves in abnormalities of the collecting sys-
tem and the vasculature [8, 9].

Upper tracts of the HSK have great variations 
in structure and number in contrast to normal kid-
neys. Typically, the upper two-thirds of each 
renal moiety contain the calyces, but the isthmus 
may be drained by an external calyx or an inde-
pendent ureter. Secondary hydronephrosis and 
pelvi-ureteric junction obstruction (PUJO) are a 
direct result of the high insertion of the ureter 
into the pelvis, leading to delayed drainage. 
Added to this is an element of malrotation pres-
ent in almost all HSKs, which are typically 
incomplete rotations or non-rotations but can 
also be hyper-rotation or reverse rotation. The 
ureter passing over the isthmus has also been 
postulated to be one of the causes of obstruction. 
But the predisposition towards nephrolithiasis in 
HSKs is not just structural. Patients with HSKs 
have a higher incidence of metabolic abnormali-
ties, up to 100% in some series, including hyper-
calciuria, hyperoxaluria, hypocitrauria, and 
hyperuricosuria, leading to supersaturation of 
urine [8]. Urinary tract infections resulting from 
urinary stasis also accelerate the process of stone 
formation. The coexistence of medullary sponge 
kidney with HSK is another predisposing factor 
for urolithiasis.

Indications for Intervention for Urolithiasis 
in  HSK Indications for treatment of calculi in 
HSK are similar to those in normal kidneys. 
European and American Urological Association 
guidelines are often used to determine the indica-
tions and modalities for treatment of urolithiasis 

in normal kidneys and these have been extrapo-
lated onto HSKs [10, 11]. Percutaneous nephroli-
thotomy (PCNL) is indicated for stone burden 
exceeding 2  cm in HSK, nevertheless, reported 
stone-free rates range from 65 to 93% and there 
may be a need for multiple access points [12–16]. 
Anatomical abnormalities like PUJO and high 
insertion of the ureter may preclude drainage of 
stone fragments and therefore in the presence of 
such factors, even smaller stones may be best 
suited for PCNL, over modalities like extracorpo-
real shock wave lithotripsy (ESWL) and uretero-
renoscopy (URS) and retrograde intrarenal 
surgery (RIRS). Additionally, patients who have 
failed to achieve stone clearance with the above- 
mentioned procedures are also candidates for 
PCNL.

Specific Anatomical Considerations for 
PCNL Familiarity with the unique anatomy of 
the HSK is the key to performing a safe PCNL in 
these patients. The malrotation of the HSK and 
its curtailed ascent in the retroperitoneum of the 
developing embryo place it in a position such that 
the pelvis is placed anteriorly and the posterior 
calyces of the upper and middle poles are angled 
almost directly posteriorly and more medially 
compared to a normal kidney. The lower pole 
calyces are usually directed inferiorly and later-
ally and are difficult to access percutaneously. 
Therefore, percutaneous access into a posterior 
superior calyx of the HSK would give easy access 
to the pelvis and the lateral calyces [17]. But 
more often than not, a single puncture does not 
give access to all calyces, and multiple access 
points are required, especially when dealing with 
staghorn stones or large stone burdens. 
Alternatively, a flexible nephroscope may be 
used. Due to its lower location in the retroperito-
neum, the access tract is seldom supracostal 
in location [18]. However, the anterior and medial 
location of the HSK may cause the access tract to 
be longer than in normal kidneys and may pose a 
problem in obese patients. In addition, a retrore-
nal colon may be present along with a HSK and 
preoperative CT is recommended to plan the saf-
est percutaneous access.
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Complications and Stone-free Rates Most stud-
ies on PCNL in normal kidneys have reported a 
complication rate in the range 20–40%. PCNL in 
HSKs has the same set of complications as in 
normal kidneys [19, 20].A recent multi-centric 
study on PCNL in HSKs showed an overall com-
plication rate of 17.5% with majority of the com-
plications (>75%) being Clavien Grade I/II 
complications [15]. The rate of transfusion was 
3.8% and the mean fall in hemoglobin was 1.5 g/
dl. Immediate stone-free rate (no residual frag-
ments on CT scan) was 50% and immediate suc-
cess rate (residual fragment <4 mm on CT scan) 
was 59.2%. Auxiliary procedures in the form of 
ESWL/RIRS/PCNL were required in 24.5% of 
the patients and the final success rate (residual 
fragments <4 mm) was 72.4%. Similar rates of 
immediate stone-free rates (65–85%) and final 
success rates (75–92%) were also seen in other 
studies [13, 16]. More contemporary studies 
making use of flexible nephroscopes and/or the 
simultaneous use of flexible URS have reported 
even higher rates of stone clearance compared to 
PCNL alone [14, 15]. So, there is enough evi-
dence to understand that PCNL has got accept-
able stone clearance rates and complication rates 
in HSKs, but is not without the need for auxiliary 
procedures to achieve final stone clearance.

Supine Versus Prone Positioning The unique 
anatomy of the HSK has influenced traditional 
teaching to stress upon the fact that the upper 
pole calyx of the HSK is best amenable to punc-
ture in the prone position and that it gives the best 
possible access to the collecting system of the 
kidney during PCNL. While the outcomes with 
this position have been good and this is an estab-
lished technique, a lot many urologists around 
the world have explored the option of supine 
PCNL in HSKs, just as they have done with 
PCNL in normal kidneys [15, 21]. The supine 
position has many proposed advantages over the 
prone position. Firstly, turning the patient prone 
is unnecessary and so the operating time is 
reduced. The Amplatz sheath is in a horizontal or 
downward direction in supine PCNL, and there-
fore the irrigation outflow is under low pressure 
leading to lower chances of pyelovenous back-

flow and thus reduced chances of infectious post-
operative sequalae [22, 23]. Also, supine position 
gives you the added option of using a flexible 
URS for combined lithotripsy if the situation 
arises. As a matter of fact, the only trial compar-
ing the results of supine PCNL to prone in HSKs 
reported lower operating times with supine 
PCNL and a higher rate of Clavien Grade 2 com-
plications with lower final stone clearance rates 
in the prone group. However, it was a retrospec-
tive analysis and the results merely give us a hint 
about the need to pursue this aspect further.

Role of Other Modalities in the Contemporary 
Era of mPCNL The use of RIRS and ESWL in 
treating calculi in HSK has increased in parallel 
to an advancement in technology, and high suc-
cess rates and low complication rates have been 
reported even in moderate-sized stones [16, 24]. 
In a recent study comparing PCNL to RIRS in 
HSKs with stones with a mean size greater than 
2 cm, the initial and final success rates of the two 
modalities were not statistically different, 
although patients who underwent RIRS needed a 
significantly more number of auxiliary proce-
dures to achieve adequate stone clearance [16]. 
This highlights the importance of mPCNL in this 
situation. The rate of complications, though not 
statistically significant was lower in the RIRS 
group compared to the PCNL group, with a fewer 
number of Clavien grade II/III complications. 
Operation time and hospital stay were signifi-
cantly shorter in the RIRS group. Similar results 
were reported by Ding et al. [24] In their study, 
the mean stone size was 29  ±  8  mm and they 
emphasized that RIRS is better than PCNL for 
stones less than 3 cm in size with lower compli-
cation and comparable success rates. What we 
have to understand though is that the handling 
and deflection of the flexible ureteroscope are 
more difficult within the narrow space provided 
by the flatter pelvis and the other parts of the col-
lecting system of the HSK. The high insertion of 
the ureters, the relatively long length of scope 
remaining outside the urethra and narrower 
infundibulopelvic angle contribute toward the 
difficulty of the procedure. Use of a ureteral 
access sheath helps but due to inferior location of 
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the kidney, care must be taken to prevent mucosal 
injury and bleeding leading to decreased vision. 
mPCNL is the ideal option for <3 cm stones with 
much reduced complication rates as compared to 
the standard PCNL.

ESWL in treatment of kidney stones in HSK 
has generally been evaluated in smaller stones 
(<2  cm). A recent meta-analysis reported that 
RIRS has a better initial success rate, lower 
retreatment rate, and final success rate when 
compared to ESWL, even in the setting of larger 
stones in the URS group [25]. For now, the role 
of ESWL lies mainly in initial treatment of 
smaller stones and as an auxiliary procedure fol-
lowing initial PCNL/RIRS for larger stones.

Future of mPCNL in Horseshoe Kidneys The 
use of supine PCNL in HSKs has opened up 
newer venues of treatment. The combined use of 
supine PCNL and flexible URS in the same sit-
ting, better known as endoscopic combined intra-
renal surgery or ECIRS would hopefully lead to 
better stone clearance rates and lesser number of 
sessions.

27.2.2  Polycystic Kidney

Factors Predisposing to Urolithiasis  
Approximately 25% of ADPKD patients with 
urolithiasis are symptomatic, with flank pain and 
hematuria being the most common symptoms 
and necessitating urologic intervention [4]. The 
difficulty in the management of this particular 
group of patients starts with the diagnosis. The 
frequent presence of cyst wall and parenchymal 
calcifications necessitates the use of a non-con-
trast CT scan for the correct diagnosis and this is 
the investigation of choice [26]. The higher inci-
dence of nephrolithiasis in ADPKD has been 
attributed to a combination of anatomical and 
metabolic factors. Enlarging cysts in the paren-
chyma cause distortion of the pelvicalyceal sys-
tem and lead to urinary stasis, delayed washout of 
crystals, infections, and thus a higher chance of 
stone formation [27]. Higher the number of cysts 
and greater the cyst size, greater are the chances 
of stone formation [28]. A large proportion of 

patients with ADPKD have hypocitrauria, acid-
uria, distal acidification defects, defects in ammo-
nia transport in the renal tubule along with low 
levels of urinary magnesium, potassium, and 
phosphate. 26 These metabolic abnormalities are 
major predisposing factors for nephrolithiasis in 
ADPKD patients. Uric acid and calcium oxalate 
are the commonest types of stones in ADPKD 
and low urine pH is thought to be the major con-
tributing factor [4].

Indications for Intervention for Urolithiasis in 
ADPKD The management of nephrolithiasis in 
ADPKD follows the same principles as those in 
the normal kidney. However, closer monitoring 
and a lower threshold for intervention are neces-
sary, especially in symptomatic patients with 
deteriorating renal function, recurrent episodes 
of hematuria, flank pain, and urinary tract infec-
tions [4]. The size of the stones, location, and the 
presence of hydronephrosis are also important 
determinants of the need for surgical manage-
ment. While calculi larger than 2  cm are best 
dealt with by PCNL, in ADPKD, the location of 
the stone in relation to the cysts and inside the 
collecting system are important determinants of 
the modality to be used.

Specific Anatomical Considerations and 
Difficulties in Obtaining Access for PCNL Cysts 
in kidneys of ADPKD patients can be hugely 
enlarged. The compressive effects of these cysts 
can lead to distortion of the collecting system 
leading to narrow elongated calyces. The cysts 
themselves may come in the way when a tract for 
percutaneous access is planned and may need to 
be aspirated before attempting a puncture [29]. In 
addition, calcifications in the cyst wall may 
appear as radiopaque shadows under fluoroscopic 
guidance mimicking renal calculi. All of the 
above factors, including the frequent huge 
enlargement of the whole kidney, may present 
difficulties in gaining access and in dilatation of 
the tract. Patients with ADPKD often present 
with large stone burdens and multiple access 
tracts were required in the past. In a kidney 
affected by ADPKD, the number of normal neph-
rons is already low. Each tract created for PCNL 
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theoretically leads to destruction of nephrons. So, 
more the number of tracts more is the loss of 
remaining viable nephrons. However, this asso-
ciation has not been proven. With the widespread 
availability of the smaller 20–22Fr size sheaths 
of mPCNL nephroscopes, the maneuverability 
inside the PCS is more. The combined use of a 
flexible nephroscope may also decrease the need 
for multiple access tracts.

Obtaining Access: Fluoroscopic vs Ultrasound 
Guidance All reported series on PCNL in poly-
cystic kidneys have used either fluoroscopy or 
ultrasound guidance or both to gain access into 
the collecting system [30]. The advantage of 
ultrasonography is that it helps to delineate the 
cysts that may lie in the pathway of the planned 
tract. It helps in the aspiration of a cyst prior to 
puncture if such a maneuver is planned. Contrast 
enhanced ultrasound may help in delineating 
fluid containing cyst from dilated calyx by dem-
onstrating turbulence in the injected contrast 
unlike the still fluid inside the cysts. Confirmation 
of ultrasound-guided access can be done by 
demonstrating jet of saline which is injected 
through the ureteric catheter from below or by 
the efflux of methylene blue injected through the 
ureteric catheter. Ultrasound also helps in differ-
entiating between calculi and cyst wall and 
parenchymal calcifications, which are quite 
common in ADPKD.  However, fluoroscopy is 
still more commonly used for calyceal puncture. 
Urologists are more familiar with the use of fluo-
roscopy and it provides a more direct evidence 
of access in contrast to ultrasonography. Tract 
dilatation, coiling of the guide wire, and delinea-
tion of the entire collecting system and the rela-
tive position of the calculi is more conveniently 
achieved under fluoroscopic guidance [29]. 
Starting with an initial tract size of 14–16 Fr, and 
upgrading as per stone size and time taken, is 
what we would recommend.

Complications and Stone-free Rates A recent 
systematic review reported on the safety and effi-
cacy of PCNL in ADPKD and included 16 case 
series and 1 cohort study with a total of 237 
patients [30]. Stone-free status after a single ses-

sion ranged from 45 to 100% and 0 to 64% 
required a second session. The percentage of 
patients with complications ranged from 0 to 
100% and along with the usual complications of 
fever, bleeding, transfusion, and infection 
expected after PCNL, authors also reported 
greater chances of postoperative urine leakage, 
hydro- and pneumothorax, cyst infection, perire-
nal hematoma, renal pelvic perforations, and 
worsening of renal failure. However, the largest 
series was of only 30 patients and it is difficult to 
generalize these findings to all patients of 
ADPKD with urolithiasis. The increased inci-
dence of above complications is probably because 
of creation of tracts through the cyst and the 
thinned out renal parenchyma not being able to 
provide adequate tamponade and contain the 
urine leak and bleeding. Hence, it is pertinent that 
urologists try to get a proper access as far as 
possible.

We had reported on a series of 22 patients with 
ADPKD who underwent PCNL at our institute 
way back in 2012 and since then we have treated 
23 patients more [29]. In our original study, we 
had PCNL on a total of 25 renal units. The mean 
stone size was 2.4  ±  0.8  cm. Multiple access 
tracts were required in 5 cases. The immediate 
success rate was 80% and 3 patients who needed 
auxiliary procedures (2 PCNL and 1 ESWL) 
achieved 100% stone clearance. The findings in 
our subsequent patients have been similar.

Role of Other Modalities in Contemporary Era 
of mPCNL ESWL is very frequently used for 
the treatment of calculi in ADPKD.  Although 
noninvasive and convenient for patients, there are 
concerns about the possible risk of hemorrhage 
into the cysts and traumatic loss of nephrons, 
although these have not been demonstrated in 
clinical studies. However, the anatomical distor-
tion of the collecting system leads to decreased 
clearance of stones and is a reason why ESWL is 
not suitable for larger stones in 
ADPKD.  Coagulopathies and uncontrolled 
hypertension are also contraindications to 
ESWL. RIRS has the advantage of being a natu-
ral orifice surgery. The flexible tip of the uretero-
scope and laser fiber can negotiate the elongated 
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and narrow spaces of the collecting system, thus 
providing an advantage in stones in the hard to 
reach areas of the kidney. Even in normal kid-
neys, the main advantage of RIRS over PCNL or 
ESWL is in stones <1.5 cm located in the lower 
pole. But in polycystic kidneys, this advantage 
holds true for small stones in all calyces.

27.2.3 Post-transplant Kidney

Stones are uncommon in transplanted kidneys, 
with an incidence of 0.2% to 6.3% [31, 32]. 
Because of denervation of the allograft, more 
than half of patients present without any symp-
toms of pain. Hematuria, oliguria, or anuria could 
be one of the presenting symptoms.

Factors Predisposing to Urolithiasis Allograft 
stones are usually the result of new stone forma-
tion but an allograft may also contain an in situ 
stone which is termed as donor gifted allograft 
lithiasis. The predisposing factors may be uri-
nary stress, reflux, recurrent urinary tract infec-
tions, renal tubular acidosis, supersaturated 
urine, decreased inhibitor activity, tertiary hyper-
parathyroidism, hypercalcemia, or hypercalci-
uria [33, 34].

Specific Anatomical Considerations Since 
Fisher et al. reported the successful management 
of allograft stones with PCNL in 1982, it has 
been a popular approach. The superficial location 
of transplanted kidneys makes PCNL the best 
treatment option for the management of all kinds 
of allograft stones including those following fail-
ure of ESWL. One major reported concern is the 
presence of perirenal fibrosis which causes diffi-
culty and kinking of guide wire, etc. during the 
tract dilatation and limited mobility of kidney 
during rigid nephroscopy.

The anterior and posterior calyces of an 
allograft kidney will be oriented differently than 
in a normal kidney because of the frequent prac-
tice of putting a left kidney in the right iliac fossa. 
Even when a right-sided kidney has been placed 
in the right iliac fossa, the anteroposterior, longi-
tudinal and coronal planes will be different than 

in a normal kidney. Some patients who have had 
their renal allografts placed intraperitoneally may 
present unique challenges, due to close proximity 
of the bowel on the anterior surface of the 
kidney.

Technique of mPCNL in Transplant Kidney The 
armamentarium remains the same as is used in all 
other situations. Sheath size ranges from 14 to 22 
Fr. However, the technique differs from most of 
the other normal or aberrant situations. Due to 
the aberrant location of ureteric orifice near the 
dome or on the anterolateral wall, the passage of 
a ureteral catheter is extremely difficult despite 
the use of 70- or 120-degree lens or other maneu-
vers. As a result, the preoperative opacification of 
the collecting system which is the pre-requisite 
for the fluoroscopy-guided puncture is not attain-
able. A well-performed NCCT scan is tradition-
ally used to evaluate the calyceal anatomy. A 
suitable calyx for percutaneous access though is 
identified by ultrasonography immediately prior 
to planning a puncture at the time of surgery.

Initial Puncture Use of Storz trocar and can-
nula—as the tract is fibrotic we recommend 
using the central rod of the Alken dilator, which 
is 8 Fr over the Terumo guide wire which has 
already been placed after the initial puncture of 
the desired calyx. Subsequently, the tract is 
dilated one time either by a 14 or 20 Fr. Teflon 
dilator depending upon the need to introduce a 
15Fr or the 22Fr mPCNL sheath. This facili-
tates the insertion of the desired sheath. A 
super-stiff guide wire may also be used alterna-
tively with 18 Fr fascial dilator as suggested by 
Chao Wei et al. [35]

Most of the studies once again mention the 
experience with standard PCNL. There are very 
few studies where the authors used some kind of 
miniaturization of sheath size which has become 
standard of care recently. He et al. were the first 
to use miniaturized instruments for PCNL in the 
setting of a transplant kidney. They placed a 16 Fr 
peel away sheath as an access port and used 
8.5/11.5 Fr nephroscope or a 8/9.8 Fr uretero-
scope [36]. They argued that the smaller tract 
(16Fr) can significantly decrease the risk of 
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bleeding and tearing of renal cortex. The data 
from Desai et al. for managing stones in children 
also support the use of mPCNL, who reported 
that the degree of dilation and the size of sheath 
introduced are the most critical considerations in 
reducing blood loss during PCNL [37]. Jackman 
et al. used an 11 Fr access sheath in pre-school 
children to decrease the risk of bleeding as com-
pared to standard PCNL [38]. The mean diameter 
of stone was 1.7  cm and mean Hb decline was 
0.51  g/dl. The stone fragmentation was 100% 
with no complications. Munk et al. has described 
the use of 15Fr nephroscopes for management of 
calculi in renal allografts [39].

Combined Use of Ultrasound and Fluoroscopy 
for Access Rifaioglu et al. in 2008 reported 15 
cases with a mean age of 48 years using 14 Fr 
to 30 Fr sheath with ultrasound along or with 
ultrasound and fluoroscopy for initial puncture. 
The mean stone diameter was 1.3  cm. The 
stone-free ratio was 100% with no reported 
complications [40].

Role of Other Modalities in the Era of 
mPCNL ESWL and ureteroscopy (flexible or 
rigid) are alternative options to minimally inva-
sive approach in a transplanted kidney. The retro-
grade rigid or flexible ureteroscopy is not popular 
due to technical difficulties in access to the upper 
tract via bladder. Most of the ureteric anastomo-
sis are done either on the dome or anterior wall. 
Even if an anastomosis is done posterolaterally, it 
is difficult to pass a guide wire through the ure-
teric orifice and complete the procedure with 
safety and efficacy. Antegrade ureteroscopy has 
been described historically when the tailor-made 
mPCNL instruments were not available and a 
rigid ureteroscope was passed through a smaller 
sheath after doing ultrasound-guided punctures. 
ESWL similarly had been an attractive option in 
the past notwithstanding its several limitations in 
treatment of the allograft lithiasis.

First of all, locating the renal stones may be 
difficult due to position of the kidney over the 
bony pelvis. The clearance of stone fragments 
can be limited, especially with lower calyceal 

stones. Subsequently, if the steinstrasse forms, it 
is difficult to access the lead fragment by retro-
grade ureteroscopy as mentioned above and one 
may have to resort to mPCNL for either a resid-
ual fragment or a steinstrasse. Finally, ESWL 
appears to require several treatment sessions and 
auxiliary procedures. Chellcombe et al. reported 
that of the 13 patients treated by ESWL, eight 
required several sessions and another 8 required a 
ureteric stent insertion before a second procedure 
and 04 required a nephrostomy tube to relieve 
obstruction.

27.3  Points to Remember

• PCNL in congenital anomalies like HSKs, 
cystic diseases like ADPKD and in situations 
like renal allograft lithiasis may be more tech-
nically demanding and with lower stone clear-
ance rates, than in normal kidneys.

• In spite of the technical challenges, it is still 
the procedure of choice in such situations for 
large renal calculi.

• mPCNL overcomes a lot of potential adverse 
effects of using the larger standard PCNL 
instruments in such situations and also has 
the theoretical advantage of greater stone 
clearance due to greater maneuverability 
inside the PCS.

• Modifications of patient positioning, tech-
niques of puncture, use of combined ultra-
sound and fluoroscopic guidance and 
miniaturization of instruments allow us to 
overcome these challenges to a great extent.
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28.1  Introduction

The incidence of paediatric kidney stone disease 
(KSD) is rising and recurrence rates over a 10-year 
period reach 50% according to studies [1, 2]. Stone 
composition is similar to adult KSD with majority 
being calcium oxalate stones. However, many cases 
may still be associated with a metabolic cause such 
as hypocitraturia and hypercalciuria [3].

The need for effective and safe surgical 
approaches to formally treat this condition is 
therefore paramount. Indications for paediatric 
percutaneous nephrolithotomy (PCNL) include 
stones larger than 2 cm, and stone(s) is refractory 
to shockwave lithotripsy (SWL) or likely to be 
unsuccessful with SWL and/or ureteroscopy 
(URS) [4]. The first series to describe paediatric 
PCNL was by Woodside et al. in 1985 [5]. In pae-
diatric urology, the trend in minimally invasive 
surgical treatments is rising and this applies to 

PCNL as well [6]. This shift also largely reflects 
the uptake of miniaturised PCNL since the ‘mini- 
perc’ method was first described in paediatric set-
ting by Jackman et al. in 1998 [7]. As outlined later 
in this chapter, the advantages associated with this 
newer generation of instruments are numerous. 
However, the potential and requirement for an 
improved safety profile hold arguably even greater 
relevance in the paediatric setting.

28.2  Pre-operative 
Considerations

Up to date ultrasound is the imaging modality of 
choice to assess stone burden albeit, evaluation of 
the ureter is poorer (sensitivity 44–90%) [8]. 
Plain X-ray also holds limitations in children due 
to the greater presence of bowel gas (Fig. 28.1). 
Plain film can be combined with US to help mini-
mise radiation yet increase sensitivity to ureteral 
stones. Phleboliths are less common in children 
[9]. Intravenous urogram (IVU), while its appli-
cation is rare in modern clinical practice, does 
still remains a possible alternative and its appli-
cation persists in developing countries [10]. Low- 
dose computed tomography (CT) can be 
considered in select cases and older children 
(Fig. 28.2). An advantage of CT is the option of 
3D reconstruction, which can ameliorate treat-
ment planning, e.g. for complex vasculature [11].
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The authors encourage observing the principle 
of ALARA (as low as reasonably achievable) in 
relation to radiation dose and choice of imaging 
modality [12]. Each case should be discussed at a 
multidisciplinary meeting including paediatric 
urologists, nephrologists and radiologists. This 
can be complemented by other specialities such as 
dietetics for nutritional support and endocrinol-
ogy for metabolic expertise. This form of plan-
ning will allow for optimisation of the patient and 
help long-term management after surgical inter-
vention. In contrast to adults, the EAU guidelines 
recommend formal metabolic evaluation in all 
cases of paediatric KSD [13]. Karabacak et  al. 
examined the metabolic profiles of all paediatric 
cases presenting with KSD at their institution 
over a 9-year period and reported 57.7% to have 
hypocitraturia [14]. Original  studies also show 
that obesity does not appear to be linked to paedi-
atric KSD unlike in the adult population [3].

As well as up-to-date imaging, obtainment of 
a pre-operative urine culture is considered man-
datory. If there is a suggestion or proven urinary 
tract infection (UTI), this must be treated appro-
priately prior to any intervention.

28.3  Set-up and Positioning

Many of the operative steps remain the same as 
for adults [15–18]. General anaesthesia is carried 
out in nearly all cases. Paediatric patients are 
more susceptible to hypothermia and therefore 
close temperature monitoring should be supported 
by warming irrigation fluid and minimising oper-
ating time [19]. Protection of pressure points with 
padding should be carried out and this is of high 
importance in patients with conditions such as 
meningomyelocele. Special attention should also 
be paid to patients with anatomy such as spinal 
deformities (more common in paediatric KSD) 
where there is a risk of excessive flexion or joint 
contortion [17]. At the beginning of the surgery, 
the patient is positioned in lithotomy position and 
a retrograde pyelogram is carried out to delineate 
the pelvicalyceal system. The majority of cases 
are then carried out in prone position and bolsters 

Fig. 28.1 Plain X-ray demonstrating left side stone fill-
ing renal pelvis

Fig. 28.2 Sagittal view of CT showing multiple stones in 
the kidney
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should be placed to lift and support the chest and 
abdomen [20]. Towel rolls are preferred to the 
stiffer bolsters commonly used in adult cases. The 
surgeon should personally supervise the position-
ing of the patient at all times. Disadvantages 
related to the prone approach are the added chal-
lenges presented to the anaesthetist such as air-
way management with endotracheal tube and 
emergency situations, e.g. cardiac arrest or respi-
ratory compromise. Additional supportive equip-
ment may also be required, e.g. stabilising helmet, 
mattress, pillows and extra cost can therefore be 
incurred [21]. However, prone positioning does 
allow for the option of multiple punctures via a 
larger operative field. The supine position, devel-
oped more recently, overcomes these airways dif-
ficulties and provides the surgeon and anaesthetist 
with a more comfortable working position as well 
as both reduced overall time in the operating the-
atre and less radiation exposure [20]. It also allows 
for simultaneous retrograde intra-renal surgery to 
be performed if indicated. This is at the cost of 
greater kidney mobility, a more limited anatomi-
cal area that can be potentially accessed, e.g. 
lower calyx and the requirement for a longer per-
cutaneous tract.

28.4  Accessing the Collecting 
System and Tract Dilatation

Either fluoroscopy or ultrasound can be used to 
identify the calyx of choice [22]. The latter 
modality eliminates the risk of radiation expo-
sure and holds the additional ability of revealing 
radiolucent stones and surrounding viscera. 
Ultrasound also facilitates easier assessment of 
puncture depth. Careful attention needs to be 
paid to the infundibular anatomy. Accessing the 
collecting system is arguably the most important 
part of the operation. Hypermobility of a smaller 
kidney presents added complexity compared to 
adult surgery. Once the proposed site has been 
determined, the instrument size and number of 
punctures should be agreed upon.

Puncture is then gained using bull’s eye or tri-
angulation technique and aspiration of urine/con-
trast should follow [23]. The guide wire can then 
be passed into the urinary system.

Skin incision and dilators allow for placement 
of the auxiliary and working wire [24]. Serial 
dilation can be performed to secure the desired 
tract size. A smaller tract can be converted to a 
larger size during the procedure if needed. 
Requirement for bigger tract size(s) may be 
anticipated in larger stone burdens and older 
children.

28.4.1  Stone Fragmentation and Exit 
Strategy

While larger instruments still rely on pneumatic 
lithotripter, the newer generation of smaller 
instruments employ laser fragmentation [25]. 
Collection of fragments for biochemical stone 
analysis is important and still possible for most 
minimally invasive PCNL techniques.

However, in micro-PCNL (4.8F) this is not 
possible. Given these fragments cannot be col-
lected, patients are also more likely to develop 
post-operative colic as a complication.

Historically, nephrostomy tube placement 
takes place at end of standard PCNL. This also 
allows for nephrostogram or planned relook 
PCNL.  This is carried out less often in minia-
turised PCNL, especially ultra-mini and micro 
PCNL.  Patients will usually have a temporary 
ureteral catheter (78%) or double J stent (21%) 
[26].

28.5  Complications

Recent data from a national database of paediat-
ric PCNL in the United States of America (USA) 
reported stone-free rates (SFR) exceeding 90% in 
a single sitting and reported an overall complica-
tion rate of 20.7% [27]. Post-operative bleeding 
rates requiring blood transfusion have been 
recorded as high as 24% [15]. While the efficacy 
of PCNL is therefore not in question, there exists 
margin for improvement in regard to the compli-
cation profile.

Multiple original studies and subsequent 
meta-analyses evaluating the outcomes associ-
ated with miniaturised PCNL have supported the 
theory that tract size does influence the complica-

28 Paediatric Mini PCNL



298

tion profile [28, 29]. Significantly higher rates of 
haematuria and renal extravasation have been 
associated with larger tract sizes [26]. Studies 
employing pre- and post-surgery (12–24Fr) 
dimercaptosuccinic acid (DMSA) imaging reveal 
no detriment to the renal function [30].

28.6  Assessment 
of Stone-free Rate

In all cases, the treatment goal is to achieve the 
highest stone clearance in the least number of sit-
tings [31]. This would be complete clearance in a 
single surgery if possible. As for pre-operative 
imaging, ultrasound serves as the first-line imag-
ing modality in the majority of centres. Again, 
this can be selectively supplemented with low- 
dose CT imaging. It is widely accepted, however, 
that it is more difficult to reliably determine the 
true SFR in paediatric cases compared to adult 
cases with the reduced use of CT scans. Centres 
reporting outcomes for audit and research pur-
poses are encouraged to adopt a standardised 
approach. This does represent a challenge as 
there still exists a lack of consensus and several 
classifications have been proposed [32].

28.7  Follow-up of Patients

As with the pre-operative assessment and treat-
ment the follow-up pathway will adopt a tailored 
approach. This is based on patient’s unique stone 
burden, age and past medical history including 
any special metabolic or anatomical consider-
ations. In those patients with significant residual 
fragments, an auxiliary procedure will be 
planned. This can be in the form of repeat PCNL 
or an alternative such as URS or SWL. Endoscopic 
combined intrarenal surgery (ECIRS) has also 
been described in the paediatric setting and this 
could also serve as a possible ‘sandwich therapy’ 
[33, 34]. The multidisciplinary clinic also serves 
an added role in helping to identify risk factors 
and guide tailored recommendations for these 
patients, especially given the risk of recurrence is 
high. Education and preventive measures are of 

great importance given that this patient popula-
tion may face a lifetime of kidney stone-related 
problems. Childhood obesity is a growing public 
health concern and is also associated with 
increased risk of stone formation. This represents 
just one area where input of dietary specialists 
can be invaluable.

28.8  Current Evidence of Mini 
PCNL (mPCNL)

In a recent systematic review of paediatric 
mPCNL, 8 studies included 384 patients with a 
mean age of 7.5 years [35] (Table 28.1). While the 
age ranged from 0.5 to 18 years, the mean stone 
size was 1.2 cm and ranged from 0.8 to 3.5 cm. 
Majority of the stone location was in the lower 
pole (57%) and renal pelvis (24%). The mean ini-
tial and overall stone-free rate was 87.9% and 
97%, respectively. The overall complication rate 
was 19% with a mean transfusion rate of 3.3% 
with the authors concluding that mPCNL is safe 
and effective in the paediatric population.

28.9  Modifications and Further 
Considerations

With sufficient experience of PCNL in the adult 
setting, the transfer of skills to paediatric PCNL 
is generally considered to be very achievable. As 
part of the learning curve, initial surgeries are 
recommended to take place in older children with 
more optimal physical conditioning and smaller 
stone burdens [31]. With regards to the operating 
team, a twin model surgeon approach has been 
described and adopted by some centres [36]. This 
draws on the combined experience and expertise 
of both paediatric urologist and adult endourolo-
gist [9]. Overall, there is a paucity of original 
studies relating to paediatric endourology in 
comparison to adults [8]. Much of the interna-
tional guidelines are therefore driven by lower 
levels of evidence such as cohort studies rather 
than randomised controlled trials. More RCTs 
are needed, especially comparing interventions, 
e.g. ureteroscopy versus mini PCNL.
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New areas of development include the recent 
preliminary reports of a newly developed tech-
nique ‘the needle perc’, a 4.2-Fr system. This is 
the smallest technique to have been established to 
date. Xiao et  al. performed this procedure in 8 
pre-school children with a mean stone size of 
1.6 cm [37].

While bilateral synchronous PCNL has been 
described in a number of adult settings, its prac-
tice has only been very scarcely reported in the 
paediatric setting [38, 39]. In cases of bilateral 
stone disease, the authors still recommend a 
staged approach. Predictive nomograms such as 
the Guy’s stone score (GSS) are now well 
 established in adult settings but remain under-
reported in paediatrics. Few studies have 
attempted to determine its efficacy in children 
and concluded that it can successfully predict 
SFR but not complications. This is largely 
because it does not hold sufficiently reflect char-
acteristics that are particular to children such as 
congenital anatomical abnormalities [40]. A 
final area for future research is the establish-
ment of guidelines for radiation exposure in 
children undergoing diagnostic and therapeutic 
imaging [41].
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29.1  Introduction

Percutaneous nephrolithotomy (PCNL) is the 
most widely accepted treatment for large 
(>2 cm), renal or staghorn, and complex renal 
stones [1]. Stone-free rates are the best with it, 
but invasiveness is a concern. There has been a 
constant effort to better the outcomes and 
decrease the morbidity of the PCNL.

Miniaturization of the scopes is an effort in 
this direction. Mini PCNL is defined as a PCNL 
performed through a track of ≤22 F [2]. There is 
a belief that a smaller tract means less trauma and 
damage to renal parenchyma, seamless move-
ment, decreased postoperative pain, and lesser 
analgesics.

Reduced tracts size, associated with remark-
ably lesser blood loss or need for blood transfu-
sion, and limited hospital stay [3–11]. As the 
small tract, hinders the vision, requires more 
fragmentation and extraction of stones, which 

results in longer operative time [3, 4, 6, 9]. So, 
the debate continues between conventional and 
mini PCNL about the merits of miniaturization. 
Meta-analysis of these studies showed the risk of 
bias and confounding risk, due to heterogeneity 
with respect to tract and stone sizes, so the results 
are conflicting [3, 4, 6, 7, 10, 12–16].

Complications can occur during renal access, 
tract dilatation and may include injury to adja-
cent structures, intra-op bleeding, or infection 
after the procedure. Knowledge of intrarenal 
anatomy, selection of appropriate tract, and abil-
ity to make multipuncture [17] are prerequisites 
for safe and successful PCNL.

Fewer access-related complications and better 
stone-free rates are seen when urologists made 
the renal access [18].

29.2  Uniform Reporting 
of Complications

Modified Clavien-Dindo classification system 
(grades 1–5) is the widely recognized approach 
for uniform reporting and monitoring of compli-
cations from PCNL.  Clavien score has been 
shown to have high validity, and higher scores 
(grade III to V) associated with prolonged hospi-
tal stay [19–21] (Fig. 29.1).

There are certain limitations in the current 
reporting system like auxiliary procedures and 
staging of the surgery are taken as complications 

Nothing worthwhile is ever without complications.
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[22, 23]. Clavien-Dindo classification is not 
applicable to intraoperative complications [24]. 
Comprehensive studies are needed to make this 
classification more adaptive, and applicable to 
PCNL.

29.3  Clinical Anatomy

The kidneys lie in the retroperitoneum, major 
portion of each is essentially supracostal; the 
lower pole is mostly subcostal. The longitudinal 
axis of each kidney is oblique and dorsally 
inclined, making the upper pole calyces more 
medial and posterior than the inferior pole [25]. 
In prone position, posterior calyces of the kidney 
are at a 30° oblique angle to the vertical plane.

The renal pelvis lies posterior to renal artery 
and vein. Renal artery normally has four to five 
branches. Posterior segmental artery is the earli-
est branch and is located posterior to the renal 

pelvis. Too medial renal access makes it prone 
for injury and hemorrhage.

Brödels line is an avascular plane approxi-
mately 1 cm from the lateral margin of the kid-
ney on the posterior aspect. Percutaneous access 
into the collecting system is safest when it is 
from the fornix of the intended calyx, entry 
through infundibulum can cause hemorrhage 
from interlobar or segmental branches of the 
renal artery [26].

Anterior calyx puncture results in more paren-
chyma being traversed, makes it more difficult to 
access the renal pelvis or other portions of the 
collecting system and may increase the risk of 
bleeding.

Complete staghorn calculi or when direct 
access to the PUJ is desired, upper-pole puncture 
is the most appropriate calyx to work in, which 
may or may not be supracostal [27, 28].

The medial half of the 12th rib and medial 
three-quarters of the 11th rib provide attachment 

Grade I

Grade II

Grade IIIa

Grade IIIb

Grade IVa

Grade IVb

Grade V

Suffix “d”

Any deviation from the normal postoperative course without the need for pharmacological

treatment or surgical, endoscopic, and radiological interventions. Allowed therapeutic

regimens are: drugs such as antiemetics, antipyretics, analgetics, diuretics, electrolytes, and

physiotherapy. This grade also includes wound infections opened at the bedside.

Requiring pharamacological treatment with drugs other than allowed for grade I

complications. Blood transfusions and total parenteral nutrition are also included.

Surgical, endoscopic, or radiological intervention that is not under general anesthesia

Surgical, endoscopic, or radiological intervention that is under general anesthesia

Life-threatening complication requiring intermediate care or intensive care unit

management, single organ dysfunction (including dialysis, brain hemorrhage, ischemic

stroke, and subarrachnoidal bleeding)

Life-threatening complication requiring intermediate care or intensive care unit

management, multi-organ dysfunction (including dialysis)

Death of a patient

If the patient suffers from a complication at the time of discharge, the suffix “d” (for

“disability”) is added to the respective grade of complication. This label indicates the need

for a follow-up to fully eveluate the complication

Fig. 29.1 Clavien-Dindoclassification of surgical complications
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to the pleura, while each lung base is located two 
interspaces higher on full expiration [29].

Supracostal access risks the potential of tra-
versing the pleural space. Higher the renal access 
more is the chance of thoracic complication. 
Supra-11th rib punctures (34.6%) than supra- 
12th rib accesses (9.7%), compared with 4.5% 
for subcostal access [28]. Access sheath should 
always remain within the kidney during the 
supracostal approach.

29.4  Complications

Complications can occur at any stage of PCNL 
[30]. Complications of mini PCNL based on 
stone size, burden, renal unit, and outcome in 
children, were reviewed. Mini PCNL for small 
(<20 mm) or large (>20 mm) renal stones (19.4% 
vs. 26.9%), complication rate has not been found 
to be statistically significant and no Grade IV or 
V complications reported [31].

When simple (mean stone burden 10.18 cm2) 
and complex (mean stone burden 17.63  cm2) 
were compared, Grade I, II, III, IV, and V compli-
cations were noted in 17.1% versus 16.6%, 
4.29% versus 5.58%, 3.82% versus 4.06%, 
0.02% versus 0.07%, and 0% versus 0.04% with 
regard to stone size, respectively.

However, blood transfusion (Grade II) (2.2% 
vs. 3.2%) and arterial embolization (Grade III) 
(0.28% vs. 0.67%) were observed more often in 
patients with complex stones. This can be proba-
bly attributed to the larger stone burden of these 
patients and the consequent need for multiple 

tracts [32, 33]. Overall, the complication rate of 
mini PCNL was similar even in patients with a 
solitary kidney and renal calculi [34].

When mini PCNL performed in children and 
adults were compared, there was no significant 
difference in perioperative complication rate [35] 
but, major complications (Grades IV and V) were 
not observed in children.

However, intraoperative bleeding was signifi-
cantly correlated with operative time, stone bur-
den, and sheath size in pediatric patients [36]. 
When nephrostomy tracts used exceeded 22  F, 
higher hemoglobin drop (1.6  g/dl vs. 1.1  g/dl) 
[37] and with multiple nephrostomy tracts, sig-
nificantly increase in hemoglobin drop and trans-
fusion rate was also noticed in children (2.7 g/dl 
vs. 2 g/dl and 18.8% vs. 4.5%, respectively) [36]. 
Mini PCNL remains a safe method; Fig.  29.2 
gives an overview of the recently published com-
plication rates [38].

Complications of mini PCNL according to the 
Clavien system range from 11.9% to 37.9%, 
whereas conventional PCNL range from 16.2% 
to 60.3% [22] (Fig. 29.3).

Mini PCNL has an edge over the conventional 
procedure in terms of a significantly reduced 
hemoglobin drop (0.53  g/dl and 0.8  g/dL vs. 
0.97 g/dL and 1.3 g/dL, respectively) [4, 6] and 
the need for blood transfusion (1.4% vs. 10.4%) 
[4]. Analgesic requirement has also been found 
considerably less in mini PCNL when compared 
to PCNL (55.4 g vs. 70.2 g tramadol) [6]. Length 
of stay was significantly shorter after mini PCNL 
(3.8 days and 3.2 days vs. 6.9 days and 4.8 days, 
respectively) [6, 10].
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CROES multicenter study of 5803 patients 
undergoing PCNL reported an overall complica-
tion rate of 21.5% [39]. Major complications 
require timely diagnosis and proper treatment 
and occur at a rate between 1.1% and 7.0% [40].

29.5  Bleeding

Renal hemorrhage is the most fearsome compli-
cation of mini PCNL and can occur at any point 
from needle insertion to several weeks postopera-
tively. Sudden hemorrhage due to injury to the 
great vessels or main renal vessels is uncommon 
and occurs in less than 0.5% of cases [41]. Most 
incidents of great vessel or main renal vessel 
injury occur during initial percutaneous access.

The posterior calyx that provides the most 
direct access to the stone should be chosen [42, 
43]. The tract should be dilated to the periphery 
of the calyx under fluoroscopic guidance as pro-
ceeding too far medially may result in renal pel-
vis or hilar vessel injury.

The risk of hemorrhagic complications requir-
ing blood transfusions has been found to be asso-
ciated with multiple punctures, renal pelvis 
perforation, surgical inexperience, preoperative 
anemia, and overall blood loss [44].

Additional risk factors that have been found to 
be associated with significant blood loss include 
diabetes, multiple tracts, prolonged operative 
time, and intraoperative complications [44, 45]. 
One series reported, upper pole renal access, a 
solitary kidney, and staghorn calculus all signifi-
cantly increased the risk of major bleeding [46]. 

Intraoperatively, bleeding can occur from the 
nephrostomy tract and can be due to excessive 
angulation and torque on the kidney [47].

Bleeding with initial percutaneous access and 
tract dilation is often venous in nature and may 
arise from the percutaneous tract, renal capsule, 
or renal parenchyma. Intraoperatively access 
sheath tamponade the bleeding and postopera-
tively hemostasis is achieved by collapse of 
parenchyma upon itself. Minor to moderate 
bleeding can often be controlled by clamping the 
nephrostomy [48] digital tamponade [49] or with 
a balloon dilator or Kaye tamponade catheter, or 
by placing one’s fist over the patient’s back and 
another over the patient’s abdomen and applying 
pressure [50], along with intravenous hydration 
can also be helpful.

The most common site for significant bleed-
ing is from segmental arteries rather than from 
small arcuate and interlobular arteries. These 
small arteries are surrounded by dense parenchy-
mal tissue, can easily be tamponade with neph-
rostomy [51]. Significant bleeding usually leads 
to abandoning the surgery due to impaired 
visualization.

With refinement of techniques and equipment, 
the overall transfusion rate for PCNL has fallen 
significantly from 6.9% in the early series, to less 
than 2% in contemporary reports [38, 52–55]. 
This is comparable to the rates reported for other 
percutaneous renal surgeries [41, 48, 52, 56–58].

Significant delayed renal hemorrhage 
(1–3 weeks) after PCNL occurs in less than 2% 
of patients [41, 52, 59], usually is secondary to 
arteriovenous fistula or pseudoaneurysm 

CLAVIEN GRADES MINI PCNL CONVENTIONAL PCNL

I 2.7–20.8% 4–41.2%

II 1.4–17.3% 4.5–17.6%,

III 0–10.3% IIIa 0–6.6%,  IIIb 0–2.8%

IV 0–0.05% IVa  0–1.1%, IVb  0–0.5%

V 0–0.02% 0–0.1%

Fig. 29.3 Comparison 
of complications 
between Mini PCNL 
Versus Conventional 
PCNL
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 formation and later is more common [48]. 
Though rare at times this needs intervention.

Arterial injury with subsequent development 
of arteriovenous fistulas or pseudoaneurysms is a 
well-known source of bleeding after 
PCNL. Arteriovenous fistula is formed by a high- 
pressure leak from a lacerated artery, which is 
transmitted into a lower-resistance system, such 
as a vein. Arterial pseudoaneurysms developed 
when artery is injured, clots off, and then inter-
mittently ruptures often clotting off at variable 
interval or a connective tissue space [60, 61].

Patient can present with gross hematuria, pain 
abdomen due to clot colic, or perinephric hema-
toma or shock.

Suspected cases should undergo angiography 
with selective angioembolization, which is gen-
erally adequate to control the bleed in 92% of 
the times and this is cost-effective and lifesav-
ing (Fig. 29.4). If conservative measures as well 
as selective angioembolization fail, open surgi-
cal exploration with vascular repair or renorrha-
phy or nephrectomy may be used as a last resort 
[49, 50].

29.6  Renal Collecting System 
Injury

Pelvicalyceal system injury during PCNL occurs 
in up to 8% of patients. It can occur during initial 
access or during dilatation, inappropriate choice 
of guide wire, or overzealous use of rigid neph-

roscopy. Asserting too hard on a renal pelvic 
stone during lithotripsy, especially if the pelvis is 
inflamed or infected or misusing the lithotripter 
can cause pelvic perforation [61]. Perforation can 
be intraperitoneal or extraperitoneal. The subse-
quent extravasation and absorption of irrigation 
fluid can lead to electrolyte abnormalities, mental 
status changes, or intravascular volume overload 
[39, 41, 59, 62–64].

Renal pelvic perforation is usually recognized 
intraoperatively. Signs of renal collecting system 
injury include direct visualization of perinephric 
structures or fat, abnormal hemodynamic param-
eters, and a decrease in drainage of irrigation 
fluid [62]. Sudden collapse of distended renal 
pelvis is a usual sign if the perforation is not visu-
alized directly. Smaller perforations usually heal 
within 24 to 48 hours and the procedure does not 
necessarily need to be terminated prematurely 
[65]. In the case of a large collecting system 
injury such as at the renal pelvis, the case should 
be terminated, except it is near completion, in 
which case the task should be completed at lower 
irrigation pressure if the patient is doing clini-
cally well [61].

Bigger disruptions including perforation of 
the renal pelvis require prompt cessation and 
adequate drainage via a nephrostomy tube, ure-
teral stent, or percutaneous drain. Depending on 
the severity of injury, wait for 3 to 7 days before 
nephrostogram and tube removal [47].

The use of sealants to close the renal collect-
ing system defect is not recommended [66].

Fig. 29.4 Pseudo aneurysm, post PCNL with lower calyceal tract causing massive hematuria, superselective angioem-
bolization with proximal Platinum coil
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There have been reports of massive intra- 
abdominal collection of extravasated fluid after 
percutaneous renal surgery [67–70].

At times, perforation is recognized in the post-
operative period, flank pain, fever, or abdominal 
distention and ileus should raise the suspicion for 
urinary extravasation [41]. It should be treated 
with drainage of kidney as well as percutaneous 
drainage of urinoma and abdominal ascites.

Use of fluoroscopy for percutaneous renal 
access can decrease the risk of renal collecting 
system injury, isotonic irrigation fluid and open 
or continuous irrigation systems can reduce intra-
operative extravasation and fluid absorption [47].

29.7  Thoracic Complications

As the pleura lies in close proximity to the upper 
pole of the kidney, it becomes an easy target for 
injury during percutaneous procedure on the kid-
ney, especially if the tract is supracostal. Thoracic 
complications constitute a significant percentage 
of overall complications after PCNL with an 
incidence of 1.8–3.1% [30, 39, 62]. In the 
CROES study, the upper pole access group had a 
hydrothorax rate of 5.8% whereas the lower pole 
access group had a hydrothorax rate of 1.5%. 
This translated to an odds ratio of 0.4 for lower 
pole versus upper pole. The odds ratio for access 
above 11th rib versus above 12th rib was 5.6 
[71]. When supracostal access is preferred, it is 
better to stay lateral to the midscapular line [72] 
and should be done in expiration to avoid 
transpleural entry [72, 73], avoid premature 
withdrawal of the sheath to prevent extravasation 
in the pleural cavity.

Violation of the pleural space can lead to air 
(pneumothorax), urine (hydrothorax/nephropleu-
ral fistula), or blood (hemothorax) in the pleural 
cavity. Infection of this can lead to pus formation 
(pyothorax). Pneumothorax usually occurs due to 
introduction of external air in the pleural cavity 
and very rarely due to lung injury. Hydrothorax 
can result from the accumulation of irrigation 
fluid during the procedure or urine extravasating 
from a nephropleural fistula [74]. Rarely serous 
fluid can accumulate due to reactive effusion.

Hemothorax can be due to accumulation of 
blood from injured intercostal vessel [75], or 
from the kidney in the pleural space [76]. 
Pyothorax or empyema can occur if a sterile 
hydrothorax gets secondarily infected or infected 
urine enters the pleural space. Intraoperatively, 
access sheath should not be taken out during 
supracostal tract [75].

The diagnosis is made clinically or based on 
the radiological evaluation. As the venous return 
gets compromised, narrowing of the pulse width 
may appear. Decreased airway entry is noted on 
the ipsilateral side. Intraoperative chest fluoros-
copy has been found to be sensitive enough for the 
detection of pleural air or fluid collection [77]. A 
contrast study near the end of the procedure can 
confirm leak of urine into the pleural space [62]. 
Chest tube can be placed on the operating table if 
required under the same anesthesia [78].

Post-operatively in the recovery room or ward, 
if the patient develops pleuritic pain, dyspnea, or 
falling oxygen saturation then one should suspect 
pleural injury and proceed for chest X-ray or chest 
CT scan [62]. Radiography will differentiate pneu-
mothorax from hydrothorax as well as hemotho-
rax. A diagnostic tap can differentiate blood from 
pus or clear fluid. Clear fluid must be sent for cre-
atinine estimation and a culture. If a nephropleural 
fistula is suspected then a retrograde pyelogram 
(RGP) should be done to confirm the diagnosis 
and look for distal obstruction [75].

Many patients with Pleural injury can be man-
aged conservatively if the volume of air or fluid is 
low [79]. Those with a significant volume of air 
or fluid need intervention [30]. The simplest is to 
place chest tube drainage, a small bore for air and 
a wider bore for blood or pus. The chest tube is 
removed with signs of recovery [74]. In case of 
empyema, tube drainage may not be enough if 
pus becomes loculated. Such cases require surgi-
cal drainage, either Open surgery or Video- 
assisted thoracic surgery (VATS) [80].

Nephropleural fistula is well diagnosed on ret-
rograde pyelogram and needs chest tube drainage 
along with a JJ stent and Foleys catheter drainage 
[81] (Fig. 29.5). Anti-cholinergics may be added to 
hasten the healing [73, 75]. Sometimes placing a 
nephrostomy in the lower calyx and early removal 
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of supracostal drainage leads to early healing [82]. 
Use of flexible nephroscope or ECIRS technique to 
avoid very high supracostal puncture [83].

29.8  Colon Injury

Colonic perforation is an extremely rare compli-
cation of percutaneous nephrolithotomy (PCNL) 
occurring in less than 1% of procedures. Ozturk 
et al. found 36 colonic injuries out of 9996 PCNL 
patients in one review of literature study with 
incidence of 0.36% [40].

Colonic injury is due to percutaneous renal 
access through colon and can be due to various 
reasons. Early detection, timely intervention, and 
appropriate care are the keys to successful 
outcomes.

Risk factors for colonic injury are utmost lat-
eral access to kidney beyond post axillary line, 
more common on left side with lower pole access, 
retrorenal colon (0.6–2.0%) [84–88], anatomi-
cally distorted kidney due to renal abscess, sco-
liosis or previous renal surgery, chronic 
constipation, or dilated bowel loops, ectopic kid-
ney or malrotated kidney or horseshoe kidney 
[89], more common in elderly [90], thin and lean 
person with low body mass index (BMI). Patients 
with high risk should undergo preoperative CT 
scan [89, 91].

The diagnosis of this injury is usually elusive 
owing to the variability of symptoms and signs, 
which can occur immediately or several days 
after the procedure.

Intraoperatively, one should look for a change 
in bowel gas shadows pattern while puncturing 
which may be indirect warning sign of transcol-
onic needle access. This can be confirmed by 
colonic enhancement on injection of contrast.

During nephroscopy one can see, air bubbles 
or bowel contents, sometimes [92] (Fig. 29.6).

In postoperative period, the patient may develop 
symptoms like abdominal pain and tenderness at 
local site or maybe generalized, fever, tachycardia, 
leukocytosis, and ileus [93, 94]. Sometimes symp-
toms are very obvious like blood per rectum, 
pneumo-peritoneum, and a gas or feces from per-
cutaneous site or inside nephrostomy tube [84].

Postoperative imaging, either antegrade neph-
rostogram or CT scan confirming transcolonic 
passage of the percutaneous nephrostomy (PCN) 
tube.

Missed colonic injury can lead to abscess for-
mation and nephrocolic or colocutaneous fistula. 
Peritonitis may also develop from intraperitoneal 
fecal soiling [92].

Treatment approach depends on the time of 
identification, extent of injury, clinical status of 
patient, and spread on bowel content in the peri-
toneal cavity or localized. Most of the colonic 

Fig. 29.5 Chest X-ray, right hydropneumothorax, nephropleural fistula from the upper calyx from a supracostal tract
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injuries due to PCNL are extraperitoneal and 
respond to conservative treatment [94]. Once 
identified treatment includes classical triad of 
antibiotics, bowel rest, and separating bowel 
from urinary tract. A triple antibiotic usually 
includes penicillin/cephalosporin group, amino-
glycosides (gentamycin/amikacin), and metroni-
dazole (anaerobic organism coverage). Bowel 
rest is given by giving nothing by mouth, naso-
gastric tube aspiration, and intravenous fluids for 
few days. Once stabilized start orally with clear 
liquids and semisolid as tolerated. If the injury is 
identified intraoperatively, separation of bowel 
and urinary tract can be done by drainage of 
colon (by withdrawing the nephrostomy tube 
inside colon and working as a colostomy tube) 
and decompressing urinary tract with PCN 
(nephrostomy or internal double J stent) and 
indwelling catheter.

PCN tube withdrawal in the lumen of colonic, 
allows the medial colonic injury to heal [85, 95]. 
In postoperative period, after checking with 
imaging and confirming no renal extravasation, 

the PCN tube is further withdrawn from colon 
into pericolonic space to allow drainage of con-
tent and lateral colonic injury to heal [85]. Foley’s 
catheter can come out at this point.

The pericolonic drain can be removed after 
three to seven days depending on clinical status 
and quality and quantity of drain. Antibiotics 
should be continued for 5–10  days after drain 
removal [96].

Intraperitoneal colonic perforation or general-
ized peritonitis or sepsis warrants open surgical 
intervention and repair may be required [84]. In 
case of delayed diagnosis of colonic injury, a 
general surgical consult is advisable for further 
expert management.

29.9  Visceral Injuries

29.9.1  Gall Bladder Injury

It is rare but serious complication of right side 
PCNL with 8 cases reported till now in literature. 

Fig. 29.6 Colonic injury, right renal pelvic stone, lower 
calyceal puncture, fecal matter in nephrostomy pulled into 
the colon, retrograde pyelogram showing nephrocolonic 

fistula and drain, solid fecal matter from drain site on sev-
enth post-op day (Courtesy- Dr. S K Pal, New Delhi)
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All of them required open exploration and chole-
cystectomy. It should be suspected if one finds 
greenish discharge in PCN or signs of peritonitis 
postoperatively. CT scan is usually diagnostic of 
this injury and surgical exploration is the answer 
to avoid its severe complications [40].

29.10  Liver and Spleen Injury

It is rare but serious kind of organ injury. Eleven 
cases of spleen and 1 case of liver injury had been 
reported [40]. There is minimal risk of spleen 
injury when puncture is done in expiration above 
12th rib but 34% risk when puncture is done 
above 11th rib so this should be avoided when-
ever possible. In cases of enlarged spleen and 
liver, ultrasound guided or CT guided or image 
access should be tried, lower pole access is pref-
erable [97].

CT scan is the ideal imaging to accurately 
assess it and is helpful in further management 
[98]. Disproportionally hemodynamic changes 
compare to renal bleed should suspicious of these 
organ injuries.

Usually, conservative management helps 
unless there is life-threatening hemodynamic 
instability warranting urgent exploration and 
splenectomy on left side. Active observation, 
rest, delayed removal of nephrostomy and novel 
coagulant down the tract usually helps [40, 99].

Transhepatic percutaneous access is usually 
without sequelae, and injury to major intrahe-
patic vessels after track dilation is the greatest 
risk. If significant bleeding is encountered, bal-
loon tamponade of the path can temporize bleed-
ing and angiographic embolization can be 
performed [96].

29.11  Extrarenal Stone Migration

Extrarenal loss of stone fragments may occur 
with renal pelvis or ureteral perforation, or 
through the percutaneous access track. It is rare 
but must be documented [49]. Extrarenal stone 
migration occurs due to unwarranted pressure of 
the probe onto the stone, or an incorrect tech-

nique of stone extraction with an Amplatz sheath. 
Endoscopic retrieval of fragments outside of the 
urinary tract should not be attempted, as this may 
only enlarge the perforation [49].

Intraperitoneal [100] and pleural migration 
[101] of stones has been reported. These rare 
cases required laparoscopy and thoracoscopy in 
order to prevent peritoneal and thoracic 
complications.

29.12  Postoperative Persistent 
Nephrocutaneous Leakage

Percutaneous access tract typically closes within 
6–12 hours of nephrostomy tube removal [102]. 
Urinary leakage persisting >24 h after nephros-
tomy tube removal called prolonged and usually 
needs treatment [103]. The incidence of pro-
longed nephrocutaneous leakage from the tract is 
between 1.5% and 4.6% [104].

It is advisable to obtain a low-dose CT scan to 
evaluate for stone fragments in the ureter that 
may be causing obstruction.

Ureteral stenting is helpful in the majority of 
cases of prolonged urinary leakage [104]. In 
addition, a Foley catheter may be inserted for 
24  h in order to relieve pressure in the urinary 
system and promote anterograde drainage of 
urine [105].

29.13  Collecting System 
Obstruction

Pelvicalyceal system obstruction associated 
with PCNL is rare, but may result from ureteral 
avulsion or stricture, transient mucosal edema, 
blood clot, or infundibular stenosis [106, 107]. 
Trauma with or without retained stone frag-
ments at ureter or ureteropelvic junction 
obstruction (UPJ) is also reported [108]. Brief 
period of obstruction, due to edema or blood 
clot often resolves without intervention or long-
term sequelae. If nephrostomy has been kept, it 
must be removed after nephrostogram or after a 
period of clamping to assess clinically for distal 
ureteral obstruction.
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Collecting system obstruction can lead to 
nephrocutaneous fistulae, hydronephrosis, or 
hydrocalyx, depending upon early or late forma-
tion of the stricture.

29.14  Infundibular Stenosis

Infundibular stenosis is a rare complication, 2% 
of percutaneous nephrolithotomy. It is associated 
with prolonged operative time, a large stone bur-
den requiring multiple removal procedures and 
extended postoperative nephrostomy tube drain-
age, recurrent UTI, open pyelolithotomy, diabe-
tes mellitus, and obesity.

Prolonged inflammatory processes and trauma 
of the renal mucosa presumably induce fibrosis, 
scarring, and gradual obliteration of the infun-
dibular lumen. It has been observed within a year 
of initial percutaneous nephrolithotomy [107, 
109–111].

Treatment approach includes endoscopic in 
majority of cases to open surgical reconstructions 
or excision with partial or total nephrectomy. If 
nothing works, one may consider observation pro-
vided that the patient is asymptomatic and does 
not exhibit renal function deterioration [107].

Endoscopic approach to infundibular stenosis 
either antegrade or retrograde, have the success 
rate of 60%–80% [112]. Methods are cold knife 
excision [113], laser ablation [114], balloon dila-
tion [115], or endoscopic formation of a new 
infundibulum [116].

Salvage strategies included permanent stent-
ing, excision of the dilated portion of the kidney, 
or heminephrectomy [117].

29.15  Renal Dysfunction

Renal dysfunction following PCNL is uncom-
mon and is typically secondary to other operative 
complications. For example, intraoperative or 
postoperative bleeding may lead to decreased 
renal blood flow and transient renal insufficiency, 
or angioembolization may result in permanent 
parenchymal infarction [47].

Transient increase in creatinine occurs in less 
than 1% of patients after PNL [52]. This rate is 
similar to that of patients undergoing SWL, and 
not clinically significant [118]. Pre- and postop-
erative MAG3 studies confirm stable differential 
renal function at 22  days after PCNL, and the 
volume of renal scarring in patients with single or 
multiple percutaneous access tracts amounts to 
less than 1% of total renal parenchyma 
[119–122].

29.16  Equipment Problems, Energy 
Sources, Tubes, and Renal 
Trauma

Aggressive manipulation of the scope and inad-
vertent misdirection of energy sources can result 
in damage of either scope or renal trauma. Avoid 
excessive torque of the miniaturized scopes as 
they are very fragile, especially when one is oper-
ating in a previously operated or inflamed 
kidney.

We had broken our scope when trying to reach 
upper calyx from lower calyx in a previously 
operated because of torque (Fig. 29.7).

Cautious use of pneumatic lithotripsy in an 
inflamed and edematous renal mucosa as back-
ward moment of fragments might damage it.

Spark from electrohydraulic energy can dam-
age the telescope or collecting system. The probe 
should always be placed in direct contact with the 
stone to prevent complications [123].

Ultrasound probe tip becomes very hot, when 
used for disintegrating stone, risking injury to 
endothelium. Continuous irrigation helps to cool 
the tip.

Laser penetration depth is shallow, inadver-
tent laser discharge on endothelium can lead to 
bleeding making visualization difficult.

Sometimes we have found pieces of broken 
nephrostomies, tubes, either due to wear and tear 
or sometimes get damaged by energy sources 
they can form a nidus for the stones or sometimes 
found buried in parenchyma (Fig. 29.8).

Stones fragments that do not easily fit into the 
amplatz sheath should be further fragmented 
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Fig. 29.7 History of pyelolithotomy 7  years back. 
Presented with left lower pole stone with DJ stent in situ. 
Stone-guided lower calyx puncture, underwent mini 

PCNL. Nephroscope got broken at 2 O′ clock while trying 
to inspect upper calyx from lower calyx, due to torque

Fig. 29.8 Broken piece of malecot nephrostomy during PCNL
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[124] rather than trying hard to remove it force-
fully and causing injury to the system.

29.17  Systemic Complications

29.17.1  Fluid Overload

The surgeon should be aware of this complica-
tion, especially in congestive cardiac failure 
(CCF) and chronic kidney disease (CKD) 
patients. The key to preventing this is to keep 
operating times within limits, avoiding hypotonic 
irrigation fluid, avoiding vascular injury, and 
more importantly keeping intrarenal pressure low 
by avoiding high-pressure irrigation. A low intra-
renal pressure also prevents sepsis. Diuretics can 
be useful in both preventing and treating this 
complication. In case of intraperitoneal fluid, a 
soft drain can be placed below the umbilicus even 
under local anesthesia.

29.17.2  Extravasation of Fluid

This can happen from injury to the pelvicalyceal 
system and also from dislodgement of the access 
sheath during the procedure. In established cases, 
a drain can be placed extraperitoneally by with-
drawing the sheath. In case of persistent urinoma, 
which may become infected, a percutaneous 
drain can be placed under ultrasound guidance.

29.17.3 Air Embolism

Positive pressure air pyelograms can lead to air 
embolism. Patient may develop hypotension, 
bradycardia, and dysrhythmia with fall in oxy-
gen saturation. Auscultation will reveal a mill-
wheel cardiac murmur and widening of QRS 
complex on ECG.

If suspected, the procedure should be halted 
and immediate CPR initiated, patient kept in 
supine trendelenburg position with head up. 
Right internal jugular central line will be both 
diagnostic and therapeutic in aspirating foamy 
blood from right atrium [125, 126].

29.17.4  Venous Thromboembolism

The incidence of venous thromboembolism in 
percutaneous renal surgery is < 1% to 3% [127, 
128]. For those at high risk, graduated elastic 
stockings and pneumatic compression stockings 
with early mobilization should be started [129]. 
Patients usually have swelling of the lower limb 
with pain and erythema. Duplex ultrasound is 
enough for early diagnosis [130]. If thromboem-
bolism is diagnosed then every effort must be 
taken to prevent thromboembolic episodes. Initial 
placement of venacaval filter should be initiated 
as anticoagulation can lead to massive bleeding 
from renal tracts.

29.17.4.1  Infection and Urosepsis
Fever following PCNL has been seen in 21 to 
32.1% of the cases [128, 131, 132]. Sepsis has 
been seen in 0.9% to 4.7% cases [30]. The defini-
tion of Sepsis is the presence of SIRS (Systemic 
Inflammatory Response Syndrome) caused by a 
documented infection. SIRS includes- 
Temperature > 38C or < 36C, Pulse Rate > 90/
min, Respiratory Rate  >  20/minute and Total 
Leukocyte Count (TLC) >12,000/mm3. If one or 
more organs become dysfunctional, it becomes 
severe sepsis. Septic Shock is defined as sepsis 
with refractory hypotension, and has a mortality 
rate of 28%. Shock after sepsis syndrome has a 
mortality rate of 43%.

Manipulation during surgery liberates bacteria 
and endotoxins which get absorbed either 
directly, or through pyelovenous, pyelolym-
phatic, pyelotubular backflow, and sometimes 
through forniceal rupture triggering a systemic 
inflammatory response [133].

Risk factors for infection include staghorn cal-
culi, immunosuppression, diabetes, advanced age, 
CKD, obstructed systems, long duration of sur-
gery, high-pressure irrigation, and visceral injury.

Ideally, the urine culture should be sterile 
before surgery and the appropriate antibiotic 
started just before surgery. Positive Cultures 
should be treated with antibiotics starting a week 
before surgery. This has been supported by the 
CROES group study of 162 patients from differ-
ent institutions undergoing PCNL without preop-
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erative antibiotics and matched them to patients 
who received the antibiotics [134]. It was 
observed that prophylactic antibiotics resulted in 
less fevers (2.5% versus 7.4%), higher stone-free 
rates (86.3% versus 74%), and other complica-
tions (1.9% versus 22%).

Recommended antimicrobial prophylaxis 
includes Cephalosporins (second or third genera-
tion), Trimethoprim/sulfamethoxazole (TMP- 
SMX), Amino penicillin, or Beta Lactamase 
Inhibitor (BLI). Alternatives include Ampicillin/
Sulbactam, Fluoroquinolones or a first- generation 
cephalosporin [135].

In case of pyocalyx or pyonephrosis, adequate 
drainage with stent or nephrostomy should be 
done before taking up for surgery.

Patients with severe sepsis should be kept 
under intensive care monitoring. Apart from 
empiric antibiotics, aggressive fluid replacement, 
vasopressors, and control of lactic acidosis is 
imperative. If the patient does not respond to con-
ventional methods, a search should be made for 
visceral imaging or fungal infections [136].

Avoid high pressure irrigation and keep out-
flow adequate with a sheath at least 4Fr wider 
than the scope. Post-op nephrostomy should not 
be hurriedly removed. During PCNL of an infec-
tious stone, a stone fragment should be sent for 
culture as it may be different from the urine cul-
ture [137].

29.18  Contrast Reactions

Occur in <0.2% cases. Idiosyncratic anaphylac-
toid reactions may not be dose dependent. 
Severe reactions have been reported after an 
injection of only 1 mL at the beginning of a pro-
cedure and have also occurred after completion 
of a full dose despite no reaction to the initial 
test dose [138, 139].

In case of known history of allergy, Pre-op ste-
roids should be given. If it occurs during surgery 
then steroids, anti-histaminics, H1, H2 blockers 
should suffice. In severe reactions, epinephrine 
may have to be used [140].

29.19  Radiation Exposure

PCNL exposes the surgeon to high levels of radi-
ation, most of which comes from scatter from the 
patient’s body [141]. The ALARA (as low as rea-
sonably achievable) principle should be applied. 
Steps to reduce radiation include, lead aprons, 
lead gloves, lead eye glasses, and thyroid shield.

The beam should be collimated and the image 
intensifier should be brought as close to the 
patient as possible and pulsed fluoroscopy with 4 
frames per second be used. Wherever possible, 
ultrasound can be used as a substitute for 
fluoroscopy.

29.20  Neuromuscular 
Complications

Brachial plexopathy can result from hyperabduc-
tion of shoulder and elbow joint. Peroneal nerve 
injury has been seen with dorsal lithotomy posi-
tion and sciatic nerve compression can happen 
with improper positioning [142]. All pressure 
points should be well padded and care taken 
while positioning. Most injuries recover sponta-
neously [143].

29.21  Mortality

Death after surgical intervention for nephrolithia-
sis, including PCNL, is rare, with rates ranging 
from 0.1 to 0.7% [38]. Just two (0.03%) Clavien 
grade V complications were reported in the 
CROES that included 5803 patients from multi-
ple centers around the world [39]. Death associ-
ated with PCNL is usually due to pulmonary 
embolus, myocardial infarction, or severe sepsis.

Pulmonary embolus and myocardial infarc-
tion occur in less than 3% of patients undergoing 
PCNL [41, 52, 106, 129].

Urosepsis is a leading cause of mortality. Risk 
factors include patients with multiple 
 comorbidities, spinal cord injury, neuropathic 
bladder and large stone burden. Mortality associ-
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ated with mini PCNL can be reduced by proper 
prophylactic antibiotics and reducing operative 
time [144].

All high-risk patients should receive appropri-
ate preoperative counseling regarding their risk 
and should be informed of alternative conserva-
tive treatment options [49].

Majority complications of mini PCNL are 
similar to conventional PCNL.  As these are 
related to access, tract dilatation, stone burden, 
and prolonged surgical time. But mini PCNL is 
equally safe, effective with decreased blood loss, 
lesser analgesics, and shorter hospital stay as 
compared to conventional PCNL. Many research-
ers, believe that more severe complications 
(Grade III or higher) should be fewer and are 
more likely related to surgical techniques and the 
level of experience [32]. Experience curve, also 
have a tremendous impact on the rates of intraop-
erative bleeding [38].
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Outcomes of Miniaturized PCNL

Rajesh A Kukreja and Praveen Kumar Pandey

30.1  Introduction

PCNL and flexible ureteroscopy (Retrograde 
Intra Renal Surgery) dominate the treatment of 
renal calculi with ever-decreasing indications of 
ESWL.  PCNL scores over ESWL and flexible 
ureteroscopy as its success and stone clearance 
rates do not depend upon variables like stone 
size, stone location, and the pelvicalyceal anat-
omy [1–4]. However, PCNL being relatively 
more invasive than RIRS and ESWL has its asso-
ciated complications. The initial puncture and the 
tract while traversing the renal parenchyma may 
inadvertently injure significant renal blood ves-
sels leading to significant bleeding as a feared 
complication [5]. This has led to technical modi-
fications in PCNL to reduce morbidity. Various 
studies correlated the tract size with blood loss 
[6, 7]. This observation laid the foundation for 
Miniaturization in PCNL.

30.2  Evolution of the Concept

Helal [8], Jackman [9], and Chan [10] put into 
practice the concept of miniaturized PCNL using 
either vascular or ureteroscopy access sheaths 

ranging in size from 11 to 15Fr. They achieved 
stone-free rates of 85–94% [9–11]. However, 
prolonged operative time due to the need of 
breaking stones into smaller-sized fragments was 
the main concern.

The term “Miniperc” was coined initially by 
Jackman. As against standard PCNL done 
through 24–30Fr sheaths, Miniperc was defined 
as PCNL done through smaller sized sheaths 
(10–20Fr) [11].

30.3  Does the Tract Size Correlate 
with Parenchymal Loss?

Jackman hypothesized that besides just a reduc-
tion in the diameter of the sheath, the reduction 
in the cross-sectional volume of the renal paren-
chyma being traversed by the sheath would 
reduce complications like bleeding, nephron 
damage, and tract pain [11]. This hypothesis 
was contradicted by Clayman et  al. [12] and 
Traxer [13]. Both Clayman and Traxer in exper-
imental studies demonstrated that the parenchy-
mal fibrosis or scar volume did not differ 
significantly with increasing or decreasing tract 
size (11–30Fr). Sequential dilatation of identi-
cal needle punctures to either 11Fr or 30Fr pro-
duces comparable renal scarring as the renal 
tissue is only temporarily spread apart and 
comes back to its near original form once the 
tract is removed.

R. A. Kukreja (*) 
Urocare Hospital, Indore, India 

P. K. Pandey 
Sahara Super-speciality Hospital,  
Lucknow, Uttar Pradesh, India

30

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-6001-6_30&domain=pdf
https://doi.org/10.1007/978-981-16-6001-6_30#DOI


324

30.4  Initial Challenges 
to Miniaturization

Initial results of miniaturization were not encour-
aging. Prolonged operative time and doubt of 
increased intrarenal pressures were the main con-
cerns [14–16]. Giusti and colleagues achieved 
lower stone-free rates with prolonged operative 
times in miniaturized tracts [14]. Poor vision and 
the need for breaking the stone into smaller 
 fragments were the prime reasons for the same. 
Low in an experimental study demonstrated 
higher intrapelvic pressures with increased prob-
ability of infection in sheaths of smaller caliber 
and greater length [15, 16].

30.5  Overcoming the Problems

Newer design of scopes with improved vision 
and development of better techniques of stone 
fragmentation and stone retrieval helped minia-
turization in challenging standard PCNL for 
small and medium-sized stones. The question of 
raised intrarenal pressure has also been addressed 
by these open systems.

Success of Miniaturized PCNL (Miniperc/
MiniPCNL) in the last decade is attributed to the 
following technological improvisation and 
advantages:

• Maintaining the Intrarenal pressures below 
the desired limit.

• Stone clearance rates are comparable with 
standard PCNL.

• Reducing the operative time by improved 
sheath design with improved techniques of 
fragmentation and retrieval of fragments.

• Improvement in stone retrieval techniques.
• Holmium Laser lithotripsy.
• Tubeless procedures.
• Newer designed sheaths and scopes with 

excellent optics.

30.6  Miniaturized Versus 
Standard PCNL: How Do 
the Intrarenal Pressures 
Compare?

 A. Why are intrarenal pressures important?

Fever, pyelonephritis, systemic inflammatory 
response syndrome (SIRS) are among the known 
complications of PCNL. Positive stone and pel-
vic urine cultures with high intrarenal pressures 
leading to systemic absorption of bacteria are 
responsible for these infectious complications 
[17]. In a prospective study by Kukreja and col-
leagues, fluid absorption was demonstrated in all 
patients who underwent PCNL [18]. The 
absorbed fluid volume correlated directly with 
the amount of irrigating fluid used, the duration 
of the procedure, and presence of complications 
like perforation and bleeding. Achieving a low-
pressure system with placement of an Amplatz 
sheath reduces the amount of fluid absorbed and 
the risk of infectious complications.

Intrarenal pressures of 30 mm Hg or greater 
have correlated with higher pain scores and hos-
pital stay [19]. Monga and colleagues in an 
experimental study demonstrated a higher risk of 
infectious complications and end-organ bacterial 
seeding (liver, spleen, and blood cultures) in the 
setting of an infected collecting system when 
more time was spent at intrarenal pressures above 
30 mm Hg using miniaturized tracts [20].

 B. So the question arises what is the safety limit 
of intrarenal pelvic pressures?

Hinman and colleagues demonstrated pyelo-
venous backflow at renal pelvic pressures (RPP) 
above 30 mm Hg [21]. Elevated renal pressures 
may lead to complications including infection, 
bleeding, or perforation. Hence, maintaining 
intrapelvic renal pressure of less than 30 mm Hg 
is important during PCNL [22].
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 C. How safe are the different tract sizes with 
regard to intrarenal pressures?

• MiniPCNL (14–20Fr):

Renal pelvic pressure (RPP) generally remains 
lower than 30 mm Hg during MiniPerc (14–18Fr) 
as demonstrated by Zhong et al. [23]. Having an 
open access sheath maintains the pressures to 
within the safe limits and failed to demonstrate 
intrarenal reflux of irrigation fluid as demon-
strated by Nagele [24].

• UltraminiPCNL or Super MiniPCNL (<14Fr):

Observations regarding pressures in tracts 
<14Fr are contradictory.

The Ultraminiperc has an outer (13Fr) and 
inner (6Fr) sheath with a 3.5Fr telescope. Saline 
escapes through the relatively large space 
between the inner and outer sheaths and may help 
in maintaining low pressure in the pelvicalyceal 
system [25]. However, results by Alsmadi et al. 
[26] during Super Mini PCNL (SMP; 10-14Fr) 
did not match the above observations. The aver-
age intrarenal pressures were less than 30 mm Hg 
(19.5  mmHg) with a high mean accumulative 
time duration of RPP above 30 mmHg. 5.5% of 
these patients developed fever postoperatively. 
Similarly, Huusmann et  al. [27] demonstrated 
raised renal pressures when using a 9.5 Fr sheath. 
The outflow and especially the mismatch between 
the inflow and outflow are the limiting factor due 
to the small caliber of the sheaths.

Attempt to reduce the intrarenal pressures in 
these smaller tracts was demonstrated by Nagele 
by using suction attached to a multiple hole ure-
teric catheter (purging effect) [28].

• Comparing all the tract sizes:

Wilhelm and colleagues studied and com-
pared the ultramini PCNL system (13F sheath), 
mini PCNL system (18F sheath), and standard 
PCNL system (27F sheath). Elevated pressures 
were found in the ultraminiperc system when 

the nephroscope was pushed inside [29]. Rest of 
the systems demonstrated low pressures 
(<30 mmHg).

Based on all the evidences and studies, it 
would be safe to conclude that the intrarenal pel-
vic pressures are within safe limits with miniatur-
ized tracts (14–20Fr). Caution needs to be taken 
when dealing with infected stones. Prolonged 
duration of surgery for large stones with ultra-
miniaturized tracts (10–14Fr) may carry a poten-
tial risk of raised intrarenal pressures [29, 30]. 
Patil and colleagues have designed and validated 
an automated pressure saline irrigation system to 
regulate the renal pressures during miniaturized 
tracts [31].

30.7  Miniaturized Versus 
Standard PCNL: How Do 
the Success 
and Complications 
Compare?

It is imperative that stone clearance rates are not 
compromised by reducing the tract size. Over the 
last decade, many series have now established the 
success of miniaturized PCNL with stone clear-
ance rates at par with standard PCNL.

 A. MiniPCNL for Medium-sized renal 
calculi

Mishra et al. [32], Knoll et al. [33], and later 
on Haghighi [34] compared MiniPCNL (18Fr) 
with Standard PCNL (26Fr) for medium-sized 
stones in prospective studies (Tables 30.1 and 
30.2). Both the studies demonstrated compa-
rable stone clearance rates between the 
MiniPCNL and standard PCNL groups. The 
blood loss (Hb drop), pain score (VAS score), 
and hospital stay in days were significantly less 
in the MiniPCNL group as compared to stan-
dard PCNL.  The incidence of tubeless proce-
dures was higher in the MiniPCNL groups. 
This could have been the cause of reduced pain 
score in miniperc group.
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 B. MiniPCNL for Large and complex renal 
calculi
• Prospective studies:

Cheng et  al. [35] compared MiniPCNL with 
standard PCNL for complex renal calculi (stag-
horn and multiple calyceal calculi). Mini-PCNL 
had a higher stone-free rate for multiple calyceal 
stones. Miniperc and standard PCNL did not dif-
fer in the outcome for staghorn stones and simple 
renal pelvic stones. In an analysis of more than 
1000 cases, MiniPCNL was found to be a safe 
and effective treatment for complex or large vol-
ume renal calculi using single or multiple minia-
turized tracts [36].

Kukreja, Guler, Sakr, and Kandemir [37–
40] in different prospective randomized studies 
evaluated the efficiency of miniaturized PCNL 
against the standard PCNL for medium to 

larger renal stones sized between 15 and 
40  mm (Tables 30.3 and 30.4). Sakr’s study 
was in a supine flank-free position whereas 
Kandemir’s study involved only recurrent 
stones with previous history of intervention. 
Miniperc was associated with reduced blood 
loss whereas the stone clearance rates and the 
operative times were comparable to standard 
PCNL.

• Retrospective studies:

Recent retrospective studies for large stones in 
adult and pediatric populations have shown lower 
blood loss, longer operative time, shorter hospital 
stay, and a significantly higher rate of tubeless 
procedures in MiniPCNL as compared to stan-
dard PCNL [41, 42]. The incidence of periopera-
tive complications was either higher in standard 

Table 30.1 MiniPCNL (Miniperc) vs Standard PCNL for medium sized stones: Stone clearance rates

Author N Stone burden
Miniperc (16.5Fr)
SFR (%)

Standard PCNL (24-30Fr)
SFR (%) p

Mishra, et al. 2010 55 14.7 vs 14.9 mm 96 100 0.49
Knoll, et al. 2010 50 18.3 vs 21.3 mm 96 92 NS
Haghighi et al. 2017 70 Mean: 14.26 vs 15.35 mm 93.6 94.6 NS

Table 30.2 MiniPCNL (Miniperc) vs Standard PCNL for medium sized stones: Morbidity and Efficiency

Author N

Hb drop 
(MPCNL vs 
sPCNL) BT

Procedure 
time (min) Tubeless Stay (days) Fever

VAS Pain 
score

Mishra, 
et al. 2010

55 0.8 vs 1.3 
(p = 0.01)

0 vs 0 45.2 vs 31 
(p = 0.0008)

21 vs 4 
(p < 0.001)

3.2 vs 4.8 
(p < 0.001)

NA (p = 0.28)

Haghighi 
et al

70 1.65 vs 3.13 
(p < 0.05)

5.7 vs 11.4 
(p < 0.05)

48 vs 51 
(p = NS)

All tubeless 
with ureteric

2.3 vs 3.6 
(p < 0.05)

NA 4.3 vs 5.7 
(p < 0.05)

Knoll 
et al. 2010

50 NA NA 49 vs 59 
(p = NS)

Tubeless for 
Miniperc and 
22Fr 
nephrostomy 
for standard 
PCNL

3.8 vs 6.9 
(p = 0.021)

12 vs 20 
(p = NS)

3 vs 4 
(p = 0.048)

Table 30.3 MiniPCNL (Miniperc) vs Standard PCNL for medium to large stones: Stone clearance rates

Author N Stone burden
Miniperc (16.5Fr) 
SFR (%)

Standard PCNL 
(24-30Fr) SFR (%) p

Guler et al. 2019 97 >20 mm (mean: 38.7 mm) 76.5 71.7 0.59
Kukreja. 2018 123 16–30 (mean: 21 mm) 93 91.9 0.99
Sakr. 2017 (supine) 150 20-30 mm (mean: 27 mm) 95.4 97.1 0.86
Kandemir. 2020 148 >20 mm (mean: 32.6 mm) 75 72.2 0.55
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PCNL or was comparable among both the proce-
dures [41, 42].

• Meta-analysis:

Meta-analyses comparing mini-PCNL to stan-
dard PCNL have confirmed the conclusions of 
prospective and retrospective studies. Reduced 
blood loss and blood transfusions, shorter hospi-
tal stay, and maintained stone-free rates are the 
advantages of MiniPCNL [43].

Feng and colleagues did a meta-analysis of 8 
randomized prospective studies (1219 patients) 
from southeast Asia comparing miniPCNL 
(<20Fr) and standard PCNL [44]. MiniPCNL has 
a higher stone-free rate with lower blood loss and 
transfusion rates. Operative time seemed to be 
longer in the MiniPCNL group. Perioperative 
morbidity like urine leakage post nephrostomy 
removal and postoperative fever was 
comparable.

 C. Ultraminiaturization

Desai introduced the concept of 
Ultraminiaturized PCNL (UMP) [25, 45] using a 
11 or 13Fr sheath. They presented their data of 95 
patients with a mean stone size of 15.9 mm with 
81% complete clearance on 1 month postopera-
tive CT scan with an additional 16% showing 
<2 mm lower calyceal fragments. Seventy-eight 
percent of their cases were tubeless with only 7% 
requiring double-J stent placement [46]. The 
technique was associated with statistically sig-
nificant higher requirement for double-J stents or 
nephrostomy placement, longer operative time, 
and greater blood loss when used for calculi 
>20 mm as compared to calculi <20 mm.

Zeng and colleagues used an almost similar 
sized sheath (10–14Fr) and combined it with a 
suction evacuation system and coined it with the 
name of SuperMiniPCNL (SMP) [47]. A multi-
center, prospective, randomized study comparing 
SMP with RIRS for lower calyceal 1–2 cm cal-
culi was conducted in 160 patients [48]. SMP had 
better stone clearance rates with comparable 
complications and hospital stay. Cai and col-

leagues in a retrospective study of 180 adult 
patients demonstrated 91.5% stone-free rates at 
3 months [49]. However, 10% of patients devel-
oped significant infectious complications. 
Elevated renal pelvic pressures with associated 
fever was confirmed by Alsmadi et  al. [26]. 
Limiting the time of ultraminiaturized proce-
dures and hence the duration of increased intrare-
nal pressures is important for preventing 
infectious complications.

Ultraminiaturized tracts revealed reduced 
success and higher infectious complications 
when used for large calculi or prolonged oper-
ative time. It was important to compare all the 
varying tract sizes to define the ideal tract 
size. Bozzini et  al. enrolled 132 consecutive 
patients with  single lower calyceal stones (size 
range: 10–20 mm; mean: 16 mm) and random-
ized them into three groups: Standard PCNL 
(30Fr), MiniPCNL (16.5/19.5Fr), and 
UltraMiniPerc (13Fr). MiniPCNL group 
revealed high stone-free rates (83%) with low-
est complication rates. Standard PCNL 
although associated with good stone-free rates 
(86%) was associated with significantly high 
complication rates of 13.6%. Ultraminiaturized 
PCNL was associated with lowest stone clear-
ance rates (78%) with maximum pretreatment 
rates (12%).

Based on these overall results, MiniPCNL 
seemed to be the preferred and ideal choice 
among the different tract sizes for lower calyceal 
stones ranging 1–2 cm in size [50].

 D. Microperc

Markus Bader introduced the concept of 
obtaining an accurate access to the desired calyx 
using a 4.85Fr all seeing needle [51]. Desai and 
colleagues went a step ahead and completed the 
procedure through the needle itself [52]. This 
technique was named as “Microperc.” The main 
advantage was avoiding the need for tract dilata-
tion and hence the complications associated with 
tract dilatation.

Success rates: Microperc has a lower stone- 
free rate in range of 85–93% [53, 54]. Fever due 
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to elevated intrarenal pressures and colic with 
steinstrasse are common complications associ-
ated with microperc [55–58].

30.8  Miniaturized Versus 
Standard PCNL: 
Intracorporeal Lithotripsy

Reduced shaft size in MiniPCNL poses a chal-
lenge for fragment retrieval. The stones need to 
be fragmented into much smaller particles as 
compared to standard PCNL. Hence intracorpo-
real lithotripsy that offers more precision, con-
trol, and variability in settings would be the ideal 
choice. The aim would be to dust the stone, pre-
vent stone migration and reduce the need for 
stone retrieval devices like baskets. Smaller frag-
ments and dust would be easier to wash out using 
the vacuum cleaner effect or suction or saline 
irrigation.

A prospective comparative study by 
Ganesamoni, Sabnis, and colleagues compared 
the outcomes of using holmium laser vs pneu-
matic energy for stone fragmentation in 
MiniPCNL. Smaller fragments with easy retrieval 
were features of holmium laser lithotripsy, 
whereas pneumatic energy produced larger frag-
ments and hence needed more use of stone 
retrieval devices like baskets [59]. Holmium laser 
lithotripsy has the added advantage of adjusting 
the settings to either coarse fragmentation or 
dusting modes. Similar results were shown by 
Bellman and colleagues [60]. Holmium laser pro-
duced significantly smaller fragments as com-
pared to other lithotrites regardless of stone 
compositions. All the fragments produced by 
holmium laser were smaller than 4 mm and were 
hence easier to remove or pass out 
spontaneously.

Laser settings: Adjusting the holmium laser 
settings (power, frequency, and pulse duration) 
and the technique of use of the fiber (fragmenta-
tion vs painting) are both important in achieving 
the ideal results [60, 61]. Using low frequency 
with high pulse energy produces more and rapid 
stone ablation than using high frequency and low 
pulse energy settings [61, 62].

30.9  Miniaturized Versus 
Standard PCNL: Stone 
Retrieval

Standard PCNL involves breaking the stone into 
large fragments and removing these fragments 
with forceps or baskets. A significant advantage 
of Miniperc has been that it reduces the require-
ment of forceps or baskets for the removal of 
fragments [37, 63]. MiniPCNL uses the tech-
niques of negative pressure effect (vacuum 
cleaner effect) or irrigation with suction to 
remove the smaller-sized fragments. Nagele et al. 
described the vacuum cleaner effect initially. 
Parameters like irrigation pressure, difference 
between the diameter of the sheath and the 
 endoscope, design of the sheath (oval vs round), 
and the position of the nephroscope in the 
Amplatz sheath are important for the optimal use 
of this vacuum cleaner effect [64]. Desai et  al. 
described the same technique of stone retrieval in 
their series of Ultraminiperc [45]. Shah and col-
leagues designed a new sheath with a relatively 
closed system and an added suction mechanism 
to assist faster and simultaneous removal of stone 
fragments [65].

30.10  Miniaturized Versus 
Standard PCNL: How Has 
the Drainage Post-procedure 
Changed?

More and more MiniPCNL procedures are avoid-
ing the use of post-procedure nephrostomy tube 
and becoming tubeless probably due to the 
reduced bleeding and reduced parenchymal lac-
eration [32, 33, 37, 46]. Avoiding the use of neph-
rostomy tube has been known to be associated 
with a reduced length of stay, reduced postopera-
tive pain, and reduced morbidity in form of leak-
age from the site of nephrostomy. Having a 
ureteral catheter that is removed 24  hours after 
the procedure is an option and helps in avoiding 
the need for an indwelling double-J stent and 
associated stent-related morbidity [46, 66]. In a 
series of 318 Minipercs, the pain score was mini-
mum in patients with tubeless procedure (no 
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nephrostomy) with ureteral catheter drainage as 
compared to patients having a nephrostomy tube 
or with Double-J stent drainage [66].

30.11  Miniaturized PCNL Versus 
Retrograde Intrarenal 
Surgery: How Do the Success 
and Complications 
Compare?

The purpose of Endourological management of 
renal stones is to achieve complete stone clear-
ance with minimal complications and morbidity. 
For renal stones more than 2  cm in greatest 
dimensions, PCNL appears to be the most widely 
adopted approach. But, in stones less than 2 cms, 
there are different choices to be made [4]. RIRS 
and Mini PCNL, both are effective tools to deal 
with renal calculi in such cases in different age 
groups. There has been an ongoing debate as to 
which approach is better than the other? In an 
attempt to address this dilemma, Kallidonis et al. 
conducted a systemic review and meta-analysis 
to find out the most appropriate approach for the 
management of the lower pole stones with a max-
imal dimension of 2 cm or less [67]. They consid-
ered randomized controlled trials comparing 
SWL, RIRS, and PCNL from 2001 to 2018. A 
systematic review was conducted on PubMed, 
SCOPUS, Cochrane, and EMBASE in January 
2018. After analyzing a total of 15 randomized 
trials, PCNL and RIRS were found to yield 
higher SFR in comparison to SWL with OR 6.7 
(p < 0.00001) and OR 2.85 (p < 0.00001), respec-
tively. The operative time was shorter for RIRS 
when compared with PCNL with a mean differ-
ence of 7.46 min. The hospitalization time was 
shorter in the case of RIRS in comparison to 
PCNL with a mean difference of 0.78  days. A 
single study provided adequate data on the com-
parison of PCNL to RIRS regarding the need for 
re-treatment procedures which was found to be 
similar in both the approaches. While consider-
ing stones between 1 and 2 cms in size, only 1 
study provided data on the comparison of SFRs 
between PCNL and RIRS and did not show any 
statistical significance (p = 0.92). Also, the com-

plication rates for Clavien grades I-II and II-IV 
were similar among the 2 modalities (p = 0.52, 
p = 0.089). The study finally concluded that the 
management of lower polar stones (LPS) should 
probably be PCNL or RIRS to achieve stone-free 
status over a short period and a minimal number 
of sessions. Also, SWL had a lower complication 
rate in comparison to PCNL and in renal stones 
smaller than 10 mm, RIRS was more efficient in 
comparison to SWL.

Zhao et al. tried to analyze the better modality 
of these two approaches in patients with 2–3 cms 
renal calculi [68]. They performed a retrospective 
analysis of patient cohort (RIRS, n  =  147 and 
MPCNL, n = 129). The RIRS group of patients 
was reported to have lower SFR (66% vs. 93.3%, 
p  <  0.001) compared to MPCNL group. Also, 
RIRS group reported higher overall complica-
tions (12.2% vs. 8.5%) and urosepsis (2.7% vs. 
1.6%) than the MPCNL group. But, this data was 
not statistically significant. Further, the multivar-
iate analysis for RIRS group showed that lower 
calyceal involvement [OR 2.67], multiple caly-
ceal calculi [OR 4.49], and severe hydronephro-
sis [OR 2.38] were three significant predictors of 
SFR, which decreased from 88.8%, 70.3%, 
52.1% to 25% corresponding to patients with 0, 
1, 2, 3 risk predictors, respectively (p = 0.008). In 
patients without any of the above risk factors, 
RIRS had a similar SFR and no possibility of 
bleeding, compared to matched patients undergo-
ing MPCNL.  But, in general, RIRS showed a 
lower SFR for 2–3  cm stones compared to 
MPCNL.  So, the authors concluded that in 
patients without any of the above-mentioned risk 
factors, RIRS can be first considered as an alter-
native to PCNL because it is less invasive and at 
the same time achieves similar very high stone- 
free rates.

In another study, Zhuohang Li et al. conducted 
a retrospective analysis to compare the safety and 
efficacy of retrograde intrarenal surgery (RIRS) 
and modified Ultramini percutaneous nephroli-
thotomy (UMP) in semi-supine combined lithot-
omy position for the management of 1.5–3.5 cm 
lower pole renal stones (LPSs). The RIRS 
(n  =  33) was performed in a standard manner, 
whereas the UMP (n = 30) was performed after 
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positioning the patients in a modified supine 
position by elevating the ipsilateral side by 45 
degrees up. SFR in UMP group was better when 
compared to RIRS group, including early SFR 
(80.0% vs. 54.5%, p  <  0.001), 1-month SFR 
(93.3% vs. 84.8%, p = 0.504) and 3- month SFR 
(96.7% vs. 90.9%, p = 0.675). The mean postop-
erative hospital stay and mean hospitalization 
time of RIRS group was shorter than that of UMP 
group (2.97 ± 0.9 vs. 4.07 ± 0.9 d, p < 0.001 and 
4.76 ± 1.1 vs. 5.83 ± 0.8 d, p < 0.001, respec-
tively). The complications rates in both the 
groups were statistically similar (p = 0.228). So, 
they reported that both UMP and RIRS are 
equally safe and also effective for the treatment 
of 1.5–3.5 cm lower pole renal calculi [69].

30.12  Conclusions

MiniPerc is now a viable option in the manage-
ment of small and medium-sized renal stones (up 
to 3 cm) [37]. Besides reduction of the outer tract 
diameter, MiniPCNL has modified the technique 
of standard PCNL by using single-step dilation, 
holmium laser intracorporeal lithotripsy to pro-
duce smaller fragments and avoiding the usage of 
nephrostomy tube [70]. It offers success rates 
comparable to standard PCNL with significantly 
reduced blood loss and increased incidence of 
tubeless procedures [32, 33, 37]. Single-step dila-
tation and reducing the need for stone retrieval 
devices are major advantages. Dusting the stones 
into small fragments using laser and use of vac-
uum cleaner effect or suction for stone retrieval, 
form the mainstay of achieving higher success 
rates. Smaller tracts may also help in reducing 
the radiation exposure to the operating team [71]. 
This may be due to the use of one-step dilatation 
and lower incidence of stone migration. More 
studies would be needed to validate this finding.

Complex situations such as diverticular stones, 
stones in ectopic kidneys, and pediatric moderate- 
sized stones would be other suitable indications 
[63, 72]. Standard PCNL would still be the prof-
fered technique for large complex stones or when 
there are matrix or putty stones. In a multi tract 
PCNL for complex or stag hornstone, using mul-

tiple miniaturized tracts could reduce the bleed-
ing and other morbidities associated with 
standard multitract PCNL.

The factors of longer operating time and 
higher intrarenal pressure are important and need 
to be focused on before deciding the size of 
sheath to be used. Ultraminiaturized tracts should 
be restricted to smaller stones (<2 cm).

An ideal puncture and tract entering the calyx 
through the cup remain the most critical and 
important step of MiniPCNL. A suboptimal tract 
and its associated bleeding, may hamper the 
vision, especially when using a smaller tract. 
Also, removing clots from a smaller tract is cum-
bersome and this can adversely affect the out-
come of the procedure.
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