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    Preface 

     Surgical Management of Urolithiasis, Percutaneous, Shockwave, and 
Ureteroscopy  provides a comprehensive and state-of-the-art overview of the 
major issues speci fi c to the  fi eld of surgical urolithiasis. As a major part of 
general urologic practice, urolithiasis remains a signi fi cant domain in urology 
today. Written entirely by surgical urologists,  Surgical Management of 
Urolithiasis, Percutaneous, Shockwave, and Ureteroscopy  presents a compre-
hensive overview of all current surgical techniques, with a focus on educating 
urologists on the full spectrum of stone procedures. In addition to the technical 
issues, detailed complications are described. Basic as well as advanced tech-
niques are presented in both a didactic and visual mode with representative 
endoscopic images and radiographs. Recent advancements that are not rou-
tinely a core component of surgical training programs are covered in detail. 
This useful text is extensively illustrated with radiographs,  fi gures, and algo-
rithms to highlight the clinical application of available surgical techniques. 

 Care of these patients and clinical conditions can be quite complex, and 
materials will be collected from the most current, evidence-based resources. 
The proposed sections of the book have been structured to review the overall 
scope of issues of all major categories of surgical stone therapy. This book 
will  fi ll a critical need for resource materials on these topics. The book will 
also include practical presentations of typical patients seen in the clinical 
practice. This will be in the form of case presentations with expert analysis. 
This book is a unique and valuable resource in the  fi eld of surgical urolithia-
sis both for those currently in training and for those already in clinical or 
research practice. The book does not seek to duplicate or replace other cur-
rent resources. Rather, it will create a comprehensive yet concise resource on 
these topics. No practicing urologist should be without it. 

 Madison, WI, USA Stephen Y. Nakada, MD, FACS 
 Dallas, TX, USA Margaret S. Pearle, MD, PhD   
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  CD    Caliceal diverticulum   
  CT    Computed tomography   
  PCNL    Percutaneous nephrolithotomy   
  SFR    Stone-free rate   
  SWL    Shock wave lithotripsy   
  TDPN     Transdiverticular puncture 

and neoinfundibulotomy   
  UPJ    Ureteropelvic junction   
  URS    Ureteroscopy   
  US    Ultrasound   
  UTI    Urinary tract infection         

 Since its initial description by Fernstrom and 
Johansson in 1976, percutaneous nephrolithotomy 
(PCNL) has evolved with improvements in tech-
nique and equipment to become the gold standard 
form of management for large stones in the upper 
urinary tract. It has now largely replaced open 

surgery in this context. Although alternatives such 
as supine patient positioning have emerged in the 
last decade, the vast majority of PCNL cases 
worldwide continue to be performed prone, with 
high stone-free rates (SFR) and a low incidence of 
major complications  [  1,   2  ] . 

 The ability to safely and ef fi ciently achieve 
percutaneous renal access depends on a number 
of factors including appropriate training, careful 
preoperative planning, recognition of anatomical 
variation, interpretation of radiological investiga-
tions, reproducible technique, and the availability 
of specialized instrumentation to effectively 
delineate and negotiate the urinary tract. Tract 
placement by the treating urologist without the 
involvement of an interventional radiologist in 
routine cases has been shown to be associated 
with excellent outcomes  [  3–  5  ] . Additionally, 
such an approach allows PCNL to be performed 
as a one-stage procedure with the opportunity to 
place additional tracts as dictated by intraopera-
tive  fi ndings. 

 This chapter summarizes what we believe to 
be a series of safe and effective strategies when 
performing percutaneous renal access. In pre-
senting the chapter, we acknowledge that there 
are many effective alternate approaches to 
PCNL, some of which may not have been incor-
porated into this work. Many cases require the 
endourologist to safely apply a range of tech-
niques in combination to achieve the desired 
outcome. 

    J.  D.   Denstedt ,  M.D., F.R.C.S.C., F.A.C.S.   (*)
     Department of Surgery ,  Western University ,
  London ,  ON ,  Canada    
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   Preoperative Planning 

   Indications 

 The advent of extracorporeal shock wave litho-
tripsy and  fl exible ureteroscopy has expanded the 
treatment options available for stones within the 
upper urinary tract. Despite the emergence of 
these technologies, PCNL remains the most 
appropriate and effective form of management 
for most large renal calculi  [  6  ] . As with any form 
of surgical intervention, appropriate patient selec-
tion is crucial. Table  1.1  summarizes the contem-
porary indications for PCNL.  

 While there are few absolute contraindica-
tions to PCNL, each patient scheduled for 
PCNL should undergo a thorough evaluation 
incorporating history, physical examination, and 
review of preoperative laboratory and radiologi-
cal investigations. 

 History and examination should be focused to 
identify factors that may have implications from 
a surgical or anesthetic perspective. In particular, 
one should identify the presence of bleeding 
diathesis, anticoagulant therapy, recurrent urinary 
tract infection (UTI), chronic obstructive pulmo-
nary disease, and morbid obesity, all of which 
may signi fi cantly increase the risk of periopera-
tive complications. The presence of spinal defor-
mity and limb contractures may complicate 
patient positioning and percutaneous access. In 
the case of morbid obesity, special equipment 
may be required. In high-risk patients, preopera-
tive anesthetic assessment is mandatory prior to 
any contemplated intervention. 

 Laboratory investigations should include com-
plete blood count, group/reserve, electrolytes, 
creatinine, and urinalysis/culture. Even in the 
context of a negative preoperative urine culture, 
there is evidence to support the routine adminis-
tration of prophylactic oral  fl uoroquinolone anti-
biotics in reducing the risk of septic complications 
in the perioperative period  [  7  ] . 

 Cross-sectional imaging with computed 
tomography (CT) affords the opportunity to 
assess the renal collecting system and plan appro-
priate sites of access prior to PCNL. Additionally, 

one may evaluate the relationship of the planned 
site of access to surrounding structures including 
colon, liver, spleen, and pleura. This is particu-
larly important in the context of previous abdom-
inal surgery, where the risk of retrorenal colon 
(Fig.  1.1 ) is higher  [  8  ] . Patel and colleagues  [  9  ]  
demonstrated the value of multiplanar CT recon-
structions in de fi ning the morphology of the 
intrarenal collecting system, calyceal orientation, 
stone location, and anatomical variants such as 
caliceal diverticulum.    

   Technique of PCNL 

   Anatomical Considerations 

 A detailed understanding of the intrarenal vascu-
lar anatomy, calyceal orientation, and perirenal 
visceral relationships is essential in minimizing 
the likelihood of morbidity related to PCNL. 

   Table 1.1    Indications for PCNL   

 Indications for PCNL 

 Staghorn calculi 
 Stones >2 cm in size 
 Lower pole stones >1 cm 
 Cystine stones 
 Failure of other treatments 
 Associated anatomical anomalies (UPJ obstruction, 
Caliceal diverticulum, horseshoe kidney) 

  Fig. 1.1    CT demonstrating retrorenal colon.  Reproduced 
from Ko R ,  et al .  Percutaneous nephrolithotomy made 
easier :  a practical guide ,  tips and tricks .  BJU Int 
2007 ; 101 : 535 – 539  ( Figure 1 )       
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 After arising from the lateral aspect of the 
aorta at a level between the  fi rst and second lum-
bar vertebrae, the main renal artery divides into 
anterior and posterior divisions. The renal paren-
chyma supplied by each of these branches is sep-
arated on the lateral aspect of the kidney by 
Brodel’s line. This location represents the opti-
mal location to traverse the kidney during percu-
taneous access. The anterior division branches 
into 4 segmental arteries which supply the ante-
rior and polar aspects of the kidney. The posterior 
division supplies the reminder of the kidney. 
Segmental arteries divide further into interlobar 
(infundibular), arcuate, and interlobular vessels. 
Entering the caliceal fornix in the correct orienta-
tion (end on rather than side on) as demonstrated 
in Fig.  1.2  serves to minimize the risk of inadver-
tent vascular injury by avoiding the interlobar 
and arcuate vessels which run in proximity to the 
caliceal infundibulum and medullary pyramids 
respectively  [  10  ] .  

 Access via a posterior calix is desirable as it 
facilitates direct access to the collecting system 
to allow initial passage of guidewires with subse-
quent nephroscopy and stone removal. The pos-
terior calices are at a 30° oblique angle to the 
vertical plane with the patient positioned prone. 
Additionally, the upper and lower pole calices 
adopt a 10° offset in the cranial and caudal plane 

respectively. This has particular implications 
when positioning the  fl uoroscopic unit during 
access which will be discussed in more detail 
later. 

 Particularly in the context of large stones at 
the ureteropelvic junction (UPJ), staghorn calculi 
and stones located in the upper pole calix, 
 supracostal access and upper pole puncture may 
be the optimal approach for ef fi cient stone 
removal  [  11–  13  ] . When performing such access 
it is essential to appreciate the proximity of the 
pleural re fl ection and lung base to the trajectory 
of the planned access. The pleura is attached to 
the medial half of the 12th rib and medial three 
quarters of the 11th rib  [  14  ] . The lower border of 
the lung lies at the 10th intercostal space. 
Irrespective of the phase of respiration, the likeli-
hood of intrathoracic complications is much 
higher with a supra-11th rib approach  [  15,   16  ] . 
Where possible, supra-12th puncture should be 
used as the approach to the upper pole due to the 
lower risk of pleural and pulmonary complica-
tions  [  17  ] . To avoid damage to the intercostal 
neurovascular structures in a supracostal 
approach, one should remain as close as possible 
to the upper border of the rib.  

   Patient Positioning 

 Many of the challenges associated with prone 
positioning can be managed with appropriate 
attention to detail and planning. One should be 
aware of the risk of peripheral nerve compression 
injuries and brachial plexus traction injuries in 
this position  [  18  ] . The patient’s upper limbs 
should be positioned on arm boards with the 
shoulders abducted to 90° and the elbows  fl exed 
to 90°. The cervical spine should be in a neutral 
position. Padding should be placed to support the 
chest to assist with ventilatory function. In con-
sultation with the anesthetic staff, the surgeon 
should con fi rm that the face and eyes are padded 
appropriately. 

 Fluoroscopic access techniques require the 
placement of a ureteral catheter through which 
contrast may be injected to outline the collecting 

  Fig. 1.2    ( a ,  b ) Puncture into the infundibulum ( left ) risks 
injury to the interlobar and arcuate branches of the renal 
artery.  Reproduced from Sampaio FJB .  Renal Anatomy . 
 Urol Clin North Am 2000 ; 27 ( 4 ): 585 – 607 with permission  
( Figures 17a ,  18a )       

 



4 J.D. Denstedt and A. Fuller

system. In most cases,  fl exible cystoscopy and 
cannulation of the ureteric ori fi ce can easily be 
achieved with the patient prone. This approach 
offers several advantages over cystoscopy in the 
supine or dorsal lithotomy position. In particular, 
one avoids the need for a second patient transfer 
and the associated risk of ureteral catheter 
displacement.  

   Equipment 

 Preoperative planning, particularly with regard to 
ensuring the availability of specialized equipment 
is essential to the successful performance of 
PCNL. Before gaining access, one should con fi rm 
the availability of all necessary equipment 
(Table  1.2 ). A number of patient factors may 
necessitate specialized equipment. In particular, 
when treating obese patients, it may be necessary 
to use a longer access needle, working sheath, 
and/or rigid nephroscope. A larger skin incision 
is also occasionally required to facilitate access 
to the working sheath. Commercially available 
balloon dilation devices range in length from 12 
to 15 cm. When this is insuf fi cient, the use of 
serial Amplatz dilators is a useful means of gain-
ing additional length.   

   Access Techniques 

 Several image-guided techniques have been 
described to facilitate antegrade renal access 
including biplanar  fl uoroscopy, ultrasound, and 
CT. In experienced hands, each technique pro-
vides safe and ef fi cient access to the renal col-
lecting system  [  19–  24  ] .  

   Fluoroscopy 

 Both the “bulls eye” and triangulation techniques 
represent effective means of achieving renal access. 

 When utilizing the “bulls-eye” technique, 
correct orientation of the C-arm is essential in 
order to visualize the targeted posterior calix end 
on. The C-arm is rotated approximately 20–30° 
from the vertical, towards the surgeon in the 
axial plane (Fig.  1.3 ). For upper and lower pole 

   Table 1.2    Instrument list for prone PCNL   

 • Flexible cystoscope 
 • 0.035″ Guidewire 
 • 5 Fr ureteric catheter 
 • Contrast media 
 • Access needle 
 • Fascial incising needle 
 • 0.035″ Hydrophilic tip guidewire 
 • Kumpe catheter 
 • 0.038″ Extra stiff guidewire 
 • Balloon dilator 
 • 30 Fr Amplatz working sheath 
 • Rigid nephroscope 
 • Rigid graspers 
 • Lithoclast/Ultrasonic device 
 • Flexible nephroscope 
 • 2.4 Fr Nitinol basket 
 • 18 Fr Councill catheter 

  Fig. 1.3    The C-arm rotation toward the surgeon to align 
the needle tip with the desired entry calix. The  inset  shows 
the “bull’s eye” appearance of the needle on the 
 fl uoroscopy monitor.  Reproduced from Ko R ,  et al .  BJU 
Int 2007 ; 101 : 535 – 539 with permission  ( Figure 3 )       
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stones, it is then angled cranially or caudally 
respectively by approximately 10°. Although 
posterior calices generally appear less radio-
opaque relative to anterior calices after contrast 
injection, if there is uncertainty, one can inject 
air with a 10 cc syringe through the ureteric cath-
eter to identify preferential  fi lling of the poste-
rior calices.  

 A hemostat should then be used to localize the 
tip of the desired calix at the skin level. A 15 cm, 
18 G needle is inserted at this point and advanced 
carefully under  fl uoroscopic guidance in expira-
tion. The hemostat should be used to grasp the 
needle to maintain the surgeon’s hands outside 
the  fi eld. An appropriate trajectory is con fi rmed 
by the appearance of the needle end-on (Fig.  1.3 ). 
Entry of the needle tip into the renal parenchyma 
may be con fi rmed by movement of the needle 
consistent with the phase of respiration. At this 
point, the C-arm should be rotated away from the 
surgeon at approximately 10° from the horizontal 
plane to provide depth perspective and to facili-
tate precise placement of the needle into the tip of 
the targeted calix (Fig.  1.4 ). Once the renal paren-
chyma has been entered, one should not alter the 
trajectory of the needle so as to avoid inadvertent 
cortical laceration.  

 Likewise, the triangulation technique relies on 
biplanar  fl uoroscopy to direct needle trajectory 
 [  20,   21  ] . As described by Miller and associates 
 [  21  ] , the renal collecting system is opaci fi ed with 
contrast and the C-arm is moved between two 
positions parallel and oblique relative to the line 
of puncture. When the C-arm is aligned parallel, 
the needle trajectory may be adjusted in a medial 
or lateral direction. In the oblique plane, altera-
tions in the craniocaudal axis should be made. 
Correct needle placement using this technique 
can only be achieved when the surgeon is able to 
maintain orientation in one plane whilst altering 
the other. When the needle appears to be in satis-
factory alignment in both planes, the puncture is 
completed using the oblique view with the patient 
maintained by the anesthetist in the expiratory 
phase of respiration. The oblique view is advan-
tageous in this scenario as it provides depth per-
spective to the operator.  

   Ultrasound-Guided Puncture 

 Several investigators have demonstrated the fea-
sibility of ultrasound (US)-guided access to the 
renal collecting system  [  22,   23  ] . Relative to 
 fl uoroscopy, this approach offers the advantage 
of no ionizing radiation and the ability to identify 
surrounding structures such as colon, liver, and 
spleen. In addition to standard B-mode ultra-
sonography, power Doppler US has been advo-
cated as a means of de fi ning and avoiding the 
renal vasculature, with resultant reductions in 
blood loss  [  25  ] . As with any form of percutane-
ous renal access, the use of ultrasound requires 
structured training, particularly in developing 
the skills to recognize the normal sonographic 

  Fig. 1.4    C-arm rotation away from the surgeon to gauge 
the correct depth perception and to guide the needle tip 
into the entry calix. The  inset  shows the pro fi le appear-
ance of the needle on the  fl uoroscopy monitor.  Reproduced 
from Ko R ,  et al .  BJU Int 2007 ; 101 : 535 – 539 with permis-
sion  ( Figure 4 )       
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appearance of the renal collecting system and 
surrounding viscera. 

 Where access has been placed by ultrasound 
as a means of emergent drainage in a patient with 
sepsis, one should con fi rm placement of the tube 
at the tip of a posteriorly oriented calix prior to 
tract dilation to minimize the likelihood of seg-
mental arterial injury. When the location of per-
cutaneous renal access is deemed inadequate, one 
should have a low threshold to re-puncture in a 
more suitable location after opacifying the col-
lecting system.  

   CT-Guided Access 

 The use of CT has been described in a number of 
clinical scenarios including hepatosplenomegaly, 
retrorenal colon, severe spinal deformity, urinary 
diversion, renal ectopia, and in cases where 
 fl uoroscopic and ultrasound-guided renal access 
has failed  [  26  ] . In these cases, the precise de fi nition 
of surrounding structures provided by CT facili-
tates accurate and safe needle placement. 

 The patient is usually positioned prone and 
noncontrast images are taken to de fi ne the posi-
tion of the targeted calculus as well as the position 
of the kidney relative to surrounding organs. 
Although contrast administration may be unnec-
essary in cases of moderate to severe hydroneph-
rosis, it may assist in cases where the collecting 
system is not dilated. This procedure relies on the 
involvement of an interventional radiologist, how-
ever close collaboration with the referring urolo-
gist is useful, particularly when deciding upon the 
most suitable calix to expedite stone removal.  

   Dilation and Tract Placement 

 Once the tip of the needle has been placed into 
the renal collecting system, the stylet should be 
removed. An angled-tip 0.035 in. Sensor guide-
wire (Boston Scienti fi c, Natick, MA) is passed 
through the needle and coiled within the renal 
pelvis. A 1cm incision is made at the level of the 
skin to allow for subsequent passage of a balloon 
dilation device. If possible, the wire should be 

directed down the ureter and coiled in the blad-
der. This process may be facilitated by an angled-
tip angiographic catheter (Fig.  1.5 —Kumpe 
catheter, Cook Urological, Bloomington, IN) 
which can be used to steer the guidewire down 
the ureter. The catheter may be advanced over the 
wire allowing exchange for a 0.038 in. extra stiff 
wire over which a balloon or serial Amplatz dila-
tion may occur.  

 Dilation can be safely achieved with either 
Amplatz serial dilators or a balloon device. One-
stage balloon dilation is quicker than the use of 
Amplatz dilators, although it has been suggested 
by Lopes and colleagues  [  27  ]  that this technique 
may pose a higher risk of hemorrhagic complica-
tions. In a follow up study conducted on behalf of 
the Clinical Research Of fi ce of the Endourological 
Society, no such association was found on multi-
variate analysis taking into consideration factors 
such as previous surgery, stone location, stone 
size, patient comorbidities, and the use of antico-
agulant medications  [  28  ] . 

 Particularly in patients who have undergone 
previous renal surgery or who have had recurrent 
pyelonephritis, there may be signi fi cant peri-
nephric  fi brosis. A fascial incising needle [Cook 
Medical, Bloomington, IN] is often useful in this 
situation to facilitate balloon dilation (Fig.  1.6 ) 
 [  19,   21  ] . An alternative approach is to use serial 
Amplatz dilators  [  19  ] .  

  Fig. 1.5    Angled-tip angiographic catheter       
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 Once the tract has been dilated to 30 Fr, an 
Amplatz working sheath can be placed over the 
balloon. To avoid laceration of the collecting 
system, particular care should be taken when 
advancing the sheath to ensure the tip does not 
extend beyond the radiopaque marker on the dis-
tal aspect of the balloon. In the case of a supra-
costal puncture, it is essential that the working 
sheath remains within the renal collecting sys-
tem for the duration of the procedure. Migration 
of the sheath out of the kidney risks considerable 
extravasation of irrigating  fl uid and hydrothorax. 
In such cases, a chest radiograph in recovery is 
useful to identify and preemptively manage 
intrathoracic complications. 

 Rigid Nephroscopy using 0.9 % saline as irri-
gation should be performed at this point to 
con fi rm the adequacy of sheath placement within 
the collecting system. If necessary, blood clot 
may be removed with rigid graspers. During 
stone fragmentation, one should avoid excessive 
torque on the working sheath as this is associated 
with a higher risk of intraoperative and postop-
erative hemorrhagic complications.   

   Case Discussion 

   Stones in a Caliceal Diverticulum 

 A 24-year-old female immigrant from Myanmar 
presented with a 3 year history of intermittent 
right sided  fl ank pain. She was otherwise in good 
health and was prescribed no regular medications. 
There was no family history of urolithiasis. 

 After initially being diagnosed and treated 
with SWL for a presumed right lower pole 
renal calculus, she was referred with ongoing 

symptoms and residual stone for consideration of 
percutaneous stone removal. Noncontrast CT 
(Fig.  1.7 ) was arranged to provide further ana-
tomical detail. This demonstrated a 12mm calcu-
lus at the lower aspect of the left kidney with 
minimal overlying parenchyma. An intravenous 
pyelogram (Fig.  1.8a, b ) was performed and 
con fi rmed the presence of stone within a caliceal 
diverticulum (CD). The patient was counseled 
regarding the options for surgical management 
including retrograde ureteroscopic and antegrade 
percutaneous approaches. Although laparoscopic 
management has been described in this context 
 [  29,   30  ] , this option was not felt appropriate in 
this scenario due to the location of the calculus in 
the posterior aspect of the renal parenchyma. The 
patient consented to PCNL.    

   Procedure 

 Under general anesthesia, the patient was posi-
tioned prone on the operating table. Flexible 
 cystoscopy was performed in the prone position. 
A 0.035 in. wire was inserted through the right 

  Fig. 1.6    Fascial incising needle       

  Fig. 1.7    Low-dose noncontrast CT in coronal section 
demonstrating a peripherally located calculus with mini-
mal overlying renal parenchyma       
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ureteric ori fi ce and advanced to the level of the 
right renal pelvis. A 5 Fr ureteral catheter was 
advanced over the wire under  fl uoroscopic guid-
ance. Retrograde injection of contrast revealed 
stone within a caliceal diverticulum (Fig.  1.9 ).  

 Utilizing the “bulls-eye” technique, the diver-
ticulum was punctured with an 18 G needle. An 
angled-tip 0.035 in. hydrophilic guidewire was 
then advanced through the puncture needle. The 
diverticular neck was identi fi ed with retrograde 
contrast injection and was able to be cannulated 
with the wire. The wire was coiled in the renal 

pelvis and a 5 Fr Kumpe catheter was inserted to 
direct the wire down the right ureter and to facili-
tate exchange for an extra stiff guidewire over 
which dilation could be performed. The tract was 
dilated with a balloon device to 30 Fr, allowing 
placement of a working sheath. Rigid nephros-
copy con fi rmed the adequacy of access. Multiple 
stones were evacuated from the diverticulum. 
Once complete stone removal was con fi rmed, the 
infundibular neck was readily seen and dilated 
with a 6–10 ureteral balloon dilation device. This 
facilitated advancement of the rigid nephroscope 
into the main portion of the renal collecting sys-
tem. No further stones were identi fi ed. 

 An 18 Fr Councill tip catheter was advanced 
over the wire and placed across the diverticular 
neck (Fig.  1.10 ). The patient tolerated the 
 procedure well and made an uneventful recovery. 
After radiological con fi rmation complete stone 
removal, the nephrostomy tube was clamped and 
removed on the second postoperative day. 
Subsequent stone analysis demonstrated the stone 
to be calcium oxalate in composition.   

   Discussion 

 Caliceal diverticula are peripherally located cavi-
ties lined with nonsecretory transitional strati fi ed 
epithelium  [  31  ] . Communication with the main 

  Fig. 1.8    ( a ,  b ) Intravenous pyelogram demonstrating stone within a right caliceal diverticulum arising from the mid-
pole calix       

  Fig. 1.9    Intraoperative retrograde pyelogram demon-
strates stone within a caliceal diverticulum arising from 
the mid pole calix       
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portion of the renal collecting system is via a 
neck of variable width. Urine usually enters the 
cavity by retrograde passive  fi lling. Although a 
proportion of patients with CD are asymptom-
atic, calculi may form with resultant pain, hema-
turia, or urosepsis. 

 Prior to the emergence of endoscopic stone 
surgery, treatment options for CD included par-
tial nephrectomy, diverticulectomy, or deroo fi ng 
 [  32  ] . Ureteroscopy (URS), extracorporeal shock 
wave lithotripsy (SWL), laparoscopy, and PCNL 
have now virtually replaced open surgical 
approaches. SWL presents as an attractive mini-
mally invasive option however results are gener-
ally regarded as inferior with SFR  [  33  ] . Thirty-one 
percent of patients treated with SWL for CD 
stones required salvage with either URS or PCNL 
 [  34  ] . Laparoscopic techniques have been 
described with excellent SFR although the role of 
laparoscopy appears to be mainly in the manage-
ment of stones within anteriorly located or thin 
walled CD. The gold standard for the manage-
ment of CD is PCNL  [  35  ] . Most series report 
achieving SFR of approximately 80–90 % per-
cent  [  36,   37  ] . As a result, PCNL is now widely 
considered the treatment of  fi rst choice for most 
patients. 

 Before contemplating percutaneous manage-
ment, cross-sectional imaging with CT should be 
performed in all cases to ensure the diverticulum 
is posterior and amenable to direct percutaneous 
access. With the aid of a  fl exible cystoscope, a 

guidewire may be passed into the renal pelvis 
under  fl uoroscopic guidance and 5 Fr open-ended 
ureteral catheter positioned to allow for contrast 
injection to delineate the anatomy of the intrare-
nal collecting system. One should carefully 
examine the retrograde pyelogram images. In 
some cases, it may be possible to identify the 
diverticular neck and  fi lling of the diverticulum. 

 Access to the diverticulum in the prone posi-
tion may be achieved using the bulls-eye or trian-
gulation techniques described previously. Ideally, 
once the tip of the access needle is placed into the 
diverticulum, one should attempt to negotiate a 
guidewire through the lumen of the diverticular 
neck. This maneuver may be facilitated by the 
use of a steerable, angled catheter (Fig.  1.5 ). If 
the neck cannot be identi fi ed preventing guide-
wire advancement into the renal pelvis, or the 
diverticulum is not large enough to allow curling 
of the guidewire, a transdiverticular puncture and 
neoinfundibulotomy (TDPN) is a useful means 
of salvage and is associated with excellent stone- 
and patient-related outcomes  [  37  ] . 

 Using  fl uoroscopic guidance, a combination 
of anterior-posterior and oblique projections may 
be utilized to direct a Neff set (Cook Urological, 
Bloomington, IN) puncture needle through the 
wall of the diverticulum, out its back wall and 
into the renal collecting system (Fig.  1.11 ). At 
the completion of stone fragmentation and extrac-
tion, the neck of the diverticulum may be dilated 
with a ureteral balloon device. The nephroscope 
can then be advanced to the renal pelvis to ensure 
complete stone removal. At the completion of the 
case, a 16 or 18 Fr Councill catheter may be 
placed over the guidewire and through the neoin-
fundibulum to act as a nephrostomy tube. The 
nephrostomy tube should remain in place for 2–3 
days postoperatively, followed by a trial of clamp-
ing and removal in the absence of pain or fever.  

 Other investigators have described alternative 
techniques such as a single-stage approach, where 
a puncture is made directly in to the CD, using 
the calculi as target without the use of retrograde 
contrast. The guidewire is coiled in the cavity 
without any attempt to communicate the CD with 
the urinary system  [  38  ] . The main drawback of 
this technique is that slippage or loss of the guide-
wire can occur with a resultant loss of access. 

  Fig. 1.10    At the completion of stone removal, a Councill 
catheter was placed across the diverticular neck with its 
tip in the main portion of the collecting system       
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The single-stage approach has the added disad-
vantage of precluding second look nephroscopy 
as access to the collecting system is not achieved. 
We propose that the safety and success of PCNL 
in this context can be maximized by adhering to 
the principles outlined in Table  1.3 .        
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         Introduction 

 After more than 30 years, percutaneous stone 
removal still stands the test of time as treatment 
of choice for large and/or complex urolithiasis. In 
fact, instead of becoming obsolete over the 
decades, percutaneous nephrolithotomy (PCNL) 
underwent considerable evolution since its intro-
duction in 1976, progressively acquiring a new 
con fi guration and accordingly improving its 
ef fi cacy and safety in expert hands. The old static 
procedure has become a technically updated and 
really mini-invasive approach thanks to a great 
deal of consistent advances regarding imaging 
techniques, anesthetic skills, patient positioning, 
renal access creation, antegrade and retrograde use 
of semirigid and  fl exible endoscopes with better 
technology and vision, choice among a variety of 
accessories and intracorporeal lithotripsy devices, 
and postoperative renal drainage  [  1,   2  ] . 

 The rather recent debate on patient position-
ing certainly contributed to the new life of PCNL 
 [  3,   4  ] . The prone position was the one used by 
Goodwin and collaborators when they gained the 
 fi rst percutaneous renal access in 1955, and by 
Fernström and Johansson when they described 
the percutaneous pyelolithotomy technique in 
1976; therefore, it became the traditional one. 

Of course the prone position provides a wide 
 surgical  fi eld for renal puncture and adequate neph-
roscopic manipulation, easier upper pole puncture 
with a lower risk of lung, pleura, and liver/spleen 
injury, a good distension of the collecting system 
and feasibility of bilateral procedures. 

 On the other hand, the anesthetic concerns of 
the prone position (especially in morbidly obese 
patients, those with compromised cardiopulmo-
nary status or skeletal deformities) and the 
dif fi culty of obtaining a combined antegrade and 
retrograde access to the renal cavities when 
needed are issues that have been overlooked for a 
long time. A lot of modi fi ed positions have been 
proposed over the years, including the reverse 
lithotomy position of Lehman and Scarpa, the 
lateral decubitus of Grasso and Kerbl and the 
supine position of Valdivia Urìa, but none of them 
ever threatened the supremacy of the usual prone 
position until recently. In particular, Valdivia Urìa 
described already in the late 1980s his experience 
with the supine approach for PCNL, publishing 
consistent clinical data on the ef fi cacy and safety 
of this technique, but his results did not obtain the 
deserved consensus within the endourological 
community  [  3,   5  ] . 

 The idea of combining percutaneous and 
retrograde approach during the same surgical 
procedure is not new at all. Initial blind attempts 
were described in the early 1980s with the trans-
cutaneous retrograde nephrostomies of Hawkins-
Hunter and of Lawson  [  6,   7  ] ; few years later a 
simultaneous nephroscopic and ureteroscopic 
access with the patient in the “reverse lithotomy 
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position” was occasionally needed to solve par-
ticular clinical situations  [  8  ] . In the late 1980s 
Ibarluzea and coworkers progressively changed 
the supine Valdivia position associating a 
modi fi ed lithotomic arrangement of the lower 
limbs, giving birth to the handy and ergonomic 
Galdakao-modi fi ed supine Valdivia (GMSV) 
position, which appeared in the Spanish literature 
in 2001 but only in 2007 in an international pub-
lication  [  5  ] . The GMSV position optimally sup-
ports ECIRS (Endoscopic Combined IntraRenal 
Surgery), a novel combined antegrade and retro-
grade approach to the upper urinary tract for the 
treatment of large and/or complex urolithiasis, 
involving the synergic use of rigid and  fl exible 
endoscopes, various accessories and lithotripsy 
energies, and a synergic cooperation among all 
the operators (two surgeons, anesthesiologist, 
scrub nurse, nurses, radiology technician) with 
the relative armamentaries  [  2–  5,   9–  15  ] . This was 
really the  fi rst time that retrograde ureteroscopy 
was employed not only as an occasional comple-
ment to PCNL bur rather as an essential part of it, 
with an indefeasible active role for an optimal 
outcome. Scoffone and Scarpa made a big effort 
for popularizing ECIRS in the GMSV position  [  9  ]  
via congresses, publications, and live surgeries. 
The same did Daels  [  10  ]  and Hoznek  [  11  ] , who 
largely contributed to the technical standardization 
and improvement of ECIRS, whereas Frattini 
gained a wide experience with this combined 
approach in children with optimal results  [  12  ] . 

 The supine positions for PCNL are not the 
unique alternatives to the prone position, as dem-
onstrated by the bulk of recent literature  [  3,   13  ] , 
proposing lateral,  fl ank, split-leg modi fi ed lateral, 
 fl ank prone, prone  fl exed, supine oblique, semisu-
pine positions, and many others. The relevant 
aspect is that all these authors made their propos-
als in a common effort to improve their surgical 
percutaneous practice. Of course, feasibility, 
ef fi cacy, and safety of PCNL performed in any 
alternative position have been compared to those 
of the prone PCNL, by now with substantially 
equivalent urological outcomes (in terms of 
stone-free rates, operative time, hospital stay, 
complication rates). 

 Among the advantages of PCNL performed in 
the GMSV position we number anesthesiological, 

management and urological advantages, which 
have been widely reported  [  2–  5,   9–  15  ] . The car-
diovascular, ventilatory, neuroendocrine, and 
pharmacokinetic problems of the prone position 
 [  9,   14  ]  are overcome in the supine positions, with 
better access to the airways and the cardiovascu-
lar system. This is particularly true for special 
patients, including children, elderly, obese, 
kyphotic/scoliotic, and debilitated patients. 
Management advantages include easy and com-
fortable patient positioning, no need for intraop-
erative repositioning of the anesthetized patient 
(with less need of nurses in the operating room, 
less occupational risk due to shifting of heavy 
loads, less risk of pressure injuries due to inac-
curate repositioning responsible for ligament 
lesions, visual problems, and neurological 
de fi cits, a single de fi nitive sterile draping of the 
patient), the possibility for the surgeon to work 
sitting down and with his hands out of the 
 fl uoroscopic  fi eld. Urological advantages include 
an easier puncture of the kidney lying nearer to 
the skin, the possibility of an Endovision-assisted 
renal puncture and tract dilation, a demonstrated 
decreased risk of colon injury, a great versatility 
in the combined stone manipulation, a better 
descending drainage and retrieval of stone frag-
ments from lithotripsy because of the downward 
position of the Amplatz sheath, low intrarenal 
pressures implying less pyelovenous back fl ow 
and of postoperative infectious risk.  

   Description of the Supine Technique 

 We will focus our attention on two issues which 
characterize ECIRS, combining supine PCNL 
and retrograde access to the upper urinary tract: 
patient positioning and organization of the oper-
ating room and the role of retrograde ureteros-
copy during PCNL. 

   Patient Positioning and Organization 
of the Operating Room 

 The posterior axillary line is drawn on the skin 
with the patient standing; subsequently the patient 
undergoes general anesthesia in the supine position. 
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The  fl ank to be operated leans out of the border of 
the operating table and has to be raised and 
slightly rotated by a single underlying 3-l saline 
bag, or by two separated jelly pillows put under the 

thorax and the ankle (Fig.  2.1 ), or by a particular 
balloon that can be in fl ated and de fl ated accord-
ing to the requirements after inserting its  fl at 
part under the back of the patient (Fig.  2.2 ). 

  Fig. 2.1    Patient in the GMSV position, with the two jelly pillows under the thorax and the ankle       

  Fig. 2.2    Patient in the GMSV position, with the in fl atable balloon under the  fl ank       
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The ipsilateral arm is laid on the thorax, while 
venous access is assured on the contralateral arm; 
the remaining landmarks, i.e., 12th rib and iliac 
crest, are then drawn of the skin (Figs.  2.1  and 
 2.2 ). Subsequently the lower limbs are arranged 
in a modi fi ed lithotomic position, typical of the 
GMSV position, with the leg of the operated side 
extended and the contralateral one well abducted. 
Care is taken to prevent pressure injuries, accu-
rately padding the legs stirrups (Figs.  2.1  and 
 2.2 ). Once the positioning of the patient is com-
pleted a single sterile draping is applied, stan-
dardized according to the individual requirements 
(Fig.  2.3 ). Both percutaneous and retrograde 
accesses should be simultaneously accessible, 
the movements of the endoscopic instruments not 
hindered (Fig.  2.4 ), all the monitors (endoscopic, 
ultrasound,  fl uoroscopic) visible by both surgeons, 
and the rest of the armamentarium (like litho-
tripsy energy sources) handy for the operators. 
This means that also the organization of the oper-
ating room should be standardized according to 
the space available, and common schemes should 
be followed (Fig.  2.3 ).      

   Preliminary Retrograde Ureteroscopic 
Evaluation 

 The possibility of obtaining a combined approach 
to the upper urinary tract allows to do something 
more than the cystoscopic application of a guide-
wire and of a ureteral catheter for pyelography or 
renal cavities distension with saline, which is the 
 fi rst step of prone PCNL. 

 The initial retrograde ureteroscopic control 
follows a mandatory preoperative CT scan, and 
allows to assess:

   The anatomical features of the lower urinary  –
tract.  
  The anatomical features of the ureteral meatus  –
and of the ureter (a thin or a spastic ureter 
would need smaller caliber ureteroscopes and/
or ureteral sheaths).  
  The presence of ureteral stones or strictures to  –
be contextually treated.  
  Pyelic and calyceal morphology, in normal  –
conditions as well as in known congenital 
renal malformations or outcomes of previous 
renal surgeries.  

  Fig. 2.3    Sterile draping of the patient and organization of the operating room       
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  Stone accessibility, position, mobility, hard- –
ness, and peculiarities (intraparenchymal 
calci fi cations rather than Randall’s plaques), 
with a possible change in indication from per-
cutaneous to ureteroscopic treatment.  
  The course of the Endovision-assisted  –
 fl uoroscopic and ultrasound-guided renal 
puncture, with the possibility of controlling/
correcting the exiting of the needle through 
the tip of the renal papilla after passing through 
the Brodel’s avascular line, thus minimizing 
the risk of bleeding (Fig.  2.5 ).   
  The course of the Endovision-assisted percu- –
taneous tract dilation and of the Amplatz 
sheath application, minimizing radiation 
exposure.  
  The preparation of the “kebab” (skewered)  –
patient for absolute procedural safety: the 
guidewire entering the kidney through the 
percutaneous tract is retrogradely extracted 
with forceps and exits through the external 
urethral meatus; vice versa, the main guide-
wire (or an auxiliary one) may be inserted via 
the ureteroscope and externalized through the 
Amplatz sheath.     

   Intraoperative Retrograde 
Ureteroscopy 

 Nowadays we can exactly acknowledge all the 
critical PCNL steps that may greatly bene fi t from 
a retrograde ureteroscopic assistance:

  Fig. 2.4    The resulting freedom of movements of the rigid nephroscope in the GMSV position       

  Fig. 2.5    Endovision-assisted renal puncture, with the 
entry of the needle within the renal cavities through the tip 
of the renal papilla       
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   Retrieval of stone fragments from calices  –
 parallel to the access tract or within narrow 
infundibula by means of  fl exible ureteroscopy, 
retrograde in situ laser lithotripsy, or dislodge-
ment in sites more suitable for antegrade litho-
tripsy (this avoids the need for multiple 
percutaneous tracts and related hemorrhagic 
risk, optimizing stone-free rates).  
  Control of the ongoing lithotripsy, avoiding  –
the descent of stone fragments along the ureter 
and transiently increasing the irrigation to 
improve visibility only when needed, without 
the risks of a constantly high intrarenal pres-
sure and related infectious risks.  
  Cooperation with  fl exible nephroscopy in the  –
 fi nal visual assessment of the stone-free status 
(with reduced intraoperative  fl uoroscopic 
exposure and postoperative need for CT scan), 
with the possibility of completing the proce-
dure or of planning kind and timing of a sec-
ond look treatment of the residual stone 
burden, and in the decision for a tubeless pro-
cedure (in absence of bleeding or upper urinary 
tract perforation/lesion).  
  Final endoscopic evaluation of the meatus, the  –
ureter, and the ureteropelvic junction in order to 
decide for a stentless PCNL (in the absence of 
edema, bleeding, clots, stone fragments, wall 
lesions, or strictures) or about the timing of a 
double J stent (short- or long-term application).    
 According to our personal experience (unpub-

lished data), in a series of 55 consecutive patients 
who underwent ECIRS in our Department during 
2011 and the  fi rst term of 2012 for large and/or 
complex urolithiasis ureteroscopy was carried out 
in 84 % of cases (76 % semirigid 6–7.5 Ch uret-
eroscopy, 37 % associated  fl exible ureteroscopy, 
7 % only  fl exible ureteroscopy, 44 % of total 
 fl exible ureteroscopies, 10 % application of a ure-
teral sheath). The stone-free rate after a  fi rst treat-
ment was 90, 94 % after a second early treatment 
(second PCNL or retrograde ureteroscopy). The 
mean operative time was 88 min including patient 
positioning. The Endovision aid to the renal punc-
ture was feasible in 29 % of the procedures, the 
combined treatment of ureteral stones, calculi in 
calices parallel to the percutaneous tract or 
impacted in infundibula, calyceal diverticula and 

double districts in 48 % of cases. Evaluation for 
 fi nal application of a double J stent lead to a 35 % 
of stentless (but not tubeless) ECIRS; of the 65 % 
ECIRS concluded with the application of a double 
J stent 50 % had a string for facilitated removal 
after few days  [  1–  3  ] . There were no ureteral lesions 
at all, and an overall complication rate of 5.5 % 
(two fevers responsive to antibiotic treatment and 
one self-limiting bleeding). Therefore, the compli-
cation rate of ECIRS is not the sum of those of 
PCNL and retrograde ureteroscopy; on the con-
trary, retrograde ureteroscopy contributes to mini-
mize the more relevant PCNL complications 
(mainly bleeding and infection).   

   Conclusions 

 For sure ECIRS is not the unique new gold standard 
for percutaneous renal stones treatment, but may 
be is a candidate, representing a new comprehen-
sive attitude of the urologist toward the various 
PCNL steps, exploiting the surgeon’s versatility 
for an optimal outcome in terms of safety and 
effectiveness. Among the merits of ECIRS we 
recognize the large amount of thorough critical 
analysis of the PCNL procedure triggered by its 
proposal, as demonstrated by the bulk of litera-
ture published on this argument, which has led to 
the standardization of each surgical step for a 
shorter learning curve and a better replicability, 
and extended its positive in fl uence on the stan-
dardization of the prone procedure as well. The 
GMSV position allowing ECIRS is very handy 
and ergonomic, but  fi rst of all very safe from an 
anesthesiological point of view. In conclusion, 
ECIRS passwords are “synergy, versatility, and 
standardization,” for an optimal outcome of the 
percutaneous treatment of large and/or complex 
renal stones.      
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         Introduction 

 The “make or break” component of a successful 
percutaneous nephrolithotomy (PCNL) is proper 
access to the renal collecting system. Thoughtful 
and accurate access during PCNL will minimize 
complications, and will optimize the outcomes of 
the procedure. It is easily argued that safe and 
direct access to the kidney presents the greatest 
challenge of PCNL. 

 Since the inception of percutaneous access to 
the kidney over 50 years ago,  fl uoroscopy and 
more recently, ultrasound, have remained the 
standard imaging modalities for obtaining renal 
access  [  1  ] . While effective in most cases, many 
urologists  fi nd the traditional methods of obtain-
ing access technically daunting. These challenges 
result in the requirement of collaboration with an 
interventional radiologist to gain access, or in 
some cases, the use of alternative and sub-opti-
mal strategies for stone treatment. In recent years, 
we have combined traditional two dimensional 
access modalities such as  fl uoroscopy and ultra-
sound imaging with direct endoscopic visualiza-
tion for access. The application of direct 
ureteroscopic vision to visualize the needle pen-
etrating into the renal collecting system during 
access allows the majority of urologists (who are 

very familiar with renal endoscopy) to greatly 
facilitate proper needle deployment. 

 In this chapter, we will detail the “Endoscopic 
PCNL,” a technique that combines  fl exible uret-
eroscopy with  fl uoroscopy to obtain precise and 
safe renal access in the desired calyx under direct 
vision. The  fl exible ureteroscope has become 
increasingly more advanced and ubiquitous in 
clinical practice over the past decade. As such, it 
provides a new adjunct modality to assist in the 
otherwise very challenging, technically demand-
ing, and potentially dangerous endeavor of direct 
puncture of the renal collecting system. 

 PCNL was initially described by FernstrÖm 
and Johansson in 1976 and has remained the gold 
standard for treatment of large renal stones  [  2–  4  ] . 
As most practitioners know, direct puncture into 
the kidney is not without its dif fi culties and risks. 
The procedure often requires multiple needle 
punctures, which can lead to bleeding, perfora-
tion of bowel, and damage to the collecting sys-
tem. Occasionally, urologists fail to gain access 
despite multiple attempts. Gaining access to the 
kidney can be particularly challenging in the case 
of a non-dilated collecting system, in patients 
with a large stone burden, in cases of aberrant 
renal anatomy, in patients with an allergy to 
angiographic contrast material, or with obesity or 
previous renal surgery. 

 Several modi fi cations of the original tech-
nique of PCNL have occurred over the years in 
an attempt to decrease complications. Retrograde 
access, an idea introduced in the 1980s by Hunter 
and Lawson’s groups, sought to use the principle 
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of going from known to unknown  [  5,   6  ] . Using 
 fl uoroscopy, the desired calyx can be accessed 
retrograde. A 5 F ureteral catheter and wire are 
guided to the calyx of choice, which is then punc-
tured with a sharp 160-cm needle passed through 
the catheter. Then, under  fl uoroscopy the needle 
is passed under the ribs to the skin. The needle 
can be exchanged for a wire, and a tract is then 
dilated. While this technique and several 
modi fi cations were successful in obtaining renal 
access in 89–100 % of cases, there were signi fi cant 
limitations  [  7–  10  ] . In cases of large stones, the 
tracts made were often long and tortuous making 
the procedure more dif fi cult  [  11  ] . 

 With advances in imaging and materials tech-
nology, the ureteroscope has evolved into a highly 
functional, nimble, and relatively durable instru-
ment. Image quality continues to rapidly improve, 
particularly with the introduction of distal sensor 
ureteroscopes. Endoscope diameter continues to 
diminish, albeit not with the distal sensor uretero-
scopes. Contemporary ureterosopes incorporate a 
functional working channel with a diameter ade-
quate to accommodate instruments such as a 
200  m m laser  fi ber or nitinol instruments while 
maintaining outstanding active and passive 
de fl ection characteristics. Indeed, with contem-
porary ureteroscopes, it is feasible to routinely 
achieve access to every calyx in almost every 
case  [  12–  14  ] . 

 The routine incorporation of a ureteral access 
sheath has also become an important part of the 
urologist’s armamentarium. These lubricious and 
wide caliber sheaths can be passed into the renal 
pelvis, allowing for excellent high- fl ow and low-
pressure drainage of the kidney. Deployment of an 
access sheath during PCNL procedures also allows 
for stone fragments to pass down the ureter and out 
of the patient. Contemporary access sheaths come 
in a wide range of lengths and diameters and sev-
eral features that enable easy deployment in most 
ureters. The incorporation of a hydrophilic coating, 
a tapered dilator and kink resistant materials and a 
funnel-shaped ergonomic entry port make deploy-
ment of today’s access sheath very easy in most 
patients  [  15  ] . Using an access sheath, the uretero-
scope can easily and atraumatically be passed up 
and down the ureter  [  16–  19  ] . It is the advances in 
ureteroscope technology and contemporary access 

sheaths that have made Endoscopic PCNL pos-
sible, ef fi cient and, in many cases, safer than the 
traditional approach. 

 The  fi rst endoscopic PCNL was reported by 
Grasso and Colleagues in 1995 after attempted 
access under  fl uoroscopy in seven patients failed 
 [  20  ] . Kidd and Conlin used endoscopy to obtain 
access in three cases as well  [  21  ] . Of the ten patients 
reported, most were obese and/or presented an ana-
tomic challenge; endoscopy was used as a last 
resort. These procedures were done without the use 
of an access sheath. In 2003, Landman and col-
leagues reported the application of a ureteral access 
sheath during PCNL  [  15  ] . This offered the advan-
tage of a better retrograde dilation of the collecting 
system, which would facilitate needle access and 
passage of the guidewire between large stones. 
Studies of renal pelvic pressures showed that place-
ment of an access sheath provides for maximum 
 fl ow of the irrigant while maintaining a low intrare-
nal pelvic pressure  [  18  ] . Additionally it would expe-
dite through and through wire placement, provide 
drainage stone fragments, and allow for rapid 
and atraumatic placement of the ureteroscope 
throughout the case. 

 Clayman and colleagues later described the 
current Endoscopic PCNL technique after his ini-
tial experience at the University of Texas, 
Southwestern Medical Center in 2005, which 
involved placement of a ureteral access sheath and 
placement of a ureteroscope at the onset of the 
case to facilitate needle placement. The advan-
tages of precise placement of the nephrostomy 
needle and direct visualization of the tract dilation 
and sheath placement were immediately apparent, 
and the technique was re fi ned over the subsequent 
100 PCNL cases  [  22  ] . Since then, access sheath 
placement and endoscopy have become an inte-
gral part of PCNL at the author’s institution.  

   Details of the Procedure 

   Positioning 

 The patient is positioned prone on spreader bars 
with legs abducted. This allows for simultaneous 
access to the  fl ank and genitalia. Both areas are 
prepped and draped (Figs.  3.1  and  3.2 ).    
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   Ureteral Access 

 Proper setup of the back table is of paramount 
importance when performing complex endos-
copy (Table  3.1 , Fig.  3.3 ). A  fl exible cystoscope 
is inserted into the bladder and a 0.035″  fl oppy 
tip hydrophilic glidewire is advanced up the 
ureter under  fl uoroscopic guidance. An 8 F/10 F 
coaxial dilater is advanced over the glidewire. 
The 8F coaxial dilator is removed and the 10 F 
dilator is used to perform a retrograde pyelo-
gram. A  fl oppy tip guidewire and a 0.035″ super-
stiff wire are advanced through the 10 F sheath 
to the collecting system. The superstiff wire will 
be the working wire. The 10 F sheath is removed 
and the guidewire is coiled and  fi xed to the 
drapes near the upper thigh with a Kelly clamp. 
This will function as a safety wire. A 12 F Foley 
catheter is placed in the bladder for drainage.   

 A ureteral access sheath is passed over the 
working wire until the distal tip rests at the level 
of the ureteropelvic junction. Access sheath size 
will depend on the size and sex of the patient, the 
stone burden and the size of the ureteroscope. 
Men will often require a 55 cm sheath where as a 
35 cm sheath will reach the UPJ in most women. 

  Fig. 3.1    Patient positioning. Patient is positioned prone with spreader bars to allow for endoscopic access from below       

  Fig. 3.2    Patient positioned in prone position with 
spreader bars with drapes in place       
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Diameter ranges from an inner/outer diameter of 
9.5 F/11 F to 14 F/16 F. A larger sheath should be 
used for larger ureteroscopes and in cases of 
signi fi cant stone burden. That said, if the sheath 
does not pass easily, a smaller diameter sheath 
should be chosen. In cases where the patient 
already has a ureteral stent in place prior to the 
procedure, we routinely advance a 14/16 F access 
sheath without dif fi culty to the level of the UPJ. 
The working wire is removed once the sheath is 
in place and the ureteroscope is advanced into the 
renal pelvis through the access sheath.  

   Renal Access 

 A double contrast nephrogram is performed via 
the ureteroscope. Ten to twenty milliliters of 
dilute contrast material is followed by injection 
of 2–5 cc of air. The use of contrast and air helps 
map the calyceal system. With the patient in the 
prone position, the ureteroscopist can  fi nd the 
most posterior calyx by following the air bubble. 
The air bubble can also be seen on  fl uoroscopy. 
An upper pole posterior calyx is selected by the 
ureteroscopist. In some cases, the stone may hin-
der advancement of the ureteroscope or access 
to the desired calyx. A 200  m m Holmium laser 
 fi ber can be used to fragment the stone to allow 
passage of the ureteroscope. 

   Table 3.1    Instrument setup guide   

  Operating room  
  Fluoroscopy-compatible operating room table 
  Leg spreader bars 
  C-arm  fl uoroscopy with monitor 
  Video tower setup with light source, camera, and monitor 
   Standard surgical tray (includes #11 scalpel blade and 

kelly clamps) 
  Flexible cystoscope/nephroscope (16 F standard) 
  Flexible ureteroscope 
  Rigid nephroscope (26 F offset lens) 
   Lithotripsy equipment and supplies including grasping 

forceps, stone baskets, and laser  fi ber 
  Pressurized warming irrigation system 
  Disposable  
   0.035-in. 150-cm nitinol hydrophilic guidewire—straight 

tip and/or angled tip 
  0.035-in. 150-cm  fl oppy-tip Bentson guidewire 
  0.035-in. 145-cm super-stiff guidewire 
  0.035-in. 260-cm  fl oppy-tip Bentson exchange guidewire 
  5 F open-ended ureteral catheter 
  8 F/10 F coaxial dilator-introducer set 
  Ureteral access sheath (35 or 55 cm, 9.5/11 F or 12/14 F) 
  18-G 15-cm conical tip, percutaneous renal trocar needle 
   5-mm fascial incising needle (Cook Urological, Spencer, 

IN, USA) 
   30 F nephrostomy dilating balloon catheter with 30 F 

renal access sheath 
  12 F Foley catheter 
  10 mL Luer lock syringe 
  Optional  
   Sureseal II ®  Side arm self-sealing adapter (Applied 

Medical Corp., Rancho Santa Margarita, CA, USA) 

  Fig. 3.3    Well   -organized back table for ureteroscopy and PCNL       
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 With the  fl uoroscope at a 90° anterior–posterior 
position, the same calyx is found by the surgeon 
obtaining  fl ank access. An 18 G nephrostomy 
needle is advanced towards the tip of the uret-
eroscope, which is radiopaque on  fl uoroscopy. 
Once the needle has been advanced 4–6 cm, its 
trajectory is  fi xed. The C-arm is rotated to 25–30° 
posterolateral-oblique position. The needle is 
advanced and its position is monitored under 
 fl uoroscopy. 

 The needle is monitored under  fl uoroscopy and 
then visualized with the ureteroscope as it punc-
tures the collecting system. The ureteroscopist can 
watch the needle traverse the fornix of a posterior 
calyx and ensure that it is not passed too deeply so 
as to perforate the anterior wall of the calyx.  

   Creation of Access Tract 

 Once the needle is in position, the needle obtura-
tor is removed. Under direct vision and 
 fl uoroscopic guidance, a 0.035″ hydrophilic 
glidewire is passed through the needle and 
directed down the ureter alongside the access 
sheath or coiled in the renal pelvis. Alternatively, 
an angled glidewire can be maneuvered using a 
torquing tool such that it is advanced into the 
access sheath and delivered at the urethral end of 
the sheath. This process is very much facilitated 
by transiently pulling the access sheath down into 
the proximal ureter. In this manner, the UPJ can 
be used as a funnel to bring the wire into the ure-
ter and then the access sheath. Once this through 
and through access has been gained, the 8 
component of the 8–10 dilator can be passed 
down through the entire system and the angled 
glide wire changed to a superstiff wire. We typi-
cally advance the wire such that the  fl oppy end is 
at the  fl ank site so that it can be used for retro-
grade ureteral catheter deployment at the end of 
the procedure. The sheath can then be re-advanced 
up the ureter and into the renal pelvis by inserting 
the obturator and advancing the entire unit. The 
wire within the access sheath is maintained for 
perfect through-and-through access. 

 The needle puncture site is enlarged to a 
1.0 cm incision with a #11 blade and the nephros-

tomy needle is removed. A 5 mm fascial incising 
needle is passed over the antegrade wire parallel 
to the skin incision. Tract dilation is performed 
under direct endoscopic visualization and 
 fl uoroscopic control. A 30 F dilating balloon with 
a backloaded 30 F working sheath is advanced 
over the superstiff wire. The tip of the balloon 
can be seen entering the calyx on ureteroscopy. 
The balloon is then in fl ated under direct vision. 
Fluoroscopy can be used to insure complete 
in fl ation of the balloon. The working sheath is 
passed over the balloon and rotated under uret-
eroscopic guidance until all the edges of the 
sheath are visible in the collecting system. Using 
direct vision, we have found it very easy to 
deploy the balloon and outer sheath with milli-
meter precision. We have therefore been able to 
very easily and routinely avoid dilating too 
deeply and traumatizing the infundibulum and 
deploying the outer sheath in the renal paren-
chyma. The balloon is de fl ated and withdrawn 
(Figs.  3.4 ,  3.5 ,  3.6 ).    

 Once access is obtained, the surgeon has 
many options available including rigid and 
 fl exible nephroscopy, ureteroscopy, ultrasound, 
suction, hydraulic devices, and graspers to evac-
uate the stone burden and manipulate the wires. 
If through-and-through access has not yet been 
obtained a 260 cm exchange wire can be 
advanced retrograde through the ureteral access 

  Fig. 3.4    The balloon dilator is seen dilating the renal 
parenchyma, under direct ureteroscopic vision       
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sheath to the renal pelvis and grasped with the 
nephroscope forceps and removed through the 
30 F sheath.   

   A Safer Method of Obtaining Access 

 Considering the danger of direct puncture to the 
renal collecting system, safety is the foremost 
concern of the surgeon gaining access. Direct 

visualization of the collecting system provides 
several advantages in this regard. 

 Targeting a posterior calyx became easier and 
safer with adjunct ureteroscopy. In a similar fashion 
to traditional PCNL, air could be injected directly 
into the collecting system. With the patient prone, 
air will rise to the most posterior position in the 
kidney, thereby marking a posterior target. This 
can be visualized under  fl uoroscopy as well as 
under direct vision, providing a target and a 
method for orientation for the ureteroscopist. The 
needle can then be passed directly toward the tip 
of the ureteroscope under  fl uoroscopy, insuring 
that the puncture is directly into the calyx of 
choice. Safe and precise placement of the neph-
rostomy needle in a posterior calyx with fewer 
needle punctures would prove bene fi cial in reduc-
ing blood loss, pain, incidence of post-op fever, 
and sepsis (Table  3.2 ).  

 Perforation of the anterior collecting system is 
a common complication of traditional PCNL. 
Often, the needle is passed to deeply or scything 
the desired calyx. This increases the risk of fur-
ther parenchymal injury and bleeding, as well as 
perforation of the colon or duodenum. Many 
times after dilating an access tract and inserting 
the nephroscope with traditional access tech-
niques, the guidewires are seen to be perforating 
the collecting system; often the surgeon can be 
fooled by the paths needles and wires take under 

   Table 3.2    Potential advantages of endoscopic-guided 
PCNL   

 Direct visual targeting of the desired calyx 
 Decreased  fl uoroscopy needed for needle 
localization 
 Visual con fi rmation of needle trocar placement, 
dilation, and tract creation 
 Facilitate placement of antegrade guidewire for 
through-and-through access 
 Simultaneous antegrade and retrograde approach for 
complex or large stone burdens in dif fi cult-to-access 
areas (middle pole calyx) 
 Ability to clear stone fragments proximal to the renal 
access in a retrograde fashion 
 Ability to clear ureter stones 
 Increased success of supracostal percutaneous 
access 
 Decreased risk of pleural injury 

  Fig. 3.5    Fluoroscopic view of ureteroscope and access 
sheath during tract dilation       

  Fig. 3.6    Ureteroscopic view of access sheath in position       
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 fl uoroscopy or ultrasound alone. Direct visual-
ization with an ureteroscope allows the surgeon 
to see whether the needle has passed too deep or 
outside the collecting system. Passing wires into 
the collecting system or down the ureter can be 
done quickly and with con fi dence under direct 
vision. 

 A retrospective analysis at the University 
of California, Irvine, comparing Endoscopy 
Assisted PCNL versus the standard  fl uoroscopy-
guided technique showed a decrease in estimated 
blood loss (158 cc vs. 211 cc,  p  = 0.03) and 
decreased postoperative transfusion rates (7.8 % 
vs. 21.4 %,  p  = 0.05). Stone free rates, periopera-
tive complications, embolization rates, narcotic 
usage, and renal function (measured by glomer-
ular  fi ltration rate) were identical. There was a 
trend towards decreased retreatment rates with 
endoscopic guidance (24 % vs. 36 %,  p  = 0.19), 
and a trend towards a longer operative time 
(227 min vs. 208 min,  p  = 0.1)  [  23  ] . 

 Patients who underwent endoscopic-guided 
PCNL with upper pole access had fewer pulmo-
nary complications compared to reports in the 
literature of standard PCNL. Of 111 consecutive 
cases, 93 % used an upper pole access, and 75 % 
had a supracostal puncture. All patients received 
a postoperative chest x-ray, and 11 % had a 
pleural effusion. Three percent developed a 
pneumothroax and two patients required a chest 
tube for clinically signi fi cant effusions (none for 
pneumothorax). This was compared to a meta-
analysis of supracostal access by Lingeman 
et al. of 1,580 patients who underwent PCNL, 
30 % of which had upper pole access. The over-
all incidence of pleural complications was 
14.8 % with 4.1 % of these complications requir-
ing intervention  [  24  ] . 

 As a whole, urologists have lower access-
related complications than radiologists when 
obtaining renal access. However the learning 
curve for standard PCNL is steep, requiring 
24–60 procedures to obtain pro fi ciency  [  25–  27  ] . 
As such, only 11 % of urologists obtain their own 
access. The use of endoscopy can help  fl atten the 
learning curve, allowing more urologists to feel 
comfortable and con fi dent obtaining access effec-
tively and safely.  

   Stone Retrieval in Endoscopic PCNL 

 If safe access to the kidney is the primary goal of 
PCNL, the secondary goal is optimal stone clear-
ance. Large staghorn calculi are particularly 
suited for Endoscopic PCNL, as this technique 
allows the safest opportunity for upper pole pos-
terior access. Furthermore, all renal calyces, in 
even the most complex collecting system, can be 
accessed with ureteroscopy if needed throughout 
the case  [  28  ] . 

 In traditional PCNL, a second needle puncture 
and dilated tracts may be required to adequately 
access a stone that cannot be visualized with from 
the vantage of the  fi rst puncture. Ureteroscopy has 
proved helpful for accessing and inspecting these 
calices that were otherwise inaccessible, obviating 
the need for a second PCNL tract in many cases. In 
fact, the ureteroscope can be used to visualize 
these inaccessible stones and fragment them in 
situ, or mobilize these stones so that they can be 
presented to a rigid nephroscope for expeditious 
extraction or rapid fragmentation. Essentially, the 
access sheath becomes the equivalent of an addi-
tional access site without the associated risks of 
renal bleeding and pleural disruption. 

 Placement of an ureteroscope and access sheath 
allows for retrograde irrigation and dilation of the 
targeted collecting system  [  15  ] . Additionally, if 
necessary, ureteroscopic laser lithotripsy can 
reduce pre-puncture stone burden to allow for 
ideal caliceal placement and complete entry of the 
sheath into the collecting system. This has its own 
bene fi ts, including reduced extravasation of irriga-
tion into the retroperitoneum and decreased 
manipulating of the tract. With the sheath in proper 
position, stones are less likely to migrate into the 
retroperitoneum.  

   Challenges of Endoscopic PCNL 

 Endoscopic PCNL is not without its drawbacks. 
First and foremost, the procedure requires a sec-
ond operator who is skilled at ureteroscopy. The 
ureteroscopy must be performed with the patient 
in the prone position, which can be initially 
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 disorienting and takes practice. Considering that 
most urologists are comfortable with  fl exible ure-
teroscopy, this limitation will be less of an issue 
moving forward. The length of the Endoscopic 
PCNL is on average 19 min longer than the stan-
dard PCNL performed in expert hands. It may, 
however, prove quicker and more ef fi cient in the 
hands of a surgeon less skilled in obtaining access.  

   Conclusion 

 The safety and ef fi cacy of PCNL can be enhanced 
by concurrent ureteroscopic access. 
Endoscopically guided percutaneous renal access 
provides the advantage of minimize renal punc-
tures, optimizing the position of the access to a 
superior pole posterior calyx, improved stone 
clearance, and reduced complications. The tech-
nique involves the placement of a ureteral access 
sheath and a  fl exible ureteroscope with the patient 
in the prone position. Under direct vision with 
the ureteroscope as well as  fl uoroscopic guid-
ance, direct renal access can be obtained in a 
similar manner to standard PCNL, but with the 
advantage of direct visualization of the needle 
puncture and tract dilation. Challenging cases of 
aberrant anatomy, obesity, or large stone burden 
may be particularly suited to endoscopic access.      
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   Technique 

 Prior to surgery, all patients are extensively 
counseled regarding the likelihood of complete 
stone clearance, the need for drainage tubes, 
possible complications and the need for ancillary 
and staged procedures. The preoperative work up 
includes imaging, typically with a noncontrast 
computed tomography (NCCT). On occasion an 
intravenous pyelogram is obtained in compli-
cated cases to better delineate calyceal anatomy. 
Routine preoperative laboratory studies include a 
complete blood count, basic metabolic panel, 
PT/INR and PTT. A type and screen is also 
obtained. A urinalysis and a urine culture are col-
lected. Positive urine cultures are generally treated 
for 7–10 days prior to the procedure with culture-
speci fi c antibiotics. Culture-negative patients 
receive perioperative antibiotic prophylaxis with 
ampicillin and an amino glycoside with two sub-
sequent doses. 

 The technique of stone removal is modi fi ed 
according to location, size, number, presumed 
composition, presence of any anatomical abnor-
mality, previous urinary tract reconstruction and 
whether a percutaneous access is already in place 
prior to proceeding to the operating room. 

 Percutaneous access is described elsewhere in 
detail in this text. Brie fl y we obtain access in the 
prone position. We use a 30 Fr balloon dilator to 
establish the tract. A 30 Fr Amplatz sheath is 
placed over the balloon. Single or multiple tracts 
are placed depending upon the characteristics of 
the stone(s). Once access is obtained, a 25 Fr 
rigid nephroscope is used to visualize the stone 
and to assure appropriate tract placement within 
collecting system. Once the stones are visualized 
there are multiple devices for intracorporeal litho-
tripsy available to fragment the stones. A combina-
tion of devices can be utilized for optimal stone 
removal. For stones less than a centimeter in size, 
a rigid grasper may be placed through nephroscope 
and used to remove the stone intact. 

 We typically use an ultrasonic lithotripter 
during our PNL due to some of the advantages 
discussed below. One of the primary advantages 
of an ultrasonic lithotripter is the ability to suc-
tion out stone fragments during lithotripsy and to 
suction out blood clots in the collecting system to 
improve visualization during the case. The tip of 
the ultrasonic probe is placed in contact with the 
stone and activated with a foot pedal, and suction 
is intermittently applied to remove small frag-
ments. The suction can be controlled by placing a 
clamp on the suction tubing and releasing it when 
suction is desired. This also prevents system from 
collapsing and prevents accumulation of air 
bubbles at the tip of the lens. 

 Calyceal calculi or proximal ureteric stones 
lying at awkward angles not accessible through 
rigid scopes often require  fl exible ureteroscopy 
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or nephroscopy for successful stone treatment. 
The stones may be grasped using a  fl exible basket 
and displaced into the renal pelvis, where they can 
be fragmented using rigid instruments. In cases 
where the stone cannot be easily displaced or 
captured in a basket, a holmium laser  fi ber can be 
passed through the  fl exible scope and laser litho-
tripsy can be performed. Once the stone frag-
ments have been removed, all the calices and 
proximal ureter may be visually inspected with 
rigid/ fl exible instruments to document stone-free 
status. This may be guided and con fi rmed by 
 fl uoroscopic imaging. 

 We perform the majority of our procedures 
without leaving a nephrostomy tube in place. 
The 6 Fr open-ended ureteral catheter that is 
placed in the beginning of the procedure to aide 
in access is left in place overnight. In patients 
with a collecting system injury, signi fi cant residual 
stone burden requiring a second-stage percutane-
ous procedure or lower urinary tract diversion, 
a 10 Fr nephrostomy tube is left in place. For a 
patient who had a proximal ureteral stone or ure-
teropelvic junction stone treated with signi fi cant 
in fl ammation, an internal ureteral stent is placed 
in an antegrade fashion. 

 There are several methods and devices for 
intracorporeal lithotripsy. These include ultra-
sonic, pneumatic, or combined devices, electrohy-
draulic lithotripsy and laser.  

   Ultrasonic Lithotripsy 

 Ultrasound was  fi rst described to fragment kidney 
stones in 1953  [  1  ] . The basic unit of an ultrasonic 
lithotripter consists of a power generator, an ultra-
sound transducer and a probe (Fig.  4.1 ). Ultrasonic 
probes come in various sizes ranging from 2.5 to 
6 Fr. The 2.5 Fr probes are solid and contain no 
hollow center for suction. The ultrasonic generator 
utilizes piezoelectric crystals located in the hand 
piece to generate ultrasonic waves (23,000–
27,000 Hz) from electric energy. These are trans-
mitted along the hollow metal probe as longitudinal 
and transverse vibrations. When the vibrating tip 
is brought in contact with stone, the calculus is 
fragmented. The stone fragments are suctioned out 

through the hollow probe by connecting it to 
suction tubing  [  2  ] . The circulation of irrigant helps 
to keep the temperature along the probe from ris-
ing signi fi cantly. It is important to keep irrigation 
running during ultrasonic lithotripsy to prevent 
the probe from overheating and malfunctioning. 
Normal saline is generally used as an irrigant 
during the procedure.  

 Ultrasonic lithotripters have proven to be 
ef fi cacious at treating renal stones. In one large 
series of 800 patients reporting on percutaneous 
removal of renal calculi using ultrasonic litho-
tripsy, the success rate was over 95 %. One limi-
tation of this study was that stone size and location 
were not reported and success was not clearly 
de fi ned  [  3  ] . In a more recent randomized study 
comparing an ultrasonic lithotripter (LUS-2 
Olympus, Inc., Melville, New York) to a com-
bined pneumatic/ultrasonic lithotripter(Lithoclast 
Ultra (Microvasive, Natick, Massachusetts and 
EMS, Bern, Switzerland),in patients undergoing 
percutaneous nephrolithotomy, the ultrasonic 
lithotripter demonstrated signi fi cantly longer 
stone-clearance times(43.7 min vs. 21.1 min, 
 p  = 0.036). Similarly the average rate of stone 
clearance for ultrasonic device was 16.8 mm 2 /
min versus 39.5 mm 2 /min for the combination 
unit ( p  = 0.028). Both groups had similar stone 
location, burden and composition. However, the 
stone-free rates and complications rates were 
comparable for the two devices  [  4  ] . 

 Another study involving 82 patients with renal 
calculi looked at long-term complications of ultra-
sonic lithotripsy using DMSA renal scan; nine 
patients had residual stones. At mean follow-up of 

  Fig. 4.1    Olympus LUS-2 ® . Ultrasonic lithotripter       
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22 months recurrence was noted in two patients. 
There was no evidence of hypertension or urinary 
tract infection related to the procedure. A cortical 
scar was noted in only 1 kidney and no arterio-
venous  fi stulas were found  [  5  ] . 

 Ultrasonic lithotripsy is a safe energy source. 
It has been shown in rabbit and canine models 
not to cause signi fi cant changes in urothelium 
even when the probe tip is placed in direct con-
tact with the urothelium  [  6  ] . However there is 
risk of thermal damage if probe becomes over-
heated. In a study looking at long-term effects on 
rat bladders comparing pneumatic versus ultra-
sonic lithotripsy, 71 % of bladders where ultra-
sonic energy was used were edematous and 
hemorrhagic versus none for pneumatic. In 57 % 
of the bladders that were treated with an ultra-
sonic probe, there was evidence of microscopic 
in fl ammation. This was only seen in 22 % of the 
bladders in which the pneumatic probe was used. 
Additionally 85 % of ultrasonic and only 22 % of 
pneumatic treated bladders developed micro-
scopic stones in the bladder wall at 30 days after 
treatment  [  7  ] . Although ultrasonic lithotripsy has 
been shown to be safe, caution should still be 
used to avoid contact with the urothelium when-
ever possible to avoid these complications. 

 A disadvantage of ultrasound lithotripsy is that 
probe must be rigid to transmit sound waves, as 
 fl exible probes cannot transmit sound waves with-
out loss of signi fi cant energy. Therefore, ultra-
sonic lithotripsy cannot be performed through 
 fl exible scopes. Another disadvantage of ultra-
sonic lithotripsy is, it  does not work well on 
harder stone compositions such as calcium oxalate 
monohydrate, uric acid and cystine stones.  

   Ballistic Lithotripsy 

 Ballistic lithotripters utilize energy from a source 
to generate physical displacement of a projectile. 
They include pneumatic and electro-kinetic 
energy probes. When the projectile (probe) comes 
in contact with the stone, it transfers its energy to 
the stone and this leads to fragmentation. These 
fragments then need to be removed with another 
device, such as a grasper or via suction through 
an ultrasonic probe. 

 Ballistic lithotripters have many advantages 
over other lithotripters. Ballistic devices utilize 
probes that are generally reusable and very 
durable  [  8  ] . Ballistic devices are especially 
effective at the initial fragmentation of large and 
hard stones. Ballistic lithotripters are also rela-
tively safe compared to other lithotripters. It has 
been demonstrated in the bladder and ureter that 
there is less risk of urinary tract perforation 
compared to EHL, ultrasonic lithotripters and 
laser lithotripsy  [  9  ] . There is also no risk of 
thermal injury. 

 The major disadvantages of ballistic litho-
tripsy are an additional device is required to 
remove stone fragments and the probes are rigid. 
The rigid probes prevent ballistic lithotripters 
from being used with  fl exible endoscopes. 
Bending of the probe can signi fi cantly reduce tip 
displacement and velocity  [  10  ]  which may com-
promise stone fragmentation. 

 There are two main types of ballistic litho-
tripters, pneumatic and electrokinetic. 

   Pneumatic Energy 

 The Swiss LithoClast ®  (EMS, Nyon, Switzerland) 
was the  fi rst ballistic device introduced. It uses 
compressed air from a generator connected to a 
compressed air tank or central air supply to move 
a metal projectile, which in turn moves a metal 
probe at a frequency of 12 cycles/s and a pressure 
of three atmospheres, resulting in a jackhammer 
like effect on stones  [  11  ] . The probes are available 
in sizes ranging from 0.8 to 3 mm. A modi fi cation 
to the Lithoclast, the Lithovac device (EMS, Nyon, 
Switzerland), was made to allow suction to remove 
fragments from 2 to 3.5 mm in size  [  12  ] . This 
device suffered from problems with clogging from 
stone fragments during suction. The advantage 
pneumatic lithotripters is its ef fi ciency to break 
calculi of all compositions  [  13,   14  ] . 

 Pneumatic lithotripters have been safely and 
effectively used in both ureteric and renal cal-
culi. Murthy et al. used Swiss Lithoclast in 114 
patients with ureteral stones and reported the 
stone fragmentation rate was 93.4 %. There 
were no major complications, although 25 % 
patients had uncomplicated urinary tract infections 
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or hematuria  [  15  ] . In another study, the Swiss 
Lithoclast was used to treat stones during PNL, 
ureteroscopy and cystolitholapaxy. The authors 
reported that it was effective for stones of vary-
ing compositions including calcium oxalate 
monohydrate, calcium phosphate, cystine, stru-
vite, and uric acid stones. All renal and bladder 
stones were fragmented to completion and, com-
plete stone fragmentation was achieved in 95 % 
ureteral stones  [  16  ]  Denstedt and colleagues 
reported on the use of the Swiss Lithoclast during 
PNL in 45 patients. A variety of stone composi-
tions were included in this report including 16 
calcium oxalate/phosphate, 17 struvite, 8 uric 
acid, and 4 cystine calculi. The Lithoclast was 
able to fragment the hard stones rapidly and suc-
cessfully. In three cases where ultrasound was 
initially used, the ultrasonic probe had to be 
replaced by the Lithoclast to fragment stones that 
were resistant to lithotripsy. The authors did note 
that unlike harder stones, struvite stones are bet-
ter treated with ultrasonic lithotripsy. There were 
no intraoperative complications related to the 
Lithoclast and there were no collecting system 
perforations. None of the patients required trans-
fusion  [  17  ] . A randomized, prospective trial com-
pared two pneumatic lithotripters, the Swiss 
Lithoclast and the LMA Stonebreaker (Cook 
Medical, Bloomington, IN). The Stonebreaker 
had a signi fi cantly faster stone fragmentation 
rate; however, there was no difference in stone-
free rate between the two lithotrites (54 % for the 
Stonebreaker vs. 39 % for the Lithoclast). The 
authors reported no device-related complications 
in either group  [  18  ] . 

 In addition to being effective at stone frag-
mentation, pneumatic lithotripters are safe. 
Unlike ultrasonic lithotripters, pneumatic litho-
tripsy is not associated with the production of 
heat during use. Both animal and clinical studies 
have attested this fact. Denstedt and colleagues 
studied the tissue effects of the pneumatic 
LithoClast on pig bladders and ureters. They 
found areas of focal hemorrhage in places where 
the Lithoclast had been in contact with the urothe-
lium, but there no ureteral perforations or late tissue 
 fi brosis visualized  [  19  ] .  

   Electrokinetic Energy 

 Electrokinetic lithotripters use a hand set with 
the capability of generating an electromagnetic 
 fi eld, which then vibrates a probe at 15–30 
cycles/s. These vibrations are transmitted to the 
end of the probe to provide a jackhammer effect 
on the stone similar to the pneumatic devices. 
This requires electrical power for adequate 
functioning. Alternatively, some electrokinetic 
devices use electricity to power a motor that dis-
places a probe thereby creating the same jack-
hammer effect. 

 Electrokinetic devices have been shown to be 
as effective at stone fragmentation as pneumatic 
devices. One study compared a new electroki-
netic device (Combilith ®  Walz; Rohrdorf, 
Germany) to a pneumatic lithotripter (Swiss 
Lithoclast) in both an in vitro model and clini-
cally. In the in vitro model, there was no differ-
ence in stone fragmentation; however, stone 
displacement was signi fi cantly less for the elec-
trokinetic lithotripter. In the clinical trial portion 
of the study, 22 ureteral stones were treated with 
the Lithoclast and 35 with the Combolith Walz. 
There was no difference between the devices for 
stone fragmentation, stone-free rates or compli-
cations  [  20  ] . 

 In another study comparing the electrokinetic 
and pneumatic devices, Wang et al. compared 
two portable handheld lithotrites the electroki-
netic EMS Swiss Lithobreaker (EMS, Nyon, 
Switzerland) and the pneumatic LMA 
Stonebreaker, which runs on CO 

2
  cartridges. 

One centimeter spherical BegoStone phantoms 
were placed on a 2 mm mesh sieve and frag-
mented underwater using 2 mm probes in an 
in vitro percutaneous model. The number of shocks 
required to clear the stone phantoms through the 
sieve were 430 ± 97 for the Lithobreaker com-
pared to 29 ± 3.7 for the Stonebreaker. Similarly, 
the time required to clear the stones was 
signi fi cantly less for the Stonebreaker, 122 ± 56 s 
compared 484 ± 79 s. The electrokinetic device 
had signi fi cantly higher tip displacement and 
slower tip velocity compared to the pneumatic 
device  [  21  ] .   
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   Laser Lithotripsy 

 LASER (Light ampli fi cation by stimulated emis-
sion of radiation) allows considerable energy in 
the form of photons to be transmitted in a highly 
concentrated fashion. They require a medium for 
generation and are named after that medium. In 
general, lasers cause stone fragmentation by two 
effects. The pulsed lasers, when applied to the 
stone surface causes release of electrons and the 
generation of a plasma bubble. This plasma bub-
ble expands, followed by its collapse, generating 
a shockwave that causes stone fragmentation, a 
mechanism known as Photo acoustic effect  [  22  ] . 
The coumarin laser is an example of a pulsed dye 
laser. The holmium laser actually works by a pro-
cess known as the photo-thermal effect, whereby 
the laser causes vaporization of stone; the shock 
wave produced by holmium laser is weak  [  23  ] . 

 Currently, the holmium laser is the most com-
monly used laser in the treatment of stones. It has 
been demonstrated to be very safe when com-
pared to EHL probes  [  24  ] . The zone of thermal 
injury in contact with urothelium for the holmium 
laser extends 0.5–1 mm. In addition, it is highly 
absorbed by water thereby allowing the heat to 
dissipate and increasing the safety pro fi le. By 
comparison, EHL probes can cause tissue injury 
even when activated several millimeters away 
from the urothelial wall. Laser safety has been 
evaluated in a pig model using a 1,000  m  holmium 
laser  fi ber at 70 W:(3.5 J_20 Hz). The laser was 
 fi red at close to but not in contact with the mucosa 
of the renal pelvis and calices, lasting for about 1 h. 
The pigs were sacri fi ced on the next day and the 
kidneys harvested to evaluate any histological 
changes in the glomeruli or basal membrane. No 
signi fi cant changes were seen in the glomeruli or 
tubules  [  25  ] . 

 Holmium laser  fi bers are available in 200, 
365, 550 and 1,000  m m diameter sizes. The 365, 
550 and 1,000  m m  fi bers are amenable for rigid 
scopes. Additionally 200 and 365  m m  fi bers may 
be employed through  fl exible instruments to 
reach points not accessible via rigid instruments 
as well as the ureter. The main disadvantages of 
the holmium lasers use in percutaneous stone 

removal is the cost and the inability to remove 
fragments made while performing lithotripsy. 
The cost can be reduced by using reusable  fi bers. 
Much like ballistic lithotripters, a second device, 
whether it be a grasper or an ultrasonic probe, is 
needed to remove fragments created by the laser. 
The main advantage of the holmium laser is its 
ability to fragment all types of stones regardless 
of composition, including uric acid, calcium 
oxalate monohydrate and urate stones. However, 
it can produce a drilling action in very hard 
stones. In order to maximize lithotripsy ef fi ciency, 
care should be taken to paint the surface of the 
stone and not bury the tip of the  fi ber or drill into 
the stone. An additional advantage the holmium 
laser has is it can be passed through both rigid 
and  fl exible instruments. 

 Another advantage of the holmium laser is it 
produces signi fi cantly smaller fragments than 
other lithotrites, reducing the need for extracting 
the fragments. Teichman et al. compared stone 
fragmentation results for electrohydraulic litho-
tripsy, pneumatic lithotripsy, 320  m m pulsed dye 
lasers and 365  m m holmium:YAG laser, in an 
in vitro model utilizing stones composed of cal-
cium hydrogen phosphate dihydrate, calcium 
oxalate monohydrate, cystine, magnesium 
ammonium phosphate and uric acid. For hol-
mium lithotripsy energy was started at 0.5 J. at 
6 Hz. If fragmentation was not ef fi cient, the 
energy or frequency was increased incrementally 
until a desired effect was achieved, not exceed-
ing a maximum of 1.0 J. at 15 Hz. The mean 
fragment size generated by the holmium:YAG 
laser was signi fi cantly smaller compared to the 
other lithotrites for all stone compositions. There 
were no fragments greater than 4 mm for hol-
mium lithotripsy  [  26  ] . 

 Vasser et al. utilized holmium:YAG energy in 
contact mode using 272, 365, 550 and 940  m m 
laser  fi bers at energy settings of 0.2, 0.5, 1.0 or 
1.5 J to measure stone mass loss of calcium 
oxalate monohydrate calculi in an in vitro model, 
delivering a total of 1 kJ at each setting. There 
was no signi fi cant difference in fragment size 
distribution among various  fi ber diameters or 
energies. The authors also found that for a given 
 fi ber diameter stone loss increased as energy/



36 M.W. Iqbal et al.

pulse increased to 1.0 J. For a given energy setting 
stone loss increased as  fi ber size decreased, with 
exception to 272  m m  fi ber, for which stone loss 
was inef fi cient at 1.0 J per pulse or greater  [  27  ] . 

 Typically, a 1,000  m m  fi ber is utilized during 
PNL. The ef fi ciency of different energy settings 
using a 1,000  m m  fi ber has been evaluated. Sun 
et al. compared two energy settings for the 
holmium laser during PNL performed to treat 
staghorn calculi. The authors used a 1,000  m m 
holmium laser  fi ber and compared settings of 
30 W (3.0 J/10 Hz), and 70 W (3.5 J/20 Hz). 
All patients had successful PNL. The average 
lithotripsy time for the higher power group 
was signi fi cantly shorter (44 ± 11.5 min vs. 
69 ± 14.8 min;  p  < 0.05). There were no major 
complications and there were no reported renal 
pelvic perforation or ureteropelvic junction 
injury. There was no signi fi cant difference in the 
mean drop in hemoglobin or blood transfusion 
requirements between the two groups. Both groups 
had similar stone-free rate at discharge (83.6 % 
vs. 84.4 %) and at 3 months (87.3 % vs. 87.9 %). 
The glomerular  fi ltration rate of the treated kid-
ney, reexamined 6 months after the operation, 
had improved signi fi cantly (45.12 mL/min vs. 
31.91 mL/min;  p  < 0.05)  [  25  ] . 

 In another large series Jou et al. utilized a 30 W, 
1,000  m m, holmium:YAG laser  fi ber to treat 334 
patients with upper tract calculi  [  28  ] . The average 
stone size was 3.3 ± 1.8 cm. In 3.9 % of cases an 
additional pneumatic lithotripter was used. The 
overall stone-free rate was 83.7 %. The reported 
complications included postoperative urinary tract 
infections in 7.2 % of patients and transfusions in 
2.0 % of patients. The holmium:YAG laser was 
effective against all kinds of stones. 

 When using the laser to perform lithotripsy 
during PNL, there can be concern about the 
requirement of additional instruments to remove 
stone fragments. Michel et al. reported results of 
an innovative device using a Ho:YAG laser in 
combination with simultaneous suction in an 
in-vitro model and compared it to standard ultra-
sonic lithotripsy. The authors used a 365  m m to 
perform laser lithotripsy at a setting of 2 J and 
8 Hz. The mean time until complete disintegra-
tion and removal of all fragments via suction was 

1.106 ± 0.357 min for ultrasonic group and 
0.687 ± 0.33 min for holmium laser litotripsy/
suction group ( p  = 0.0139)  [  29  ] . 

 There are several key technique points in using 
the holmium laser to perform lithotripsy during 
PNL. The  fi ber tip should extend at least 2 mm 
from tip of nephroscope to prevent damage to the 
scope itself. Further, tip should be visible at all 
times during activation to prevent injury to both 
the scope and the surrounding urothelium. The 
 fi ber tip should be kept at least 2 mm from the 
urothelium. The laser should never be activated 
with the tip inside the scope. Finally, the laser  fi ber 
should never be passed through a de fl ected scope, 
as it may damage the inner working channel. Our 
preferred setting for holmium laser during PNL is 
0.2 J and 50 Hz for smaller stones. However, 
for larger stones we prefer to use 1 J and 20 Hz. 
The lower energy, higher frequency settings typi-
cally create smaller fragments or dust that will 
 fl ush out with the irrigant. The higher energy set-
tings produce larger fragments which can then be 
removed with a rigid grasper or a basket. In addi-
tion to treating intrarenal calculi during PNL, we 
utilize the holmium laser through  fl exible scopes 
to treat proximal ureteral stones.  

   Electrohydraulic Lithotripsy 

 EHL was  fi rst described and developed by 
Russian engineers in 1950. The probe is made up 
of a central metal core and two layers of insula-
tion with another metal layer in between them. 
EHL probes essentially works as an underwater 
spark plug, the electric current is transmitted to 
the tip, where as it moves across the gap between 
the metal layers. An intense amount of heat is 
generated which leads to the vaporization of 
water and development of cavitation bubbles. 
This generates a primary shock wave that radi-
ates spherically in all directions. This is followed 
by a collapse of the cavitation bubbles resulting 
in generation of a secondary shockwave, or high 
speed micro jets, depending upon the distance 
from stone  [  30  ] . The probe has to be placed in 
close proximity to the stone for the shock waves 
to be effective. EHL does not convert the stone 
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into dust and the fragments produced need to be 
removed by grasping forceps or can be washed 
away with irrigation. 

 EHL probes are  fl exible and are available in 
varying sizes from 1.6 to 9 Fr sizes. They can be 
used through  fl exible ueteroscopes or nephro-
scopes to obtain access to stones not accessible 
with rigid instruments. EHL probes are effective 
for fragmenting all kinds of urinary calculi, 
including uric acid, cystine and calcium-oxalate 
monohydrate. The signi fi cant problem leading to 
the decrease use of this mode of lithotripsy is the 
tissue damage associated with blast waves. EHL 
is rarely used today during the percutaneous 
management of renal calculi. 

   Combined Probes 

   CyberWand ®  
 The CyberWand ®  (Gyrus ACMI, Southborough, 
MA) (Fig.  4.2 ) is considered a dual ultrasonic 
lithotripter. It employs two separate ultrasonic 
probes that vibrate at two frequencies with a sin-
gle hand piece. The inner probe is  fi xed, has a 
2.1 mm hollow lumen and vibrates at 21,000 Hz. 
The lumen is connected to a suction tube for aspi-
ration of fragments. The outer probe is free to 
move in a reciprocating fashion and is pushed 
outward by a sliding piston driven by the vibra-
tory energy of the inner probe. The outer probe 
returns to its initial position by resistance from a 
coil spring. The vibratory frequency of outer 
probe is 1000 Hz and it is also thought to have 
some ballistic action on stones.  

 The “Large Stone” pedal activates both the 
inner and outer probe. The inner probe drills into 
the stone, where as the outer probe acts as a jack 
hammer to break up the stone. The “Small Stone” 
pedal only activates the inner probe which acts 
similar to a standard ultrasonic lithotripter. For 
best results, the “Large Stone” pedal is used. 
Overall, the CyberWand appears to be ef fi cacious 
in management of kidney stones as compared to 
other devices  [  31  ] . In an in vitro model 
CyberWand had stone penetration time almost 
twice as fast as the LithoClast Master (EMS, 
Nyon Switzerland)  [  32  ] . Krambeck and associ-

ates performed a multicenter, randomized con-
trolled trial comparing the CyberWand to the 
LUS-II (Olympus America, Inc., Melville, NY), 
a single lumen ultrasonic lithotripter  [  33  ] . A total 
of 57 patients undergoing PNL were included. 
The presence of hard stones and stone surface 
area was similar between the two groups. There 
was no difference in time to clearance of the tar-
get stone (Cyberwand 15.8 min vs. LUS-II 
14.2 min) and target stone-clearance rate 
(Cyberwand 61.9 mm 2 /min vs. LUS-II 75.8 mm 2 /
min). Fifteen of the 25 (60.0 %) Cyberwand and 
20 of the 32 (62.5 %) LUS-II patients were stone-
free after the initial PNL. There were no intraop-
erative complications reported in either treatment 
group. Postoperative complications were similar 
between the groups and no patients in either 
group required a blood transfusion. Device mal-
function occurred in 32 % of the CyberWand 
group and 15.6 % of the LUS-II group. Of note, 
after completion of enrollment for this study, a 
new probe was introduced for the CyberWand. 
The authors utilized the new probe in 23 patients 
and found no device malfunction. However, the 
stone-clearance rate for the original CyberWand 
was 61.9 mm 2 /min but for the new probe was 
39.3 mm 2 /min. 

 The major disadvantage of the CyberWand is 
it is a very loud device with a mean decibel level 
of 92 dB. This is much higher than the Olympus 
LUS -II ultrasonic lithotripter at 65 dB, or a 
Holmium LASER at 60 dB  [  34  ] . Another disad-
vantage is the probes are single use and can be 
relatively expensive.  

  Fig. 4.2    CyberWand ® , Gyrus ACMI, Southborough, MA       
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   LithoClast Ultra ® /LithoClast Master ®  
and LithoClast Select ®  with Vario ®  
and Lithopump ®  
 The LithoClast Ultra ®  (Boston Scienti fi c Corp., 
Natick, MA) (Fig.  4.3a, b ) also known as 
LithoClast Master ®  (EMS, Nyon, Switzerland) is 
a device that combines pneumatic and ultrasonic 
lithotripsy. The pneumatic probe is mounted on 
top of the ultrasonic probe and runs through the 
central lumen of the ultrasonic probe, with its tip 
positioned just inside the ultrasonic probe. The 
lumen of the ultrasonic probe continues to func-
tion as a suction device for stone retrieval. The 
frequency of pneumatic probe can be set between 
2 and 12 Hz, while the ultrasonic frequency may 
be varied between 24,000 and 26,000 Hz. The 
foot pedal is designed so that the surgeon can 
operate either the pneumatic probe or ultrasonic 
probe in isolation, or the two of them in concert.  

 This combined lithotripter has been found to 
be more effective at stone removal than either 
individual device alone in in vitro studies. One 
study compared Swiss Lithoclast, LUS-2, and 
Lithoclast Ultra to fragment and retrieve begos-
tone phantoms in an in vitro model. The combi-
nation pneumatic/ultrasound unit was more 
ef fi cient than either the pneumatic or ultrasound 
devices alone at fragmenting and clearing the 
stones, with a mean time of 7.41 min compared 
with 12.87 min for the ultrasound and 23.76 min 
for pneumatic lithotrite. Additionally, the ultra-
sound device alone was signi fi cantly faster than 
the pneumatic unit. The average fragment size for 

the combination lithotripter was 1.67 mm versus 
3.67 mm and 9.07 mm for the ultrasound and 
pneumatic lithotrites  [  35  ] . Hofmann and associ-
ates found stone disintegration times to be half 
for combination compared to individual modali-
ties, when checked in an in vitro model  [  36  ] . 
Pietrow and colleagues randomized 20 consecu-
tive patients with similar stone burden to ultra-
sound or LithoClast Ultra combination lithotripsy 
 [  4  ] . They found time to complete disintegration 
and stone extraction was two times higher in pure 
ultrasound compared to combination. 

 Lehman and associates prospectively random-
ized 30 patients undergoing PNL to either ultra-
sonic or combined ultrasonic and pneumatic 
lithotripsy. Patients in both groups had similar 
stone location and burden. There was no differ-
ence in stone retrieval times, mean operative 
times or estimated blood loss between the two 
groups. However, the combination lithotripter 
was much faster for stone fragmentation in the 
hard stones (calcium oxalate monohydrate, cys-
tine or calcium phosphate), but slower in soft 
stone group  [  37  ] . 

 One of the limitations of the Lithoclast Ultra 
was the suction would clog due to the angle 
the suction tubing inserted into the hand piece. 
The Lithoclast Select ®  (Boston Scienti fi c 
Corporation, Natick, MA), comes with a new 
ultrasonic hand piece known as Vario ®  (EMS, 
Nyon, Switzerland) and a new suction attachment 
called the Lithopump ®  (EMS, Nyon, Switzerland). 
The Vario ultrasonic hand piece was speci fi cally 

  Fig. 4.3    ( a ,  b ) LithoClast Ultra ®  (Boston Scienti fi c, North America)       
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designed to overcome the problems of clogging 
by having a less acute angle for the suction piece 
when pneumatic probe is in place as well as a 
fenestrated outlet. The Lithopump ®  is an adjust-
able suction device that works in conjunction with 
LithoClast Master/Select. The pump is activated 
only when the ultrasound is activated which has 
the potential of improving vision during lithotripsy 
and obviates the need for an assistant to control the 
suction with a clamp on the suction tubing. 
Optimally lithotripsy can be started with pneu-
matic probe in place to quickly fragment the stone, 
followed by removal of pneumatic device and suc-
tion of fragments with ultrasonic portion. 

 Zhu and colleagues compared the Swiss litho-
clast (44 patients, group 1), Swiss Lithoclast 
Master (54 patients, group 2), low power (0.5–
1.0 J, 6–10 Hz) holmium:YAG laser (56 patients, 
group 3) and high-power (1–3 J, 10–30 Hz.) 
holmium:YAG laser (38 patients, group 4) (using 
365  m   fi ber) for the percutaneous management of 
proximal ureteral calculi. The stone size was sim-
ilar among the groups with mean of 16.3 ± 2.4 mm. 
Mean operative time for different groups were 
118 ± 17 min, 81 ± 10 min,85 ± 14 min, 110 ± 
16 min respectively. The Lithoclast Master and 
low power holmium laser group had statistically 
shorter operative times. No statistically signi fi cant 
differences between groups were recorded with 
respect to blood loss and postoperative hospital 
stay. Stone-free rates were 81.8 % with the pneu-
matic lithotriptor, 92.9 % with the Swiss 
Lithoclast Master, 88.9 % with the low-power 
holmium:YAG laser, and 78.9 % with the higher 
power holmium:YAG laser. Of note, there was a 
16 % incidence of ureteric stricture in patients 
whom the holmium laser was used at high energy 
settings at 1 year of follow-up  [  38  ] . 

 The Cyberwand has been compared with 
LithoClast Master in in vitro studies. Kim and 
associates used an in vitro model where the devices 
were mounted upright with the probe tip up, in a 
modi fi ed irrigation sheath. A gypsum stone was 
centered on the probe tip and a mass was placed 
on top of stone to provide a constant force. They 
found the CyberWand to be signi fi cantly faster 
compared to LithoClast Master with a twofold 
more rapid stone penetration time, 4.8 ± 0.6 s 

versus 8.1 ± 0.6 s, for lithoclast Master  [  31  ] . 
Louie and associates compared the Lithoclast 
Ultra with the Vario hand piece with the CyberWand 
in a cystolithopaxy model using bego and ultracel 
−30 soft stones. This study found the CyberWand 
at large stone settings to be signi fi cantly faster than 
Lithoclast Ultra or small stone settings for soft 
stones; however, it failed to break the harder bego 
stones on four separate instances. In particular, 
CyberWand probes repeatedly fractured at the 
probe solder joint, a manufacturing fault that has 
reportedly been corrected. There was no differ-
ence in clearance time for fragments between the 
Cyberwand and Lithoclast Master with Vario hand 
piece  [  39  ] .   

   Portable Devices 

   Stone Breaker ®  
 The LMA StoneBreaker ®  (Cook, Bloomington, 
IN) is a portable pneumatic lithotripter which 
uses a small compressed CO 

2
  cartridge as its 

energy source. One full cartridge allows delivery 
of over 80 shocks while providing pressure of up 
to 2.9 MPa at probe tip. Probe tips come in 1, 1.6 
and 2 Fr sizes. 

 Rane et al. evaluated the clinical ef fi cacy of 
StoneBreaker for renal, ureteric and bladder 
stones. For the 49 patients undergoing PNL, 
mean stone size was 2.8 cm, with 33 staghorn or 
partial staghorn and 16 renal pelvic stones. Forty-
three stones were successfully cleared with a 
single puncture and six required multiple punc-
tures. All stones were successfully fragmented. 
The average number of shocks for fragmentation 
with subsequent successful clearance was 34 
(2–76)  [  40  ] . 

 In a randomized control trial comparing the 
StoneBreaker to the Swiss Lithoclast in patients 
undergoing PNL, 46 patients were randomized to 
the StoneBreaker and 31 to the Lithoclast. The 
mean stone size was 369.0 ± 188.1 mm 2  and 
432.2 ± 298.5 mm 2  respectively. The stone frag-
mentation rate was signi fi cantly faster for the 
StoneBreaker 6.46 ± 4.16 mm 2 /s versus 
3.59 ± 2.87 mm 2 /s for the Lithoclast. Total litho-
tripsy time, which included the time to fragment 
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the stone, time to retrieve the fragments, and the 
time to remove debris with an ultrasonic litho-
tripter, was faster for Stone breaker 671.3 ± 489.6 s, 
compared with the Lithoclast 1012.5 ± 629.1 s. 
The setup time was signi fi cantly shorter and ease 
to use device was better for StoneBreaker. There 
were no signi fi cant differences in stone-free rate 
or stone composition between the two groups. 
The authors postulated that the reason for the 
improved times with the StoneBreaker included 
the ease of use as well as the higher power at the 
probe tip (31 bar of pressure compared with 3 bar 
for the Lithoclast). There were no device-related 
complications  [  18  ] .  

   Lithobreaker ®  (EMS, Nyon, Switzerland) 
 The EMS Swiss Lithobreaker ®  (EMS, Nyon, 
Switzerland) is a new cordless, handheld portable 
electrokinetic lithotripter that is activated by a 
hand switch. It has 1 and 2 mm probes that can be 
utilized for PNL or ureteroscopy. 

 Wang et al. compared the EMS Swiss 
Lithobreaker to the StoneBreaker in an in vitro 
model. They compared tip velocity and displace-
ment characteristics using the 2 mm probe for a 
percutaneous model with 10 mm spherical 
BegoStone phantoms. For both probes the elec-
trokinetic device had signi fi cantly higher tip dis-
placement and slower tip velocity. For the 
percutaneous model, the electrokinetic device 
required a signi fi cantly higher number of shocks 
to clear a stone, 484 impulses compared to 29 
impulses with pneumatic device . This was attrib-
uted to the electrokinetic device having lower tip 
velocity and the fact that it has a continuous 
impulse mode which means impulses can be  fi red 
more rapidly even with the probe not in contact 
with the stone. Additionally clearance times were 
signi fi cantly less for StoneBreaker at 122 s ver-
sus 430 s  [  21  ] .   

   Summary 

 A variety of intracorporeal lithotripters are 
available, with ultrasonic and pneumatic devices 
being most commonly used because of safety and 
effectiveness. While the pneumatic devices are 

effective in breaking all kinds of stone, they need 
separate instrumentation for stone fragment 
retrieval. Ultrasonic devices provide continuous 
suction for aspiration of fragments but may not 
be as effective on harder stone types. Combination 
lithotripters are available and seem to have better 
performance in vitro; however, further random-
ized studies will be needed to determine which 
device is the most ef fi cient for percutaneous stone 
removal.   

   Digital Rigid Nephroscope 

 The standard rod lens nephroscope (Fig.  4.4 ) 
has been in use since the inception of PNL. 
Olympus Invisio ®  Smith (Olympus Medical, 
Melville, NY) digital nephroscope is similar to a 
digital ureteroscope, with the tip of the scope 
bearing a 1 mm ultra-miniature metal oxide semi-
conductor (CMOS) imaging sensor and dual 
light-emitting diodes (LED) . The fully integrated 
CMOS imaging sensor and LED illumination 
eliminates the need for bulky external gadgetry. 
The Invisio weighs 470 g, approximately half of 
a standard nephroscope (939 g). The scope has a 
large working channel (15 Fr) and allows inser-
tion of a variety of instruments. In vitro studies 
have demonstrated the digital image to be supe-
rior in resolution compared to a standard nephro-
scope  [  41  ] .   

   Stone Retrieval Devices 

 A number of stone retrieval devices are available 
in the market including 3- and 2-prong graspers. 
Stones up to 1 cm in diameter can be extracted 

  Fig. 4.4    Olympus rigid nephroscope       
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intact through a 30 Fr Amplatz sheath. Larger 
stones require fragmentation before extraction. It 
is important to consider that the grasper tip adds 
to the size of stone, making wired baskets a 
potentially better instrument for removal of larger 
stones. Risk of damage to the urothelium is 
another potential problem during stone retrieval 
with 3-prong graspers. All three prongs may not 
be visible through the nephroscope, making inad-
vertent injury more likely compared to 2-prong 
graspers. 

   Perc N-Circle ®  (Cook, Bloomington, IN) 

 It is a zero tip, 10 Fr, 39 cm-long handheld basket 
by Cook ® . It is speci fi cally designed for PNL and 
works similar to a ureteroscopic N-Circle basket. 
The nitinol composition provides strength and 
 fl exibility. 

 Hoffman et al. compared the Storz 3-prong 
grasper and Cook Perc N-Circle in an in vitro 
study using a percutaneous renal model. The 
mean stone extraction time was 25.3 s for Perc 
N-Circle and 35.1 s for 3-prong grasper  [  42  ] .  

   The Roth-Net Retrieval Device ®  (US 
Endoscopy, Mentor, OH) 

 The Roth-Net retrieval device (US Endoscopy, 
Mentor, OH) is a 5.4 F percutaneous stone 
retrieval device, deployed through the working 
channel of a nephroscope to remove multiple 
small kidney stones. The device consists of a 
woven nylon mesh with a 1-mm open spacing. 
The net is 2 cm wide and 4 cm long. 

 In a study Khanna and associates deployed 15 
calculi with sizes ranging between 2 and 3 mm ex 
vivo percutaneously into a porcine kidney and 
then compared Cook Perc-N circle to Roth-Net 
retrieval. The authors found that the average 
number of stones retrieved with the Perc-N-Circle 
was 1.5 per attempt, whereas the average number 
with the Roth-Net was 8. The calculi could be 
easily released by opening the Roth-Net device, 
and no endoscopic evidence of trauma to the 
urothelium was noted  [  43  ] .   

   Antiretropulsion Devices 

 Stone retropulsion is a practical problem encoun-
tered during lithotripsy. Apart from doing an 
antegrade ureteroscopy to retrieve stone frag-
ments or use of a ureteral balloon occlusion cath-
eter one of new devices utilized for prevention of 
stone migration is Accordion ® . 

   Accordion ®  (PercSys, Palo Alto, CA) 

 It is a 2.9 Fr, hydrophilic coated device to prevent 
stone retropulsion. Wosnitzer et al. retrospec-
tively evaluated the ability of this device to pre-
vent antegrade stone migration during PNL. The 
device was deployed retrograde at UPJ and 
attached to an open-ended catheter. A standard 
PNL was carried out with ultrasonic lithotripsy. 
The device prevented stone fragment migration 
in all except one patient (3 %)  [  44  ] .  

   Take Home Points 

     1.    A variety of devices are available for intracor-
poreal lithotripsy during PNL. In general, 
these devices are safe and effective. Combined 
lithotripters may be more ef fi cient at remov-
ing harder stones.  

    2.    The device should only be activated with the 
probe under direct vision. Contact with the 
urothelium should be avoided whenever pos-
sible and kept to a minimum.  

    3.    The  fi xation of the stone against the urothe-
lium with the probe may provide more effec-
tive lithotripsy by trapping the stone and 
keeping it in a single place. However, care 
should be taken not to exert undue pressure, 
especially in the renal pelvis and proximal 
ureter, as it may cause perforation.  

    4.    The aim should be to generate fragments with 
size less than 2 mm or dust for suction devices. 
Single or combined energy probes may be uti-
lized to fragment and retrieve all the fragments.     
 Stones in locations that are dif fi cult to access 

with a rigid lithotripter may be displaced to a 
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more amenable location such as the renal pelvis 
using a basket or grasper. This will allow for 
easier lithotripsy.  

   List of Instruments 

     1.    25 Fr rigid nephroscope  
    2.    Graspers: 2-prong, 3-prong,  fl exible graspers, 

stone baskets  
    3.    Flexible cystoscope (Fig.  4.5 ) and  fl exible 

ureteroscope (Fig.  4.6 )    
    4.    Lithotripter: Ultrasonic, pneumatic, com-

bined, holmium laser       

   Case Discussion on Stones in a 
Horseshoe Kidney 

 Horseshoe kidney is the most common fusion 
abnormality of the kidney with an occurrence of 
1 in 400 births  [  45  ] . This results from abnormal 
fusion of lower portion of the metanephric blast-
ema resulting in fused lower poles of the kidneys 
(Figs.  4.7  and  4.8 ), with the inferior mesenteric 
artery preventing normal rotation and ascent. 

The pelvi-calyceal system is anteriorly displaced 
with a high insertion of the ureter. In contrast to 
normal renal anatomy where all calices are lat-
eral to the renal pelvis and further point laterally, 
the upper and mid pole calices of horseshoe kid-
ney point posterior, and the lower pole calices 
point medially and caudally as compared with 
the renal pelvis (Fig.  4.9 ). It is important to rec-
ognize these features in order to safely obtain 
access and manage large stones in these kidneys.    

 These anatomical aberrations result in 
impaired urinary drainage and urinary stasis pre-
disposing to infections and stone formation. The 
incidence of stone formation in these kidneys 

  Fig. 4.5    Olympus CYF-V2, Flexible cystoscope       

  Fig. 4.6    URF-V ® , Olympus digital  fl exible ureteroscope       

  Fig. 4.7    Horse shoe kidney, isthmus in front of great vessels 
with stones in right moiety       

  Fig. 4.8    Horseshoe kidney, CT urogram       
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varies from 20 to 60 %  [  46  ] . The most common 
stone type is calcium oxalate and the most com-
mon location is a medial, posterior lower pole 
calix. Urinary metabolic abnormalities are found 
in a high percentage of people further predispos-
ing to stone formation  [  47  ] . These kidneys also 
have an abnormal vasculature with accessory 
arteries entering the renal hilum, and aberrant 
polar and isthmus arteries originating from the 
aorta, hypogastric or common iliac arteries. The 
majority of vessels, except a select few supplying 
the isthmus, enter the kidney from its ventro-
medial aspect. A puncture of the posterior or pos-
terior lateral aspect of the kidney will be well 
away from major renal vessels. 

 These anatomic alterations represent a challenge 
to the treatment of renal stones. The modalities of 
treatment available for stones in horseshoe kid-
ney include PNL, shock wave lithotripsy (SWL) 
and retrograde ureteroscopy with holmium laser 
lithotripsy. 

 SWL is the least invasive treatment option, 
but poses challenges of stone localization due to 
the low position of the kidney and superimposi-
tion of spine and pelvic bones. High ureteric 
insertion with stasis and pelvic dilatation may 
impair stone fragment clearance. It is considered 
the treatment of choice for small calculi but 
stone-free rates are less than 40 % for stones 
larger than 2 cm  [  48  ] . 

 Ureteroscopy is hampered by high ureteral 
insertion, passage in front of isthmus and the 
acute angulation of the medial and lower pole 
calices (Fig.  4.10 ). Flexible ureteroscopy may be 
an effective, safe treatment for stones less than 
2 cm in select horseshoe kidneys with stone-free 
rates of up to 88.2 %  [  49  ] .  

 PNL is considered the treatment of choice 
for stones greater than 2 cm or SWL failures. 
Stone-free rates of more than 75 % have been 
have been reported in various series  [  50–  52  ] . 

 The optimal site for access is the posterior 
upper pole (Fig.  4.11 ). The upper pole is the point 
closest to skin for a horseshoe kidney (Fig.  4.12 ), 
with lower pole calices more anteriorly and medi-
ally located. When performing PNL in a horse-
shoe kidney, longer sheaths and instruments or 
 fl exible scopes may be necessary to access the 
entire collecting system, especially for stones 
located in lower and medial calices  [  50–  52  ] . 
Preoperative CT is useful for selection of the 
appropriate percutaneous access  [  53,   54  ] . 
Obtaining access through an upper pole calix 
 [  54–  56  ] , using multiple accesses for stone retrieval 

  Fig. 4.9    Horse shoe kidney, Antegrade nephrostogram, 
location of ureter in relation to Pelvicalyceal system       

  Fig. 4.10    Horseshoe kidney CT urogram, location of 
ureters in front of isthmus       
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 [  52,   54  ] ,  fl exible scopes  [  50,   52,   53  ]  and second 
look nephroscopy  [  51,   55,   57  ]  may be necessary 
to obtain higher stone-free rates. Despite these 
anatomical challenges, PNL in the horseshoe kid-
ney has been shown to be as effective as in nor-
mal anatomic kidneys. One study reported no 
difference in stone clearance rates, operative 
times, need for auxillary procedures, drop in 
hemoglobin or overall complication rates between 
PNL performed in horseshoe kidneys versus nor-
mal kidneys. Patients in both groups had similar 

stone burdens and BMI  [  58  ] . Another study found 
the presence of staghorn stones to be the only 
factor on logistic regression affecting stone-free 
rates in patients with horseshoe kidneys. They 
did not  fi nd upper pole access or use of  fl exible 
nephroscope as determinant of stone-free rates. 
Unfortunately due to the rarity of condition there 
is a lack of randomized controlled trials to evalu-
ate the impact of these factors on stone-related 
outcomes  [  59  ] .   

 The risk of pleural effusion, hemothorax or 
pneumothorax is low because of the lower posi-
tion of the kidneys. Even for upper pole access, 
supra-costal access is unlikely. In a series of 37 
PNL in horseshoe kidneys, only one pneumotho-
rax was reported  [  50  ] . 

 The anterior position of the kidneys increases 
the likelihood of a retrorenal colon. This in theory 
would increase the risk of colonic injury during 
PNL; however, the risk of colonic injuries reported 
in various series is low. In three series including 
multiple patients, the risk of colonic injury was 
2 %  [  50–  52  ] . A preoperative CT scan can help in 
reducing this complication by better delineating 
the anatomy, as with normal kidneys. 

 Ozden and associates retrospectively compared 
complication rates in horseshoe kidneys versus 
normal kidneys  [  58  ] . Stone burden, operation 
time, stone-free rates, and auxiliary procedure 
rates were similar between the groups. The per-
centages of minor and major complications were 
also similar. 

 Percutaneous nephrolithotomy in a horse-
shoe kidney is a challenging but safe procedure. 
A thorough knowledge of anatomical disposition, 
vascular anatomy is essential for the planning of 
the procedure. The procedure may require extra 
long sheaths or nephroscopes to gain access to all 
parts of the kidney. A  fl exible nephroscope is 
invariably required to gain access to all the cal-
ices. The tools utilized for stone fragmentation 
and retrieval are the same as for any other PNL. 
A full range of urological armamentarium includ-
ing lasers, baskets, and  fl exible scopes is required 
to make these patients stone-free. Good quality 
studies are required to optimize factors leading to 
improved stone-free rates.      

  Fig. 4.11    Horse shoe kidney, Antegrade nephrostogram 
with access via upper pole       

  Fig. 4.12    Horse shoe kidney CT urogram, upper pole is 
much closer to skin than lower pole       
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   Key Take Home Points    

     1.    Post-PCNL drainage tubes have been steadily 
decreasing in size over the previous decade.  

    2.    Tubeless PCNL is a reasonable modi fi cation 
in a properly selected patient and may help 
increase patient comfort, decrease hospital 
stay, and quicken time to recovery.  

    3.    Several hemostatic agents are available for use 
during a tubeless procedure, but the potential 
bene fi ts of these agents are not yet clear.      

   Introduction 

 The initial report of kidney stone removal through 
an operatively established nephrostomy tract was 
in 1941 by Rupel and Brown  [  1  ]  for anuria from 
an obstructing calculus. It was over three decades 
later that the  fi rst formal percutaneous nephro-
lithotomy (PCNL) was performed in 1976 by 
Fernstrom and Johannson  [  2  ] . The bene fi t of 
PCNL is that it can clear large and complex stone 
burdens with great ef fi ciency and it is signi fi cantly 
less invasive than open surgery. PCNL has been 

increasing in frequency since its introduction, 
and as surgical technology continues to advance 
its ef fi cacy and safety pro fi le have markedly 
increased  [  3  ] . Likely due to these factors, the uti-
lization of PCNL has been increasing at a great 
rate  [  4  ] . 

 Standardly, PCNL requires placement of a 
nephrostomy tube at the procedure’s conclusion, 
which ensures adequate renal drainage. Addition-
ally, the nephrostomy tube also simpli fi es reac-
cess to the kidney should there be residual stone 
requiring a second procedure. Although these 
advantages are clinically important, the nephros-
tomy drain can also cause some degree of mor-
bidity and discomfort for the patient. 

 As PCNL has become more popular and more 
commonly performed over the recent decades, 
many modi fi cations have been reported with the 
goals of minimizing morbidity and pain for the 
patient as well as shortening the time to full 
recovery. Among these have been placement of 
smaller tube sizes, mini-PCNL with smaller inci-
sions and instruments, tubeless with various types 
of internal drainage, and the totally tubeless tech-
nique  [  5,   6  ] . Herein, we review the various tech-
niques used to drain the kidney after PCNL.  

   The Size of Nephrostomy Tube 

 Traditionally a large-bore nephrostomy tube was 
left in place after the standard PCNL to allow for 
maximal drainage and tamponade bleeding while 
allowing for easy access if a second procedure 
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was necessary. Commonly utilized nephrostomy 
tube sizes range from 5 French all the way up to 
32 French. As the surgical technique of PCNL 
became mature, increasing interest was focused 
on improving the discomfort associated with the 
procedure—as a result, surgeons began to exam-
ine the use of different drain sizes, to assess for 
improved tolerance of smaller tubes. 

 Initially, studies evaluating PCNL performed 
with varying postoperative nephrostomy sizes 
were retrospective analyses. Maheshwari et al. 
 [  7  ]  compared the use of a 28 French large-bore 
tube versus a 10 French pigtail catheter and found 
that those patients with the smaller tube had a 
signi fi cantly lower analgesia requirement and 
shorter duration of nephrostomy tract leakage 
after tube removal. Several other nonrandomized 
trials have compared small-bore tubes (9/10 
French) with larger tubes (22 French) and showed 
that patients with smaller tubes placed had less 
pain, less analgesia requirement, and a decreased 
hospital stay  [  8  ] . 

 Prospectively performed studies demonstrated 
similar  fi ndings. Liatsikos et al.  [  9  ]  built on this 
study and in a prospective fashion evaluated 
placement of a 24 French reentry malecot tube 
versus an 18 French catheter with a 7/3 tail stent 
in a randomized fashion. Quality of life and 
urgency were similar between groups. The 
patients with the smaller tube had less pain but in 
this study there was no assessment of pain until 2 
weeks postoperatively. Additionally because of 
the design of the study, it is unclear whether 
patient comfort is improved because of the 
smaller tube or because of bidirectional drainage 
with the tailless stent in place as well. 

 Ultimately, randomized controlled trials 
addressed the question and provided more 
de fi nitive data. Pietrow et al.  [  8  ]  evaluated the 
effect of using a smaller nephrostomy tube for 
percutaneous drainage after PCNL on postopera-
tive pain in 30 patients in a randomized fashion. 
Half received a 10 French pigtail catheter while 
the others had a 22 French Councill-tip catheter 
placed. There was no difference in hematocrit 
change and the smaller tube group had 
signi fi cantly less pain by visual analog pain 
scale at 6 h postoperatively. Pain at 1 and 2 days 

postoperatively and narcotic usage were also 
assessed and while there was a trend for bene fi t 
with the smaller tube group it was not statistically 
signi fi cant. While there was no increased compli-
cation rate, there appeared to be limited useful-
ness based on this study; however, sample size 
was small and tube type was different so com-
parison was imperfect. Desai et al.  [  10  ]  performed 
another prospective randomized controlled trial 
in 30 patients comparing large-bore drainage 
with a 20 French tube to a small 9 French pigtail 
tube to antegrade internal stenting. They had 
strict inclusion criteria with single subcostal 
access, no residual stones, normal renal function, 
and an uncomplicated procedure. Nephrostomy 
tubes were removed at 48 h while stents were 
removed at 4 weeks. Hospital stay and urinary 
leak was signi fi cantly shorter in the tubeless 
group but time to discharge was not different 
between the different tube groups. Analgesic 
requirement was greater in the larger bore group 
versus the small tube group and while it was the 
least in the tubeless group this was not statisti-
cally signi fi cant. The study group did not report 
on stent discomfort in the tubeless group.  

   Types of Drainage Tubes 

 In addition to different sizes of tubes there are 
also different types of tubes. Paul et al.  [  11  ]  nicely 
reviews the different types of tubes available for 
post-PCNL drainage and suggests when each one 
should be placed. They suggest pigtail catheters 
(5–14 French) with or without a locking mecha-
nism can be placed after a simple PCNL; if the 
system is delicate or if the procedure is compli-
cated this may not be the ideal tube to use. Balloon 
retention catheters (12–32 French) can also be 
used and may allow for better drainage. Possible 
obstruction with balloon in fl ation can occur. 
Malecot tubes are a balloon-less alternative that 
allows for good drainage and eliminates the risk 
of obstruction from the self-retaining mechanism 
of other catheters. They suggest the use of a large-
bore reentry tube in complicated renal surgery 
that allows for reinsertion of the tube after 
removal if bleeding occurs. Endopyelotomy tubes 
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when antegrade endopyelotomy is also performed 
and circle nephrostomy tube when prolonged 
drainage is anticipated as in a calyceal diverticu-
lum are also discussed. Srinivasan et al.  [  12  ]  also 
provide a nice review of tube types and their uses 
which are similar to the previous group’s report.  

   A Brief History of the Evolution 
of Nephrostomy Drainage 

 The  fi rst report of tubeless PCNL was in 1984 
where Wickham et al.  [  13  ]  reported a totally 
tubeless procedure in 100 select patients. Two 
years later in 1986 Win fi eld et al.  [  14  ]  reported 
signi fi cant complications in two patients with 
premature nephrostomy tube removal including 
serious hemorrhage and signi fi cant urinary 
extravasation requiring stent placement, transfu-
sion, and prolonged hospitalization. Perhaps as a 
consequence of this report, the standard approach 
for PCNL became maintenance of the nephros-
tomy tube for at least 24–48 h  [  15  ] . 

 It was a decade later, in 1997, that the tubeless 
procedure was reintroduced by Bellman et al. 
Their modi fi cation included internal drainage 
with a stent and their rationale was that with 
proper drainage of the renal unit, the controlled 
trauma of a PCNL tract should heal spontane-
ously  [  16  ] . A stent and a Councill catheter were 
placed in 30 patients with the nephrostomy tube 
being removed in 2–3 h while only a stent was 
placed in 20 patients. Those patients who did not 
have a nephrostomy tube had a decreased hospi-
tal stay, lower analgesia requirements, lower 
overall cost, and a quicker convalescence. Five 
years later they reported their experience with 
their  fi rst 112 patients undergoing the tubeless 
procedure for percutaneous renal surgery  [  17  ] . In 
86 stone patients, over 90 % were stone free with 
a decreased hospital stay and no external drain-
age bag. The transfusion rate was 6 %. The disad-
vantages they noted were prolonged Foley 
catheter and need for a second procedure to 
remove the stent. It is important to note that the 
authors had strict inclusion criteria and only 28 % 
of their percutaneous procedures over a 5-year 
period were eligible for the tubeless procedure. 

Additionally 7 % of these patients did have 
 residual stones though these were all treated 
 successfully with shock wave lithotripsy.  

   The Tubeless Modi fi cations 

   Randomized Controlled Trials 

 Since Bellman and associates reintroduced the 
tubeless procedure in 1997, a number of random-
ized control trials have been performed to evalu-
ate it more thoroughly. 

 Feng et al.  [  18  ]  looked at various PCNL tech-
niques in 2001 in 30 patients. They evaluated the 
standard technique with a 22 French nephros-
tomy tube, the mini-PCNL with a 22 French tube, 
and the tubeless procedure. Pain scale results 
were similar but the tubeless group had a shorter 
hospitalization and less analgesia use. This study 
was not perfect because although stone burden 
was reported not to be signi fi cantly different it 
was twice as large (8 cm vs. 4 cm) in the standard 
tube group. This was also demonstrated in the 
fact that stone-free rate in this group was only 
37.5 % (vs. 62.5 % in the mini-PCNL group and 
71.4 % in the tubeless group). Although this 
study was biased with the standard cohort being 
more complex, the authors noted decreased cost 
in the tubeless group. 

 Desai et al. in 2004 evaluated the outcome of 
tube size and tubeless as discussed above in a 
randomized fashion  [  10  ] . The tubeless group had 
a shorter hospital stay and urinary leak was 
signi fi cantly shorter in the tubeless group. They 
also had less analgesic requirement but this was 
not statistically signi fi cant. This study was a 
small study of only 30 patients (only ten tubeless 
patients) with strict inclusion criteria but was one 
of the  fi rst randomized comparisons of tubeless 
to both large- and small-bore drainage tubes. 

 Marcovich et al.  [  19  ]  also performed a ran-
domized study in 2004 comparing different tube 
sizes with a tubeless procedure. They evaluated 
60 patients and found no signi fi cant difference 
between patients with a 24 French reentry tube, 
an 8 French pigtail catheter, and those with a 
double J internalized stent. The main limitation 
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of their study was how they de fi ned tubeless 
because those with an internal stent were still left 
with a large-bore drainage tube (20 French 
Councill-tip catheter) removed on the  fi rst post-
operative day. 

 A number of investigators from India have 
investigated tubeless PCNL. There is a large 
amount of literature regarding post-percutaneous 
renal surgery drainage out of India. Three ran-
domized controlled trials were all reported in 
2008 evaluating the tubeless procedure. 

 One study included 202 patients using a mod-
erate-sized tube of 16 French versus a 6 French 
stent  [  6  ] . They found a statistically signi fi cant 
difference in postoperative pain as measured by 
the visual analog scale pain score (59 vs. 31) and 
analgesia requirement. They also found a lower 
incidence of urinary leakage from the nephros-
tomy tube site and a shorter hospital duration 
(21.8 h vs. 54.2 h). Complete convalescence was 
5–7 days for the tubeless group whereas it was 
8–10 days for using the standard technique. They 
found no difference in infection or percent hemo-
globin change. Total follow-up for the study was 
18 months and CT scan at 1 month revealed all 
patients to be stone free. In this study location of 
puncture was not considered. They used suture to 
close the skin. 

 Another study out of India in 2008 randomly 
compared tubeless with stent placement to place-
ment of a small-bore nephrostomy tube of 8 
French in 65 patients  [  20  ] . They also noted less 
postoperative pain via the visual analog pain 
scale, less analgesia requirement, and patients 
were discharged 9 h earlier. Stone clearance was 
87 % in both groups but they only used renal 
ultrasound and KUB to evaluate patients and 
considered less than 4 mm residual fragments to 
be stone free. They too noted no difference in 
complication rate or hemoglobin drop. One 
important outcome they evaluated that many 
groups do not discuss is stent discomfort. The 
tubeless group had bothersome stent-related 
symptoms in 39.4 % with 61.5 % of those patients 
requiring analgesics and/or antispasmodics. They 
did not measure these outpatient analgesic 
requirements for these stent symptoms. They also 
found the duration of perurethral catheter to be 

longer in the tube group but this was because they 
waited until urine leakage from the tract stopped 
(28 h vs. 36 h). Interestingly, one patient with the 
small-bore tube had pain and required stent place-
ment. They used a pressure dressing at the skin. 

 One other randomized study from India in 
2008 evaluated the difference between a large-
bore catheter (22 French) and tubeless in 60 
patients  [  21  ] . Analgesia requirement, hospital 
stay, and time to return to normal activity were all 
signi fi cantly less in the tubeless group. The tube 
group had a 30 min longer operative time sug-
gesting that though the study was randomized the 
cases with tube placement were more complex. 
Also, the tubes were removed at 2.5 days but the 
stents were kept in place for 4.5 weeks. While 
stent symptoms were not evaluated in this study, 
one could imagine based on the previous study 
discussed that this could cause potentially 
signi fi cant distress in the stent group. CT scan 
was also not done postoperatively in this study. 

 Tefekli et al.  [  22  ]  also performed a prospec-
tive randomized controlled trial in 2007 and 
reported bene fi t in the tubeless group. 

   Meta-analysis 
 With more data and literature emerging and many 
studies including small sample sizes, it can some-
times be dif fi cult to interpret all of this informa-
tion. For this reason a group from China performed 
a meta-analysis in 2010 with the existing ran-
domized controlled trials evaluating the tubeless 
PCNL. This included 14 studies and 776 patients 
 [  5  ] . They subdivided the trials into three groups. 
There were three studies that compared small-
bore tubes (4–10), eight studies that evaluated 
large-bore tubes (12–24) and two studies that 
included both sizes versus tubeless. One study 
included did not report size and was incorporated 
in with the larger tube group. One limitation of 
this meta-analysis was that not all of the studies 
reported all relevant parameters. The authors did 
 fi nd a signi fi cant difference in hospital stay but 
only 11/14 studies reported this information. 
Additionally the authors did not separate the data 
by small and large tube groups for this parameter. 
Postoperative analgesia use was signi fi cantly less 
in the tubeless groups but only four studies were 
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compared. Postoperative pain via the visual 
 analog scale was less in the tubeless group but 
only  fi ve studies were included and there was no 
difference found between the tubeless and small 
tube groups. Urine leakage too was signi fi cant 
but also did not show a difference between the 
tubeless and small-bore groups and only four 
studies had these data available. In seven studies 
evaluated, operative time was signi fi cantly lon-
ger in the large-bore versus the tubeless group. 
With these operative time results, one has to 
speculate if there were intrinsic differences 
between the groups as nephrostomy tube place-
ment should not really take longer than an ante-
grade stent placement. There were no differences 
found in stone-free rate (eight studies), postop-
erative fever (eight studies), or blood transfusion 
(nine studies). Also, between the small-bore and 
tubeless groups there were no signi fi cant differ-
ences found in operative time, postoperative pain, 
or urine leakage. Again, there were only four 
studies in the small-bore group. 

 While this study could not eliminate the intrin-
sic limitations of the individual studies the results 
are stronger than the individual studies alone and 
do support that tubeless PCNL could translate to 
a shorter hospital stay and less analgesia require-
ments which could potentially translate to 
decreased costs and improved quality of care. 
What most of these studies did not evaluate, 
however, are stent-related symptoms. Along the 
same lines, outpatient analgesics and pain was 
not measured and many studies left the stents in 
for 4–6 weeks. It is possible that the short inpa-
tient bene fi ts from the tubeless procedure could 
be reversed with the outpatient disadvantage of 
stent discomfort, a prolonged requirement for 
antispasmodics and/or narcotics, and a second 
procedure to remove the stent. Larger multi- 
institutional long-term randomized controlled 
trials that include outpatient evaluations, stent-
related symptoms, and the need for an additional 
procedure are required before de fi nitive conclu-
sions can be made.  

   Nonrandomized Trials 
 In addition to randomized trials, many groups 
have reported their nonrandomized experience 
with the tubeless procedure  [  15,   23–  25  ] . 

Lojananpiwat et al.  [  26  ]  reported on 37 patients 
with externalized 6 French ureteral stents placed 
at the beginning of the procedure and removed at 
48 h. Their patients had a signi fi cant reduction in 
length of hospitalization and postoperative anal-
gesia but their average length of hospitalization 
was still 3.6 days and the majority of their patients 
(24/37) still required narcotics. 

 Karami et al.  [  27  ]  reported on their 5-year 
experience in 201 patients and found the tubeless 
procedure to be safe, effective, and economical. 
Similarly, several other studies have shown good 
results  [  28,   29  ] . One review suggested that a dou-
ble-J stent may theoretically facilitate small 
residual stone passage with passive dilation of 
the ureter  [  15  ] .  

   Conservative Modi fi cation 
 While not leaving an externalized drain has been 
shown to be an effective means of managing 
post-PCNL drainage, some concerns remain, 
including adequate hemostasis and need for reac-
cess for a second-look procedure. One group 
compared tubeless with internal stenting versus 
internal stenting with tube placement but early 
removal on postoperative day 1 if CT imaging 
showed no complications or recurrent stone dis-
ease  [  30  ] . This comparison was performed in a 
prospective randomized controlled fashion and 
showed equivalent results with regard to analge-
sic requirement, hospital stay, and change in 
hemoglobin. They found that the group with early 
tube removal had a better stone-clearance rate 
and allowed for reentrance into the system if 
needed, concluding that it should be considered 
the standard of care and preserves the advantages 
offered by the tubeless modi fi cation.  

   Tubeless in Complex PCNL 
 While the tubeless PCNL has become more pop-
ular as many studies have demonstrated its safety 
and advantage in patient comfort, most surgeons 
are careful in their selection of patients. Many of 
the studies discussed had a strict inclusion limit-
ing the tubeless procedure to straightforward, 
uncomplicated cases. 

 Recently, as surgeons have become more com-
fortable with the tubeless procedure and as tech-
nology has advanced, expanded criteria have 
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been reported and there is increasing literature of 
more complex cases being left with internal 
drainage alone. Some expanded criteria include 
solitary kidneys, large stone burden, renal 
insuf fi ciency, multiple access tracts, and supra-
costal accesses and several groups have reported 
success in these populations  [  31–  36  ] . Jou et al. 
retrospectively reviewed the tubeless procedure 
in 62 patients with stones greater than 3 cm and 
found no increase in morbidity as did Falahatkar 
et al. who achieved an 88 % stone-free rate in 
42 staghorn calculi undergoing the tube-free 
PCNL  [  37,   38  ] . 

 Shah et al.  [  33  ]  retrospectively reported their 
experience in 72 patients with supracostal access. 
These patients also showed bene fi t with earlier 
discharge by 19 h, decreased postoperative pain 
via the visual analog pain scale, and less analge-
sia requirement. Complications and transfusions 
were comparable between groups. These patients 
also had their urethral catheter removed sooner, 
as in the control group they waited for leakage 
from the tract to stop. This is a limitation to their 
study because awaiting catheter removal pro-
longed the control group’s hospitalization and 
also resulted in increased measurement of anal-
gesia. Since these are the main outcome measure-
ments the signi fi cance of the differences detected 
is questionable. They also had one major compli-
cation in each group both requiring exploratory 
surgery. The patient in the study group had a ret-
roperitoneal hematoma and that in control group 
had a splenic rupture and hemoperitoneum. 

 Shoma and Elshal  [  39  ]  performed a prospec-
tive randomized controlled trial comparing tube-
less to standard PCNL without a strict inclusion 
criteria. They had negative results in patients 
with supracostal access and renal insuf fi ciency. 
They suggest these should be considered con-
traindications to the tubeless procedure. 

 Tubeless PCNL has also been investigated in 
obese patients. Yang and Bellman in 2003 
reported their experience in percutaneous renal 
surgery in 133 patients  [  40  ] . Subgroups for anal-
ysis consisted of 45 patients with BMI less than 
25, 55 patients with BMI 25–30, 28 patients with 
BMI 30–40, and 5 morbidly obese patients with 
BMI over 40. Stone removal was the primary 
goal in 104 patients whereas 29 patients 

 underwent percutaneous antegrade endopyelo-
tomy. Two patients required readmission for low 
hematocrit and hematuria and one required embo-
lization for a pseudo-aneurysm. All patients 
requiring transfusion had BMI less than 30 (nine 
patients). There were no other differences 
between the groups. Stents were removed at 1 
week. While obesity made the case more com-
plex, this group did have exclusion criteria 
including greater than two accesses, perforation 
of the collecting system, operative time greater 
than 2 h, residual stones, signi fi cant bleeding, or 
plan for second-look nephroscopy. 

 The  fi rst case report of bilateral tubeless PCNL 
was by Weld and Wake  [  41  ] . Shah et al. then 
reported a small retrospective analysis of 20 
patients comparing bilateral PCNL to bilateral 
tubeless PCNL  [  42  ] . Results showed less analge-
sia and a 20 h earlier discharge but this was not 
statistically signi fi cant because of the small sam-
ple size. Also, their study was limited because the 
tubeless group was a more recent cohort so it is 
unclear whether discharge was sooner because 
protocols were improved and as a result of less 
time in the hospital, less analgesia was measured. 
Additionally, stone burden was much larger in the 
standard group and there were twice as many 
patients with staghorn calculi. This was illustrated 
in operating time as well as the standard group 
was much longer. Though this was a poor com-
parative study, it still demonstrated that bilateral 
tubeless PCNL can be done safely. Other groups 
have also reported these outcomes  [  41–  43  ] . 

 Tubeless has also been successfully reported 
in patients undergoing PCNL in the supine posi-
tion as reported in 184 patients, spinal anesthesia 
in 10 patients (65 from 13), and    patients with a 
history of open renal surgery in 25 patients, 
 [  44–  46  ] . Lastly, patients with pelvic kidneys have 
successfully undergone the tubeless procedure 
laparoscopically assisted  [  47  ] .  

   Tubeless in Children 
 Modi fi cations have not been limited to adults. 
More groups are extending various techniques to 
children as well. Salem et al.  [  48  ]  reported 
 success in 20 children (average age 7.5 years) 
undergoing the tubeless procedure when 
 comparing their outcomes to ten similar patients 
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undergoing the standard technique with a tube. 
They found the tubeless group had less pain, 
shorter hospital stay, and the technique was less 
“troublesome.” They did have to convert to open 
surgery in one case because of extravasation and 
inability to access the kidney. 

 Totally tubeless PCNL has also been investi-
gated in the pediatric population and while some 
groups showed it was safe and effective with 
decreased hospital stay and analgesic use, others 
have not shown a statistically signi fi cant bene fi t 
 [  49,   50  ] .    

   Totally Tubeless PCNL 

 As technology advances and criteria for tubeless 
PCNL expands, several groups have reintroduced 
the totally tubeless procedure without internal or 
external drainage despite previously reported poor 
results by Win fi eld et al.  [  14  ] . Crook et al.  [  51  ]  
reported the totally tubeless procedure to be safe 
and well-tolerated in select patients in his experi-
ence with 100 patients over a 10-year period 
(1996–2006). Istanbullouglu et al.  [  52  ]  performed 
a randomized trial in 2009 in 90 patients comparing 
totally tubeless to standard PCNL and also found it 
to be safe and effective in properly selected patients. 
Aghamir et al.  [  53  ]  also conducted a randomized 
study in 60 patients evaluating the totally tubeless 
PCNL in patients with renal anomalies. They found 
the totally tubeless group to have decreased hospi-
talization time, analgesia, and return to normal 
activities. Totally tubeless was also shown to be 
safe and feasible in supracostal access  [  54  ] . 

 Lastly, totally tubeless has also been reported 
in patients undergoing bilateral PCNL  [  55  ] . This 
group from Turkey in 2009 described their expe-
rience with six patients. Hospitalization was 1.8 
days with only half of the patients being dis-
charged after 1 day. One patient became anuric 
postoperatively for 16 h with a signi fi cant rise in 
creatinine requiring urgent bilateral stent place-
ment. The only difference between this patient 
and the others was a larger hemoglobin decrease 
of 2.6 with the authors suggesting clot obstruc-
tion for this complication.  

   Types of Internal Drainage 

 With surgeons more often performing tubeless 
PCNL with internal drainage, groups have exper-
imented with different types of stents. Double J, 
externalized stents exiting the urethral meatus, 
tail stents, and stents with  fl ank tethers have all 
been used with good results. 

 Bellman introduced antegrade stent placement 
in the reverse direction with the tether exiting the 
 fl ank  [  56  ] . He suggested removal in the of fi ce at 
3–12 days postoperatively. It also may be possi-
ble to still reaccess the tract with this type of 
internal drainage if a second-look procedure is 
needed  [  15  ] . Tethers can also be left on double J 
stents distally as well. 

 Tail stents are generally 7/3 French. These 
were introduced to try to reduce stent symptoms 
as up to 78 % of stent patients may have urinary 
symptoms and discomfort affecting daily activi-
ties, inability to work, and loss of income as a 
result  [  57  ] . Dunn et al.  [  58  ]  found reduced symp-
toms with the 7/3 French stent in a randomized 
single-blind study. Tethers can be left on tail 
stents for ease of removal as well but this requires 
retrograde placement at the beginning or end of 
the procedure. Yew and Bellman  [  59  ]  reported 
this technical enhancement of their modi fi ed 
tubeless procedure and reported low pain scores 
and minimal stent symptoms. This technique also 
eliminates the need for of fi ce cystoscopy for stent 
removal. The one concern of leaving an internal 
catheter with an externalized tether is accidental 
premature removal. 

 One study looked at the difference between 6 
French double-J stents and externalized 6 French 
stents in a prospective randomized analysis  [  60  ] . 
The external stent was removed with the Foley 
catheter on the  fi rst postoperative day. While both 
were found to be feasible, the externalized group 
reported no stent-related symptoms while 52 % 
of patients in the double-J group experienced 
symptoms. The Polaris stent placed in the reverse 
direction is one other unique type of stent worth 
mentioning that has been reported for internal 
drainage post-PCNL  [  61  ] .  
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   Hemostatic Agents in the 
Nephrostomy Tract 

 As tubeless PCNL has become more popular and 
many studies have shown complication rates to 
be similar to the standard technique, the main 
concern remains adequate hemostasis without 
having the tube to tamponade bleeding. 
Hemostatic agents have been around since the 
1970s in nonurologic disciplines. The FDA 
de fi nes these agents as materials that assist in 
hemostasis by accelerating the clotting process of 
blood  [  62  ] . There are liquid and  fl owable agents 
that are used to augment the clotting cascade. The 
liquid agents typically contain  fi brinogen and 
thrombin to help produce a  fi brin clot indepen-
dent of patient factors  [  62  ] . The  fl owable agents 
typically contain gelatin, which provides a matrix 
for platelet adhesions and aggregation and when 
mixed with thrombin aids in clot formation. 
Unlike the liquid agents, gelatin has no  fi brinogen 
and depends on patient factors to start the reac-
tion that assists in clot formation. Gelatin mate-
rial also expands upon contact with blood and 
therefore has an additional pressure effect for 
hemostasis  [  62  ] . Because of these properties and 
the concern for hemostasis in the tubeless proce-
dure, surgeons began to experiment with these 
agents in the nephrostomy tract off-label. Choe 
et al.  [  62  ]  thoroughly describe all of the different 
hemostatic agents available and their mechanism 
of action. Below is a summary of the agents and 
the studies conducted using them to seal the 
nephrostomy tract. 

   Fibrin Glue 

 Fibrin glue was  fi rst used in the urologic disci-
pline for ureteral and renal trauma in the late 
1980s and was shown to be safe  [  63  ] . Once 
introduced, the indications for its use expanded 
and surgeons began to use it in reconstructive 
surgeries to heal  fi stulae, simple prostatectomies, 
and to patch complications and other urologic 
injuries  [  64  ] . 

 The  fi rst report of using  fi brin glue for hemo-
stasis of a percutaneous nephrostomy tract was 
also in the late 1980s  [  65  ] . It wasn’t until 2003, 
however, that the  fi rst larger report was published. 
In a retrospective review of 43 patients undergo-
ing tubeless PCNL, 20 patients had tisseel placed 
to seal the tract and were compared to tubeless 
alone  [  66  ] . Hospital stay was shorter in the  fi brin 
group. Analgesia requirement was less but this 
was not statistically signi fi cant. There was no dif-
ference in hematocrit drop. Postoperative fevers 
occurred in 15 % of the  fi brin group and one 
patient developed a wound seroma, all requiring 
readmissions. Postoperative CT did not reveal 
any differences between the groups. There were 
several limitations with this study including the 
 fi brin group being a more recent cohort and 
thereby possibly having improved protocols. 
Also because the  fi brin patients had a shorter hos-
pital stay, this may account for less analgesia 
recorded as this was not adjusted for admission 
time. There were also no validated pain question-
naires used in this study for assessment. Also, 
fever occurrence in 15 % of patients in the study 
group suggests that  fi brin may cause this reac-
tion; however, the authors state those patients had 
preexisting UTI. 

 Noller et al.  [  67  ]  also successfully reported 
 fi brin sealant in ten kidneys after percutaneous 
renal stone surgery without complications. These 
patients were discharged in 1.1 days with an 80 % 
stone-free rate. None had urinary extravasation 
on CT scan with IV contrast performed 
postoperatively. 

 Shah et al.  [  68  ]  performed a prospective ran-
domized controlled trial in 2006 in 63 patients 
comparing tisseel  fi brin sealant to tubeless PCNL 
without the use of a hemostatic agent. They found 
no difference in hematocrit change or transfusion 
rate. Patients with tisseel used had less postoper-
ative pain and required less analgesia. They were 
also discharged 5 h earlier but this was not statis-
tically signi fi cant. Only renal ultrasound and 
KUB were done postoperatively and stone-free 
status was considered if residual fragments were 
less than 4 mm. One patient in experimental 
group had a 6 g/dl hemoglobin drop with 
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 retroperitoneal hematoma and septicemia 
 requiring ICU care. This demonstrates despite 
efforts to prevent bleeding it can still occur. Of 
note, one potential concern that Uribe discusses 
in an editorial is the possible lithogenic effects of 
these agents. No data or reports have illustrated 
this to date.  

   Gelatin Matrix 

 Gelatin is another type of hemostatic agent that 
has been recently used after percutaneous renal 
surgery for assistance in clotting. Additionally 
this type of agent expands upon contact with 
blood creating an additional compressive effect. 
Clayman’s group describes their technique with 
 fl oseal and reports its successful use in patients 
 [  69,   70  ] . Comparing it to a 10 French cope loop 
catheter, there was no difference in postopera-
tive pain or blood loss but there was a trend 
toward shorter hospitalization but sample size 
was small. This group chooses to use gelatin 
because in vitro studies showed  fi brin glue con-
gealed when it came into contact with urine 
causing a thicker mucoid material that did not 
dissolve after 5 days  [  71  ] . Their concern with 
using  fi brin is that it has the potential to cause 
urinary obstruction. When studying gelatin the 
same group found that when in contact with 
human urine the matrix formed a  fi ne suspension 
of particles. This group of investigators also con-
ducted another study in pigs where they injected 
 fl oseal or tisseel into the collecting system and at 
5 days they found obstruction in 50 % of the pigs 
 [  72  ] . For this reason, they use gelatin and to 
avoid possible obstruction their technique is to 
use a 7 French 11.5 mm occlusion balloon in a 
retrograde fashion extended to the parenchyma 
(6/7). Patients from their studies did well with-
out obstruction. Bellman also noted in an edito-
rial comment that they realized with further 
experience that  fl oseal was more superior than 
 fi brin glue and they now use  fl oseal  [  69  ] . 

 Aghamir et al.  [  53  ]  also investigated gelatin in a 
prospective randomized trial in 20 patients to seal 
the tract. They found no difference in bleeding or 

extravasation from the tract. Singh et al.  [  73  ]  pro-
spectively investigated 50 patients in a  randomized 
fashion using spongostan, an absorbable gelatin 
tissue hemosealant. They found no difference in 
hematocrit drop but the study group had a shorter 
hospital stay ( p  = 0.057), decreased urinary extrava-
sation (1 h vs. 6 h), less analgesia requirement, less 
pain, and quicker time to return to work. Only 
ultrasound and KUB/IVP were performed postop-
eratively. Discharge was 6–8 h earlier. No gross 
soakage was observed on dressings in either group 
though mean collections were larger in the gelatin 
group. One limitation of this study was unbalanced 
stone size between the groups as burden was 
signi fi cantly larger in the standard group. Despite 
this mean operative time was 30 min longer in the 
gelatin group. Stents were kept in place for 4–6 
weeks. One potential concern is displacement of 
the sponge into the collecting system leading to 
obstruction, but the authors claim complete disso-
lution of spongostan based on an in vivo study. 
Based on these results showing limited bene fi t and 
a high expense, they conclude gelatin should be 
used only in cases of persistent visible diffuse hem-
orrhage despite tamponade.  

   Summary of Hemostatic Agents 

 With the goal of these agents being to enhance 
hemostasis, most of the studies conducted found 
no change in hematocrit. Given the extra expense 
and potential complications discussed, these 
studies do not support the routine clinical use of 
hemostatic agents in tubeless PCNL. Some 
authors suggest these agents may be bene fi cial in 
robust bleeding but realistically tube placement 
should be highly considered in these circum-
stances. Additionally these studies do not show a 
difference in the degree of urinary extravasation 
based on imaging and dressing assessment but 
most studies did not objectively measure this 
parameter. There may be a bene fi t, but the litera-
ture to date does not illustrate a profound differ-
ence to justify this extra expense. Further study is 
needed in a large multi-institutional prospective 
randomized trial.   
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   Diathermy Coagulation 

 While many groups have experimented with 
agents to promote hemostasis some groups have 
chosen to use diathermy coagulation for control 
of bleeding. The bene fi ts of this technique are no 
potential for viral transmission, unlike the human-
based hemostatic agents, less cost than  fi brin glue 
and gelatin matrix, and no possibility of allergic 
reactions. Concerns are potential destruction of 
tissue and vascularization leading to inhibition of 
proper healing of the tract. 

 Jou et al.  [  74  ]  reported their experience in 249 
patients using spot electrocauterization of bleed-
ing points with an elongated 8 French electrode 
probe through the working channel along the 
nephrostomy tract. While there was no difference 
in operative time, hospital stay or infection rate, 
they did  fi nd a statistically signi fi cant transfusion 
rate 1.2 % versus 6.5 % (control group = 92 pts). 
They did not report pain assessment or analgesic 
measurements. A French group also reported 
success using a rollerball in the tract and good, 
safe results with use of a 26 French resectoscope 
 [  75  ] . Other investigators report this technique to 
be simple and effective  [  76  ] .  

   Conclusion 

 As our  fi eld continues to advance more 
modi fi cations of drainage post-PCNL will con-
tinue. The above studies show the tubeless proce-
dure may improve patient comfort postoperatively 
with the avoidance of an external tube. As such, 
it may reduce hospital stay and analgesic require-
ment allowing for earlier return to normal activ-
ity. Additionally, site leakage may be less also 
improving patient comfort. Disadvantage of this 
modi fi cation is the need for a second procedure 
for stent removal at a later date which entails a 
cost and extra burden for the patient unless the 
internal drainage is externalized for ease of 
removal, but this carries the risk of early dis-
lodgement. Additionally, many patients suffer 
from stent-related symptoms, a parameter not 
reported by most groups studying the modi fi ed 

procedure. This could theoretically lead to 
 prolonged time to convalescence rather than the 
reported quicker return to normal activity. 
Furthermore, the tubeless procedure eliminates 
the ability to reaccess the tract if residual stone 
remains. Though ureteroscopy remains an option 
in these cases, percutaneous nephroscopy through 
and existing tract may be simpler, but this has not 
been studied. The totally tubeless procedure 
eliminates the convenient possibility of both of 
these options. 

 While the tubeless PCNL remains a 
modi fi cation that carries great potential bene fi t, 
careful patient selection is still encouraged. While 
many groups have reported success in complex 
groups, the potential for risk may outweigh the 
currently calculated bene fi t on certain cohorts. 
We recommend maintaining a strict inclusion cri-
teria when selecting these patients (Table  5.1 ). 
Additionally, some patients who have had stents 
previously and did not tolerate them may do bet-
ter with a nephrostomy tube rather than internal 
drainage so patient preference should be dis-
cussed as well. Additionally, internal drainage 
with tube placement and early tube removal, par-
ticularly in complex patients, is one option that 
should be considered as it has shown equivalent 
results and carried additional bene fi ts, though the 
existing literature with this technique is limited. 
Absolute or relative contraindications for the 
tubeless procedure are shown in Table  5.2 .   

 Lastly, while some groups have reported a 
signi fi cant cost advantage with the tubeless pro-
cedure, most groups have not analyzed this 

   Table 5.1    Inclusion criteria for tubeless percutaneous 
nephrolithotomy   

 Minimal bleeding at completion of the case 
 Single-tract procedure 
 Complete clearance of stone 
 Small stone burden 
 Singular stone location 
 Normal renal function 
 No perforations 
 No complications 
 Healthy, low-risk patients 
 Unilateral procedure 
 Operative time less than 3 h 
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parameter in a sophisticated manner and further 
study is needed  [  18  ] . Bellman et al.  [  16  ]  reported 
a 129 % increased procedure cost in the standard 
tube group but these results need to be veri fi ed 
and extended to the postoperative period.      
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            Introduction    

 Since the initial description of “percutaneous 
pyelolithotomy” by Fernstrom and Johansson in 
1976, percutaneous nephrolithotomy (PCNL) has 
become the standard for the treatment of large 
renal or proximal ureteral stones  [  1  ] . Recently, 
various versions of the procedure have expanded 
indications to treat a variety of stone burdens and 
have rendered open nephrolithotomy as a historic 
procedure. With shorter procedure times, lower 
transfusion rates, lower narcotic requirements, 
shorter hospital stay, faster convalescence, and 
lower cost, PCNL can be applied to nearly any 
stone burden or location  [  2  ] . Despite overall 
safety and effectiveness of PCNL for the therapy 
of renal stones  [  3  ] , PCNL can still be associated 
with signi fi cant morbidity, especially when com-
plications are monitored in a standardized fash-
ion. One recent study cited a nearly 60 % 
complication rate  [  4  ] . While the majority of these 
complications are mild, the urologist must be 
ready to prevent, appropriately identify, and treat 
any complication that he/she could encounter 
during or after PCNL. 

 The focus of this chapter is to provide the 
reader with an appreciation for the complications 
associated with PCNL. A review of recent 
 literature pertaining to the prevention, early 
identi fi cation, and proper management of issues 
that may arise during or after PCNL will be dis-
cussed followed by a case presentation used to 
highlight lessons learned during this summary.  

   Classi fi cation of Complications 
and General Outcomes 

 Standardization of complications in the PCNL 
literature has been dif fi cult and limited for many 
reasons. First, PCNL has become an increasingly 
varied procedure with many different approaches 
to patient positioning, imaging modality, site of 
kidney access, method of tract dilation, size of 
nephroscopes and tubes used, and postprocedure 
kidney drainage (if any). Clearly this variation 
makes any type of comparison or standardization 
of complications and outcomes dif fi cult. 
Secondly, the literature has only recently re fl ected 
the use of a standardized schema for the grading 
of surgical complications. Several studies have 
been published reporting on complications of 
PCNL in large series of patients, but none utilize 
a standard for the classi fi cation of complications, 
hence making interpretation dif fi cult. The 
modi fi ed Clavien classi fi cation of surgical com-
plications is a simple, reproducible, and a com-
prehensive method and has been the standard 
most commonly utilized system in urology  [  5  ] . 
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De fi nitions of Clavien complication grades listed 
in Table  6.1 .  

 Recently, Tefekli et al. sought to report their 
complications using the modi fi ed Clavien 
classi fi cation system. Their single institution case 
series reviewed 255 complications occurring in 
237 of 811 patients who underwent PCNL between 
2003 and 2006. They reported an overall compli-
cation rate of 29 %. There were 33 grade 1 (4 %), 
132 grade 2 (16.3 %), 54 grade 3a (6.6 %), 23 
grade 3b (2.8 %), 9 grade 4a (1.1 %), and 3 grade 
4b (0.3 %) complications, and 1 death (0.1 %). 
Most complications were related to bleeding and 
urine leakage. Grade 2 and 3a complications were 
signi fi cantly more common in patients with com-
plex renal stones, de fi ned as stones with compo-
nents in both calix and pelvis. Limitations in this 
study were the retrospective nature of data collec-
tion and the imprecise method of discerning sim-
ple from complex stones. Further, residual 
fragments, whether signi fi cant or insigni fi cant, 
were not cited as complications. This may be mis-
leading, as the authors pointed out, as subsequent 
treatment may qualify as 3a or 3b complication. 
Further, the single institution data was not 
strati fi ed by many factors (age, comorbidity, BMI, 
renal anomalies), possibly in fl uencing the out-
come and complication rates  [  6  ] . 

 A contemporary report by de la Rosette 
et al. sought to report complications on PCNLs 
performed between 1994 and 2007 using the 

modi fi ed Clavien classi fi cation. Interestingly, the 
authors reported data based on their transition 
from  fi ve urologists performing PCNLs to one 
operating urologist under the auspice of an 
endourology center with a dedicated team for 
PCNLs in 2002. While patients in the latter cohort 
were more likely to be older, on anticoagulation, 
or with positive urine culture and less likely to 
have had prior SWL, they exhibited similar dis-
tribution of sex, prior PCNL, history of diabetes, 
stone burden, and history of renal anomalies. In 
their cohort of 244 patients, their global Clavien 
complications were grade 0 in 53.7 %, grade 1 in 
25.8 %, grade 2 in 16.8 %, grade 3a in 0.4 %, 
grade 3b in 0.4 %, and grade 4 in 0.4 %. 
Complication rates decreased after 2002 (with 
implementation of the dedicated endourology 
surgeon and team) from 60.3 to 40.9 %. Negative 
urine culture, smaller stone size, more favorable 
stone position, balloon dilation as opposed to 
telescopic dilation, lithotripsy device utilized, 
and decreased operative time were also associ-
ated with decreased complications on univariate 
analysis. Independent factors on multivariate 
analysis for complicated outcome were stone size 
(OR 1.25), type of lithotripsy device (OR 1.35) 
and incidence of perioperative complications 
(OR 3.71). The limitation of this single institu-
tion study included the retrospective nature, 
extended study period which allowed for hetero-
geneity in instruments and techniques. 

   Table 6.1    Clavien compl   ication grades   

 Modi fi ed Clavien classi fi cation of surgical complications 
 Grade  De fi nition 
 Grade 1  Any deviation from the normal postoperative course without the need for pharmacological 

treatment or surgical, endoscopic, and radiologic interventions 
 Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgesics, diuretics, 
electrolytes, and physiotherapy. This grade also includes wound infections opened at the bedside 

 Grade 2  Required pharmacological treatment with drugs other than such allowed for grade 1 complications. 
Blood transfusions and total parenteral nutrition are also included 

 Grade 3  Requiring surgical, endoscopic, or radiological intervention 
 Grade 3a  Intervention not under general anesthesia 
 Grade 3b  Intervention under general anesthesia 
 Grade 4  Life-threatening complication (including CNS complications excluding transient ischemic attacks) 

requiring intensive care (ICU) management 
 Grade 4a  Single-organ dysfunction (including dialysis) 
 Grade 4b  Multiorgan dysfunction 
 Grade 5  Death of patient 
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 Summarizing all single institution studies is of 
limited value given the recent changes and issues 
associated with modern PCNL and with 
institution-speci fi c capabilities, limitations, and 
norms of acceptability for their patient popula-
tions. With this in mind, the Endourologic Society 
formed the Clinical Research Of fi ce of the 
Endourologic Society (CROES) in order to pro-
vide a central hub for the organization, structure, 
and facilitation of a global network for endouro-
logic research. Their  fi rst mission was to identify 
indications and outcomes for PCNL from centers 
worldwide, namely, the PCNL Global Study 
(PCNLGS). 

 The PCNLGS was a prospective observational 
study of over 5,800 patients from over 90 uro-
logic centers from around the world. Patient data 
was pooled centrally in the CROES where sev-
eral parameters including outcomes and compli-
cations were evaluated. The distribution of scores 
in modi fi ed Clavien grades was: grade 0 (79.5 %), 
grade I (11.1 %), grade II (5.3 %), grade IIIa 
(2.3 %), grade IIIb (1.3 %), grade IVa (0.3 %), 
grade IVb (0.2 %), or grade V (0.03 %). The 
30-day stone-free rate was 75.7 %, and 84.5 % 
of patients did not need additional treatment. 
Major procedure-related complications included 
signi fi cant bleeding (7.8 %), renal pelvis perfora-
tion (3.4 %), and hydrothorax (1.8 %). Blood was 
transfused in 328 (5.7 %) of patients, and 10.5 % 
of patients developed a fever of greater than 
38.5 °C postoperatively  [  7  ] . We have summarized 
the complication rates by Clavien grade of the 

studies discussed in Table  6.2 . Several  subsequent 
sub-analyses of this case series have focused on 
the impact of calculus size, patient position dur-
ing PCNL, and method of tract dilation, among 
other factors, on PCNL outcome.   

   Preoperative Evaluation and Special 
Populations as Risk Factors 

 A key component to decreasing the risk of surgi-
cal complications is proper patient selection. 
Patient factors and stone factors should help 
identify those patients who would be bene fi ted 
most, and potentially harmed least, by PCNL. 
Patients should have nephrolithiasis appropriate 
for PCNL, as this treatment is more morbid than 
both ureteroscopy and shock-wave lithotripsy 
(discussed elsewhere in the book). Besides 
obtaining medical clearance from a patient’s pri-
mary care physician or specialist, such as cardiol-
ogy, the urologist should be familiar with 
appropriate basic screening of patients to help 
minimize postoperative complications. 

 The urologist should be keen on screening for 
uncorrected coagulopathy. A thorough personal 
history screening for any easy bruising or bleed-
ing with routine activities may suggest an under-
lying (and undiagnosed) coagulopathy, which 
may prompt further work-up prior to PCNL. 
Acquired coagulopathy should also be corrected 
or reversed prior to PCNL as bleeding is one of 
the most frequent complications encountered. 

   Table 6.2    Complication rates by different studies   

 Summary of studies evaluating complications of PCNL using Clavien classi fi cation system 

 Study  Tefekli et al  [  6  ]  
    de la Rosette et al.  [  10  ]  

 de la Rosette  [  7  ]   Pre-2002  Post-2002 
 Number of patients  811  27  104  5,803 
 Grade 1  4 %  41.2 %  19.9 %  11.1 % 
 Grade 2  16.3 %  14.7 %  17.6 %   5.3 % 
 Grade 3  3a   6.6 %   1.4 %  0 %   2.3 % 

 3b   2.8 %  0 %   0.6 %   1.3 % 
 Grade 4  4a   1.1 %  0 %   0.6 %   0.3 % 

 4b   0.3 %  0 %  0 %   0.2 % 
 Grade 5   0.1 %  0 %  0 %   0.03 % 
 Overall complication rate  29 %  60.3 %  40.9 %  20.53 % 
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Aspirin, warfarin, clopidrogel, and nonsteroidal 
anti-in fl ammatory medications should be held for 
7–10 days prior to the procedure, with direction 
from the primary care physician or specialist. 
Further, PT/PTT/INR should be checked preop-
eratively in those patients who are on warfarin to 
ensure proper levels prior to procedure. Those 
patients on anticoagulation medications with 
shorter half-lives such as dabigatran, lovenox, 
heparin, or fondaperineux should have their med-
ication held prior to the procedure based on the 
half life (commonly used is 5–7 half lives) and 
with the guidance of the patient’s primary care 
physician or a hematologist. The urologist should 
also be aware of some medications or supple-
ments, not used for the purpose of anticoagula-
tion, that may affect coagulation. Omega-3 fatty 
acids supplementation (or  fi sh-oil supplements) 
and certain herbal supplements often affect coag-
ulation and may lead to occult diathesis. They 
may affect platelet function directly (e.g. Garlic, 
Ginseng, Ginko Baloba, and Ginger) or interact 
with the metabolism or function of blood thin-
ning medications  [  8  ] . 

 Patients should also be free of any active uri-
nary tract infection prior to PCNL. A preopera-
tive negative urine culture is ideal but a urinary 
tract infection that is without any signs of sys-
temic in fl ammatory response which has been 
treated with antibiotics preoperatively (ideally 
for 2–3 days) is necessary to prevent sepsis 
postoperatively. 

 Adequate radiographic investigation is essen-
tial before creating the nephrostomy tract and is 
of paramount importance to prevent major PCNL 
related complications. Proper identi fi cation of 
the stone burden allows for the selection of ideal 
treatment modality, such as ureteroscopy and 
SWL, which may spare the patient morbidity. 
Further, proper stone identi fi cation will allow for 
ideal access, which may further minimize mor-
bidity. While plain radiographs and/or ultrasound 
may suf fi ce, cross-sectional imaging, such as 
computerized tomography (CT), helps more 
accurately de fi ne stone burden as well as kidney 
vasculature and nearby structures such as the 
bowel, liver, and spleen. 

 Potential preoperative risk factors such as 
advanced age, renal anomalies, increased body 
mass index (BMI), and size and character of 
stone burden are of crucial importance to proper 
preoperative risk strati fi cation. Additionally, fac-
tors beyond patient or stone may impact out-
comes as the surgeon’s experience has a role in 
preventing postoperative outcomes. 

   Operative Volume and Surgeon 
Experience 

 Surgeon experience appears to be an important 
factor in minimizing complications associated 
with PCNL. In a sub analysis of the CROES 
PCNLGS, Opondo, sought to compare the 
 complication rate and severity in high-volume 
versus low-volume institutions  [  9  ] . Data from 
3,933 patients were included. Patients were 
excluded if the PCNL was performed in centers 
with volume less than ten cases per year and in 
those with history of prior renal surgery. In their 
study low-volume and high-volume centers were 
determined as those institutions performing less 
than and greater than 77 cases per year. Thirteen 
of 71 centers were identi fi ed to be high volume. 
Higher stone-free rates, lower complication rates, 
and shorter hospital stays were independently 
associated with case volume on multivariate 
analysis. High-volume centers were identi fi ed to 
have lower rates of intraoperative perforation, 
failed access, or hydrothorax, though statistical 
signi fi cance was identi fi ed only in the rate of per-
foration. Further, reported bleeding, change in 
hemoglobin, and transfusion rates were all statis-
tically signi fi cantly lower in high-volume cen-
ters. Interestingly, severity of complications 
decreased with increasing annual volume until 
approximately 120 cases, at which point compli-
cation severity increased. This volume of cases 
associated with a nadir in complications coin-
cided with the case volume that yielded peak 
stone-free rate (both were approximately 120 
cases per year). A possible explanation is referral 
bias, with more complicated cases skewing the 
results. 
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 The issue of training and learning curves has 
recently been reviewed by de la Rosette et al. 
 [  10  ] . Cited in their review were studies by Allen 
et al.  [  11  ]  and Tanriverdi et al.  [  12  ]  that evaluated 
single surgeon competency and excellence by 
monitoring operating time,  fl uoroscopic screen-
ing time, and radiation dose. The study by 
Tanriverdi et al. also reviewed stone-free and 
complication rates. Both studies suggest that 
signi fi cant improvements in operative time and 
 fl uoroscopic time are obtained at 60 cases. 
Excellence was reported by Allen, et al. at 115 
cases. However, neither of the studies utilized 
complications when measuring competency (both 
papers cited no major complication rates). The 
latter study reported no improvement in estimated 
blood loss or transfusion rates with increased 
 volume. As suggested by these reports, experi-
ence of all team members in the operating 
suite may in fl uence (and improve) outcomes and 
complication rates.  

   Advanced Patient Age and Comorbidity 

 Often advanced age is a concern for procedural 
or postprocedural complications. A recent study 
sought to compare outcomes and complications 
of all PCNLs performed between 1997 and 1999. 
Twenty-eight PCNLs performed on 27 patients 
over the age of 60 were compared to 178 PCNLs 
performed on 166 patients younger than 60. 
Despite a slightly higher rate of staghorn calculi 
in the elder cohort, stone burden was similar as 
were stone-free rates. Both cohorts had similar 
transfusion rates (21 % in the elder and 18 % in 
the younger cohorts), complication rates, and 
length of stay. The senior group experienced two 
renal pelvic perforations managed conservatively 
(grade 1), four patients had post-op fever without 
bacteremia (grade 1), and one patient was reported 
to have high-grade fever and was found to have a 
urinary tract infection and perinephric hematoma 
(grade 2) that were treated with antibiotics and 
conservative therapy  [  13  ] . Clearly cited in their 
methods section was a selection bias of only 
those “in good general health.” 

 Okeke et al.  [  14  ]  reviewed the data from the 
PCNLGS and strati fi ed patients into two groups: 
those 70 years or greater and those under 70 years 
of age. A matched analysis was utilized to assess 
stone-free status of 334 patients in each arm. The 
data revealed a complication rate of 19.9 % in the 
elderly versus 6.6 % in the young. Moreover, 
major complications, de fi ned as Clavien III or IV, 
were seen in 5.1 % of the elderly versus 0.0 % of 
the young. The authors did cite that the elderly in 
their study, as in the general population, did have 
a greater incidence of comorbidity and anticoag-
ulation use. 

 While age is an important factor during pre-
operative risk strati fi cation perhaps it is not as 
important as comorbidity. Resorlu et al. evalu-
ated 283 patients between 60 and 81 years old 
for complications post-PCNL. Patients were 
strati fi ed into three groups based on Charlson 
Comorbidity Index (CCI) scores of 0, 1, or 2 and 
greater. Their overall postoperative complication 
rate was 39 %. The most common complication 
was hemorrhage requiring transfusion (12 %), 
resulting in patients with a higher CCI. Life-
threatening complications increased from 7.6–12 
to 28.6 % as the CCI increased from 0–1 to 2 and 
greater. The only mortality in the study was 
noted in a patient with a CCI score of greater 
than 2. CCI, intraoperative bleeding, and opera-
tive time were all independent factors predictive 
of postoperative complications on multivariate 
analysis. Based on these  fi ndings, those with 
increased CCI may be offered conservative 
observation or uretero-renoscopic treatment in 
order to avoid high complication rates  [  15  ] .  

   In fl uence of Obesity 

 While BMI has been associated with increased 
complications and worse outcomes in many dif-
ferent types of surgery, it has not been associated 
with poorer outcomes or increased complications 
for PCNL based on several studies  [  16–  18  ] . 
Bagrodia et al.  [  19  ] , identi fi ed no increased oper-
ative time, need for multiple access, difference 
in stone-free rates, transfusion requirements, 
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complication rates, second look rates, or length 
of stay in a series of 200 patients strati fi ed by 
BMI. These results were echoed recently by 
Tomaszewski et al.  [  20  ]  whereby 187 patients 
strati fi ed by BMI categories (ideal, overweight, 
obese, and morbidly obese) experienced no 
 difference in stone-free rate, complication 
rate, hemorrhage, or hospital length of stay. 
Certainly, anesthetic precautions tailored to 
 airway management in obese patients and appro-
priate length instruments would be required for 
obese patients.  

   Renal Anomalies (Solitary, Malrotated, 
Ectopic, Horseshoe, and Transplanted 
Kidneys) 

 Solitary kidney, as a result of traumatic, surgical, 
or congenital reasons, presents a unique concern to 
the urologist planning PCNL. Clearly, the safety 
cushion of a contralateral kidney is not present and 
hence any complication compromising the kidney 
may render the patient anephric and dependent on 
dialysis. Further, it is likely that those with solitary 
kidney are likely to have more comorbidities 
which would place them at higher risk for postop-
erative complications. This situation was evalu-
ated in the PCNLGS as 189 of 5,745 patients with 
complete data collection were with solitary kidney 
 [  21  ] . Patients with solitary kidney were similar to 
their bilateral nephric counterparts in distribution 
of sex, BMI, and comorbidities other than inci-
dence of coronary artery disease and American 
Society of Anesthesiologist (ASA) scores, in 
which mono-kidney patients had higher incidence 
and scores. Patients with solitary kidney also had 
higher incidence of nephrostomy drainage and 
pyelolithotomy. Access sites, location of access 
(supracostal vs. infracostal), modality of image-
guided access, and tract dilation methods were 
similar in both groups. Those with solitary kidney 
had lower stone-free rates, higher transfusion rates 
(particularly in those dilated with telescopic dila-
tors), higher pre- and postoperative serum creati-
nine levels (though the change was similar to that 
of the bilateral kidney cohort). Incidence of post-op 

fevers, perforations, hydrothorax, and failed 
 procedures were similar in both groups. 

 Anatomic renal anomalies such as renal ecto-
pia and horseshoe kidney carry a theoretical risk 
for increased stone formation due to urinary  stasis 
from proximal ureteral or ureteropelvic junction 
distortion from anomalous vasculature or 
 orientation  [  22  ] . This has shown to translate to 
decreased stone clearance in such kidneys after 
SWL  [  23  ] . Hence, PCNL offers the advantage of 
adequate fragmentation and removal of stone 
burden. However, should these same anatomic 
anomalies be a source for concern of increased 
risk of complication? 

 Three case series have reviewed their out-
comes and complications associated with PCNL 
in anomalous kidneys. Mosavi-Bahar et al. 
reported their experience in PCNL on 17 patients 
with various anomalies (horseshoe kidneys, ecto-
pia, malrotation, and small kidneys). No serious 
complications were encountered though they 
reported two pleural injuries that required no fur-
ther management (grade 1)  [  24  ] . In a subsequent 
series, 48 patients with anomalous kidneys under-
went PCNL with 81 % stone-free rate and no 
major complications (three patients required 
transfusion—grade 2 and two had perinephric 
collection—grade 1)  [  25  ] . Similar results were 
expressed by Gupta et al. with three complica-
tions noted in 52 renal units (46 patients); two 
with post-PCNL sepsis (grade 2) and one with 
pleural injury requiring thoracic tube drainage 
(grade 3b)  [  26  ] . Access to anterior calices was 
obtained with laparoscopic assistance in some 
cases. While complications in all three series 
were minimal, it is clear that these are challeng-
ing cases and should be done only by those with 
substantial experience. 

 Similar to anomalous kidneys, in their ana-
tomic considerations, are transplanted kidneys. 
While their super fi cial pelvic position allows for 
direct access to the calix, there is the concern for 
overlying bowel necessitating ultrasonic or 
CT-guided access placement. Further, issues with 
immunosuppression intrinsic to the transplanta-
tion can result in increased risk of postoperative 
complications. One series of 13 patients cited no 
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intraoperative complications  [  27  ] . Three patients 
however developed sepsis, gastrointestinal bleed-
ing, and herpes esophagitis, all Clavien grade 2, 
respectively, postoperatively.  

   History of Prior Renal Surgery 

 While the in fl uence of prior surgery on an upcom-
ing open or laparoscopic case cannot be over-
stated, several studies suggest that prior renal 
surgery may not have a great impact on the out-
comes of PCNL or its complications. In 2003, 
Basiri et al., published their series of 65 patients, 
with a history of prior open nephrolithotomy, and 
117 patients, without a history of prior open 
nephrolithotomy, who underwent PCNL  [  28  ] . 
There was no difference in stone-free rates, 
inability to access the collecting system, inci-
dence of postoperative pyelonephritis, or inci-
dence of hemorrhage. However, this study was 
limited by the fact that the cohorts with history of 
open nephrolithotomy were more likely to harbor 
a single stone. A similar study without this limi-
tation, revealed no difference in operating time, 
postoperative analgesic dose, pain scores, intra-
operative or postoperative complication rates in 
27 patients with a history of open renal surgery 
compared to 62 patients without history of prior 
renal surgery  [  29  ] . 

 The effects of shockwave lithotripsy (SWL) 
on tissue has been examined. In one study, 1,008 
patients (230 patients failed SWL), underwent 
PCNL were reviewed  [  30  ] . PCNL performed an 
average 3.5 months after SWL required similar 
operative times and  fl uoroscopic screening times 

with those PCNLs without a history of prior 
SWL. However, PCNL performed on those with 
history of prior failed-SWL, was for signi fi cantly 
smaller stones yielding longer operative and 
 fl uoroscopic times per square centimeter of stone. 
Overall complication and transfusion rates were 
similar in both cohorts at 26.5 and 9.1 % versus 
28.8 and 9.2 %, respectively.  

   Stone Burden 

 Stone burden and location clearly in fl uence out-
comes and complication rates. Xue et al.  [  31  ] , 
evaluated stone characteristics and outcomes 
in 1,448 patients whose data was collected in the 
PCNLGS. Patients were strati fi ed by stone size 
(20–30, 30–40, and 41–60 mm) and location 
(pelvis or upper, mid, or lower calix). Eighty-
three percentage of stones were 20–30 mm and 
73 % of stones were located in the renal pelvis. 
With increasing stone size, the authors observed 
signi fi cantly lower stone-free rates and higher 
rates of postoperative fever and blood loss requir-
ing transfusion (see Table  6.3 ). Increased stone 
size and calyceal location was associated with 
higher ASA score. Postoperative complications 
were generally associated more with large 
calyceal, as opposed to renal pelvic, stones.  

 Staghorn calculi represent the largest stone 
burden possible within a kidney. The size and 
branching of such complex calculi present 
signi fi cant challenges during PCNL that may 
place the patient at increased risk for complica-
tion. A comparison of PCNLs performed on stag-
horn versus non- staghorn calculi in the PCNLGS 

   Table 6.3    Comparison of SFR and complications in stones aggregated by size and character   

 Xue et al.  [  31  ]   Desai et al.  [  32  ]  

 20–30 mm  31–40 mm  41–60 mm  Non-staghorn  Staghorn 

 Number of patients  1,202  202  44  3,869  1,466 
 Stone-free rate  90.0 %  83.3 %  84.1 %  82.5 %  56.9 % 
 Mean operative time  71.3 min  79.5 min  90.8 min  65 min  100 min 
 Postoperative fever  8.4 %  7.3 %  17.9 %  8.7 %  14.8 % 
 Transfusion rate  4.4 %  4.4 %  13.3 %  4.5 %  9.0 % 

 Collecting system 
perforation 

 Not listed  2.8 %  4.4 % 

 Multiple accesses  1.4 %  5 %  16.9 % 
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con fi rms that staghorn calculi were associated 
with lower stone-free rate, longer operative times, 
higher incidence of positive preoperative urine 
culture, more bleeding, increased transfusion 
requirement, increased collecting system perfo-
ration, and were more likely to undergo multiple 
access (see Table  6.3 )  [  32  ] . PCNLs performed on 
staghorn calculi were also more likely to undergo 
upper calix access if a solitary access was chosen. 
These cases were not more likely to experience 
hydrothorax or failed procedure compared to 
non-staghorn calculi. 

 Multiple percutaneous access sites and the use 
of a  fl exible nephroscope are two methods to 
improve PCNL stone-free rates in renal units 
with staghorn calculi. Few studies have evaluated 
the outcomes and complications of multiple per-
cutaneous accesses for staghorn calculi. One 
study evaluated the outcomes and complications 
of a range of 2–6 percutaneous access sites 
(median was three) in 169 renal units treated (149 
patients)  [  33  ] . Blood transfusion was required in 
46 patients (30.8 %), urosepsis 8 patients (5.3 %), 
hydrothorax 7 patients (4.2 %), hemothorax in 1 
patient, angioembolization was performed in 4 
patients (2.4 %), and perinephric collection was 
identi fi ed in 1 patient. Excluding those with 
chronic renal failure and anemia preoperatively 
who received transfusions beyond POD#2, the 
authors concluded that there was no increased 
risk of complication using multiple percutaneous 
accesses. Certainly, the use of a  fl exible nephro-
scope though a single access point may improve 
access to other calices but is limited by its depen-
dence of laser for lithotripsy or basketing, both of 
which may be time-consuming. Ultimately, mul-
tiple accesses may allow for improvements in 
operative time and decreased torqueing, through 
a poor access site, and help mitigate complica-
tions from treatment through this type of access.   

   Intraoperative Risk Factors 

   Patient Positioning 

 A subanalysis of the PCNLGS on the impact of 
patient positioning on PCNL outcomes and 
 complications was published in 2011  [  30  ] . One 

thousand one hundred and thirty-eight and 4,637 
patients underwent PCNL in the supine and prone 
position, respectively. Patient’s demographics 
were similar, except for a greater proportion of 
female gender, lower age, and greater rate of 
SWL in the supine group. Patients who under-
went PCNL in the prone position enjoyed greater 
stone-free rates (77 vs. 70 %) but experienced 
fever more often (11.1 vs. 7.6 %) and were more 
likely to require blood transfusion (6.1 vs. 4.3 %). 
Patients who underwent PCNL in the supine 
position were more likely to have a failed proce-
dure (2.7 vs. 1.5 %). Perforation and hydrothorax 
rates were similar in both groups at roughly 3 and 
2 %, respectively. In terms of Clavien score both 
cohorts exhibited roughly 20 % complication rate 
with Clavien I occurring in 12.1 and 10.8 %, 
Clavien II occurring in 3.8 and 5.6 %, Clavien III 
occurring in 2.7 and 3.9 %, and Clavien IV occur-
ring in 0.6 and 0.5 % of supine and prone posi-
tioned patients. One mortality was observed in 
both cohorts. Though not substantiated in 
PCNLGS analysis, theoretical considerations for 
supine PCNL include decreased anesthetic or 
cardiac risk associated with prone positioning 
(particularly in obese patients or those with 
decreased cardiac index), decreased hydrostatic 
pressure and perhaps fewer postoperative fevers, 
decreased radiation exposure to the surgeon’s 
hands, and spontaneous stone drainage. Further, 
anatomic studies suggest that splenic or liver 
injuries are more likely to occur with an upper 
pole stick in the supine position. Conversely, 
colonic injury is more likely to occur with a lower 
pole access in the prone position  [  34  ] .  

   Who Gets Access? 

 Access may be obtained by either the urologist in 
the operating suite at the time of PCNL or the 
interventional radiologists in the radiology suite 
preoperatively. Many centers in the USA rely on 
the interventional radiologist to obtain the percu-
taneous renal access, a trend attributed primarily 
to the lack of percutaneous access training for 
urologists during residency. Several reports 
proved the safety and ef fi cacy of PCNL access 
created by urologists  [  35,   36  ] . 
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 Watterson et al., compared access obtained by 
a urologist with that by a radiologist, both cohorts 
of patients had similar rates of supracostal access, 
with similar mean access dif fi culty scores 
between groups. They concluded that access 
related complications were less and stone-free 
rates were improved during urologist acquired 
percutaneous access  [  37  ] .  

   Method of Dilation 

 PCNL tract dilation can be achieved using sev-
eral methods, using Alken metal co axial dilators, 
Amplatz fascial dilators, or balloon dilation sys-
tems. Rigid metal dilators are a series of dilators 
mounted together in a telescopic system. This 
system is generally utilized in patients with scar-
ring secondary to previous renal surgery or 
in fl ammation. Because of the metallic nature of 
these dilators and dif fi culty in maintaining accu-
rate depth of dilation, these dilators can induce 
considerable renal trauma especially when push-
ing hard against tough  fi brous tissues. The 
Amplatz sequential fascial dilators consist of 
progressively larger and  fi rm polyurethane dila-
tors. Due to the repeated dilation required, these 
dilators carry the risk of bleeding each time a 
dilator is withdrawn. Balloon dilators are the 
most frequently utilized method of track dilata-
tion and were developed to achieve dilation in a 
single step eliminating the need for serial dila-
tion. Brie fl y, the balloon system creates a tract 
through a less traumatic lateral and radial force 
rather than shearing action. Studies have found 
that bleeding and transfusion rates are less with 
the balloon dilators compared with amplatz fas-
cial dilators  [  38,   39  ] . However, Gonen et al., 
compared balloon dilatation with Amplatz dila-
tion of the nephrostomy tract in a retrospective 
chart review of 229 patients. They noted no dif-
ference in operative time or estimated blood loss 
 [  40  ] . Benway and Nakada published a rebuttal, 
illustrating that multiple studies have reproduc-
ibly demonstrated lower rate of hemorrhagic 
complications in patient undergoing balloon dila-
tion compared with serial dilation  [  41  ] . 

 More recently, the PCNLGS, Yamaguchi 
et al., concluded that metal coaxial and Amplatz 

sequential dilators and smaller sheath size are 
associated with shorter operating times than bal-
loon dilation and larger sheath size. Factors pre-
dictive of bleeding complications include stone 
load, caseload, sheath size, and operating time. 
One variable observed was that surgeons were 
reporting the use of coaxial and Amplatz sequen-
tial dilators may have had longer experience and, 
hence, obtained better access compared to those 
using balloon dilators  [  42  ] . Regardless of the 
tract dilation method used, caution should be 
taken to dilate the tract only up to the peripheral 
aspect of the collecting system under radiology 
guidance.  

   Radiation Exposure 

 Recently, radiation exposure has been identi fi ed 
as a modi fi able risk factor for subsequent devel-
opment of malignancy  [  43  ] . One recent study by 
Mancini et al. reviewed the records of 96 patients 
who underwent PCNL. Increased body mass 
index, higher stone burden, stone nonbranched 
con fi guration, and a greater number of percutane-
ous access tracts were all associated with 
increased effective radiation dose. BMI was par-
ticularly interesting as it exhibited a dose-related 
effect. In other words, obese patients with a BMI 
between 30 and 39.9 kg/m 2  had a more than two-
fold increase in effective radiation dose, and 
those with BMI 40 kg/m 2  or greater had a more 
than threefold increase in effective radiation dose 
compared to those with normal BMI. In their 
study, site of stone, site of access, stone composi-
tion, and EBL were not associated with effective 
radiation dose  [  44  ] .  

   Tubes Post-op (Tubeless PCNL) 

 Placement of a temporary percutaneous tube 
though a dilated nephrostomy tract after PCNL is 
routinely done for renal drainage, in order to facil-
itate reentry for second look procedures and to 
tamponade potential bleeding  [  45  ] . Additionally, 
recent evidence suggests that PCNL may be per-
formed tubeless or without the use of a post pro-
cedural tube exiting the  fl ank. In a study examining 
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tubeless PCNL, Bellman et al. demonstrated 
shorter convalescence, shorter length of stay, and 
decreased pain as well as signi fi cant cost savings 
without increase in complications  [  46  ] . Since that 
study, many reports have been published demon-
strating the feasibility of tubeless PCNL. In a sys-
tematic review of 24 studies, 11 of which were 
randomized controlled studies, postoperative pain 
scores, analgesic requirements, length of stay, and 
convalescence time were all signi fi cantly shorter 
in the tubeless population. Stone-free rates and 
morbidity were similar between the various tube-
less PCNL and standard tubed PCNL cohorts. 
Speci fi cally, measured blood loss and transfusion 
rates were similar. Hydrothorax incidence was 
nearly double in the tubed cohort but this was 
without statistical signi fi cance. Similarly postop-
erative pyrexia and duration of urinary leakage 
was encountered less in the tubeless cohorts as 
opposed to the tubed population. At our institu-
tion, tubeless PCNL is performed routinely in 
procedures where the stone burden is less than 
1.5 cm and in cases judged intraoperatively to be 
atraumatic and with good antegrade  fl ow at the 
end of the procedure.   

   Intraoperative Complications 

   Hemorrhage 

 The kidney is a highly vascular organ, with each 
kidney receiving 12.5 % of cardiac output. 
Hemorrhage is one of the most common compli-
cations of PCNL. Older reports have cited a post-
procedural transfusion rate of up to 34 %  [  47  ] . 
More recently transfusion rates have been lower. 
In a review of 1,585 PCNLs performed on 1,338 
patients, bleeding occurred in 6 % of procedures 
with only 0.8 % requiring transfusion or angioem-
bolization  [  48  ] . In the PCNLGS, bleeding com-
plications were reported in 7.8 % of procedures 
and transfusions were administered in 5.7 %  [  4  ] . 

 Stoller et al. have linked the increased the risk 
of bleeding requiring blood transfusion during 
PCNL to the experience of the surgeon and mul-
tiple access points. Kidneys with intricate anat-
omy were associated with an increased risk of 

renal bleeding  [  49,   50  ] . Lam and associates 
found that the creation of an additional nephros-
tomy tract in patients treated for staghorn stone 
decreased transfusion requirements  [  51  ] . Patients 
on anticoagulant or antiplatelet medications 
were also more likely to experience bleeding 
 [  52  ] . Also, patients with staghorn or large stones, 
a solitary kidney, and those with DM were asso-
ciated with increased risk of bleeding during 
PCNL  [  53,   54  ] . 

 Intraoperative bleeding during PCNL may be 
dif fi cult to manage and may present technical 
challenges if not appropriately managed. If 
signi fi cant bleeding is encountered, our initial 
step is to reinsert the 30 Fr dilating balloon uti-
lized to create the tract. With the balloon 
rein fl ated, the tamponade effect is carried out 
over 10 min. If vital signs are appropriate, the 
balloon is de fl ated and the site is inspected for 
continued venous and or arterial bleeding. If 
bleeding continues to be signi fi cant, a 36 Fr 
Occlusive Kaye tamponade balloon catheter is 
placed. This specialized nephrostomy tamponade 
catheter has a dual action; it tamponades the tract 
and renal parenchyma and drains the kidney, 
maintaining ureteral access through its 14 Fr 
internal lumen  [  55  ] . In the event of severe bleed-
ing that does not respond to the aforementioned 
approaches, selective or super selective angioem-
bolization is indicated.  

   Injury to the Lung and Pleura 

 Supracostal access through the upper calix pro-
vides a straight tract along the long axis of the 
kidney and is a favored and ef fi cient approach for 
the treatment of for upper, staghorn, and upper 
ureteral stones. However, due to the close prox-
imity of the pleura to the kidneys, the supracostal 
access carries a higher risk for pleural or lung 
injury resulting in hydrothorax, pneumothorax, 
hemothorax, or nephropleural  fi stula. 

 In a series of 240 patients undergoing 300 per-
cutaneous accesses (33 % supracostal), Munver 
et al.  [  56  ]  compared complications associated 
with supracostal access to those occurring with 
an infracostal approach. The incidence of 
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 complications from the supracostal approach was 
reported as 16.3 %, with the highest percentage 
being intrathoracic complications. A higher rate 
of complications was found when the supra 11th 
rib access was utilized. These complications 
included; hemothorax/hydrothorax in 4 %, neph-
ropleural  fi stula in 2 %, and pneumothorax in 
1 % of access tracts. Subsequently, Lojanapiwat 
et al.  [  57  ]  reported intrathoracic complication 
rates of 15.3 % for the supracostal access and 
1.4 % for infracostal access. Complications with 
supracostal access were noted to be reduced by 
proper positioning of the nephrostomy sheath in 
the calyceal system during the procedure and 
by keeping the nephrostomy tube well drained 
post operatively to minimize urine leakage into 
the pleura.  

   Bowel Injury 

 Bowel injury is an unusual complication during 
PCNL, reported in approximately 1 % of cases. 
One predisposing factor, a retrorenal colon, 
occurs in approximately 0.6 % of patients. The 
variant anatomy occurs more frequently on the 
left side near the lower pole of the kidney. 
Congenital renal anomalies such as horse shoe 
kidney, ectopia, and fusion anomalies also 
increase the risk for colonic perforation during 
PCNL. Anomalies of the colon must be consid-
ered in patients with previous gastrointestinal 
surgery, over distended bowel secondary to 
chronic constipation or those patients with neuro-
logic impairment. Other scenarios predisposing 
to possible colonic injury include anterior 
calyceal access, patients with previous extensive 
renal surgery  [  58  ]  and in those patients with mus-
culoskeletal anomalies like kyphoscoliosis  [  59  ] . 

 Conservative management may be suf fi cient 
in the majority of cases where the perforation is 
extraperitoneal and the patient does not have 
peritoneal signs or sepsis. The placement of a 
Double J ®  stent should be undertaken and neph-
rostomy tube should be pulled back into the colon 
under  fl uoroscopic guidance to separate the 
colon from the renal collecting system. A Foley 

catheter is left in the bladder to maintain low 
pressure system in the urinary tract. The patient is 
placed on broad-spectrum antibiotics and given 
low-residue diet. After 5–7 days, imaging of the 
colon and/or a retrograde pyelogram is per-
formed. At this point, if no nephrocolic  fi stula or 
extravasation is present, the foley catheter is 
taken out and the colostomy tube is drawn from 
the colon and kept as a drain for 3 days. If no 
evidence of  fi stula is observed at this point, the 
tube is removed  [  60,   61  ] . If the patient has intra-
peritoneal perforation, sepsis or failed conserva-
tive management, open repair with the assistance 
of a general surgeon should be undertaken.  

   Duodenal Injury 

 The second and third parts of the duodenum are 
located in the retroperitoneal space, anteromedial 
to the hilum of the right kidney. The duodenum 
can be injured if a needle, the stiff part of guide 
wire or a dilator is advanced too deeply during 
establishment of the nephrostomy access or dur-
ing the procedure. There are a few cases reported 
in the literature, usually diagnosed when nephro-
duodenal communication is demonstrated on an 
intraoperative or postoperative nephrostogram 
 [  62,   63  ] . Exploratory laparotomy is required in 
most cases, especially if the patient has peritonitis 
or sepsis or if the perforation is large. Conservative 
management has been reported. Bowel rest is 
achieved with total parenteral nutrition and naso-
gastric suction, broad spectrum antibiotics are 
administered with conservative management of 
the nephrostomy tube. An upper gastrointestinal 
series and nephrostogram are performed 2 weeks 
later to assure  fi stula closure  [  62  ] .  

   Spleen, Liver, and Gall Bladder Injury 

 Hepatic and splenic injuries during PCNL are 
uncommon due to the cephalic location of these 
organs in the abdomen. Patients with hepatosple-
nomegaly or those with an access above the 11th 
rib (especially if undertaken during inspiration) 
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are at greater risk. A CT scan should be performed 
in organomegaly cases to assess the  possibility of 
a safe tract and to help with the placement of the 
nephrostomy tube  [  64  ] . Splenic injury during left 
PCNL is potentially fatal due to massive bleeding 
and consequent hypovolemic shock. The major-
ity of patients will require exploration and 
 splenectomy. In select hemodynamically stable 
patients, nonoperative management may be con-
sidered  [  65,   66  ] . 

 Liver injury is much less common than splenic 
injury. While the majority of patient with splenic 
injury require open surgery; most of the patients 
with liver injuries can be successfully managed 
conservatively. Postoperative watchful monitor-
ing of the patient with serial physical examina-
tions, hematocrit measurements, and imaging 
(CT scan) will dictate the type of management. 
Gallbladder injury during PCNL has been 
reported in several case studies  [  67–  69  ] . Patient 
with previous abdominal surgeries are at increased 
risk. Due to high mortality associated with biliary 
peritonitis, early recognition and treatment with 
cholecystectomy and peritoneal lavage are often 
necessary.  

   Hypothermia 

 Core body temperature have been noted to fall 
2 °C on average during PCNL  [  70  ] . Accurate 
monitoring of core body temperature with an 
esophageal probe is indicated. Hypothermia can 
be caused by large areas of exposed body surface, 
use of room temperature irrigant, prolonged 
operative time, vasodilatation secondary to gen-
eral anesthesia, and, low ambient temperature. If 
not corrected intraoperatively, hypothermia can 
lead to coagulopathy and platelet dysfunction, 
impaired drug clearance, and postoperative shiv-
ering causing increased oxygen demand leading 
to an increased risk of myocardial infarction and 
arrhythmia  [  65  ] . Therefore, it is important to use 
blankets and/or warming devices and warmed 
irrigant during the procedure. While perhaps 
uncomfortable for the surgeon, warm ambient 
room temperature may mitigate complications.  

   Injury to the Collecting System and 
Fluid Extravasation 

 Fluid extravasation occurs when there is a tear in 
the pelvicalyceal system or the access sheath is 
malpositioned outside the kidney. A properly 
placed access sheath will prevent signi fi cant 
extravasation from the renal access site. 
Perforation of the collecting system should be 
suspected if retroperitoneal fat is visualized or in 
case of abdominal and  fl ank distension during the 
procedure. Normal saline should be utilized as 
the irrigation  fl uid to avoid electrolyte imbalance, 
hemolysis, and minimize adverse consequences 
of extravasation. The surgeon should monitor the 
amount of irrigant utilized. If there is a discrep-
ancy in the in fl ow-out fl ow  fl uid amount of more 
than 500 ml, then the procedure should be termi-
nated. Extravasation increases the chance of stone 
fragment migration outside the collecting system 
with a reported rate of 1 %  [  71  ] . Pursuing of these 
stone fragments will enlarge the perforation and 
is not recommended; however, the patient should 
be informed of the migrated stones to avoid mis-
management in the future. 

 Small amount of extravastion is of nonclinical 
signi fi cance and resolve with nephrostomy tube 
drainage alone. Clinically signi fi cant retroperito-
neal or intraperitoneal extravasation occur in 
fewer than 1 % of cases  [  72  ] . Patient may experi-
ence persistent ileus, fever, abdominal distension, 
and respiratory compromise. Diuretics, image-
guided drainage, and open surgical drainage are 
treatment options in these scenarios.  

   Nerve Injuries 

 Neuropraxia may result if the patient is improp-
erly padded and/or positioned. Particular care 
should be paid to neutral cervical position during 
the rotation of a patient into and out of the prone 
position as cervical neuropraxias may result. The 
surgeon should guide and be actively involved in 
the patient positioning to prevent position-related 
nerve injuries by ensuring that all of the pressure 
points are well protected. Brachial plexus injury, 
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shoulder dislocation, and other peripheral nerve 
damage have been reported during PCNL. A neu-
rology consultation should be obtained if nerve 
injury is suspected. Most cases resolve within a 
few days with the help of physical therapy.  

   Air Embolism 

 A vascular air embolism during PCNL is a rare 
complication and may occur when the carbon 
dioxide is used to opacify the collecting system 
or during reversal of air fl ow during ultrasonic 
lithotripsy  [  73  ] . Clinical signs include sudden 
hypotension, hypoxemia, tachycardia, and 
 circulatory arrest. A machinery-type murmur 
(classically termed mill-wheel murmur) can be 
auscultated over the heart. 

 Therapy includes immediate cessation of the 
procedure and placement of large-bore nephros-
tomy tube. Additionally, the patient is placed in a 
left lateral decubitus with the head down to trap 
air in the right atrium which can be aspirated uti-
lizing the central venous access line.  

   Ureteral Avulsion 

 Ureteral avulsion represents one of the cata-
strophic complications following PCNL. 
Fortunately it is extremely rare and usually the 
result of overly forceful manipulation of a large 
or impacted calculus that has been engaged in a 
basket  [  74  ] . The basket should always be with-
drawn under direct vision. Such a complication 
mandates open surgical repair. Safety wires are 
crucial to avoid ureteral avulsion and should be 
con fi rmed to be in proper placement at the onset 
of the procedure.   

   Immediate Postoperative 
Complications 

   Fever and Sepsis 

 Preoperative urine culture should be performed 
routinely for patients undergoing PCNL, 
Antibiotic therapy for patients with a UTI is 

 generally started at least 1 week prior the 
 procedure. It is recommended to obtain a repeat 
culture to con fi rm a sterile urine before the 
planned surgery. Post procedure antibiotics for 7 
days are advised for patients with struvite stone 
because of the dif fi culty in clearing bacteruria in 
these patients. 

 Postoperative septicemia has been reported to 
occur in 0.6–1.5 % of patients undergoing PCNL 
 [  46,  75,  78  ] . Patients develop postoperative fever 
must be monitored closely for signs of sepsis. 
Early identi fi cation and treatment with antibiot-
ics and large amounts of supportive intravenous 
 fl uids, optimal renal drainage, and electrolyte 
control improves chances for survival. 

 If pus is encountered during establishing the 
PCNL access, sample must be taken for analysis 
and culture. A percutaneous tube is left in the 
kidney and broad spectrum antibiotic therapy is 
begun. The procedure is delayed until sterile 
urine can be demonstrated. 

 Several studies have evaluated the phenome-
non of fever post-PCNL. One paper suggested 
that those patients pyrexia greater than 38 °C who 
were hemodynamically stable and with negative 
preoperative urine culture may have spiked due 
to nonbacteriologic reasons  [  76  ] . More recently, 
a prospective study evaluated 204 PCNLs per-
formed in 198 patients over a 2-year period  [  77  ] . 
Twenty (9.8 %) patients developed systemic 
in fl ammatory response (SIRS) postoperatively, 
six of whom required intensive care. Preoperative 
urine culture obtained from the urinary bladder 
had poor concordance with renal pelvic urine or 
stone culture obtained on the day of surgery. 
Multiple access tracts and stone size greater than 
10 cm 2  were signi fi cant on multivariate analysis 
for predicting postoperative SIRS. One study 
found decreased incidence of positive renal pel-
vic urine and stone culture, SIRS, and endotox-
emia in patients with large stone burden or 
hydronephrosis who were instructed to ingest 
nitrofurantoin for 1 week prior to surgery  [  78  ] . 
Similar results were seen in another study evalu-
ating cipro fl oxacin administration for 1 week 
prior to PCNL  [  79  ] . The PCNLGS also addressed 
this matter in a report by Gutierrez et al. in which 
550 of 5,313 (10.4 %) patients had documented 
fever postoperatively  [  80  ] . Of those with negative 
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preoperative urine culture, 8.8 % developed fever 
versus 18.2 % of those with positive preoperative 
urine culture. Positive preoperative urine culture, 
staghorn calculus, preoperative nephrostomy, 
lower patient age, and history of diabetes 
increased the risk of postoperative fever.  

   Death 

 Postoperative mortality following PCNL is 
extremely rare in the contemporary medicine. 
Old series reported rates varied between 0.1 and 
0.3 %  [  74  ] . The two major causes of death are 
myocardial infarction and pulmonary embolism 
Careful preoperative assessment to identify 
patients at risk is of paramount importance. 

 Investigations should include chest X-ray and 
electrocardiogram and cardiac stress test in 
patient with risk factors. Sequential compressive 
devices and early ambulation after the procedure 
are recommended for every patient undergoing 
PCNL. Patients at risk of DVT should be given 
subcutaneous heparin pre procedure. 

 In case of postoperative DVT with an imma-
ture nephrostomy tract, the administration of 
anticoagulant places the patient at high risk of 
bleeding. Therefore, an inferior vena cava  fi lter 
may be considered to prevent the propagation of 
the thrombus to the lung.   

   Delayed Complications 

   Delayed Hemorrhage 

 Delayed postoperative bleeding requiring inter-
vention and occurs in about 1 % of all PCNL 
patients. The most common etiology is an arte-
riovenous  fi stula or pseudoaneurysm. One study 
found that stone size was a major predictor for 
delayed bleeding  [  81  ] . Presentation may occur in 
the postoperative period, at the time of percutane-
ous nephrostomy tube removal, or several days to 
weeks later  [  82,   83  ] . 

 The patient may present with gross hematuria, 
dizziness, or shock. Supportive care with IV  fl uid 
resuscitation and, if needed, blood transfusion 

should be initiated. Manual pressure can be 
applied to the nephrostomy site and if the bleed-
ing is refractory interventional radiology should 
be consulted for angiography. If the nephrostomy 
tract is still stented, dilation of a balloon during 
angiography may help reveal bleeding that would 
be refractory to tamponade. Selective angio-
graphic embolization is usually successful in this 
situation. Infrequently, partial or total nephrec-
tomy may be necessary.  

   Nephrocutaneous Fistula 

 Nephrocutaneous  fi stulas after PCNL are unusual. 
Prolonged drainage from the nephrostomy is 
 usually caused by distal obstruction due to unrec-
ognized stone, ureteral edema, blood clot, 
infundibular stenosis, or stricture. Typically, 
resolving the distal pathology is suf fi cient for 
closure.  

   Stricture 

 The ureteropelvic junction and the proximal ure-
ter are the most susceptible ureteral segments to 
develop strictures  [  84  ] . Strictures develop sec-
ondary to intense in fl ammatory reaction induced 
by impacted stone or due to surgical manipula-
tion for stone extraction. There are no cases of 
strictures reported in the contemporary literature 
following PCNL  [  33  ] . However, old series 
showed an incidence of about 0.2 %  [  71  ] . Most 
cases can be managed by endourological means. 
Extensive strictures may warrant open repair.  

   Infundibular Stenosis 

 In 2002, Parsons et al. reviewed their cases of 
acquired infundibular stenosis (IS) following 
PCNL and found that 5 of 223 (2 %) of patients 
developed IS. The stenosis was most commonly 
found in the area of the previous PCNL and in 
some cases up to 1 year after the procedure. The 
factors contributing to IS were prolonged opera-
tive time, a large stone burden requiring multiple 



756 Complications of Percutaneous Nephrolithotomy

percutaneous procedures, and extended postop-
erative nephrostomy tube drainage. Symptomatic 
cases were managed by endourologic means. In 
most cases, only observation was required  [  85  ] .  

   Perinephric Hematoma, Urinoma, 
and Abscess 

 Perinephric hematomas occur in nearly one-third 
of patients undergoing PCNL  [  86  ] . Perinephric 
hematoma is usually of little clinical signi fi cance. 
However, if the patient becomes unstable and has 
a low hematocrit with clear voided urine and 
nephrostomy tube output, a signi fi cant peri-
nephric hematoma should be suspected. 
Immediate abdominal CT scan should be done to 
con fi rm the diagnosis. If conservative manage-
ments fails, angioembolization of the bleeding 
vessels should be attempted, followed by drain-
age of the collection. In few cases, open surgical 
exploration may be necessary. 

 Perinephric urinoma is a rare condition result 
from a tear in the collecting system with subse-
quent urine extravasation around the kidney and 
distal obstruction secondary to stone, blood clot, 
or ureteral wall edema. Antegrade nephrostogram 
at the end of the procedure or at the time of neph-
rostomy tube is important to look for extravasa-
tion and distal  fl ow obstruction. Stent placement 
is required to allow urinoma resolution. 
Ultrasound-guided percutaneous drainage is nec-
essary in case if conservative management fails.   

   Case Discussion 

 GO is a 50-year-old healthy gentleman with a 
1.5 cm right renal pelvic stone (Fig.  6.1 ), who 
elected to proceed with a PCNL. Preoperative 
laboratory evaluation was normal. As is custom-
ary at our institution, renal access was obtained 
on the day of surgery by interventional radiol-
ogy. The patient arrived to the operating room 
with a Kumpe catheter left above the 12th rib 
with access to the superior pole calix (Fig.  6.2 ). 
Dilation of this tract ensued, initially with a 8–10 
Fr obturator/sheath dilator and then with a Bard 

X-Force Balloon dilator to 30 Fr once two wires 
were through (Fig.  6.3 ). A 30 Fr renal access 
sheath was placed over the stiffened balloon, 
which was then de fl ated and removed allowing 
for nephroscopy through the sheath. The stone 
was adequately fragmented and removed. 
Flexible nephroscopy and antegrade nephrosto-
gram after lithotomy revealed no residual frag-
ments or extravasation. The renal sheath was 
removed and a 5 Fr Pollack catheter was left as a 
safety for access postoperatively. A chest X-ray 
postoperatively revealed atelectasis without any 
effusion. On postoperative day #2 the patient 
experienced an acute desaturation episode and a 
chest X-ray revealed a large right pleural effu-
sion (Fig.  6.4 ). Patient underwent a thoracentesis 
and antegrade nephrostogram. Antegrade neph-
rostogram revealed a  fi stula tract, con fi rming 
nephropleural  fi stula and, in the same setting, a 

  Fig. 6.1    Nonenhanced abdominal-pelvic CT showing a 
right renal pelvic stone       

  Fig 6.2    An abdominal radiograph showing Kumpe cath-
eter above the 12th rib with access to the superior pole 
calix       
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JJ ureteral stent was placed in an  antegrade fash-
ion to promote drainage of urine down the ureter 
(Fig.  6.5 ). In an effort to prevent re fl ux of urine 
a Foley catheter was left in place. Aspirated  fl uid 
exhibited an elevated creatinine and further 
con fi rmed the diagnosis. A 10-Fr pigtail chest 
tube was ultimately placed and drained nearly 
1 L of urine from the patient’s thorax. The patient 
was monitored with chest X-rays and subse-
quently had his chest-tube removed followed by 
his Foley catheter and JJ ureteral stent.      

 There are several points worthy of mention 
during the review of this case. First, should inter-
ventional radiology place the access, clear com-
munication of ideal access should be held prior to 
the arrival of the patient. Perhaps this complica-
tion may have been averted had the access been a 
mid or lower pole site. Second, the clinician must 
have a heightened index of suspicion of pleural 
effusion with or without  fi stula should the patient 
develop respiratory symptoms, especially if the 
access obtained and dilated was supracostal. 
Third, after prompt recognition, maximal urinary 
drainage down the ureter can be promoted with 
the placement of a JJ stent and a Foley catheter. 
Certainly, removal of any tubes within the origi-
nal tract is necessary. Further, thoracic drainage 
is therapeutic of the effusion but also diagnostic 
of any further drainage. When the thoracic drain 
fails to drain further, it suggests that urine is no 
longer being shunted to the thorax. However, the 
clinician must discern cure of effusion from locu-
lation of  fl uid in another compartment away from 
the thoracic drain as the reason for lack of drain-
age from the thoracic drain. Hence, chest X-ray 
or CT chest would bene fi cial in ruling out other 
sites of pleural effusion inaccessible to the drain 
prior to removal of the chest tube.       

  Fig 6.3    A radiograph image demonstrating balloon dilatation of the nephrostomy tract       

  Fig. 6.4    Chest X-ray revealing a large right pleural 
effusion       
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  Fig. 6.5    Antegrade nephrostogram showing nephropleural  fi stula       

   Appendix 1: Prevention, Identi fi cation, and Treatment 
of Complications of PCNL     

 Preventative measures  Identi fi cation  Treatment 

  Intraoperative 
complications  
 Bleeding  Solitary kidney, supracostal 

access, multiple access at 
high risk; unideal access at 
high risk as it may predis-
pose to excessive torqueing 

 Poor visualization  Tamponade with renal 
access sheath, if red-out 
place Kaye tamponade 
reentry balloon or other 
large caliber Foley 

 Collecting system 
perforation 

 Avoid excessive pressure 
with ultrasonic or pneumatic 
lithotripsy device, ensure 
there is appropriate 
visualization and apprecia-
tion for anatomy during use 
of lithotripsy device 

 Direct visualization of 
injury or intraoperative 
antegrade nephrostogram 
revealing extravasation 

 Appropriate prolonged 
decompression of renal 
pelvis with indwelling JJ 
ureteral stent vs. PCNU 

 Colonic injury  Preoperative imaging with 
CT; prone position may 
decrease risk  for bowel 
perforation 

 Stool or gas per PCN, 
opaci fi cation of colon 
during antegrade 
nephrostogram 

 Abort procedure, do not 
dilate tract (if not already 
done) withdrawal of PCN 
to colonic lumen 

 Liver or splenic 
injury 

 Preoperative imaging with 
CT if hepatomegaly or 
splenomegaly suspected 

 Excessive blood loss, 
hemodynamic instability, 
and severe abdominal pain 

 Intravenous  fl uid support 
and blood transfusion 

 Laparoscopic access to the 
collecting system 

 Conservative vs. exploration 

(continued)
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 Preventative measures  Identi fi cation  Treatment 

  Postoperative 
complications  
 Fever  Appropriate pain control 

and activity postoperatively, 
incentive spirometry 

 Routine vital check  Obtain cultures and chest 
X-ray if indicated, encour-
age incentive spirometry and 
ambulation, abx as indicated 

 Urosepsis  Ensure patient has negative 
or appropriately treated 
preoperative urine culture, 
consider prophylaxis with 
cipro or nitrofurantoin for 
1 week prior to surgery 

 Consider sending urine 
and stone culture when 
patient has large stone 
or history of recurrent 
infections 

 Culture-based antibiotics, 
ICU setting if patient 
condition requires 

 Bleeding  Leaving a large-bore 
nephrostomy tube may 
not improve bleeding 

 Persistent drainage of 
bloody urine from 
nephrostomy tube, 
monitor hgb/hct 

 Transfuse as indicated, 
consider ongoing drainage, 
if persistent anemia consider 
angiography with or without 
concurrent access tract 
dilation to identify if 
bleeding is venous or arterial 

  Pulmonary  
 Pleural effusion  Avoid supracostal access.  Intraoperative  fl uoroscopy 

of costophrenic angle post 
lithotomy, CXR for any 
pulmonary symptoms 
(SOB, desaturation, etc.) 

 Conservative if small and 
asymptomatic 

 Chest intraoperative 
 fl uoroscopy 

 Thoracostomy tube if large 
and symptomatic 

 Nephro-pleural 
 fi stula 

 Avoid supracostal access  Persistent drainage from 
the thoracostomy tube 
placed for hydrothorax 

 Thoracostomy tube and 
ureteral stent 

 Nephrostogram 
 Retrograde pyelogram 

 Persistent drainage 
from percutaneous 
site 

 Nephrostogram before 
removing the nephrostomy 
tube to make sure that there 
is no distal ureteral 
obstruction due to stone 
fragments or blood clots 

 Prolonged urinary leakage 
from the nephrostomy 
tube site 

 Ureteral stent and antibiotics 

   Appendix 2: Percutaneous Nephrilithotomy Complications 
Rate in Different Major Studies 

 de la Rosette  [  7  ]   Duvdevani et al.  [  48  ]   Tefekli et al.  [  6  ]  

 Number of procedures  5,803  1,585  811 
 No complications  85.50 %  88.50 %  71.00 % 
 Fever (temp. > 38.5)  10.50 %  Unknown  2.80 % 
 Urosepsis  Unknown  1.30 %  0.30 % 
 Signi fi cant bleeding  7.80 %  6.00 %  Unknown 
 Requiring transfusion  5.70 %  0.80 %  10.90 % 
 Renal pelvis perforation  3.40 %  1.80 %  1.10 % 
 Hydrothorax  1.80 %  1.00 % 
 Failure to complete procedure  1.70 %  Unknown  0.20 % 
 Pyelocutaneous  fi stula  Unknown  0.13 %  Unknown 
 Colonic perforation  Unknown  0.06 %  0.3 % (neighboring organ injury) 
 Bladder rupture  Unknown  0.06 %  Unknown 

(continued)
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         Introduction 

 Since the  fi rst ureteroscopy performed by Hugh 
Hampton Young in 1912 with a pediatric cysto-
scope  [  1  ] , there has been extensive technological 
advancement in the equipment available for endo-
scopic evaluation and management of the ureter 
and upper urinary tract. The ureteroscopes them-
selves have become smaller in diameter and 
improvements in optics have substantially enhanced 
visualization. Today’s actively de fl ectable  fl exible 
scopes are able to reach most locations within the 
upper tract to target urinary calculi and tumors 
found there. 

 There are a variety of methods in which these 
ureteroscopes can be passed into the ureter and 
collecting system. In this chapter, we will review 
several options for ureteroscopic access, includ-
ing methods to dilate the ureter should this be 
necessary.  

   Initial Steps for Ureteroscopic Access 

 In preparing to perform ureteroscopy, a variety of 
wires should be available to gain access to the 
ureter, since most of the tools used during uret-

eroscopy (catheters, balloons, dilators, sheaths, 
and scopes) are passed over these wires in the 
Seldinger technique  [  2  ] . 

   Guidewire Placement 

 In general, the  fi rst step of most ureteroscopic 
procedures is the retrograde placement of a 
 fl oppy-tipped guidewire through the ureteral 
ori fi ce, up through the ureteral lumen to coil in 
the renal pelvis or one of the calices. Prior to 
placing this wire, consideration should be given 
to performing a retrograde pyelogram to map out 
the ureteral and renal anatomy and guide wire-
positioning. The guidewire is then typically 
passed through the ureteral ori fi ce under cysto-
scopic and  fl uoroscopic guidance, such that the 
distal portion of the wire extends out the patient’s 
urethra. 

 The choice of guidewire depends on the indica-
tion for surgery and the anticipated anatomy. In 
most cases, a standard PTFE-coated guidewire 
measuring 0.035 in. or 0.038 in. in diameter can be 
used as the initial access wire. However, in the set-
ting of obstruction, such as the presence of a ure-
teral stone, a standard guidewire may not readily 
bypass the area of obstruction and other access 
techniques may be helpful. In these cases, a hydro-
philic “glidewire” may bypass the obstruction 
more easily. Once a hydrophilic wire has passed 
beyond the stone or other lesion, a 5 Fr open-ended 
ureteral catheter can be passed over it and the wire 
exchanged for a more secure standard guidewire. 

    S.  L.   Best ,  M.D.   (*)
     Department of Urology ,  University of Wisconsin School 
of Medicine and Public Health ,   Madison ,  WI ,  USA    
e-mail:  best@urology.wisc.edu   

  7      Ureteroscopic Access: Sheaths, 
Balloons, and Wireless Approaches       

     Sara   L.   Best            



84 S.L. Best

Some surgeons prefer to use a combination wire, 
such as the SensorTM (Boston Scientifi c, Natick, 
MA) wire, which consists of a standard PTFE-
coated wire with the  fl oppy portion being com-
posed of a hydrophilic material (Fig.  7.1 ).  

 If dif fi culty persists despite use of a hydro-
philic wire, there are additional techniques that 
can be used to achieve wire placement. A 5 Fr ure-
teral catheter can be passed under  fl uoroscopic 
guidance over the wire to a position just below the 
stone or area of dif fi culty. At this point, the wire 
can be temporarily removed from the catheter 
lumen and contrast instilled through the catheter 
to further de fi ne the anatomy (this process can 
also, in the case of a ureteral stone, sometimes be 
enough to move the stone suf fi ciently that a wire 
can “sneak” past it more easily). A hydrophilic 
wire, either straight or with a curved/angled end 
(Fig.  7.1 ), can then be re-advanced through the 
ureteral catheter. In some cases, the use of the 
 ureteral catheter straightens the ureter enough to 
change the angle of the wire tip, improving the 
odds of bypassing the obstructing lesion. 

 Finally, should these techniques fail, a “last 
resort option” in some cases can be to place the 
safety wire under direct ureteroscopic vision. This 
option may be best suited to the treatment of 
impacted stones in the distal ureter, where the ure-
teral wall is thicker and a semirigid ureteroscope 
can more safely be advanced into the ureter under 
direct guidance. Once the stone is visualized with 

the scope, a guidewire can be passed through the 
working channel and be directed around the stone 
at a favorable-appearing location.  

   Ureteroscope Placement 

 Once a safety wire has been coiled in the renal 
collecting system, the next step depends on the 
indication for the procedure and the type of uret-
eroscope that will be used. 

 Many modern semirigid ureteroscopes, with 
their narrow tips measuring 4.0–7.2 Fr, can be 
passed into the ureter alongside the safety wire 
without any more formal dilation of the ureteral 
ori fi ce. If there is any resistance to scope advance-
ment, the procedure should be halted and a method 
of ureteral dilation employed, as described below. 

 For most  fl exible ureteroscopic procedures, both 
a safety wire and a second working wire will be 
needed. This second wire can be added by passing a 
dual-lumen 10 Fr catheter over the safety wire under 
 fl uoroscopic guidance and then inserting the second 
wire through the open lumen. Another instrument 
available for this task in a paired 8/10 Fr dilator set, 
where the 8 Fr portion functions as an obturator, 
tapered to the size of a wire (Fig.  7.1 ). This 8 Fr por-
tion can then be removed once the set has been 
passed over the safety wire and a second wire 
advanced through the 10 Fr component before it, 
too, is removed. This technique often provides 

  Fig. 7.1    ( a , from  left  to  right ) Ureteral access sheath, 
with the inner obturator being  lighter blue  in color; 2-piece 
8/10 Fr ureteral dilator; 0.035-in. hybrid wire, a PTFE-
coated ( blue ) with a hydrophilic  fl oppy tip ( black ); angled 
hydrophilic “glidewire.” ( b ) 2-piece 8/10 Fr ureteral dila-
tor ( top ). To dilate the ureter, both components are passed 

together over the working wire. A second wire can then 
be added by removing the 8 Fr portion ( lighter blue ). 
A ureteral access sheath ( bottom ) also consists of two 
parts, both of which are inserted together over the work-
ing wire. The inner obturator ( light blue ) is then removed 
to allow insertion of the ureteroscope       
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suf fi cient dilation to permit passage of a modern 
 fl exible ureteroscope into the ureter. At this point, a 
 fl exible ureteroscope can be backloaded over the 
working wire and advanced under  fl uoroscopic 
guidance into the desired location in the ureter or 
renal pelvis (Fig.  7.2 ).  

   Balloon Dilation 
 Should advancement of the ureteroscope fail, the 
most common site for the scope to “hang up” is 
the ureteral ori fi ce/intramural tunnel. One easy 
modi fi cation that can sometimes overcome this is 
rotating the scope 180° so that the beveled tip 

faces anteriorly and then gently trying to advance 
the scope again. If this does not work, dilation 
of the distal ureter can be accomplished with a 
balloon dilator. The in fl atable portion of these 
balloons is typically 4–10 cm in length and, while 
numerous diameters are available, a 12–15 Fr 
balloon diameter is typically appropriate for this 
task. These balloons have radio-opaque markers 
at the proximal and distal ends, which can be 
used to position the balloon over the working 
wire using  fl uoroscopy (Fig.  7.3 ). Direct visual-
ization of the balloon position can also be accom-
plished by backloading a cystoscope over the 

  Fig. 7.2    Ureteroscopic insertion using the Seldinger 
technique. First, two wires (a “working” wire and a 
“safety” wire) are passed under  fl uoroscopic and cysto-
scopic guidance to curl in the renal pelvis ( a ). The  fl exible 
ureteroscope is then backloaded onto the working wire 
and passed into the ureter under  fl uoroscopic visualization, 

while holding tension on the wire ( b ). Once the scope is 
advanced all the way into the renal pelvis ( c ), the working 
wire can be removed, freeing up the working channel in 
the scope. A retrograde pyelogram here shows the position 
of the wire and ureteroscope, as well as a lower pole 
calculus ( arrow )       

  Fig. 7.3    Fluoroscopic images of a ureteral balloon dilator, 
passed over a working wire. The radio-opaque markers 
that designate the in fl atable segment of the balloon can 
be easily seen on the pre-in fl ation image ( a ). Once the 
balloon is in good position in the distal ureter, it is slowly 

in fl ated with half-strength contrast medium, using a 
pressure syringe ( b ). As the balloon is in fl ated, often a 
“waist” will appear ( arrow ), corresponding with a tight 
spot in the ureter. This waist usually disappears upon full 
in fl ation of the balloon ( c ), even at low pressures       
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wire  fi rst. This can be useful in order to make 
sure that the ureteral ori fi ce itself is dilated.  

 Once the balloon is in position in the distal 
ureter, it can be in fl ated with half-strength contrast 
medium using a pressure gauge syringe. Each 
balloon comes marked with its pressure capacity 
(typically 17–20 atm.), beyond which the balloon 
is prone to rupture, but rarely is it necessary to 
in fl ate to the maximal pressure. Often, a pressure 
of 5–7 atm. will suf fi ce to dilate the ureter. 
Balloon in fl ation should take place under 
 fl uoroscopic guidance and be conducted slowly 
so that the surgeon can see if a “waist” appears, 
suggesting a narrow or tight place in the ureter 
(Fig.  7.3 ). This waist will often disappear quickly 
even at low pressure. The balloon can then be 
de fl ated and removed, leaving the working wire 
in place so that the ureteroscope can be advanced 
over it into the ureter.   

   “Wireless” Approaches 

 As has been described, a wire extending from 
the renal pelvis, down the ureter and out through 
the patient’s urethra, has multiple uses during 
ureteroscopy, providing a working wire to pass 
instruments Seldinger-style or to place a stent 
should the procedure need to be aborted. However, 
in some cases, the urologist may  fi nd this wire 
obtrusive. For example, the passage of a safety 
wire at the start of a diagnostic ureteroscopy may 
disturb a ureteral lesion or “scuff” the ureteral 
mucosa, impairing the surgeon’s ability to iden-
tify malignancy. The urologist can avoid these 
visual inaccuracies by considering careful direct 
visualization of the distal ureter with a semirigid 
ureteroscope passed  without  a safety wire. Once 
the distal ureter has been examined, the position 
the scope tip can be noted  fl uoroscopically and a 
working wire passed through the ureteroscope 
only as far as the rigid scope has examined, such 
that none of the unvisualized mucosa is exposed 
to potential wire trauma. Then, the semirigid 
scope can be removed, leaving the wire in posi-
tion, and a  fl exible ureteroscope passed over the 
wire into the ureter. The wire can then be removed 

and the scope carefully advanced up the ureter 
under direct vision. While this approach allows 
the urothelial lining of the ureter and collecting 
system to be visualized without the in fl uence of 
wire trauma, if resistance to scope passage or 
any other technical dif fi culty is encountered, a 
safety wire should be inserted through the uret-
eroscope working channel to minimize risk to 
the ureter. Similarly, after successful endoscopy 
is completed, consideration should be given to 
passing a safety wire into the renal pelvis under 
direct vision through the ureteroscope, before the 
scope is backed out of the ureter. This way, if any 
ureteral perforation is noted on pullback uret-
eroscopy, a stent can easily be placed. 

 Similarly, a wireless approach may be useful 
during the ureteroscopic lithotripsy of calyceal 
stones, if the wire is found to be obtrusive. A 
working wire is used to advance the ureterscope 
all the way into the renal pelvis via standard 
Seldinger-technique. The wire is then removed 
from the working channel and lithotripsy per-
formed. In this approach, as long as the scope is 
kept at or above the ureteropelvic junction, the 
ureteroscope itself functions like a safety wire, 
maintaining access across the ureter. After litho-
tripsy is complete, the wire is reinserted through 
the working channel to coil in the upper tract 
under direct vision and the scope is backed out, 
leaving the wire in place to facilitate stent place-
ment if needed. This technique has been reported 
by several authors with no ureteral perforations 
or avulsions  [  3,   4  ] .  

   Ureteral Access Sheath 

 Another approach to ureteroscopic access 
involves the use of a ureteral access sheath. These 
disposable devices, available from several manu-
facturers, typically consist of two components, 
the kink-resistant sheath itself and an inner obtu-
rator that tapers to the diameter of the working 
wire and functions to dilate the ureter during 
sheath insertion (Fig.  7.1 ). These devices are 
available in a variety of diameters from 10/12 to 
14/16 Fr, with the  fi rst number describing the 
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inner diameter of the sheath and the second 
number, the outer diameter. They are also available 
in lengths from 20 to 55 cm to accommodate 
variations in patient body habitus and surgical 
indication. 

   Clinical Utility 
 There are several potential advantages provided 
by a ureteral access sheath. Several authors have 
reported the use of a 12/14 Fr or larger diameter 
sheath to minimize the rise in intrarenal pressures 
while maximizing irrigation  fl ow, which can 
improve visualization  [  5–  7  ] . Sheaths are also 
useful if the surgeon plans multiple passages of 
the scope up and down the ureter, such as extract-
ing stone fragments. Use of an access sheath in 
these cases makes repeated scope passage much 
easier and likely safer  [  8  ] . Finally, some surgeons 
performing ureteroscopic biopsy of lesions such 
as upper tract transitional cell carcinoma  fi nd that 
use of a sheath preserves specimen integrity, 
since the sheath keeps the ureter walls from 
“scraping” the specimen off the biopsy forceps 
 [  9  ] . A summary of the  fi ndings of several studies 
reporting the use of ureteral access sheaths can be 
found in Table  7.1 .   

   Technique 
 Ureteroscopy using an access sheath begins with 
the retrograde placement of two wires into the 
renal pelvis. The working wire should be an 
extra-stiff wire to minimize the risk that the wire 
will buckle and allow the obturator tip to perfo-
rate the ureter. The access sheath should be thor-
oughly dampened with saline or water to make 
sure the hydrophilic coating is adequately lubri-
cious. It is then passed over the working wire 
under  fl uoroscopic guidance, leaving the safety 
wire secured in place, next to the sheath. It is pos-
sible to perforate the ureter during sheath 
advancement, so the surgeon should take careful 
note of any resistance met during placement. 
After the sheath is positioned, the obturator and 
working wire are removed, completing sheath 
deployment. 

 In some cases, sheath deployment is not pos-
sible. Potential causes for this are buckling of the 

sheath (typically in males), small ureteral caliber, 
or obstruction from stricture, stone, or other 
cause. The surgeon should be alert for these pos-
sibilities and not try to force the sheath. If the 
surgeon does not suspect obstruction, consider-
ation can be given to  fi rst trying to pass just the 
smaller caliber internal, obturator portion of the 
device. This may gently dilate the ureter and 
allow the combined sheath/obturator to advance 
successfully on repassage. If the sheath still does 
not advance as far as desired but is deployed at 
least into the distal ureter, the sheath can be left in 
position and the obturator/wire removed to allow 
ureteroscopic inspection of the area causing resis-
tance. This will allow the surgeon to see if there 
is an obstructing stone or stricture present. In 
some cases, deployment of the sheath only as far 
as the distal or mid-ureter is suf fi cient to the task 
at hand and the procedure can proceed. If not, 
sheath placement can be abandoned and one of 
the other ureteroscopic access techniques can be 
used or a stent placed to allow passive ureteral 
dilation and repeat attempt after a few days. 

 Upon completion of the planned ureteroscopic 
task (lithotripsy, biopsy, etc.), the ureter should 
be carefully inspected for any possible tears as 
the scope is removed from the upper tract. The 
sheath should be simultaneously extracted as the 
scope is withdrawn, such that the entire ureter is 
directly visualized. If ureteral injury is identi fi ed, 
a stent should be left for several weeks postopera-
tively, depending on the degree of injury. Even if 
no injury is seen, temporary placement of a ure-
teral stent should be strongly considered after 
access sheath deployment, as some authors have 
reported a signi fi cant number of patients experi-
encing colic if none is left  [  10  ] .    

   Summary 

 Reduced ureteroscope caliber and better optics 
have broadened the range of suitable tasks for 
modern ureteroscopes. The urologist should 
develop comfort with a variety of ureteral access 
techniques to maximize success in a wide range 
of clinical situations.      
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 Technological advances have led to remarkable 
improvements in the outcomes after ureteroscopy 
(URS) for ureteral stones. A landmark systematic 
review and comprehensive analysis of outcomes in 
2007 by the American Urological Association 
(AUA) and European Association of Urology 
(EAU) showed that URS favorably compares to 
shock wave lithotripsy (SWL) for all stone loca-
tions. URS for distal ureteral stones yielded a 94 % 
stone-free rate which decreased only slightly to 
78–79 % for large (>10 mm), mid, or proximal ure-
teral stones  [  1  ] . After medical expulsive therapy, 
URS has also been shown to be the most cost-
effective therapy for all ureteral stones  [  2  ] . Notably, 
prospective randomized trials comparing shock 
wave lithotripsy (SWL) to semirigid URS for either 
proximal or distal ureteral stones showed lower 
costs and statistically signi fi cantly higher initial 
stone-free rates with URS  [  3,   4  ] . With a continuous 
trend towards innovation and improvement of 
endoscopic devices, one can expect that the ef fi cacy 
and use of URS for the treatment of ureteral stones 
will only rise. This chapter provides an outline of 
the technical approach to URS for ureteral stones. 
We begin with the importance of preoperative 
counseling, followed by an overall management 
algorithm, description of surgical equipment, an 
intraoperative algorithm, and then  fi nish with the 

postoperative management and recommended fol-
low-up. At the conclusion of the chapter the treat-
ment of a patient with a large impacted proximal 
ureteral stone will be discussed. 

   Technique 

 After the diagnosis of ureteral stone is obtained, 
treatment begins in the clinic with preoperative 
counseling and obtaining informed consent.  

   Preoperative Counseling 

 Because there are multiple potential treatments 
for ureteral stones, preoperative counseling is 
vitally important. Discussion begins with what 
procedures would be indicated and what outcomes 
that a particular patient could expect. Discussion 
can cover observation with medical expulsive 
therapy, URS, and SWL depending on patient and 
stone factors as delineated in this general manage-
ment algorithm (Fig.  8.1 ). At times, if a large 
intrarenal stone burden (>15 mm) is present, in 
addition to the ureteral calculus, an antegrade per-
cutaneous approach may be discussed.  

   Observation with Medical Expulsive 
Therapy    

 Observation with medical expulsive therapy is 
only appropriate for patients with well-controlled 
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pain, a sterile urinary tract, stones less than 
10 mm, and no renal insuf fi ciency  [  1  ] . Analgesia 
and importantly alpha blockers, if not contraindi-
cated, are prescribed. Alpha blockers increase the 
likelihood of stone passage (by approximately 
40 %) and decrease the pain associated with 
spontaneous passage  [  5  ] . It is important to ensure 
the patient knows if they elect observation they 
can decide to undergo further treatment in the 
future. We recommend education regarding the 
likelihood of stone passage which is dependent on 
many patient factors including stone size, history 
of previous stone passage, and stone location. 

As a general guideline 68 % of stones  £ 5 mm are 
likely to spontaneously pass, however this 
decreases to 47 % for stones greater than 5 mm 
but less than or equal to 10 mm  [  1  ] . Another 
important variable for patient decision-making is 
the time it takes for the stone to pass and the per-
centage of patients who ultimately decide to 
undergo intervention. Both these factors increase 
with larger stone size; one study showed that 
50 % of patients with stones greater than 4 mm 
took on average 22 days to spontaneously pass 
their stones, while the remaining required surgical 
intervention (Fig.  8.2 )  [  6  ] .   

  Fig. 8.1    General management pathway for urolithiasis       
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   Ureteral Stent 

 For patients with obstruction and pyelonephritis 
or acute renal failure due to obstruction, ureteral 
stent placement (or percutaneous nephrostomy) 
is indicated for emergent decompression  [  1,   7  ] . 
While alpha-blockers may be utilized to address 
ureteral stent discomfort, their impact on stone 
passage after stent placement has not been stud-
ied  [  8  ] . Early intervention (ureteral stent or uret-
eroscopy) may be considered for patients with a 
solitary kidney or transplant kidney.  

   Shock Wave Lithotripsy 

 In general, a patient with a stone <15 mm is a suit-
able candidate for SWL; however patients with 
larger stones are more likely to need a secondary 
procedure. Up to 30 % of patients needed a sec-
ondary procedure for proximal ureteral stones 
measuring over 10 mm  [  1  ] . Prognostic factors for 
ureteral calculi include the Houns fi eld Units (HU) 
of the stone, as HU over 1,000 indicate a lower 
chance of success with SWL  [  9  ] . A skin-to-stone 
distance over 9.2 cm on CT scan also decreases the 
ef fi cacy of SWL for proximal ureteral calculi  [  10  ] . 
On multivariate analysis for ureteral and renal cal-
culi, both HU >900 and skin-to-stone distance 
>11 cm separately predicted failure (odds ratio: 2) 
 [  11  ] . A scoring system predicting the likelihood of 

stone-free status after SWL for proximal ureteral 
stones incorporated three factors; stone volume 
less than 0.2 cm 3 , mean stone density less than 
593 HU, and skin-to-stone distance less than 
9.2 cm. The stone-free rate for patients having 0, 1, 
2, and 3 factors was 17.9 %, 48.4 %, 73.3 %, and 
100 %, respectively (linear-by-linear association 
test 22.83,  p  < 0.001)  [  10  ] . Lastly, for most patients 
with cystine stones, SWL is not recommended 
given reduced ef fi cacy  [  12  ] . Routine stenting is not 
recommended prior to SWL  [  13,   14  ] .  

   Ureteroscopy 

 While more invasive than SWL, Ureteroscopy 
(URS) does yield signi fi cantly greater stone-free 
rates for the majority of stone strati fi cations and 
is appropriate for stones of any size  [  15  ] . 
Anesthesia requirements for this modality are 
greater than with SWL and can vary from intra-
venous sedation to general anesthesia depending 
on stone location, stone size, and patient factors 
 [  16  ] . URS is preferred for patients in whom SWL 
is contraindicated or ill-advised, including 
patients with a skin-to-stone distance greater than 
10 cm, stones with high HU, or in patients in 
whom cessation of anticoagulants is considered 
unsafe  [  17–  19  ] . Ureteroscopy may also be con-
sidered  fi rst line therapy during pregnancy  [  20  ] . 
After uncomplicated ureteroscopy, routine ureteral 
stenting is optional  [  15,   21  ] . Indications for ure-
teral stenting after ureteroscopy will be discussed 
in the following section. Comparison of success 
rates between URS and SWL are shown in Fig.  8.3  
 [  1  ] . In general, we recommend SWL under seda-
tion for proximal ureteral calculi <1 cm in size, 
and URS for larger proximal ureteral calculi, or 
calculi in the mid- or distal ureter.   

   Percutaneous Nephrolithotripsy 

 This treatment is useful for large stones over 
15 mm in size with signi fi cant hydronephrosis, 
and in patients with urinary diversions or trans-
plant kidneys. This approach may also be pre-
ferred in patients who present with a ureteral 

  Fig. 8.2    Results of observation and medical expulsive 
therapy. Numbers of days to stone passage and rates of 
intervention increase with increasing size. Intervention is 
required in 50 % of stones greater than 4 mm. These 
stones take on average 22 days to pass spontaneously  [  6  ]        
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calculus and a large intrarenal stone burden that 
would best be addressed with percutaneous 
removal. Prior failed ureteroscopy and a suspi-
cion of signi fi cant impaction due to long-standing 
obstruction are other relative indications for con-
sideration of an antegrade approach. Typically in 
these patients we would perform prone ureteros-
copy, and consent the patient for the possibility 
of converting to an antegrade approach under the 
same anesthetic. A randomized trial compared 
percutaneous antegrade versus retrograde use of 
semirigid ureteroscope for laser lithotripsy in the 
treatment of proximal ureteral stones >10 mm. 
Antegrade percutaneous semirigid URS showed 
signi fi cantly increased stone-free rates at dis-
charge as compared to retrograde semirigid URS 
(95.3 % versus 79.5 %  p  = 0.027)  [  22  ] . Published 

stone-free rates for percutaneous antegrade 
removal of proximal ureteral stones >15 mm 
range from 76 to 100 %  [  15,   22–  26  ] .  

   Laparoscopic Ureterolithotomy 

 This procedure has been reported to have stone-
free rates ranging from 76 to 98 %  [  15  ] . Success 
rates were compared between URS, Percutaneous 
Nephrolithotripsy (PCNL), and laparoscopic ure-
terolithotomy for large ( ³ 5 mm) proximal ure-
teral stones in a randomized clinical trial (Fig.  8.4 ) 
 [  26  ] . The authors concluded that ureteroscopy 
had a more favorable complication pro fi le and 
success rates were not signi fi cantly different 
between the three groups.    

  Fig. 8.3    Stone-free rates 
for SWL and URS in the 
overall population. Error 
bars mark 95 % con fi dence 
intervals  [  1,   11  ]        

  Fig. 8.4    Stone-free rates. Success rates after URS, PCNL, 
and laparoscopic ureterolithotomy for proximal ureteral 
stones greater than or equal to 15 mm  [  26  ] . One major limi-
tation to this study is that ureteroscopy was only performed 

with a semirigid ureteroscope. Without using a  fl exible 
ureteroscope, which facilitates extraction of small frag-
ments that may have moved to the renal pelvis/lower pole, 
one would expect stone-free rates to be lower       
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   Informed Consent 

 After description and discussion of the likelihood 
of success with each procedure, we recommend 
discussing the risks and bene fi ts of the potential 
treatments with the patient (Fig.  8.5 ). After this 
discussion the patient is encouraged to make a 
decision based upon their own needs weighing the 
relative importance of the invasiveness, success 
rates, and risks associated with each procedure.  

   Observation/Medical Expulsive Therapy 

 Risks of this therapy include pain, associated 
drug side effects (opioids, alpha-blockers), poten-
tial decrease in renal function (with prolonged 
untreated obstruction), and potential need for 
emergent intervention. We counsel the patients 
that if the stone does not pass within 4–6 weeks it 
would be advisable to proceed with intervention. 
We also counsel that outcomes with SWL may be 
superior with early intervention rather than fol-
lowing a period of observation as the stone may 
move to an unfavorable position (more anterior 
and inferior) or the degree of impaction may 
increase. A randomized prospective study of 160 
patients with proximal ureteral stones has dem-
onstrated that SWL within 48-h of onset of pain 
decreases the need for re-treatment or secondary 
procedures and decreases the time to stone clear-
ance  [  27  ] . Lastly, we counsel patients on the 
potential need for reimaging prior to intervention 
after a period of observation. Though we empha-
size the need to strain the urine to monitor for 
stone passage, other investigators have reported 
that the risk of a negative ureteroscopy if repeat 
imaging is not performed is 10 %—this risk is 

higher (16 %) for distal ureteral calculi and 
>50 % for stones  £ 2 mm in size  [  28  ] .  

   Shock Wave Lithotripsy 

 There is a 1 in 1,000 risk of a serious bleed requir-
ing either hospitalization or transfusion. This risk 
is highest in patients >65 years old and in those 
with uncontrolled hypertension  [  29,   30  ] . The risk 
of Steinstrasse is less than 5 % for stones smaller 
than 1 cm, but increases exponentially with the 
larger sizes  [  31  ] . The risk of septicemia (3 in 100) 
can be decreased by preoperative treatment with 
appropriate antibiotics  [  15,   32  ] .  

   Ureteroscopy 

 The most common injury is to the ureter, with a 4 
in 100 risk of minor injury requiring a stent for 
2–3 weeks and a 1 in 1,000 risk of severe ureteral 
injury requiring major surgery for repair. Long-
term complications include the potential for stric-
ture and are less than 1 in 1,000  [  15,   23,   33  ] . The 
risk of urinary tract infection after ureteroscopy in 
an uncomplicated patient with appropriate antibi-
otic prophylaxis is about 4 in 100  [  15,   34  ] . In 
patients with a solitary kidney, renal insuf fi ciency, 
a large residual stone burden, use of a ureteral 
access sheath, or if there was ureteral injury, a 
ureteral stent will need to be placed  [  23  ] .  

   Ureteral Stent 

 Most patients (8 in 10) will have lower urinary tract 
symptoms with ureteral stent placement  [  35  ] . 
Complications include stent migration, infection, 
stent encrustation, and malfunction, but can gener-
ally be avoided with timely removal of the stent 
(typically 5–7 days after uncomplicated URS)  [  15  ] .  

   Percutaneous Nephrolithotripsy 

 Risks associated with this procedure include lung 
injury (1 %), signi fi cant bleeding requiring blood 

  Fig. 8.5    Meta-analysis of complication rates after SWL 
and ureteroscopy (URS)  [  1  ]        
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transfusion (5 %) or embolization (1 %), septice-
mia (1 %), and rare injury to other organs (colon) 
and need for secondary procedure  [  36–  38  ] . If a 
patient has only a ureteral calculus, often a mid-
dle calyceal access will provide adequate access 
down the ureter while decreasing the risk of 
bleeding and pulmonary complications  [  39  ] .  

   Laparoscopic Ureterolithotomy 

 The most common complication includes a urine 
leak (1 in 6 patients)  [  26  ] . Risks include need to 
convert to open procedure (1 in 30) or those asso-
ciated with laparoscopic surgery in general which 
include vascular, bowel, and ureteral injuries (1 
in 100)  [  40  ] .   

   Operative Management 

 For the description of the procedure the general 
name of the equipment will be used. Please refer 
to Fig.  8.6  for a list of the speci fi c ancillary instru-
mentation that the authors currently utilize. In 
this section, we will describe the equipment, set-
up, preoperative antibiotic recommendation, and 
a step-by-step guideline for treating a ureteral 
stone by URS.  

   Equipment 

   Guidewires 
 Guidewires vary with regard to coatings, core 
material, diameter (most commonly 0.035, 
0.038″), tip length, tip stiffness, distal-end stiff-
ness, and tip shape (straight, angled, J curved). 
The lubricity (slipperiness when wet) of a guide-
wire can be helpful when negotiating obstruction 
but also can lead to inadvertent loss of access 
 [  41,   42  ] . There are three general guidewires that 
are regularly used.

   The working wire/safety wire.  • 
  The lubricious wire for passage across • 
obstacles.  
  The rigid wire for ureteral access sheath place-• 
ment and placement of large caliber ureteral 
stents.    
 The Boston Scienti fi c’s Sensor 0.035″ guide-

wire is our standard working wire; combining a 
hydrophilic tip with a stiffer shaft. However, the 
Sensor wire is not as lubricious as the Boston 
Scienti fi c’s Glidewire, nor is it as stiff as a Boston 
Scienti fi c’s Amplatz Super Stiff guidewire. The 
Glidewire has a superior safety pro fi le with regards 
to risk of perforation and is therefore used if faced 
with signi fi cant impaction [ 42 ]. In contrast, the 
Amplatz superstiff is used to place the ureteral 
access sheath as it is least likely to buckle [ 43 ].  

  Fig. 8.6    Recommended equipment for URS. We recom-
mend opening all equipment in the  left hand column  prior 
to the start of the procedure. Equipment that should be 

kept “on hold” in the room in case of dif fi culty can be 
found in the  right hand column        
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   Catheters 
 A 5-French (Fr) open-ended catheter may be 
needed to exchange wires if signi fi cant obstruction 
is encountered. This catheter also allows for 
instillation of radio-opaque contrast which can 
delineate the anatomy in this setting. Torque cath-
eters (Cook KMP) may be helpful to navigate 
tortuous ureters. A Cook Dual-lumen catheter 
(6–10 Fr) may be helpful for placement of a second 
guidewire.  

   Ureteral Access Sheaths 
 Sheaths have been shown to reduce operative 
time, improve  fl ow rates and visibility due to 
improved drainage of irrigation, reduce ureteral 
injury with large stones, as well as increase stone-
free rates  [  44–  47  ] . In addition, it has been pro-
posed that the use of a ureteral access sheath 
decreases the need for repairs of the  fl exible ure-
teroscope  [  48  ] . For these reasons we recommend 
the routine placement of ureteral access sheaths 
for  fl exible ureteroscopy except in the cases of 
small easily basketable stones ( £ 4 mm). We do 
not utilize an access sheath for semirigid URS 
 [  44,   49  ] . Ureteral access sheaths should be placed 
over a rigid wire. Both the Cook Flexor and 
Gyrus-ACMI Uropass access sheaths have been 
shown to be superior with regards to kinking, 
however the Cook Flexor is least likely to buckle 
with increased axial force  [  50–  52  ] . A 35 cm 
length sheath is utilized in women, while a 45 cm 
sheath is utilized in men. In a pre-stented ureter, 
a 14/16 Fr sheath can generally be utilized while 
in an un-stented patient a 12/14 Fr sheath will be 
appropriate. In pediatric patients or for those in 
whom resistance is met with a 12/14 Fr sheath, a 
9/11.5 Fr sheath may prove successful.  

   Ureteral Balloon Dilators 
 Balloon dilators are recommended for dilation 
of a tight ureteral ori fi ce or stricture that compro-
mises access with a ureteroscope or ureteral 
access sheath. These are used as a second line 
since they are associated with increased postop-
erative pain  [  44  ] . We recommend using the 
Cook Ascend AQ Ureteral Dilation Balloon 
Catheter because it was noted to have the least 
variability in ability to dilate across a wide range 

of constrictive forces  [  53  ] . These tools should be 
used with caution, as often the ureter will “split” 
in response to high in fl ation pressures.  

   Intracorporeal Lithotripters 
 While there are many different types of litho-
tripters (mechanical, electrohydraulic, pneu-
matic, laser, and ultrasonic) the current gold 
standard for use in URS is the holmium:YAG 
laser lithotripter  [  54  ] . Laser lithotripsy is espe-
cially effective as the thin and  fl exible  fi bers can 
be used in  fl exible ureteroscopes and cause lim-
ited ureteral damage since energy propagation is 
limited by irrigation water  [  55,   56  ] . Because 
studies have shown greater durability and 
ef fi ciency with 365  m m laser  fi bers, these are rec-
ommended for use in semirigid ureteroscopes. 
The 200  m m laser  fi bers are recommended for use 
with  fl exible ureteroscopes since they only mini-
mally reduce the maneuverability of the device 
 [  57–  59  ] .  

   Ureteral Occluding Devices 
 These devices are used to prevent stone migration 
and there have been a variety of designs to accom-
plish this goal. Such devices include the Boston 
Scienti fi c Stone Cone, the Cook NTrap, the 
Boston Scienti fi c Back-stop, the Xenolith Xen-X 
and the PercSys Accordion  [  60–  62  ] . These 
devices can be distinguished based on the stiff-
ness of their tip (stiffest is the Cook Ntrap), their 
ability to prevent stone migration, and the forces 
and attempts required to navigate past a point of 
obstruction  [  63  ] . These devices have greatest 
utility if used in conjunction with pneumatic 
lithotripsy  [  64  ] . With intermittent and judicious 
irrigation and the use of holmium laser litho-
tripsy, the risk of stone migration is minimized. 
We consider utilizing a ureteral occlusion device 
for large ureteral calculi (>1 cm) with signi fi cant 
associated hydronephrosis, where the likelihood 
of stone migration will be higher, and retrieval of 
fragments from a distended collecting system 
will be more challenging.  

   Stone Retrieval Devices 
 Nitinol-based stone baskets have demonstrated 
excellent retrieval, release, and  fl exibility leading 
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to their routine use with  fl exible scopes  [  65,   66  ] . 
It is beyond the scope of this chapter to discuss 
every basket design but it is worthy of note that 
tip-less baskets have been demonstrated to be 
superior both in stone retrieval as well as in 
reducing the risk of tissue perforation  [  66,   67  ] . 
We recommend different retrieval devices 
depending on the clinical situation. The Sacred 
Heart Halo basket is recommended for general 
use, while the Cook N-Compass with its weaved 
net con fi guration is most useful for removing 
multiple stone fragments  [  68  ] . While useful in 
the kidney for adherent stones, the Cook N-Circle 
1.5 Fr basket does not have signi fi cant radial 
dilation forces, which we believe makes it less 
useful for extracting ureteral stones  [  53,   69  ] .  

   Semirigid Ureteroscopes 
 We utilize a    6 Fr Wolf Dual-Channel semirigid 
ureteroscope, though a 4.5 Fr Wolf “needle” scope 
is kept on hand for pediatrics or a tight ureteral 
ori fi ce. Olympus Gyrus—ACMI, Storz, Stryker, 
and Wolf all produce a variety of semirigid uret-
eroscopes. These semirigid ureteroscopes vary 
based upon angle of the eyepiece (straight/
angled), optics ( fi ber optic/digital),  fi eld and 
angle of view, scope diameter and length, sheath 
construction, tip style, and number and size of 
working channels. In contrast to  fl exible uret-
eroscopy, a higher density of  fi ber optic bundles 
can be incorporated into the design of the semi-
rigid ureteroscope yielding good image quality 
with  fi ber optics  [  70  ] . When comparing the only 
digital semirigid ureteroscope available (Olympus 
Endoeye) to a traditional Storz semirigid uretero-
scope, one group found the digital optics to be 
superior but noted that the larger diameter tip 
(12 Fr) of the Olympus Endoeye limited the 
maneuverability and utility of the scope  [  71  ] . 
Like  fl exible ureteroscopes, semirigid scopes are 
fragile instruments that are susceptible to dam-
age. Careful handling and caution intraopera-
tively is important, as most repairs needed are 
due to excessive force/torquing of the scope 
(66 %) with laser damage and improper handling 
accounting for much of the remaining damage 

 [  72  ] . Semirigid ureteroscopes are most useful for 
distal ureteral stones where  fl exible ureteroscopes 
are dif fi cult to use because of buckling into the 
bladder  [  73  ] .  

   Flexible Ureteroscopes 
 Advances in the technology of  fl exible uretero-
scopes have certainly increased the utility of URS 
in the treatment of ureteral stones. These fragile 
scopes now have active de fl ection over 270° with 
newer scopes (Dur8-E/Flexvision Y-500/Viper) 
including lever mechanisms to either increase 
unidirectional or allow for bidirectional de fl ection 
 [  74  ] . Other advances include adding in an addi-
tional channel (Wolf Cobra), which allows for 
simultaneous basket and laser  fi ber utilization: 
which is most useful for stabilizing stones while 
performing laser lithotripsy  [  75  ] . Unfortunately 
 fl exible ureteroscopes are delicate and repairs 
costly; one group reported repairs to cost $418.19 
per use  [  76  ] . The majority of repairs for  fl exible 
ureteroscopes are to the internal working channel 
(52 %)  [  72  ] . This damage is caused by extreme 
de fl ection while using an instrument in the work-
ing channel, instrument insertion/extraction, or 
use of the laser in the distal working channel  [  72  ] . 
By emphasizing careful handling of the scope by 
the surgeon and careful handling with proper 
sterilization techniques by ancillary staff, repair 
costs have been shown to be reduced by up to 
$300 per use  [  76  ] . The Wolf Viper has demon-
strated superior optical quality, illumination and 
maneuverability in vitro and in a calyceal model 
as compared to the multiple other  fl exible uretero-
scopes (Stryker FlexVision U-500, Storz Flex-X2, 
Olympus XURF-P5, Olympus URF-P3, ACMI 
DUR-8 Elite)  [  77,   78  ] . In contrast to semirigid 
ureteroscopes, digital imaging has been widely 
incorporated into the newer  fl exible uretero-
scopes. A comparison of digital (Olympus URF-
V) to  fi beroptic  fl exible ureteroscopes showed 
that, despite being larger, the digital scope had 
improved maneuverability and active de fl ection 
 [  79  ] . Digital imaging also improved color repro-
ducibility, depth of  fi eld, and resolution by 
2.25–3.15 times  [  80  ] .  
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   Endo-Irrigation Systems 
 These systems are necessary for dilating the ure-
ter and for vision during procedures. As place-
ment of baskets, wires, or laser  fi bers signi fi cantly 
decrease the  fl ow through the scope, pressure 
irrigation is often required  [  81  ] . Active hand-
pump systems decrease the total amount of irrig-
ant  fl uid utilized and decrease stone migration as 
irrigant pressure can be judiciously utilized  [  82  ] . 
Alternatively, pressurized irrigation up to 
300 mmHg can be utilized, with low intrarenal 
pelvic pressures maintained if a ureteral access 
sheath is utilized  [  45  ] .   

   Set Up 

 It is recommended that video and C-arm monitors 
be placed on one side of the patient along with 
the irrigation, light source, and lithotrite genera-
tor. The C-arm is then on the opposite side. This 
simpli fi es viewing for the surgeon, decreasing 
cervical strain if a  fl at-panel monitor is positioned 
at eye level directly beside the C-arm monitor. 
We recommend normal saline irrigant with a 
hand pump endo-irrigation system to minimize 
the total volume of irrigant and the pressure uti-
lized  [  83  ] . The equipment that is necessary for 
URS is opened on the working table with the 
remainder “on hold” in the room. The procedure 
proceeds in a step wise fashion with ureteral 
ori fi ce cannulation, placement of a safety wire, 
insertion of the ureteroscope with ureteral access 
sheath dilation in certain cases, stone fragmenta-
tion and extraction followed by ureteral stent 
insertion when necessary (Fig.  8.7 ).   

   Preoperative Antibiotics 

 Current AUA guidelines recommend appropriate 
antibiotics based upon urine culture prior to inter-
vention (urine dipstick is suf fi cient in uncompli-
cated cases)  [  15,   84,   85  ] . For prophylactic 
antibiotics a randomized controlled trial demon-
strated decreased postoperative bacteriuria with a 
single oral dose of levo fl oxacin, with another 
showing equivalence between a single dose of oral 

cipro fl oxacin and a one-time dose of intravenous 
cefazolin  [  86,   87  ] .  

   Surgical Procedure 

   Ureteral Ori fi ce Cannulation 
 After induction of anesthesia and intravenous 
antibiotics, the patient is positioned in dorsal lith-
otomy. The legs are carefully padded and the 
treatment leg is placed in slight extension to 
reduce the risk of compartment syndrome  [  88  ] . 
Pneumatic compression boots are used to help pre-
vent deep vein thrombosis  [  89  ] . Fluoroscopic 
equipment is necessary and should be available by 
the initiation of the procedure. Pulsed  fl uoroscopy 
may decrease the intraoperative radiation exposure 
to patient and personnel  [  90  ] . 

 After the patient is prepped and draped, a full 
examination of the bladder is performed with 
cystoscopy and the appropriate ureteral ori fi ce is 
cannulated with a general working wire. If the 
ureteral ori fi ce is unable to be cannulated due to 
poor visualization or angle from a large prostate, 
large cystocele, or other reason, then  fl exible 
cystoscopy with cannulation may be attempted. 
Alternatives include using a 70° lens with 
Albarran de fl ecting bridge  [  91  ] . Methylene blue 
or indigo carmine may be administered in cases 
where identi fi cation of the ureteral ori fi ce is chal-
lenging. If the ureteral ori fi ce is unable to be can-
nulated due to an impacted intramural ureteral 
stone then attempts should be made to cannulate 
the ori fi ce with a lubricious wire. If cannulation 
of the ureteral ori fi ce is successful then the glide-
wire is exchanged for a working guidewire using 
a 5 Fr open-ended ureteral catheter. If cannula-
tion is unsuccessful, then a Collins knife can be 
used to perform a ureteral meatotomy. After 
incising the ureteral ori fi ce, the tip of the Collins 
knife is used to “tease” the impacted intramural 
stone out of the ureter. If this technique is utilized, 
the surgeon should evaluate the need to place a 
ureteral stent postoperatively by visual inspection 
of the caliber of the distal ureter with a semirigid 
ureteroscope. Typically following a ureteral 
meatotomy and stone extraction, a ureteral stent is 
not required.  
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   Placement of Safety Wire 
 Once the ureteral ori fi ce is successfully cannulated, 
the working wire is advanced under  fl uoroscopic 
guidance to the renal pelvis, if possible. If the 

working wire is unable to be advanced into the 
renal pelvis, this is the  fi rst sign of an impacted 
stone and a 5 Fr open-ended ureteral catheter 
should be placed over the wire to the point of 

Start of Procedure
- IV Antibiotics

- Appropriate Anesthesia
- Patient Positioning

- OR Setup
- Equipment Available

Cannulate appropriate ureteral
orifice with working wire

(suggested: 0.035-in. Sensor
guidewire) until in renal pelvis

Yes

Yes

Small enough 
to basket?

(≤4mm)

Location of
stone?

Location of
stone?

Distal Mid / Proximal

Semi rigid ureteroscopy to pass
Amplatz super stiff wire

followed by ureteral access
sheath (suggested 12/14 Fr

Flexor ureteral access sheath if
unstented, 14/16 Fr if stented
− 35 cm women, 45 cm men)

Flexible ureteroscopy with
200μm laser fiber

- Sacred Heart Halo basket for
general stone extraction

- N-Compass for extraction of
multiple small stone fragments

Ureteral stent
placement

Distal / Mid Proximal

Semi-rigid
ureteroscopy with
Sacred Heart Halo
basket for stone

extraction

Flexible
ureteroscopy with
Sacred Heart Halo
basket for stone

extraction

Semi rigid ureteroscopy
laser lithotripsy with
365μm laser fiber

Will require laser
lithotripsy

Place 5 Fr open ended over guidewire to obstruction
Shoot gentle retrograde pyelogram

Use Glidewire to negotiate obstruction
Exchange Glidewire for Sensor over 5 Fr open ended

catheter

No

No

Ureteral stent placement only if
injury to ureter, stone

impacted, or ureteral edema

  Fig. 8.7    General algorithm of URS for a ureteral stone       
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obstruction. After removal of the guidewire, a 
gentle retrograde pyelogram is performed to 
delineate the anatomy. If a blind ending obstruc-
tion is seen on retrograde pyelogram, it is likely 
that guidewire placement will be challenging. At 
this point we recommend using a well-lubricated 
lubricious wire placed through the 5 Fr open-
ended catheter to the point of obstruction. With 
the lubricious wire, the surgeon attempts to negoti-
ate the obstruction under  fl uoroscopic guidance. 
If a straight tipped lubricious wire is not success-
ful, or if an acute angle is seen on retrograde 
ureterogram, then an angled-tipped lubricious 
wire and a torque device may be used to direct the 
wire and facilitate maneuverability. Once the lubri-
cious wire is advanced past the obstruction, it 
should be exchanged for a safety wire using a 
5 Fr open-ended catheter. 

 If access cannot be obtained with this method 
then advancement of a semirigid ureteroscope 
alongside the partially placed wire up to the level 
of the obstruction may be attempted. If this is 
successful, placement of the wire is attempted 
under direct vision. If necessary, laser lithotripsy 
of the stone to facilitate passage of the lubricious 
wire may be attempted. If the ureteroscope is 
unable to pass due to a ureteral stricture or narrow 
ureteral ori fi ce, passage of a Wolf needle scope or 
a  fl exible ureteroscope may be attempted. Dilation 
without a safety wire in place is strongly discour-
aged. If a safety wire is unable to be advanced 
into the renal pelvis, stone extraction is similarly 
discouraged. If a safety wire is unable to be placed 
into the renal pelvis despite maximal attempts, 
retrograde ureteroscopy is abandoned. At this 
point, consideration should be given to placement 
of a nephrostomy tube with subsequent antegrade 
ureteroscopy.  

   Ureteroscope Insertion 
 Once a safety wire is placed, the semirigid uret-
eroscope is advanced to passively dilate the distal 
ureter and evaluate the distal ureter for calculi or 
other pathology. If the surgeon cannot cannulate 
the ureteral ori fi ce with either the ureteroscope or 
a coaxial dilator, a rigid wire is inserted through 
the working channel of the ureteroscope into 
the ureteral ori fi ce and used as a “ fi liform” then 

the scope is rotated until it lies between the general 
working wire and the rigid wire. This maneuver 
leads to the two wires acting like a “railroad 
track” which tents the ureter and allows the scope 
to be passed along the track. If this maneuver is 
not successful, then balloon dilation (recom-
mended using a 20 atm. 5 mm × 4 cm balloon) of 
the ureteral ori fi ce can be performed. 

 Once the ureteroscope has reached the limit 
to which it can be advanced, a superstiff wire is 
placed through the working channel under direct 
vision. Once the tip is coiled in the renal pelvis, the 
semirigid ureteroscope is removed and the supers-
tiff is utilized for placement of the ureteral access 
sheath. Alternatively, if the known calculus is 
localized to the proximal ureter on preoperative 
imaging, a dual-lumen catheter or 8/10 Fr coaxial 
dilator can be used to place the rigid wire. Stones 
 £ 4 mm without signs of impaction on imaging are 
often amenable to simple basketing and therefore 
for these stones we do not recommend placing a 
rigid wire or ureteral access sheath. 

 A 12/14 Fr ureteral access sheath (14/16 Fr if 
previously stented; 35 cm in women, and 45 cm 
in men) is advanced over the rigid wire to the 
level of the stone. The rigid wire is then removed, 
leaving the initial guidewire as a safety outside 
the lumen of the access sheath. Of note, a ureteral 
access sheath would not be recommended for dis-
tal stones given propensity for the sheath to fall 
out/buckle in the bladder, and these stones are 
treated expeditiously with a semirigid uretero-
scope  [  44,   49  ] . The ureteral access sheath is 
placed with a gentle “jiggling” axial force; taking 
care not to twist the sheath while advancing or 
place excessive force. If resistance is encoun-
tered, the sheath is removed and ureter dilated 
with the inner dilator only. If resistance persists 
then the options are to utilize a smaller caliber 
sheath, perform ureteroscopy without an access 
sheath (advancing the ureteroscope over a wire), 
balloon dilate the ureter and then place the sheath, 
or place a ureteral stent and attempt staged uret-
eroscopy in 2 weeks. Generally when using a 
hand pump irrigator, a ureteral access sheath and 
an anticipated operating time of less than 1 h, 
drainage of the bladder with a urethral catheter is 
unnecessary  [  47  ] .  
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   Stone Fragmentation/Extraction 
 We recommend routinely using the semirigid 
ureteroscope and then, if necessary, switching out 
to a  fl exible scope, primarily for proximal ureteral 
stones in men. Once the stone has been visual-
ized, if it is smaller than the ureter and relatively 
smooth, then primary basket extraction under 
direct vision may be performed  [  92  ] . For the 
majority of cases the stone will need to be frag-
mented. This is commonly performed with the 
holmium:YAG laser lithotripter. A 200  m m  fi ber is 
used in  fl exible ureteroscopes and a 365  m m  fi ber 
in semirigid ureteroscopes. Initial settings for the 
laser should be 0.8 J and 8 Hertz (Hz). We increase 
Hz until the stone is adequately fragmenting. 
The stone fragments are then extracted using a 
variety of tip-less Nitinol baskets until there are 
no fragments that are larger than the safety wire 
(which is 0.035″ in diameter). Please see “Stone 
retrieval devices” for a description of the different 
baskets. In patients who have undergone ureteral 
dilation (ureteral access sheath placement or 
balloon dilation) a ureteral stent is left for 5–7 
days. For individuals with complicated ureteros-
copy, namely ureteral injury with perforation, or 
an impacted ureteral stone, a ureteral stent is placed 
for 10–14 days. In patients with stones requiring a 
simple basketing procedure without any of the 
above factors, a ureteral stent can safely be for-
gone  [  93  ] . An alpha blocker is prescribed to 
decrease ureteral stent associated symptoms  [  8  ] .    

   Complications 

 Complications can be minimized by careful 
patient selection, appropriate preparation of the 
necessary instrumentation and a systematic 
methodical technique. Though others have pro-
posed the elimination of a safety guidewire, we 
recommend it’s routine use as a “safety net” for 
stent placement in the event of iatrogenic injury 
 [  94  ] . It is important to emphasize that those who 
advocate ureteroscopy without a wire, utilize a 
technique of “dusting the stone” without active 
fragment extraction  [  94  ] . If basketing of stone 
fragments is a component of the procedure, then 
a guidewire must be in place. 

   Infectious Complications 

 Infectious complications can be minimized with 
the use of a single-dose prophylaxis as prescribed 
by the AUA Best Practices statement. If a com-
plication arises, the patient is treated conserva-
tively with antibiotics and supportive care. It is 
important to leave a urethral catheter in place in a 
patient who is febrile after instrumentation and 
stent placement to optimize drainage. If the 
patient’s temperature and leukocytosis do not 
respond to appropriate antibiotic therapy then 
ultrasonography is recommended as an initial 
imaging modality.  

   Ureteral Injury 

 Minor ureteral injuries including bleeding, 
mucosal tears, or perforation can be managed 
with ureteral stent placement. Blind basketing of 
a stone is not recommended due to risk of ure-
teral avulsion. Another cause of ureteral avulsion 
appears to be caused by undue force placed on a 
semirigid ureteroscope even without attempted 
stone removal, which results in a two-point ure-
teral avulsion  [  95  ] . In the situation of an impacted 
ureteroscope, one group suggests increasing the 
irrigation pressure and/or performing a rectal/
vaginal exam to push the UVJ and distal ureteral 
segment upward while rotating and gently remov-
ing the ureteroscope  [  33  ] . Alternatively, one can 
attempt injection of lubricant through the work-
ing channel or alongside the ureteroscope using 
an additional open-ended catheter. Major ureteral 
injuries including avulsion or intussusception 
will require either open or laparoscopic surgical 
repair with the type depending on the location of 
the injury.  

   Ureteral Stricture 

 Ureteral stricture is a late complication of ureteral 
injury and should be monitored for in patients 
with dif fi cult stones, history of multiple proce-
dures, or radiation therapy (see postoperative 
imaging)  [  33,   96  ] .  
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   Hematuria 

 Conservative management is effective for most 
minor hematuria and consists of increasing  fl uid 
intake, diuresis with lasix if appropriate and min-
imizing anticoagulation. For major hematuria 
that obscures the endoscopic view, the ureteros-
copy should be aborted and a double J stent along 
with a large bore or three-way urethral catheter 
placed. With signi fi cant hematuria the patient is 
then admitted for hemodynamic monitoring and 
observation for potential clot retention.  

   Retained Stent 

 The key to avoiding this complication is preven-
tion; timely stent removal to avoid stent encrus-
tration. The approach to the retained ureteral 
stent should be dictated by the degree of encrus-
tration of the proximal coil—signi fi cant encrus-
tration will require a percutaneous approach, 
while mild encrustration may be managed by a 
retrograde approach with the adjunct of shock-
wave lithotripsy. The degree of encrustration of 
the proximal coil as characterized by computer-
ized tomography is predictive of the need for 
multiple interventions  [  96,   97  ] .   

   Results 

 Successful URS for ureteral stone depends on the 
size of the stone as well as the location, with rates 
varying from 78 % for large mid ureteral stones 

to 97 % for small distal stones (Fig.  8.8 )  [  1  ] . 
Patients with large (>10 mm) stones have lower 
stone-free rates after  fi rst ureteroscopy and are 
more likely to undergo additional ureteroscopic 
procedures (1.02 distal, 1.07 proximal)  [  1  ] . 
Interestingly these patients are also less likely 
to require a secondary or alternative procedure. 
This potentially re fl ects the safety and ef fi cacy of 
second look ureteroscopy in the pre-stented 
patient. Other factors that may have led to a lower 
secondary and adjunctive procedure rate in these 
patients include selection or reporting bias 
because large (>10 mm) stones represented only 
24 % of the total reported cases (387 out of 1,604) 
and many studies did not report cystoscopy and 
stent removal as an adjunctive procedure  [  1  ] .   

   Postoperative Management 

 Standard postoperative management includes 
routine analgesic medications. If a ureteral stent 
has been placed, alpha blocker medications can 
be prescribed to help alleviate the frequency, 
urgency, and pain associated with ureteral stent-
ing  [  8  ] . Other adjunctive therapies that have been 
investigated but not evaluated for cost-effective-
ness, include ketorolac-loaded ureteral stents and 
injection of Botulinum toxin into the peri-ureteral 
area  [  98,   99  ] . Both prospective randomized trials 
failed to show differences in main endpoints 
(unscheduled physician contact, early stent 
removal, or symptom score) but did show a 
decrease in narcotic use with intervention as 
determined by pill counts  [  98,   99  ] . Interestingly 

  Fig. 8.8    Meta-analysis of results after ureteroscopy 
including stone-free rates and procedure counts  [  1  ] . 
Secondary procedures describe the need for alternative 
stone removal methods including open, laparoscopic, and/

or percutaneous stone removal procedures. Adjunctive 
procedures were most commonly cystoscopy and stent 
removal, but also include procedures related to complica-
tions from the initial procedure       
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a prospective, randomized, double-blinded 
placebo-controlled trial comparing extended 
release oxybutynin and phenazopyridine failed to 
show a difference in bother score between the 
treatment groups and placebo  [  100  ] .  

   Postoperative Imaging 

 In the interest of reducing the cumulative effect 
of radiation exposure and reducing healthcare 
costs, selective postoperative imaging has been 
evaluated. Evidence shows that selective initial 
postoperative imaging does not miss ureteral 
strictures if routine imaging is only performed in 
patients who had intraoperative ureteral balloon 
dilation, an impacted stone, intraoperative ure-
teral mucosal perforation, or recurrent renal colic 
after uncomplicated URS  [  101  ] . Others recom-
mend routine surveillance imaging after ureteros-
copy, reporting that up to 2.9 % of patients 
postoperatively will have silent obstruction  [  102  ] . 
Imaging after a complicated ureteroscopy should 
be performed 2–3 weeks after stent removal and 
can consist of ultrasound or nuclear MAG 3 scan. 
If obstruction is shown, then a CT scan should be 
obtained to assess for residual or intramural stones. 
If obstruction is con fi rmed, the patient should be 
counseled regarding endoscopic versus robotic/
laparoscopic repairs depending on the length and 
location of the stricture. In general, we counsel 
patients of a 60–70 % long-term success rate with 
an endoscopic approach for appropriately chosen 
strictures (<1 cm) versus a 95 % success rate with 
the robotic/laparoscopic approach  [  103,   104  ] .  

   Five Key Take-Home Points 

    Review all images personally and have them • 
available in the operating room at the time of 
surgery.  
  Provide evidence-based preoperative counsel-• 
ing to the patient. This should include the risks 
and outcomes of all potential procedures.  
  Preparation of instrumentation and equipment • 
along with careful positioning reduces com-
plications and operative time.  

  Ureteroscopy can be simpli fi ed to a general step-• 
by-step technique. We emphasize the importance 
of a safety wire, an operative plan, and utilizing 
the therapeutic option of placing a stent and 
coming back to remove the stone another day.  
  Selective imaging is necessary postoperatively. • 
An emphasis should be placed on preventative 
care to decrease the risk of stone recurrence.     

   Case Discussion 

 A 45-year-old female is referred with a month of 
left  fl ank pain which she rates a 3/10. She ini-
tially presented to an outside emergency depart-
ment with  fl ank pain 3 months ago and was 
diagnosed with a left sided 1.2 cm proximal ure-
teral stone on CT scan. She underwent placement 
of a double J stent followed by SWL therapy at 
that time. The stent was removed at follow-up 1 
week post-op from SWL as the patient had 
signi fi cant stent related symptoms and a KUB at 
that time showed signi fi cant fragmentation of the 
proximal ureteral stone. One month postopera-
tively after a repeat CT scan showed new hydro-
nephrosis and persistence of her ureteral stone, 
she was referred to you for further treatment. 

 The patient has a 7-year history of nephro-
lithiasis having passed eight stones of uncertain 
size and composition. She has not had a meta-
bolic evaluation.
   PMH: insomnia, nephrolithiasis, and hypertension  
  PSH: C section, tubal ligation, and right knee 

arthroscopy  
  Family history: hypertension and colon cancer  
  Social history: former smoker, occasional alco-

hol, and no drug use  
  ROS: otherwise negative  
  Physical Examination: obese mildly uncomfort-

able woman    
 CT scan demonstrated a 13 × 5 × 6 mm proxi-

mal ureteral stone (Fig.  8.9 ).  
 The patient was then counseled regarding the 

following options including:
   Observation and medical expulsive therapy• 

   Risks in this case include stone growth,  –
stone movement, pain, potential decrease 
in renal function from long-standing 
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hydronephrosis, and poor chance of 
spontaneous stone passage (<5 %).     

  SWL• 
   Risks of urinary tract infection (1 in 25),  –
bleeding (1 in 1,000 with severe bleed), 
and the need for spontaneous passage/sec-
ondary procedure of residual fragments.  
  This therapy was not recommended  –
because of

   Skin-to-stone distance of 17 cm  –
signi fi cantly decreasing success rates  [  17  ] .  
  Unfavorable Houns fi eld units  –
(1,132 HU)  [  9  ] .  
  Presence of a preexisting subcapsular  –
hematoma.        

  URS• 
   Risks of urinary tract infection (1 in 25),  –
ureteral injury (1 in 300 with severe injury 
requiring major surgery), and the potential 
morbidity from placement of ureteral stent.  
  We estimate her likelihood of success at  –
80 % stone-free rate with 20 % of patients 
needing a secondary procedure to clear 
residual fragments.     

  PCNL• 
   Risks of urinary tract infection, lung  –
injury (1 in 100), transfusion (1 in 10), 
embolization (1 in 50), injury to other 

organs, and need for secondary procedure. 
In this patient’s case, this procedure may be 
complicated by the preexisting subcapsu-
lar hematoma.  
  We estimate the likelihood of success at  –
95 % stone-free rate.       

 Risk of stricture was discussed with the patient 
due to the concern for an impacted stone. Based 
on the discussion, the patient opted to undergo a 
URS for the treatment of her stones. 

 In the operating room under general anesthe-
sia the left ureteral ori fi ce was cannulated with a 
0.035″ Boston Scienti fi c Sensor guidewire. The 
guidewire could not be advanced past the site of 
obstruction. A 5 Fr open-ended catheter was 
advanced over the working wire which was then 
removed and a retrograde pyelogram performed 
with 3 cm 3  of diluted contrast (Fig.  8.10 ).  

 Given con fi rmation of the suspicion of an 
impacted ureteral stone, a straight tipped 0.035″ 
Boston Scienti fi c Glidewire was used to negoti-
ate past the site of obstruction (Fig.  8.11 ). The 
5 Fr open-ended catheter was then advanced over 
the Glidewire into the collecting system and the 
Glidewire exchanged for the Sensor wire. If this 
maneuver had not been successful we would 
have performed semirigid URS to the level of 
impaction with laser lithotripsy of the stone and 

  Fig. 8.9    CT scan showing potentially impacted left ure-
teral stone. A noncontrast CT scan with coronal ( a ) and 
axial ( b ) cuts shows a large subcapsular hematoma of the 
left kidney posteriorly measuring up to 9.6 cm following 
shockwave lithotripsy for a large renal pelvis stone. The 
patient has moderate hydronephrosis, and left ureteral 

dilation up to the level of an irregular stone in the proxi-
mal ureter (L3) measuring 5 × 6 mm in greatest cross-sec-
tional diameter and 1.3-cm in craniocaudal diameter. The 
skin-to-stone distance was measured at 15.6 cm and stone 
density 1,132 HU       
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passage of a wire under direct visualization. It is 
not recommended to basket the stone without a 
safety wire in place. If this had been unsuccessful 
then a percutaneous nephrostomy tube would 
have been placed with plans for subsequent ante-
grade ureteroscopy given failure of less-invasive 
means  [  105  ] .  

 After a safety wire was in place, a Wolf 
6/7.5 Fr semirigid ureteroscope was advanced to 
the level of the stone. Signi fi cant reactive polyps 
and impaction were identi fi ed distal to the stone 
(Fig.  8.12 ).  

 The ureteroscope was advanced past this area 
with care. A 15 mm ureteral stone was identi fi ed. 
The stone was fragmented with a 365  m m laser 
 fi ber with the laser lithotripter settings at 0.8 J 
and 8 Hz (Fig.  8.13 ).  

  Fig. 8.10    Retrograde pyelogram showing impacted ure-
teral stone. The retrograde pyelogram demonstrated a 
blind ending ureter at the position of the proximal ureteral 
stone—no contrast was noted to pass the stone       

  Fig. 8.11    Fluoroscopy of the safety wire coiled in the 
collecting system       

  Fig. 8.12    Visualization of reactive polyps and impaction       

  Fig. 8.13    Stone fragmentation with holmium laser. 
Vision partially obscured by urothelial reaction       
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 A 1.5 Fr Sacred Heart Halo Basket was then 
used to remove several fragments, after which a 
Super Stiff guidewire was advanced into the col-
lecting system under endoscopic and  fl uoroscopic 

guidance. At this point a 12/14 Fr Cook Flexor 
Sheath was advanced to the level of the stone and 
 fl exible ureteroscopy performed to facilitate 
expeditious extraction of the multiple fragments 
(Fig.  8.14 ).  

 Due to signi fi cant edema and polypoid reac-
tion at the level of the extracted stone, a ureteral 
stent was placed. Two days postoperatively 
patient had signi fi cant pain and underwent a CT 
scan without contrast at an outside hospital emer-
gency department which demonstrated persistent 
hydronephrosis and good stent position. Two 
weeks postoperatively she had her stent removed 
and at 4 weeks postoperatively she underwent a 
diuretic nuclear scan to assess for ureteral stric-
ture (Fig.  8.15 ). This showed a decrease in func-
tion of the left kidney without obstruction. The 
stones were 60 % calcium phosphate and 30 % 
calcium oxalate monohydrate stones. Her 24 h 
urine pro fi le showed a 1.42 L volume with other 
parameters in the normal ranges. The patient was 
educated regarding increasing  fl uid intake and a 
stone-speci fi c diet.         Fig. 8.14    Stone extraction with basket       

  Fig. 8.15    Four week postoperative nuclear diuretic renal scan. Nuclear diuretic renal scan demonstrated a T½ of 
11.69 min and 25.2 % function on the left; indicative of decreased function with no obstruction       
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         Introduction 

 The management of renal calculi has evolved to 
the extent that percutaneous nephrolithotomy 
(PCNL), ureteroscopy (URS), and shock wave 
lithotripsy (SWL) are potential options depend-
ing on the stone type and anatomic characteris-
tics. However, this presents new challenges in 
planning which modality is best suited for a given 
renal calculus. Established factors that in fl uence 
management can be divided into stone factors 
(i.e. stone burden, stone composition, and stone 
location), anatomic factors (e.g. UPJO, hydro-
nephrosis, calyceal diverticulum, lower pole) 
patient factors (e.g. infection, obesity, coagulopa-
thy). Although these criteria are important in 
guiding treatment decisions, a comprehensive 
discussion of these is beyond the scope of this 
chapter. Presently, SWL is regarded as  fi rst-line 
therapy for renal calculi smaller than 20 mm; 
however, many studies have evaluated factors 
that predict SWL failure  [  1  ] . These include mor-
bid obesity  [  2  ] , stone volume  [  3  ] , stone composi-
tion  [  4  ] , or lower pole stone location  [  4,   5  ] . In 

such cases, URS and PCNL can achieve better 
success rates with fewer number of procedures 
per incident. It is therefore important to obtain 
accurate preoperative imaging for appropriate 
treatment planning and anticipate outcomes. 
Although plain  fi lms (KUB) are generally ade-
quate to assess stone location and burden, we 
now know that more speci fi c information such as 
skin-to-stone distance and stone density measure-
ment using CT imaging can have signi fi cant 
impact on outcomes  [  2,   6,   7  ] .  

   Indications for URS Management 
of Renal Calculi 

 The indications for URS treatment of renal cal-
culi can be divided into anatomic characteristics, 
patient characteristics, and stone characteristics 
(Table  9.1 ). Renal calculi have traditionally been 
treated with ESWL or PCNL, but the improve-
ment in ureteroscope technology permits the 
treatment of most renal calculi within 2 cm  [  8,   9  ] . 
The introduction of smaller diameter laser  fi bers, 
multistage de fl ecting, small caliber (5.3 F) 
 fl exible ureteroscopes, and improved displays 
has allowed for the treatment of all types and 
locations of renal calculi, with outcomes equal 
to, or better than SWL  [  10  ] . This is especially 
applicable for cases that are not suitable for 
SWL, in that URS is less invasive and potentially 
less morbid than PCNL. A diagrammatic algo-
rithm as shown in Fig.  9.1  can be used to guide 
the decision-making process for SWL versus 
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URS management of renal stones. Table  9.2  
 summarizes contemporary studies showing the 
outcomes of URS for renal calculi, and Table  9.3  
highlights some key studies comparing URS ver-
sus SWL or PNL.      

   URS with Obesity and Other 
Comorbidities 

    Body habitus has an impact on planning the sur-
gical approach for stone treatment, especially 
given the relatively high  prevalence of obesity 

(36 %) in the USA  [  11  ] . Both SWL and, to a 
lesser extent, PCNL have some limitations and 
challenges in the obese/morbidly obese patient 
 [  12  ] . For example, the decreased ef fi cacy of SWL 
in patients with large skin-to-stone distances, i.e. 
the obese, which is now an established predictor 
of SWL success  [  2,   6,   13  ] , should be considered 
when attempting SWL in the obese. As far as 
PNL is concerned in the obese patient, cardiovas-
cular compromise from the prone positioning can 
be an issue, and one must be equipped with extra-
long instruments and accessories due to the lon-
ger access tract requirements. Some of the 
theoretical concerns regarding the safety and 
ef fi cacy of PCNL in the obese have been refuted 
in more contemporary series  [  12,   14  ] . URS cir-
cumvents much of the challenges inherent to the 
obese patient, e.g. BMI >35, provided that the 
patient is a candidate for anesthesia. URS can be 
safely and effectively performed in the obese and 
morbidly obese patients, with similar SFRs and 
complication rates when matched for stone loca-
tion and size  [  15–  18  ] . The limits of URS has been 
pushed further for very large calculi, for example, 
as planned multisession URS for cases of stag-
horn calculi in instances where obesity and 
comorbidities preclude PCNL, achieving consid-
erable reduction in stone burden  [  19,   20  ] . In 
experienced hands, the indications for URS can 
include large stones >2.0 cm or even 2.5 cm, 
pediatric patients, pregnant patients, patients on 
anticoagulation medications, and those with 
coagulopathy  [  21  ] . As reviewed by Preminger, 
some presentations may preclude the use of PNL 
or SWL, favoring URS as the more suitable 
approach. These include renal stones with the 
coexistence of ureteral calculi and/or ureteral 

   Table 9.1    Indications for ureteroscopic management of renal calculi (adapted from Wignall et al.  [  10  ] )   

 Renal/anatomic factors  Patient factors  Stone factors 

 • Ectopic kidney  • Obesity  • Stone composition 
 – Cysteine 
 – Brushite 
 – COM 

 • SSD >10 cm  • Bleeding diathesis  • SWL failure 
 • Lower pole stone location  • Pregnancy  • HU >1,000 
 • Distal renal pelvic/ureteral obstruction  • Occupation (e.g. pilots)  • Combined approach with PCNL 

 • Patient preference 

Renal Stone < 2cm

Coagulopathic?

No

Yes

<10cm

<1000>1000

>10cm

No

Yes

Visible on KUB?

SSD

HUD

SWLURS

  Fig. 9.1    Flow chart illustrating decision-making process 
in choosing SWL versus URS for the treatment of renal 
calculi       
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strictures, bleeding diathesis, renal anomalies, 
solitary kidneys, and morbid obesity  [  22,   23  ] .  

   Stone Composition and URS 

 The Holmium (Ho:YAG) laser can effectively 
fragment calculi of all compositions  [  24  ] . This is 
contrary to SWL, in which stone types such as 
cystine, brushite, and calcium oxalate monohy-
drate are relatively resistant to fragmentation. 
The Ho:YAG laser fragments stones through a 
photothermal mechanism  [  25  ] . The optimal set-
tings to achieve maximal stone fragmentation 
and ef fi ciency are not clearly de fi ned and are 
based upon the fragmentation goals of the opera-
tor. Sea et al. tested a range of power settings and 
demonstrated Ho:YAG lithotripsy variation with 
pulse energy settings  [  26  ] . In their study, low 
pulse energy (0.2 J) resulted in less fragmenta-

tion and retropulsion, with smaller fragments. 
However, at high pulse energy (2.0 J), more frag-
mentation and retropulsion occurred, with larger 
fragments. Retropulsion increases with higher 
power settings, and the use of anti-retropulsion 
devices can help stabilize the stone and produce 
more ef fi cient lithotripsy. Interestingly, retropul-
sion was not affected by changes in frequency 
when pulse energy was held constant. Laser  fi bers 
are available in varying core diameters (150–
550  m m) as well as single-use and reusable vari-
ants. Kudsen et al., showed in a multicenter trial 
that reusable holmium:YAG optical laser  fi bers 
are a more cost-effective option for laser litho-
tripsy than single use variants  [  27  ] . Additionally, 
they demonstrated that laser  fi bers with larger 
core diameter (e.g. 365  m m) provide a greater 
number of uses compared to smaller  fi bers. 
We generally use a power setting of 0.8 J at a 
frequency of 8 Hz using a 270  m m laser  fi ber, and 

   Table 9.2    Outcomes of URS for renal calculi   

 Study  Year  Energy 
 Number of 
patients  SFR  Comment 

 Breda et al.  [  46  ]   2008  Ho YAG  24  79 % after single URS; 
100 % after 2nd URS 

 Stones <2 cm; 1.2 mean 
procedures/pt 

 27  52 % with single URS; 
85 % after 2nd URS 

 Stones >2 cm; 1.6 mean 
procedures/pt 

 Cocuzza et al.  [  54  ]   2008  Ho YAG  44  93 % after initial URS; 
97.7 % after 2nd URS 

 Mean stone burden 
~11.5 mm; 66 % had 
lower pole calculi 

 Mariani et al.  [  55  ]   2004  EHL + Ho 
YAG 

 15  92 % after initial URS 
procedure; 77 % of patients 
had single-stage procedure 

 Stones 2–4 cm 

 Bilgasem et al.  [  56  ]   2003  Ho-YAG  29  83 % after initial URS  Stones <1 cm (mean 
5.7 mm; 89 % lower pole) 

 Riley et al.  [  20  ]   2009  Ho-YAG  22  90.9 % (average number of 
procedures = 1.85) 

 Stones >2.5 cm; mean 
stone size = 3.0 cm 

   Table 9.3    Outcomes of URS versus SWL or URS versus PCNL for lower pole calculi   

 Study  Year   N   SFR (SWL)  SFR (URS)  SFR (PCNL)   p   Comment 

 Bozkurt et al.  [  57  ]   2011  79  N/A  89.2 %  92.8 %  Longer OR time with 
URS; longer hospital 
stay with PCNL 

 Pearle et al.  [  51  ]   2005  67  35 %  50 %  N/A  0.92  Stones <1 cm 
 Koo et al.  [  58  ]   2011  89; 37 (URS); 

51 (SWL) 
 45.1 %  59.4 %  N/A  NS  Reported SFRs after 

initial procedure, all 
stones <2 cm 
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adjust if needed based on the principles of bal-
ancing fragmentation and retropulsion described 
above.  

   Case Discussion: Lower Pole Renal 
Calculi 

 Lower pole calculi have the unique disadvantages 
for stone clearance, caused by the inherent grav-
ity effects, lengthier infundibula, and narrowed 
infundibulopelvic angles. While the three con-
temporary surgical techniques, i.e. shock wave 
lithotripsy (SWL), ureterorenoscopy, and percu-
taneous nephrolithotomy (PCNL) are all viable 
options, the success rates are different and should 
play a role in surgical decision-making. 

 Although SWL is generally the preferred form 
of treatment for symptomatic renal calculi smaller 
than 2 cm in diameter, the stone-free rates (SFR) 
are not as favorable for stones in the lower pole, 
or dependent portion of the kidney. PCNL was an 
alternative, albeit more invasive technique, that 
was reported to have higher SFRs with decreas-
ing morbidity  [  28  ] . For this reason, the Lower 
Pole Study Group was created, to evaluate the 
unique challenges presented by lower pole cal-
culi in 2001  [  5  ] . 

 Some of the challenges of lower pole calculi 
with respect to SFRs are attributed to the gravity-
dependent position of the lower pole calyx, which 
prevents ef fi cient stone clearance. However, the 
decreased SFRs in the lower pole owes to more 
than just the gravitation effect. Work by Sampaio 
and Aragao revealed that the spatial anatomy of 
the lower pole is a factor in stone passage  [  29  ] . In 
this study, three anatomic features that could pos-

sibly affect stone clearance were identi fi ed: the 
angle between the lower pole infundibulum and 
renal pelvis, diameter of the lower pole infundibu-
lum, and third, the spatial distribution of the cal-
ices. Detailed studies on the infundibulo-pelvic 
angle (IPA) of the lower pole calices showed a 
signi fi cant correlation of these angles with SFRs. 
For example, at 9 months, 75 % of the patients 
presenting an angle of greater than 90° between 
the lower infundibulum where the stone was 
located and the renal pelvis became stone-free 
within 3 months. On the other hand, only 23 % of 
the patients presenting an angle smaller than 90° 
between the lower infundibulum where the stone 
was located and the renal pelvis became stone-
free during the same follow-up  [  30  ] . Based on 
these and other similar  fi ndings, Elbahnasy et al. 
described a method to measure the IPA preopera-
tively using excretory urography (IVP)  [  31  ] , 
which would be useful for surgical planning 
based on predicted stone clearance rates. 

 Currently available  fl exible ureteroscopes per-
mit maximal de fl ections of up to 270°, or multi-
staged de fl ection (i.e. primary and secondary 
de fl ection) which can gain access into the lower 
pole calyx. This is further facilitated by thin 
(200–270  m m) laser  fi bers and newer basket 
extraction devices, which minimize the effect on 
scope de fl ection  [  32,   33  ] . These developments 
allow for the treatment of lower pole stones in 
situ (Fig.  9.2a, b ). In cases where the stone can-
not be adequately targeted or accessed by the ure-
teroscope and laser, an appropriate next step is to 
reposition the stone into a more accessible upper 
pole calyx, which can be achieved with modern 
nitinol retrieval devices  [  33–  35  ] .   

  Fig. 9.2    ( a ) Active de fl ection shown in Olympus P-5  fl exible ureteroscope. ( b ) Access to lower pole stone with 
Olympus P-5 Flexible ureteroscope with 270  m m laser  fi ber in place       
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   Detailed Technical Approach 

   Instrument List 

     1.    Flexible/rigid cystoscope  
    2.    Open-ended 5 F ureteral catheter  
    3.    Guide-wire (Sensor ®  PTFE-nitinol guidewire 

with hydrophilic tip (Boston Scienti fi c), ± 
straight and angled Glidewire ®  nitinol hydro-
philic guidewire (Boston Scienti fi c) ± Amplatz 
super-stiff)  

    4.    Flexible ureteroscope (Olympus P5 180-
270)  

    5.    Semirigid ureteroscope (ACMI Micro-6)  
    6.    Light source and irrigation setup  
    7.    Path fi nder™ endoscopic bulb irrigator (Utah 

medical products)  
    8.    Sureseal adaptor (Applied medical)  
    9.    Disposable laser  fi ber (270  m m) + Holmium 

laser set-up  
    10.    Nitinol zero—tip basket  
    11.    JJ ureteral stent (6 F)  
    12.    Omnipaque Contrast—diluted 50 % in ster-

ile water  
    13.    C-arm Fluoroscopy  
    14.    Optional: ureteral access sheath (   12–14 F)  
    15.    Optional: balloon dilator (15 F)  
    16.    60 cm 3  syringe       

   Current Ureteroscopes 

 Table  9.4  lists the currently available  fl exible ure-
teroscopes. Advancements in  fl exible ureteros-
copy design and functionality have led to 
improved instrument longevity, and the ability to 
access more challenging stone locations such as 
the lower pole calyces. Newer, actively de fl ecting 
scopes offer increased lower pole access com-
pared to the older passively de fl ecting scope by 
one of two mechanisms: either separate dual-
lever primary and secondary de fl ection that offers 
increased unidirectional downward de fl ections of 
270° (Gyrus-ACMI Dur8-E™ and Stryker 
Flexvision™) or increased bidirectional primary 
de fl ection that offers 270° of de fl ection in both 
directions (Gyrus-ACMI Dur-D™, Olympus 

URF-P5™, Karl Storz Flex-X2™, Wolf Viper™) 
 [  36  ] . Having variable de fl ection, such as 270/180, 
gives the surgeon even more options for access 
into multiple challenging calices. 

  Holden et al.  [  36  ] , provide a detailed analysis 
of the various ureteroscopes listed above, and the 
pros and cons of each can be weighed to choose 
the ideal instrument for the urologist’s needs. An 
important consideration is the durability of the 
 fl exible scope, which becomes even more critical 
when using it for advanced procedures such as 
lower pole calculi. Repair costs are expensive 
and it has been demonstrated that certain scope 
types, such as the Wolf Viper, Olympus URF-P5, 
and Stryker Flexvision U-500 have excellent and 
comparable durability, while the Gyrus-ACMI 
DUR-8 Elite suffered from early failure and 
major repair after the least use, in a recent pro-
spective trial  [  37  ] .  

   Patient Preparation 

 The patient should be counseled in the preopera-
tive visit and informed consent is obtained, with 
appropriate discussion on potential complica-
tions, most commonly being that of urinary tract 
infections and stent-related symptoms. However, 
a more thorough discussion may include the risks 
of anesthesia, minor ureteral perforation, residual 
stones with the requirement of re-treatment or 
further treatment, long term complications of 
urethral/ureteral strictures, and rare complica-
tions such as major ureteral injury or hemorrhage. 
In complex cases involving ectopic kidneys, 
horseshoe kidney’s etc., further discussion regard-
ing obtaining access to the renal pelvis should be 
considered. 

 Preoperative investigations include a thorough 
history and physical examination, laboratory 
evaluation including complete blood count, 
serum creatinine, coagulation panel, urinaly-
sis ± cultures, and imaging studies with either 
KUB, IVP, or CT KUB. The bene fi t of perform-
ing a CT study is that the Houns fi eld density can 
be calculated, which provides key information on 
potential stone composition and fragility to 
shockwaves  [  7  ] , as well as the SSD  [  2,   6  ] . URS is 



   Ta
b

le
 9

.4
  

  Sp
ec

i fi
 ca

tio
ns

 o
f 

cu
rr

en
t  fl

 ex
ib

le
 u

re
te

ro
sc

op
es

   

 O
ly

m
pu

s 
 O

ly
m

pu
s 

A
C

M
I-

G
Y

R
U

S 
 ST

O
R

Z
 

 W
O

L
F 

 ST
R

Y
K

E
R

 

 U
R

F-
P5

 
 U

R
F-

V
 

 A
U

R
-7

 
 D

U
R

-8
 E

lit
e 

 D
U

R
-8

 
 D

U
R

-8
 

U
LT

R
A

 
 D

U
R

-D
 

 FL
E

X
-X

2 
 FL

E
X

-   X
 c   

 C
O

B
R

A
—

D
ua

l c
ha

nn
el

 
 V

IP
E

R
 

 Fl
ex

V
is

io
n 

U
50

0 
 T

ip
 d

ia
m

et
er

 (
F)

 
 5.

3F
 

 8.
5F

 
 7.

2F
 

 6.
75

F 
 6.

75
F 

 8.
6F

 
 8.

7F
 

 7.
5F

 
 8.

5F
 

 6F
 

 6F
 

 6.
9F

 
 M

ax
im

al
 s

ha
ft

 
di

am
et

er
 (

F)
 

 – 
 9.

9F
 

 11
F 

 8.
7F

 
 8.

7F
 

 9.
3F

 
 9.

3F
 

 8.
4F

 
 8.

5F
 

 9.
9F

 
 8.

8F
 

 – 

 In
ne

r 
ch

an
ne

l 
di

am
et

er
 (

F)
 

 3.
6F

 
 3.

6F
 

 3.
6F

 
 3.

6F
 

 3.
6F

 
 3.

6F
 

 3.
6F

 
 3.

6F
 

 3.
6F

 
 3.

3F
 ×

 2
 

 3.
6F

 
 3.

6F
 

 A
ct

iv
e 

de
 fl e

ct
io

n 
in

 
de

gr
ee

s 
(u

p/
do

w
n)

 
 18

0°
 

up
 /2

75
° 

do
w

n 

 18
0°

 
up

 /2
75

° 
do

w
n 

 12
0°

 
up

 /1
60

° 
do

w
n 

 17
0°

 
up

 /1
80

° 
do

w
n 

 17
5°

 
up

 /1
85

° 
do

w
n 

 27
0°

 
up

 /2
70

° 
do

w
n 

 25
0°

 
up

 /2
50

° 
do

w
n 

 27
0°

 
up

 /2
70

° 
do

w
n 

 27
0°

 
up

 /2
70

° 
do

w
n 

 27
0°

 
up

 /2
70

° 
do

w
n 

 27
0°

 
up

 /2
70

° 
do

w
n 

 25
0°

 
up

 /2
50

° 
do

w
n 

 Se
co

nd
ar

y 
de

 fl e
ct

io
n 

 N
o 

 N
o 

 N
o 

 Y
es

 
 N

o 
 N

o 
 N

o 
 N

o 
 N

o 
 N

o 
 N

o 
 Y

es
 

 V
ie

w
 (

°)
 

 90
 

 90
 

 80
 

 80
 

 80
 

 80
 

 80
 

 11
0 

 90
 

 85
 

 86
 

 90
 

 L
en

s 
 A

na
lo

gu
e 

 D
ig

ita
l 

 A
na

lo
gu

e 
 A

na
lo

gu
e 

 A
na

lo
gu

e 
 A

na
lo

gu
e 

 D
ig

ita
l 

 A
na

lo
gu

e 
 D

ig
ita

l 
 A

na
lo

gu
e 

 A
na

lo
gu

e 
 A

na
lo

gu
e 



1199 Ureteroscopy for Renal Stones with Case Discussion of Lower Pole Stones

particularly indicated in cases where the SSD is 
greater than 10 cm which has been shown to 
result in poor SWL outcomes.  

   Technique and Perioperative Setup 

 Routine preoperative antibiotics are given and 
anesthesia (sedation with local, regional, or 
 general) is administered. The patient is positioned 
in dorsal lithotomy and prepped and draped 
appropriately with  fl uoroscopy using the C-arm 
positioned and draped over the ipsilateral kidney 
and ureter. The  fl uoroscopy and URS video mon-
itors are positioned for easy viewing during the 
procedure. Cystoscopy is performed and the ure-
teral ori fi ce is identi fi ed and canulated with the 
Sensor ®  PTFE-nitinol guidewire with hydrophilic 
tip (Boston Scienti fi c) guidewire; if resistance is 
encountered, an open-ended ureteral catheter 
may be used to provide addition support for the 
guide wire to gain entry into the ureter. If further 
resistance is encountered, the open-ended cathe-
ter is advanced to the level of resistance under 
 fl uoroscopic guidance, and a retrograde uretero-
gram is performed to delineate the course and 
anatomy of the ureter. With a more detailed rep-
resentation of the ureter and obstructing site, a 
hydrophilic wire can be used to negotiate entrance 
into the renal pelvis, followed by the open-ended 
catheter over it. It is prudent to exercise caution 
when manipulating a wire past an impacted or 
tortuous ureter to avoid perforation. Failing this, 
a semirigid or  fl exible ureteroscope must be used 
to advance a wire past the obstruction under 
direct vision. Once access is gained into the renal 
pelvis, the hydrophilic wire, if used, is replaced 
with the standard guide wire. This will serve as a 
safety wire, which can be secured to the drapes 
with a clamp. 

 The use of a safety wire is not routine in all 
renal stones, and select wireless approach cases, 
where the ureteroscope is the safety mechanism, 
have been demonstrated recently to be safe and 
ef fi cacious  [  38,   39  ] . The wireless approach, along 
with the use of ureteral access sheaths and balloon 
dilatation of the ureteral ori fi ce is discussed in 
detail in Chap.   7    . Brie fl y, in the wireless technique, 

the  fl exible ureteroscope is initially advanced over 
a guide wire under  fl uoroscopic guidance. If resis-
tance is encountered, an 8/10 F dilator may be 
used to calibrate the ureter with  fl uoroscopy. The 
ureteroscope can then be advanced over the wire. 
Once the ureteroscope is within the renal pelvis, 
the guide wire is withdrawn and ureterorenoscopy 
with laser lithotripsy is performed. 

 With the ureteroscope in place, laser litho-
tripsy can be initiated. Irrigation with NS should 
be maintained at a rate suf fi cient to obtain clear 
visibility, but not so high as to displace the stones 
being treated. A systematic approach should be 
used for pro fi ciency and optimal outcomes. One 
such approach is to inspect the collecting sys-
tem starting with the upper pole calyx and 
working systematically down to the lower pole 
calyx  [  10  ] . 

 If the visualized stone is small enough to be 
extracted, a basket or grasper can be used to gen-
tly extract the stone, under direct vision. If this 
cannot be achieved with ease, the laser should be 
used to fragment/disintegrate the stone. Typically, 
a holmium:yttrium–aluminum–garnet (Ho:YAG) 
laser with a 200  m m laser  fi ber is used. The 
200  m m  fi ber, being of smallest diameter, is ideal 
as it is the least restrictive on scope de fl ection, 
allowing better handling of the instrument during 
the procedure. It is critical to pass the laser  fi ber 
with the scope in a neutral position to avoid dam-
aging the working channel. Additionally, it is 
important to leave adequate space between the 
tip of the laser  fi ber and the ureteroscope tip to 
avoid damage to the lens to prevent damage to 
lens. Of note, in cases where stone extraction is 
needed, we recommend using a sheath.  

   Lower Pole Stone Displacement 

 As described by Auge et al., lower pole calculi 
that are dif fi cult to access due to reduced scope 
de fl ection with the laser  fi ber in place can be dis-
placed into an upper pole calyx for easier frag-
mentation  [  35  ] . This technique utilizes a nitinol 
basket or grasper, which can be passed into the 
lower pole through the fully de fl ected uretero-
scope without any loss of de fl ection (Fig.  9.3 ). 

http://dx.doi.org/10.1007/978-1-4614-6937-7_7
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Although irrigant  fl ow might be impeded with 
the basket in place, stone retrieval should not be 
affected. This technique allows the treatment of 
lower pole stones by displacing the stone to a 
less-dependent position, typically an upper pole 
calyx, which is easily accessed by the scope and 
laser  fi ber. Additionally, the upper pole location 
also facilitates spontaneous stone fragment clear-
ance post procedure.   

   Stone Disintegration Technique 

 While a number of different endoscopic litho-
trites have been used in endoscopy, such as ultra-
sonic, electrohydraulic, pneumatic and laser, the 
holmium laser has come to dominate intracorpo-
real lithotripsy  [  36  ] . Complete destruction of the 
calculus is the goal, so as to allow the tine frag-
ments/dust to pass spontaneously. Although, the 
holmium laser is purported to fragment stones of 
any composition  [  24  ] , this composition does 

affect the fragmentation pattern. As such, various 
approaches may be taken for stone destruction. 
The goal of completely disintegrating the stone 
may be met by “brushing” or “painting” the stone 
with the tip of the laser  fi ber by moving the  fi ber 
back and forth across the surface of the stone. 
This is particularly useful for soft stones, and the 
resulting dust will easily be washed out with 
urine  fl ow. Another approach is to break the stone 
into fragments with a “drilling” technique, which 
is more appropriate for harder stones, and the 
resulting fragments can be extracted by basket or 
grasping devices. Once several fragments are 
formed, the “popcorning” technique, in which 
the laser is placed within a mound of fragments 
to created random shattering, can be helpful to 
gradually reduce the fragments’ size  [  40  ] . This 
technique is generally better if the fragments are 
contained within a calyx. A targeted application 
of the laser onto distinct fragments by “pinning” 
them onto the mucosa is more ef fi cacious, albeit 
more laborious.  

  Fig. 9.3    Fluoroscopic and corresponding intraoperative images demonstrating the displacement of a lower pole calcu-
lus to an upper pole calyx prior to laser fragmentation       
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   Basket Extraction of Stone Fragments 

 The aim of laser lithotripsy is to disintegrate the 
stone into gravel that will easily be passed by the 
patient. The Ho-YAG laser causes a pitting or 
drilling effect on calculi  [  41  ]  which can produce 
stone dust and tiny fragments rather than larger 
fragments as in SWL. This enables spontaneous 
passage of the remnant stone fragments, and 
potentially obviates basket extraction of individ-
ual fragments. A recent study by Schatloff et al. 
evaluated basket extraction of all fragments ver-
sus allowing for spontaneous passage  [  42  ] . The 
spontaneous passage group had a higher rate of 
unplanned visits (3 % versus 30 %,  p  = 0.01), with 
trends toward higher rates of rehospitalization 
(0 % versus 10 %,  p  = 0.24), need for ancillary 
treatment (0 % versus 7 %,  p  = 0.49), and a lower 
stone-free rate (100 % versus 87 %,  p  = 0.1). 

 Patients with a large stone burden (e.g. stones 
>15 mm) may bene fi t from placement of a ure-
teral access sheath to aid in basket extraction of 
residual fragments and minimize morbidity from 
repeat passage the instruments. Patients with 
smaller stones (mean <11 m) do not necessarily 
need an access sheath, nor do they need meticu-
lous extraction of fragments after URS as com-
plete destruction of the calculi is the goal, and the 
resulting gravel will often clear spontaneously. 
Stone basketing itself is not without complica-
tions, and over-zealous basketing can potentially 
lead to iatrogenic injury to the ureter. As reviewed 
by de la Rosette et al., such complications include 
ureteral avulsion, major perforation necessitating 
surgical repair, minor ureteral perforation, 
mucosal abrasion, and ureteral stricture  [  43  ] . 

 At the end of lithotripsy, contrast is used via 
the scope to opacify the collecting system, and if 
it is felt that a stent is needed, the guide wire can 
be placed in exchange for the ureteroscope.  

   Flexible Versus Rigid URS 

 With currently available endoscopic instruments, 
 fl exible ureteroscopy is the instrument of choice 
for the treatment of intrarenal calculi, as it allows 

for access into individual calyces with excellent 
maneuvering capabilities and potential to main-
tain lower intrapelvic pressures through the use 
of ureteral access sheaths. However, the semi-
rigid ureteroscope has some advantages, such as 
a larger working channel, and increased durabil-
ity. There is a paucity of literature on the use of 
semirigid ureteroscopes for the treatment of renal 
calculi; however, some recent series have shown 
the operating time to be lower, with similar SFRs, 
complication rates, and length of hospital stay 
when compared to  fl exible ureteroscopy  [  9  ] .  

   Results 

 Ureteroscopic management of renal calculi has 
gained popularity and higher success rates 
owing to the improvement in  fl exible uretero-
scopes. Overall SFR for ureteroscopy are very 
high, with most patients rendered stone-free 
after a single procedure  [  44,   45  ] . SFRs follow-
ing ureteroscopy is comparable to that of PCNL, 
even for large stones >2 cm in contemporary 
series  [  46  ] . The overall success rates of retro-
grade intrarenal surgery have been reported as 
75–95 % for intrarenal stones greater than 2 cm 
after the  fi rst or second treatment, whereas the 
major and minor complication rates vary from 
1.5 to 12 %, which are less frequent than rates in 
PCNL procedures. For multiple intrarenal stones 
<2 cm, the ureteroscopic SFRs are as high as 
92 % after one or two procedures  [  8  ] , which is 
comparable to the rates reported after PCNL or 
SWL  [  44,   47  ] . Complication rates for uretero-
scopic management of renal calculi are lower 
than that encountered after PCNL, with overall 
rates of 13 %  [  8  ]  with minimal major complica-
tions  [  48  ]  in contemporary studies. URS is also 
an excellent salvage procedure for SWL-
refractory stones and should be considered in 
symptomatic patients as opposed to repeat SWL 
procedures  [  49,   50  ] . However, in such situa-
tions, it is important to note that the success 
rates of the salvage URS may be in fl uenced by 
the same negative factors that reduced the effec-
tiveness of SWL, and SFRs are lower when 
compared to primary URS series  [  50  ] . 
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 SFRs for lower pole calculi are generally 
lower than the overall SFRs for renal calculi. 
Although many studies have shown relatively 
modest SFRs of 50 %  [  51  ] , more recent data sug-
gest that the gap between lower pole calculi and 
upper and middle calyces is narrowing, owing to 
the more advanced  fl exible ureteroscopes today. 
For example, Perlmutter et al. showed in their 
series that the SFRs were 100 %, 96 % and 91 % 
for the upper, middle, and lower pole calyces, 
respectively  [  52  ] . The use of current scopes with 
de fl ection angles of 270° has allowed for SFRs as 
high as 100 % in the lower pole  [  53  ] . 

 There has been a shift in the way the stone is 
treated over the years, for example, a shift away 
from basket extraction toward mechanical pul-
verization of the stone  [  48  ] . Krambeck et al. 
reported a decrease from 69.4 % of stones being 
basket-extracted in 1988 to 47.7 % in their 2006 
series. On the same token, the number of proce-
dures with laser mechanical pulverization had 
substantially increased to 48.7 % in their 2006, 
up from 6.5 % in 1997, speaking to the popularity 
of the laser as the lithotripter of choice. 
Interestingly, in this 2006 report, electrohydrau-
lic lithotripsy was second to laser in popularity, at 
42.4 %. 

 Another interesting trend in the ureteroscopic 
management of upper tract calculi is that there has 
been a shift from rigid to  fl exible instruments. The 
use of  fl exible ureteroscopes in the Mayo series 
increased from 12 % in 1992 to 37 % in 2006. The 
development of the  fl exible ureteroscope has con-
tinued to evolve, and this usage trend will likely 
continue to increase with ongoing re fi nements in 
 fl exible instrument technology.  

   Key Points 

     1.    URS has improved optics and mechanics and 
has gained widespread popularity for its indi-
cations for the treatment of renal calculi.  

    2.    URS has higher overall SFRs for renal calculi 
when compared to SWL.  

    3.    SFRs for URS may be better than SWL for 
lower pole calculi, but the difference was not 
shown to be statistically signi fi cant.  

    4.    URS is a good salvage option for failed SWL.  
    5.    URS is an option even for very large (>2 cm) 

or staghorn calculi, with acceptable SFRs 
when PCNL is not an option.          
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         Introduction 

 The action of ureteral instrumentation with a 
ureteroscope for the purpose of lithotripsy or 
stone extraction causes some degree of trauma to 
the ureter. Traditionally, ureteral stents were 
placed routinely to prevent renal colic from either 
ureteral edema or passage of small clots, and in 
some cases to prevent ureteral stricture  [  1  ] . These 
bene fi ts of stenting can be accompanied, how-
ever, by symptoms such as bladder irritation, 
 fl ank pain, dysuria, or hematuria. 

 In the early years of ureteroscopy, the use of 
larger caliber rigid scopes always required dila-
tion and subsequent stenting. At that time, only 
externalized ureteral catheters were available. 
These were uncomfortable, and the symptoms 
required hospitalization. Over time, indwelling 
double J-type stents of more tolerable materials 
were developed, which allowed for internal stent-
ing, decreased levels of patient symptoms, and 
outpatient surgery  [  2  ] . As advances in technology 
have given us scopes with decreasing diameter, 
surgery became less traumatic for the ureteral 
tissues, prompting Urologists to question the need 

for routine stenting. Clearly, properly selected 
ureteroscopic procedures may be routinely per-
formed without the need for postoperative stents.  

   Stent Evolution 

 The initial utilization of ureteral stents occurred 
during open surgery to repair or realign the 
ureter. Gustav Simon was credited with the  fi rst 
ureteral stent placement back in the nineteenth 
century when he placed a tube in the ureter during 
a cystostomy. Joaquin Albarrano created the  fi rst 
stent designed for use in the ureter in the early 
1900s  [  3  ] . 

 In 1967, the  fi rst cystoscopically placed 
indwelling ureteral stent was described, which 
was made of silicone  [  4  ] . These had no curl at 
either end, and were susceptible to migration. 
Various alterations in design attempted to mini-
mize the chance of migration, yet no major break-
through occurred for over a decade. In 1978, 
the double J stent design was described, which 
prevented both proximal and distal migration 
while allowing for adequate urine  fl ow  [  2,   5  ] . 
The double J stent has progressed from a J-shaped 
half curl to a full curl “pigtail” shape, which 
decreases stent migration (Fig.  10.1 ). Currently, 
the double pigtail design is overwhelmingly the 
most utilized stent design. Since the advent of the 
pigtail shape, stent progress has primarily been 
through advancements in stent composition.   
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   Stent Composition 

   Polymers 

 A perfect stent would have rigidity to allow ease of 
placement, pliability to provide patient comfort, 
and radial strength to prevent blockage from 
external compression. In an ideal situation, the 
stent would have intrinsic resistance to encrusta-
tion as well as the ability to limit bacterial adher-
ence to decrease infection. Currently, no single 
polymer has the strength and rigidity needed for 
function combined with the pliability to maxi-
mize patient comfort. 

 Polyethylene was the  fi rst polymer used for stent 
composition. Although successfully used at the time 
for orthopedic and soft tissue applications, exposure 
of polyethylene to urine resulted in depolymeriza-
tion by hydrolytic degradation. Long-term usage 
would result in spontaneous breakage as the stents 
became more fragile over time  [  6,   7  ] . 

 The most  fl exible and elastic of the stent 
biomaterials is silicone. These properties may 
lead to less patient discomfort; however, by itself, 
silicone lacks radial strength and compresses 
easily. Additionally, pure silicone does not have 
adequate rigidity to allow ease of placement. 

 Almost all stents today are composed of some 
type of polyurethane. Polyurethane is a class of 
condensation polymers made from polyisocya-
nate and polylol. Various polyurethanes have dif-
fering properties, allowing for creation of differing 
types for different purposes. Polyurethanes used 
for ureteral stents are generally blended with sili-
cone and other polyurethanes to develop an 
advantageous combination of strength, patient 
comfort, and biocompatibility. The addition of 

elastomers provides the “memory” of the double 
J coils so they return to their coils after being 
straightened over a guidewire during placement 
 [  6  ] . Manufacturers currently produce various 
stents made with different polyurethane combina-
tions and other additives to offer stent products 
with unique properties to meet the varying needs 
of the clinical situation. 

 As an example, Cook Medical currently 
produces stent product lines in all lengths and 
diameters of their proprietary materials C-Flex ® , 
Universa ® , and Sof- fl ex ® . Each of these has a dif-
ferent composition with differing clinical advan-
tages. By comparison, Boston Scienti fi c also has 
several product lines made from their proprietary 
material Percu fl ex ® , in either a  fi rm or soft variety, 
as well a line of stents composed of Flexima ® . 
Each stent product, depending on the composi-
tion, will be approved for different maximum 
indwelling time varying from 90 days to up to a 
year although clinical scenarios may require more 
frequent replacement.  

   Reinforced/Metal Stents 

 Ureteral strictures and extrinsic obstruction from 
pathology such as cancer or retroperitoneal  fi brosis 
often requires long-term stenting, and requires 
radial strength to avoid failure due to compressive 
forces. The Applied Medical Silhouette series 
offers two to three times the radial strength of 
comparable polyurethane stents due to radial coil 
reinforcement built into the stent  [  8  ] . 

 Metal stents provide additional radial strength. 
The Resonance stent (Cook Medical) is made of a 
nickel-cobalt-chromium-molybdenum alloy and 
compared to typical polyurethane stents, increases 
radial strength by a factor of seven or eight, 
although at a signi fi cantly increased cost  [  8  ] . The 
design employs a tightly wound metallic coil that 
is not dependent on a central lumen, but allows 
urine to fl ow in an extraluminal manner (Fig.  10.2 ). 
Under proper conditions, patients with this stent 
can safely undergo MRI examinations (see prod-
uct guide for speci fi cs). Despite the proven superi-
ority of the radial strength, failure rate in malignant 
obstruction may be similar to polymer stents  [  9  ] . 

  Fig. 10.1    Double Pigtail Ureteral Stent (Cook Urological)       
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A retrospective study in patient with malignant 
obstruction showed a 35 % failure rate, especially 
in patient with malignant bladder invasion.  

 Although unavailable in the USA, the 
Memokath metallic stent (PNN Medical, 
Denmark) offers another option (Fig.  10.3 ). 
Unlike the previously described stents, the 
Memokath is not a double pigtail-type design, 

but instead offers a dual cone design with one 
cone above and one cone below the focal area to 
be stented. The Memokath does not extend into 
the bladder, and consequently neither causes 
 fl ank pain from re fl ux nor does it cause as 
signi fi cant bladder symptomatology (Fig.  10.4 ). 
The Memokath has a nickel-titanium alloy coiled 
wire composition with a shape memory based on 
temperature, which aids in deployment. One sim-
ply places the stent into the proper position across 
the strictured ureteral segment, after which hot 
water (60 °C) is injected across the stent. The 
stent expands to  fi t the stricture in the hot water, 
and retains the expanded shape. For stent removal, 
ice cold water is injected in a retrograde manner 
to cool the stent below 10 °C. As the stent shrinks 
to original diameter, the lower edge may be 
grasped and the stent is carefully removed while 
keeping the temperature cold  [  10,   11  ] . A study 
reported only a 4.5 % failure rate for the 
Memokath, both instances due to in fi ltration by 
transitional cell carcinoma  [  12  ] .     

   Speciality Stents for Speci fi c 
Situations 

  Retrograde injection stents  allow injection of 
contrast media into the renal collecting system 
for the illumination of the collecting system to 

  Fig. 10.2    Magni fi ed view of coiled tip of Resonance 
Stent, which is made from nickel-cobalt-chromium-
molybdenum alloy (Cook International)       

  Fig. 10.3    Memokath Stent, dual cone design (PNN 
Medical)       

  Fig. 10.4    Memokath Stent, deployed bilaterally in the 
distal ureters. The stent does not extend into the bladder 
(PNN Medical)       
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con fi rm proper placement prior to stent deploy-
ment. Alternatively, these stents may facilitate 
stone localization during shock wave lithotripsy 
prior to their deployment. After the proximal tip 
arrives in the renal pelvis, the wire is removed to 
deploy the proximal curl. X-ray contrast is then 
instilled in a retrograde manner to con fi rm place-
ment, after which the distal end is localized under 
 fl uoroscopy, and deployed with a proper curl in 
the bladder. If used for Shockwave lithotripsy, the 
stent may be used for retrograde contrast instilla-
tion for the case, and then deployed when the case 
is complete. 

  Endopylotomy stents  have a dual diameter 
design with a larger diameter at the proximal end 
to hypothetically allow for healing of a larger 
diameter lumen at the ureteropelvic junction than 
a standard stent with the same diameter from 
proximal to distal end would allow. Distal stent 
diameter remains the same size as the usual stent 
(6–7 French, depending on manufacturer), with a 
proximal end larger, ranging from 9.5 to 14 
French. No consensus exists in the literature as to 
whether or not endopyelotomy stents convey an 
advantage in long-term patency rates  [  13,   14  ] . 

  Variable length stents  are designed to accom-
modate the need for varying stent lengths with 
one stent set. This stent type has a single coil on 
the proximal (kidney) end to prevent distal migra-
tion. The distal (bladder) end has several coils 
that either maintain the tight multicoil shape for 
shorter ureters or can unwind to accommodate 
longer ureters.  

   Stent Designs 

   Tail Stent 

 The vast majority of stents in use today are of the 
Double Pigtail design. Since stent discomfort 
remains a challenging morbidity to manage, 
different stent designs have been put forth as 
having potential for decreasing stent discomfort. 
The Tail stent (Boston Scienti fi c) did not have a 
distal curl in the bladder but instead had a smaller 
diameter, 3f, soft lumenless distal end. The premise 

was that a smaller, softer stent tip would be less 
irritating to the bladder, thereby decreasing both-
ersome effects. Although an early study sup-
ported this hypothesis by showing signi fi cantly 
fewer irritative bladder symptoms  [  15  ] , the tail 
stent is no longer available.  

   Loop Tail 

 Another attempt at making the distal stent tip less 
irritating to the bladder involved decreasing the 
mass and material inside the bladder by replacing 
the existing 6f pigtail with 2 loops that measure 
<3f. Although a prospective randomized study 
using the validated Ureteric Stent Symptoms 
Questionnaire showed somewhat lower pain 
scores for the loop stent cohort, no signi fi cant 
difference was noted when compared to controls 
 [  16  ] . A version of this design is currently manu-
factured by Boston Scienti fi c (Fig.  10.5 ).   

   Dual Durometer Stents 

 This concept in stent design does not alter the 
shape of the distal portion, but instead changes 
the composition. The proximal portion of this 
double pigtail stent is comprised of a  fi rm polymer 
to prevent distal migration, and the distal portion 

  Fig. 10.5    Polaris Loop Stent (Images Courtesy of Boston 
Scienti fi c Corporation. Opinions expressed are those of 
the author alone and not of Boston Scienti fi c)       
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is made from a much softer material, designed to 
put less pressure on the bladder, thereby decreas-
ing irritative voiding symptoms. The Boston 
Scienti fi c Polaris stent product line utilizes this 
design (Fig.  10.6 ).    

   Are Stents Always Necessary? 

 With the development of rigid ureteroscopy, 
routine postoperative stenting was the standard 
of care. This was  fi rst questioned in 1999  [  17  ] , 
and further studies have clearly shown that not all 
procedures need stent placement  [  18,   19  ] . One 
must remember that in the early 1980s, ureteros-
copy was a more morbid procedure. At that time, 
the ureteroscope was 11.5 French (Fr) in diameter, 
and the technology available for lithotripsy was 
primarily electrohydraulic. This combination was 
certainly more traumatic to the collecting system, 
and postoperative stenting was performed rou-
tinely. Although this was done solely on the 
premise that stenting was necessary, not on evi-
dence-based medicine, the large caliber scope 
and more traumatic lithotripsy likely warranted 
stenting the vast majority of the time. 

 Over time, scopes have decreased to 6 Fr, and 
additionally, lithotripsy is now overwhelmingly 
performed with Holmium laser, a much less mor-
bid combination. Despite advances in technology 
and the knowledge that stentless ureteroscopy 
was a safe practice, routine stenting persisted. 
Primarily, this was due to the inability to foresee 
which patients could be safely treated without 
stents. Accurate predictors are imperative to 
avoid having a patient return with  fl ank pain 

requiring delayed stenting (likely more dif fi cult), 
a second anesthesia, or potentially even a neph-
rostomy if stent placement was not possible or if 
ureteral injury occurred. 

 Almost 10 years ago, Hollenbeck et al. helped 
to determine operative and patient-speci fi c risk 
factors associated postoperative morbidity  [  19  ] . 
Various stone and postoperative variables were 
evaluated; patients who had bilateral stentless 
procedures, lithotripsy performed, or operative time 
greater than 45 min with lithotripsy performed 
were signi fi cantly more likely to experience post-
operative complications. Additionally, patients 
with recurrent or recent infections, history of 
stones, prior stone treatment, and no preoperative 
stent were more likely to experience symptoms 
secondary to obstruction. Stone location was not 
a predictor of morbidity if the patient was stented 
preoperatively; however, location in the renal 
pelvis was a risk for postoperative morbidity for 
patients without preoperative stents. Additional 
studies are needed to further clarify criteria that 
would help determine which patients would best 
treated without postoperative stent placement. 
If intraoperative concern regarding ureteral dam-
age or edema exists, patient safety supports ure-
teral stent placement. 

   How Long Should Stents Remain? 

 If the urothelium remains intact, but the surgeon 
has concern about ureteral edema causing renal 
colic, 2–3 days of ureteral stenting should be ade-
quate to allow the edema to resolve. No adequate 
data exists to dictate the duration of stenting after 
various types of potential injury to the ureter (wire 
perforation, laser injury, mucosal split, full thick-
ness tear, etc.) In case of more serious, full thick-
ness, injury, 4–6 weeks of stenting is required to 
allow the ureter to properly heal. This is based on 
the Davis intubated ureterotomy, which described 
a 6-week period of ureteral stenting to allow for 
proper healing  [  20  ] . For injuries that are not full 
thickness and perhaps perceived as minor, such 
as a linear split during balloon dilation, the length 
of time required for stenting is not well studied. If 
question exists as to the severity of injury, or for 

  Fig. 10.6    Polaris Dual Durometer stent (Images Courtesy 
of Boston Scienti fi c Corporation. Opinions expressed are 
those of the author alone and not of Boston Scienti fi c)       
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thermal (laser) injury, patient safety would dic-
tate leaving a stent in long enough for the most 
potential serious injury to heal. After stents are 
removed, and injuries have presumably healed, 
follow-up imaging must be performed to rule out 
stricture formation.  

   Tether 

 The stitch attached to the distal curl of polyure-
thane stents (Fig.  10.7 ) may facilitate stent 
removal in several ways. For stents left in situ for 
just a few days, the tether may be taped to the 
thigh of female patients at the time of stent place-
ment. If taped to the thigh in male patients, noc-
turnal erections cause the tether to pull on the 
stent, causing bladder discomfort and disrupting 
sleep. Consequently, in the case of male patients, 
the tether should be taped to the shaft of the phal-
lus. After a few days, the patient may then remove 
the stent at home without the need for cystoscopic 
instrumentation. Premedication with anticholin-
ergics help to decrease uncomfortable bladder 
spasms that may result from stent removal. 
Patients should be warned that urine may wick 
along the tether through the sphincter, leaking 
small amounts of urine through the urethra.  

 Some urologists shorten the tether to a few 
inches. This  fl oating tether in the bladder is easier 
to grasp cystoscopically, with less lateral maneu-
vering of the scope, and a resultant decrease in 
patient discomfort. Alternatively, in men, a short-
ened tether may be positioned in the bulbar ure-
thra, which allows for cystoscopic removal 
without having to traverse the urethral sphincter 

or bladder neck, again decreasing the morbidity 
of the procedure. As with an externalized tether 
attached to the leg or phallus, this may result in 
small amounts of incontinence.  

   Stent Placement 

 Placement of a stent through a rigid cystoscope 
should begin by advancing a guidewire up through 
the ureter to the level of the kidney under 
 fl uoroscopic guidance. If there is question about 
the anatomy, a retrograde pyelogram may be per-
formed to delineate the collecting system. At this 
point, the stent is advanced over the wire, and 
the pusher is utilized to advance the stent into the 
renal pelvis. Under  fl uoroscopic guidance, the 
wire is slowly backed up to allow the proximal 
end of the stent to curl in the renal pelvis. Using 
the pusher to hold the distal tip of the stent just 
inside the bladder neck, the wire is then removed, 
allowing the distal stent to curl in the bladder. 

 Alternatively, stents may be placed 
 fl uoroscopically, without need for the cystoscope.
    Step 1 : An obstructing right ureteral calculus can 

be seen at the level of L1 (Fig.  10.8 ). Using a 
 fl exible cystoscope, a guidewire is advanced 
past the stone to the level of the kidney under 

  Fig. 10.7    Double Pigtail Stent with tether attached (Cook 
Urological)       

  Fig. 10.8    Right Ureteral Calculus seen at the level of L1 
(see  arrow )       
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 fl uoroscopic guidance (Fig.  10.9 ). After uret-
eroscopic procedures, the stent may be placed 
over the existing safety guidewire, alleviating 
the need for step 1.    

   Step 2 : Over the wire, a stent is advanced up 
the ureter until the metal radiopaque tip of the 
pusher reaches the lower edge of the pubic 
symphysis (Fig.  10.10 ).   

   Step 3 : Using  fl uoroscopy to insure that the position 
of the pusher does not change, the wire is 
pulled back just enough to allow the proximal 
curl of the stent to deploy (Fig.  10.11 ).   

   Step 4 : Keeping the metal tip of the pusher at the 
lower edge of the pubic symphysis, the wire is 
then completely removed, deploying the distal 
curl in the bladder (Fig.  10.12 ).      

  Fig. 10.9    A guidewire is advanced past the stone to the 
level of the kidney       

  Fig. 10.10    Keeping the pubic symphysis in  fl uoroscopic 
view, a stent is advanced over the guidewire until the 
radiopaque metal tip pusher reaches the lower edge of the 
pubic symphysis (see  arrow )       

  Fig. 10.11    Without moving the metal tip pusher, under 
 fl uoroscopic guidance the wire is retracted just enough to 
allow the proximal curl of the stent to deploy. Note the 
guidewire just below the curl (see  arrow )       

  Fig. 10.12    Keeping the metal tip pusher at the same 
location on the lower aspect of the pubic symphysis, the 
wire is removed to allow the distal tip to deploy       
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   Stent Discomfort 

 Clearly, stents cause signi fi cant morbidity. 
Although some patients are minimally affected by 
the presence of a stent, symptoms are signi fi cant 
for others, and even debilitating for some. The 
problem for Urologists remains the inability to 
effectively treat the stent symptoms for those 
who are symptomatic. The mechanism by which 
stents cause discomfort is not well characterized. 
The  fl ank pain that may accompany stenting 
likely comes from re fl ux along the stent. Lower 
tract symptoms (dysuria, urgency, frequency, 
suprapubic pain) probably result from direct irri-
tation of the distal stent portion on the bladder. 

 Multiple variables were evaluated in an effort to 
de fi ne predictors of stent discomfort. Using a vali-
dated questionnaire, univariable and multivariable 
analysis assessed patient age, sex, body mass index, 
stent length, stent caliber, stent side, and distal loop 
location for association with morbidity at day 7 and 
28. Of the variables studied, visualization of the 
distal loop of the stent crossing the midline had the 
strongest association with morbidity than the other 
variables  [  21  ] . Additionally, stents with incomplete 
loop deployment in the bladder have been associ-
ated with increased severity of stent-related symp-
toms  [  22  ] . 

 Further study is necessary to better elucidate 
which patient and stent characteristics lead to 
stent-related morbidity. Careful placement with 
attention to the curl and placement of the distal 
portion will help to minimize discomfort.  

   Stent Discomfort: Medical Treatment 

 Attempts to alleviate stent-related irritative blad-
der symptoms have been tried with several classes 
of oral medication. The various medication 
options may be taken individually or in combina-
tion decrease symptoms. 

 Alpha adrenergic receptors are present in 
the smooth muscle cells of the bladder trigone 
and distal ureter. Since the distal stent tip is 
located in this area, alpha adrenergic blocking 
agents have been used reduce smooth muscle 
activity for the treatment of stent-related symptoms. 

Two meta-analyses have concluded that random-
ized, controlled studies show that alpha blockers 
provide an improvement in the symptoms caused 
by ureteral stents  [  23,   24  ] . Patients must be warned 
about the potential for orthostatic hypotension, 
especially with the  fi rst dose. Patients with cata-
racts who have not undergone surgical correction 
should discuss alpha blockers with their ophthal-
mologist prior to usage to avoid the surgical 
implications of  fl oppy iris syndrome. 

 Oral anticholinergics are generally quite effec-
tive for stent-related bladder symptoms, but must 
be used with caution. The most common side 
effect is dry mouth, and patients may also experi-
ence dry eyes, headache, constipation, dizziness, 
somnolence, arrhythmia, or nausea. Use may be 
inappropriate in the elderly as this population may 
suffer memory loss, confusion, delirium, cardiac 
effects, or constipation. Anticholinergics are con-
traindicated in patients with narrow angle glau-
coma, gastric retention, and urinary retention. 

 Phenazopyridine is primarily excreted through 
the urine, and acts as a local analgesic on the 
bladder mucosa. For many patients, phenazopyri-
dine effectively minimizes stent morbidity. One 
must be cautious, as its use is contraindicated in 
renal insuf fi ciency. Additionally, use in patients 
with glucose-6-dehydrogenase de fi ciency must 
be avoided to prevent hemolytic anemia. 

 An interesting prospective, randomized, dou-
ble-blinded, placebo-controlled study evaluated 
the bene fi t of oxybutynin versus phenazopyri-
dine versus placebo. There was no difference in 
bother scores for  fl ank pain, suprapubic pain, uri-
nary frequency, urinary urgency, or dysuria  [  25  ] . 
We know that oxybutynin and phenazopyridine 
are effective, yet their failure to show improve-
ment over placebo underscores the challenge in 
treating patients who endure the morbidity of 
ureteral stents.  

   Future Directions 

 The next advancement in stent technology 
appears to be improvements using stent coatings. 
These coatings have primarily been used to 
decrease bio fi lm formation, bacterial adhesion, 



13310 Ureteroscopy: Stents and Other Adjuncts

encrustation, and stent discomfort. Certain coated 
stents currently exist, although not currently 
available in the United States. 

 Glycosaminoglycans naturally inhibit crystal 
formation by binding to stone forming elements in 
the urine  [  26,   27  ] . Heparin, a glycosaminoglycan, 
was shown to inhibit stent encrustation in vitro 
compared to placebo over a 7-day period of con-
tinuous exposure to arti fi cial urine  [  28  ] . A small 
clinical study subsequently followed  fi ve patients 
with bilateral ureteral obstruction. Each patient 
had both a heparin-coated stent and a traditional 
stent (control) placed and then evaluated with 
electron microscopy, energy dispersive spectros-
copy, and micro infrared spectrophotometry. The 
heparin-coated stents had a signi fi cant decrease 
in the amount of encrustation. Even after 10 and 
12 months, no changes were noted in the heparin 
layer, suggesting that the ability to prevent 
encrustation is not reduced over time  [  29  ] . A 
novel stent coated with a diamond like carbon 
coating was evaluated in a population of 10 
patients notorious for signi fi cant encrustation 
problems resulting in stent change intervals of 
less than 6 weeks. A total of 26 stents were tri-
aled over an experience period of 2,467 days, and 
no encrustation was seen  [  30  ] . 

 A commercially available heparin-coated stent 
(Radiance ® , Cook Medical) and a commercially 
available Triclosan-coated stent (Triumph ® , 
Boston Scienti fi c) and controls were evaluated 
for their resistance to bacterial adherence  [  31  ] . 
No signi fi cant difference between the heparin-
coated stents and controls were noted with regard 
to the amount of bacterial adhesion. Of the bacte-
ria in the study, the Triclosan-coated stent was 
resistant to  S. aureus ,  Klebsiella , and  E. coli , but 
not  Enterococcus  or  Pseudomonas . Additionally, 
an in vitro study showed that Triclosan eluting 
stents have shown a decrease in pro-in fl ammatory 
cytokine release when compared to control stents 
 [  32  ] . This early study has been supported with a 
prospective randomized trial in which 20 patients 
were given either a Triumph stent or a traditional 
stent. Those with the Triclosan-coated stent had 
signi fi cant reductions in  fl ank pain scores during 
activity,  fl ank pain during urination, abdominal 
pain during activity, and urethral pain during 

 urination. Although a small series, the results are 
promising, and further study with larger groups 
are needed to con fi rm the effectiveness of this 
stent  [  33  ] . 

 Drug eluting stents have also been evaluated 
in an effort to decease stent discomfort. In an ani-
mal study, a paclitaxel eluting stent has been 
shown to decrease in fl ammation and hyperplasia 
compared to controls  [  34  ] . Further study will 
reveal if these  fi ndings translate to clinical 
bene fi ts. Ketorolac is particularly effective for 
the treatment of renal colic, and has been shown 
to relieve stent-related symptoms when used 
intravesically  [  35  ] . Presumably, the bladder symp-
toms result from direct irritation of the stent, so a 
drug eluting stent may help treat the symptoms 
where they originate at the location of the distal 
stent. A ketorolac eluting stent (Lexington™, 
Boston Scienti fi c) was studied in a prospective, 
randomized, double-blinded trial; although no 
signi fi cant difference was shown between drug 
eluting stents and controls, young men trended 
towards a lower requirement for pain medication 
 [  36  ] . Perhaps if certain patient groups are studied, 
a more signi fi cant difference may be seen.  

   Biodegradable Stents 

 Biodegradable stents have the potential to provide 
post-ureteroscopy ureteral drainage, yet by dis-
solving, alleviate the need for a cystoscopic 
removal. Previously, dissolvable stents were stud-
ied, but the concern was that retained fragments, 
although uncommon, resulted in additional surgi-
cal procedures  [  37  ] . A newer type of biodegrad-
able stent is an absorbable, elastic matrix made 
from components similar to those in absorbable 
sutures, and reinforced with a radial coil to give 
enough rigidity for placement (Uriprine, Poly 
Med Inc). Porcine studies show second- and 
third-generation stents completely degrade by 10 
and 4 weeks, respectively  [  38,   39  ] . This very 
promising technology requires further human 
trials to determine whether or not this technology 
will allow degradation of the stents without 
retained fragments resulting in morbidity from 
obstruction or the need for surgical removal.  



134 P. Lowry

   Conclusion 

 Currently, from a drainage standpoint, stents 
function without problem. They unfortunately 
cause morbidity, which is bothersome for many 
patients and outright severe for others. Our 
advancements and current areas of study are 
driven by these symptoms. If stent morbidity 
were absent or easily controlled, we would likely 
have never seen the signi fi cant effort made 
towards improving stent design and composition, 
or the studies that show ureteroscopy can be 
safely done without stenting. Future study must 
elucidate the mechanism that causes morbidity, 
which will in turn allow for better-guided devel-
opment in stent design and medical management 
of symptoms.  

   Disclosure 

 The author discloses that he has no  fi nancial or 
other interest from any stent manufacturer. The 
author has little input on the stents used at his 
institution, as administrators negotiate for the 
lowest possible prices. Currently, his institution 
uses Cook stents. The author’s bias is that the 
stent type makes little difference for the vast 
majority of endourologic uses.       
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            Introduction 

 Rigid and  fl exible ureteroscopy (URS) is a 
well-established and widely used modality for 
both the therapeutic and diagnostic treatment of 
urologic conditions affecting the ureter and kid-
ney. The continued improvements in technology 
and instruments have expanded the applications 
of URS within the scope of urologic surgery, and 
greatly improved its safety. Originally used to 
treat mainly ureterolithasis, ureteroscopy has 
extended its use to include: nephrolithiasis, malig-
nancies, congenital anomalies, and iatrogenic 
injuries within these organs. However, unexpected 
events or poor technique can still lead to compli-
cations of ureteroscopy. This chapter will explore 
complications associated with URS and discuss 
their recognition, prevention, and appropriate 
management.  

   Safety Techniques in Modern 
Ureteroscopy 

 Over the past few decades, there have been 
signi fi cant technologic advancement break-
throughs within the  fi eld of Endourology. 
Compared to earlier decades when urologists 
were using blind basketing techniques, URS under 
direct vision has decreased the complication rate 
associated with this procedure  [  1,   2  ] . Furthermore, 
high de fi nition technology provides image clarity 
that can help identify iatrogenic complications 
such as small perforations in the urothelium; or 
small urothelial tumors previously missed. 

 Another important advancement in the safety 
of URS has been the widespread use of safety 
wires. These wires provide a protected access 
from the kidney to the urethral meatus. They can 
help straighten out a ureter that may be tortuous 
due to obstruction, and can also help guide the 
ureteroscope up the ureter in the event of decreased 
vision due to bleeding or a narrow lumen. The 
wires can identify strictures within the ureter and 
aid in treating these by providing access for the 
use of a balloon dilator. When lasering stones in 
the ureter, the wire can be used as a reference 
point to judge when the stones are small enough 
to pass on their own or be safely retrieved with a 
basket. Perhaps the most important use of a safety 
wire is to provide an immediate tool to guide 
placement of a ureteral stent should a complication 
occur during URS. 
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 The ability to use contrast medium has also 
helped the urologist map out the collecting system 
during URS. With intraoperative  fl uoroscopy, 
this allows the surgeon to visualize the diameter 
of the ureter as well as the level of obstruction 
within the ureter due to a stone, mass, or stricture. 
Contrast can identify complications such as 
extravasation due to perforation or avulsion, and 
provide important information about the length 
of a stricture. Contrast medium and  fl uoroscopy 
can also aid the surgeon during  fl exible panrenos-
copy to ensure that all calices have been visual-
ized, and to determine if a calyceal diverticulum 
is accessible through endoscopic means by visu-
alizing contrast entering the diverticulum. 
Contrast should be injected at a low pressure to 
prevent extravasation of contrast or pyelovenous 
back fl ow. In the case of an infected system, 
increased intraluminal pressure during contrast 
injection can lead to bacteremia and sepsis. 

 Ureteral access sheaths used in  fl exible uret-
eroscopy have made treatment of large proximal 
ureteral and renal stones more feasible due to the 
ability of the surgeon to make multiple passes up 
the ureter. A safety wire can be left through or 
alongside the access sheath or “naked” ureteros-
copy without a wire can be performed through 
these sheaths with reasonable safety  [  3  ] . The 
access sheath allows the surgeon to basket multi-
ple stones safely, especially within the proximal 
ureter where the muscularis layer is thinner and 
the ureter is more prone to injury  [  4  ] . These sheaths 
also keep renal intrapelvic pressures low, poten-
tially being a signi fi cant bene fi t in patients with an 
infected stone  [  5  ] . 

 Even with smaller instruments and safety 
wires, some stones still remain dif fi cult to access 
or can be impacted with severe in fl ammation pre-
venting one stage treatment. Should this situation 
be encountered, it is recommended the surgeon 
place a ureteral stent for 10–14 days to allow the 
ureter to passively dilate which will provide eas-
ier access to the ureter for de fi nitive treatment of 
the stone during the second procedure. 

 The holmium:YAG laser is a multimodality 
tool that has greatly aided the  fi eld of Endourology. 
Its current uses include: stone fragmentation, 
endoscopic treatment of short ureteral strictures, 

and ureteral and renal pelvic tumors. It has added 
to the safety of URS by its pinpoint end  fi ring 
capability and the fact that is highly absorbed in 
water, which makes treatment of ureteral and 
renal stones much safer than electrohydraulic 
lithotrite (EHL).  

   Classi fi cation 

 For convenience of discussion, URS complications 
can be divided into minor or major complications 
and by the timeline that they occur with relation 
to the surgery, intraoperative or postoperative. 
Although most complications occur during 
the procedure, some become apparent only in the 
postoperative period, and the surgeon must be 
able to recognize these issues. 

 Fortunately, most complications of URS are 
minor but major complications still occur at a 
rate of 1 % or less  [  6  ] . The major complications 
can result in signi fi cant morbidity or even mor-
tality, including prolonged hospital stays and 
even multiple procedures such as open or laparo-
scopic surgeries to correct these complications.  

   Intraoperative Complications 

   Bleeding 

 Bleeding during URS can lead to decreased visual-
ization and is the most common reason for reopera-
tion. It occurs in 0.3 % of all URS cases  [  7  ] . 
Bleeding can occur during placement of safety 
wires, fragmentation of a stone or tumor, laser 
treatment of a stricture or aggressive basket extrac-
tion of a stone. Bleeding occurring during URS is 
usually minor and most times removal of the uret-
eroscope and placement of a ureteral stent is all that 
is needed. Bleeding can occur in the prostate due to 
instrumentation in patients with a high bladder 
neck, enlarged prostate, or median lobe, and may 
require foley catheter placement postoperatively. 
Continuous bladder irrigation postoperatively is 
rarely required. In a series of 290 patients, bleeding 
severe enough to halt a procedure occurred at a rate 
of 2.1 % but the transfusion rate was 0 %  [  8  ] . 
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 Severe bleeding is rare but can cause signi fi cant 
morbidity or even mortality. This is usually due to 
a nearby or crossing vessel at places such as the 
ureteropelvic junction (UPJ), intrarenal artery at 
an infundibulum or the common iliac artery  [  9  ] . 
Knowing the arterial anatomy and its relation to 
the ureter or renal pelvis can obviate these injuries 
especially when attempting endoscopic treatment 
of ureteral stricture near these vascular structures. 
The ureter during these procedures should be 
incised at the side opposite the nearby vessel. At 
the UPJ, the ureter should be cut on the lateral 
posterior side of the lumen to avoid an anterior 
crossing vessel. In the rare instance that a crossing 
vessel is identi fi ed posterior, then the UPJ should 
be cut on the anterior side. A preoperative CT of 
the abdomen and pelvis with IV contrast and 3D 
reconstructions can help delineate the vascular 
anatomy. In the distal ureter, the stricture should 
be cut on the medial side to avoid pelvic sidewall 
vessels. At the iliac vessels, the ureteral stricture 
should be cut on the anterior side. If severe bleed-
ing does occur, a balloon can be used to tampon-
ade the bleeding until it stops. If the bleeding does 
not halt, further treatments may be required such 
as embolization using interventional radiology or 
vascular surgery. A rare, but often devastating 
cause of severe bleeding is an ureteroiliac  fi stula. 
If encountered, immediate placement of a ureteral 
stent and foley catheter placement is advised. If 
the patient is stable, an endovascular stent can be 
placed by interventional radiology or vascular 

surgery as seen in Fig.  11.1a–c ; however if the 
patient is hemodynamically unstable, emergent 
open exploration to get proximal control of the 
iliac artery should be attempted.  

 Holding anticoagulation 5–7 days preopera-
tively may help decrease the risk of intraoperative 
or postoperative bleeding. This may not be possi-
ble for some patients due to the increased use of 
drug-eluting cardiac stents or recent pulmonary 
embolus or deep vein thrombus. Fortunately, the 
safety of URS in patients on anticoagulation has 
been established in the literature. A recent study of 
37 patients undergoing URS on anticoagulation 
showed no increase in the risk of bleeding or 
reduction in stone-free rates  [  10  ] .  

   Mucosal Injury 

 Mucosal injury of the ureter or renal pelvis is 
reported to occur between 2.5 and 24 %  [  6,   11  ] . 
These injuries can happen during placement of 
the guide wire, balloon dilation of the ureter, 
placement of a ureteral access sheath, laser litho-
tripsy, or stone basket extraction. The recent 
advances in smaller instruments have decreased 
the incidence from 24 to 6 % when compared to 
larger caliber instruments  [  12  ] . These injuries 
can usually be managed conservatively and most 
do not require termination of the case. However, 
recognition is helpful in guiding the decision to 
place a ureteral stent at the end of the operation. 

  Fig. 11.1    ( a ) Fluoroscopic image of ureteral stent place-
ment after pulsatile blood seen coming from ureteral 
ori fi ce. ( b ) Arteriogram picture of connection between 

right common iliac artery and right ureter. ( c ) Successful 
endovascular graft placement to close stricture       
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 The most important way to prevent these types 
of injuries is appropriate technique during URS. 
If there is a need for multiple passes of the uret-
eroscope, then a ureteral access sheath should be 
used or the scope should be passed over a wire to 
help prevent contact with the ureteral wall. 
Whenever the ureteroscope is advanced up or 
down the ureter, it should be done under direct 
vision to avoid collision with the ureteral wall.  

   False Passage 

 False passage during placement of a guide wire 
can create a mucosal  fl ap or submucosal tunnel 
with or without total ureteral perforation. This is 
most likely to occur when the surgeon is attempt-
ing to place a wire adjacent to an obstructing or 
impacted stone, and should be suspected when 
the wire does not advance easily. Even if recog-
nized during the procedure, a false passage is 
associated with a postoperative ureteral stricture 
rate of 0.4–0.9 %  [  6  ] . 

 Extravasation of contrast particularly in a peri-
advential pattern can identify a false passage and 
aid in placing a wire into the correct position. If a 
false passage occurs, the wire should not be used 
for further dilation or placement of catheters as 
this will cause a more severe injury. A wire should 
be placed under direct vision sometimes with the 
help of a ureteroscope into the ureteral lumen and 
renal pelvis followed by placement of a ureteral 
stent to allow healing  [  6  ] .  

   Thermal Injuries 

 Thermal injuries of the ureter were much more 
common with the use of the EHL. These injuries 
can be super fi cial or deep abrasions that can lead 
to necrosis of the ureter. The EHL can cause a 
signi fi cant rise in intraluminal temperature and 
was associated with a 1 % perforation rate in a 
study of 207 patients  [  13  ] . 

 The widespread use of the holmium:YAG 
laser has decreased the risk of thermal injury 
mainly due to its pinpoint end  fi ring application 
and penetration depth of 0.4 mm. However, 

improper visualization while using the laser can 
still cause thermal injury leading to stricture 
formation of 1 % as was reported in one study of 
598 patients  [  14  ] . The Nd:YAG laser has a pene-
tration depth  fi ve times that of the holmium laser 
so care should be taken when ablating urothelial 
tumors within the ureter or renal pelvis with this 
laser. This penetration ability can lead to bowel 
or vascular injuries if not carefully used  [  15  ] . 
Thermal injuries can be prevented by careful use 
of lasers near the ureteral or renal pelvic mucosa, 
and placing the EHL probe parallel to the mucosa 
edge. Furthermore, adequate visualization is the 
key to preventing thermal injury. 

 If a thermal injury is apparent or suspected 
during URS at the time of the procedure, ureteral 
stenting alone should be adequate treatment. 
However, imaging should be performed after 
removal of the stent to ensure there is no late 
sequela of this injury such as a ureteral stricture.  

   Ureteral Perforation 

 The overall incidence of ureteral perforation has 
decreased over the years due to smaller instru-
ments and  fl exible scopes with a range as low as 
0 %  [  16  ]  in a recent study to 17 %  [  17  ]  in earlier 
studies. Francesca et al. reported a ureteral perfo-
ration rate of 11 % with conventional uretero-
scopes (9.5–11.5 F) when compared to a 2 % rate 
with smaller caliber (6.5–7.5 F) ureteroscopes 
 [  12  ] . A large study of over 5,000 URS procedures 
showed an overall incidence of ureteral perfora-
tion to be 6.1 %  [  18  ]  In a series of over 1,500 
URS procedures, there were 29 reported ureteral 
perforations, 20 were minor mucosal injuries, 
 fi ve required prolonged stenting, and four 
required open surgery to  fi x a severe injury  [  19  ] . 

 Ureteral perforation can be minor or major 
depending on the instrument that causes the per-
foration. Identifying defects within the ureteral 
mucosa or even periureteral fat can help the sur-
geon diagnose these injuries. Perforation can be 
caused by advancement of a guide wire past an 
obstructing or impacted stone as discussed earlier 
in this chapter, overly forceful passage of ureteral 
dilators, or in the case of a  fi xed ureter due to 
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retroperitoneal pathology. Placing contrast into 
the collecting system before advancement of the 
wire can help identify or prevent wire perforation 
as seen in Fig.  11.2 . Stiffer wires are more likely 
to cause perforation so a wire with a hydrophilic 
tip such as a Glide wire or Sensor™ should be 
placed  fi rst and con fi rmed to be in the correct 
position. If a stiff wire is needed for instance to 
place an access sheath then an open-ended ure-
teral catheter should be placed over the hydro-
philic wire  fi rst up to the renal pelvis under 
 fl uoroscopic guidance. Once the open-ended cath-
eter is in the renal pelvis, the hydrophilic wire 
may be removed and the stiff wire can be placed 
through the catheter into the correct position.  

 One important thing to remember during URS 
is to keep the irrigation pressure only as high as 
needed to have good visualization. We use 150 Hg 
of pressure during a rigid or  fl exible URS without 
an access sheath and 200 Hg of pressure with an 
access sheath in place. Hand irrigation through 
the scope needs to be done slowly to prevent 
large increases in intraluminal pressure. Irrigation 
pressures too high can cause ureteral perforation 
or forniceal rupture. In the event of an infected 
stone and/or urine, this can lead to bacteremia or 
even sepsis. 

 Laser  fi bers can cause perforation due to direct 
contact with the ureteral wall causing small or 
even large defects within the mucosa. Knowing 
the depth of penetration of the laser once again 
can prevent these complications. Basket extrac-
tion of stones can cause accidental perforation if 
a piece of mucosa is grasped along with the stone 
fragment or too large a stone fragment is 
attempted to be pulled through a narrow ureter. 
The attempted basket extraction of a ureteral or 
renal pelvis tumor can lead to perforation if the 
biopsy taken is too deep. 

 The ureteroscope itself can cause a large per-
foration in the ureteral wall if aggressive force is 
applied to it while trying to advance the scope 
through a tight ureteral lumen, or the uretero-
scope is not kept in the middle of the lumen dur-
ing advancement of the scope as seen in Fig.  11.3 . 
Careful advancement and removal of the uretero-
scope under direct vision can prevent these types 
of injuries. If the patient suddenly moves during 
the procedure, this can cause perforation so gen-
eral anesthesia is preferred while doing URS, 
especially if working in the upper ureter or renal 
pelvis. Spinal anesthesia for middle or distal ure-
teral stones is acceptable. It is also important to 
remember that longer operative times have been 

  Fig. 11.2    Distal ureteral perforation ( arrow ) during ure-
teroscopic treatment of impacted distal ureteral stone       

  Fig. 11.3    Large amount of extravasation at the proximal 
ureter during ureteroscopic laser lithotripsy due to large 
perforation       
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associated with an increased incidence of ureteral 
perforation  [  20  ] .  

 Using good technique during URS can help 
prevent most of these injuries, yet when they 
occur, the most important thing is prompt recog-
nition. Treatment of a ureteral perforation 
includes termination of the procedure and place-
ment of a ureteral stent. Typically, the stent should 
be left in place for 4–6 weeks before removal or 
second procedure is undertaken. If a ureteral stent 
is unable to be placed, we recommend placement 
of a percutaneous nephrostomy tube for proximal 
drainage of the collecting system to prevent fur-
ther extravasation or urinoma/abscess formation 
 [  6,   21  ] . Following stent removal, an imaging study 
should be performed approximately 4 weeks later 
to ensure a stricture or urinoma has not formed. If 
a stent or percutaneous nephrostomy tube is unable 
to be placed then open or laparoscopic surgery is 
warranted.  

   Submucosal or Lost Stone 

 The submucosal or lost stone is a problematic 
issue for the treating surgeon as it is dif fi cult to 
treat. The incidence of extrusion of stones is up to 

2 % of URS cases  [  6,   11,   21  ] . A stone that migrates 
into the submucosa can lead to formation of a 
stone granuloma and/or ureteral stenosis. Grasso 
et al. showed that submucosal stones less than 
4 mm imbedded in the submucosa have a high 
rate of long-term stricture formation and should 
be extracted  [  22  ] . 

 Removal of a submucosal stone requires laser 
fragmentation of the stone to release it from 
the ureter for extraction followed by prolonged 
ureteral stenting. This can lead to perforation of 
the ureter or retroperitoneal urinoma if care is not 
taken during laser extraction of the stone. If the 
stone is pushed out of the lumen of the ureter into 
the retroperitoneal space, the surgeon should not 
attempt to remove the stone as this may exacer-
bate the injury  [  23  ] . An example of a CT scan 
and retrograde pyelogram of a submucosal stone 
can be seen in Fig.  11.4 . Submucosal stones that 
are unable to be removed through endoscopic 
means, often result in stone granuloma formation 
and eventual stricture of the ureter which usually 
requires laparoscopic or even open reconstruction 
 [  24,   25  ] .  

 Imaging postoperatively is imperative in both 
situations. With the submucosal stone, the risk of 
ureteral stenosis or stricture formation is prevalent 

  Fig. 11.4    ( a ) Submucosal stone seen in patient’s right proximal ureter. ( b ) Intraoperative retrograde pyelogram show-
ing stone outside the collecting system       
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so imaging 4–6 weeks later and perhaps in addition 
3–6 months postoperatively should be done to 
ensure this did not occur or to diagnose a “silent 
stricture” that can lead to decreased renal function 
or atrophy of the renal parenchyma. If the patient 
has a stone that is completely outside the ureter, 
imaging postoperatively will show the surgeon 
where the stone is located so in the future this 
stone will not be mistaken for an intraluminal 
stone causing obstruction or pain as seen in 
Fig.  11.4a, b . The patient should be aware of this 
as well to help inform other physicians who may 
care for the patient.  

   Ureteral Avulsion 

 Ureteral avulsion is a rare but devastating com-
plication of URS usually occurring in the proxi-
mal third of the ureter where it has the least 
amount of muscle within its wall  [  4  ] . It is caused 
by elongation of the ureter itself followed by 
rupture in the area of minimal resistance. This 
complication generally arises during aggressive 
manipulation of a large or impacted ureteral stone 
with an endourologic basket  [  6,   26  ] . The overall 
incidence is less than 1 % of all cases  [  2,   7  ] , and 
a recent study of 1,000 cases showed no inci-
dence of ureteral avulsion  [  2,   6,   11,   16  ] . 

 The decreased risk of a ureteral avulsion has 
mainly been impacted by the abolishment of 
blind basketing maneuvers under  fl uoroscopy. 
The use of lasers to fragment stones into very 
small pieces has also lead to a decrease in the 
incidence of ureteral avulsion. Basket extraction 
should be reserved for small stones  [  27  ] . When a 
stone is engaged by the basket, it should be 
kept in direct vision during the entire extraction 
from the ureter. If the stone will not come down 
with the scope, the basket should be disengaged 
and the stone fragmented into smaller pieces for 
removal or passage. If the basket cannot be disen-
gaged, it should be disassembled at the handle so 
the ureteroscope can be removed over the basket. 
The ureteroscope can then be placed alongside 
the basket up to the level of the stone and laser 
lithotripsy performed on the stone until the bas-
ket is freed. The basket can then be removed 

under direct vision and then the stone fragments 
can either be allowed to pass or a new basket used 
to remove the fragments. A safety wire should be 
in place during this time so that a ureteral stent 
can be placed if the stone cannot be removed or 
integrity of the ureter is compromised. 

 Ureteral avulsion is usually diagnosed at the 
time of the procedure when part of the ureter is 
found attached to the basket upon removal, or on 
retrograde pyelography. In the latter case, there 
will be complete extravasation at the level of the 
avulsion with no contrast in the collecting system 
above this as seen in Fig.  11.5 . If this injury is not 
diagnosed at the time of the procedure, the patient 
will usually present in the immediate postopera-
tive period with fever,  fl ank pain, and a retroperi-
toneal urinoma or possible abscess. Diagnosis 
can be con fi rmed with: CT Urogram, intravenous 
pyelogram (IVP) or in the operating room with a 
retrograde pyelogram. Immediate placement of a 
percutaneous nephrostomy tube for proximal 
drainage of the collecting system is recommended 
when the injury is diagnosed.  

 Management of this injury depends on the 
timing of diagnosis, length of injury, and the 
patient’s age and renal function. If the avulsion is 
diagnosed at the time of the operation and a wire 

  Fig. 11.5    Antegrade nephrostogram picture of contrast 
extravasation at proximal ureter after ureteral avulsion 
(arrow). Picture courtesy of Jared Moss, M.D.       
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can be placed across the injury, then a ureteral 
stent for a few months may allow secondary 
healing. The stent may save the patient from a 
major operation; however, they must be followed 
closely due to the high risk of stricture formation. 
The ability to place a ureteral stent usually occurs 
during partial ureteral avulsion not complete 
avulsion. 

 If a wire or continuity of the ureter cannot be 
accomplished, the procedure should be stopped 
and the patient should undergo percutaneous neph-
rostomy tube placement as a staged repair is rec-
ommended more than an immediate repair to fully 
prepare and inform the patient  [  26,   28  ] . Repair of 
these injuries requires an open or complex laparo-
scopic/robotic-assisted ureteral reconstruction 
depending on the level and length at which the 
injury occurred. Distal ureteral avulsion can be 
repaired with reimplantation of the ureter into the 
bladder and often a psoas hitch procedure. Middle 
ureteral injuries may be repaired with either a ure-
teroureterostomy if the defect is short or a psoas 
hitch and/or Boari  fl ap if the defect is long. 
Proximal ureteral injuries may require a Boari  fl ap 
or ileal ureter especially if the defect is long. A 

long proximal ureteral stricture can be seen on 
antegrade and retrograde pyelogram in Fig.  11.6  
along with the postoperative cystogram showing 
the Boari  fl ap. Auto-transplantation of the kidney 
to the common iliacs may be used if only a short 
amount of ureter remains with good results if the 
patient is young  [  29  ] . An ileal ureter can lead to 
signi fi cant metabolic abnormalities and should be 
refrained from use in a young patient if possible 
 [  30  ] . Transureteroureterostomy while feasible is 
contraindicated in stone formers.   

   Technology Failures 

 URS is highly dependent on technology, and failure 
of equipment or instruments can compromise 
patient safety. A retrospective study by Geavlete 
et al. of over 2,500 hundred cases showed an 
overall incidence of equipment failure to be 1.4 % 
 [  11  ] . These equipment failures range from loss of 
optics on the ureteroscope, locked de fl ection of a 
 fl exible ureteroscope while in the kidney, broken 
laser  fi bers or guidewires, or baskets that will not 
disengage. As always, the use of a safety wire 

  Fig. 11.6    (a) Combined retrograde ureterogram and 
antegrade nephrostogram showing a long proximal ure-
teral stricture after ureteroscopic stone laser lithotripsy 

for impacted stone. (b) Postoperative image of cystogram 
showing a Boari Flap up to the renal pelvis       
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will allow the surgeon to place a ureteral stent 
and come back another time if any signi fi cant 
technology failure occurs. 

 The most important way to prevent these fail-
ures is to have routine maintenance of the lasers 
and ureteroscopes. All equipment should be 
checked before every case. Checking the  fl exible 
ureteroscope to make sure it de fl ects properly and 
can return to a straightforward position is also 
important. The basket should be opened and 
closed before engaging a stone. The laser  fi ber 
should be examined to ensure the  fi ber is not frac-
tured or stripped along the entire length of the 
 fi ber to prevent injury to the patient or operating 
room staff. All surfaces should be wet where any 
potential contact of the laser may occur with the 
patient, and all operating room personnel creden-
tialed in laser safety.   

   Postoperative Complications 

   Infection/Sepsis 

 Infection is the most common postoperative 
complication associated with URS. The overall 
incidence of urinary tract infection (UTI) after 
URS is 6.9 % even with administration of appro-
priate preoperative antibiotics and negative preop-
erative urine culture  [  4,   11,   21  ] . The most common 
manifestation is postoperative fever, but, while 
rare, pyelonephritis and sepsis can occur  [  1,   6  ] . 
The incidence of post-URS sepsis is low with an 
incidence of only 0.3 % while UTI incidence is 
only 1.2 %  [  31  ] . With the rise in  fl uoroquinolone 
and trimethoprim-sulfamethoxazole resistant 
bacteria, the rate of infectious complications may 
increase as a  fl uoroquinolone is still the preopera-
tive antibiotic of choice by the AUA Best Practice 
Policy for endoscopic cases  [  32  ] . Cephalosporins 
were shown to be just as effective in preventing 
infectious complications as a  fl uoroquinolone but 
were not as cost-effective  [  33–  36  ]  

 Preoperative antibiotics have been shown to 
reduce the risk of postoperative infection and 
sepsis  [  4,   11,   21  ] . One study showed a 22 % inci-
dence of fever in a patient cohort not given any 

antibiotics except if considered a complicated 
case, and a UTI was only diagnosed with a posi-
tive urine culture in 3.7 % of these patients  [  19  ] . 

 Patients with a history of infection stones may 
be at an increased risk for postoperative infec-
tion. These stones are usually struvite stones and 
are made from urea-splitting bacteria such as 
Proteus. If the surgeon suspects that the stone is 
infected, a sample of the stone should be ground 
up in saline and sent off for Gram stain and stone 
culture at the time of the procedure. 

 One of the most important things the surgeon 
can do is to prevent infection and sepsis is to 
make sure the patient is optimized for surgery. A 
preoperative urine culture should be performed 
and be negative before taking the patient to the 
operating room. If the urine culture is positive, 
then the patient should be treated with culture-
speci fi c antibiotics for the recommended time 
and a reculture should show no growth before 
proceeding. Patients colonized with bacteria 
(indwelling catheter, urinary diversion, neuro-
genic bladder) should receive culture-speci fi c 
antibiotics pre-op even in the absence of symp-
tomatic infection as instrumentation may 
increase the risk of a postoperative infectious 
complication. The urine should be dipped the 
day of the procedure to ensure the patient has 
nitrite negative urine. If the infection cannot be 
eradicated due to the infected stone, we recom-
mend the patient be adequately drained for 1–2 
weeks with a percutaneous nephrostomy tube or 
stent and given appropriate culture sensitive 
antibiotics during this time to decrease the 
chance of postoperative sepsis or fever. If these 
patients become febrile or hypotensive during the 
case due to possible infection/sepsis, the surgeon 
should stop and place either a stent or percutane-
ous nephrostomy tube immediately and come 
back 48–72 h later if the patient is stable. If puru-
lent urine is discovered at the time of a case, we 
recommend the case be terminated and the patient 
adequately drained with a stent or percutaneous 
nephrostomy tube. 

 Another way to reduce the risk of bacteremia 
or sepsis during URS when dealing with an 
infected stone is to use the least amount of 
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irrigation pressure to allow the surgeon to have 
adequate vision during the case. It may also help to 
periodically depressurize the system by removing 
 fl uid through the ureteroscope. Furthermore, we 
recommend the use of a ureteral access sheath if 
an infectious stone is suspected, as it provides an 
excellent drainage tool to lower the intraluminal 
pressure while providing adequate visualization  [  5  ] .  

   Vesicoureteral Re fl ux 

 Vesicoureteral re fl ux (VUR) after URS is usually 
transient in nature and occurs with an incidence 
of up to 5–10 % of cases  [  4,   6,   37  ] . The VUR is 
usually due to active dilation of the ureteral 
ori fi ce either with ureteral dilators, access sheaths, 
or balloon dilators  [  37  ] . The predominant symp-
tom is  fl ank pain with voiding, and can usually be 
treated with oral pain medication. Persistent VUR 
is rare but may need treatment with endoscopic 
measures or open/laparoscopic measures if the 
patient is symptomatic with recurrent pyelone-
phritis. The diagnosis of persistent VUR is made 
with a voiding cystourethrogram.  

   Ureteral Stricture 

 Ureteral strictures are a late complication of ure-
teroscopy that can lead to signi fi cant morbidity 
including pain, infection, or even loss of renal 
function. The overall incidence of ureteral stricture 
has improved over the past two decades from 
nearly 10 % down to 0.5–4 % in recent studies 
 [  2,   21,   38,   39  ] . This decline is most likely due to 
improvements in technology such as smaller 
diameter ureteroscopes,  fl exible instruments, 
lasers, and baskets. Another factor in this decline 
may be the increase in routine imaging among 
patients and widespread use of CT scans which 
allows diagnosis of stones earlier on in their 
clinical course before they can become impacted 
stones. 

 The cause of ureteral strictures is multifacto-
rial. Stones themselves can become impacted 
into the wall of the ureter causing severe 
in fl ammation and vascular compromise that may 

lead to stricture formation. Robert et al. showed 
a 24 % stricture rate for stones impacted for an 
average of 11 months  [  31  ] . Ureteral perforation 
is another cause of stricture formation due to 
injury to the ureter and subsequent stenosis of 
the lumen. In one study of 156 rigid ureterosco-
pies, ureteral perforation was recognized in 24 
patients leading to a postoperative ureteral stric-
ture rate of 5.9 vs. a 3.5 % of patients without a 
recognized ureteral perforation  [  38  ] . Ureteral 
stenting can help decrease the risk of ureteral 
stricture if the perforation is noticed at the time 
of the procedure but there is no consensus in the 
literature on how long to leave the stent in place. 
Most urologist leave a stent for 6 weeks based on 
the endopyleotomy literature  [  40  ] . A history of 
pelvic radiation or prior surgery on the ureter can 
lead to vascular compromise, which increases 
the risk of stricture formation following URS. 
The use of a ureteral access sheath was hypoth-
esized to be a cause of ureteral stricture, but 
Delvecchio et al. saw only 1 of 71 patients in 
whom an access sheath was used who formed a 
stricture along the path of the sheath  [  39  ] . The 
use of lasers and baskets within the ureter can 
lead to stricture formation due to mucosal inju-
ries, perforations, or thermal injuries which were 
discussed earlier. Trauma or perforation from the 
ureteroscope itself can lead to stricture forma-
tion and constant care and diligence should be 
used during URS to prevent complications as in 
Figs.  11.7  and  11.8 .   

 With the decrease in the incidence of ureteral 
strictures over the last several years, there has 
been a debate on whether or not asymptomatic 
patients after uncomplicated URS need postop-
erative imaging. Weizer et al. showed a 3.7 % 
stricture rate of asymptomatic patients after routine 
URS within 3 months of their procedure and 
currently recommend routine imaging evaluation 
in the  fi rst 3 months postoperatively to diagnose 
asymptomatic “silent” ureteral obstruction  [  41  ] . 
The authors routinely perform a renal ultrasound 
6 weeks postoperatively to check for hydroureter-
onephrosis in all URS patients. 

 The current management of ureteral strictures 
entirely depends on the length and location of the 
stricture. Short, nonischemic strictures (<2 cm) 
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can either be treated endoscopically with holmium 
laser incision or with open/laparoscopic repair, 
usually ureteroureterostomy. Short ischemic 
appearing strictures should be treated with open/
laparoscopic/robotic-assisted excision and repair. 
Strictures longer than 2 cm should all be treated 
with open/laparoscopic/robotic-assisted repair 
unless contraindicated. These types of repairs are 
the same as the discussion for the repair of ureteral 
avulsion including the following: ureteroureteros-
tomy, Boari  fl ap, psoas hitch, ileal ureter, and 
auto transplantation as seen in Fig.  11.8a, b .   

   Summary 

 Ureteroscopy is a safe and ef fi cacious tool for 
treatment of ureteral and renal stones along with 
diagnosis and treatment of urothelial cancers of 
the upper urinary tract. Complications of ureteros-
copy are fortunately low, but major complications, 
while rare, often require additional surgical inter-
vention. Prompt recognition of ureteral perforation, 
avulsion, or impending sepsis is critically impor-
tant in reducing the morbidity or mortality of these 
complications. Furthermore, application of safety 
techniques such as the use of guidewires, glide 
wires, preoperative urine cultures, smaller,  fl exible 
ureteroscopes, safer lasers and baskets, and better 
image quality have lowered the incidence of these 
complications. A list of these complications can be 
seen in Tables  11.1  and  11.2 .        
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         Introduction 

 The treatment of stone disease has changed dra-
matically over the past 30 years. This is due in 
large part to the arrival of extracorporeal shock 
wave lithotripsy (ESWL). Before the arrival of 
ESWL in the early 1980s, the vast majority of 
urinary stones were treated with open surgery. 
Many stone patients are recurrent stone formers 
and would have to undergo multiple highly com-
plicated surgeries in order to treat their stones. 
The virtual extinction of open surgical treatment 
of urinary stones is due in large part to ESWL. 
The  fi rst successful ESWL treatment was accom-
plished in 1980, in Germany by Dr. Christian 
Chaussy using a Dornier HM1 lithotriptor. Due 
to the effectiveness of ESWL and its minimal 
side effects, the FDA quickly approved ESWL. 
Dr. James Lingeman at the Methodist Hospital in 
Indianapolis using the unmodi fi ed Dornier HM3 
lithotriptor performed the  fi rst ESWL procedure 
in North America. Since this time, ESWL has 
been used on millions of stone patients with great 
success and minimal detrimental effects. 

 ESWL uses high-intensity acoustic pulses to 
break up urinary tract stones. This technique 
offers an entirely noninvasive approach with 
minimal complications. When ESWL was  fi rst 

used to treat urinary stone disease, ESWL was 
seen as a technique that would be able to treat all 
urinary stones. This was quickly found to be 
inaccurate as limitations began to emerge. 

 Studies quickly discovered that some urinary 
stones (calcium oxalate monohydrate, cystine, 
and brushite) were resistant to ESWL and their 
fragmentation could not be accomplished using 
this technique  [  1–  3  ] . Furthermore, some stones 
that could be fragmented would not fragment 
completely, and secondary treatments were nec-
essary. As well, renal anatomy (calyceal diver-
ticulum or acute infundibulopelvic angles) and 
location (lower pole calix) of the stone were cru-
cial to stone-free outcomes  [  4  ] . Finally, many 
have reported on the frequent minor complica-
tions and the rare major complications  [  5,   6  ] . 

 In response to the above mentioned issues 
concerning ESWL, much research has gone into 
understanding how ESWL fragments urinary 
stone. The objective of this chapter is to discuss 
the principles of ESWL including the mechanism 
of action, the different generators used to produce 
acoustic pulses, the different variables that impact 
the effectiveness of ESWL and the imaging tech-
niques used during ESWL to target stones.  

   Mechanism of Action 

 All shock waves (acoustic pulses) have both a 
positive and a negative portion (Fig.  12.1 ). The 
positive portion of the wave, also known as the 
compressive phase causes pressure gradients 
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within stones leading to shear and tensile stress. 
This compressive phase produces pressures of 
about 20–100 MPa depending on the lithotripter. 
The negative portion of the wave, which has a 
lower amplitude causes mainly tensile stress (−5 
to −15 MPa) but also causes cavitation in the 
 fl uid surrounding the stone. Both these forces are 
believed to contribute to stone fragmentation.  

 In general, fragmentation of stones occurs 
due to cracks that occur secondary to stresses 
that are caused by applied shock waves. With 
repetitive stresses these cracks grow and lead to 
fragmentation. The initial cracking of stones 
occurs secondary to different theorized shock-
wave mechanisms including tear/shear forces, 
spallation, quasi-static squeezing, cavitation, 
and dynamic squeezing. 

   Tear/Shear Forces 

 Shear stresses are generated by a combination of 
both shear waves and compressive waves. These 
waves develop as the shock wave travels through 
the kidney stone. As a result, the shear and com-
pressive waves cause large shear stresses at the 
crystal interfaces, which contribute to the frac-
ture of the kidney stones. Shock waves move at 

different speeds in solid versus liquid mediums. 
This mismatch of the compressive waves results 
in shear stress.  

   Spallation 

 This theory hypothesizes that once the acoustic 
pulse has traversed the stone, it is inverted and 
re fl ected back from the distal surface of the stone. 
This creates a tensile (negative wave) force that 
can fragment the stone.  

   Quasi-Static Squeezing 

 Quasi-static squeezing occurs when the focal 
zone is greater than the diameter of the stone 
itself. Fragmentation occurs due to the difference 
in sound speed between the stone and the sur-
rounding  fl uid. The acoustic pulse traveling 
through the stone is faster than the pulse that is 
traveling in the  fl uid outside the stone. This pulse 
produces a circumferential force on the stone, 
which results in a tensile stress on the stone. The 
force is maximal at the proximal and distal ends 
of the stone.  

   Cavitation 

 Cavitation bubbles (Fig.  12.2 ) are generated from 
the negative pressure phase of shock waves that 
occurs in both the  fl uid surrounding the stone and 

  Fig. 12.1    Acoustic pulse       

  Fig. 12.2    Cavitation bubble       
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within micro-cracks of the stone. As the cavita-
tion bubble collapses near a solid surface (kidney 
stone) a microjet of  fl uid is formed that pierces 
the bubble and impacts the surface of the stone. 
The collapse of the cavitation bubble also results 
in the formation of secondary shock waves. These 
secondary shock waves have amplitudes compa-
rable to the focused shock wave.   

   Dynamic Squeezing 

 Dynamic squeezing hypothesizes that the dam-
age caused by ESWL accumulates during the 
treatment session, which leads to the eventual 
fragmentation of the stone. All of the previously 
discussed mechanisms have the ability to gener-
ate progressive damage to the stone.   

   Generators 

 There are three main generators that are used to 
produce shock waves. These include electrohy-
draulic (EHL), electromagnetic (EML), and 
piezoelectric (PZL). 

   Electrohydraulic 

 The EHL generator (Fig.  12.3 ) uses an underwa-
ter spark discharge between two electrodes to 
generate an spherically expanding shock wave. 
High voltage is applied to two electrodes that are 
separated by 1 mm. The spark discharge results in 
the vaporization of water at the electrode tips. The 
generated shock wave is focused by an ellipsoidal 
re fl ector. The focusing of the shock wave is 
dependent on the placement of the spark at the 
 fi rst focus of the ellipse (F1). Misalignment of the 
spark, even by just a few millimeters can lead to a 
signi fi cant loss in focusing of the shock wave. 
  Advantages 

  Effectiveness in breaking kidney stones    –
  Disadvantages 

  Substantial pressure  fl uctuations from shock  –
to shock  
  Short electrode life      –

   Electromagnetic 

 The EML generates shockwaves through a mag-
netic  fi eld, which is created between electromag-
netic coil conductors (like the vibration of a base 
speaker) (Fig.  12.4 ). When the coil is excited by 
an electrical pulse, a metal plate placed in close 

  Fig. 12.3    Electrohydraulic lithotripter       

  Fig. 12.4    Electromagnetic lithotripter       
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proximity experiences a repulsive force and 
this is used to generate an acoustic pulse. This lith-
otriptor can produce either cylindrical or 
plane shockwaves. The cylindrical shockwaves are 
re fl ected by a parabolic re fl ector whereas the plane 
shockwaves are focused by an acoustic lens. 
  Advantages 

  More controllable and reproducible than elec- –
trohydraulic generators  
  Possibly causes less pain due to the large sur- –
face area of the receiving target  
  Longer electrode life    –

  Disadvantages 
  Small focal region of high energy (increased  –
renal trauma)     

   Piezoelectric 

 The PZL (Fig.  12.5 ) utilizes crystals oriented in a 
spherical dish to form an ultrasonic wave. This 
lithotriptor produces plane shockwaves generated 
by rapid expansion of ceramic elements after 
application of a high-voltage pulse. The acoustic 
wave form with this lithotriptor starts as an 
 acoustic pulse, and a shock wave is created by 
nonlinear propagation distortion. 
  Advantages 

  Longer service-free life    –
  Disadvantages 

  Inadequate power   –

  Decreased stone fragmentation effectiveness   –
  Small focal zone       –

   Variables Affecting ESWL Ef fi cacy 

 Different variables can be manipulated in order 
to improve or modify the effectiveness of ESWL. 
These variables include the focal zone, coupling, 
monitoring, and rate. 

   Focal Zone 

 Acoustic energy is focused to a relatively small 
zone surrounding the focal point of the lithotrip-
tor. The focal point is a geometric point and is 
usually the location of the kidney stone of inter-
est. This zone can be small or large and the 
amount of energy or peak pressure that is applied 
can be manipulated (Fig.  12.6 ). In vitro studies 
have shown that larger focal zones can improve 
stone breakage  [  7  ] . Similarly, it was hypothesized 
that higher peak pressures can be used to break 
harder stones. However, higher peak pressures 
have been shown to cause greater damage to renal 
tissue  [  8–  10  ] . The smaller, tighter focal zone, 
found in EML and PZL would appear at  fi rst 
glance to be advantageous as it would limit dam-
age to the surrounding tissue. However, in vitro 
studies have demonstrated that the EML and the 

  Fig. 12.5    Piezoelectric lithotripter       
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PZL, with their high peak positive pressures, are 
no better at breaking stones and are often less 
effective  [  11  ] . The decreased effectiveness can 
be attributed to the lack of compressive waves 
associated with small focal zones. Recently it has 
been found that lower peak pressures are ade-
quate to break stone, which also reduces the 
associated complications  [  12  ] . Due to respiratory 
movement, urinary stones are in continual 
motion. The hypothesis is that the stone will 
have a greater chance of staying within the target 
focal zone if it is larger. Pishchalnikov et al. have 
tested this hypothesis in an in vitro study  [  13  ] . 
Additionally, due to the tighter focal zones of the 
EML and PZL fewer shock waves actually hit 
the stone and more shock wave energy is depos-
ited directly into tissue  [  14  ] . This excess shock 
wave energy can explain why EML and PZL 
have and increased incidence of subcapsular 
hematomas  [  15,   16  ] .   

   Coupling 

 One of the most important factors affecting the 
effectiveness of ESWL to break stone is coupling. 
With good coupling, stone breakage is optimized. 
The HM-3 uses water as a medium for coupling 
which has been found to be ideal. The reason for 
this is that body tissue has an acoustical imped-
ance very close to that of water, and therefore, a 

shock wave generated in water will pass into the 
body with minimal re fl ection or absorption of 
energy at the water/skin interface. Alternatively, 
other lithotriptors, also known as dry-head litho-
triptors must be coupled to patients using other 
mediums such as gel or oil. In these dry-head 
lithotriptors, air pockets can get caught in the gel 
medium, which reduces the transmission of the 
shock wave energy. Pishchalnikov et al. demon-
strated in an in vitro study a negative relationship 
between increasing air pockets and ESWL 
ef fi ciency  [  17  ] . Jain et al. found that optimal 
fragmentation was obtained using bubble-free 
ultrasound gel  [  18  ] . Additionally, Bergsdorf et al. 
demonstrated clinically that gel with lower vis-
cosity and better quality provided signi fi cantly 
better fragmentation  [  19  ] . Finally, it has been 
demonstrated that a defect in the gel medium of 
only 8 % by air pockets, reduced the breakage of 
stones by 60 %  [  20,   21  ]  (Fig.  12.7 ). The implica-
tions of poor coupling include poor stone break-
age, poor stone clearance, and possibly an 
increased number of shock waves applied to the 
kidney.   

   Monitoring 

 Once a stone has been localized, its movement in 
and out of the focal zone is crucial to its frag-
mentation. The longer the stone remains within 

  Fig. 12.6    Lithotriptors: Volume of focal zone versus peak pressure       
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the focal zone, the more likely it is to fragment. 
Respiratory motion can move the stone in and 
out of the focal zone. Previous attempts at high-
frequency ventilation was effective but was 
found to be too invasive. Other systems used 
respiratory belts and shock wave triggering but 
these were found to increase treatment times 
considerably. The ideal strategy incorporates 

reduced respiratory movements with larger 
focal zones  [  22  ] .  

   Rate 

 The rate at which shock waves are delivered has 
been discovered to have a signi fi cant impact on 

  Fig. 12.7    Graph demonstrating reduced stone breakage with increasing air pocket coverage of coupling interface       

  Fig. 12.8    Successful lithotripsy procedures using fast versus slow rate       
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the fragmentation of urinary stones. Multiple ran-
domized controlled trials have demonstrated that 
better fragmentation outcome can be achieved 
when shock waves are delivered at 60–80 shock 
waves per minute compared to the typical 120 
shock waves per minute  [  23–  28  ] . A meta-analy-
sis by Semins et al. demonstrated that a treatment 
rate of 60 shocks per minute is associated with a 
higher rate of treatment success than treatment 
performed at a rate of 120 shocks per minute 
(Fig.  12.8 )  [  28  ] . Additionally, a lower rate has 
also been associated with less renal tissue dam-
age  [  8–  10  ] . One drawback of this treatment 
method is the increased timed required to break 
urinary stones, which may extend the time that 
the patient is subjected to sedation. The reason 
behind the decreased stone fragmentation with 
increasing shock wave rate was hypothesized to 
be caused by an increase in the formation of cavi-
tation bubbles, which would create an acoustic 
barrier to the transmission of positive-pressure 
phase of shock waves. However, Pishchalnikov 
et al. proposed an alternative explanation sug-
gesting that the main reason was actually due to 
the loss of the negative pressure portion of the 
shock wave and not the interference with the 
 positive pressure portion of the shock wave  [  29  ] .    

   ESWL Imaging 

 Stone fragmentation using ESWL is only possi-
ble if the stone can be localized. The two ways to 
localize urinary stones for ESWL are with 
 fl uoroscopy or ultrasound. Both techniques have 
advantages and disadvantages. Fluoroscopy is 
the easier of the two methods as it requires only a 
C-arm and most urologists are familiar with 
this technology and its clinical application. As 
well, the majority of stones can be identi fi ed 
using  fl uoroscopy including ureteral stones. 
However, uric acid stones cannot be identi fi ed 
with  fl uoroscopy and this is one main advantage 
of ultrasound. Ultrasound requires more techni-
cal expertise and identifying kidney stones in 
obese patients and ureteral stones in the general 
population can be challenging at times. The main 

advantage of ultrasound is that there is no 
ionizing radiation, it can be done continuously 
and it is cheaper.  

   Conclusion 

 The ideal lithotriptor produces a very high stone-
free rate with minimal complications. Through 
much research it is evident that this can be accom-
plished only using different strategies. Most 
important is the large focal zone of the lithotriptor 
in order to decrease complications and increase 
stone breakage. Additionally, slower pulse rates 
and meticulous coupling are paramount to realiz-
ing the ideal lithotriptor (please refer to Chap.   13    ).      
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         Introduction 

 Shock wave lithotripsy (SWL) has consistently 
constituted the most commonly utilized proce-
dure for the treatment of upper urinary tract 
stones. In both the Medicare population and 
among commercially insured individuals, SWL 
has comprised approximately 50–55 % of surgi-
cal procedures performed for upper tract stones, 
followed by ureteroscopy (URS) as a close sec-
ond  [  1  ] . The reasons for the popularity of SWL 
among patients and physicians are readily appar-
ent. SWL is the only noninvasive treatment for 
urinary tract stones, has low morbidity, is well 
tolerated by patients, requires relatively little 
training on the part of the physician and reim-
burses well  [  2  ] . Accordingly, SWL was initially 
applied widely to upper tract stones until the 
 limitations of the technology became apparent 
with time and analyses of SWL failures. As the 
indications for SWL have narrowed, there has 

been disappointingly little technologic progress 
in lithotripters to maintain its widespread appli-
cability. On the other hand, there has been a trend 
towards increased use of URS and reduced use of 
SWL in contemporary practice that may not be 
re fl ected yet in national datasets  [  3  ] . 

 Over the last decade, however, a number of 
advances have been introduced that have 
improved SWL outcomes without the use of new 
or improved lithotripters. These advances include 
re fi ning patient selection to increase the chance 
of successful treatment, optimizing SWL treat-
ment parameters to enhance stone fragmentation 
and potentially reduce SWL-induced renal injury, 
initiation of pharmacologic and mechanical mea-
sures to improve stone clearance and medical 
therapy to reduce post-SWL recurrences. This 
chapter will review these nontechnologic mea-
sures that have been introduced to enhance SWL 
outcomes.  

   Re fi ning Patient Selection 

 The effect of stone size, location, and composi-
tion on SWL outcomes have long been recog-
nized. SWL stone-free rates have been shown in 
many published series with strati fi ed SWL data 
to vary inversely with stone size: 85 % for <1 cm 
stones, 71 % for 1–2 cm stones and 59 % for 
>2 cm stones  [  4  ] . Likewise, retreatment and 
 auxiliary procedure rates increase with stone size. 
Indeed, a meta-analysis by the American Urologic 
Association Nephrolithiasis Clinical Guideline 
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Panel for Staghorn Calculi found a stone-free 
rate of only 54 % after a mean of 2.8 primary 
procedures/patient and a 19 % rate of signi fi cant 
complications, leading the panel to discourage 
the use of SWL for most patients with staghorn 
calculi  [  5  ] . 

 Stone size also predictably affects stone-free 
rates for ureteral stones. The EAU/AUA Ureteral 
Stones Clinical Guidelines Panel performed a 
meta-analysis of published series for which out-
comes for surgical management of ureteral stones 
were available  [  6  ] . For each location in the ure-
ter—proximal, middle and distal—stone-free 
rates were superior for stones <10 mm in size 
compared to stones  ³ 10 mm: 90 % versus 68 % 
for proximal ureteral stones, 84 % versus 76 % for 
middle ureteral stones and 86 % versus 74 % for 
distal ureteral stones, respectively. 

 Stone location also in fl uences stone-free rates, 
with lower pole location typically associated with 
the poorest stone-free rates, likely re fl ecting the 
limited clearance of fragments from the depen-
dent lower pole calices. In a meta-analysis of 
SWL and percutaneous nephrolithotomy (PCNL) 
series with stone-free rates strati fi ed according to 
stone location, lower pole stones were associated 
with a success rate of only 60 % for SWL com-
pared with 90 % for PCNL  [  7  ] . Based on these 
 fi ndings, Lingeman led a multicenter randomized 
trial comparing SWL and PCNL for the manage-
ment of symptomatic lower pole renal calculi and 
found an even greater discrepancy in stone-free 
rates between the two treatment modalities: 37 % 
for SWL and 95 % for PCNL. When stone-free 
rates were strati fi ed by stone size, the disparity 
was magni fi ed for larger stone sizes: 63 % versus 
100 % for stones <1 cm, 23 % versus 93 % for 
1–2 cm stones and 14 % versus 86 % for >2 cm 
stones, respectively. A second phase of the Lower 
Pole Stone Study compared SWL with URS for 
the management of stones  £ 1 cm in size, but used 
more rigorous criteria for stone-free status by 
using computed tomography (CT) instead of 
nephrotomography as was used in the  fi rst Lower 
Pole Stone Study to identify residual stones  [  8  ] . 
Stone-free rates were disappointingly low for 
both treatment modalities, and despite a 15 % 
higher stone-free rate for URS (50 %) over SWL 

(35 %), the differences were not statistically 
signi fi cantly different. 

 These randomized clinical trials (RCTs) 
underscore the limitation of SWL in the treat-
ment of lower pole renal calculi and suggest that 
this modality may be reasonably utilized only for 
lower pole stones <1 cm in size. As such, although 
the 2012 European Association of Urology 
Guidelines on Urolithiasis recommends SWL as 
 fi rst line therapy for <2 cm nonlower pole renal 
calculi, SWL was included as  fi rst line therapy 
only for lower pole renal calculi <15 mm in size 
or with favorable anatomic factors  [  9  ] . 

 A number of anatomic factors have been sug-
gested to impact the clearance of fragments from 
the lower pole calices after SWL. Infundibular 
length, infundibular width, infundibulopelvic 
angle, spacial anatomy of the lower pole calices, 
caliceal pelvic height, and infundibular length-
to-width ratio have all been investigated for their 
effect on the clearance of fragments after SWL 
with con fl icting results  [  10–  16  ] . Although it is 
likely that some anatomic factors in fl uence SWL 
stone-free rates, the speci fi c parameters and their 
critical cut-points remain elusive. Furthermore, 
the widespread use of CT and limited use of 
intravenous urography and other contrast studies 
in the diagnosis of renal calculi make these fac-
tors unobtainable and therefore less relevant in 
current practice. 

 Stone location also impacts SWL success in 
the ureter, although the relationship between 
location and stone-free rate is less consistent. 
According to a meta-analysis for the EAU/AUA 
Ureteral Stones Clinical Guidelines, SWL stone-
free rates for proximal, middle, and distal ureteral 
stones were 82 %, 73 % and 74 %, respectively 
 [  6  ] . Despite the shorter distance for fragments to 
travel from the middle and distal ureter to the 
bladder, stone-free rates for stones in these loca-
tions were lower than for proximal ureteral 
stones, perhaps because of the greater dif fi culty 
localizing the stone and positioning the patient 
when the stone resides in the middle or distal 
ureter. 

 Fragility describes the ease with which a stone 
fragments with SWL, and fragility varies accord-
ing to stone composition  [  17  ] . Brushite and 
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cysteine stones are the most shockwave-resistant 
stone compositions, with calcium oxalate mono-
hydrate, struvite, calcium oxalate dihydrate, and 
uric acid following in descending order  [  18  ] . 
Unfortunately, stone composition is frequently 
unknown prior to treatment. Consequently, inves-
tigators have attempted to predict stone composi-
tion based on standard CT characteristics 
(Houns fi eld units), but their efforts have met with 
limited success because of overlapping values for 
stones of different composition  [  19–  21  ] . However, 
a number of parameters that can be readily mea-
sured on standard CT images have recently been 
investigated for their ability to predict SWL suc-
cess. Stone density, as measured by CT attenua-
tion coef fi cient, is thought to act as a surrogate 
for stone composition and re fl ects stone fragility. 
Joseph and coworkers reviewed a group of 30 
patients undergoing SWL for 5–20 mm renal cal-
culi and found a strong inverse correlation 
between CT Houns fi eld units (HU) and shock 
wave number ( r  = 0.779)  [  22  ] . Additionally, CT 
HU correlated inversely with SWL success: 
100 % success for stones with HU < 500 but only 
54.5 % for stones with HU > 1,000. On the other 
hand, Shah and associates found no difference in 
stone-free rates for 42 patients with stones of 
HU < 1,200 and 57 patients with stones of 
HU > 1,200 (88.1 % vs. 82.5 %, respectively, 
 p  = NS)  [  23  ] . However patients in the higher HU 
group had a higher retreatment rate than those in 
the lower HU group (14 % vs. 0 %, respectively, 
 p  < 0.0001). Gupta and colleagues reviewed a 
series of 112 patients with 5–20 mm renal calculi 
treated with SWL and found a linear relationship 
between HU and number of SWL sessions  [  24  ] . 
Using a cut-point of 750 HU, they showed that 
stone-free rate was superior for stones with 
HU  £  750 compared with stones with HU > 750 
(88 % vs. 65 %, respectively). Although the pre-
cise HU cut-point distinguishing success from 
failure has not been  fi rmly established, there is 
relative consensus that stones with higher CT 
attenuation coef fi cient are less successfully 
treated with SWL than stones with lower attenu-
ation coef fi cient. 

 Although standard single source CT has shown 
limited success in predicting stone composition, 

dual energy CT (DECT) holds greater promise in 
distinguishing among stones of different compo-
sition. In a group of 40 patients undergoing 
(DECT) prior to de fi nitive surgical management 
of their stones, Manglaviti and colleagues found 
concordance between DECT and X-ray crystal-
lography in 45 of 49 stones  [  25  ] . The stones for 
which composition was not accurately predicted 
by DECT were all of mixed composition. Others 
have used DECT to reliably distinguish uric acid 
from non-uric acid stones  [  26  ] . With further 
modi fi cation of CT parameters including the use 
of a tin  fi lter and varying the combination of tube 
voltages, the ability of DECT to distinguish 
among stones of different compositions will 
likely be strengthened  [  27  ] . 

 Pareek and coworkers introduced another 
parameter, skin-to-stone distance (SSD), that is 
easily gleaned from standard CT by averaging 
the distance from the skin to the stone at 0, 45, 
and 90°  [  28  ] . They reviewed 64 patients with 
5–15 mm lower pole stones and divided them 
into those rendered stone free ( n  = 30) and those 
left with residual fragments ( n  = 34). They found 
a signi fi cant difference in mean SSD between the 
two groups (8.1 cm vs. 11.5 cm, respectively, 
 p  < 0.01) and determined through logistic regres-
sion analysis that a SSD of 10 cm distinguished 
success from failure. Wiesenthal and colleagues 
also used logistic regression analysis, based on 
422 patients who underwent SWL for renal or 
ureteral calculi, to determine that HU, mean stone 
density, and SSD were independent predictors of 
outcome, and the cut-points identi fi ed in their 
analysis revealed that HU > 900 (OR 0.49, 95 % 
CI 0.32–0.75,  p  > 0.01) and SSD > 11 cm (OR 
0.49, 95 % CI 0.31–0.78,  p  < 0.01) best predicted 
SWL failure. Although some authors have cor-
roborated the importance of SSD in predicting 
SWL success  [  29  ] , the validity of this parameter 
has not been uniformly embraced  [  30–  32  ] . 

 To facilitate treatment selection for a patient 
with a renal or ureteral calculus, several investi-
gators have incorporated a variety of clinical 
parameters to construct nomograms that predict 
SWL success in a given clinical scenario. Using 
logistic regression analysis, Ng and coworkers 
determined that stone volume and mean stone 
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density were independent predictors of SWL out-
comes while SSD showed only a marginal effect 
 [  33  ] . After constructing ROC curves, they deter-
mined that the optimum cut-points for each 
parameter were stone volume 0.2 cm 3 , mean stone 
density 593 HU and SSD 9.2 cm. Incorporating 
these three factors with equal weighting they 
developed a scoring system by which 1 point was 
assigned for each positive factor (stone volume 
 £ 0.2 cm 3 , mean stone density  £ 593 HU, 
SSD  £  9.2 cm). A score of 2 or more was associ-
ated with an SWL success rate of 77 %. 

 Kanao and coworkers were the  fi rst to develop 
a nomogram that incorporated stone length, loca-
tion, and number—parameters that were shown 
on multivariate analysis to be independent pre-
dictors of stone-free status—to predict stone-free 
rate 3 months after SWL for both single and mul-
tiple stones  [  34  ] . According to their nomogram 
for solitary calculi, the poorest stone-free rate is 
obtained with caliceal stones  ³ 21 mm in diameter 
(23 %) while the highest stone-free rate is 
achieved with proximal ureteral stones  £ 5 mm in 
diameter (94 %). 

 Kacker and associates utilized the Kanao 
nomogram and incorporated average stone atten-
uation into the calculation as they determined 
that is the best independent predictor of SWL 
success  [  35  ] . They then created a table that 
reported the average HU cut-points required to 
reach levels of success (stone-free status) from 
60 to 80 % for stones <6, 6–10, and 11–15 mm 
using the stone-free probabilities derived from 
Kanao et al.  [  34  ] . According to their nomogram, 
for example, in order for a 6–10 mm proximal 
ureteral stone to be treated with an 80 % success 
rate, the average HU density must be less than 
480; in order for the same stone to achieve a 60 % 
success rate, the average HU density only has to 
be less than 1,000. 

 Finally, Wiesenthal and colleagues determined 
that age, stone area, and SSD for renal calculi and 
body mass index (BMI) and stone size for ure-
teral calculi constituted the independent predic-
tors of SWL success according to multivariate 
analysis  [  36  ] . 

 For renal calculi they derived a mathematical 
equation predicting successful SWL as follows:

         

2

a exp[3.7432

(1.0409)(if age is between 44 53, value 1, otherwise value 0)

( 0.1698)(if age is between 54 62, value 1, otherwise value 0)

( 0.6083)(if age 62, value 1, otherwise value 0)

( 0.00703)(add stone area in mm )

(

=
+ - = =
+ - - = =
+ - > = =

+ -
+ 0.0175)(add skin-to-stone distance in mm)]-

 Then predicted probability =  a /(1 +  a ) 
 For ureteral calculi their proposed mathemati-

cal equation predicting successful SWL is:

         

 Then predicted probability =  a /(1 +  a ) 

 These nomograms are constructed using data 
derived from the authors’ own institutions using a 
particular lithotripter and therefore may not be 
completely generalizable. However, it is evident 
that a number of parameters in fl uence the success 
of SWL (Table  13.1 ), and these nomograms repre-
sent an attempt to provide a means with which to 
select subgroups of patients who are not likely to 
be successfully treated with SWL and for whom 
endoscopy may represent a better  fi rst-line option.   

2

a exp [5.5597

( 0.0925)(BMI)

( 1.0191)(if stone area 45mm ,

then value 1, otherwise value 0)]

=
+ -

+ - >
= =
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   Preoperative Measures to Reduce Risk 

   Antibiotics 

 The routine use of prophylactic antibiotics to 
reduce the incidence of post-SWL urinary tract 
infections (UTIs) has been widely debated in the 
literature. The American Urologic Association 
(AUA) 2008 Best Practice Statement on 
Antibiotic Prophylaxis  [  37  ]  cites level 1A evi-
dence in support of the use of routine antibiotic 
prophylaxis for SWL based on a meta-analysis 
showing lower post-SWL urinary tract infections 
in the arm receiving antibiotics compared with a 
placebo or no-treatment control arm (2.1 % vs. 
5.7 %, respectively)  [  38  ] . On the other hand, the 
EUA in their 2010 Guidelines on Urologic 
Infections did not recommend universal antibi-
otic prophylaxis for SWL, citing level 1A/1B 
evidence showing contradictory  fi ndings or no 
advantage to antibiotic treatment except in the 
setting of indwelling stents, catheters, and/or 
nephrostomy tubes or in patients with known or 
suspected infection stones  [  39  ] . 

 A recent systematic review and meta-analysis 
by Lu et al. based on nine RCTs demonstrated no 
statistically signi fi cant difference in post-SWL 
UTIs in patient with negative preoperative urine 
cultures between the treatment group and control 
group with respect to fever (RR = 0.36, 95 % CI 
0.07–2.36,  p  = 0.31), rate of positive urine cul-
tures (RR = 0.77, 95 % CI 0.54–1.11,  p  = 0.17) 
and incidence of clinical UTIs (RR = 0.54, 95 % 
CI 0.29–1.01,  p  = 0.05)  [  40  ] . Only two of the 
studies reviewed in the analysis addressed UTI in 
the setting of SWL with indwelling ureteral cath-
eters and they showed no signi fi cant difference in 
post-SWL UTIs (none of 15 in the prophylaxis 
group versus 1 in 12 control cases,  p  > 0.05). The 
authors concluded that the routine use of prophy-
lactic antibiotics prior to SWL has little bene fi t 
except in patients with known risk factors for 
infection and that additional concern for antibi-
otic resistance and cost argue against the routine 
use of antibiotic prophylaxis in this setting. 

 As a result of con fl icting recommendations 
regarding antibiotic prophylaxis in patients with 
sterile urine prior to SWL, the decision to treat 

and the speci fi c regimen utilized are at this time 
left to the discretion of the practitioner. However, 
the use of antibiotics prior to SWL in high-risk 
patients is not in question and this patient popula-
tion is not addressed in these meta-analyses. 
Ultimately, large, randomized, placebo-controlled 
trials are needed to further delineate the role of 
antibiotic prophylaxis in low-risk patients.  

   Antioxidants and Calcium Channel 
Blockers 

 Animal data have demonstrated that SWL treat-
ment is associated with histologic evidence of 
renal vascular and tubular damage  [  41  ]  as well as 
physiologic evidence of reduction in glomerular 
 fi ltration rate and renal plasma  fl ow  [  42  ] . Although 
it was initially thought that these insults originated 
from the direct effect of shockwave energy  [  43  ] , 
oxygen free radicals have been implicated as 
another potential mediator of these deleterious 
effects. One theory postulates that shock waves 
cause renal capillary disruption and subsequent tis-
sue edema, leading to ischemia and hypoxia  [  44  ] . 
In this ischemia-reperfusion injury model the met-
abolic alterations caused by reperfusion after isch-
emia lead to abnormally high levels of free radicals, 
which cause kidney damage through lipid peroxi-
dation and disruption of cellular membranes. 

 Allopurinol, an inhibitor of xanthine oxidase 
and a potent free radical scavenger, was shown to 
reduce levels of conjugated dienes, an indicator 
of lipid peroxidation, when given prior to SWL in 
a porcine model  [  45  ] . Citrate and vitamin E, 
two other free radical scavengers, also resulted 
in signi fi cantly less pronounced increases in 
8-isoprostane, a marker of free radical formation, 
in Madin-Darby canine kidney (MDCK) cells 
 compared to cells not pretreated with either 
 medication  [  46  ] . 

 Verapamil and nifedipine have been proposed 
as agents that can alleviate the deleterious effects 
of SWL on renal vasculature. In an animal model, 
Yaman and coworkers found minimal MRI 
 fi ndings and less severe histopathologic changes 
in the kidneys of rabbits pretreated with vera-
pamil prior to SWL compared to control rabbits 
undergoing SWL without pretreatment  [  47  ] . 
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 Clinical trials evaluating the protective effect of 
antioxidants or calcium channel blockers, how-
ever, are few. Strohmaier and colleagues random-
ized 24 patients undergoing SWL to verapamil or 
no treatment and evaluated post-SWL urinary 
markers of tubular function  [  48  ] . They detected 
smaller increases in alpha 1-microglobulin and 
 N -acetyl-beta-glucosaminidase and a smaller 
decrease in Tamm Horsfall protein in the vera-
pamil-treated patients than in the untreated con-
trols, suggesting a protective effect of verapamil 
against SWL-induced renal tubular dysfunction. 
Li and coworkers randomized 40 patients sched-
uled to undergo SWL to one of four groups: no 
medication, nifedipine-only, allopurinol-only or 
nifedipine plus allopurinol, in which the medica-
tions were started the night before SWL and con-
tinued for 3 days post-procedure. Urine samples 
collected at baseline and 1 and 3 days after SWL 
were assayed for markers of renal tubular function: 
albumin,  b 2-microglobulin, and Tamm-Horsfall 
protein. Levels of albumin and  b 2-microglobulin 
increased ( p  < 0.001) and Tamm-Horsfall protein 
decreased ( p  < 0.01) after SWL in the control 
group, while the two nifepine groups showed no 
statistically signi fi cant change in any of the three 
urine markers before and after SWL. Although  b 2-
microglobulin and albumin were higher after SWL 
compared to baseline in the allopurinol-only group, 
albumin and Tamm-Horsfall protein were 
signi fi cantly different post-SWL compared to the 
unmedicated group. This study suggests that nife-
dipine, and to a lesser extent allopurinol, may pro-
tect against SWL-induced renal injury  [  49  ] . 

 Despite the potential protective effects of anti-
oxidants and calcium channel blockers, however, 
the bene fi t of periprocedural use of these agents 
in association with SWL has never been truly 
validated in clinical trials and has not been 
adopted into widespread practice.   

   Optimizing Treatment 

   Patient Positioning 

 The optimal patient position for SWL treatment 
of ureteral calculi has been debated. Positioning 
of patients with stones in the middle and distal 

ureter are of particular concern because of the 
potential attenuation of shock wave energy as it 
travels through the bony pelvis  [  50–  52  ] . 
Zomorrodi reviewed 68 patients undergoing 
SWL for proximal ureteral calculi (mean stone 
size 12 mm) in either the supine ( n  = 35) or prone 
( n  = 38) position and found comparable stone-
free rates (82 % and 83 %, respectively) and total 
number of SWL sessions (1.9 for each) in the two 
groups  [  53  ] . It is likely that the lack of difference 
between the two groups is because the advantage 
afforded to prone positioning might be less appli-
cable to proximal ureteral stones that lie outside 
the bony pelvis. 

 Hara and colleagues compared the ef fi cacy of 
different patient positions for SWL treatment of 
patients with ureteral stones  [  54  ] . Patients with 
proximal ureteral stones were treated with SWL 
in the supine ( n  = 246) or supine-rotated ( n  = 156) 
position, where the rotated position was de fi ned 
as 30° from  fl at, maintained by a bump. Although 
stone-free rates for patients with proximal ure-
teral stones treated in the rotated and nonrotated 
position were comparable (95 % and 97 %, 
respectively), fewer secondary procedures were 
required for the supine-rotated compared to the 
supine group to become stone free (mean 1.49 vs. 
1.74, respectively,  p  = 0.023). Patients with mid-
dle and primary distal ureteral stones were also 
treated in the prone or prone rotated positions (62 
prone and 60 prone-rotated in the middle ureter 
and 110 prone and 98 prone-rotated in the distal 
ureter). Stone-free rates in both locations were 
higher for patients in the prone-rotated than in the 
prone position (95 % vs. 84 %, respectively, 
 p  = 0.046, for middle ureter and 98 % vs. 89 %, 
respectively,  p  = 0.011, for distal ureter).  

   Anesthesia 

 With the introduction of smaller focal zone litho-
tripters which are associated with less pain than 
the original Dornier HM3 lithotripter, general 
anesthesia was largely replaced by regional anes-
thesia, including epidural  [  55,   56  ] , spinal  [  57  ] , 
and  fl ank in fi ltration with or without intercostal 
nerve block  [  58  ] , or by monitored anesthesia care 
(MAC)  [  59–  61  ] . 
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 Patient-controlled sedation (PCS) is a form of 
monitored anesthesia that allows the patient to 
administer his/her own amount of anesthesia/
analgesia so that the ideal level of pain/anxiety 
control can be reached without the risk of over-
sedation. PCS using alfentanil for SWL has been 
met with good clinical results  [  49,   62  ]  and high 
patient satisfaction  [  63,   64  ] . Combining propofol 
with PCS was proposed as a way to potentially 
increase sedation, improve analgesia, and pro-
phylax against nausea. Joo and coworkers used 
remifentanil, which has a shorter half-life than 
alfentanil, for PCS and combined it with propo-
fol. In a group of 120 patients undergoing SWL 
who were randomized to remifentanil or remifen-
tanil-propofol PCS, the addition of propofol was 
associated with decreased remifentanil use (24 
doses vs. 15 doses with propofol,  p  < 0.001) and 
less reported postoperative nausea (27 % vs. 8 % 
with propofol,  p  = 0.016). The average time to 
hospital discharge was comparable in both groups 
at 67 min (remifentanil) and 64 min (remifenta-
nil-propofol)  [  65  ] . 

 Despite the trend away from general anesthe-
sia, there is evidence to suggest that some newer 
generation lithotripters yield better outcomes 
with general anesthesia as it allows for better 
control of patient movement and more accurate 
targeting of the stone. Zommick and associates 
reviewed 145 patients with upper urinary tract 
calculi who underwent SWL with the Dornier 
HM3 lithotripter, among whom 49 received gen-
eral anesthesia and 96 were treated with intrave-
nous sedation and pretreatment analgesia  [  66  ] . 
Although there was no difference in success rates 
(stone free or  £ 3 mm residual fragments at 
3 months by plain radiograph or intravenous uro-
gram) between the two groups (93 % vs. 83 %, 
respectively), intravenous sedation was associ-
ated with increased  fl uoroscopy time compared 
to general anesthesia (1 min vs. 0.5 min, respec-
tively), presumably because of greater patient 
movement and need for repositioning with 
sedation. 

 With smaller focal zone lithotripters, patient 
movement results in more time spent with the 
stone out of the small focal zone, and potentially 
poorer stone fragmentation. Sorensen and 

 associates reported lower 3-month stone-free 
rates (by KUB) in patients undergoing SWL for 
solitary <20 mm renal or proximal ureteral cal-
culi using a Doli 50 lithotripter with general 
anesthesia compared to intravenous sedation 
(87 % vs. 55 % respectively,  p  < 0.001)  [  67  ] . Lee 
and colleagues performed a case control study of 
660 patients treated with the Medstone STS lith-
otripter (Aliso Viejo, CA) under MAC ( n  = 330) 
or general anesthesia ( n  = 330) in which patients 
were matched for stone size, stone location, and 
BMI  [  68  ] . Stone-free rates were higher in patients 
undergoing general anesthesia compared to those 
treated with MAC (67 % vs. 55 %, respectively, 
 p  < 0.04). The superiority of general anesthesia 
over MAC was even more pronounced for the 
subgroup of patients with large stones (11–
20 mm, 76 % vs. 48 %, respectively,  p  = 0.01) and 
those with upper pole stones (75 % vs. 27 %, 
respectively,  p  = 0.05).  

   Coupling 

 It is essential that the treatment head be optimally 
coupled to the patient to provide for ef fi cient trans-
mission of shock waves from the shock wave gen-
erator to the stone without loss of energy. The 
presence of air pockets in the coupling gel has 
been shown in experimental conditions to reduce 
shock wave amplitude by a mean of 20 % and to 
decrease stone breakage  [  69  ] . Furthermore, break-
ing and reestablishing contact, as commonly 
occurs with patient repositioning or movement 
during treatment, was associated with a 57 % 
reduction in acoustic energy transmission. 
Application of the acoustic gel onto the treatment 
head in a mound, delivered from a wide-mouthed 
jug rather than a squeeze bottle, and allowing the 
gel to spread by patient contact rather than by hand 
lessens the chance of creating of air pockets  [  70  ] .  

   Shock Wave Delivery 

   Pattern of Shock Wave Administration 
 The pattern of shock wave delivery has been 
shown in vitro and in animal models to impact 
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the ef fi ciency of fragmentation as well as the 
degree of injury to the kidney. Using a  fi xed rate 
and number of shock waves, Zhou and associates 
demonstrated superior fragmentation of gypsum 
stones using a pattern of incrementally increasing 
shock wave voltage compared with a pattern of 
either decreasing or constant voltage despite 
delivering equivalent total energy  [  71  ] . Maloney 
and coworkers subsequently con fi rmed improved 
stone fragmentation with a pattern of increasing 
voltage in a porcine model  [  72  ] . The bene fi t of 
initial low-voltage shock wave delivery was 
thought to be due to a potentiation of the effect of 
the subsequent high-energy shock waves. 

 Low energy shock wave priming was also 
found in animal models to reduce renal damage. 
In a porcine model, delivery of as few as 100 
shocks at 12 kV prior to shock wave escalation 
was shown to reduce functional renal volume 
(FRV) from 6 to 0.3 %  [  73  ] . Further study sug-
gested that low-energy shock waves followed by 
a brief rest period (3–4 min) may be even more 
important in reducing renal injury  [  74  ] . 

 Clinical studies validating the concept of low-
voltage shock wave priming prior to voltage 
escalation have yielded con fl icting results. 
Demirci and colleagues randomized 50 patients 
with <2 cm renal or ureteral calculi to a pattern of 
either  fi xed shock wave voltage (3,000 shocks at 
13 kV) or incrementally increasing voltage (3,000 
shocks from 11 to 13 kV)  [  75  ] . Superior success 
(96 % vs. 72 %, respectively,  p  < 0.05) and stone-
free rates (80 % vs. 60 %, respectively,  p  < 0.03) 
were observed in the group receiving increasing 
shock wave voltage compared to the control 
group. Lambert and coworkers also randomized 
45 patients with <2 cm renal calculi to receive 
2,500 total shocks at either constant (13 kV) or 
increasing voltage (14–18 kV) and demonstrated 
higher success rates in the latter group (48 % vs. 
81 %, respectively,  p  < 0.03)  [  76  ] . Furthermore 
they found evidence of less renal damage, as 
indicated by markers of renal tubular function 
 b 2-microglobin and microalbumin, in the increas-
ing voltage group. 

 In contrast, Honey and associates found a 
higher success rate at 3 months in patients under-

going SWL with immediate escalation of 
 voltage (from 14 to 23 kV) than in those undergo-
ing a single stepwise increase in voltage (1,500 
shocks at 15 kV, then a quick increase to 23 kV) 
(73 % vs. 55 %, respectively,  p  = 02), suggest-
ing that delayed voltage escalation does not 
improve stone fragmentation  [  77  ] . Consequently, 
although there is some evidence that a strategy of 
voltage escalation improves SWL success rates, 
the exact pattern of voltage escalation has not 
been established.  

   Shock Wave Rate 
 The rate of shock wave delivery has also been 
shown to in fl uence SWL stone-free rates. Based 
on in vitro  [  78  ]  and animal data  [  79  ]  showing 
superior stone-free rates with a shock wave rate 
of 30 shocks/min over 120 shocks/min, Honey 
and colleagues reported the  fi rst randomized 
clinical trial that compared a shock wave rate of 
60 shocks/min ( n  = 77) with 120 shocks/min 
( n  = 86)  [  80  ] . Success rates at 3 months were 
superior for the group treated at the slower rare 
compared to the group treated at the faster rate 
(74.5 % vs. 60.6 %,  p  = 0.039). Likewise, the 
auxiliary procedure rate was lower in the 
60 shocks/min group compared to the 120 shocks/
min group (30 % vs 45 %,  p  = 0.031). Interestingly, 
when outcomes were strati fi ed by stone size, 
slow shock wave rate showed a signi fi cant 
advantage only in patients with large stones 
(>100 mm 2 , 71 % vs. 32 %, respectively, 
 p  = 0.002). Since this initial trial, three other 
RCTs  [  81–  83  ]  have likewise compared slow 
with fast shock wave rate, with only one  [  81  ]  of 
the three showing no advantage to faster shock 
wave rate. Semins and colleagues performed a 
meta-analysis evaluating shock wave rate on 
SWL outcomes using these four RTCs and deter-
mined that patients treated at 60 shocks/min had 
a 10.2 % higher likelihood of a successful out-
come than patients treated at a rate of 120 shocks/
min (95 % CI 3.7–16.8,  p  = 0.002)  [  84  ] . 
Consequently, although treating at slower shock 
wave rate necessitates longer treatment times, 
there is strong (level 1A) evidence to support the 
practice.    
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   Adjuvant Measures to Enhance 
Fragment Clearance 

   Mechanical Maneuvers 

 The limited success of SWL in the treatment of 
lower pole renal calculi has been attributed to 
impaired clearance of fragments from the depen-
dent lower pole calices. As such, a number of 
investigators have described the use post-SWL 
mechanical maneuvers to promote clearance of 
fragments from the lower pole calices. Irrigation 
through a retrograde-directed catheter  [  85  ]  or a 
lower pole nephrostomy tube  [  86  ]  during SWL 
has been found to promote movement of frag-
ments out of the lower pole calices. Kosar and 
colleagues reported superior stone-free rates for 
51 patients with lower pole stones in whom 
vibration massage was performed daily for 
14 days post-SWL ( n  = 51) compared with 52 
untreated control patients (80 % vs. 60 %, 
respectively,  p  = 0.003)  [  87  ] . Brownlee and col-
leagues  fi rst described the use of percussion, 
inversion, and hydration therapy in a small group 
of patients to facilitate fragment clearance from 
the lower pole calices after SWL  [  88  ] . This regi-
men was tested in a randomized trial of 69 
patients with  £ 4 mm residual lower pole frag-
ments 3 months after SWL, comparing observa-
tion with a regimen of diuresis (20 mg 
furosemide), 60° inversion, and mechanical 
chest percussion  [  89  ] . Complete fragment clear-
ance was demonstrated in 40 % of the treatment 
group but in only 3 % of the control group. 
Chiong and colleagues performed a similar ran-
domized trial in 108 patients with <2 cm lower 
pole stones but initiated the treatment regimen 
immediately after SWL instead of 3 months later 
 [  90  ] . At 3-month follow-up, 63 % of the treat-
ment group versus 35 % of the control group 
demonstrated complete stone clearance 
( p  = 0.006). These studies provide level 1 evi-
dence in support of adjuvant mechanical mea-
sures to enhance the clearance of fragments from 
the lower pole calices after SWL.  

   Pharmacologic Measures 

 Based on the success of pharmacologic agents in 
promoting the spontaneous passage of ureteral 
calculi  [  91  ] , a number of medications have been 
tested for their ef fi cacy in improving stone-free 
rates after SWL (Table  13.2 ). Schuler and col-
leagues performed a meta-analysis of four RCTs 
comprising 418 patients treated with SWL who 
received either medical therapy with tamsulosin 
(two trials), nifedipine (one trial), or Phyllanthus 
niruri (one trial) versus placebo or no treatment 
 [  92  ] . Combining the active treatment arms of the 
RCTs ( n  = 212), medical therapy was associated 
with a 17 % higher stone-free rate than placebo 
or no treatment ( n  = 206) (95 % CI 9–24 %).  

 Both tamsulosin and nifedipine, which have 
demonstrated ef fi cacy as medical expulsive 
agents for ureteral stones, have been evaluated 
for their ef fi cacy in promoting the clearance of 
fragments after SWL of renal and/or ureteral cal-
culi. Gravina and coworkers randomized 130 
patients with nonlower pole renal calculi under-
going SWL to received either tamsulosin (0.4 mg) 
plus methylprednisolone or methylprednisolone 
alone  [  93  ] . Stone-free rates at 3 months were 
superior and analgesic use was signi fi cantly 
lower for the treatment group compared with the 
control group (78.5 % and 375 mg vs. 60 % and 
975 mg, respectively,  p  = 0.037 and  p  < 0.001, 
respectively). When stone-free rates were 
strati fi ed by stone size, the difference was 
insigni fi cant for stones 4–10 mm in size (75 % 
vs. 68 %), but strongly favored the treatment 
group for stones 11–20 mm (88 % vs. 55 %, 
 p  = 0.028). On the other hand, no difference in 
stone-free rates or time to stone expulsion was 
seen in 61 patients with  ³ 6 mm distal ureteral 
stones randomized to tamsulosin ( n  = 31) or no 
treatment ( n  = 30), although analgesic use was 
signi fi cantly lower in the treatment group (57 mg 
vs. 119 mg diclofenac, respectively,  p  = 0.02) 
 [  94  ] . Ni fi depine, however, was shown to have 
bene fi t with regard to improved stone-free rates 
(75 % vs. 50 %,  p  = 0.02) and lower analgesic use 
(37.5 mg vs. 86.25 mg diclofenac,  p  = 0.02) in a 
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group of 60 patients with ureteral calculi random-
ized to nifedipine plus de fl azacort compared to 
an untreated control group  [  95  ] . 

 Several agents that in fl uence urine composi-
tion have been shown to enhance stone-free rates 
after SWL. Soygür and associates evaluated the 
effect of potassium citrate therapy (20 mEq twice 
daily) on stone recurrence and stone clearance in 
110 patients with lower pole stones started on 
medication or receiving no additional treatment 
4 weeks post-SWL and assessed 1 year later  [  96  ] . 
Among 56 patients rendered stone free, none of 
the treatment group and 28 % of the control group 
developed new stones ( p  < 0.05). Among 34 
patients left with residual fragments, 44.5 % of 
the treated patients versus 12.5 % of control 
patients showed resolution of their stones 
( p  < 0.05). Likewise, hydrochlorothiazide 50 mg 
daily was shown to be superior to placebo in 
enhancing the clearance of residual fragments 
over 36 months in a randomized trial of 100 
patients with residual fragments 3 months after 
SWL  [  97  ] . “Global expulsion of fragments” 
occurred in 72 % of the thiazide patients com-
pared with 36 % of the control patients ( p  = 0.001), 
although the analysis was complicated by retreat-
ment with SWL in 18 % of the former patients 
and 42 % of the latter. The mechanism by which 
thiazides and potassium citrate enhance fragment 
passage is not clear and may be independent of 
their mechanism for stone prevention.   

   Medical Therapy to Reduce the Impact 
of Residual Fragments 

 Because SWL relies on spontaneous passage of 
fragments after treatment, this modality may be 
associated with higher rates of residual fragments 
than therapies involving manual retrieval or aspi-
ration of fragments, potentially leaving a nidus 
for further stone growth. Because these fragments 
are frequently small and asymptomatic, they are 
often left untreated, although natural history stud-
ies show a 21–49 % chance of becoming symp-
tomatic within 2–4 years of treatment  [  98–  100  ] . 
The initiation of medical therapy may change the 
natural history of these residual fragments and 

reduce the likelihood of stone progression. Fine 
and colleagues reviewed 80 patients at a mean of 
43 months post SWL and separated them into 
those rendered stone free and those left with 
residual fragments, then further identi fi ed those 
treated with medical therapy and those who were 
not  [  101  ] . For both patients rendered stone free 
( n  = 31) and those left with residual fragments 
( n  = 49), stone recurrence rates were lower among 
those on medical therapy compared with those 
not treated medically: 0.09 stones/patient/year 
versus 0.67 stones/patient/year in the stone-free 
group, respectively, and 0.47 stones/patient/year 
versus 3.09 stones/patient/year in the residual 
fragment group, respectively. These  fi ndings sug-
gest that medical therapy can reduce stone 
growth, even in high-risk patients with residual 
fragments.  

   Conclusions 

 Despite relatively little progress in lithotripter 
technology, improvements in SWL outcomes 
may be realized through re fi nement in patient 
selection, optimization of treatment parameters, 
use of adjuvant mechanical and pharmacological 
measures and initiation of post-SWL directed 
medical therapy. In doing so, selected patients 
with a high likelihood of success may be treated 
in a way that maximizes stone fragmentation and 
clearance and reduces the impact of residual frag-
ments on the chance of stone recurrence.      
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   Renal Effects 

   Hematoma/Hemorrhage 

 Gross hematuria occurs frequently in patients 
receiving greater than 200 shocks, and may be an 
indicator of acute renal damage  [  5  ] . In most 
patients the hematuria resolves without further 
sequelae within 12 h  [  6  ] . However, acute or 
sustained renal injury may also occur. The area of 
injury to the kidney parenchyma produced by 
SWL appears to be dependent on number of 
shock waves administered and power of the lith-
otripter  [  8  ] . The most frequently identi fi ed com-
plication of SWL is acute subcapsular hematoma 
formation. The occurrence of this complication 
varies with the type of lithotripter, with a reported 
incidence of 0.6–12 %  [  7  ] . In one porcine study 
by Willis and colleagues, SWL-related renal 
injury extended from the renal capsule to the 
medulla  [  9  ] . Small venules appear to be espe-
cially at risk to injury with SWL; however, other 
renal vascular constituents, namely vasa recta, 
cortical capillaries, intralobular, and arcuate vessels 
are also susceptible to injury  [  9  ] . 

 Studies focusing on the development of symp-
tomatic perirenal hematoma following SWL note 

an incidence of this complication in 0.2–1.5 % of 
patients (Fig.  14.1 )  [  5,   7,   10,   11  ] . Although most 
studies have focused on results from treatment 
with the HM3, newer model lithotripters, which 
have smaller focal area and thus higher peak 
pressures, still appear to have signi fi cant rates of 
posttreatment hematoma formation  [  12  ] . 
Occasionally, large hematomas can lead to the 
need for blood transfusions or even angioembo-
lization  [  10,   13  ] . Such hemorrhage may produce 
a state of acute renal failure, and if the condition 
is not identi fi ed in a timely fashion, even death 
 [  14  ] . Fortunately, most hematomas are clinically 
insigni fi cant. Post-SWL routine screening with 
computed tomography (CT) or magnetic reso-
nance imaging (MRI) has demonstrated perirenal 
hematoma rates ranging up to 20–25 %  [  6,   11  ] . 
In addition, 63–85 % of kidneys 24 h following 
SWL were found to have edema or contained 
hemorrhage  [  6,   10  ] . Both the edema and subclini-
cal hemorrhage were found most often to dissi-
pate without permanent effects. Perirenal  fl uid 
absorbs quickly, resolving within days, while 
subcapsular  fl uid or hemorrhage can take up to 
6 months to disappear  [  10  ] .  

 Subcapsular hematoma formation following 
SWL appears to be associated with certain risk 
factors including: hypertension, pretreatment 
urinary tract infection (UTI), diabetes, coronary 
artery disease, obesity, and age  [  10,   11,   15  ] . Not 
only is hypertension associated with the inci-
dence of hematoma following SWL, the severity 
of hypertension also appears to be signi fi cant, as 
Knapp and colleagues demonstrated  [  10  ] . Patients 
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with poorly controlled hypertension experienced 
post-SWL hematoma formation at a rate of 3.8 % 
as compared to patients with well-controlled 
hypertension, with a rate of 2.5 %  [  10  ] . Rates of 
post-SWL hematoma are also directly propor-
tional to age  [  16  ] . In a multivariate analysis per-
formed by Dhar and associates in 2004, excluding 
patients with bleeding disorders, the risk of sub-
capsular hematoma formation doubled with each 
decade of life  [  16  ] . 

 Patients with bleeding diathesis are at particu-
lar risk for hemorrhage and large volume retro-
peritoneal bleed. If the coagulopathy can be 
appropriately corrected prior to treatment, SWL 
may be safely employed as treatment for urolithia-
sis  [  17  ] . However, if the patient’s medical condi-
tion precludes reversal, as in cases of a mechanical 
heart valve or drug eluting cardiac stents, ureteros-
copy should instead be employed. Watterson and 
colleagues demonstrated ureteroscopy to be a safe 
and effective treatment in patients with bleeding 
diathesis or need for anticoagulation without the 
need for anticoagulation reversal  [  18  ] .  

   Functional Renal Injury 

 Changes in renal function related to SWL therapy 
may be categorized into short- and long-term 

(sustained) effects. The mechanism(s) of SWL-
related renal dysfunction is not completely 
de fi ned but may stem from multiple pathways. 
Cavitation forces, among other causes, play a 
signi fi cant role in early tissue changes, while 
sustained deleterious effects on renal function are 
likely related to parenchymal scar formation 
following the initial insult to the kidney  [  19  ] . 
This idea is substantiated by a murine in vivo 
study by Dalecki and colleagues, which demon-
strated an increase in renal hemorrhage with 
injection of Albunex ® , a microbubble contrast 
agent that provides a nucleus for cavitation, into 
the circulation during SWL  [  20  ] . Shear forces 
also appear to contribute to parenchymal injury, 
particularly at fast shock wave rates. SWL per-
formed in pigs using a modi fi ed HM3 lithotripter 
 fi tted with a cavitation suppressing re fl ector dem-
onstrated a reduction in vascular renal injury 
 [  21  ] . However, bleeding was still noted from the 
renal papillae following SWL, pointing to causes 
other than cavitation alone as a source of injury. 

 Renal biopsies obtained from patients 1 week 
post-SWL demonstrate acute histologic changes, 
namely, marked tubular, vascular, and interstitial 
damage  [  22  ] . Rigatti and colleagues showed that 
glomeruli localized to the plane of shock waves 
were injured, while the rest of the nephron dem-
onstrated degenerative changes. The microvascu-
lar structure was also altered, demonstrated by 
dilation of veins with endothelial damage and 
thrombus formation. Intraparenchymal hemor-
rhage at the corticomedullary junction was noted 
by Seitz in a 1991 study of four patients treated 
with piezoelectric SWL  [  23  ] . The severity of 
hemorrhage was directly related to the number of 
shock waves administered. In a cadaveric study, 
therapeutic SWL was found to consistently injure 
nephrons, as well as small- to medium-sized 
blood vessels  [  24  ] . Again, these effects appear to 
correlate with the number of shocks delivered. 

 Not only have initial parenchymal changes 
following SWL been noted on the microscopic 
level, but the noted insults to renal structure may 
also translate into demonstrable transient deterio-
ration of renal function. Renal plasma  fl ow is 
decreased by 30 % immediately following SWL, 
as determined by nuclear renal scan  [  6  ] . 

  Fig.  14.1    Perirenal hematoma following SWL. 
Noncontrast CT of the abdomen coronal cuts demonstrat-
ing a severe perinephric hematoma following SWL       
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Furthermore, Grantham and colleagues noted 
delayed intravenous contrast excretion following 
SWL of unobstructed kidneys  [  25  ] . The degree 
of renal dysfunction in these studies correlates 
with the number of shocks delivered. 

 Although acute changes in kidney architecture 
and renal function are demonstrable immediately 
following SWL, these alterations would not be of 
signi fi cant clinical importance without sustained 
effects on renal function. Data in the arena of sus-
tained dysfunction is limited; however, some 
indirect evidence does con fi rm the existence of 
long-term consequences of SWL therapy. The 
acute vascular lesions, as noted above, can prog-
ress to scarring of the renal parenchyma, with 
loss of nephron function. 

 One month following SWL therapy with the 
HM3 lithotripter, canines were found to have 
 fi brosis of the kidney  [  26  ] . Furthermore, scar 
severity correlated with the number of shock 
waves delivered. These  fi ndings were substanti-
ated by a study in which scar volume at 1 month 
was nearly tenfold higher in rabbits treated with 
2,000 shock waves compared to 100 shock waves 
 [  27  ] . A porcine model demonstrated the inner 
medullary portion of the kidney to be the most 
sensitive to scar formation and damage from 
SWL therapy, with complete atrophy of treated 
papilla at 3 months following SWL  [  7  ] . Scar for-
mation has also been radiographically apparent 
in humans following SWL therapy. Photon 
Emission CT was employed to evaluate paren-
chymal changes in patients 30 days following 
SWL treatment for nephrolithiasis  [  28  ] . All kid-
neys studied had poor vascular perfusion with 
scarring and loss of Technicium-99 uptake fol-
lowing SWL. 

 Although renal scarring following SWL has 
been documented, it is unclear if this noted paren-
chymal change is clinically relevant, with a 
related decline in renal function. Karlsen and 
Berg found a signi fi cant decline in glomerular 
 fi ltration rate in patients with solitary kidneys 
3 months following SWL therapy  [  29  ] . This 
effect may be sustained in the long term, as dem-
onstrated in another solitary kidney study by 
Brito and colleagues, where patients were found 
to have an elevated serum creatinine 5 years 

following SWL treatment  [  30  ] . In addition, various 
studies have documented decreases in renal 
plasma  fl ow, worsened creatinine clearance, and 
increased transit time of  131 I-Hippuran following 
SWL therapy  [  31,   32  ] . However, in a study per-
formed by Chaussy and Fuchs, patients actually 
had an improvement in renal function from 
3 months to 1 year following SWL  [  2  ] . Two addi-
tional later studies, with follow-up of 5 years or 
greater also noted no apparent deterioration in 
renal function after SWL  [  33,   34  ] .  

   Hypertension 

 The link between SWL and renal scar formation 
has been documented in the literature (as outlined 
above); therefore, there is signi fi cant concern for 
the possible development of new-onset hyperten-
sion following SWL treatment. This topic has 
been widely evaluated and debated in the litera-
ture, and there are multiple con fl icting reports 
(Table  14.1 )  [  2,   19,   31,   33–  47  ] .  

 In a 1986 study, Peterson and Finlayson  fi rst 
described an increase in blood pressure following 
SWL and since that time multiple investigators 
have evaluated the association between SWL and 
hypertension  [  33  ] . In another study by Janetschek 
and colleagues, patients aged 60 years or greater 
were found to be at increased risk for elevated 
renal resistive indices following SWL, as mea-
sured by ultrasound  [  34  ] . Forty- fi ve percent of 
patients (almost exclusively all older than 
60 years) had elevated resistive indices in the 
26 month follow-up period, with new onset hyper-
tension noted in 17.5 %, prompting concern over 
the use of SWL in the elderly population  [  34  ] . 

 An increased risk of hypertension was also 
noted in post-SWL patients as compared to those 
undergoing conservative management for uro-
lithiasis, in 19 years of follow-up, with increased 
risk in those who had undergone bilateral treat-
ment  [  36  ] . Since that study, however, two reports 
have been published showing no correlation 
between SWL and hypertension. A study by Sato 
and colleagues, comparing SWL patients under-
going SWL for renal calculi to those undergoing 
SWL for ureteral calculi, demonstrated no 
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increased risk of hypertension  [  39  ] . A large, 
population-based study also noted no increased 
risk of hypertension in patients undergoing SWL 
as compared to other treatment modalities for 
urolithiasis at 8.7 years of follow-up  [  45  ] .  

   Diabetes Mellitus 

 Multiple studies have demonstrated that the 
pancreas may be vulnerable to injury at the time 
of SWL; however, it is unclear if the risk of 
developing diabetes is increased with SWL ther-
apy. Kirkali and colleagues found increased 
serum amylase, serum lipase, and urinary amy-
lase, with elevated values sustained for up to 
1 week post-SWL in the absence of overt pancrea-
titis, and other case studies have reported symp-
tomatic pancreatitis following SWL  [  45–  51  ] . 
Furthermore, pancreatic hematomas and micro-
vascular changes have been noted after SWL in 
patients who are asymptomatic  [  52  ] . 

 A recent population based study demonstrated 
that previous SWL did not increase the risk of 
diabetes in a univariate or multivariate analysis 
accounting for age, gender, and obesity, over a 
period of nearly 9 years of follow-up  [  53  ] . 
Further, an earlier study by Sato and associates 
demonstrated no appreciable difference in the 

risk for the development of diabetes of patients 
undergoing SWL for ureteral calculi as compared 
to those being treated for SWL for renal calculi at 
17 years of follow-up  [  39  ] . However, in a 2006 
retrospective review, patients treated with SWL 
were more likely to develop diabetes mellitus at 
19 years of follow-up, as compared to conserva-
tively managed stone patients  [  36  ] . Furthermore, 
the development of diabetes was associated with 
number of shocks administered and total intensity 
of the treatment.  

   Age-Related Renal Considerations 

 Although complications may arise in any age 
group, certain patient populations including 
elderly patients and children may be at increased 
risk for adverse effects from SWL therapy. In 
these vulnerable groups, as well as in patients 
with preexisting renal insuf fi ciency and hyper-
tension, care should be taken to limit the number 
and energy of shock waves delivered. In a 2004 
study by Dhar and colleagues, older patients were 
more likely to suffer a subcapsular hematoma fol-
lowing SWL  [  16  ] . In another study, patients aged 
60 years or greater were found to be at increased 
risk for elevated renal resistive indices following 
SWL and for new onset hypertension  [  34  ] . 

      Table 14.1    Hypertension and shock wave lithotripsy   

 Study 

 Length 
of study 
(months) 

 Mean # 
of shock 
waves 

 Incidence of 
hypertension 

 Change in 
diastolic blood 
pressure 

 Krambeck et al.  [  73  ]   104  –  No change  – 
 Sato et al.  [  39  ]   204  928  No change  – 
 Krambeck et al.  [  36  ]   228  1,125  Increased  – 
 Elves et al.  [  43  ]   26.4  5,281  No change a   No change a  
 Strohmaier et al.  [  38  ]   24  –  Increased  Increased 
 Jewett et al.  [  44  ]   24  4,411  No change  No change 
 Janetschek et al.  [  34  ]   26  2,735  Increased b   Increased b  
 Yokoyama et al. [ 46 ]  19  –  –  Increased 
 Lingeman et al.  [  41  ]   1,289  No change  Increased 
 Montgomery et al.  [  37  ]   29  1,429  Increased  No change 
 Puppo et al. [ 47 ]  12  1,380  No change  No change 
 Liedl et al.  [  40  ]   40  1,043  No change  – 
 Williams et al.  [  31  ]   21  1,400  Increased  Increased 

   a Compared to control group not undergoing SWL 
  b Change noted in patients aged 60–80 years only  
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Furthermore, elderly patients are more likely to 
have signi fi cant comorbid conditions and poly-
pharmacy, putting them at greater risk for other 
SWL complications  [  54,   55  ] . However, if appro-
priate patient selection is undertaken and changes 
in shock wave delivery are made to minimize the 
impact of SWL, this treatment can be safely per-
formed in the elderly without increased compli-
cation rates. 

 Although not approved by the FDA for use in 
children, SWL is a common  fi rst-line treatment 
for pediatric urolithiasis. Thus, there is concern 
over the possible sustained effects of SWL on 
renal growth and renal function in the pediatric 
population. There does appear to be an impact of 
SWL on juvenile renal growth, as demonstrated 
by Lifshitz and colleagues. In a 1998 study, they 
found that children treated with SWL experi-
enced a decrease in renal size not only of the 
treated kidney, but also of the contralateral kidney, 
at 9 years of follow-up  [  56  ] . Neal and associates 
compared SWL in adult and infant rhesus mon-
keys, and found a signi fi cant decrease in effective 
renal plasma  fl ow in the infant group at 6 months 
following SWL  [  57  ] . In addition, intraparenchymal 
hemorrhage volume was found to be signi fi cantly 
higher in juvenile pigs as compared to adult pigs 
undergoing SWL therapy (7 % vs. 2 %)  [  58  ] . 
Mean arterial blood pressure was also found to 
increase signi fi cantly at 4 and 8 weeks after SWL 
therapy in immature rabbits, as compared to con-
trols  [  59  ] . Although SWL does appear to have an 
impact on renal growth and function, it is still 
considered acceptable  fi rst-line therapy for children 
with urolithiasis.   

   Fragment Side Effects 

   Steinstrasse 

 Steinstrasse, the term used to de fi ne the accumu-
lation of stone fragments in the ureter, is a known 
complication of SWL, with overall reported rates 
ranging from 2 to 10 % (Fig.  14.2 )  [  7,   60  ] . 
Steinstrasse can be categorized into simple, 
de fi ned as less than 5 cm in length without infection, 
or complex, if a longer length of ureter is involved 

or infection is present. Simple steinstrasse can be 
managed with symptomatic treatment and obser-
vation or ureteroscopic intervention. However, 
if complex steinstrasse is present, it should be 
managed with emergent collecting system 
decompression. The clinical presentation of 
steinstrasse is variable, with some patients expe-
riencing symptoms within hours, and others 
within months following SWL. The most com-
mon symptoms of steinstrasse include renal colic, 
urinary tract infection, and renal insuf fi ciency. 
Other patients may be asymptomatic. 70 % of all 
steinstrasse occurs in the distal ureter  [  7,   15,   61  ] .  

 An early study by Weinerth and associates 
demonstrated that the risk of steinstrasse follow-
ing SWL increased with large calculus size, stag-
horn calculi, bilateral SWL treatment, and 
preexisting ureteral obstruction  [  62  ] . Also, the 
occurrence of steinstrasse is directly related to 
stone size, as the risk increases with increasing 
stone burden  [  7  ] . Madbouly and colleagues evalu-
ated 4,600 patients undergoing SWL and identi fi ed 
stone size >2 cm, a dilated renal unit, shock 
wave voltage greater than 22 kV, and renal stone 

  Fig. 14.2    X-ray of the abdomen demonstrating stein-
strasse along the length of the left proximal and mid-ureter 
after shock wave lithotripsy       
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treatment as risk factors for the development of 
steinstrasse in a multivariate analysis  [  61  ] . 

 Placement of a ureteral stent prior to SWL 
therapy may decrease the occurrence or limit 
symptoms from, but will not eliminate the risk of 
steinstrasse  [  63,   64  ] . A prospective, randomized 
study performed by Al-Awadi and associates 
compared the results of SWL with or without 
stent placement for renal calculi ranging from 1.5 
to 3.5 cm  [  64  ] . As discussed previously, patients 
with a higher stone burden had increased risk of 
steinstrasse; however, the incidence of stein-
strasse was signi fi cantly decreased with stent 
placement  [  64  ] . Another study, which focused on 
SWL for stones greater than 2.0 cm, found the 
incidence of steinstrasse was signi fi cantly 
decreased in patients with ureteral stenting prior 
to SWL (15 % versus 38 %)  [  65  ] . In addition, 
patients who had preoperative stenting required 
fewer hospital admissions following SWL. 
Although there is some data to support ureteral 
stenting prior to SWL, other studies demonstrate 
no bene fi t, with no signi fi cant difference in stein-
strasse, and potential worsened postoperative 
course, due to stent-related discomfort and 
decreased stone clearance  [  63,   66,   67  ] . Pre-SWL 
stent placement remains a controversial practice, 
and the greatest bene fi t is likely to be observed in 
patients with large renal calculi or those with a 
solitary kidney  [  7,   15  ] . Of note, the 2007 
American Urological Association/European 
Urological Association ureteral calculus consen-
sus guidelines noted no bene fi t to ureteral stent 
placement prior to SWL of ureteral stones  [  60  ] . 

 Asymptomatic patients with simple stein-
strasse can be treated conservatively, as sponta-
neous stone passage occurs in 60–80 % of patients 
 [  7  ] . However, patients with complex steinstrasse, 
recalcitrant discomfort, large stone fragments, 
bilateral obstruction or obstruction of a solitary 
kidney, as well as those who have failed initial 
conservative management, should be managed 
with urinary tract decompression by ureteral 
stenting, percutaneous nephrostomy tube place-
ment, or ureteroscopic intervention  [  15,   62  ] . 
Percutaneous nephrostomy tube placement alone 
has been reported to allow for spontaneous 
passage of all stone fragments in up to 75 % of 
patients with steinstrasse  [  15  ] . 

 If steinstrasse persists following 3–4 weeks of 
urinary tract decompression, further intervention 
is warranted.    Options include repeat SWL, retro-
grade or antegrade ureteroscopy, with success 
rates near 100 %  [  7,   15,   62  ] . However, ureteros-
copy for steinstrasse can be technically challeng-
ing, with a risk for ureteral perforation. Further, 
stone-free rates for primary ureteroscopy near 
only 60 %, with signi fi cantly higher success fol-
lowing urinary tract decompression  [  62  ] .  

   Multiple Treatments 

 In general, increased stone size and total stone 
burden are associated with lower stone-free rates, 
and an increased requirement for repeat SWL or 
additional stone procedures  [  7  ] . The mean stone-
free rate for SWL for stones 1 cm or less is 79.9 % 
(range 63–90 %), 64.1 % (range 50–82.7 %) for 
stones 1–2 cm, and 53.7 % (range 33.3–81.4 %) 
for stones larger than 2 cm  [  7  ] . The requirement 
for additional stone treatment increases from 
10 % for SWL of stones 1–2 cm in size to 33 % 
for SWL of stones 2–3 cm  [  68  ] . Furthermore, the 
success rate of SWL decreases with each subse-
quent treatment, such that the cumulative stone-
free rate with two treatments is 76 % and with 
three only marginally increases to 77 % overall 
 [  69  ] . Due to the disparity in retreatment rates, the 
1988 National Institutes of Health Consensus 
Conference recommended that all patients with 
stones larger than 2 cm be treated initially with 
percutaneous nephrolithotomy (PCNL), which is 
further supported by the decreased ef fi cacy noted 
in repeat SWL patients  [  70  ] .  

   Ureteral Stricture Disease 

 The development of ureteral stricture following 
SWL has been cited as a concern; however, this 
appears to be of low likelihood, despite the risks 
of renal parenchymal injury, steinstrasse, and 
multiple treatments as noted above. Rates of ure-
teral stricture following SWL documented in a 
meta-analysis ranged from 0 % for distal calculi, 
to 1 % for mid-ureteral stones and 2 % for proxi-
mal calculi  [  60  ] .  
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   Stone Recurrence 

 Multiple studies have documented increased rates 
of stone recurrence in patients treated with SWL 
over other treatment modalities. In a study com-
paring 298 SWL patients to 62 PCNL patients 
who were all initially stone free, Carr and col-
leagues found that SWL patients were at an 
increased risk for new stone formation within 
1 year of treatment as compared to those treated 
with PCNL  [  71  ] . A later study con fi rmed this 
 fi nding, with increased rates of stone recurrence in 
patients treated with SWL compared to patients 
undergoing PCNL, at 19 years of follow-up  [  72  ] . 

 In a study of residual stone fragments less than 
0.5 cm following SWL, Bucholz and associates 
found that although after a mean follow-up of 
2.5 years 12.7 % of residual stone fragments had 
not passed spontaneously, only 2 % demonstrated 
appreciable growth, and no stone recurrences 
occurred following the initial procedure  [  73  ] . 
Based on this study, the group recommended no 
further intervention to completely clear residual 
small fragments following SWL. However, 
Streem and colleagues argue that a signi fi cant 
number of SWL patients with small residual 
stone fragments are at risk for stone recurrence 
and recommend that these fragments not be cat-
egorized as clinically insigni fi cant  [  74  ] .  

   Brushite Stones 

 SWL therapy has also been associated with the 
development of brushite stones, which are notori-
ously resistant to fragmentation. As compared to 
other stone formers, patients with brushite stones 
have a signi fi cant amount of renal tissue damage 
noted on histopathologic examination. It has been 
theorized that brushite stone formation is more 
likely following SWL due to SWL-induced tissue 
damage and resultant defects in urine acidi fi cation 
 [  75  ] . Furthermore, patients undergoing treatment 
for brushite stones have a signi fi cantly decreased 
stone-free rate following SWL  [  76  ] . Parks and 
associates also noted that calcium phosphate 
(brushite and apatite) stone formers required a 
higher number of SWL procedures as compared to 
calcium oxalate stone formers  [  77  ] . Furthermore, 

the brushite stone formers had received a 
signi fi cantly greater number of SWL treatments 
than patients with apatite stones. However, to 
date no direct causal association between SWL 
and development of brushite stone disease has 
been identi fi ed.   

   Extrarenal Damage 

   Pain 

 The earliest lithotripter models could incite 
signi fi cant pain at the site of treatment. Patients 
undergoing SWL with an unmodi fi ed HM3 litho-
tripter at 18–24 kV commonly complain of local-
ized  fl ank pain at the site of shock wave entry and 
may have petechia or bruising  [  35  ] . Parr and col-
leagues noted increased creatine phosphokinase 
within 24 h following SWL, suggesting muscular 
trauma secondary to treatment  [  78  ] . Since the 
development of initial lithotripters, subsequent 
generation models have been modi fi ed to decrease 
patient discomfort. Speci fi cally, the aperture at 
the shock source was widened to spread pulse 
energy over a broader area of the body; this, in 
turn, narrowed the focal zone and generated 
increased peak pressures at the target site.  

   Urinary Tract Infection (UTI) and Sepsis 

 The risk of sepsis following an uneventful SWL is 
low (less than 1 %), but increases signi fi cantly 
(2.7–56 %) when SWL is performed for staghorn 
calculi  [  5  ] . In a study by Duvdevani and col-
leagues, they identi fi ed several risk factors for the 
development of fever following SWL, which 
included a positive urine culture, an indwelling 
nephrostomy tube or stent at the time of SWL, 
renal or proximal ureteral location, preoperative 
symptomatic urinary tract infection or sepsis  [  79  ] . 
In addition, the risk of overt sepsis after SWL is 
increased with a positive preoperative urine 
culture or urinary system obstruction, and thus 
SWL should only be performed in the absence of 
these clinical characteristics  [  7  ] . 

 For high risk patients (i.e. history of UTI, urinary 
diversion, immunocompromised, instrumentation 
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at time of SWL) prophylactic antibiotic therapy 
peri-procedurally should be considered, but is not 
indicated in all patients  [  79,   80  ] . Furthermore, a 
UTI in the presence of urolithiasis can be dif fi cult 
to completely eradicate unless all stone fragments 
are completely removed, due to stone material 
harboring bacteria. Therefore, if a patient has an 
infected stone, PCNL or ureteroscopic interven-
tion after directed antibiotic therapy should be 
considered for de fi nitive stone management over 
SWL, as these procedures have higher stone 
clearance rates  [  12  ] .  

   Visceral Organ Injury 

 Abdominal organ injury, although rare, has been 
reported following SWL with  fi rst-, second-, and 
third-generation lithotripters. As mentioned 
previously, acute pancreatitis, associated with a 
signi fi cant increase in serum amylase and lipase 
levels have been reported following SWL, and 
even in the absence of symptomatic pancreatitis, 
increased amylase levels have been noted 
(Fig.  14.3 )  [  35,   48,   51  ] . In addition, a study by 
Kirkali and associates described elevations in 
serum and urinary pancreatic enzymes up to 
1 week after SWL of proximal ureteral and renal 
stones  [  51  ] . Of note, pancreatic enzymes were 
not elevated when distal ureteral stones were 
treated. Wendt-Nordahl and colleagues, however, 

performed a prospective evaluation of 12 patients 
undergoing SWL which failed to show a change 
in pancreatic enzymes following SWL therapy 
 [  81  ] . Other investigators have noted microvascu-
lar damage to the pancreas and small pancreatic 
hematomas in post-SWL patients  [  52  ] .  

 Hepatic injury following SWL is a known 
entity, as evidenced by elevated bilirubin, lactate 
dehydrogenase, and serum aspartate transaminase 
within 24 h of SWL therapy  [  35  ] . Liver enzymes 
start to trend downward at 3–7 days following 
SWL and generally normalize at 3 months. 
Furthermore, subcapsular hepatic hematomas and 
hepatic hematomas associated with hepatic vein 
thrombosis requiring emergent exploration have 
been described following SWL therapy  [  82  ] . The 
spleen can also be injured at time of SWL, and 
splenic hematoma prompting splenectomy post-
SWL has also been reported  [  83  ] . 

 Bowel complications are well documented 
following SWL. An early report by Al Karawi 
and associates reported an 80 % incidence of gas-
tric and duodenal erosion after SWL  [  84  ] . 
Hematochezia, secondary to colonic mucosal 
damage from SWL, has also been reported. This 
complication is typically self-limiting and usu-
ally resolves without further sequelae  [  85  ] . 
However, more serious gastrointestinal compli-
cations, including large and small bowel perfora-
tion, have also been reported  [  86  ] .  

   Cardiac and Vascular Injury 

 The cardiovascular system appears to be at risk of 
complications due to SWL treatment, with reports 
of myocardial infarctions as well as cerebral vas-
cular accidents  [  7  ] . Early Dornier HM models 
were found to induce cardiac arrhythmias, an 
observation that eventually led to electrocardio-
graphic synchronization with R-wave triggering 
 [  5  ] . Minor, non-life-threatening cardiac arrhyth-
mias have also been noted with spark gap and 
piezoelectric generators when they are not syn-
chronized to the electrocardiogram  [  7  ] . 
Synchronization is not required with newer-gen-
eration lithotripters, and patients with preexisting 

  Fig. 14.3    Contrast-enhanced CT scan of the abdomen 
demonstrating acute pancreatitis following SWL       
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cardiac arrhythmias and pacemakers can undergo 
SWL safely. However, dual-chamber pacemakers 
should be reprogrammed to single-chamber mode 
and rate-responsive pacemakers should be repro-
grammed to non-rate-responsive mode prior to 
SWL  [  87  ] . 

 Patients with a calci fi ed abdominal aortic 
aneurysm (AAA) may be at risk for aneurysm 
rupture with SWL, which is a known, reported 
complication  [  88  ] . However, multiple studies 
have demonstrated the safety of SWL in the pres-
ence of AAA. Vasavada and colleagues performed 
an vitro study on tissue harvested from calci fi ed 
human aortic aneurysms at the time of elective 
repair, and then compared the tissue response fol-
lowing SWL to untreated tissue  [  89  ] . With the 
administration of a maximum of 1,000 shock 
waves, no appreciable difference in tissue disrup-
tion was noted. SWL therapy has been accom-
plished safely in patients with AAAs and renal 
aneurysms  [  90  ] . SWL is thought to be permissible 
in patients if their aneurysm is asymptomatic, 
with a maximal diameter of 2 cm for a renal aneu-
rysm and 5 cm for an AAA. The stone to aneu-
rysm distance should be a minimum of 5 cm and 
the aneurysm should not lie parallel to the shock 
wave access, to ensure minimal pressure on the 
aneurysm, with a maximum of an 18 kV (or the 
equivalent) energy setting  [  90  ] . Although SWL has 
been demonstrated as a safe and ef fi cacious treat-
ment for urolithiasis in aneurysm patients, the 
authors still advocate for treatment with ureteros-
copy or PCNL instead of SWL in this population, 
as the consequences of thromboembolic events or 
aneurysm rupture can be life-threatening  [  12  ] .  

   Pulmonary Injury 

 As the lung parenchyma has the highest attenua-
tion coef fi cient of any human tissue, it is particu-
larly vulnerable to shock wave injury  [  2  ] . In 
addition, pediatric patients may be at increased 
risk of pulmonary injury during SWL, due to 
closer proximity of the lung base to the kidney, as 
compared to adults  [  91  ] . SWL-induced hemopty-
sis has been reported in both adults and children, 

and is generally inconsequential; however, severe 
hypoxemia and death after SWL have been 
reported  [  91,   92  ] . Protective maneuvers, such as 
shielding the lungs with shock absorbing pads or 
alternative ventilation techniques, have been pro-
posed to limit the risk of lung injury with SWL 
therapy; however, there is a paucity of supporting 
clinical data for these suggested changes in tech-
nique  [  92  ] .  

   Fetal and Reproductive Organ Injury 

 Pregnancy remains a contraindication to SWL 
therapy, although inadvertent SWL treatment of 
pregnant patients has been reported, without sub-
sequent detrimental effects to the fetus  [  93  ] . 
Ureteroscopy with holmium laser lithotripsy and 
basket stone extraction remains the primary treat-
ment of choice in pregnant women, with proven 
safety and ef fi cacy  [  7  ] . If a pregnant patient 
desires SWL for treatment of her urinary calcu-
lus, she should be temporized with an indwelling 
ureteral stent until after delivery, at which time 
SWL can be completed. 

 A prospective study performed by Gulum and 
colleagues evaluated semen parameters of young 
men before and after SWL for distal ureteral stones, 
and compared the results to men undergoing SWL 
for proximal ureteral stones. They found a statisti-
cally signi fi cant difference in sperm parameters, 
total semen oxidant, and antioxidant status and the 
DNA damage score in patients undergoing distal 
ureteral SWL, while these changes were not appre-
ciated in the proximal ureteral control population. 
Semen changes normalized at 3 months following 
treatment  [  94  ] . Thus, selection of an alternative 
treatment modality may be appropriate in men with 
fertility concerns. 

 A similar concern exists in women of child-
bearing age. Erturk and associates evaluated 39 
young women treated with SWL for distal ureteral 
calculi. No reports of infertility were made in the 
ten women who attempted pregnancy following 
SWL  [  95  ] . However, some clinicians elect to avoid 
SWL in women of childbearing age due to the 
potential for injury to reproductive organs.   
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   Mechanisms to Reduce Adverse 
Effects 

 Renal hemorrhage occurs in three general locations: 
perirenal, subcapsular, and intraparenchymal, 
always at or near the treatment focal point (F2). 
Histopathologic evaluation at the hemorrhage 
location demonstrates rupture of small veins, 
arteries and glomerular, and peritubular capillar-
ies  [  9  ] . In addition, nearby nephrons demonstrate 
evidence of direct damage from shock waves and 
ischemic changes. Renal hematomas increase in 
number as the number of shock waves adminis-
tered rises  [  9  ] . Furthermore, as the energy level of 
SWL increases, there is a related decrease in renal 
blood  fl ow, with an increase in the volume of renal 
damage  [  28  ] . SWL also appears to impact not only 
the treated kidney, but the contralateral kidney as 
well, by inducing signi fi cant vasoconstriction  [  7, 
  96  ] . In animal models, a large number of shocks, a 
high power setting, a condensed therapy period, 
treatment of a juvenile kidney and treatment of 
a kidney with impaired function all correlate with 
an increased degree of renal trauma  [  7  ] . Evan and 
colleagues also report that acute pyelonephritis 
may potentiate the renal injury sustained during 
SWL  [  97  ] . Thus, some patient, kidney and treat-
ment properties can signi fi cantly alter the risk for 
SWL-related side effects. 

   Protective Pretreatment/Treatment 
Protocols 

 While there are patient and SWL therapy charac-
teristics that cannot be changed, there are others 
that may be modi fi ed, in an attempt to decrease 
the risk of SWL-related complications. Certain 
aspects of shock wave delivery may be changed 
to minimize the amount of renal trauma sustained 
during SWL treatment (Table  14.2 ). So-called 
priming protocols, where one area of the kidney 
is treated with low energy shock waves prior to 
being treated with a therapeutic shock wave regi-
men, have been shown to decrease renal tissue 
damage in a porcine model  [  96  ] . Willis and asso-
ciates treated female farm pigs with the HM3 

lithotripter, at a clinical dose of 2,000 shock 
waves at 24 kV (120 shock waves per minute), 
which created a lesion measuring approximately 
6 % of the functional renal volume (FRV). This 
area of tissue damage was decreased to 0.3 % of 
the FRV by priming the kidney with as few as 
100 shock waves at 12 kV before completion of 
the therapeutic regimen  [  96  ] . The priming proto-
col may induce vasoconstriction, which in turn 
may decrease blood vessel susceptibility to shock 
wave stress. However, a later study by Connors 
demonstrated that it is not the low volume prim-
ing dose but rather the interruption of shock wave 
delivery that is protective  [  98  ] . In that study, the 
noted renal lesion was the same size when the 
priming dose was delivered at 12, 18, or 24 kV 
 [  98  ] . However, only when a 3–4 min delay was 
instituted following the priming dosing before 
resuming treatment SWL was renal protection 
observed.  

 In another porcine study, decreasing the rate 
of shock waves also appeared to decrease renal 
damage  [  99  ] . Reducing the rate of shock wave 
delivery to 30 shocks per minute reduced the 
renal lesion to less than 0.1 % of the FRV  [  99  ] . 
The effects on renal tissue damage seen with 
slowed shock wave frequency are similar to those 
noted with institution of a priming protocol. 
An added bene fi t of the decreased rate of shock 
wave delivery is improved stone fragmentation. 
A meta-analysis of 589 patients demonstrated 
that slow-rate SWL (60 shock waves per minute) 
garnered improved success over fast-rate SWL 
(120 shock waves per minute)  [  100  ] . Canine 
studies have also demonstrated a bene fi t to 

   Table 14.2    Alterations in SWL treatment protocols that 
have been found to be protective to the renal unit   

 Ensure no distal ureteral obstruction 
 Treat UTI prior to SWL 
 Delivery of priming protocol, with 100 shocks at low 
voltage (i.e. 12 kV) 
 Institute 3–4 min pause following priming protocol 
 Decrease rate of shock wave delivery (30–60 shocks/min) 
 Perform frequent imaging to assess for stone 
fragmentation 
 Discontinue treatment once stone comminution is 
achieved 
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reducing the number of total shock waves 
delivered  [  26  ] . When the number of shocks 
delivered was increased from 1,000 to 2,000, 
the size of the renal scar increased from 1.4 to 
12.8 %. Therefore, frequent  fl uoroscopic obser-
vation of a stone during SWL is recommended, 
to allow for timely discontinuation of therapy 
when acceptable fragmentation of the stone has 
been achieved.   

   Conclusions 

 SWL has become a widely used,  fi rst-line therapy 
for ureteral and renal calculi since its introduc-
tion in the early 1980s. It is an increasingly attrac-
tive treatment option to both patients and 
physicians, due to its minimally invasive nature, 
and outpatient capabilities. However, SWL does 
have notable short- and long-term complications, 
including injury to the kidney parenchyma and 
other vulnerable adjacent structures. Appropriate 
patient selection, optimization of treatment vari-
ables, and close Urologic follow-up should allow 
for safe, ef fi cacious use of SWL for treatment of 
urolithiasis. Modi fi cations of SWL treatment 
parameters including the use of low voltage prim-
ing protocols, treatment pause, slow shock wave 
rate delivery, and limited number of shock waves 
administered may help prevent adverse events 
following SWL.      
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 ureteral stones , 61  
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  Percutaneous stone removal.    See  Percutaneous 
nephrolithotomy (PCNL)  

  Perforation.    See  Ureteral perforation  
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  Placement, stents 
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 pubic symphysis , 131  
 right ureteral calculus , 130   

  Pneumatic energy , 33–34   
  Pneumatic lithotripters , 33–34   
  Polyurethane 

 description , 126  
 distal curl , 130  
 radial coil reinforcement , 126   

  Positioning of patient 
 comfortable , 14  
 operating room organization , 14–16   

  Postoperative complications, PCNL 
 death , 74  
 fever and sepsis , 73–74   

  Postoperative renal drainage , 13   
  Post PCNL drainage 

 diathermy coagulation , 56  
 drainage tubes, types , 48–49  
 hemostatic agents   ( see  Hemostatic agents) 
 inclusion criteria , 56  
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 nephrosotmy drainage, evolution , 49  
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 tubeless modi fi cations   ( see  Tubeless 

modi fi cations) 
 tubeless PCNL , 49, 52–53   
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64–65  
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 radiographic investigation , 64  
 renal anomalies , 66–67  
 renal surgery , 67  
 stone burden , 67–68   

  Prone percutaneous access.    See  Percutaneous 
nephrolithotomy (PCNL)  

  Prone position, patient 
 drapes , 23  
 endoscopic access , 23  
 PCNL , 22–23   

  Proximal ureteric stones , 31–32   
  PZL generators.    See  Piezoelectric 

(PZL) generators   

  R 
  Randomized clinical trials (RCTs) 

 post-SWL UTIs , 164  
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 shock wave rate , 167   

  RCTs.    See  Randomized clinical trials (RCTs)  
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 indications, ureteroscopic management , 113, 114  
 lower pole   ( see  Lower pole) 
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 SWL  vs.  URS , 113, 114  
 URS , 114, 115   

  Retrograde ureteroscopy 
 evaluation, preliminary , 16–17  
 intraoperative , 17–18   

  Reverse lithotomy position , 13   
  Rigid nephroscopy , 7   
  Risk factors, SWL 
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 diabetes mellitus , 180  
 functional renal injury , 178–179  
 hematoma/hemorrhage , 177–178  
 hypertension , 179–180   

  Roth-Net retrieval device® , 41    
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 bacteremia and , 145  
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  Shock wave delivery 
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  Shock wave lithotripsy (SWL) 
 CD stones , 7  
 contemporary surgical techniques , 116  
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 informed consent , 95  
 locations, renal calculi , 113  
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 risk factors   ( see  Risk factors, SWL) 
 stone type and anatomic characteristics , 113  
 treatment , 9, 165–167  
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 URS  vs.  PCNL , 115   

  Skin-to-stone distance (SSD) 
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  Steinstrasse 
 asymptomatic patients , 182  
 description , 181  
 left proximal and mid-ureter , 181  
 stone size , 181–182  
 ureteral perforation , 182  
 ureteral stent , 182   

  Stent 
 biodegradable , 133–134  
 designs   ( see  Designs, stent) 
 discomfort , 132  
 double J-type stents , 125  
 drug elution , 133  
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 evolution , 125  
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 injuries , 129–130  
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 placement   ( see  Placement, stents) 
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  Stent morbidity 
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  Sterile draping , 16   
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 basket extraction , 121  
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  Stone-free rates (SFR) 
 CD treatment , 9  
 gravitation effect , 116  
 laparoscopic techniques , 9  
 lower pole and renal calculi , 116, 122  
 morbidity , 116  
 and PCNL , 1, 121   

  Stone retrieval devices , 40–41   
  Stricture.    See  Ureteral stricture  
  Submucosal/lost stone 

 “silent stricture” , 143  
 stone granuloma/ureteral stenosis , 42  
 ureter/retroperitoneal urinoma , 142   

  Supine technique 
 endovision-assisted renal puncture , 17  
 GMSV position , 14–15  
 intraoperative retrograde ureteroscopy , 17–18  
 “kebab” patient, preparation , 17  
 management advantages , 14  
 patient positioning and organization , 14–16  
 percutaneous and retrograde accesses , 16  
 postoperative renal drainage , 13  
 retrograde ureteroscopic evaluation , 16–17  
 rigid nephroscope, movement , 17  

 sterile draping , 16  
 urological advantages , 14   

  Swiss LithoClast® , 33–34   
  SWL.    See  Shock wave lithotripsy (SWL)   
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  TDPN.    See  Transdiverticular puncture and 

neoinfundibulotomy (TDPN)  
  Techniques 

 ballistic lithotripters , 33–34  
 digital rigid nephroscope , 40  
 electrohydraulic lithotripsy , 36–37  
 laser lithotripsy , 35–36  
 ultrasonic lithotripsy , 32–33   

  Technology failures, URS , 144   
  Thermal injuries , 140   
  Transdiverticular puncture and neoinfundibulotomy 
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  Treatment, SWL 

 anesthesia , 165–166  
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 shock wave delivery   ( see  Shock wave delivery)  
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  Tubeless modi fi cations 
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 meta-analysis , 50–51  
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 visual analog scale pain score , 50   
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 guided puncture , 5–6  
 lithotripsy   ( see  Ultrasonic lithotripsy)  

  UPJ.    See  Uretero-pelvic junction (UPJ)  
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 description , 86–87  
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 technique , 87   
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 description , 143  
 endourologic basket , 143  
 stricture formation , 144  
 transureteroureterostomy , 144   

  Ureteral balloon , 85   
  Ureteral catheter displacement , 4   
  Ureteral perforation 

 description , 140  
 hydrophilic wire , 141  
 laser  fi bers , 141  
 percutaneous nephrostomy tube , 142  
 rigid/ fl exible URS , 141  
 treatment , 142  
 ureteroscopic laser lithotripsy , 141  
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  Ureteroscopic access 
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 placement , 84–85  
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  Ureteroscopy (URS) 
 access tract, creation , 25–26  
 basket extraction, stone , 121  
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 description , 137  
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 intraoperative complications , 138–144  
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 patient preparation , 117, 119  
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 postoperative complications , 144–147  
 renal calculi   ( see  Renal calculi) 
 renal pelvis , 86  
 repair costs , 117  
 retrograde , 17–18  
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