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 In recent years, the fi eld of urology has been transformed by notable develop-
ments in minimally invasive technology. Specifi cally, advances in small cali-
ber fl exible ureteroscopes and endoscopes, laparoscopic instrumentation, 
laparoendoscopic single-site surgery (LESS) and robotics have led to the 
rapid change from urology being an open surgical specialty to a predomi-
nantly minimally invasive surgical fi eld. 

 This textbook provides an essential and comprehensive review of all 
aspects of minimally invasive urology, enlisting a wide array of leaders in the 
fi eld known not only for their clinical prowess, but their commitment to edu-
cation. As such, laparoscopic surgery, robotic surgery, endoscopic surgery, 
and LESS surgery are all reviewed within the context of renal cancer, renal 
reconstruction, bladder cancer, prostate cancer, female urology, stone dis-
ease, stricture disease, and benign prostatic hyperplasia. In each chapter, 
readers will fi nd illustrated step-by-step advice from the experts on how to 
perform these procedures, as well as an equipment list. The book will wrap 
up with chapters on informed consent and cost, both also quite relevant to the 
practicing urologist.  Minimally Invasive Urology  will provide an invaluable 
reference to all urologists. 

 Madison, WI, USA Sara L. Best, MD 
 Madison, WI, USA  Stephen Y. Nakada, MD  

  Pref ace   
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         Initial    access into the peritoneal cavity is one of 
the most critical steps of any laparoscopic and 
robotic case. It is often overlooked in its impor-
tance within the overall success of the operation. 
If not performed correctly, laparoscopic access 
may be fraught with complications, adding to the 
potential morbidity and mortality of any case. In 
this chapter, we will review the various methods 
of laparoscopic and robotic access, as well as the 
potential complications. The technique is similar 
between the two minimally invasive modalities. 
Gaining access in laparoscopic and robotic sur-
gery is the fi rst step towards a successful surgery. 
With optimal placement of trocars and establish-
ment of pneumoperitoneum, the subsequent exe-
cution of the procedure may be carried out in an 
ideal fashion, with the best possible chance of 
success. 

 There are two main types of laparoscopic and 
robotic access: open and closed. The closed 
approach is commonly referred to as the Veress 
technique, while the open approach is also known 
as the Hasson technique. Each has their associ-
ated advantages and disadvantages. Our prefer-
ence is the Veress technique due to its ease and 
simplicity. There is also a technique known as 
direct trocar insertion, which is not commonly 

used. The major complications of any access are 
the potential risk for injury to the bowel and the 
great vessels in the retroperitoneum and the less 
threatening complication of damage to blood 
vessels in the abdominal wall, which rarely can 
create a source of troublesome bleeding, requir-
ing transfusions and return to the operating room. 
Furthermore, some of these injuries may not be 
recognized until the postoperative period, thereby 
increasing the associated morbidity. In the early 
learning curve, a signifi cant proportion of the 
complications related to laparoscopic surgery 
occur during access and port placement [ 3 ], 
which decreases with experience [ 4 ]. 

 Prior to any of the techniques for trocar place-
ment, one should make sure to decompress the 
stomach with a nasogastric or orogastric tube, 
and a Foley catheter should also be placed to 
drain the bladder. These steps reduce the chance 
of injury to the GI tract and bladder due to 
distension. 

 The closed technique employs a Veress needle 
to gain peritoneal access. The Veress needle is 
actually named after the Hungarian physician, 
Janos Veres, who died in 1979 at the age of 76. He 
was a pulmonologist who invented the Veress 
needle in 1932. At that time, there was a high inci-
dence of tuberculosis, and one of the accepted 
treatments at that time was creating an iatrogenic 
pneumothorax by puncturing the pleural cavity. 
This technique was fraught with complications, 
often with direct injury to the lung. Janos Veres 
invented a spring-loaded dual-needle system: one 
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with a blunt tip that comprised the inner core and 
the other a sharp needle that made up the outer 
core (Fig.  1.1a ). The blunt needle would retract 
when faced with the resistance of the skin and 
underlying costal muscles and would spring for-
ward again once inside the pleural space, thereby 
protecting the viscera of the lung. In 1936, Veres 
published his experience of over 900 successful 
interventions. However, it was not until the 1970s, 

with the gaining popularity of endoscopy, that 
Veres contributions were widely appreciated [ 1 ].

   Today, the Veress needle has a bore of 2 mm 
and comes in lengths from 12 to 15 cm. It works 
on the exact same premise of an outer beveled 
needle with an inner spring-loaded stylet that 
springs forward again upon entry into space as 
described by Veres over 75 years ago. The Veress 
needle is the most common method used to gain 
peritoneal access. Out of 155,987 gynecological 
laparoscopic procedures, the Veress technique 
was used to gain access in 81 %. Alternatively, 
out of 17,216 general surgery procedures, the 
Veress needle was used for access in 48 %, 
whereas 46 % employed the Hasson technique 
(the remaining 6 % were accessed via the direct 
trocar insertion technique) [ 2 ]. 

 The most common site of placement of the 
Veress needle is at the umbilicus. This is because 
this is the only location in the abdomen where 
there is no muscle or fat between the skin and 
peritoneum. Previous scars near this site, or a site 
on the abdomen, should dictate that the Veress 
needle be placed in another location—typically a 
minimum of 6 cm from the scar. Umbilical hernia 
is a contraindication to placement of the Veress 
needle in this location. Furthermore, the Veress 
needle may be introduced at any point throughout 
the abdomen and is usually based on surgeon 
preference and comfort level, as well as regard to 
the procedure being performed. It is always wise 
to study available imaging to check for anatomic 
abnormalities or variations, such as hepatomeg-
aly or splenomegaly. Also, one should remember 
that if the patient is in the fl ank position, needle 
placement too far laterally can result in retroperi-
toneal insuffl ation. Selection for placement of the 
Veress needle should be away from subsequent 
fi rst trocar location placement, since introduction 
of the trocar will push down on the abdominal 
wall, with consequent potential advancement of 
the tip of the Veress needle downward towards 
bowel. 

 The main advantage of using the Veress nee-
dle is quicker entry into the abdominal cavity, as 
well as a potentially reduced risk of a port-site 
hernia. The disadvantage of the Veress needle is 
an increased risk of major complications due to 

a

b

  Fig. 1.1    ( a ) Veress tip—spring-loaded inner core retracts 
once the tip of the Veress needle traverses the muscle and 
enters the abdominal cavity. ( b ) Veress placement. 
Holding the Veress securely helps in accurate placement. 
Opening pressures of the pneumoperitoneum should be 
less than 10 mmHg       
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its blind placement, such as bowel insuffl ation or 
bleeding, albeit a rare occurrence. 

 It is important that the stopcock on the Veress 
needle be open during its passage; this allows for 
the entry of air through the needle so that the 
bowel and omentum drop away from the elevated 
anterior abdominal wall. There are several ways 
to determine successful placement of the Veress 
needle in the peritoneal cavity (Fig.  1.1b ):
    1.    Two “clicks”—two clicks are usually heard 

upon successful passage into the peritoneal 
cavity. The fi rst click is heard when the needle 
traverses the fascia of the abdominal wall and 
the second as it is passed through the parietal 
peritoneum.   

   2.    Aspiration—a saline-fi lled syringe is attached 
to the Veress needle and aspirated to make 
sure there is no return of blood or succus. If 
either of these contents is aspirated, the Veress 
needle can be removed with plans for careful 
inspection of intra-abdominal contents once 
the peritoneal cavity is safely accessed.   

   3.    Hang drop—involved placing a drop of saline 
on the external surface of the Veress needle. If 
the saline drops quickly down the needle and 
disappears, then the needle is likely properly 
placed within the peritoneal cavity.   

   4.    Low opening insuffl ations pressures—once 
the needle is in place and the CO 2  insuffl ation 
is begun, opening pressures below 10 mmHg 
generally confi rm correct placement. Starting 
with a low fl ow of gas, confi rming opening 
pressures <10 mmHg, and then increasing the 
gas fl ow rate are the most common and pre-
ferred approach by the authors.    
  Some surgeons may use a combination of the 

above techniques. The two “clicks” and low 
opening pressures obviously should be experi-
enced upon every successful placement. There 
are some physicians who choose to omit the aspi-
ration and hang drop test. A retrospective study 
did report that the double click, aspiration, and 
hang drop test were not confi rmatory for proper 
placement of the Veress within the peritoneum. 
The same study reported that low opening insuf-
fl ations pressure, less than 8 mmHg, was the 
most reliable method for confi rming intraperito-
neal placement [ 11 ]. The hang drop test may 

prove to be additionally helpful in confi rming 
proper placement in morbidly obese patients, 
when opening insuffl ations pressures may be 
borderline high or equivocal simply due to the 
higher resting pressures created by the compres-
sion of the abdominal cavity by a very large 
pannus. 

 Some surgeons perform the “waggle” test, in 
which the needle is moved from side to side. 
They believe that free movement of the needle tip 
indicates a properly placed needle. However, this 
maneuver should actually be condemned, as it 
can easily turn a small, 1.6 mm hole in a vessel or 
bowel into a considerably more problematic situ-
ation by lacerating the tissue within. 

 In morbidly obese patients, one can start with 
increasing insuffl ation pressures temporarily to 
20 mmHg, in order to counter the weight of the 
abdominal pannus, and then after successful tro-
car placement, the pressure may be reduced to a 
working pressure of 15 mmHg. The increase in 
pneumoperitoneal pressure can be safely elevated 
to 20 mmHg in patients without signifi cant car-
diac or pulmonary comorbidities. This step 
increases the distance between anterior abdomi-
nal wall and peritoneal contents, as well as pro-
ducing a more taught abdominal wall, which is 
important for controlling the amount of axial 
force necessary for trocar passage into the abdo-
men [ 4 ]. It has been shown that this maneuver 
can lengthen the distance between aortic bifurca-
tion and the umbilicus from 0.6 cm at a pressure 
of 12 mmHg to 5.9 cm [ 13 ]. One should remem-
ber to return the insuffl ation pressure to 15 mmHg 
upon successful placement of trocars. 

 The open, or Hasson, technique is performed 
by making a small skin incision and bluntly dis-
secting down to fascia. Stay sutures are then 
passed through the fascia on opposite sides 
and tagged with a hemostat. The fascia is then 
incised, creating an opening just large enough to 
pass the trocar. If this incision is larger than is 
needed, diffi culty in maintaining pneumoperi-
toneum throughout the case maybe encountered 
due to gas leaking out of the incision. Once the 
fascia is opened, blunt dissection may be used to 
dissect down to peritoneum. The peritoneum is 
then grasped with pickups or hemostats, brought 
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out of the wound, and opened sharply. A fi nger 
is inserted into the peritoneal cavity to assess for 
any adhesions. The blunt-tipped trocar can then 
be safely passed into the peritoneal cavity under 
direct visualization. The fascial stay sutures 
are then used to secure the trocar to the fascia, 
thereby preventing dislodgement later in the case. 
Many ports designed for use with the Hasson 
technique offer a balloon on the distal end of the 
trocar that is infl ated within the peritoneal cavity 
and then retracted upward to compress against 
the abdominal wall, thus minimizing accidental 
displacement and also gas leaks. There may be a 
sponge on the proximal aspect of the trocar that 
may be compressed against the body wall to also 
help with securement of the port in addition to 
preventing gas leak. Disadvantages to the Hasson 
technique include increased time in placing this 
initial port, as well as an increased risk of gas 
leakage from the wound throughout the case, 
especially in obese patients. In cases of gas leaks 
from a port site, the leak can usually be mini-
mized and pneumoperitoneum maintained by 
compressing Vaseline gauze around the leaking 
port site, by placing a sharp towel clamp around 
the skin edges or by simply suturing the fascial 
opening closed so there is a better seal around 
the port. 

 Direct trocar placement by physical elevation 
of the abdominal wall, without creation of a 
pneumoperitoneum or absence of Hasson “open” 
technique, is not advised or recommended due to 
increased risk of injury. 

    Complications of Laparoscopic Access 

 Fortunately, injury rates during laparoscopic 
access are relatively low, with most sources 
reporting risks ranging from .05 % to as high as 
.3 % [ 5 ]. However, most feel that the rates of 
complications are vastly underreported. A survey 
of 407 Canadian gynecologists indicated that at 
least 25 % of them had experienced access- 
related injuries [ 9 ]. It’s been postulated that most 
studies come from surgeons and centers of high 
volume, whose complications rates would natu-
rally be lower once they are past the learning 

curve. Studies have indicated that 13–50 % of 
vascular injuries and approximately 40–50 % of 
bowel injuries are unrecognized until later in the 
postoperative period [ 4 ,  5 ]. 

 One of the leading causes of death from lapa-
roscopic access is major vascular injury and car-
ries a mortality rate as high as 15 %. It is second 
only to anesthesia as the leading cause of mortal-
ity in laparoscopy [ 6 ]. It can occur during pas-
sage of the Veress needle or with placement of 
the trocar itself. Typically, injuries made with the 
Veress needle are self-limiting, and the Veress 
needle may simply be removed if no manipula-
tion of the needle has occurred. In thin patients, 
the distance from the anterior abdominal wall to 
the retroperitoneum and its associated vascular 
structures may be as little as two centimeters [ 4 ]. 
The most commonly injured retroperitoneal ves-
sel injured is the right common iliac artery, given 
that it lies just posterior to the umbilicus. 
However, any of the great vessels or their 
branches may lie in harm’s way. 

 Injury to the inferior epigastric vessels is the 
most common minor vascular injury. If the injury 
is recognized and bleeding is brisk, a Foley cath-
eter may be inserted through the fascial opening, 
the balloon infl ated, and traction held on the 
Foley so that the bleeding is temporarily tampon-
aded until further control can be obtained. 
Alternatively, some advocate nothing more than 
maintaining traction on the Foley balloon for 
24 h with subsequent removal the next day. The 
same authors maintain that sutures may be placed 
full thickness through the abdominal wall above 
and below the bleeding site to gain immediate 
hemostasis, with removal of these sutures after 
24 h [ 10 ]. This maneuver can be performed using 
a port closure device, such as the Carter- 
Thomason, fascial closure device to pass suture 
above and below the site of bleeding in order gain 
hemostasis. 

 As stated previously, if a Veress needle is 
placed, with immediate suspicion for vascular 
injury, it may be removed and placed in a differ-
ent location, with vigilant subsequent inspection 
of the original site upon successful entry into the 
abdomen. Alternatively, the Hasson technique 
can also be employed at that time, depending on 
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the surgeon’s discretion. If a trocar is passed and 
blood is noted to be pooling or welling in the tro-
car upon removal of the obturator, the trocar 
should not be removed. Rather, a high suspicion 
of great vessel injury should exist, with potential 
consideration for conversion to exploratory lapa-
rotomy. One should also be aware that not all vas-
cular injuries are immediately apparent; some 
retroperitoneal bleeds may not be diagnosed until 
the postoperative period. 

 Bowel injury is the third leading cause of 
death from laparoscopic procedures, behind 
anesthesia and vascular injury. Unfortunately, 
bowel injuries are often not recognized intraop-
eratively, and diagnosis may occur in a delayed 
fashion after the patient’s condition has deterio-
rated signifi cantly. A bowel injury carries a mor-
tality rate of 2.5–5.0 % [ 4 ,  5 ]. It has been found 
that delayed recognition and patient age greater 
than 59 were both independent predictors of 
death in cases of bowel injury. One complication 
that can be easily missed is through-and-through 
passage of a trocar through a loop of bowel. In 
other words, the trocar has passed through the 
lumen of the bowel and comes out of the other 
side, with no real visual evidence of an injury, 
unless the surgeon passes all secondary trocars 
under direct vision and then goes back and visu-
alizes the initial port as well (if a closed tech-
nique was used). 

 Recognizing these bowel injuries as early as 
possible is extremely important in mitigating the 
risk of patient mortality and in reducing morbid-
ity. The most common presentation is “severe 
single trocar pain site, abdominal distension, 
diarrhea, and leukopenia followed by acute car-
diopulmonary collapse secondary to sepsis 
within 96 h of surgery [ 16 ].” Bishoff et al. also 
reported that nausea and vomiting, ileus, and 
generalized abdominal pain were not common 
presentations. None of the patients had leukocy-
tosis or peritoneal signs; only one had a fever 
greater than 38°C. The only reliable fi nding was 
a leukocytosis, with elevation on the manual dif-
ferential, or bandemia. A high index of suspicion 
is paramount, and a CT scan with oral contrast 
can be obtained if concern exists in the postop-
erative period. 

 Bhoyrul et al. [ 7 ] studied 629 trocar injuries 
during a 3-year period from data mined from the 
Food and Drug Administration (FDA). 
Manufacturers are legally required to report inci-
dents involving medical devices as dictated by 
the Safe Medical Devices Act, passed by 
Congress in 1990. In turn, hospitals are obligated 
to report device-related deaths to both the FDA 
and the manufacturer. Serious injuries may be 
reported to the manufacturer or FDA; the manu-
facturer is then required to disclose these injuries 
to the FDA within 30 days in the prior scenario. 
In their study, out of 629 trocar injuries, there 
were 32 deaths, with 26 (81 %) due to vascular 
injuries and the other 6 (19 %) being due to vis-
ceral (mostly bowel) injuries. Of these vascular 
injuries involving patient death, 23 % involved 
the aorta, and 15 % were a result of trauma to the 
inferior vena cava. The rest were attributable to 
injury to the iliacs or other vessels. In respect to 
the deaths due to bowel injuries, none were rec-
ognized intraoperatively. It should also be noted 
that in four of these cases, one involved a bleed-
ing disorder undiagnosed prior to surgery, one 
had an abdominal aortic aneurysm that was 
unknown before surgery, one involved a trocar 
reinsertion into the abdomen without reinsuffl at-
ing the abdomen, and one was a surgeon’s fi rst 
case. In looking at all injuries in the series—not 
just those involving mortality—it should be noted 
that a concomitant bowel injury occurred in 9 % 
of vascular injuries. 

 One must keep in mind patient anatomy dur-
ing laparoscopic port placement. The distance 
between the retroperitoneal vessels and the ante-
rior abdominal wall is only 3–4 cm and can be as 
little as 2 cm in thin patients. However, by induc-
ing pneumoperitoneum or by    raising the abdomi-
nal wall anteriorly manually with towel clips next 
to the area at planned trocar insertion, one may 
increase this distance to 8–14 cm [ 7 ]. One should 
also take extra care when placing trocars in those 
with abdominal wall laxity, such as those with 
atrophy of the muscle of the anterior abdominal 
wall and in females with a history of multiple 
pregnancies. This scenario will bring the anterior 
abdominal wall closer to the retroperitoneal ves-
sels during port insertion if one is not careful. 
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When inserting ports in the umbilicus, it is gener-
ally recommended that port insertion should 
occur at a 90° angle to the skin to gain direct 
entry into the abdomen instead of scything the 
surface. Also, one should be aware that the bifur-
cation of the aorta is approximately at the level of 
the iliac crest. One of the most important tenets 
of laparoscopy is the need to control the axial 
force of entry during port placement; this may be 
the single most important step in preventing a 
catastrophic vascular injury. The axial force 
required for successful, safe trocar placement in 
each patient is different and is a learned motor 
and cognitive skill, with some reliance on muscle 
memory. It has been noted in studies that control-
ling the axial force is less diffi cult when the force 
needed is minimal in relation to the total upper 
body strength of the person passing the trocar [ 8 ]. 
Other factors that should be kept in mind as it 
relates to muscle memory and proprioception are 
the height of the table and the need to resist the 
urge to reach across the table to place a lateral 
port [ 5 ]. Trocars should be directed towards the 
organ of interest in order to avoid tearing of the 
fascia with subsequent placement of instruments 
and dissection. 

 Finally, laparoscopy and port placement do 
carry with it the small risks of a carbon dioxide 
gas embolism, which can potentially be fatal. The 
incidence has been reported to be .001 % in a 
review of 489,335 closed laparoscopy cases. This 
complication has not been reported with open 
laparoscopic techniques [ 4 ,  12 ]. The patient may 
experience arrhythmias, tachycardia, cyanosis, 
and ultimately cardiovascular collapse. The anes-
thesiologist will see a sharp rise in the end-tidal 
CO 2 , and a mill-wheel murmur may be auscul-
tated. If this occurs, the surgeon should immedi-
ately desuffl ate the abdominal cavity, and the 
patient should be placed in the left lateral decubi-
tus position with the head down.  

    Types of Trocars 

 There are several types of trocars currently avail-
able. The authors’ preference is to use a bladeless 
dilating trocar for subsequent decreased risk of her-
nia (Fig.  1.2a ). Other alternatives are disposable, 

shielded cutting trocars, visual entry trocars, blade-
less dilating trocars, and radially expanding trocars. 
All of these are placed after initial insuffl ation of 
the abdomen with a Veress needle and always 
under direct visualization. With placement of any 
trocar, it is important to remember to extend the 
index fi nger of the dominant hand that is advancing 
the trocar to serve as a limit to how deep the trocar 
may be inserted. Our preference as well is to use an 
optical access, visualizing obturator, which allows 
the 10 or 5 mm laparoscope to be placed within the 
shaft of the trocar and allows direct visualization of 
the layers of muscle and subcutaneous fat as the tip 
of the trocar traverses the layers, in order to identify 
entry into the abdomen (Fig.  1.2b ).

   Optical access laparoscopic trocars have an 
obturator which is hollow, with a clear tip, allow-
ing the laparoscope to be inserted into the obtu-
rator during passage into the peritoneal cavity. 
This displays each layer of the abdomen during 

a

b

  Fig. 1.2    ( a ) Bladeless, dilating trocars. ( b ) Note the 
ridges at lateral edge of trocar which separate and spread 
fascia rather than a blade which cuts tissue       
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placement of the trocar. The visual obturators 
come in both bladed (Visiport, US Surgical, 
Norwalk, CT) and non-bladed varieties 
(Optiview, Ethicon, Cincinnati, OH). Optical 
access trocars have a great advantage of safely 
visualizing each layers of the abdominal wall 
during placement of the initial trocar and are 
highly recommended for all laparoscopic cases. 
Unfortunately, the robotic camera does not fi t 
within the obturator of currently available opti-
cal access trocars. 

 These trocars can be combined with a blade-
less, dilating trocars which are similar to the 
bladed tips in overall appearance, except the tip 
of the obturator is conically shaped plastic with a 
ridge on it. This trocar has a lower risk of cutting 
vessels in the abdominal wall during trocar inser-
tion, as well as a lower risk of port-site hernia due 
to the lack of cutting the fascia, which ultimately 
translates into a smaller fascial defect. In contrast 
to the VersaStep, there is no inherent counter 
traction mechanism (i.e., dispersion of axial force 
into radial force) involved in placing the trocar. 
Thus, some feel that there is at least higher theo-
retical risk of a vascular injury to the retroperito-
neal vessels associated with placement as 
compared to the VersaStep. 

 Disposable, shielded cutting trocars rely on 
the same principle as a Veress needle in its design 
and function. It has a bladed tip covered by a 
plastic sheath. The plastic sheath retracts when it 
meets resistance, thereby exposing the cutting tip 
as it passes through the abdominal wall, with 
subsequent retraction of the plastic sheath over 
the blade upon passage into the peritoneal cavity. 
Advocates of this trocar feel that there is less 
axial force needed to advance the trocar into the 
abdominal cavity, thereby lessening the likeli-
hood of inadvertent passage of the trocar into the 
retroperitoneum, where the great vessels reside. 
However, others feel that there is more potential 
for harm during that very brief moment when the 
blade is still exposed immediately after passage 
into the peritoneal cavity, with subsequent 
increased risk of hernia. 

 Finally, radially expanding trocar, often 
referred to as the VersaStep trocar, is a bladeless 
trocar (Fig.  1.3 ). There is a theoretical lower risk 
of vascular injury within the abdominal wall, such 

as the inferior epigastrics, as the tip displaces ves-
sels out to the side rather than cutting through 
them. These create a smaller fascial defect, as it is 
just stretched rather than cut. As a consequence of 
stretching, in lieu of cutting, the fascia, these tro-
cars typically have an extremely low leak rate of 
CO 2  compared to other trocars. More importantly, 
the counter traction provided by the webbed outer 
fl ange provides a counterforce to the axial force 
during placement. There is published data of 
almost 2,600 patients where no major vascular 
injuries occurred and where bare needle punc-
tures into the small bowel, liver, and small mesen-
teric vessels were the only intra- abdominal 
injuries [ 5 ]. One complaint is that the smooth 
sides of the trocar lack the grip on the abdominal 
wall of other trocars and thus may make it more 
prone to accidental dislodgement during surgery. 
However, the authors have not found this to be a 
common occurrence in our practice. Also, it is 
generally held that these port sites do not require 
fascial closure. Series of bariatric patients in 

  Fig. 1.3    VersaStep trocar. A sheath is placed over the 
Veress needle fi rst during initial access. After withdraw-
ing the Veress needle, the subsequent trocar is placed 
within the sheath, so that counterforce is applied during 
trocar placement       
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which port-site hernia rates with the VersaStep 
were reviewed. They retrospectively studied 741 
consecutive bariatric patients undergoing laparos-
copy for gastric bypass surgery. Each patient had 
an initial supraumbilical Hasson port placed, with 
the rest of the ports employing the VersaStep sys-
tem: two 12 mm ports and three 5 mm ports. Only 
the Hasson port was closed. There were no her-
nias at any of the VersaStep sites; there were nine 
incisional hernias at the Hasson site [ 14 ]. 
Nevertheless, there is at least one case report of a 
port-site hernia occurring with the VersaStep 
 trocar [ 15 ].

       Port-Site Hernias 

 Port-site hernias are a relatively rare yet serious 
complication of laparoscopic surgery. First 
reported in the literature in 1968 [ 17 ], it has an 
estimated prevalence of 0.5 % [ 18 ]. Most of these 
port-site hernias are associated with trocars that 
are at least 10 mm in diameter. In one series from 
the gynecologic literature, out of 840 port-site 
hernias, 86.3 % were associated with trocars that 
were ≥10 mm; 10.9 % occurred with ports 
between 8 and 10 mm; 2.7 % occurred with tro-
cars ≤8 mm [ 19 ,  20 ]. 

 It is generally held that port-site hernias are 
more apt to occur in the midline, rather than at the 
site of laterally placed ports [ 20 ]. Given    that the 
umbilicus is the weakest point in the abdominal 
wall and is a commonly used access point for port 
placement, this fi nding is not surprising. Many 
surgeons, depending on the type of case, may 
extract the specimen through the umbilical port, 
thereby stretching and weakening the fascia. The 
counterargument is that multiple muscle and fas-
cial layers of the lateral abdominal wall provide 
additional layers of protection against port-site 
hernias which midline access points cannot offer 
[ 20 ,  21 ]. Another proposed reason for the smaller 
risks posed by laterally placed ports is simply 
anatomic: the small bowel is in more direct and 
continuous contact with the abdominal midline 
than at points on the lateral abdominal wall [ 22 ]. 

 Another risk factor for port-site hernias is obe-
sity, due to the higher intra-abdominal pressures 

and also due to a higher likelihood of improper 
closure of the wound as a result of the challenges 
posed by their body habitus [ 20 ]. 

 The clinical presentation of a port-site hernia 
must be recognized quickly, and clinicians 
should carry a low index of suspicion for those 
patients with GI complaints or tenderness at the 
port site, especially when occurring within 
14 days from surgery. GI complaints usually 
consist of abdominal pain, nausea and vomiting, 
and often abdominal distension—often the clas-
sic signs of small bowel obstruction. The diag-
nosis often can be made clinically but is usually 
clinched with a CT scan. Once realized, the 
patient should be taken to the operating room if 
signs and symptoms of an acute abdomen exist. 
The risk of nonoperative management delays 
surgical repair, with potential subsequent criti-
cal illness due to strangulation and necrosed 
bowel [ 20 ]. 

 Ultimately, most of the literature supports 
closing those ports that are 10 mm in size or 
greater. Trocars less than 10 mm in size pose 
lower risk, though one should be aware that port- 
site hernias can still occur with these smaller 
ports. Moreover, port-site hernias can still occur 
in port sites that have been closed if the fascia 
tears. Thus, the physician’s index of suspicion in 
the postoperative period should always remain 
high.  

    Fascial Closure 

 The Carter-Thomason fascial closure device is a 
simple yet effective way of closing port sites 
(Fig.  1.4a ) and typically necessary only for ports 
which measure 10 mm or larger. Due to diffi culty 
in closing fascia using traditional open methods 
with a needle driver, the Carter-Thomason device 
is a time-effi cient and safe means of closing 
 fascia under direct visualization. Also, it makes 
closing the peritoneal defect easier [ 23 ] in obese 
patients.

   Application of the Carter-Thomason device 
starts with grasping a #1-Vicryl suture (with the 
needle cutoff) in the middle of the strand 
(Fig.  1.4b ). A single hemostat holds both ends of 
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the suture together to avoid inadvertent passage 
of the ends. Then, under direct laparoscopic 
vision through another port, the Carter-Thomason 
device is passed through the fascia on one side of 
the fascial defect into the abdominal cavity. The 
device is then withdrawn, leaving the free suture 
inside the abdominal cavity and then passed a 
second time through the opposite side of the tro-
car incision back into the abdominal cavity, 
where the free suture is grasped again and with-
drawn through the skin. It is helpful to use a lapa-
roscopic needle driver through a separate port to 
grasp the free suture and direct it towards the 
jaws of the Carter-Thomason device if there is 
any diffi culty in retrieval.  

    Exiting the Abdomen 

 Port removal is often relegated to an afterthought 
as it pertains to the rest of the case. However, 
there still is the potential for complications dur-
ing this fi nal step of the operation. At the very 
least, it should be viewed as a fi nal opportunity 
to assess the abdomen before completing the 
procedure. One should visually inspect the surgi-
cal area again to confi rm adequate hemostasis. 
Also, one should inspect the bowel to ensure 
there is no evidence of injury or entrapment in 
trocar closure. The extraction side can be rein-
spected a fi nal time to confi rm adequate airtight 
fascial closure and decrease risk of incisional 
hernia (Fig.  1.5 ). Finally, all of the ports, with 
the exception of the fi nal one, should be with-
drawn under direct vision. The surgeon should 
make sure that there is no bleeding from any of 
the port sites in the anterior abdominal wall that 
could signify a serious vascular injury, such as a 
laceration to the epigastric vessels which poten-
tially could have been tamponaded by the trocar 
up to that point in the case. Prior to removing the 
last port, all remaining carbon dioxide should be 
evacuated from the abdomen. Otherwise, a par-
tial vacuum is present, and omentum and bowel 
may be drawn into the trocar upon its removal 
[ 22 ], thereby creating a port-site hernia or may 
lead to referred shoulder pain due to irritation to 
the diaphragm.

a

b

  Fig. 1.4    ( a ) Carter-Thomason fascial closure device. ( b ) 
Tip of Carter-Thomason. A #1-Vicryl is placed through 
the abdominal wall, and instrument is withdrawn. After 
subsequent second pass on the opposite side of the inci-
sion with the instrument, the suture is grasped and with-
drawn up out of the incision       

  Fig. 1.5    CT scan of incisional hernia       
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       Summary 

 In summary, the surgeon should maintain a high 
index of suspicion for injury on every single case. 
It can be easy to be lulled into sense of compla-
cency, or let one’s vigilance decrease before the 
fi nal closure is completed. One    should always be 
mindful that a signifi cant number bowel injuries 
go undiagnosed until the postoperative period, 
and a sizable number of vascular injuries, includ-
ing those in the retroperitoneum, are not recog-
nized intraoperatively. With a careful inspection 
at the end, with attention to detail, the risk of 
complication is minimized.     
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            Equipment List 

 OR table (slider and 
kidney rest preferred) 

 12 mm working port 
(optional) 

 Small long gel rolls ×2  Laparoscopic specimen 
entrapment bag (12 or 15 mm) 

 Pillow  Multifi re Endo GIA stapler® 
(for radical nephrectomy, 
available during partial 
nephrectomy) (Covidien, 
Mansfi eld, MA) 

 Small fl at gel pad  Laparoscopic retractor, 
e.g., Endo Paddle 12 mm 
(available) (Covidien) 

 Towels  2–0 barbed, e.g., V-Loc® 
(Covidien, Mansfi eld, MA) or 
Vicryl suture ×2 (more 
available if needed, for partial 
nephrectomy) 

 3 in. silk tape  Laparoscopic Weck® 
Hem-o-lok® clip applier 
with clips (Telefl ex, Research 
Triangle Park, NC) 

 Thompson scope 
holder (optional) 

 Lapra-Ty® applier (Ethicon, 
Blue Ash, OH) (for partial 
nephrectomy)  Laparoscopic argon 

bovie 
 Laparoscopic 
LigaSure® (Covidien, 
Mansfi eld, MA) 
 Air seal generator 
 Intraoperative 
ultrasound 
 Veress needle 14G 
 12 mm AirSeal® trocar 
and insuffl ation system 
(SurgiQuest, Milford, 
CT) 
 10 mm camera port 
 5 mm suction port 

       Transperitoneal Approach 

    Patient Positioning 

 The patient is brought into the operating room and 
positioned supine on the table. After induction of 
anesthesia, the patient is placed in a modifi ed lat-
eral decubitus position at 30° with the ipsilateral 
side of the abdomen elevated. Gel rolls or pillows 
may be placed behind the back to aide in position-
ing. The contralateral arm is placed out on armrest 
at less than 90°. The ipsilateral arm is bent and 
placed across the chest. At this degree of rota-
tion, the legs may remain in anatomic position 
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and should not require bent knee positioning and/
or elevation of the ipsilateral leg as there should 
not be a signifi cant degree of hip adduction and 
thus no strain on the sciatic nerve. At this degree 
of rotation, there is also generally no need for 
an axillary roll. However, for obese patients, an 
axillary roll may be necessary to relieve any pres-
sure on the brachial plexus. The patient is secured 
to the surgical table with tape or straps placed 
across the hips and across the chest (underneath 

the  ipsilateral arm). These authors prefer wide 
silk tape placed over gel pads and surgical towels. 
All pressure points should be padded to prevent 
soft tissue injury and rhabdomyolysis. (Refer to 
Table  2.1  for further description regarding posi-
tioning injuries.) The ipsilateral arm is loosely 
secured to prevent movement during the case. 
Bilateral legs are also loosely secured to the surgi-
cal table to prevent signifi cant movement during 
the case. See Fig.  2.1 .

        Table 2.1    Complications [ 1 ]   

 Complication  Prevention  Management 

 Positioning 
injury 

 Brachial plexus 
injury 

 Axillary roll for lateral positioning; 
axillary roll for obese patients in 
modifi ed lateral position; prevent 
abduction of contralateral arm >90° 

 Physical therapy 

 Sciatic injury  Support ipsilateral leg with pillows 
to prevent adduction of hip 
particularly in fl ank position 

 Physical therapy 

 Rhabdomyolysis  Keep all pressure points padded; 
minimize operative time 

 Aggressive hydration, consider urine 
alkalinization 

 Veress needle 
injury 

 To bowel  Appropriate selection of insertion 
site away from scars, use of OG/NG 
tube to decrease gastric distension; 
use of Hasson technique for 
complicated access 

 Do NOT insuffl ate; remove needle, 
examine, gross spillage requires 
evaluation and unlikely to be managed 
conservatively 

 To liver/spleen  Appropriate selection of insertion 
site away from scars; use of Hasson 
technique for complicated access 

 Do NOT insuffl ate; remove needle, 
examine, hemostatic agents, or 
coagulation (argon beam); surgical 
consultation for large bleeds 

 To gallbladder  Appropriate selection of insertion 
site away from scars; use of Hasson 
technique for complicated access 

 Do NOT insuffl ate; remove needle, 
examine, surgery consult, likely requires 
cholecystectomy 

 To vasculature  Appropriate selection of insertion 
site away from scars; use of Hasson 
technique for complicated access 

 Do NOT insuffl ate; remove needle, 
examine, repair if necessary, open if 
necessary 

 Vascular injury  Review and refer to CT/MRI 
imaging 

 Exposure, turn up pneumo; add trocars or 
open if necessary; repair vs ligate; for 
epigastric injuries (usually trocar related), 
full-thickness suture ligation should be 
used to control bleeding 

 Bowel injury  Avoid cauterization near the bowel; 
take extra care during duodenal 
dissection 

 Intra-op repair, general surgery consults; 
exploration, general surgery consult 
(delayed) 

 Liver/splenic injury  Avoid unnecessary traction on liver 
or spleen; care during Veress needle 
insertion 

 Hemostatic agents or coagulation (argon 
beam); surgical consultation for large 
bleeds 

 Diaphragmatic injury  Avoid monopolar cautery use during 
lateral/apical dissection 

 Suture repair +/− chest tube placement 

 Ureteral injury  Identifi cation of the ureter early in 
dissection 

 Mobilization, debridement if necessary 
(cautery injury), tensionless suture repair, 
stent placement (intra-op); ureteral stent 
vs percutaneous nephrostomy with 
possible delayed repair (delayed) 
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    When positioned in this manner, there should 
be no need to fl ex the bed or to use kidney bar. 
Unlike open surgery, these maneuvers are 
unlikely to aide in exposure and have known 
potential associated morbidity. Once in position, 
the surgical bed should be lowered and then 
rotated toward the operating surgeon to ensure 
the patient remains secure and immobile.  

    Trocar Positioning 

 The surgeon stands on the contralateral side of the 
surgical bed. Access and pneumoperitoneum can 
be achieved via closed (Veress needle) or open 
(Hasson) techniques. The Veress needle may be 
inserted via the umbilicus or, in cases of prior 
midline abdominal surgery, subcostally. Two 
“clicking” sounds should be heard as the needle 
passes through fascia and peritoneum. Aspiration 
and saline drop test are used to help confi rm intra-
peritoneal location. Opening  pressures should 
be ≤5–10 mmHg. Refer to Table  2.1  for further 

 discussion regarding Veress needle injuries. Once 
insuffl ation pressure has reached 15 mmHg, tro-
car placement can take place. 

 Generally, the camera port (10 mm) is placed 
at the level of the umbilicus, a 5 mm port is 
placed in the subxiphoid position, and a 12 mm 
working port is placed in the lateral position of 
the ipsilateral side of the abdomen cephalad to 
the anterior superior iliac spine. Please refer to 
Fig.  2.2  for diagram of placement.

   For right-sided procedures, there may be a 
need for an additional port for liver retraction. 
This port (5 mm) may be placed just superior 
and/or medial to the upper 5 mm trocar. A ratch-
eting grasper can then be placed from this medial 
port underneath the liver and then grasping the 
side wall to displace the liver cephalad and out of 
the surgical fi eld. It is important that the grasper 
is placed cephalad enough through the abdominal 
wall to allow for adequate superior retraction of 
the liver and prevent clashing with the right-hand 
port. Liver retraction can also take place from an 
inferior approach by placing an additional 5 mm 

 Complication  Prevention  Management 

 Urine leak  Closure of collecting system in 
separate layer 

 Placement of ureteral stent, percutaneous 
drainage of urinoma if necessary 

 Wound infection  Sterile prep  Antibiotics; opening wound and packing 
may be needed if abscess is suspected 

 Incarcerated hernia  Close all trocar sites 12 mm or 
larger or any port placed with 
cutting trocar 

 Exploration if clinical suspicion 

Table 2.1 (continued)

  Fig. 2.1    Modifi ed lateral 
decubitus positioning       
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port lateral and cephalad to the lateral 12 mm port. 
A laparoscopic liver retractor can then be used to 
superiorly displace the liver without obstructing 
the left- and right-hand working ports. 

 There are additional considerations for trocar 
placement in specifi c patient populations. For 
obese patients, trocars should be shifted laterally 
secondary to habitus (Fig.  2.3 ). In patients with 
prior surgeries, initial trocar placement should 
take place away from prior surgical incisions. In 
patients with multiple prior surgeries and com-
plicated abdomens, the surgeon must take great 
care with access to avoid complications. In select 
cases, after successful initial insuffl ation with a 
Veress needle, one can employ a second Veress 
needle in a proposed site for the initial trocar. 
If the surgeon hears a stream of air when that 

 location is probed with the second Veress needle, 
this suggests few if any adhesions in that area and 
raises confi dence of this being a safe location for 
trocar placement (Richstone, unpublished data). 
For very complex abdomens, one should strongly 
consider the open Hasson technique for access or 
a retroperitoneal approach. For the open Hasson 
approach, a 10–12 mm incision is made through 
the skin, and blunt dissection is performed down 
to the fascia which is incised sharply. The peri-
toneum is grasped between two clamps and cut 
with Metzenbaum scissors. A Hasson trocar is 
then placed after a “360° sweep” with a fi nger to 
ensure proper entry into the peritoneal cavity and 
assess the abdomen for adhesions. Subsequent 
trocars can then be placed under direct visual-
ization and with incisions hidden within prior 

  Fig. 2.2    Laparoscopic port 
positioning. C = camera port, 
12 = 12 mm port, 5 = 5 mm 
port       

  Fig. 2.3    Laparoscopic port 
shift for obese patients. 
C = camera port, 12 = 12 mm 
port, 5 = 5 mm port       
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scars after it is ensured that there are no intra- 
abdominal adhesions that may prevent safe trocar 
placement.

   Once trocars are placed, the surgical bed is 
lowered and rotated to the contralateral side to 
allow for medial displacement of intra- abdominal 
contents and to promote exposure of the retro-
peritoneum as in Fig.  2.4 .

       Simple/Radical Nephrectomy 

 The camera is placed via the umbilical 10 mm 
port. The 30° downward defl ecting lens is the 
most common lens used. The camera may then 
be held and manipulated by a surgical assistant 
or by the Thompson laparoscopic camera holder. 
Next, the colon is refl ected medially to expose the 
retroperitoneum. An incision is made along the 
white line of Toldt from the splenorenal (left) or 
hepatorenal (right) fl exure inferiorly to below the 
level of the lower pole of the kidney. The colon is 
refl ected medially. Care should be taken to avoid 
entrance into Gerota’s fascia. With appropriate 
dissection, the anterior surface of Gerota’s fas-
cia remains intact as the posterior aspect of the 
mesocolon is dissected free. Holes within the 
mesentery may be made during this dissection 
and should be closed once identifi ed to avoid 

internal hernia. If the hole is small, laparoscopic 
metal clips may be used for closure. Larger holes 
may require suture reapproximation. 

 During right-sided procedures, care must be 
taken to identify and prevent injury to both the 
duodenum and gallbladder. Dissection should 
not take place on the duodenum itself. Kocher 
maneuver is typically needed to medially refl ect 
the duodenum and expose the renal hilum and 
should be performed in a sharp, athermal manner. 
Attachments to Gerota’s fascia should be taken 
down sharply and an adequate distance from the 
duodenum so that if bleeding is encountered, 
cautery can be safely used without risking injury 
to the duodenum. 

 Once the colonic refl ection is complete, the 
anterior surface of the psoas muscle should be 
easily identifi ed. If the muscle is not directly 
visualized, care should be taken to identify the 
gonadal vessel and/or ureter just inferior to the 
lower pole of the kidney. Dissection posterior 
to the gonadal vessels and ureter will allow for 
identifi cation of the anterior surface of the psoas 
muscle. In obese patients, the fi eld of vision is 
altered by lateralization of the ports, and thus the 
anatomy may appear aberrant. Dissection tends 
to be more medial than it appears, and hence 
clear identifi cation of the vena cava (for right-
sided procedures) and the aorta (for left-sided 

  Fig. 2.4    Oblique fi nal 
patient positioning       
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procedures) should take place to ensure dissec-
tion within the appropriate planes. 

 With the psoas muscle identifi ed, the overlying 
gonadal vein and ureter can be traced superiorly 
toward the renal hilum with a combination of sharp 
and blunt dissection. Generally, the ureter is 
retracted anteriorly, and the gonadal vessels may 
be retracted with it or left down in its anatomic 
position. The posterolateral aspect of the kidney 
can be dissected free bluntly. This allows for strong 
anterior retraction of the kidney to best expose the 
renal hilum. Careful dissection should take place 
around the renal hilum to identify the primary 
renal vein and renal artery, which generally lies 
posterior to the vein. Dissection takes place pri-
marily in a blunt fashion with the suction/irrigator. 
Generally, there is thin connective tissue both infe-
rior to and overlying the renal vein that needs to be 
transected to allow for complete identifi cation. 
Preoperative imaging can be reviewed to check for 
aberrant renal vasculature so that these vessels can 
additionally be identifi ed and controlled. Gonadal 
vessels, aberrant venous vasculature, and lumbar 
vessels may be clipped and transected as needed to 
aide in isolation of the hilum. 

 The renal artery should be controlled fi rst. 
Laparoscopic endovascular stapler is used to 
transect the renal artery. Weck clips for arte-
rial control are contraindicated by the FDA 
during laparoscopic donor nephrectomy sec-
ondary to potential for dislodgement with 
resultant profuse bleeding. As such, isolated 
Weck clips for control and transaction of the 
renal artery are not recommended (  http://www.
fda.gov/Safety/MedWatch/SafetyInformation/
SafetyAlertsforHumanMedicalProducts/
ucm254363.htm.    ) [ 2 ]. When the renal vein is 
obstructing appropriate visualization of the 
artery, a single Weck may be placed on the artery 
to allow for venous transection with endovascu-
lar stapler prior to arterial transection. 

 Once the hilar vessels are transected, dissec-
tion can continue superiorly. The adrenal gland 
may be spared during most radical nephrectomies 
including large upper pole tumors given the nega-
tive predictive value of modern cross- sectional 
imaging [ 3 ]. Indications for concomitant 
 ipsilateral adrenalectomy are evidence of adrenal 

metastasis on imaging, macroscopic evidence of 
disease at the time of surgery, or direct extension 
of tumor into the adrenal gland. In adrenal spar-
ing surgery, dissection should take place in the 
plane between the adrenal gland and the upper 
pole of the kidney. Small adrenal branches may 
be encountered, and therefore meticulous hemo-
stasis should be employed. This portion of the 
dissection is aided by use of the LigaSure. 

 Once complete, the only remaining attach-
ments should be the lateral attachments of the 
kidney, which can be taken down with a combi-
nation of blunt and sharp dissection, and the ure-
ter, which can be transected after placement of 
clips or with an additional reload of endovascular 
GIA stapler. The kidney is then placed within a 
laparoscopic specimen bag. 

 The site of extraction can be determined on an 
individual basis. Generally, the specimen is 
removed via the umbilical site. An incision is 
extended through the skin and then down through 
the fascia with care taken to avoid injury to intra- 
abdominal contents. The specimen bag can then 
be removed and the incision closed. The abdo-
men should be reinsuffl ated and the surgical bed 
inspected to ensure adequate hemostasis after a 
period of desuffl ation. The area should also be 
inspected for any evidence of injury to other 
intra-abdominal contents. Table  2.1  discusses 
management of these injuries as well as potential 
means of preventing other organ injury. 

 The fascia at the sites of 12 mm ports, cutting 
trocars, and (at surgeons discretion) 10 mm tro-
car sites should be closed to prevent hernia (see 
Table  2.1 ). A suture passer system may be 
employed with a 0 Vicryl or a doubled over 2-0 
Vicryl suture that is placed under direct visualiza-
tion through the fascia on either side of the trocar 
defect while the abdomen remains insuffl ated.  

    Partial Nephrectomy 

 Trocar placement, colonic refl ection, and isola-
tion of the renal hilum take place in a manner the 
same as that previously described for laparo-
scopic radical nephrectomy. The next steps of the 
procedure are dependent on tumor location. 
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For anterior tumors, some lateral mobilization of 
the kidney may be necessary to be able to outline 
the entirety of the tumor. For posterior tumors, 
the entire kidney must be mobilized to allow for 
fl ipping and/or twisting of the kidney to expose 
the area of interest. Complete mobilization 
involves freeing the upper pole of the kidney 
from the inferior border of the adrenal gland (as 
described in a radical nephrectomy procedure). 
Mobilization of the lower pole can easily take 
place after the ureter and gonadal vessels are 
identifi ed and isolated, and the remainder of the 
attachments can be taken quickly without fear of 
injury to adjacent structures. Once adequate 
mobilization has been achieved, intraoperative 
ultrasound is used to identify the location of the 
renal mass and its characteristics (e.g., solid/cys-
tic) and relationship to renal structures (e.g., ves-
sels, collecting system). Preoperative imaging 
should be available for review to aide in this task. 

 Once the lesion is localized, the kidney should 
be positioned to allow for adequate exposure dur-
ing resection. In rare occasions, the surgeon may 
place an additional 5 mm port for use as an assis-
tant port to aide in retraction and/or exposure. 
Gerota’s fascia is then incised away from the bor-
der of the tumor. The perinephric fat is dissected 
off the renal capsule around the area of the tumor 
with care taken to neither cut into the tumor nor 
remove the fat overlying the tumor. An outline of 
the line of incision can then be made into the 
renal capsule using shears (hot or cold) or mono-
polar hook. This incision should be made just lat-
eral to the previously identifi ed extent of the 
tumor to provide an adequate margin and prevent 
entering the tumor. A marked sponge may be 
placed in the abdomen at this time to prevent any 
blood loss that does occur from tracking into the 
contralateral side of the abdomen. 

 Next, a decision is made as to extent/type of 
vascular control needed for the procedure. There 
are many series reporting an off-clamp technique 
for excision of renal mass [ 4 ]. This method is 
associated with increased blood loss but has the 
ultimate goal of decreased (zero) ischemia and 
thus potential preservation of renal function. 
Surgeon preference should determine the method 
of vascular control to be used. 

 When a clamp technique is used, laparoscopic 
bulldog clamps can be placed on the main renal 
artery for complete occlusion or on segmental 
vessels for selective ischemia. Hilar clamp time 
should be limited to reduce the detrimental 
impact of warm ischemia on renal function [ 5 ]; 
however, the amount of kidney removed and 
underlying renal function are of greater conse-
quence to postoperative renal function [ 6 ]. 

 The renal capsule is then incised at the previ-
ously marked position. A combination of blunt 
and sharp athermal dissection is used to excise 
the renal mass. Vessels that are directly visual-
ized during this dissection may be clipped prior 
to transection to aide in hemostasis. Extreme care 
should be taken to prevent violation of the tumor 
that could lead to tumor spillage. Gentle manipu-
lation with the suction/irrigator or with a laparo-
scopic DeBakey forceps may be employed to 
handle the tumor. Often, the overlying perineph-
ric fat may be used to aide in tumor retraction 
with decreased risk of injury to mass. Once the 
tumor is completely excised, the specimen should 
be placed directly into an entrapment sac. The 
resection bed should then be examined. Cold cup 
or excisional biopsies may be taken and sent for 
permanent or frozen section. 

 Hemostasis is then obtained using a variety of 
techniques. The tumor resection bed may be cau-
terized using argon beam coagulator. Hemostatic 
matrix (e.g., Floseal (Baxter, Deerfi eld, IL)) may 
be placed into the tumor bed. Additionally, some 
surgeons may employ a multilayered closure 
with initial placement of suture (3-0 Vicryl inter-
rupted or running) along the fl oor of the defect to 
aide in both hemostasis and/or closure of the col-
lecting system (refer to Table  2.1  for discussion 
of urine leaks). Renal parenchymal edges are 
then reapproximated. Absorbable suture (0, 2-0, 
or 3-0 Vicryl) with Lapra-Ty and/or barbed suture 
may be used to reapproximate the parenchymal 
edges. Suture must be placed at an adequate dis-
tance (approximately 1 cm) to the edge of the 
defect to prevent the suture from tearing through 
the renal parenchyma. Sutures should be pulled 
in the direction of placement to also prevent tis-
sue tearing. This can be performed in an inter-
rupted or running fashion. Sutures should be 
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placed until the renal edges appear well approxi-
mated and hemostasis is obtained. At this point, 
bulldog clamps can be removed from the renal 
hilum, and warm ischemia time can be calcu-
lated. Early clamp removal, prior to completion 
of the renorrhaphy, can be performed to limit 
ischemic time [ 7 ]. Mannitol administration can 
also be considered prior to hilar clamping with 
the theoretical potential for reduction of periop-
erative renal dysfunction. There is data to support 
the use of mannitol in animal models and within 
transplant literature, but clear benefi t has not yet 
been seen within minimally invasive partial 
nephrectomy cohorts [ 8 ]. 

 Once reperfusion has occurred, the kidney 
should be reexamined. Additional sutures may 
need to be placed to aide in hemostasis. The spec-
imen is then extracted, and port sites can be 
closed as previously described in the nephrec-
tomy section above. A closed suction drain 
should be left if there is known or suspected col-
lecting system involvement. The drain is used as 
an aide to diagnose and manage urine leak after 
partial nephrectomy.   

    Retroperitoneal Approach 

 Choosing between transperitoneal and retroperi-
toneal approaches is a function of surgeon com-
fort as well as tumor location with posterior and/
or apical tumors potentially being more easily 
accessed via the retroperitoneum. The retroperi-
toneal approach may also offer advantages in 
those patients with multiple intra-abdominal sur-
geries in which dissection down into the retro-
peritoneum may be diffi cult secondary to 
adhesions. 

    Patient Positioning 

 Unlike in the transperitoneal approach, the retro-
peritoneal approach requires full fl ank patient 
positioning. After induction of general anesthe-
sia, the patient is positioned at 90° to the bed with 
the ipsilateral side up. Gel rolls or pillows may be 
placed behind the back to aide in positioning. It is 

necessary to place an axillary roll to prevent bra-
chial plexus injury with this position. The contra-
lateral arm is placed out on armrest at less than 
90°. The ipsilateral arm is draped over the chest 
in a neutral position and placed onto arm rest 
secured to the surgical table. At this degree of 
rotation, it is necessary to place contralateral leg 
in a bent position and then place pillows between 
the legs to elevate the ipsilateral leg and thus pre-
vent a signifi cant degree of hip adduction and/or 
strain on sciatic nerve. (Refer to Table  2.1  for fur-
ther description regarding positioning injuries.) 
The patient is secured to the surgical table with 
tape or straps placed across the hips and across 
the chest (underneath the ipsilateral arm). These 
authors prefer wide silk tape placed over gel pads 
and surgical towels. All pressure points should be 
padded. The ipsilateral arm is loosely secured to 
prevent movement during the case. Bilateral legs 
are also loosely secured to the surgical table to 
prevent signifi cant movement during the case.  

    Trocar Positioning 

 Once secured, the bed can be fl exed and the kid-
ney bar raised to increase the distance between 
the ribs and hips and hence maximize access to 
the retroperitoneum. An incision is then made 
approximately two fi ngerbreadths below the tip 
of the 12th rib along the posterior axillary line. 
Dissection is taken down through the lumbodor-
sal space until the retroperitoneum is entered. 
Blunt dissection or a trocar-mounted dissecting 
balloon is used to develop the retroperitoneal 
working space. A blunt 12 mm trocar can be 
placed within newly developed space and retro-
peritoneum. The trocar balloon is infl ated, placed 
on tension at the level of the skin, and then insuf-
fl ated to 15 mmHg (see Fig.  2.5 ). Working space 
is signifi cantly diminished with this approach.

       Partial Nephrectomy 

 It is necessary to obtain vascular control as the 
preliminary step. Dissection takes place in the 
plane between the anterior belly of the psoas 
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muscle and the posterior aspect of the kidney. 
Lateral and anterior renal attachments should not 
be released until the hilum is identifi ed as this 
will disrupt the natural retraction and hence make 
hilar identifi cation more diffi cult. 

 The artery is encountered fi rst. Partial nephrec-
tomy proceeds as described previously.      
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  Fig. 2.5    Trocar positioning for retroperitoneal approach. 
C = camera port, 12 = 12 mm port, 5 = 5 mm port       
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            Introduction 

    The fi rst laparoscopic nephrectomy performed 
in 1991 revolutionized urology by demonstrat-
ing that extirpative surgery could be performed 
in a minimally invasive manner [ 1 ]. However, it 
wasn’t until 3 years after Clayman performed the 
fi rst laparoscopic nephrectomy that minimally 
invasive techniques for reconstruction were 
attempted. Schuessler performed the fi rst lapa-
roscopic pyeloplasty in 1993 [ 2 ,  3 ], which was 
followed shortly by Reddy and Evans and the 
fi rst laparoscopic ureterovesical reimplant. Even 
in the aftermath of these reports, urologic recon-
structive surgery was still largely performed as an 
open operation, with only select cases reserved for 
a minimally invasive approach. Reasons for this 
likely include a combination of lagging technol-
ogy and the requirement of a new and challenging 
skill set (i.e., intracorporal suturing). However, 
as laparoscopic technology has advanced, along 
with the recent addition of robotic assistance, 
minimally invasive approaches in urologic recon-
structive surgery have progressed. Currently, 
even uncommon and challenging reconstructive 
cases are being performed in a minimally inva-

sive manner. This chapter seeks to discuss some 
of the less common minimally invasive recon-
structive surgeries being performed by providing 
a detailed description of each in conjunction with 
a brief review of the literature. Topics addressed 
in this chapter include distal ureteral reconstruc-
tion (ureteroneocystostomy, psoas hitch, Boari 
fl ap), ureteroneocystostomy, retrocaval ureter, 
and nephropexy. Table  3.1  gives a summary of 
the common instruments used for these cases.

       Distal Ureter 

 Defects of the distal ureter may be the result 
of multiple etiologies. These include isch-
emia, trauma, periurethral fi brosis, malignancy, 
congenital disorders, and iatrogenic injuries. 
Currently, iatrogenic injuries account for 2–10 % 
of ureteral strictures and are commonly the result 
of gynecologic, endoscopic, or colorectal surgery. 
Distal ureteral stones and their treatment are also 
associated with an increased risk of stricture. Tas 
et al. reported that distal stones may cause ure-
teral stricture in up to 5.8 % of cases and found 
that larger stones (>1.0 cm) and impacted stones 
have higher stricture rates [ 4 ]. Roberts et al. simi-
larly showed that stones impacted for prolonged 
periods (greater than 2 months) had a 24 % inci-
dence of stricture formation [ 5 ]. Currently, with 
improved endoscopic equipment, the rate of 
long-term complications from stone treatment in 
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the ureter is now <1 % [ 6 ]. Urothelial carcinoma 
in the distal ureter is a relatively uncommon 
cause of distal ureteral obstruction which may be 
treated with segmental ureterectomy and ureteral 
reimplant. Several reports in the urologic litera-
ture report this as a safe and effective method in 
select patients while preserving renal function [ 7 , 
 8 ]. In the pediatric population, congenital defects 
of the distal ureter are the most common etiology 
requiring surgical correction, but this remains 
outside the topic of this chapter. In general, most 
distal ureteral defects may be managed by ure-
teroureterostomy given that the defect is short 
and uncomplicated. If the segment of damaged 
or involved ureter is suffi ciently long, additional 
methods may be incorporated to bridge the gap 
including a psoas hitch and Boari fl ap. Table  3.2  
outlines the approximate defect lengths that may 
be bridged with each reconstruction technique.

      Work-Up of Distal Ureteral Strictures 

 When evaluating a ureteral stricture, proper 
imaging is essential to ensure correct treatment 
planning. A retrograde pyelogram (RPG) and 
now less commonly an intravenous pyelogram 
(IVP) accurately defi ne the length and location of 
a distal stricture. However, antegrade and retro-
grade studies both may be needed to elucidate the 
true extent of ureteral involvement (Fig.  3.1 ). 
Cross-sectional imaging such as MRI or CT scan 
is also useful when evaluating ureteral strictures 
(Fig.  3.2 ) and may provide additional informa-
tion to an IVP or RPG, especially when evaluat-
ing extrinsic causes of ureteral obstruction 
(non-urologic malignancy or fi brosis). In addi-
tion, despite their benign appearance, some stric-
tures may be the result of malignancy and may 
not show the classical fi lling defect that is cus-
tomarily seen. If there is any question as to the 
etiology of the stricture, a work-up for malig-
nancy should be undertaken. This should include 
cytology, ureteroscopy with biopsy if possible, or 
brushing if biopsy is not feasible. Another critical 
analysis is the functional status of the ipsilateral 
renal unit. This can be evaluated using a diuretic 
renal scan. Impaired function on renal scan 
<25 % has been linked to poorer success rates 
after endoscopic reconstruction [ 9 ], while renal 
function less than 20 % may be cause for nephrec-
tomy. Indications for ureteral reconstruction 
include compromised renal function, recurrent 
pyelonephritis, and pain due to obstruction.

        Ureteroneocystostomy 

 Although the literature is mainly limited to case 
series for ureteroneocystostomy, these series have 
shown good overall success with laparoscopic and 
robotic approaches (Table  3.3 ). Without perform-
ing a psoas hitch or Boari fl ap, a 3–5 cm  segment 

   Table 3.1    Common instruments used in laparoscopic or 
robotic reconstruction of the upper genitourinary tract   

 Laparoscopic  Robotic 

 5 mm monopolar scissors  8 mm monopolar curved 
scissors 

 5 mm atraumatic and/or 
Maryland graspers 

 8 mm Maryland Bipolar 
Forceps 

 5 mm right angle graspers  8 mm Cadier or Prograsp 
forceps(optional) 

 5 mm laparoscopic needle 
driver × 2 

 8 mm needle driver × 2 

 High-defi nition 
laparoscopic camera 

 High-defi nition 3D camera 

 10 mm 0° lens  12 mm 0° endoscope 
 10 mm 30° lens  12 mm 30° endoscope 
 5 mm trocar  8 mm robotic cannula × 2 
 12 mm laparoscopic trocar  12 mm laparoscopic trocar 

(assistant port) 
 5 mm Ligasure (optional) 

  General equipment  
 Veress needle 
 12 mm Visiport laparoscopic trocar 
 Hem-o-lock clip applier (small, medium, large) 
 Angiographic 5 Fr 100 cm 0.038 in catheter 
 Amplatz Superstiff J tip guide wire 0.035 in 
 Flexible cystoscope 
 Vessel loop 
 6 Fr double J stent (length as appropriate) 
 19 Fr full-fl ute 4-channel drain 
 3-0 Vicryl 12 cm SH needle × 3 
 4-0 Vicryl 12 cm SH needle 
 3-0 V-Loc V-20 12 cm absorbable suture (optional) 

    Table 3.2    Approximate involved or damaged dis-
tal ureter that may be bridged given each method of 
reconstruction   

 Ureteroureterostomy  <2 cm 
 Ureteroneocystostomy  2–5 cm 
 Psoas hitch  6–10 cm 
 Boari fl ap  12–15 cm 
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of distal ureter may be bridged using solely this 
method. Obtaining this length is possible for two 
reasons. First, as the ureter enters the pelvis, it 
dives posteriorly. Mobilizing this ureteral seg-
ment and bringing it anteriorly generates ure-
teral length. Second, if the bladder has suffi cient 
capacity and compliance, extensive mobilization 
may be suffi cient to bridge gaps in this range.

   Typically, this procedure is performed via a 
transperitoneal approach when performed lapa-
roscopically or robotically. The patient is placed 
in the supine position on the OR table with their 
legs in spreader bars or in low lithotomy. This 
allows access to the patient’s urethra and easy 
docking of the robot. Patient positioning and tro-
car placement are shown in Fig.  3.3 . Access is 
typically gained using a Veress needle, the exact 
method which will be discussed in other chap-
ters. If performed robotically, the trocar place-
ment is similar to that of a prostatectomy, 
although the robotic trocar contralateral to the 
involved ureter is moved slightly caudal and 

medial. Once pneumoperitoneum is established, 
the colon is refl ected medially, and the ureter is 
identifi ed as it crosses over the iliac vessels. The 
OR table can be rotated slightly, allowing gravity 
to help with colon retraction. Once circumferen-
tial access is gained to the ureter, a vessel loop is 
placed around it to allow for atraumatic manipu-
lation. The ureter is then dissected distally to the 
strictured segment and divided (Fig.  3.4a ). At this 
time, an evaluation of the ureteral length should 
be made by extending the ureter to the bladder.

    In most instances, the bladder will need to 
be mobilized to accommodate a tension-free 
anastomosis. This is accomplished by releasing 
the bladder from the anterior abdominal wall 
and incising the contralateral medial umbilical 
ligament and possibly superior vesical artery if 
needed. Once accomplished, the bladder is then 
fi lled with 150–200 mL of saline, and the inser-
tion point of the ureter determined. Our method 
of ureteroneocystostomy involves using a fl exible 
cystoscope passed through the urethra to iden-

a b  Fig. 3.1    Iatrogenic distal 
ureteral injury during 
laparoscopic ablation of 
endometriosis. ( a ) The distal 
extent of ureteral injury 
( white arrow ) and the 
apparent normal proximal 
ureter ( black arrow ) are seen 
on RPG along with moderate 
hydronephrosis. ( b ) An 
   antegrade nephrostogram 
performed on the same 
patient shows a greater extent 
of proximal ureter ( white 
arrow ) involved than 
indicated by the RPG       
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tify the new ureteral insertion point from inside 
the bladder. The back or rigid end of a wire is 
pushed through the detrusor muscle and secured 
with a laparoscopic grasper (Fig.  3.4b ). An 

 angiographic catheter is advanced over the wire 
(Amplatz Superstiff), and the wire is exchanged 
so the fl oppy end is advanced through the angio-
graphic catheter and threaded up the ureter. This 
allows for easy subsequent stent placement. The 
cystotomy is slightly enlarged, and the ureter is 
spatulated on its posterior aspect. A spatulation 
of 1–2 cm may be required. Our preference is 
to perform a running anastomosis using two 3-0 
vicryl sutures, one for the lateral wall and one for 
the medial wall. A drain should be left in place 
through the lateral assistant port.  

    Psoas Hitch 

 The psoas hitch is an effective method to bridge 
larger defects in the distal 1/3 of the ureter and 
can effectively accommodate defects 6–10 cm 
from the bladder. As a general rule, however, the 
psoas hitch is not suffi cient on its own to bridge 
defects that extend beyond the pelvis. In addition 
to the standard work-up for ureteral strictures, 
when a psoas hitch is being contemplated, infor-
mation about the bladder must be obtained. At 
minimum, a cystoscopy or cystogram document-
ing adequate bladder volume should be acquired. 
If there is concern for a neurogenic pathology, in 
some cases, urodynamics may be indicated to 
document adequate bladder compliance. 

 If performing the psoas hitch laparoscopically 
or robotically, the patient position and trocar 
placement are the same as for ureteroneocystos-
tomy (Fig.  3.3 ). The steps for performing a psoas 
hitch are depicted in Fig.  3.5 . The procedure is 
started with colon mobilization followed by iden-

  Fig. 3.2    Reconstructed MRI urogram demonstrating a 
distal right ureteral stricture with associated hydronephro-
sis due to an iatrogenic surgical injury       

   Table 3.3    Robotic and laparoscopic series published for open, laparoscopic and robotic ureteral reimplant   

 No. 
 Reimplant 
only 

 Psoas 
hitch 

 Boari 
fl ap 

 Follow-up 
(months) 

 Surgical 
success a  (%)  Etiology  Approach 

    Wenske [ 10 ]  100  24  58  18  49   97  39 % TCC  Open 
 Kozinn b  [ 11 ]   24   4   4   2  24  100  40 % Calculus  Robot 
 Hemal b  [ 12 ]   18   7   1   0  14  100  44 % Megaureter  Robot 
 Ogan [ 13 ]    6   5   1   0  13  100  66 % Iatrogenic  Lap 
 Soares [ 14 ]   11   7   1   2  18  100  40 % Calculus  Lap 
 Rasswiler [ 15 ]   10   0   6   4  –  100  30 % Iatrogenic  Lap 

   a Operative success defi ned by imaging and symptom resolution 
  b These studies did not report the type of reconstruction for all cases  
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tifi cation and dissection of the ureter. The bladder 
is mobilized and attachments are divided as 
needed, which may include the vas deferens or 
round ligament. In addition, the contralateral 
superior vesical artery may be divided for 
increased mobilization. Lastly, an anterior cys-
totomy made perpendicular to the plane of ure-
teral insertion and closed parallel can help 
advance the dome of the bladder to the ureter. 
This can be done either with a 3-0 vicryl or an 
absorbable 3-0 V-Loc suture. The bladder dome 
is then brought to the ipsilateral psoas muscle. 
This is secured to the psoas fascia using several 
nonabsorbable sutures (3-0 vicryl). Care must be 
taken to avoid entrapping the genitofemoral nerve 
which can be avoided by placing the stitches par-
allel to the psoas muscle fi bers and only incorpo-
rating the psoas fascia. The ureteroneocystostomy 
is then performed as previously described with 
stent placement either at the time of ureteroneo-
cystostomy or at the beginning of the case. 
Alternatively, some groups report performing the 
ureteroneocystostomy prior to the psoas hitch.

   Although limited, reports indicate this to be a 
successful procedure with a greater than 85 % 
success in adults and children. Advantages to this 

procedure include its relative simplicity and low 
complication rate.  

    Boari Flap 

 The Boari fl ap is an additional surgical technique 
that allows longer segments of damage to the dis-
tal ureteral to be bridged. Using this method, seg-
mental defects up to 12–15 cm may be safely 
managed. As with the psoas hitch, the work-up 
must include a thorough evaluation of the bladder 
to ensure that it has suffi cient capacity and com-
pliance. Here, a small bladder capacity severely 
limits the length of the defect that may be bridged. 

 The patient positioning, trocar placement, and 
dissection of the ureter are the same as for a uretero-
neocystostomy (Fig.  3.3 ). The bladder is completely 
dissected off the anterior abdominal wall, and the 
contralateral bladder attachments are divided as 
needed. The Boari fl ap is created by making an inci-
sion 2–3 cm from the bladder neck which is extended 
in an oblique fashion to the dome. The base of the 
fl ap should be at minimum 4 cm wide, with the apex 
being approximately 3 cm wide (Fig.  3.6a ). The 
ratio of fl ap length to width should not exceed 3:1 
to limit ischemia. Once the fl ap is created, the ureter 
is passed through a small opening in the distal fl ap, 
and a mucosa-to-mucosa anastomosis is performed 
using 4-0 monocryl suture (Fig.  3.6b ). The distal 
end of the fl ap is secured to the psoas muscle. The 
remainder of the fl ap is tubularized over a double J 
stent (Fig.  3.6c ). Because of the extensive sewing, a 
3-0 V-Loc may be considered for this step. Creating 
a spiral fl ap may allow even longer segments of 
damaged ureter to be bridged (Fig.  3.7 ). It should be 
noted that the bladder capacity will be diminished, 
in some cases greatly, depending on the length of 
the Boari fl ap generated. A drain is left through the 
lateral assistant port.

         Mid- and Proximal Ureteral 
Stricture 

 A short defect in the mid- or proximal ureter 
(Table  3.2 ) is appropriate for repair in the form of 
a laparoscopic or robotic ureteroureterostomy. 
When encountered in a trauma situation, this type 

12 mm

8 mm robotic
ports

Robot

12 mm camera
port

  Fig. 3.3    Patient    position and trocar placement for right 
robotic ureteroneocystostomy. Note the left robotic trocar 
( orange ) is brought medial and caudal compared to the 
right ( green ). 12 mm trocars ( blue ) are used as the camera 
port and the right as a lateral assistant port. A similar port 
placement is used if performed laparoscopically       
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a

c

b

d

  Fig. 3.4    Steps in a robotic ureteroneocystostomy. ( a ) The 
ureter is dissected to the level of the stricture and divided. 
A vessel loop aids in atraumatic manipulation. ( b ) A cys-
toscope is guided to the insertion point of the ureter and a 
wire is passed through the detrusor. ( c ) The ureter is spat-

ulated on its posterior aspect, and the scissors are used to 
calibrate the inner lumen to ensure no stricture. ( d ) The 
anastomosis is completed using a 3-0 vicryl suture over 
the wire. A double J stent is placed prior to completing the 
anastomosis       

of repair will be most often performed through 
and open approach, although there are rare 
instances when a minimally invasive ureteroure-
terostomy may be indicated. Lower ureter stric-
tures of similar length, however, may be managed 
best by ureteroneocystostomy. If a ureteroureter-
ostomy is to be attempted, the defect must be 
short enough so that ureteral mobilization gives a 
tension-free anastomosis, as the rate of postop-
erative stricture formation is high if this criteria is 
not met. Trocar placement is dependent on the 
level of the stricture. For proximal and mid- 
ureteral strictures, (those most appropriate for a 

ureteroureterostomy), we fi nd it best to use a tro-
car confi guration similar that of a nephrectomy 
with the patient in a 45° lateral position which 
allows the mobilized bowel to fall medially. 
Trocar adjustments may be made cranially or 
caudally depending on the stricture location 
(Fig.  3.8 ).

   The procedure is begun by incising lateral to 
the colon along the line of Toldt and mobilizing 
this medially so that the retroperitoneum is 
exposed. The ureter can be identifi ed as it crosses 
the iliac vessels or just caudal to the lower pole of 
the kidney posterior and lateral to the gonadal 
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Anterior
neocystotomy

Neocystotomy
closed

a b  Fig. 3.5    ( a ) The bladder 
is brought the psoas fas-
cia after mobilization 
and an anterior neocys-
totomy is made if addi-
tional length is needed. 
( b ) The bladder is tacked 
to the psoas fascia using 
a 3-0 vicryl suture and 
the neocystotomy is 
closed       

a b c

  Fig. 3.6    ( a ) The Boari fl ap is created by incising approxi-
mately 2–3 cm from the bladder neck and the incision is 
carried to the bladder dome, with the base being at least 
4 cm wide. ( b ) A mucosa-to-mucosa anastomosis is per-

formed by raising a mucosal fl ap and tunneling the ureter 
through this portion of the bladder fl ap. ( c ) The Boari fl ap 
is secured to the psoas muscle and the fl ap is tubularized 
over a double J stent       
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  Fig. 3.7    A spiral fl ap can provide additional length when 
performing a Boari fl ap; however, this may result in sig-
nifi cant loss of bladder volume       

vein. Circumferential access should be gained, 
and a vessel loop passed around the ureter and 
secured with a hem-o-lock clip. Again, this 
allows for atraumatic manipulation of the ureter. 
Once the ureter is completely mobilized, the 
damaged segment should be excised to bleeding 
tissue. Both ends should be calibrated with a lap-
aroscopic instrument (Fig.  3.4c ) to ensure there is 
no remaining stricture. The ends are then spatu-
lated 180° apart for approximately 1–1.5 cm. A 
small, absorbable suture should be used. We pre-
fer a 4-0 vicryl in this setting. The suture is placed 
out to in so the knot remains on the outside. The 
back wall is then completed fi rst and a ureteral 

stent is placed over a wire into the bladder. If the 
bladder is fi lled with methylene blue, once the 
stent is in the bladder, blue effl ux can be seen.  

    Retrocaval Ureter 

 Retrocaval ureter (RCU) is a rare congenital 
urologic anomaly where the ureter is forced to 
travel posterior to a persistent, posterior cardinal 
vein before emerging on the medial aspect and 
crossing anterior to the vein (Fig.  3.9 ). This is 
an uncommon abnormality with 1/1,000 births 
being affected. The persistent vein often causes 
a partial obstruction which leads to dilation of 
the proximal ureter. An S-shaped deformity on 
intravenous pyelogram or retrograde pyelogram 
with proximal ureteral dilation should alert the 
physician to the possibility of a retrocaval ureter 
(Fig.  3.9 ). A CT scan with IV contrast can pro-
vide a defi nitive diagnosis by demonstrating the 
persistent cardinal vein and obstructed ureter.

      Surgical Intervention for RCU 

 Intervention for RCU is indicated if functional 
loss or persistent pain is experienced. Several 
case reports have demonstrated that a laparo-
scopic approach is feasible when attempting 
reconstruction of RCU [ 16 ,  17 ]. A ureteral stent 
can be placed at the beginning of the case in a 
retrograde fashion or may be placed intraopera-
tively, although this may be more cumbersome 
laparoscopically. Both transperitoneal and retro-
peritoneal approaches have been described [ 18 –
 20 ]. For a transperitoneal approach, the ureter is 
fi rst mobilized completely away from the vena 
cava and divided at the dilated, most distal seg-
ment. The ureter should be calibrated with the 
laparoscopic or robotic instrument (as previously 
shown) to ensure there is no area of stenosis. If 
such an area exists, this should be excised. In 
general, ample ureteral length should be avail-
able for repair. The ureteral ends are then spatu-
lated 1.5–2 cm at opposite ends. The anastomosis 
is performed over the stent using two absorbable 
sutures (4-0 vicryl), with the posterior wall fi rst, 
followed by the anterior wall. This anastomosis 
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should be watertight and tension-free. A drain is 
then placed through either a lateral stab incision 
or through one of the laparoscopic trocars. 

 Although limited, the results of this repair 
have been favorable. In one of the largest series 
published, Chen et al. describes their series of 12 
patients, all with signifi cant improvement of 
hydronephrosis and all remaining symptom-free 
on follow-up. Of note, only 2 of 12 patients in 
this series required resection of the posterior seg-
ment of ureter. In general, case series describing 
RCU repair show the laparoscopic or robotic 
approach to be safe, with minimal postoperative 
pain, rather short convalescence and excellent 
short-term success [ 18 – 20 ].   

    Nephropexy 

 Symptomatic nephroptosis is a rare disease 
requiring surgical intervention in the form of 
nephropexy in select cases. Nephroptosis is char-
acterized by the descent of the kidney by more 
than 5 cm (or 2 vertebral columns) when shift-
ing from the supine to upright position. This 
condition affects females disproportionately and 
most commonly affects the right kidney (70 % 
of cases). Symptomatic nephroptosis, however, 
only occurs in approximately 10–20 % of the 
cases where nephroptosis is identifi ed [ 21 ,  22 ]. 
The most common symptom is intermittent fl ank 

pain or pain in the lower abdominal quadrant 
that resolves when supine. Rarely, more severe 
 symptoms are associated with nephroptosis 

8 mm robotic ports

12 mm assistant port

12 mm camera port

Robot

  Fig. 3.8    Patient position and 
trocar placement for a left 
robotic ureteroureterectomy. 
The use of the 4th robotic arm 
is general not necessary. A 
12 mm assistant is placed cra-
nial to the camera port near 
the midline. If performed lap-
aroscopically, the 8 mm ports 
can be substituted for 5 and 
10 mm trocar and the assistant 
port is optional       

  Fig. 3.9    Drawing depicting a retrocaval ureter. Note the 
dilation of the ureter proximal to the portion posterior to 
the vein       
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including recurrent UTI, pyelonephritis, renal 
stones, and hypertension. Nephroptosis is most 
commonly diagnosed on IVP in a supine then 
upright position (Fig.  3.10 ). The descent of the 
kidney more than 5 cm in the upright position 
suggests nephroptosis. There has been much 
debate as to who the proper operative candi-
date should be. Matsui et al. have argued that 
any patient with symptomatic nephroptosis is an 
operative candidate, while others have stated that 
function impairment must be demonstrated prior 
to performing a  nephropexy [ 23 ]. Because of 
this requirement, several authors have advocated 
concomitant Doppler US to document impaired 
blood fl ow or diuretic renal scan to document 
impaired function of the nephrotic kidney prior 
to nephropexy [ 24 ].

      Surgical Intervention 
for Symptomatic Nephroptosis 

 Laparoscopic or robotic nephropexy may be per-
formed through a transperitoneal or retroperito-
neal approach [ 23 ,  25 ,  26 ]. The patient is 

positioned in a 45° lateral position as shown in 
Fig.  3.8 . Once pneumoperitoneum has been 
established, a camera trocar is placed at the 
umbilicus. Two additional trocars are then 
placed, one 1/3 of the distance between the cam-
era and xiphoid process just under the costal 
margin and the other approximately three fi nger-
breadths off the anterior iliac spine. The proce-
dure is started with medial refl ection of the colon. 
Gerota’s fascia is then opened and the kidney is 
completely mobilized. The ureter is identifi ed. 
Once freely mobile, the kidney is placed on 
upward traction to its ideal anatomic position. At 
this point, the exact method by which the kidney 
is best secured is subject to debate. We prefer a 
two- or three- point fi xation method using an 
absorbable suture (2-0 vicryl). This involves 
placing a suture through the posterior abdominal 
wall (Fig.  3.11a ) and then through the renal cap-
sule (Fig.  3.11b ) carefully avoiding deep bite 
into the renal parenchyma leading to bleeding. 
The suture is then tied. This can be repeated until 
the kidney is suffi ciently held in position. Once 
secured, Gerota’s fascia is re-approximated using 
hem-o-lock clips to provide additional support. 

a b  Fig. 3.10    ( a ) IVP 
when supine followed 
by ( b ) an upright IVP 
demonstrating a greater 
than 5 cm descent of the 
kidney       
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A follow-up IVP is performed at 3 months to 
evaluate the success of the surgery based on 
radiographic criteria.

   Table  3.4  shows the outcomes for contempo-
rary laparoscopic nephropexy series. Several 
authors have reported using mesh [ 22 ,  30 ,  31 ]. In 
the series by Plass et al., absorbable mesh was 
reportedly used in the fi rst six patients of the 
series, but due to early symptomatic recurrence, 

this was changed to nonabsorbable  polypropylene 
mesh [ 22 ]. However, due to the intense fi brotic 
reaction that may be induced by mesh, concerns 
with its use have arisen, specifi cally that of fi brous 
encapsulation of the ureter. Multiple authors 
report a simpler approach using a two or three 
interrupted sutures to secure the upper  portion of 
the kidney to the abdominal wall and have reported 
good success with this method [ 26 ,  28 ,  29 ].

A

B

  Fig. 3.11    Laparoscopic 
nephropexy. ( A ) The suture is 
fi rst passed through the lum-
bar quadrate muscle or psoas 
muscle ( a ) then ( B ) passed 
through the renal capsule ( b ) 
and tied       

   Table 3.4    Contemporary laparoscopic nephropexy series for symptomatic nephroptosis. Outcome defi ned as percent-
age of patients with symptomatic resolution   

 No.  Follow-up (months)  Method  Outcome (%) 

    Fornara [ 27 ]  23  36  2-point fi xation   91 
 Plass [ 22 ]  13  60  Polypropylene mesh   92 
 Chueh [ 25 ]  25  2–84  Running suture   84 
 Wyler [ 26 ]  12  41  3-point fi xation   84 
 Gozen [ 28 ]  48  97  2-point fi xation   95 
 Golab [ 29 ]  21  3  2-point fi xation  100 
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           Introduction 

    First described in 1992, laparoscopic adrenal-
ectomy (LA) is performed for both benign and 
malignant conditions, including functional 
tumors, masses with radiographic fi ndings suspi-
cious for malignancy, solitary metastatic lesions, 
and nonfunctioning symptomatic lesions [ 1 ]. 
When compared to open adrenalectomy, LA 
offers shorter convalescence, improved cos-
mesis, and decreased postoperative pain [ 2 – 4 ]. 
In a recent review of the American College of 
Surgeons-National Surgery Quality Improvement 
Project database, LA was noted to have a signifi -
cantly lower complication rate when compared 
with open adrenalectomy [ 5 ]. 

 Patient selection is critical, and a complete 
preoperative evaluation in collaboration with an 
endocrinologist is important to identify meta-
bolic aberrations caused by a functional adrenal 
mass. Preoperative optimization, including medi-
cal management of metabolic manifestations of 
the adrenal pathology, helps assure a successful 
outcome. Imaging studies may help prepare the 
surgeon, with attention paid to the size of the 
lesion, its vascular supply, and nearby structures 
that may pose a challenge (e.g., hepatomegaly). 
Patients selected for LA must be evaluated on an 
individual basis, and the surgeon’s experience 
and comfort level must be taken into consider-
ation. While LA may be a feasible approach for 
many adrenal masses, a low threshold to convert 
to open surgery should be maintained. In this 
chapter, the surgical approaches to laparoscopic 
and robot-assisted adrenalectomy and partial 
adrenalectomy will be discussed. 

   Indications and Contraindications 

 The indications for laparoscopic adrenalec-
tomy may be classifi ed into several categories 
(Table  4.1 ). These include functional tumors, 
nonfunctional symptomatic tumors, indetermi-
nate cysts, solitary metastatic lesions, malignant 
lesions, and incidental adrenal lesions with fea-
tures such as large size, rapid growth rate, and 
indeterminate radiographic characteristics.
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   Functional adrenal adenomas that secrete hor-
mones such as aldosterone and cortisol are among 
the most common indications for surgical exci-
sion of the adrenal gland. These benign lesions 
are optimal for laparoscopic excision due to their 
location and small size. While the exact size of an 
adrenal lesion prompting surgical exploration is 
controversial, most authorities agree that lesions 
greater than 4–5 cm should be removed because 
of the higher likelihood of malignancy. Smaller 
lesions are commonly benign and thus are fre-
quently followed radiographically. 

 Laparoscopic excision of adrenal lesions 
larger than 10 cm or of adrenal carcinomas is 
controversial. While some experienced sur-
geons have approached these lesions laparo-
scopically, many authorities consider these to 
be contraindications to laparoscopic adrenalec-
tomy. These cases can be exceedingly complex, 
with high complication rates and more frequent 
conversions to an open procedure. Large lesions 
or those with potential for local invasion are 
recommended to be managed using an open 
approach. 

 Relative contraindications to laparoscopic 
adrenalectomy include signifi cant adhesions 
from prior surgery, morbid obesity, uncorrected 
coagulopathy, and cardiopulmonary disease that 
precludes hypercapnea that is associated with 
pneumoperitoneum.  

   Preoperative Evaluation 

 A complete history and physical examination 
is mandatory in the evaluation of a patient with 
an adrenal mass. While a complete discussion 
of the metabolic evaluation of adrenal lesions 
is beyond the scope of this chapter, a distinct 
effort to rule out the diagnosis of a pheochro-
mocytoma is crucial, as dire consequences may 
result from a misdiagnosis. This can be accom-
plished by evaluating the patient’s plasma-free 
metanephrines, along with confi rmatory uri-
nary catecholamine and metanephrine levels if 
necessary. A complete endocrinologic evalua-
tion should also include measurement of serum 
electrolytes, serum hormone levels, and urine 
levels of steroid hormones and their metabo-
lites. The exact tests ordered will depend on 
the observed clinical signs and symptoms as 
well as the patient’s history and physical exam. 
In addition, stimulation studies such as the 
low- and high-dose dexamethasone suppres-
sion tests and measurement of plasma renin 
and aldosterone levels can be obtained if clini-
cally warranted. 

 Radiographic imaging is essential in the eval-
uation of an adrenal mass. While a pathologic 
evaluation can yield a defi nitive diagnosis, invalu-
able information can be obtained from a properly 
performed radiographic study. Computed tomog-
raphy (CT) scans with and without intravenous 
contrast, with thin 2–5 mm cuts, are vital in 
assessing adrenal lesions. Lipid- rich adenomas 
are commonly homogeneous lesions that measure 
less than ten Hounsfi eld units on noncontrast CT, 
while lipid-poor adenomas may be differentiated 
by measuring levels of enhancement or percent 
contrast washout. Lymphadenopathy and local 
invasion are features that are more  consistent 
with a malignant lesion. 

   Table 4.1    Indications/contraindications for laparoscopic 
adrenalectomy   

  Indications  
 Aldosterone producing adenoma 
 Cortisol producing adenoma 
 Bilateral adrenal hyperplasia 
 Pheochromocytoma 
 Nonfunctioning adenoma >4–5 cm 
 Symptomatic cyst 
 Symptomatic myelolipoma 
 Solitary adrenal metastasis 
  Contraindications  
 Large tumor >10 cm (relative) 
 Morbid obesity (relative) 
 Uncorrected coagulopathy (relative) 
 Pyelonephritis (relative) 
 Adrenocortical carcinoma (relative) 
 Malignant pheochromocytoma (relative) 
 Signifi cant abdominal adhesions (relative) 
 Severe cardiopulmonary disease (relative) 
 Local invasion (absolute) 
 Venous involvement (absolute) 
 Pregnancy (absolute) 
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 Magnetic resonance imaging (MRI) scans are 
also commonly obtained in the evaluation of 
adrenal masses. This study can provide addi-
tional information such as identifying adipose 
tissue within lesions and can improve the identi-
fi cation of invasion into surrounding structures. 
Metaiodobenzylguanidine (MIBG) scans have 
poor spatial resolution and play a limited role in 
the evaluation of adrenal lesions. However, this 
study can be helpful in localizing small pheo-
chromocytomas. This is especially true for those 
patients with multiple endocrine neoplasia 
(MEN) syndromes who are high risk for extra- 
adrenal pheochromocytomas. Additionally, 
MIBG scans are useful in suspected cases of 
malignant or bilateral pheochromocytomas. 

 Once an adrenal lesion is determined to 
require removal, standard preoperative evalua-
tion and preparation are required. Patients diag-
nosed with a pheochromocytoma require a more 
thorough preoperative assessment. This includes 
alpha-blockade for 2 weeks prior to surgery, 
along with the addition of beta-blockers to treat 
tachycardia or arrhythmias if present. Beta- 
blockers should only be given once complete 
alpha-blockade is achieved. Furthermore, these 
patients also require cardiac consultation for the 
evaluation of occult cardiomyopathy.  

   Relevant Anatomy 

 The arterial supply to the adrenal gland is highly 
variable. The adrenal glands typically draw their 
blood supply from arterial cascades arising from 
the inferior phrenic artery, aorta, and renal artery. 
Adrenal venous drainage also displays great vari-
ability. On the right side, a short adrenal vein 
typically provides drainage into the posterolat-
eral aspect of the vena cava. On the left side, the 
adrenal vein usually drains into the left renal 
vein. Not uncommonly, accessory adrenal veins 
are present near the superior and medial dia-
phragmatic attachments and provide additional 
drainage into the inferior phrenic vein. Meticulous 
dissection and appreciation of retroperitoneal 
anatomy is required in order to avoid inadvertent 
vascular injury.  

   Patient Preparation, Operating Room 
Setup, and Patient Positioning 

 Informed consent with explanation of pertinent 
risks is obtained prior to the procedure. Patients 
are instructed to maintain a clear liquid diet for 
12–24 h prior to surgery and administer a bowel 
preparation consisting of 300 ml of magnesium 
citrate on the prior day. Sequential compression 
devices are placed on the lower extremities, and a 
single dose of intravenous antibiotics is given 
60 min prior to surgical incision. After induction 
of general anesthesia, an orogastric tube and 
Foley catheter are placed to decompress the 
stomach and bladder, respectively. Bilateral intra-
venous access may be benefi cial as upper extrem-
ity exposure is limited once positioning is 
completed. Administration of nitrous oxide can 
lead to bowel distention and should be avoided. 

 For cases of pheochromocytomas, invasive 
arterial monitoring, large-bore intravenous access 
or central line placement is recommended. These 
patients must be aggressively hydrated prior to 
surgery, as hypotension is frequently encountered 
after the induction of anesthesia. Anesthetic 
agents such as propofol, ketamine, and halothane 
should be avoided. 

 The patient is placed in a modifi ed lateral 
decubitus position (45–60°) with the fl ank situ-
ated over the kidney rest. The table may be fl exed 
to increase the area between the iliac crest and 
costal margin. A bean bag or large gel rolls are 
used to support the patient in this position. Pillows 
are placed between the legs, and the dependent 
leg is fl exed at the knee while the opposite leg is 
placed straight. The arms are placed parallel onto 
well-padded arm boards. The ankles, knees, 
dependent hip, shoulders, and brachial plexus are 
adequately padded. After verifying that all areas 
prone to pressure injury are well padded, the 
patient is secured to the operating table using 3″ 
cloth tape across the shoulder and arm as well as 
across the hip. Figure  4.1  demonstrates proper 
patient positioning for left laparoscopic adrenal-
ectomy. Positioning for right laparoscopic adre-
nalectomy is the mirror image of that for the left 
side. Furthermore, a needlescopic technique with 
2–3 mm trocars can be employed.
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       Equipment 

 The instrumentation and setup for laparoscopic 
adrenalectomy is similar to that for laparoscopic 
renal surgery and consists of a video tower with a 
color monitor, video system, and CO 2  insuffl ator. 
Both 0° and 30° lenses are commonly used. A 
liver retractor is useful for right-sided procedures, 
and several types of retractors are commercially 
available. The liver retractor is held in place 
by an assistant or a self-retaining device that is 
attached to the operating table. The surgeon uti-
lizes an atraumatic grasper, laparoscopic Kittner, 
or suction irrigator in the nondominant hand and 
a dissecting instrument in the surgeon’s dominant 
hand. A variety of laparoscopic thermal energy 
devices are available. Ultrasonic shears may be 
useful for colon mobilization and adrenal vein 
dissection. A bipolar device has excellent hemo-
static properties and may be used for performing 
the adrenal dissection. This device has been shown 
to signifi cantly decrease blood loss and operative 
time during adrenal dissection compared to other 
devices. Furthermore, this device can be used to 
ligate and divide the adrenal vein, which obvi-
ates the need for hemostatic clips. Intraoperative 
ultrasound has also shown to be helpful in local-
izing small adrenal lesions, especially in obese 
individuals with extensive amounts of retroperi-
toneal adipose tissue. A laparoscopic specimen 
retrieval bag is required. The robotic approach 
with the daVinci TM  Surgical System (Intuitive 

Surgical – Sunnyvale, CA) utilizes a  three- or 
four-arm robot which is controlled at the robotic 
console by the operating surgeon, while a bed-
side fi rst assistant uses an accessory port for clip 
placement, suction, and additional maneuvers 
as needed. A variety of robotic instruments are 
available for robot- assisted adrenal surgery.

  Equipment List for Laparoscopic Adrenalectomy 
  Veress needle  
  5 or 10 mm laparoscope with 0 and 30° lenses  
  12 mm trocars  
  5 mm trocars  
  Ultrasonic shears  
  Bipolar vessel-sealing device  
  Laparoscopic atraumatic grasping forceps  
  Laparoscopic right angle  
  Laparoscopic liver retractor and holder  
  Laparoscopic Kittner  
  Laparoscopic suction/irrigator  
  Laparoscopic ultrasound probe  
  Laparoscopic retrieval bag  
  Laparoscopic stapling device (optional)  
  Polymer or titanium hemostatic clips (5 or 10 mm)  
  Oxidized cellulose polymer  
  Other hemostatic agents (optional)  
  Fascial closure device   

  Equipment List for Robot-Assisted Adrenalectomy 
  Veress needle  
  12 mm robotic laparoscope with 0 and 30° lenses  
  5 or 10 mm laparoscope with 0 and 30° lenses 

(optional)  
  5 mm trocar  
  12 mm trocar  
  8 mm robotic trocars  
  Robotic fenestrated bipolar forceps  
  Robotic Maryland bipolar forceps  
  Robotic curved monopolar scissors  
  Laparoscopic liver retractor and holder  
  Laparoscopic suction/irrigator  
  Bipolar vessel-sealing device  
  Laparoscopic ultrasound probe  
  Laparoscopic retrieval bag  
  Polymer or titanium hemostatic clips (5 or 10 mm)  
  Oxidized cellulose polymer  
  Other hemostatic agents (optional)  
  Fascial closure device     

  Fig. 4.1    Patient positioning for left laparoscopic 
adrenalectomy       
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   Surgical Technique 

   Left Transperitoneal Laparoscopic 
Adrenalectomy 

     1.    The patient is placed in the right lateral decubi-
tus position. The patient should be positioned 
close to the abdominal edge of the bed to pre-
vent laparoscopic instruments from colliding 
with the frame of the bed. The table may be 
fl exed to increase the intra-abdominal work-
ing area if necessary, and the kidney rest can 
be partially elevated if desired. A bean bag 
or gel rolls are used to position the patient in 
the lateral decubitus position. An axillary roll 
is placed two fi ngerbreadths below the axilla. 
The lower arm is positioned on a well-padded 
arm board. The upper arm is supported either 
with a commercially available device or in 
another fashion such that it is parallel to the 
lower arm. The right scapula should be sup-
ported to prevent the arm from rotating posteri-
orly. The lower leg is gently bent, and the upper 
leg remains straight, with adequate pillows and 
padding. Once all of the areas prone to pres-
sure are well padded, the patient is secured 
using 3-in. tape or an alternative method of 
choice. A Foley catheter and orogastric tube 
should be placed before starting the procedure.   

   2.    A skin incision is made 2 cm superior to the 
umbilicus and to the left of the midline. The 
location of the incision can be modifi ed in 
patients with a large abdominal pannus, in 
which case the initial trocar can be placed 
slightly more lateral and cephalad. Insuffl ation 
with a Veress needle to 15 mmHg or a Hassan 
technique is used to obtain pneumoperitoneum. 
A 5 or 12 mm trocar is placed at this site, and 
a laparoscope is used to inspect the abdominal 
contents. A 5 or 12 mm trocar is placed 2 cm 
below the xiphoid process to the left of the 
midline and is used for the a 30° laparoscope 
lens. A 12-mm trocar is placed 2 cm above the 
umbilicus in the midclavicular line (MCL). An 
accessory 5 mm trocar can be placed below 
the costal margin at the anterior axillary line 
(AAL) to assist in retraction of the kidney 
and other maneuvers. The  periumbilical and 

MCL trocars are used for instrument passage, 
 starting with atraumatic grasping forceps at 
the periumbilical trocar and ultrasonic shears 
or alternative energy device in the MCL trocar. 
Two options for trocar placement during left 
transperitoneal laparoscopic adrenalectomy 
are illustrated in Fig.  4.2 .

       3.    The descending colon is mobilized along the 
white line of Toldt, avoiding entry into 
Gerota’s fascia (Fig.  4.3 ). The spleen is mobi-
lized extensively to allow visualization of the 
upper pole of the kidney and adrenal gland. 
Careful mobilization of the tail of the pancreas 
is required to avoid injury to this organ during 
this maneuver.

       4.    Dissection and exposure of the adrenal gland 
can begin either at the inferomedial aspect or 
the superomedial aspect. Initial dissection of 
the inferomedial aspect of the adrenal gland is 
performed in order to identify the renal hilum. 
In patients with a large amount of perinephric 
adipose tissue, an intraoperative ultrasound 
device may be useful to assist with localiza-
tion of the adrenal gland.   

   5.    The renal vein is identifi ed and used as a land-
mark to identify the adrenal vein. A right- 
angle clamp is used to dissect the adrenal vein 
(Fig.  4.4 ). Once completely free from sur-
rounding structures, the left adrenal vein can 
be divided between hemostatic polymer clips 
or with a bipolar vessel-sealing device. 
Figure  4.5  demonstrates use of a bipolar 
vessel- sealing device to ligate the vein. If a 
bipolar vessel-sealing device is used, the tis-
sue should be sealed in several areas before 
transecting the vein in the middle of the sealed 
tissue.

        6.    After division of the adrenal vein, the adrenal 
gland can be retracted medially. The paren-
chyma of the kidney is identifi ed as seen in 
Fig.  4.6 . Lateral attachments of the adrenal 
gland are divided. Any remaining medial 
attachments are also divided. The ultrasonic 
shears or bipolar vessel-sealing device can 
be used as the adrenal attachments are often 
highly vascular. Small arterial branches from 
the inferior phrenic or renal arteries can be 
encountered and should be carefully divided 
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  Fig. 4.3    The colon has been mobilized along the white 
line of Toldt to expose the kidney and left adrenal gland       

  Fig. 4.4    A laparoscopic right-angle clamp is used to iso-
late the adrenal vein       

a b

c d

Laparoscope trocar site (5 mm or 12 mm)

Instrument trocar sites (10/12 mm)

Accessory trocar site (5 mm)

  Fig. 4.2    Right transperitoneal 
laparoscopic adrenalectomy 
trocar placement is shown in 
images ( a ,  b ). Left transperito-
neal laparoscopic adrenalec-
tomy trocar placement is 
shown in images ( c ,  d )       
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with clips or the bipolar vessel-sealing device. 
The adipose tissue between the renal vein and 
the inferolateral margin of the adrenal often 
contains segmental branches of the adrenal 
artery. Avoidance of these vessels is facili-
tated by carefully dissecting the tissue before 
dividing. Remaining closer to the margin of 
the adrenal gland can also assist in inadver-
tent vascular injury. Any additional supe-
rior attachments of the adrenal are divided. 
Figure  4.7  shows division of the remaining 
adrenal attachments using a bipolar vessel- 
sealing device.

        7.    The specimen is placed in a laparoscopic 
retrieval bag (Fig.  4.8 ).

      8.    The pneumoperitoneum is decreased to 
5 mmHg, and the adrenal bed is inspected 
for bleeding. Hemostatic maneuvers, such as 
the use oxidized cellulose polymer, can be 
used based on surgeon preference. Oxidized 
cellulose polymer can be used in the setting 
of minor bleeding. If indicated, a hemostatic 
matrix such as Floseal TM  can be used as well.   

  9.    The specimen may be extracted from any of 
the trocar sites. Often, the trocar site incision 
will require enlargement in order to accom-
modate the specimen.   

   10.     After specimen extraction, all trocar sites 
larger than 10 mm are closed under direct 
vision using a fascial closure device or 
open closure. Inspection of the trocar sites 

  Fig. 4.5    The bipolar-sealing device is use to seal the 
adrenal vein in several places before dividing the vein       

  Fig. 4.6    After the left adrenal vein is divided, the adrenal 
can be retracted medially to expose the kidney paren-
chyma and attachments of the adrenal gland       

  Fig. 4.7    The remaining medial attachments of the adrenal are 
divided. The adrenal mass can be seen at the top of the image       

  Fig. 4.8    The adrenal gland is placed in a laparoscopic 
retrieval bag       
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after removal of the trocars should be per-
formed to confi rm the absence of bleeding. 
Skin incisions are closed using subcuticular 
sutures or skin staples.      

   Right Transperitoneal Laparoscopic 
Adrenalectomy 

     1.    The patient is placed in the left lateral decubi-
tus position. The patient should be positioned 
close to the abdominal edge of the bed to pre-
vent laparoscopic instruments from colliding 
with the frame of the bed. The table may be 
fl exed to increase the intra-abdominal work-
ing area if necessary, and the kidney rest can 
be partially elevated if desired. A bean bag 
or gel rolls are used to position the patient in 
the lateral decubitus position. An axillary roll 
is placed two fi ngerbreadths below the axilla. 
The lower arm is positioned on a well-padded 
arm board. The upper arm is supported either 
with a commercially available device or in 
another fashion such that it is parallel to the 
lower arm. The right scapula should be sup-
ported to prevent the arm from rotating posteri-
orly. The lower leg is gently bent, and the upper 
leg remains straight, with adequate pillows and 
padding. Once all of the areas prone to pres-
sure are well padded, the patient is secured 
using 3-in. tape or an alternative method of 
choice. A Foley catheter and  orogastric tube 
should be placed before starting the procedure.   

   2.    An incision is made to the right of the midline, 
2 cm above and 2 cm lateral to the umbilicus. 
The location of the incision can be modifi ed 
in patients with a large abdominal pannus, 
in which case the initial trocar can be placed 
slightly more lateral and cephalad. A Veress 
needle is introduced into the abdominal cav-
ity through the incision, or alternatively, a 
Hassan technique is used, and the abdomen is 
insuffl ated to 15 mmHg. A 12 mm trocar is 
placed at this site, and a laparoscope is used to 
inspect the abdominal contents. A 5 or 12 mm 
trocar is placed 2 cm below the xiphoid pro-
cess to the right of the midline and is used for 
a 30° laparoscope lens. A 5 or 12 mm trocar is 

placed 2 cm above the umbilicus in the mid-
clavicular line (MCL). An accessory 5 mm 
trocar is placed below the costal margin at the 
anterior axillary line (AAL). The instruments 
are advanced through the trocars, including 
ultrasonic shears or alternative energy device 
through the periumbilical trocar and atrau-
matic grasping forceps through the MCL tro-
car. The 5 mm accessory trocar is used for a 
liver retractor. This trocar confi guration is 
shown in Fig.  4.2 .   

   3.    The liver is mobilized to expose the adrenal 
gland, starting with incision of the right triangu-
lar ligament. The posterior peritoneum is divided 
near the liver edge from the inferior vena cava to 
the abdominal side wall (Fig.  4.9 ). The liver 
must be mobilized extensively to provide ade-
quate exposure to the inferior vena cava and the 
adrenal gland. A commercially available liver 
retractor is often useful to keep the liver out of 
the operative fi eld, as shown in Fig.  4.10 . A 
Kocher maneuver is performed to mobilize the 
duodenum and expose the inferior vena cava. 
The medial aspect of the inferior vena cava can 
then be traced cephalad to identify the adrenal 
vein. The renal hilum is often visible during this 
portion of the surgery, and care must be taken to 
avoid injury to the renal vein.

        4.    To localize the adrenal gland, the superior bor-
der of the kidney is identifi ed, and Gerota’s fas-
cia is entered (Fig.  4.11 ). The ultrasonic shears 
can be used for this maneuver, with a bipolar 
vessel-sealing device that can be used for more 

  Fig. 4.9    Incision of the peritoneum overlying the right 
kidney and adrenal gland initiates mobilization of the liver       
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vascular tissue. The adrenal gland is identifi ed 
along the superomedial portion of the kidney. 
Care is taken to avoid injury to branches of the 
renal artery, which often can be found between 
the adrenal gland and the upper pole of the kid-
ney. Minimal dissection of the adrenal gland is 
performed during this step, but rather localiza-
tion of the adrenal gland is the intention.

       5.    Once the upper pole of the kidney and the 
edge of the adrenal gland are located as land-
marks, dissection is initiated lateral to the 
inferior vena cava, along the superomedial 
aspect of the adrenal gland. Branches of the 
renal artery and vein can be encountered here, 
and cautious dissection is warranted to avoid 
injury to these structures. The adrenal gland 
can be retracted laterally to expose the medial 
tissue with the assistance of a laparoscopic 
Kittner or a suction-irrigator device.   

   6.    The right adrenal vein is identifi ed during the 
course of the dissection. A right-angle clamp is 
used to dissect the adrenal vein which is then 
either clipped with hemostatic polymer clips 
and divided or sealed and divided with a bipo-
lar vessel-sealing device. Figure  4.12  demon-
strates placement of a hemostatic polymer clip 
on the adrenal vein. The right adrenal vein is 
short in length, and care must be taken when 
manipulating and dividing the vein to avoid 
injury to the vein or inferior vena cava. If pos-
sible when using the vessel-sealing device, a 
short length of adrenal vein should be left on 
the inferior vena cava to allow for clip place-
ment if bleeding is encountered. Many of the 
commercial vessel-sealing devices can seal tis-
sue up to 7 mm in diameter, but each individual 
device’s instruction manual should be reviewed 
in regard to limits of vessel-sealing capacity.

       7.    After division of the adrenal vein, the adrenal 
is dissected from the upper pole of the kid-
ney and the surrounding structures. Ultrasonic 
shears or a bipolar vessel-sealing device is 
useful for the dissection of the adrenal tissue 
as this tissue often contains small perforat-
ing blood vessels. During dissection of the 
medial and lateral attachments of the adrenal, 
the renal artery and vein, including branches 
of the renal artery, can be seen and should be 
preserved. The bipolar vessel-sealing device is 
used in Fig.  4.13  to divide adrenal attachments 
to the liver and psoas muscle.

  Fig. 4.10    A commercially available liver retractor is used 
to provide exposure to the right adrenal gland       

  Fig. 4.11    Entry into Gerota’s fascia using ultrasonic 
shears to locate the adrenal gland       

  Fig. 4.12    Placement of a hemostatic polymer clip on the 
right adrenal vein. Note the short length and tangential 
course of the adrenal vein       
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      8.      To avoid the rotation of the adrenal gland 
during dissection of the vein and medial tis-
sues, the lateral attachments of the adrenal 
gland are divided last. Once the adrenal gland 
has been completely dissected from the sur-
rounding structures, it is placed into a laparo-
scopic retrieval bag.   

  9.    The pneumoperitoneum is lowered to 
5 mmHg, and the area is inspected for bleed-
ing. Hemostatic maneuvers, including the 
use of oxidized polymer matrix, can be used 
as needed, as shown in Fig.  4.14 .

       10.     The specimen is removed through one of the 
12 mm trocar sites, which can be enlarged 
as necessary. After specimen extraction, all 

 trocar sites larger than 10 mm are closed 
under direct vision using a fascial clo-
sure device or open closure. Inspection of 
the trocar sites after removal of the trocars 
should be performed to confi rm the absence 
of bleeding. Skin incisions are closed using 
subcuticular sutures or skin staples.      

   Right Retroperitoneal Laparoscopic 
Adrenalectomy 

     1.    A skin incision is made 2 cm below the costal 
margin in the midaxillary line, and the underly-
ing muscles are bluntly divided to gain access to 
the retroperitoneum. The peritoneum is retracted 
medially to provide room for the access device. 
A commercially available dissecting balloon is 
inserted into the incision, directed laterally and 
posterior to Gerota’s fascia, and the balloon is 
infl ated. A 30° lens can be placed through the 
balloon to assist in developing the retroperi-
toneal space. Once the retroperitoneal space 
is developed, a 10 or 12 mm trocar is placed, 
and the retroperitoneal space is insuffl ated to 
15 mmHg. A 30° laparoscope lens is placed 
through the trocar. Additional trocars are placed 
under direct vision. A common confi guration 
involves placement of two additional trocars (5 
and 12 mm) 3–4 cm cephalad to the initial tro-
car in the anterior and posterior axillary lines. 
If desired, an additional 5 mm trocar may be 
placed for additional retraction or suction. For 
proper orientation, the psoas muscle should be 
identifi ed posteriorly, and the kidney should be 
displaced anteriorly and medially. Proper trocar 
placement for right retroperitoneal laparoscopic 
adrenalectomy is depicted in Fig.  4.15 .

       2.    The fi rst step of the right-sided retroperitoneal 
approach is medial refl ection of the perito-
neum, which in turn refl ects the liver and 
ascending colon. The renal hilum is located 
medial to the psoas muscle.   

   3.    Right retroperitoneal laparoscopic adrenalec-
tomy is initiated with identifi cation of the inferior 
vena cava and the psoas muscle. The main adre-
nal vein is identifi ed on the  posterolateral aspect 
of the vena cava. The vein is isolated and divided.   

  Fig. 4.13    After division of the adrenal vein, the adrenal 
gland is gently retracted away from the liver to allow divi-
sion of the attachments to the liver and underlying psoas 
muscle. The bipolar vessel-sealing device is used to divide 
these attachments       

  Fig. 4.14    After the adrenal gland has been placed in the 
laparoscopic specimen retrieval bag, the adrenal bed is 
inspected for any bleeding. Oxidized cellulose matrix is 
placed in the adrenal bed to aid with hemostasis       
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   4.    Using ultrasonic shears, dissecting forceps, or 
a bipolar vessel-sealing device, the medial and 
inferior surfaces of the adrenal gland are dis-
sected off the renal vein and vena cava. Small 
vessels, including branches from the inferior 
phrenic artery, are identifi ed, clipped, and cut. 
The inferior surface of the adrenal gland is 
dissected off of the upper pole of the kidney. 
Finally, the lateral surface of the kidney is dis-
sected free, and the specimen is placed in a 
laparoscopic retrieval bag.   

   5.    The pneumoperitoneum is lowered to 
5 mmHg, and the adrenal bed is inspected for 
bleeding. The 12 mm trocar site can be 
enlarged for specimen removal, and trocar 
sites 10 mm and larger are closed with a fas-
cial closure device. The skin is closed with 
subcuticular sutures or skin staples.      

   Left Retroperitoneal Laparoscopic 
Adrenalectomy 

     1.    The confi guration for left retroperitoneal lapa-
roscopic adrenalectomy is the mirror image of 
that used for the right side.   

   2.    The fi rst step of the left-sided retroperitoneal 
approach is medial refl ection of the perito-
neum, which in turn refl ects the spleen and 
descending colon. The renal hilum is located 
medial to the psoas muscle.   

   3.    The renal hilum is identifi ed, the renal artery is 
retracted caudally, and blunt dissection helps 
to identify the left adrenal vein. The vein is 
then carefully dissected, isolated, and divided.   

   4.    Next, the superior aspect of the adrenal gland 
is dissected from the diaphragm, and inferior 
phrenic vessels, if encountered, are divided. 
The lateral surface of the adrenal gland is dis-
sected from the kidney. Cephalad retraction of 
the adrenal gland assists in dissection of the 
inferior surface from the kidney, and the lateral 
surface of the adrenal gland is dissected free. 
The specimen is freed from its surrounding tis-
sues and placed in a laparoscopic retrieval bag.   

   5.    The pneumoperitoneum is lowered to 5 mmHg, 
and the adrenal bed is inspected for bleeding. 
The 12 mm trocar site can be enlarged to allow 
specimen removal, and trocar sites 10 mm and 
larger are closed with a fascial closure device. 
Skin incisions are closed with subcuticular 
sutures or skin staples.      

   Robot-Assisted Laparoscopic 
Adrenalectomy 

     1.    Robot-assisted laparoscopic adrenalectomy 
(RALA) requires several modifi cations to the 
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c

  Fig. 4.15    Trocar confi guration for retroperitoneal laparo-
scopic adrenalectomy: ( a ) 10 mm trocar (laparoscope); 
( b ) 5 mm trocar (forceps or suction); ( c ) 12 mm trocar 
(thermal energy device); ( d ) 5 mm accessory trocar 
(retracting instrument or suction).  MAL  mid axillary line, 
 AAL  anterior axillary line,  PAL  posterior axillary line       
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standard transperitoneal laparoscopic adrenal-
ectomy. A three-arm approach, with rotation of 
the bed (the foot of the bed tilted away from 
the side of the surgery), is utilized to facilitate 
docking of the robot. Trocar placement begins 
with placement of a 12 mm trocar lateral to the 
umbilicus, toward the side of the lesion. A 
12 mm smooth, non-bladed trocar in placed in 
this location. If a Hassan technique is used to 
gain intra-abdominal access, a long, Hassan 
trocar can be utilized at this location. The exact 
location varies depending on the body habitus 
of the patient. This trocar can be placed more 
lateral in larger patients to optimize visualiza-
tion. Once the robotic laparoscope trocar is 
placed, two 8 mm robotic trocars are placed 
under direct vision in a triangulated fashion, 
with a minimum distance of 8 cm between tro-
cars to avoid robotic arm collision. A 12 mm 
assistant trocar is placed, usually caudad to the 
camera trocar, with 8 cm distance between the 
trocars. For right-sided procedures, a 5 mm 
trocar can be placed in the anterior axillary line 
for placement of a liver retractor. Trocar place-
ment for left RALA is shown in Fig.  4.16 .

       2.    Recommended instrumentation for RALA is 
listed in the Equipment section. The fenes-
trated bipolar forceps are an ideal tool for both 
robot-assisted laparoscopic kidney and adre-
nal surgery. The broad surface area of the 
instrument and rounded tip are idea for gentle 
dissection and bipolar cautery when working 

with vascular tissue. A fenestrated bipolar 
 forceps in used for the left robotic arm and a 
monopolar scissors for the right arm. 
Alternatively, a Maryland bipolar forceps can 
be used for the left arm.   

   3.    The steps for colon refl ection and splenic 
mobilization (left side), liver and duodenal 
mobilization (right side), and identifi ca-
tion of the adrenal vein are similar to those 
described above for laparoscopic trans-
peritoneal adrenalectomy. When dissecting 
the adrenal vein, the assistant may utilize a 
10 mm laparoscopic right-angle dissector 
through the 12 mm assistant trocar if needed. 
The assistant can also place hemostatic 
polymer clips on the adrenal vein as shown 
in Fig.  4.17 . Alternatively, a bipolar vessel-
sealing device can be advanced through the 
assistant trocar to divide the vein. If avail-
able, the robotic vessel-sealing device may 
be utilized.

       4.    Once the adrenal vein is divided, dissection of 
the adrenal gland from the surrounding tissue 
can be approached with several techniques. 
First, the fenestrated bipolar forceps are use-
ful for hemostasis when working with vascu-
lar tissue and can be used in combination with 
the monopolar scissors. Second, the assistant 
can utilize a bipolar vessel-sealing device 
through the 12 mm assistant trocar as shown 
in Fig.  4.18 . Third, the robotic vessel-sealing 
device may be utilized.

FeetHead

Umbilicus

  Fig. 4.16    Trocar placement for left robot-assisted laparo-
scopic adrenalectomy and partial adrenalectomy       

  Fig. 4.17    The assistant has placed hemostatic polymer 
clips on the adrenal vein. The adrenal adenoma is seen 
beyond the third clip       
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       5.    The remainder of the adrenalectomy  proceeds 
as described in the previous sections, with 
the assistant trocar used to pass the bipolar- 
sealing device and other instruments as 
indicated.      

   Laparoscopic and Robot-Assisted 
Laparoscopic Partial Adrenalectomy 

     1.    Laparoscopic and robot-assisted laparoscopic 
partial adrenalectomy (PA) is performed with 
the same confi guration of trocars as used 
during laparoscopic or robot-assisted total 
adrenalectomy.   

   2.    The decision to divide the adrenal vein is 
based on the proximity of the vein to the adre-
nal mass. The entire vein can be left intact if 
the surgeon feels that the adrenal mass can 
safely be dissected from the normal adrenal 
tissue without damage to the vein. In some 
cases, a branch of the adrenal vein that drains 
the adenoma can be selectively divided, leav-
ing the remainder of the vein intact, as shown 
in Fig.  4.19 .

       3.    Intraoperative ultrasonography can be useful 
to help identify the adrenal mass, especially 
when there is a signifi cant amount of perirenal 
fat. Use of the ultrasound device to localize 
the adrenal mass is shown in Fig.  4.20 .

       4.    Once the adrenal mass is identifi ed, a bipolar 
vessel-sealing device can be used to excise the 
adenoma from the remainder of the adrenal 

gland (Fig.  4.21 ). The bipolar vessel-sealing 
device provides hemostasis when dividing the 
vascular adrenal tissue. Alternatively, an 
endovascular stapling device, bipolar forceps, 
hemostatic polymer clips, or ultrasonic device 
can be used to divide the adenoma from the 
uninvolved adrenal tissue.

       5.    The remaining adrenal tissue is inspected 
for bleeding with the pneumoperitoneum 
decreased to 5 mmHg (Fig.  4.22 ). As dis-
cussed earlier, hemostatic agents such as oxi-
dized cellulose polymer or other hemostatic 
matrices such as Floseal TM  can be used.

       6.    The specimen is placed in a laparoscopic 
retrieval bag and removed through one of 
the 12 mm trocar sites. All trocar sites larger 
than 10 mm are closed with a fascial closure 
device, and the trocars are removed under 
direct vision. The skin is closed with subcu-
ticular sutures or skin staples.       

  Fig. 4.18    A bipolar vessel-sealing device through the 
assistant trocar is used to divide the vascular tissue around 
the adrenal gland       

  Fig. 4.19    The branch of the adrenal vein draining the 
adrenal mass is selectively divided, while the branch 
draining the normal adrenal is left intact       

  Fig. 4.20    Use of a laparoscopic ultrasound probe to iden-
tify the adrenal mass       
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   Complications of Laparoscopic 
Adrenalectomy 

 The complication rates of laparoscopic adrenal-
ectomy in modern literature range from 0.2 to 
11 % [ 5 – 11 ]. A comparison of laparoscopic and 

open adrenalectomy was performed  utilizing the 
National Surgery Quality Improvement Project. 
The authors found that the morbidity rate was 
signifi cantly higher in the open group (18.8 %) 
when compared with the laparoscopic group 
(6.4 %) [ 5 ]. The incidence of complications var-
ies among series, depending on the defi nition 
of a perioperative complication and the Clavien 
grade of complication reported. A number of 
factors are reported to affect the rate of compli-
cations and are not consistent between studies. 
Two studies found that obesity correlates with 
an increased complication rate [ 6 ,  11 ]. Prior 
ipsilateral open surgery, but not laparoscopic 
surgery, correlated with an increased rate of 
conversion to open adrenalectomy in one study 
[ 9 ]. Finally, one group found that the compli-
cation rate was signifi cantly lower in patients 
undergoing laparoscopic adrenalectomy in a 
higher-volume medical center [ 6 ]. 

 Bleeding is the most common complication 
during and after laparoscopic adrenalectomy, 
accounting for 40 % of complications. The 
next most common complication is injury to 
surrounding organs such as the liver, spleen, 
colon, pancreas, and diaphragm, accounting 
for less than 5 % of all complications. An 
appreciation for the adrenal anatomy and prox-
imity to nearby structures can minimize the 
risk of complications. Excellent exposure to 
the adrenal gland with mobilization of nearby 
organs when necessary (spleen, pancreas, liver, 
duodenum) can improve outcomes and mini-
mize morbidity. Listed in Table  4.2  are the 
more commonly reported complications of 
laparoscopic and robotic-assisted adrenalec-
tomy and techniques to avoid and manage 
these complications.

  Fig. 4.21    The bipolar vessel-sealing device is used to 
excise the adenoma from the normal tissue       

  Fig. 4.22    The adrenal mass has been excised and is seen 
at the top of the image. The remaining adrenal tissue is 
inspected for bleeding       
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   Table 4.2    Complications of laparoscopic and robotic- assisted adrenalectomy and techniques to avoid and manage the 
complications   

 Complication  Techniques to avoid and manage complication 

 Bleeding from adrenal vein  Early identifi cation of the adrenal vein 
 Appreciation for aberrant adrenal vein anatomy (branches, multiple veins) 
 When utilizing bipolar vessel-sealing device, leave a small amount of vein 
tissue attached to the inferior vena cava for vascular control in the event that 
bleeding is encountered 
 Pressure on the site of bleeding using a Ray-Tec® while exposure to the vein is 
obtained 

 Bleeding from renal vein  Awareness of proximity of renal vein to adrenal structures 
 Pressure on the site of bleeding using a Ray-Tec® while exposure to the vein is 
obtained 
 Careful exposure of renal vein and suture small defects with 5–0 prolene suture 

 Bleeding from adrenal cortex  Avoid aggressive manipulation of the adrenal gland and traumatic grasping 
devices 
 If possible, avoid directly grasping adrenal tissue 
 Pressure applied with a Ray-Tec® for several minutes can slow or stop bleeding 
 Hemostatic agents may be necessary to stop bleeding 

 Injury to inferior vena cava (IVC)  Avoid with complete exposure of the margin of the IVC such that the insertion 
of adrenal vein into IVC can be visualized 
 Avoid with gentle manipulation of the adrenal vein to avoid an avulsion injury 
 Avoid by expecting anomalous veins (a second renal vein, lumbar veins) and 
preventing injuries – especially avulsion injuries – to these small vessels 
 Repair small IVC injuries with 5–0 prolene suture 
 If an IVC injury is noted, immediately notify the circulating nurse and 
anesthesiologist that blood loss and open conversion may be necessary 
 Be prepared at the beginning of the procedure with laparoscopic and open 
vascular instruments 
 Convert to open surgery early and expeditiously if the injury is beyond the 
scope of the surgeon’s expertise to manage laparoscopically 

 Diaphragmatic perforation  Avoidance of aggressive dissection lateral to the liver and spleen 
 Pancreatic injury  Gentle but wide mobilization of the pancreas from the adrenal bed 

    If injury is suspected, intraoperative general surgical consultation is needed 
 If injury is suspected/repaired, closed suction drainage of peritoneal space 

 Duodenal injury  Avoidance with Kocher maneuver to mobilize the duodenum from the adrenal 
bed 
 Keep thermal energy instruments away from the duodenum 

 Splenic injury  Avoid with very gentle retraction on the spleen 
 Cautious use of sharp instruments near the spleen 
 If the spleen is noted to have attachments to omentum or mesentery, divide these 
attachments before mobilizing the spleen to avoid capsular tear 
 Many splenic injuries can be managed with hemostatic agents – 
pneumoperitoneum should be decreased to 5 mmHg after application of these 
agents to ensure hemostasis 
 General surgical consultation if bleeding persists or a large laceration is noted 

 Injury to segmental renal arteries/
partial renal infarct 

 Avoid by careful dissection of the inferior margin of the adrenal gland – 
segmental renal arteries are often found in this area 
 If bleeding is encountered from inadvertent injury to a segmental branch, 
hemostatic clips or bipolar vessel-sealing device (for vessels less than 7 mm) 
can be used 
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      Conclusions 

 Numerous reports and case-controlled studies 
have validated the benefits of the laparoscopic 
approach to adrenalectomy over the open 
approach. The majority of surgeons utilize the 
transperitoneal technique; however, many 
approaches have been reported in the litera-
ture, showing no distinct advantage of any 
specific technique. Laparoscopic adrenalec-
tomy has consistently shown improved cosme-
sis, reduced hospital length of stay, decreased 
analgesic requirements, and a shorter conva-
lescent period. Compared with open adrenal-
ectomy, laparoscopic adrenalectomy is 
associated with fewer complications and 
improved perioperative parameters for patient 
care, without sacrificing the goals of the 
operation. 

 Laparoscopic adrenalectomy has evolved 
since it was initially described. Refi nement in 
technique and increased experience have 
resulted in decreased operative times, blood 
loss, and postoperative pain. As such, laparo-
scopic adrenalectomy is recognized as the cur-
rent standard for surgical removal of the 
adrenal gland. With experience, a detailed 
understanding of adrenal anatomy, and meticu-
lous laparoscopic dissection, surgeons may 
further reduce complications associated with 
laparoscopic and robotic-assisted laparoscopic 
adrenalectomy.     
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          Introduction 

       Laparoscopic surgery represented a major break-
through in the urologic fi eld, due to the decreased 
intraoperative estimated blood loss, shorter hospital 
stay, and quicker return to function [ 1 ]. The main 
obstacle which prevented the widespread of the 
laparoscopic approach was the steep learning curve 
required for a surgeon to achieve profi ciency [ 2 ]. 

 The advent of robot-assisted laparoscopic 
surgery represented a great advantage both for 
experienced laparoscopic surgeons and for lapa-
roscopically naïve ones. 

 Urologists experienced in laparoscopy found 
in the robot-assisted approach a better quality 

of vision, with 3D resolution, precise move-
ments, and no limitations on movements. On the 
other hand, open surgeons were provided with a 
minimally invasive technique with a simpler and 
faster learning curve [ 3 ]. 

 In the fi eld of oncologic urologic surgery, 
radical prostatectomy (RP) represents the leading 
application of the robotic approach [ 2 ]. 

 At present, RP represents the standard for 
long-term cure of localized prostate cancer 
(PCa), with cancer-specifi c survival approach-
ing 95 % at 15 years after radical surgery [ 4 ]. 
Since the fi rst procedure performed by Binder 
in May 2000 [ 5 ], robot-assisted radical pros-
tatectomy (RARP), carried out using the da 
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Vinci Surgical System™ (Intuitive Surgical, 
Sunnyvale, CA, USA), has been rapidly 
accepted as a safe and effi cacious treatment 
option for localized PCa [ 2 ]. RARP is currently 
the leading urologic use of the da Vinci system, 
and more than 80 % of the RPs performed in 
the USA in 2011 were done by robot- assisted 
surgery [ 3 ]. 

 RARP can be performed either through a 
transperitoneal or subperitoneal approach, with 
more precision and choices for dissection, thanks 
to the system’s 3D vision [ 3 ]. 

 Indications for RARP are the same with 
those for radical retropubic prostatectomy 
(RRP) and laparoscopic radical prostatectomy 
(LRP). According to the American Urological 
Association (AUA) Guidelines 2007 (reviewed 
and validity confi rmed 2011) [ 6 ], low-, interme-
diate-, and high-risk patients with localized PCa 
could undergo RARP. The European Association 
of Urology (EAU) Guidelines 2011 [ 7 ] identify 
four categories of patients who should undergo 
RARP: patients with low- and intermediate-risk 
localized PCa and a life expectancy >10 years, 
patients with stage T1a disease and a life expec-
tancy of >15 years or a Gleason score (GS) of 
7, selected patients with low-volume high-risk 
localized PCa, and highly selected patients with 
very-high-risk localized PCa (cT3b-T4 N0 or any 
T N1) in the context of multimodal treatment.  

   Surgical Technique 

 In 2007, Patel VR et al. described a technique 
for transperitoneal RARP [ 8 ], based on stan-
dard laparoscopic [ 9 ] and robotic [ 10 ] technique 
described previously. Some differences from 
these techniques were introduced: the dorsal 
vein stitch, the suspension stitch, early retro-
grade dissection of the neurovascular bundle, 
and continuous anastomosis described by Van 
Velthoven [ 11 ]. This technique, along with the 
modifi cations introduced since then, is here 
described step by step. 

   Step 1: Incision of the Peritoneum 
and Entry into the Retropubic Space 
of Retzius 

   Instruments 
•   Right arm: Monopolar scissor (30 W)  
•   Left arm: Bipolar Maryland (30 W)  
•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction  
•   Telescope: 0° binocular lens    

 Peritoneum is incised transversally through 
the median umbilical ligament (Fig.  5.1 ); the 
incision is extended on both sides in an inverted 
U fashion to the level of the vasa on either side. 
Counter-traction is provided by the assistant and 
the fourth arm. The peritoneum is dissected to the 
following boundaries: the pubic bone superiorly, 
the median umbilical ligaments laterally, and the 
vas deferens inferolaterally (Fig.  5.2 ). The pubic 
tubercle is found and followed laterally to the 
vasa. It is important to dissect the peritoneum 
all the way up to the base of the vasa to release 
the bladder and allow tension-free vesicourethral 
anastomosis.

  Fig. 5.1    Incising peritoneal fold to enter the retropubic 
space (Reprinted with permission from Patel    VR [ 8 ])       
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       Step 2: Incision of the Endopelvic 
Fascia (EPF) and Identifi cation 
of the Dorsal Venous Complex (DVC)  

   Instruments 
•   Right arm: Monopolar scissor (30 W)  
•   Left arm: Bipolar Maryland (30 W)  
•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction  
•   Telescope: 0° binocular lens    

 The important landmarks are the bladder neck, 
base of the prostate, levator muscles, and apex 
of the prostate (Fig.  5.3 ). Once adequate expo-
sure has been obtained, the EPF is opened from 
the base of the prostate to immediately lateral 
to the refl ection of the puboprostatic  ligaments 
 bilaterally using cold scissors. This is the area with 
the largest amount of space between the prostate 
and the levators and the point at which the pros-
tate has most mobility. Proceeding from the base 
to the apex, the levator fi bers are pushed off of the 
prostate until the DVC and urethra are visualized 
(Fig.  5.4 ). Extensive dissection of the apex at this 
time can lead to unnecessary and obtrusive bleed-
ing, so it is important to dissect only that which is 
necessary to get in a good DVC stitch.

       Step 3: Ligation of the DVC 

   Instruments 
•   Right arm: Robotic needle driver  
•   Left arm: Robotic needle driver  
•   Assistant: Laparoscopic scissor  
•   Telescope: 0° binocular lens    

 Robotic needle drivers are placed via the 
robotic ports. Patel et al. use a large needle 
with a non-braided absorbable suture such as 

  Fig. 5.2    Entry into the retropubic space of Retzius show-
ing the boundary of dissection (Reprinted with permission 
from Patel VR [ 8 ])       

  Fig. 5.3    The landmarks for incision of the EPF are the 
bladder neck, base of the prostate, levator muscles, and 
apex of the prostate (Reprinted with permission from 
Patel VR [ 8 ])       

  Fig. 5.4    Incision of the EPF and identifi cation of the 
DVC (Reprinted with permission from Patel VR [ 8 ])       
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Polyglytone™ (e.g., Caprosyn™) on a large CT1 
needle. The needle is held about 2/3 back at a 
slight downward angle and placed in the visible 
notch between the urethra and DVC (Fig.  5.5 ). 
The needle is pushed straight across at 90° and 
then the wrist is turned to curve around the apex 
of the prostate. The suture strength needs to be 
suffi cient to allow the needle holders to pull up 
tight and perform a slip knot, which prevents 
the suture from loosening as it is tied. A second 
suture is placed to suspend the urethra to the 
pubic bone and secondarily ligate the DVC. The 
DVC is encircled and then stabilized against the 
pubic bone along with the urethra (Fig.  5.6 ). The 
aim of this technique is the stabilization of the 
urethra avoiding urethral retraction, facilitating 
the  urethral dissection. Patel et al., in a prospec-

tive comparative study on 331 patients, found a 
signifi cant advantage in terms of early recovery 
of continence at 3 months using a single anterior 
suspension stitch to the pubic bone (83 % vs. 
92.9 %;  p  = 0.013) [ 12 ].

       Step 4: Anterior Bladder Neck 
Dissection 

   Instruments 
•   Right arm: Monopolar scissor (30 W)  
•   Left arm: Bipolar Maryland (30 W)  
•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction  
•   Telescope: 30° binocular lens directed 

downwards    
 The laparoscope is changed to a 30° down- 

facing lens, which is optimal to see inferiorly. 
The bladder neck is identifi ed by a cessation of 
the fat extending from the bladder at the level of 
the prostatovesical junction (Fig.  5.7 ). Another 
technique is to pull on the urethral catheter and 
visualize the balloon. However, this can be unre-
liable and misleading after transurethral resec-
tion of prostate (TURP) or with a median lobe 
or large prostate. The robotic arms also provide a 
moderate amount of visual and sensory feedback 
to facilitate localization of the boundaries. The 
bladder is dissected off the prostate in the midline 
using a sweeping motion of the monopolar scissor 
while visualizing the bladder fi bers. The key is to 

  Fig. 5.5    A large CT1 needle is placed in the visible notch 
between the urethra and DVC (Reprinted with permission 
from Patel VR [ 8 ])       

  Fig. 5.6    Ligated DVC and performance of suspension 
stitch to suspend DVC to pubic bone (Reprinted with per-
mission from Patel VR [ 8 ])       

  Fig. 5.7    Identifi cation of the bladder neck by cessation of 
the fat extending from the bladder at the level of the pros-
tatovesical junction (Reprinted with permission from 
Patel VR [ 8 ])       
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stay in the midline to avoid lateral venous sinuses 
till the anterior bladder neck is opened and then 
dissect on either side of the bladder neck. Once 
the anterior urethra is divided, the Foley catheter 
is retracted out of the bladder using the fourth 
arm, and upward traction is applied to expose the 
posterior bladder neck (Fig.  5.8 ).

       Step 5: Posterior Bladder Neck 

   Instruments 
•   Right arm: Monopolar scissor (30 W)  
•   Left arm: Bipolar Maryland (30 W)  
•   Fourth arm: Prograsp  

•   Assistant: Microfrance grasper and suction  
•   Telescope: 30° binocular lens directed 

downwards    
 During the posterior bladder neck dissec-

tion, the diffi culty is in appreciating the posterior 
 tissue plane between the bladder and prostate and 
the direction and depth of dissection necessary to 
locate the seminal vesicles. After incision of the 
anterior bladder neck, any remaining peripheral 
bladder attachments should be divided to fl atten 
out the area of the posterior bladder neck and 
allow precise visualization and dissection of the 
posterior plane. The full thickness of the poste-
rior bladder neck should be incised at the precise 
junction between the prostate and the bladder 
(Fig.  5.9 ). The lip of the posterior bladder neck 
is then grasped with the fourth arm and used 
for gentle traction to visualize the natural plane 
between the prostate and bladder. The dissec-
tion is directed posteriorly and slightly cranially 
(towards the bladder) to expose the seminal ves-
icles. It is important to avoid dissecting caudally 
(towards the prostate) as there is a possibility of 
entering the prostate and missing the seminal 
vesicles completely (Fig.  5.10 ).

       Step 6: Seminal Vesicle Dissection 

   Instruments 
•   Right arm: Monopolar scissor (30 W)  
•   Left arm: Bipolar Maryland (30 W)  

  Fig. 5.9    Incising the middle portion of posterior bladder 
neck (Reprinted with permission from Patel VR [ 8 ])       

  Fig. 5.10    Completed posterior dissection exposing the 
seminal vesicles (Reprinted with permission from Patel 
VR [ 8 ])       

  Fig. 5.8    Division of anterior bladder neck (Reprinted 
with permission from Patel VR [ 8 ])       
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•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction  
•   Telescope: 30° binocular lens directed 

downwards    
 Once the bladder has been dissected off the 

prostate, the vasa and seminal vesicles can be 
identifi ed. The thin fascial layer over the semi-
nal vesicles and vasa should be opened to free 
the structures for retraction. The fourth arm is 
used to retract the vasa superiorly. Both vasa are 
then incised, and the inferior portion of the vas 
is retracted by the assistant (Fig.  5.11 ). The vas 
is then followed posteriorly to expose the tips 

of the seminal vesicles. Small perforating ves-
sels are cauterized with the bipolar grasper and 
divided or clipped with a 5 mm clip or Hem-o-lok 
(Fig.  5.12 ).

       Step 7: Denonvilliers’ Fascia 
and Posterior Dissection 

   Instruments 
  Right arm: Monopolar scissor (30 W)  
  Left arm: Bipolar Maryland (30 W)  
  Fourth arm: Prograsp  
  Assistant: Microfrance grasper and suction  
  Telescope: 30° binocular lens directed downwards    

 The seminal vesicles must be dissected all the 
way to the base to allow for appropriate elevation 
of the prostate and identifi cation of the posterior 
Denonvilliers’ fascia (Fig.  5.13 ). The incision of 
Denonvilliers’ fascia is made at the base of the 
seminal vesicles. The correct plane can be identi-
fi ed by the presence of a clear pearly white plane 
between the posterior prostatic capsule and the 
rectum. When entered correctly, the plane is 
avascular and spreads easily with the Maryland 
dissector with minimal bleeding. The posterior 
space is dissected widely to fully release the 
prostate and facilitate rotation during the nerve 
sparing (Fig.  5.14 ).

  Fig. 5.11    Vas retraced by the fourth arm and the assistant 
(Reprinted with permission from Patel VR [ 8 ])       

  Fig. 5.12    The vas is followed posteriorly to expose the 
tips of the seminal vesicles (Reprinted with permission 
from Patel VR [ 8 ])       

  Fig. 5.13    Incision of Denonvilliers’ fascia is made at the 
base of the seminal vesicles to expose the clear pearly 
white plane between the prostatic capsule and the rectum 
(Reprinted with permission from Patel VR [ 8 ])       
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       Step 8: Nerve Sparing 

   Instruments 
•   Right arm: Monopolar scissor (30 W)  
•   Left arm: Bipolar Maryland (30 W)  
•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction  
•   Telescope: 30° binocular lens directed 

downwards    
 The approach to the nerve sparing is retrograde, 

mirroring the open approach. The periprostatic 

fascia is incised at the level of the apex and mid-
portion of the prostate (Fig.  5.15 ). Gentle spread-
ing of the tissue on the lateral aspect of the prostate 
will allow the prostatic capsule and the neurovas-
cular bundle (NVB) to be identifi ed. No thermal 
energy is used during dissection of the NVB or 
ligation of the pedicle. At the apex of the prostate, 
a plane between the NVB and prostate capsule can 
be identifi ed and separated (Fig.  5.16 ). The NVB 
is then released in a retrograde manner towards 
the prostatic pedicle. The NVB is stabilized with 
the Maryland dissector and the prostate is gen-
tly stroked away using the scissors. The plane 
between the NVB sheath and the prostate capsule 
is relatively avascular, consisting of only small 
tributary vessels; therefore, no energy or clipping 
is required close to the path of the NVB. As the 
dissection proceeds in a retrograde fashion, the 
NVB can clearly be seen being released off of the 
prostate. The prostate pedicle can then be thinned 
out with sharp dissection and the path of the NVB 
clearly delineated at this level. The clear defi nition 
of the anatomy allows the placement of two clips 
on the pedicle away from the NVB and sharp inci-
sion to release the prostate completely (Fig.  5.17 ). 
It is important to release the NVB to the apex of 

  Fig. 5.15    Incision of the periprostatic fascia at the level 
of the apex and midportion of the prostate (Reprinted with 
permission from Patel VR [ 8 ])       

  Fig. 5.16    Development of plane between the prostate 
capsule and the NVB (Reprinted with permission from 
Patel VR [ 8 ])       

  Fig. 5.14    Completed posterior dissection to fully release 
the prostate (Reprinted with permission from Patel VR 
[ 8 ])       
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the prostate in order to prevent injury during the 
apical dissection.

        Step 9: Apical Dissection 

   Instruments 
•   Right arm: Monopolar scissor (30 W)  
•   Left arm: Bipolar Maryland (30 W)  
•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction  
•   Telescope: 30° binocular lens directed 

downwards    
 The landmarks are the ligated DVC, urethra, 

apex of the prostate, and NVB. Ligation of the 
DVC prevents bleeding which may interfere with 
the apical dissection and division of the urethra 
under direct vision (Fig.  5.18 ). Cold scissors 
are used to divide the DVC and a long urethral 
stump is developed, as a longer urethral stump 
facilitates the anastomosis and may improve 
continence. Complete dissection of the apex and 
urethra is facilitated by the robotic magnifi cation. 
The urethra is then incised at the apex of the pros-
tate under direct vision to completely liberate the 
prostate (Fig.  5.19 ).

  Fig. 5.17    The prostate pedicle ligated away from the 
NVB under direct vision (Reprinted with permission from 
Patel VR [ 8 ])       

  Fig. 5.18    Complete apical dissection to achieve long ure-
thral stump (Reprinted with permission from Patel VR 
[ 8 ])       

  Fig. 5.19    Urethra is incised at the apex of the prostate 
under direct vision (Reprinted with permission from Patel 
VR [ 8 ])       
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       Step 10: Bladder Neck Reconstruction 

   Instruments 
•   Right arm: Robotic needle driver  
•   Left arm: Robotic needle driver  
•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction    

 Bladder neck preservation is usually attempted 
during RARP, but, in case of large prostate vol-
ume or large median lobe or in patients with pre-
vious TURP, a bladder neck reconstruction can 
be necessary. Before starting the bladder neck 
reconstruction, it is essential to check the position 
of the ureteric orifi ces and their distance from the 
edge of the bladder neck. Bilateral plication over 
the lateral aspect of the bladder is then performed 
using sutures of 3-0 poliglecaprone, 13 cm long, 
in a RB-1 needle (Ethicon Inc. Somerville, NJ, 
USA). The suture begins laterally and runs medi-
ally until the bladder neck size matches that of 
the membranous urethra. The same suture then 
runs laterally, back to the beginning of the suture, 
and is tied (Fig.  5.20 ). Occasionally additional 
stitches need to be placed, if indicated, until the 

bladder neck size matches that of membranous 
urethra [ 13 ].

      Step 11: Reconstruction 
of the Posterior Musculofascial Plate 

   Instruments 
•   Right arm: Robotic needle driver  
•   Left arm: Robotic needle driver  
•   Fourth arm: Prograsp  
•   Assistant: Microfrance grasper and suction  
•   Telescope: 30° binocular lens directed 

downwards    
 In 2006, Rocco F et al. proposed a technique 

for restoration of the posterior aspect of the rhab-
dosphincter (RS) which demonstrated to shorten 
time to continence in patients undergoing RRP 
[ 14 ]. In 2007, Rocco B et al. described the appli-
cation of the posterior reconstruction technique 
to transperitoneal laparoscopic radical prosta-
tectomy (LRP) [ 15 ], while, in 2008, Coughlin 
et al. applied the posterior reconstruction of the 
 rhabdosphincter to RARP with some minor tech-
nical modifi cations [ 16 ]. The technique has been 
further modifi ed in 2011 [ 17 ]. 

 The reconstruction is performed using two 
3-0 poliglecaprone sutures (on RB-1 needles) 
tied together, with each individual length being 
12 cm. Ten knots are placed when tying the 
sutures to provide a bolster. The free edge of the 
remaining Denonvilliers’ fascia is identifi ed after 
the prostatectomy and approximated to the pos-
terior aspect of the RS and the posterior median 
raphe using one arm of the continuous suture. As 
a rule, four passes are taken from the right to the 
left and the suture is tied (Fig.  5.21a, b ). The sec-
ond layer of the reconstruction is then performed 
with the other arm of the suture approximating 
the posterior lip of the bladder neck (full thick-
ness) and the vesicoprostatic muscle, as described 
by Walz et al. [ 18 ], to the posterior urethral edge 
and to the already reconstructed median raphe 
(Fig.  5.22a, b ). This suture is then tied to the end 
of the fi rst suture arm.

    One of the key steps for an appropriate recon-
struction is the preservation of the Denonvilliers’ 

  Fig. 5.20    Modifi ed transverse plication for bladder neck 
reconstruction (Reprinted with permission from Lin VC 
[ 13 ])       
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fascia when dissecting the posterior plane 
between the prostate and the rectal wall. If this 
dissection is performed at the perirectal fat tis-
sue, the Denonvilliers’ fascia is not adequately 
spared, precluding posterior reconstruction. 

 A recent systematic review showed that the 
reconstruction of the posterior musculofascial 
plate improves early return of continence within 
the fi rst 30–45 days after RP (Fig.  5.23 ); fur-
thermore, trend towards lower leakage rates has 
been found in patients who received the posterior 
reconstruction (Fig.  5.24 ) [ 19 ].

1st arm of suture
Rhabdosphincter

Dorsal venous complex
Neurovascular bundle

Puboprostatic ligament
2nd arm of suture

Neurovascular bundle Denovilliers’fascia

Urethra

Bladder

Loop in first arm

Rhabdosphincter

Denovilliers’fascia

2nd arm of suture

Urethra

Bladder

a

b

  Fig. 5.21    ( a ) First layer of posterior reconstruction. ( b ) 
The free edge of the remaining Denonvilliers’ fascia is 
approximated to the posterior aspect of the rhabdosphinc-
ter reconstruction (Reprinted with permission from 
Coelho RF [ 17 ])       

2nd arm of suture

Loop in 1st arm

Urethra

Bladder

2nd arm of suture

Loop in 1st arm

Urethra

Bladder

a

b

  Fig. 5.22    ( a ) Second layer of posterior reconstruction. ( b ) 
The posterior lip of the bladder neck and vesicoprostatic 
muscle is sutured to the posterior urethral edge reconstruc-
tion (Reprinted with permission from Coelho RF [ 17 ])       
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       Step 12: Urethrovesical Anastomosis 

   Instruments 
•   Right arm: Robotic needle driver  
•   Left arm: Robotic needle driver  
•   Assistant: Suction and scissor  
•   Telescope: 30° binocular lens directed 

downwards    
 The urethra and bladder are reapproximated 

using a continuous suture as per the technique 
described by Van Velthoven [ 11 ]. Two 20 cm 3-0 
Monocryl sutures on RB-1 needles of different 
colors are tied together with ten knots to pro-
vide a bolster. The posterior urethral anastomo-
sis is performed fi rst with one arm of the suture. 
Three passes are made through the bladder and 
two passes through the urethra and the suture is 
pulled straight up in order to bring the bladder 
down. The posterior anastomosis is continued 
in a clockwise direction from the 5 to 9 o’clock 
position obtaining adequate bites of tissue 
(Fig.  5.25 ). This is followed by completion of the 
anterior anastomosis with the second arm of the 
suture in a counterclockwise fashion (Fig.  5.26 ). 
The key to performing quick watertight anas-
tomosis is to have an adequate urethral length, 
normal-sized bladder neck, clear operative fi eld, 
and perineal pressure. A Foley catheter is placed 
and saline is irrigated to confi rm watertight anas-
tomosis. A Jackson–Pratt drain is placed around 
the anastomosis, and all the trocars are removed 
under direct vision.

       Robot-Assisted Lymph Node 
Dissection 

 The lymph node drainage of the prostate appears 
to be in the following order: external iliac and 
obturator (38 %), internal iliac (25 %), common 
iliac (16 %), para-aortic/para-caval (12 %), pre-
sacral (8 %), and inguinal (1 %) [ 20 ]. 

 Indications for lymph dissection during 
RARP are the same with those during RRP: 
patients with intermediate-risk PCa (cT2a and/
or PSA of 10–20 ng/ml and/or biopsy Gleason 
score of 7), patients with high-risk PCa (>cT2b 
and/or PSA of > 20 ng/ml and/or biopsy Gleason 

score of ≥8), or patients with ≥7 % likelihood 
of having node metastases according to available 
nomograms [ 21 ]. 

 An appropriate pelvic lymph node dissection 
(PLND) includes removal of all node-bearing tis-
sue from an area bounded by the external iliac 
artery anteriorly, the pelvic sidewall laterally, 
the bladder wall medially, the fl oor of the pel-
vis posteriorly, Cooper ligament distally, and the 
common iliac artery/ureter crossing proximally. 
When these anatomic boundaries are respected, 
PLND usually retrieves ≥10 lymph nodes [ 21 ]. 

  Fig. 5.25    Posterior urethral anastomosis starting at 5 
o’clock position (Reprinted with permission from Patel 
VR [ 8 ])       

  Fig. 5.26    Completion of posterior anastomosis in a 
clockwise direction (Reprinted with permission from 
Patel VR [ 8 ])       
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 Freicke    et al. [ 22 ], Ham et al. [ 23 ], and Menon 
et al. [ 24 ] reported the feasibility of an extended 
lymph node dissection in course of RARP, 
including external iliac, internal iliac, and obtu-
rator lymph nodes. They obtained mean numbers 
of nodes ranging from 12 to 19 and positive node 
rates ranging from 11 to 24 %, according to the 
different patient characteristics [ 25 ]. 

 Chung et al. [ 26 ] compared transperitoneal 
and extraperitoneal limited dissection, showing a 
similar lymph node yield with a slightly higher 
risk of postoperative lymphoceles for the extra-
peritoneal approach.  

   Tips and Tricks and Challenging Cases  

   Dissection of the Bladder Neck 
 Dissection of the bladder neck represents one of 
the most challenging steps of RARP, particularly 
in the presence of diffi cult anatomic  conditions, 
which can be natural, such as the presence of a 
median lobe, or due to previous surgery, as in 
case of previous surgery for benign prostatic 
hyperplasia (BPH). 

 The line of dissection of the anterior bladder 
neck can be identifi ed by pulling the catheter, 
operating a traction with the fourth arm, or by 
means of a symmetric pressure of the right and 
left arm (Fig.  5.27 ). The use of a low monopo-
lar energy helps in maintaining the features of 
the tissue and so in distinguishing the muscular 

 tissue of the detrusor from the glandular tissue of 
the prostate.

   The approach to the posterior bladder neck is 
based on two opposite tractions: that on the cath-
eter superiorly and that on the bladder neck crani-
ally. The incision begins on the lateral aspects of 
the detrusor (Fig.  5.28 ). After releasing the lat-
eral muscular fi bers, and so transferring the trac-
tion on the midline, the bladder neck is dissected. 
A constant traction is made by means of the left 
arm; the scissors, with separate blades, develop 
the surgical plane, until the seminal vesicles are 
visible (Fig.  5.29 ).

    In presence of a median lobe, traction on the 
catheter can help identifying an eventual asym-
metry of the lobes. The dissection of the anterior 
bladder neck begins again on the midline, until 
the catheter is identifi ed and suspended. The lat-
eral aspects of the detrusor are separated, while 
a traction is exerted with the left arm. When 
the median lobe becomes evident, the point 
of traction is changed to improve exposition 
(Fig.  5.30 ). Special attention should be given 
to the thickness of the posterior aspect of the 
bladder neck. In 2012, Coelho et al. reviewed 
postoperative outcomes of 1,693 patients who 
underwent RARP performed by a single sur-
geon. Three hundred and twenty three (19 %) 
presented a median lobe (ML). The authors did 
not fi nd signifi cant differences between patients 
with or without ML in terms of estimated blood 
loss, length of hospital stay, pathologic stage, 
complication rates,  anastomotic leakage rates, 
overall PSM rates, and PSM rate at the blad-
der neck. The median overall operative time 
was slightly greater in patients with ML (80 vs. 
75 min,  P  < 0.001); however, there was no differ-
ence in the operative time when stratifying this 
result by prostate weight. Continence rates were 
also similar between patients with and without 
ML at 1 week (27.8 % vs. 27 %,  P  = 0.870), 4 
weeks (42.3 % vs. 48 %,  P  = 0.136), 12 weeks 
(82.5 % vs. 86.8 %,  P  = 0.107), and 24 weeks 
(91.5 % vs. 94.1 %,  P  = 0.183) after catheter 
removal [ 27 ].

   The bladder neck defect after TURP can cre-
ate many diffi culties in the dissection (Fig.  5.31 ). 
The catheter is pulled cranially and superiorly, 

  Fig. 5.27    The line of dissection of the anterior bladder 
neck can be identifi ed by means of a symmetric pressure 
of the right and left arm       
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  Fig. 5.28    The dissection of the posterior bladder neck 
begins on the lateral aspects of the detrusor       

  Fig. 5.29    The dissection of the posterior bladder neck 
ends when the seminal vesicles are visible       

  Fig. 5.30    Traction on the median lobe improves 
exposition       

exposing the large defect of the bladder neck. 
Here it is even more important to separate the lat-
eral aspect before dissection on the midline. The 
presence of scar tissue can make it more diffi cult 
to distinguish the muscular from the glandular 
tissue.

      The Role of the Prostatic Vasculature 
as a Landmark for Nerve Sparing 
During Robot-Assisted Radical 
Prostatectomy 
 In 2011, Patel VR et al. performed a retrospective 
video analysis of 133 consecutive patients who 
underwent RARP with nerve sparing performed 
using a retrograde, antegrade, or combined 
approach [ 28 ]. 

 After opening sharply the levator fascia over 
the prostate, they observed the presence of a 
distinctive prostatic artery (PA) which could be 
found between the midprostate and base. The 
artery entered the prostate on the anterolateral 
aspect, and it was easily recognized by its large 
size and tortuosity (Fig.  5.32a ). Delicately devel-
oping a plane of dissection between the PA and 
the prostate resulted in a natural detachment of 
the neurovascular bundle (NVB) from the pros-
tate. For a complete NS, the correct plane of dis-
section was recognized by the presence of pearly 
areolar tissue and was gently developed poste-
riorly following the prostatic contour until the 
previously created posterior plane was reached. 
After detaching the prostate, it was evident that 

  Fig. 5.31    Bladder neck defect after transurethral resec-
tion of the prostate       
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the PA was located at the most medial aspect of 
the NVB and followed its course down into the 
perineum (Fig.  5.32b ).

   In absence of a distinctive PA, the presence 
of multiple capsular arteries (CAs) was another 
common fi nding. These arteries are found on 
the lateral aspect of the prostate forming a mesh 
throughout the thickness of the NVB. The most 
superfi cial of these CAs can be recognized after 
opening the levator fascia over the prostate. It is 

located over the medial border of the NVB fat, 
close to the point where the fat ends over the 
prostate (Fig.  5.33a ). In this case, the plane of 
dissection can be reached by delicately sweep-
ing the plane between the CA and the prostate 
with the robotic scissors. This plane is less pro-
nounced and harder to fi nd than in the presence 
of a distinctive PA. A key to its identifi cation is to 
follow the direction of the prostatic contour. As 
the dissection gets deeper between the CA and 

a b

  Fig. 5.32    ( a ) The    prostatic artery (PA) can be recognized 
after opening the levator fascia on the base of the prostate. 
It has a large diameter and a tortuous confi guration, which 
makes it easy to be recognized intraoperatively. It contin-
ues alongside the prostate occupying the medial aspect of 

the neurovascular bundle (NVB). ( b ) Complete left nerve 
sparing; the prostate has been detached from the 
NVB. Note how the pointed PA follows the course of the 
NVB and enters the perineum behind the urethra 
(Reprinted with permission from Patel VR [ 28 ])       

a b

  Fig. 5.33    ( a ) Capsular arteries (CAs) can be recognized 
after opening the levator fascia. They are found more dis-
tally than the prostatic artery (PA), at the level of the mid-
prostate. CAs are thin, harder to identify, and do not have 
a tortuous confi guration like the PA. They usually end in 
small twigs at the apex and do not perforate into the 
perineum. ( b ) A plane of dissection has been developed 
between the landmark CA and the prostate. Notice that as 

the dissection gets deeper, additional CAs are found along 
the medial aspect of the neurovascular bundle (NVB; 
 arrow ). The right plane of dissection for a complete nerve 
sparing is to stay on the medial aspect of the CAs, through 
the pearly areolar tissue between the prostate and the 
NVB ( asterisk ) (Reprinted with permission from Patel 
VR [ 28 ])       

 

 

B. Rocco et al.



65

the prostate, multiple CAs can be found at dif-
ferent depths at the medial border of the NVB 
(Fig.  5.33b ). The right plane of dissection is 
maintained by following the pearly areolar tissue 
between these arteries and the prostate. At the 
end of the dissection, the plane created will meet 
the previously developed posterior plane.

   The authors measured the area of residual 
nerve tissue on the posterolateral aspect at the 
level of the midprostate as a way to assess the 
amount of nerve preservation. The area of resid-
ual nerve tissue was signifi cantly less when the 
NS was performed medial to the landmark artery 
(LA) (median inter quartile range (IQR   ) of 0 
[0–3] mm 2  vs. 14 [9–25] mm 2 ;  p  < 0.001). The 
overall positive surgical margin (PSM) rate for 
the 133 patients was 9.02 % (12 of 133), with 
8.3 % (9 of 108) in pT2 and 12 % (3 of 25) in pT3. 
Side-specifi c PSM rate in those patients with an 
NS performed medial to the LA was 3.2 %. 

 In 27 % of the operated sides, the authors were 
not able fi nd any LAs after opening the levator 
fascia over the prostate. Because the CAs are 
embedded in fatty tissue, an increased amount of 
fat in the NVB can prevent the identifi cation of 
these small vessels. Although the amount of fat 
contained in the NVB is variable and depends on 
individual body habitus, a constant fi nding was 
the confi guration of this fat on the prostate. The 
NVB fat forms an apron embedding the prostate 

on the posterior and lateral aspects, and a delimi-
tation of the NVB fat lying over the prostate can 
usually be identifi ed (Fig.  5.34a ). The authors 
found that the plane of dissection between the 
NVB and the prostate could be found by gently 
sweeping the fat at the point where it ends over 
the lateral border of the prostate. The plane is 
extended along the prostatic contour until the are-
olar plane is reached and dissection reaches the 
previously created posterior plane (Fig.  5.34b ).

      Salvage RARP 
 Radiation therapy is one of the treatment options 
for prostate cancer. According to the EAU 
Guidelines [ 7 ], three-dimensional conformal 
radiotherapy (3D-CRT) is the gold standard, 
while intensity-modulated radiotherapy (IMRT), 
an optimized form of 3D-CRT, is becoming more 
widely used as is image-guided radiotherapy. 

 According to the American Society for 
Therapeutic Radiology and Oncology (ASTRO) 
criteria, recurrence after RT for localized PCa can 
be defi ned by a PSA value of 2 ng/ml above the 
nadir after RT [ 29 ]. With a 40–60 % biochemical 
recurrence (BCR) rate after RT for clinically local-
ized prostate cancer, approximately 30,000 men will 
present with BCR annually in the United States [ 30 ]. 

 Among the different salvage procedures, only 
salvage RP(sRP) has cancer control results for 
a ≥10-year follow-up in a substantial portion of 

a b

  Fig. 5.34    ( a ) The point where the neurovascular bundle 
(NVB) fat ends on the lateral aspect of the prostate is usu-
ally evident and can be used as landmark for nerve spar-
ing when no elements of the prostatic artery can be 
identifi ed. ( b ) Development of a plane between the NVB 

fat and the prostate leads to a natural detachment of the 
prostate from the NVB at the areolar plane existing 
between them ( asterisk ) (Reprinted with permission from 
Patel VR [ 28 ])       
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patients (30–40 %). However, sRP is technically 
demanding, and experienced surgeons are needed 
to optimize outcomes: in fact, RT-induced cys-
titis, fi brosis, and tissue plane obliteration can 
lead to signifi cant complications, such as rectal 
 injuries, anastomotic stricture, and urinary incon-
tinence [ 31 ]. The da Vinci Surgical System helps 
the surgeon in performing salvage surgery by its 
3D vision and 10× magnifi cation, which help 
careful dissection [ 32 ]. 

 According to Chen et al. [ 33 ], ideal candi-
dates for salvage surgery should be young and 
healthy and have a life expectancy of >10 years. 
They also suggested to study these patients with 
cystoscopy, which can identify subtrigonal tumor 
extension, and urodynamic study. In fact, men 
with a poorly compliant bladder or subclinical 
detrusor hyperrefl exia are poor candidates for 
sRP alone: in these cases, augmentation cysto-
plasty can be considered. 

 Distant metastases are less frequent in patients 
who initially presented with a low-risk disease 
(PSA < 10 ng/ml, PSA velocity <2.0 ng/ml per 
year, biopsy Gleason score of ≤6, T1c or T2a 
tumor stage) [ 34 ], a time to PSA failure >3 years 
[ 35 ], a PSA doubling time >8–12 months [ 36 ,  37 ], 
and a PSA level at the time of salvage therapy 
<10 ng/ml [ 38 ]. Thus, patients with these features 
are expected to achieve a better outcome from sRP. 

 In 2008, Jamal et al. [ 39 ] reported a case of sal-
vage RARP (sRARP). Since then, some authors 
highlighted some expedients in order to reduce 
the morbidity of sRARP. In the multi- institutional 
experience described by Chauhan et al., before 
performing the anastomosis, the integrity of the 
rectal wall was assessed in a similar three-step 
fashion: fi rst, an inspection of the rectal wall 
was performed under 10× magnifi cation and 
3D vision of the da Vinci Surgical System; then 
the pelvic cavity was fi lled with normal saline 
while insuffl ating the rectal tube (the absence of 
bubbles signifi ed no major injuries); and fi nally, 
a fl exible sigmoidoscope was inserted into the 
rectum and the robotic camera light was turned 
off: any transilluminance suggested a thinning 
of the rectal wall [ 40 ]. In this 15-patient series, 
the median operative time, the median estimated 
blood loss, and the median length of hospital stay 

were 140.5 min, 75 ml, and 1 day, respectively. 
There were no rectal injuries. Two (13.3 %) 
patients had a positive surgical margin. A total 
of three (20 %) patients had postoperative com-
plications. One patient had a deep vein thrombo-
sis (Clavien grade II), one had wound infection 
(Clavien grade II), and one patient had an anas-
tomotic leak (Clavien grade Id). An anastomotic 
stricture (Clavien grade IIIa) later developed in 
this same patient, which was managed by direct 
visual internal urethrotomy. Of the patients, 
71.4 % were continent. At a median follow-up of 
4.6 months (IQR 3–9.75 months), four (28.6 %) 
patients presented with biochemical recurrence 
after sRARP.    

   Clinical Practice 

   Comparison Between RRP, LRP, 
and RARP 

 In 2010, Coelho et al. compared available evi-
dences for RRP, LRP, and RARP provided by 
high-volume centers, identifying published 
series of 250 patients or more [ 41 ]. This review 
was conducted to compare perioperative, func-
tional, and oncological outcomes of the three 
approaches in the absence of randomized trials. 

 The weighted means for operative time 
were 165 min (range 131–204 min) for RRP, 
162.6 min (130–236 min) for the RARP series, 
and 205 min (100–266 min) for the LRP series. 
The mean estimated blood loss (EBL) for RRP, 
LRP, and RARP was 951, 291.5, and 164.2 ml, 
respectively. The mean intraoperative and postop-
erative RRP transfusion rates for RRP, LRP, and 
RARP were 20.1, 3.5, and 1.4 %, respectively. 
In terms of hospital stay, RP series account for a 
weighted mean of 3.48 days; the mean hospital 
stay for LRP and RARP was 4.87 and 1.43 days, 
respectively. 

 The weighted mean postoperative complica-
tion rates for RRP, LRP, and RARP were 10.3 % 
(range of means 4.8–26.9 %), 10.98 % (range of 
means 8.9–27.7 %), and 10.3 % (range of means 
4.3–15.7 %), respectively. The mean open con-
version rate for RARP was 0.34 % (range of 
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means 0–1.6 %) and for LRP was 1.76 % (range 
of means 0–2.4 %). The pathologic stage in the 
RARP series was of 78.2 % pT2 tumors and 
20.5 % pT3 tumors. LRPs were performed on 
64 % pT2 and 32.6 % pT3 tumors, and RRPs 
on 64.3 % pT2 and 31.5 % pT3 tumors. RARP 
revealed a mean overall PSM rate of 13.6 %, 
whereas LRP and RRP yielded a PSM of 21.3 
and 24 %, respectively. The mean PSM rate for 
pT2 and pT3 tumors in the RARP series was 9.6 
and 37.1 %, respectively; in the open series, it 
was 16.8 and 42 %, respectively; and in the LRP 
series, it was 12.4 and 39.2 %, respectively. 

 In this study, the defi nition of continence 
adopted to collect the data from the studies was 
the use of no absorbent pads or the use of one pad 
only for security. The weighted mean continence 
rates at 12 months of follow-up for RRP, LRP, 
and RARP were 79, 84.8, and 92 %, respectively. 

 The weighted mean potency rates for patients 
who underwent RRP with unilateral or bilateral 
nerve sparing, at 12 months of follow-up, were 
43.1 and 60.6 %, respectively. The LRP weighted 
mean potency rates for patients who received 
unilateral and bilateral nerve-sparing procedures, 
at 12 months of follow-up, were 31.1 and 54 %, 
respectively; fi nally, RARP patients who received 
unilateral and bilateral nerve-sparing procedures 
had potency rates, at 12 months of follow-up, of 
59.9 and 93.5 %, respectively. 

 In conclusion, the Authors found that LRP 
and RARP were associated with decreased oper-
ative blood loss and decreased risk of transfusion 
when compared with RRP. Lower weighted mean 
PSM rates and higher continence and potency 
rates were observed after RARP compared with 
RRP and LRP. 

 A 2013 paper [ 42 ] compared early oncologic 
outcomes of 961 ORP and 493 RARP performed 
by experienced surgeons in a high-volume center. 
Despite a short follow-up (1 year), Silberstein 
et al. found that RARP, when performed by highly 
experienced surgeons, was not associated with 
lower rates of BCR-free survival or higher rates 
of PSMs. Furthermore, their fi ndings demon-
strated no worse outcomes for higher-risk patients 
receiving RARP when emphasis is placed on strict 
adherence to oncological surgical principles.  

   Best Practice Recommendations 
for RARP: The Pasadena Consensus 
Panel 

 In 2012, a consensus conference of 17 world 
leaders in prostate cancer and radical prosta-
tectomy was organized in Pasadena, California, 
and at the City of Hope Cancer Center, Duarte, 
California, under the auspices of the European 
Association of Urology Robotic Urology Section 
to systematically review the currently available 
data on RARP, to critically assess current sur-
gical techniques, and to generate best practice 
recommendations to guide clinicians and related 
medical personnel [ 21 ]. 

 The Pasadena Consensus Panel (PCP) [ 21 ] 
confi rmed the indications for RARP, identical to 
those accepted for RRP and for LRP. Furthermore, 
the PCP identifi ed some patients subgroups who 
should be treated by an “experienced” surgeon, 
such as obese patients [body mass index (BMI) 
>30], patients with prostate volume >70 cm 3 , 
patients with previous TURP or other surgery for 
BPH, patients with large median lobe, high-risk 
patients requiring extended pelvic lymph node 
dissection, and patients with previous pelvic 
surgery. Only very experienced surgeons should 
perform salvage RARP after radiation therapy, 
cryotherapy, or high-intensity focused ultrasound 
(HIFU) [ 43 ]. 

 Considering deeper insights into the distribu-
tion and course of the cavernous nerves which in 
recent years have allowed clinicians to increase 
their knowledge about prostate anatomy and spe-
cifi cally about the network of nerves surround-
ing the prostate, seminal vesicles, and urethral 
sphincter [ 18 ], the PCP also reviewed indications 
for nerve-sparing surgery. 

 A maximum preservation of cavernous nerves 
(CNs) ( full  nerve sparing) can be obtained by fol-
lowing the plane between the prostatic capsule 
and the multilayer tissue of the prostatic fas-
cia. This kind of nerve sparing is recommended 
for sexually active and functional men without 
comorbidities and limited-risk disease.  Partial  
nerve sparing, obtained following the planes 
within the multilayer tissue of the prostatic fas-
cia, is recommended for preoperative potent men 
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without comorbidities and intermediate- or high- 
risk localized disease, while patients with erectile 
dysfunction and/or comorbidities, or not inter-
ested in sexual activity, should undergo  minimal  
nerve sparing, that is, the preservation of CNs 
running at the posterolateral surface of the pros-
tate. When the disease is clearly extraprostatic, 
patients should undergo a non-nerve-sparing sur-
gery [ 21 ]. 

 Regarding PLND, the PCP agreed that a bilat-
eral extended PLND is indicated for interme-
diate- and high-risk patients. A PLND should 
be considered optional in low-risk patients 
(D’Amico criteria [ 44 ] or N+ risk <3 % accord-
ing to available nomograms). 

 Concerning the patient preparation, the PCP 
gave the following indications: ≥4–6 weeks 
should pass from biopsy to surgery; it is stan-
dard procedure to advise patients to stop tak-
ing all anticoagulants a week before surgery, 
although some emerging evidence suggests 
that allowing continued low-dose nonsteroidal 
 anti- infl ammatory drugs or aspirin is not associ-
ated with the occurrence of bleeding events and 
could be benefi cial in preventing serious adverse 
cardiac thrombotic events; early mobilization 
and mechanical venous thromboembolism (VTE) 
prophylaxis are advised in patients without risk 
factors, while patients with increased risk of VTE 
should be treated with low molecular weight 
heparin (LMWH) until the patient is no longer 
at increased risk of VTE (generally 5–7 days) or 
prolonged for a longer period (28 days after sur-
gery), especially for very-high-risk patients (e.g., 
previous VTE); antibiotic prophylaxis (a single 
perioperative course) using second- or third- 
generation cephalosporin is recommended. 

 The PCP discussed the application of RARP to 
patients with high-risk PCa. The available studies 
suggest that RARP is a feasible option for men 
with high-risk PCa and can achieve equivalent 
oncologic and functional outcomes compared with 
RRP. Several studies have challenged the use of 
RARP in high-risk patients, suggesting that com-
plication and positive margin rates are too high; 
however, the PCP agreed that the fi ndings could 
refl ect early experience with robotic technology 
and surgeons who are still on their learning curve.  

   Current Clinical Practice 

 In 2013, Ficarra et al. published a survey of 145 
robotic surgeons, whose aim was to evaluate sur-
geons’ adherence to current clinical practice for 
RARP and offer a baseline assessment to mea-
sure the impact of the Pasadena recommenda-
tions, since the survey was conducted before the 
publication of the PCP recommendations [ 45 ]. 

 86.2 % of surgeons reported using the four- 
arm da Vinci® Surgical System. The primary 
access for pneumoperitoneum was performed 
using the Hasson technique by 68 % of surgeons 
and using a Veress needle by the remaining 32 %. 
87.9 % of surgeons preferred a transperitoneal 
approach. 75.9 % choose an antegrade approach, 
11.2 % a retrograde, and 12.9 % a combined 
one. 76.7 % preferred to minimize bladder neck 
dissection. The dorsal vascular complex was 
controlled using sutures by 90.5 %. The semi-
nal vesicle dissection was performed using only 
clips (athermal) by 50.9 %, monopolar cautery 
by 19 %, and bipolar cautery by 20.7 %. The 
remaining 9.4 % declared use of both mono- and 
bipolar devices. For the posterior dissection, a 
plane    between Denonvilliers’ fascia and the pros-
tate capsule (Denonvilliers’ preservation) was 
the standard approach for 12.9 %. Conversely, a 
plane between Denonvilliers’ fascia and the rec-
tum (Denonvilliers’ resection) was always pre-
ferred by 13.8 %. The remaining 73.3 % surgeons 
declared choosing between these approaches 
according to the clinical stage. Anterolateral 
prostatic fascia dissection to preserve the cav-
ernous nerves was performed without energy 
(athermal) by 90.5 %. An antegrade release of 
the NVBs was the standard technique for 37 %, 
while retrograde or combined approaches were 
used by 10 and 53 %, respectively. In patients 
with low-risk disease and suitable for nerve spar-
ing, 28.4 % planned an interfascial dissection as 
the standard approach; 32.8 % an intrafascial dis-
section, and 38.8 % choose the most appropriate 
plan according to intraoperative features. 

 The posterior reconstruction of the 
 musculofascial plate was usually performed by 
51.7 %, while 19.8 % declared to sometimes 
perform this reconstructive step. 61.2 % did not 
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perform any anterior reconstruction technique; 
19.8 % made an anterior suspension according 
to Patel’s technique, 6.9 % according to Tewari’s 
technique, and 12 % according to other nonstan-
dardized techniques. 

 The urethrovesical anastomosis was usually 
made with running sutures by 96.6 %. 

 During PLND, the standard template 
included the obturator area only for 12.9 % of 
surgeons; the obturator and external iliac areas 
for 20.6 %; the obturator, external iliac, and 
internal iliac areas for 38.7 %; all the previ-
ous plus the common iliac area for 25 %; and 
also the aorta bifurcation area for the remaining 
2.6 %. 

 A drain was always placed by 73.3 %. The use 
of a suprapubic catheter with the aim to reduce 
the discomfort from the presence of a transure-
thral catheter was a standard practice for only 
5.1 %. Before catheter removal, a cystogram was 
always taken in all cases by 38.8 % of surgeons, 
never by 28.4 %, and only in diffi cult cases by the 
remaining 32.8 %.   

   Outcomes or RARP 

   Perioperative Outcomes 
and Complications 

 Perioperative complications are a major surgical 
outcome for radical RARP. In 2012, Novara et al. 
published a systematic review and meta-analysis 
whose aim was to evaluate complication rates fol-
lowing RARP, risk factors for complications after 
RARP, and surgical techniques to improve com-
plication rates after RARP. A cumulative analysis 
of all studies comparing RARP with RRP or LRP 
in terms of perioperative complications was also 
performed [ 46 ]. 

 Between the factors which could affect periop-
erative outcomes of RARP, higher BMI resulted 
to be related to longer operative time; higher 
prostate volume was associated with longer oper-
ative time, higher blood loss, longer catheteriza-
tion time, and slightly longer in- hospital stay; 
prior BPH surgery was associated with longer 
operative time; and the presence of median lobe 

was associated with longer operative time and 
higher blood loss. 

 Perioperative outcomes were not affected 
by the adoption of the transperitoneal approach 
compared with the extraperitoneal approach, by 
preservation of the bladder neck, or by the adop-
tion of interfascial dissection of the neurovascu-
lar bundle. 

 The mean complication rate of RARP is 
9 % (range, 3–26 %). Main complications are 
summarized in Table  5.1 . Prostate volume and 
number of cases performed are independent pre-
dictors of the occurrence of complications of any 
grade, whereas the number of cases performed 
is an independent predictor of high-grade com-
plications. Preoperative PSA and presence of 
cardiac comorbidity are independent predictors 
of medical complications of any grade, whereas 
age, biopsy GS, presence of hyperlipidemia, and 
gastroesophageal refl ux disease are associated 
with surgical complications of any grade [ 47 ].

   Comparison of RARP with RRP and LRP 
approach showed that blood loss and transfusion 
rate are lower in RARP than in RRP, whereas 
only transfusion rate is lower in RARP than in 
LRP. All the other parameters are similar, regard-
less of the surgical approach [ 46 ].  

   Oncologic Outcomes 

 Long-term data regarding biochemical recur-
rence of PCa after RARP are sparse because few 
centers have been performing this procedure for 
more than 5 years. 

 More data are available on other outcomes that 
can be considered surrogates for oncologic con-
trol (e.g., positive surgical margins [PSMs] rates). 

 PSMs defi ned as tumor at the inked margin of 
the prostatectomy specimen are a risk factor for 

   Table 5.1    Mean complication rates after RARP   

 Complication  Rate (%) 

 Blood transfusion  2.0 
 Lymphocele/lymphorrhea  3.1 
 Urine leak  1.8 
 Reoperation  1.6 
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disease progression after surgery [ 21 ]. The impact 
of PSMs on cancer-related outcome has been stud-
ied extensively, even if a clear association between 
PSMs and cancer-specifi c mortality was shown in 
only a single large population- based study, indicat-
ing that patients with PSM had a 1.7-fold higher 
risk of death compared with those without [ 48 ]. 

 A recent systematic review by Novara et al. 
[ 25 ] evaluated oncologic outcomes after RARP 
in terms of lymph node yield, PSMs, use of adju-
vant therapy, and biochemical recurrence (BCR)-
free survival. This systematic review revealed 
that extended lymph node dissection yielding a 
reasonably high number of lymph nodes is fea-
sible during RARP. 

 The mean PSM rate reported was 9 % in pT2 
diseases, 37 % in pT3, and 50 % in pT4. The 
authors found that the most relevant predictors 
of PSMs are tumor features (e.g., PSA, pT stage, 
Gleason score, and prostate volume), surgeon- 
related characteristics (e.g., caseload, type of 
RARP training, and prior surgical experience), 
or procedure-related issues (e.g., type of nerve- 
sparing approach, technique for dorsal venous 
complex control). Much evidence suggests that 
PSMs in pT2 disease are, for the most part, iatro-
genic and hence potentially avoidable [ 49 ]. 

 Very few data are available on the use of adju-
vant therapies, this could mean that a limited num-
ber of patients received such treatments following 
RARP [ 25 ]; on the other hand, the use of adjuvant 
therapies might depend on patient selection and 
indications that are affected by local practice. 

 The most detailed available RARP series 
reports BCR-free survival estimates of 95.1, 
90.6, 86.6, and 81.0 % at follow-up durations of 
1, 3, 5, and 7 years, respectively (median follow-
 up, 5 years) [ 21 ]. 

 All the cumulative analyses performed by 
Novara et al. [ 25 ] comparing RARP with RRP 
and LRP demonstrated similar PSMs rates and 
BCR-free survival estimates, regardless of the 
surgical approach.  

   Continence Outcomes 

 While incontinence and impotence are the two 
chief drawbacks of RP [ 50 ], incontinence seems 

to be the problem that troubles patients most, 
even if its incidence is inferior to that of impo-
tence. According to the EAU Guidelines 2011 [ 7 ], 
incontinence persists 1 year after RP in 7.7 % of 
cases, while the AUA Guidelines 2007 (reviewed 
and validity confi rmed 2011) [ 6 ] report post-RP 
incontinence rates ranging from 3 to 74 %. 

 The International Continence Society defi ned 
incontinence as “the complaint of any involun-
tary leakage of urine” [ 51 ,  52 ]. Stress inconti-
nence is the most frequently observed type of 
incontinence after radical prostatectomy, even 
if a considerable number of patients present a 
mixed urge and stress syndrome. 

 Sphincter dysfunction is mainly a result 
of injury to the sphincter mechanism during 
 prostatic surgery; considering this mechanism, 
incontinence is usually associated with abdomi-
nal pressure increase. In the most severe cases, it 
can be gravitational [ 53 ]. 

 In 2012, Ficarra et al. [ 54 ] performed a sys-
tematic review evaluating prevalence and risk 
factors for urinary incontinence after RARP and 
comparing RARP versus RRP or LRP in terms of 
the urinary continence recovery rate. 

 In this study, 12 months’ urinary incontinence 
rates (using no pad as the continence defi nition) 
ranged from 4 to 31 %, with a mean value of 
16 %. Methodological aspects (like continence 
defi nitions, tools used for data collection, differ-
ent follow-up intervals) can infl uence the preva-
lence of urinary incontinence after RARP. 

 The authors found that the most relevant pre-
operative predictors of urinary incontinence after 
RARP were patient age, BMI, comorbidity index, 
lower urinary tract symptoms, and prostate vol-
ume. Puboprostatic-sparing techniques, blad-
der neck preservation, selective dorsal venous 
complex division, nerve-sparing technique, and 
 posterior musculofascial and anterior reconstruc-
tion were identifi ed as surgical aspects potentially 
able to reduce the risk of urinary continence after 
RARP. However, only a few comparative stud-
ies analyzed the impact of some of these surgical 
aspects on urinary continence recovery. In their 
cumulative analyses, Ficarra et al. demonstrated a 
statistically signifi cant advantage in favor of RARP 
in comparison with RRP and LRP in terms of 12 
months’ urinary continence recovery (Fig.  5.35 ).
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      Potency Outcomes 

 The neurovascular bundles (NVBs) were fi rst 
described in 1982 by Walsh and Donker. These 
authors demonstrated that erectile dysfunction 
following RP occurred secondary to injury to the 
cavernosal nerves (CNs), a group of parasympa-
thetic nerves originating from the pelvic plexus 
and running together with arteries and veins 
(capsular vessels of the prostate) on a prominent 
NVB on the posterolateral aspect of the prostate 
and eventually ending in the corpus cavernosum 
of the penis [ 55 ]. 

 Further studies about the distribution of 
nerves within the NVB demonstrated that these 
nerves are organized into three functional com-
partments, in which the CNs are located on the 
anteromedial aspect of the NVB closest to the 
prostate. Other nerves within the NVB located 
laterally and inferiorly to the CN innervate the 
levator muscle and rectum, respectively [ 56 ,  57 ]. 

 A recent systematic review of the literature 
by Ficarra et al. [ 58 ] reported that nerve-sparing 
RARP was associated with an incidence of 12- 
and 24-months erectile dysfunction ranging from 
10 to 46 % and from 6 to 37 %, respectively. 
These widely different rates of erectile dysfunc-
tion are attributable especially to the different 
defi nitions of erectile dysfunction. 

 This systematic review showed that for patients 
who underwent RARP, relevant predictors of out-
come are age at surgery, baseline erectile func-
tion, presence of comorbidities, extension of the 
nerve-sparing procedure, and use of athermal or 
thermal dissection. 

 Concerning the comparison between RARP 
and RRP, this study demonstrated, for the fi rst 
time, a signifi cant advantage in favor of RARP 
in comparison with RRP in terms of 12 months’ 
potency rates (Fig.  5.36 ).

      The Concept of “Trifecta” 

 Widespread prostate-specifi c antigen (PSA) 
screening and the consequent diagnosis of 
prostate cancer in younger and healthier men 
with organ-confi ned disease have underlined 

the importance of urinary and sexual function 
recovery after surgery [ 4 ]. Since Salomon et al. 
in 2003 fi rst reported functional and oncologi-
cal outcome combined in their series of open, 
laparoscopic, and perineal prostatectomy [ 59 ], 
the term “trifecta” was adopted to describe 
concomitant oncological, continence, and 
potency outcomes in 2004, at the Challenges in 
Laparoscopy Conference, in Rome, and at the 
Evolving Strategies in Prostate Cancer Meeting 
in New York in September 2005 [ 60 ]. 

 Since the introduction of the concept, some 
authors reported trifecta rates after RARP 
in  preoperatively continent and potent men 
(Table  5.2 ). They also reported many factors 
which infl uence trifecta rates: Shikanov et al. 
[ 61 ] noticed that trifecta rates vary signifi cantly 
depending on the tools used for continence and 
potency evaluation; Patel et al. [ 4 ] found that 
younger men had a shorter time achieving the tri-
fecta when compared with older men at 6 weeks, 
3 months, and 6 months after surgery; Xylinas 
et al. [ 62 ] reported age ≥60 years, initial PSA 
≥10 ng/ml, and bilateral nerve-sparing surgery 
as factors associated with 2-year trifecta at multi-
variate analysis; Novara et al. [ 63 ] identifi ed age 
at surgery and preoperative erectile function as 
the only independent predictors of trifecta rates.

   In conclusion, RARP provides excellent con-
trol of prostate cancer, with the possibility to 
obtain the trifecta in selected patients.  

   Beyond the Trifecta: The “Pentafecta” 

 In 2011, Patel VR et al. reported a new concept for 
reporting outcomes of RARP: the “pentafecta” 
[ 64 ]. In addition to the traditional trifecta out-
comes, two perioperative variables were included 
in the pentafecta: no postoperative complications 
and negative surgical margins. The idea of this 
new method for reporting outcomes of RARP 
came from the consideration that perioperative 
complications can affect the satisfaction with 
the procedure even in patients who would later 
achieve the trifecta. The authors reported pentaf-
ecta outcomes of 332 potent men who underwent 
RARP with bilateral nerve sparing and who had 1 

B. Rocco et al.
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year of follow-up. Continence, potency, biochem-
ical recurrence-free survival, and trifecta rates at 
12 months were 96.4, 89.8, 96.4, and 83.1 %, 
respectively. With regard to the perioperative 
outcomes, 93.4 % had no postoperative compli-
cation during the surgical procedure or within 90 
days after surgery, and 90.7 % had negative surgi-
cal margins. The overall trifecta rates were 43.1, 
64.1, 79.2, and 83.1 % at 6 weeks and 3, 6, and 
12 months, respectively. The pentafecta rates at 3 
and 6 months were 51.8 and 66.9 %, respectively. 
The pentafecta rate at 12 months was 70.8 %. 
When stratifying  outcomes by patient age, the 
pentafecta rates were 75.9, 68.9, and 62.1 % for 
patients ≤55 years, 56–65 years, and >65 years, 
respectively. The most common reasons for not 
achieving the trifecta were erectile dysfunction 
(57.1 % of patients not achieving trifecta), fol-
lowed by BCR (19.6 %) and urinary incontinence 
(19.6 %). The most common reasons for not 
reaching the pentafecta were erectile dysfunction 
(35.0 %) and PSM (31.9 %). On multivariable 
analysis, patient age was the only factor indepen-
dently associated with the pentafecta.      
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            Introduction 

    The introduction of nephron-sparing surgery ush-
ered in a new era in the management of localized 
renal cell carcinoma. However, with the wide-
spread adoption of minimally invasive approaches 
to renal surgery, there was noted an increase in 
the utilization of laparoscopic radical nephrec-
tomy at the expense of partial nephrectomy [ 1 ]. 
This troubling trend likely stemmed from the 
relatively high barrier of entry for laparoscopic 
partial nephrectomy, which carries with it a steep 
learning curve of several hundred cases [ 2 ,  3 ], 
putting the procedure out of reach for all but the 
highest volume renal surgeons. 

 First introduced in 2004 by Gettman and col-
leagues [ 4 ], robot-assisted partial nephrectomy 
(RAPN) initially failed to distinguish itself as an 
intervention of choice to nephron-sparing sur-
gery, struggling to provide domains of superior-
ity over the established approaches of the time 

[ 4 ,  5 ]. However, with refi nements in platform 
technology and technique, RAPN has quickly dis-
seminated throughout the international urologic 
community, becoming the standard approach for 
nephron-sparing surgery at many centers. 

 The introduction of the da Vinci S platform 
(Intuitive Surgical, Sunnyvale, CA, USA) was an 
important factor in creating the opportunity for 
RAPN to take fl ight, owing to the smaller form 
factor of the robotic arms, which avoid many of 
the external collisions which plagued procedures 
performed on the older robotic platforms, and 
allowing for a four-arm approach that reduces the 
reliance upon the assistant [ 6 ]. In addition, the 
addition of the TilePro software allowed for real- 
time integration of imaging data into the surgical 
viewfi nder, thus facilitating identifi cation of 
tumor margins and confi guration [ 6 ,  7 ]. 

 Furthermore, refi nements in technique have 
continued to propel RAPN to the forefront of neph-
ron-sparing surgery. These innovations include the 
introduction of the sliding-clip renorrhaphy, which 
reduces surgical time while providing a strength of 
repair that is more secure than traditional tied-
suture closures [ 8 – 11 ].Early unclamping tech-
niques [ 12 ,  13 ] and minimal- ischemia techniques 
have also been introduced to reduce the degree of 
ischemic insult to the kidney [ 14 ,  15 ]. 

 Indeed, with a learning curve of less than 30 pro-
cedures [ 10 ,  16 ,  17 ], RAPN offers a lower barrier 
of entry for minimally invasive nephron- sparing 
surgery than the traditional laparoscopic approach. 
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This, in turn, has arguably led to a reversal in the 
troubling utilization trend of minimally invasive 
radical nephrectomy over nephron- sparing tech-
niques [ 18 ], with greater dissemination of partial 
nephrectomy than ever before.  

    Equipment (Transperitoneal 
and Retroperitoneal Approaches) 

     1.    30° angled scope   
   2.    Veress needle   
   3.    Two standard 12-mm trocars (transperitoneal) 

and one standard 12-mm and one 12-mm tro-
car with a balloon anchor (retroperitoneal). 
Dilating balloon (retroperitoneal)   

   4.    2–3 standard robot trocars   
   5.    One standard 5-mm trocar (for right-sided 

transperitoneal procedures)   
   6.    Long-tip laparoscopic suction device   
   7.    Robotic or laparoscopic bulldog clamps 

with laparoscopic applier OR    laparoscopic 
Satinsky clamp   

   8.    Laparoscopic scissors   
   9.    Laparoscopic needle drivers   
   10.    Laparoscopic or robotic ultrasound probe   
   11.    Lapra-Ty applier with ample supply of clips   
   12.    Weck Hem-o-lok applier with clips   
   13.    2–0 suture for deep layer, barbed or 

polyglactin   
   14.    0 polyglactin suture for renorrhaphy   
   15.    Surgicel or Nu-Knit (optional)   
   16.    Floseal or Surgifl o (optional)   
   17.    Laparoscopic retrieval bag   
   18.    Closed-system drain (optional)   
   19.    Suture or staples for closure   
   20.    Open nephrectomy pan on standby      

    Robot-Assisted Partial 
Nephrectomy, Transperitoneal 
Approach 

    Introduction 

 The transperitoneal approach to robot-assisted 
partial nephrectomy is less technically demand-
ing than a retroperitoneal approach and is 

 recommended as a starting point for surgeons 
new to RAPN. The approach and landmarks 
should be familiar to those surgeons accus-
tomed to pure laparoscopic renal surgery. The 
use of a 4-arm approach aids in retraction and 
can reduce the reliance upon the assistant; 
however, the additional arm does increase the 
potential for external collisions of the robotic 
arms. This approach is not well suited for pos-
terior tumors, especially upper pole posterior 
masses.  

    Step by Step 

     1.    Begin by preparing the renorrhaphy sutures on 
the back table. A 0 polyglactin suture is cut to 
a length of 12 cm. A knot is tied at the end, 
followed by a Lapra-Ty (Ethicon, Cincinnati, 
OH, USA) and a Weck Hem-o- lok clip 
(Telefl ex, Research Triangle Park, NC). 
Prepare at least six sutures prior to beginning, 
with additional sutures for larger masses.   

   2.    Place the patient in a standard fl ank position, 
with the top of the iliac crest over the break in 
the table. Flex the table to open up and fl atten 
the fl ank.   

   3.    The pneumoperitoneum is obtained by plac-
ing a Veress needle along the paramedian line.   

   4.    The transperitoneal robot-assisted partial 
nephrectomy can be performed with a three- 
arm or four-arm approach. Figure  6.1  illus-
trates the port placement for both the three-arm 
and four-arm approach. A 12-mm camera port 
is placed lateral to the umbilicus. The remain-
ing trocars are placed under direct vision. 
During right-sided cases, an additional 5-mm 
subxiphoid port can be placed to assist with 
liver retraction.

       5.    The robot is not docked at a 90° angle from 
the bed. Instead, the robot is docked along an 
imaginary line from the camera port to the 
expected region of the hilum. The 30° down 
lens is used to perform the procedure. 
A ProGrasp    forceps and monopolar scissors 
are used during the three-arm approach, and 
an additional ProGrasp forceps can be used 
for the four-arm approach.   
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   6.    The white line of Toldt is incised lateral to 
the colon, and the colon is refl ected medi-
ally. The proper plane of dissection can be 
identifi ed by the difference in color in the 
mesenteric fat and Gerota’s fascia. The peri-
nephric fat has a paler yellow color, while 
the mesenteric fat tends to be a brighter yel-
low. Incising between the two separate fat 
planes will allow for medial refl ection of 
the colon and peritoneum [ 19 ].         The spleno-
colic and leinorenal ligaments are incised, 
and the spleen and pancreas are allowed to 
fall medially during left-sided procedures. 
During right-sided surgeries, the duodenum 
may require an additional Kocher maneu-
ver to expose the renal hilum. The Kocher 
maneuver is  performed by sharply incising 

the  posterior peritoneum lateral to the duo-
denum. The duodenum can then be swept 
medially.   

   7.    The ureter and gonadal vessels are identifi ed 
inferiorly. The gonadal vessels can be mobi-
lized medially and dissection lateral to the 
gonadal can be performed until the psoas 
muscle is identifi ed laterally.   

   8.    Retract the ureter laterally with the long arm 
of the ProGrasp forceps, placing the renal 
hilum on stretch.   

   9.    Dissection is continued medially until the 
renal vein is identifi ed. On the left side, iden-
tifi cation of the renal vein can be performed 
by following the left gonadal vein from a 
caudal to cranial direction. On the right side, 
the inferior vena cava is often visualized 
early and can be traced superiorly until the 
right renal vein is identifi ed. A window is 
made in the tissue cranial and caudal to the 
renal vein for future clamping.   

   10.    The renal artery is identifi ed by retracting the 
renal vein cranially. The gonadal vein may 
require ligation with 5-mm clips in order to 
allow cranial retraction of the left renal vein. 
A window is made in the tissue cranial and 
caudal to the renal artery.   

   11.    The adrenal gland will require separation 
from the kidney in cases of upper pole masses.   

   12.    12.5 g of mannitol is given intravenously to 
the patient.   

   13.    The renal mass is identifi ed with an intraop-
erative ultrasound. Gerota’s fascia is opened 
and the perinephric fat overlying the mass is 
widely excised to provide adequate exposure 
to the renal capsule. The fat overlying the 
mass can be removed with a laparoscopic 
spoon and sent for analysis. The renal cap-
sule is scored with cautery to delineate the 
margins of excision.   

   14.    The hilum is then controlled by applying 
bulldog clamps or a Satinsky clamp. It is 
recommended to clamp the artery doubly. 
Clamping of the renal vein is optional, but 
advisable for deeply endophytic or hilar 
masses. If a Satinsky clamp is used, the assis-
tant must remain vigilant and help to prevent 
external collisions with the robotic arms.   

Umbilicus

Feet

Assistant port
Camera port
Robot port

Transperitoneal 3-Arm Approach

Head

Umbilicus

HeadFeet

Transperitoneal 4-Arm Approach

  Fig. 6.1    The illustration demonstrates the trocar place-
ment for a right retroperitoneal robot-assisted partial 
nephrectomy. Notice that the camera and three robot ports 
are all inline. This allows the surgeon to connect the inci-
sions if conversion to an open procedure is required       
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   15.    The tumor is excised with the monopolar 
scissors. During excision, the assistant uses a 
long-tip laparoscopic suction device to aid in 
retraction and evacuation of blood. After 
complete excision of the tumor, the speci-
men is placed superior to the kidney and left 
until the renorrhaphy is complete.   

   16.    A 9-in. 2–0 barbed or polyglactin stitch with 
a Lapra-Ty at the end is used to close the 
collecting system and assist with hemosta-
sis of the deep renal bed. The suture is fi rst 
passed through the far side of the excision 
bed, approximately 1 cm from the paren-
chymal margin, and the deep margin is then 
closed with a running suture. The suture is 
then brought through the near side to close 
the collecting system, and a Lapra-Ty clip 
is placed after the fi nal needle pass (not 
required for barbed suture).   

   17.    The renal defect is closed using a sliding-clip 
renorrhaphy technique using the previously 
made renorrhaphy sutures [ 10 ]. The suture 
is placed through the far side of the exci-
sion bed and then brought through the near 
side, entering and exiting approximately 
1 cm from the parenchymal margin. A Weck 

 Hem-o- lok clip is placed on the suture and 
then slid to reapproximate the defect, with 
force applied perpendicular to the capsule. 
Proper tension has been reached when the 
capsule dimples slightly. Renorrhaphy 
sutures are spaced 1 cm apart until the defect 
is closed. After all sutures are placed, a 
Lapra-Ty clip is placed to lock the repair in 
place and prevent backsliding of the Hem-o-
lok clips. Figure  6.2  illustrates the sliding-
clip renorrhaphy technique.

       18.    The bulldog clamps are removed from the 
renal artery and vein, keeping the renorrha-
phy in view if possible. Should brisk bleed-
ing be encountered, the artery can be 
reclamped. The insuffl ation pressure should 
be decreased to 5 cm Hg, and the tumor bed 
is inspected for hemostasis. Additional 
sutures can be placed or hemostatic agents 
applied as needed.   

   19.    The specimen is placed into a laparoscopic 
retrieval bag through the assistant port.   

   20.    The robot is undocked. The retrieval bag is 
removed and all incisions closed.   

   21.    The specimen can be inspected on the back 
table to ensure adequate tumor margins.       

ProGrasp
forecep

Robotic needle
driver

Lapraty

Suture

Weck clip

End of suture
Fat cleared from surface
of kidney to expose 1cm

margin of capsule around
excision site

Concave
renal defect

being closed

Perinephric
fat

Direction of
motion is

perpendicular
to kidney

  Fig. 6.2    The illustration demonstrates the trocar positioning for both the transperitoneal 3-arm and 4-arm approach to 
a right robot-assisted partial nephrectomy       
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    Robot-Assisted Partial 
Nephrectomy, Retroperitoneal 
Approach 

    Introduction 

 A retroperitoneal approach to robot-assisted par-
tial nephrectomy is ideal for posterior tumors, 
especially tumors confi ned to the posterior upper 
pole. In addition, the retroperitoneal approach 
may be suitable for patients with extensive prior 
abdominal surgery. It is not particularly well 
suited for anterior masses, due to the limited abil-
ity to manipulate the kidney. 

 The retroperitoneal approach to renal surgery 
can be challenging, as there are few visual cues to 
aid the surgeon in maintaining orientation. 
Perhaps the most important landmark is the psoas 
muscle, which should be identifi ed as soon as 
possible. Another important cue is the orientation 
indicator on the console viewfi nder itself.  

    Step by Step 

     1.    Begin by preparing the renorrhaphy sutures 
on the back table. A 0 polyglactin suture is 
cut to a length of 12 cm. A knot is tied at the 
end, followed by a Lapra-Ty clip and a Weck 
Hem-o-lok clip. Prepare at least six sutures 
prior to beginning the procedure, with addi-
tional sutures for larger masses.   

   2.    Place the patient in a standard fl ank position, 
with the top of the iliac crest over the break 
in the table. Place an axillary roll under the 
patient and secure the upper arm in a posi-
tion that is rotated toward the head as much 
as possible to prevent interference with the 
robot arms. Flex the table to open up and 
fl atten the fl ank. Secure, pad, and prepare the 
patient in the same fashion as for a transperi-
toneal approach.   

   3.    Identify the 12th rib and make a 12-mm inci-
sion just caudad to the tip of the 12th rib. 
Insert a fi nger into the incision and push 
through the subcutaneous tissues and perfo-
rate the fascia. The fi nger should now be able 
to curl under the tip of the 12th rib. Use the 
fi nger angled cephalad to gently develop the 

space between the posterior aspect of the 
kidney and the psoas muscle to allow for 
placement of the dilating balloon.   

   4.    Place the dilating balloon into the space that 
has been created and infl ate to 40 pumps of 
the bulb to further develop the retroperito-
neal space. Defl ate the balloon, and place a 
12-mm camera trocar. A trocar with a small 
anchoring balloon is recommended to main-
tain pneumoperitoneum.   

   5.    Place an 8-mm robot trocar further posterior 
along the 12th rib, in the midaxillary line. 
Use the tip of the suction irrigator or a lapa-
roscopic Kittner to gently refl ect the perito-
neum anteriorly, thus developing the 
retroperitoneal space. Continue until enough 
space has been developed to place the 
remaining two trocars. Care must be taken 
not to perforate the peritoneum, as this will 
severely compromise visualization and 
working space.   

   6.    Place the remaining two robotic trocars and 
the 12-mm assistant port as outlined in 
Fig.  6.3 .

       7.    The robot is docked from the anterior side of 
the patient bed. For a left-sided procedure, 
the bed is angled 20° counterclockwise, and 
the robot is brought over the left arm and 
shoulder toward the fl ank. The medial right 
arm should be equipped with a ProGrasp for-
ceps, the lateral right arm with the scissors, 
and the left arm with a ProGrasp forceps. 
A 30° upward-angled lens is used.   

   8.    Developing the retroperitoneal space at 
this juncture can be quite challenging, and 
absent any landmarks, it is important to 
remain mindful of the orientation indicator 
in the console viewfi nder. Develop the space 
toward the anticipated location of the psoas 
muscle. Once this structure has been identi-
fi ed, it will serve as an important landmark 
to maintain orientation. The psoas should 
be kept at the bottom of the screen and as 
horizontal as possible to ensure proper 
orientation.   

   9.    Between the kidney and the psoas, carefully 
develop the space to identify the hilum. 
Identifi cation of the hilum is perhaps easier 
in the retroperitoneal approach, as the artery 
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is encountered fi rst, and the pulsatile motion 
of the artery is generally readily recogniz-
able. However, the kidney is often more cau-
dad than would seem intuitive, a common 
point of disorientation for those just begin-
ning with the retroperitoneal approach. It is 
important at this juncture to rereview the 
imaging to ensure that all arterial structures 
are identifi ed.   

   10.    Identify and refl ect the perinephric fat in the 
anticipated region of the mass. Again, the 
kidney may seem a bit more caudad than 
would be expected. The fat should be cleared 
down to the capsule, and at least a 1-cm mar-
gin of capsule surrounding the mass should 
be cleared. This will aid renorrhaphy during 
reconstruction.   

   11.    Perform intraoperative ultrasonography to 
identify the extent of the mass. Score the 
capsule with cautery to mark the capsular 
boundaries of the excision. If clamping is to 
be performed, instruct the anesthesia pro-
vider to administer 12.5 g of mannitol 
intravenously.   

   12.    While the mannitol is beginning to circulate, 
take a moment to ensure that all necessary 
sutures and clips are available.   

   13.    If clamping is to be performed, place bull-
dog clamps on the hilar vessels, beginning 
with the artery. It is recommended to doubly 
clamp the artery. Clamping of the renal vein 
is optional but is recommended for highly 
endophytic or central tumors. As an alterna-
tive, a laparoscopic Satinsky clamp can be 
placed through a 5-mm trocar; however, with 
this approach, the assistant must take great 
care to ensure that the robotic arms do not 
collide with the Satinsky clamp. As such, 
a Satinsky clamp is not recommended for 
a 4-arm approach. For polar tumors, arter-
ies may be selectively clamped to minimize 
ischemic insult to the unaffected areas of the 
kidney.   

   14.    Using the robotic scissors, excise the mass, 
ensuring that the mass is not entered. Should 
the mass be entered, immediately retrace and 
recapture. Note any large vessels that are 
divided, as well as any areas of entry into the 
collecting system. Once the excision is com-
plete, place the mass aside for later retrieval.   

   15.    At this juncture, a deep margin may be sent. 
The cortex can be cauterized, but cautery 
should be used sparingly on the medullary 
structures and near the collecting system.   

   16.    Switch the right arm scissors for a needle 
driver. Leave the ProGrasp in the left arm 
position.   

   17.    Closure of the deep layer with special atten-
tion to the collecting system and large patent 
vessels should be performed. We  recommend 
using a 2–0 barbed suture, as it minimizes 
the need to place excessive tension on very 
delicate tissue. A second suture may be used 
for large defects.   

   18.    Perform a sliding-clip renorrhaphy to close 
the defect. A bolster is neither required nor 
recommended. Place sutures at intervals of 
approximately 1 cm. Once the fi nal throw of 
each suture has been placed, the assistant 
places a Weck Hem-o-lok clip on the suture, 
which is then slid into place by holding the 

12th rib

XiphoidUmbilicus

HeadFeet

Retroperitoneal Approach

Camera port
Assistant port

Robot port

  Fig. 6.3    The partial nephrectomy defect is closed using 
the sliding-clip renorrhaphy technique. An interrupted 
suture ending with a Weck clip and Lapra-Ty is sewn from 
the renal parenchyma into the defect and then exits the 
opposite parenchymal side. The assistant places another 
Weck clip on the remaining suture, and the two renal 
edges are approximated by sliding the clip toward the kid-
ney until the two edges meet. The suture is then secured 
by placing a Lapra-Ty distal to the fi nal Weck clip       
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suture perpendicular to the capsule with the 
ProGrasp forceps and straddling the clip 
with the needle driver. Slide until the capsule 
of the kidney is slightly dimpled.   

   19.    Once all sutures have been placed, retighten 
each suture individually before the assistant 
places a Lapra-Ty clip to lock the Hem-o-lok 
clip in place.   

   20.    Remove the bulldog clamps, beginning with 
the vein if applicable. Then cautiously 
remove the arterial clamps, ideally keeping 
the renorrhaphy in view. If brisk pulsatile 
bleeding is encountered, quickly reclamp the 
artery. However, a small to moderate amount 
of oozing from the repair is expected imme-
diately after unclamping the artery, espe-
cially with early unclamping techniques. 
This bleeding should slow as the reperfused 
kidney swells and passively increases the 
tension of the renorrhaphy sutures. Place 
additional renorrhaphy sutures and retighten 
existing sutures as necessary.   

   21.    If possible, cover the repair with fat. 
Hemostatic agents may be applied, but are 

not necessary. A drain may be placed if there 
are concerns over the integrity of caliceal 
repair.   

   22.    Place the specimen and any overlying fat in a 
laparoscopic retrieval sac. Undock the robot 
and extract the specimen through the assis-
tant port site while leaving the remaining tro-
cars in place. The extraction incision should 
be large enough to allow for extraction with-
out squeezing the specimen, as this may lead 
to rupture.   

   23.    The fascia of the extraction site and camera 
port site should be closed. However, fascial 
closure of the remaining trocar sites is not 
necessary. Irrigate the incisions before clos-
ing the skin.       

    Postoperative Considerations 

 Table  6.1  lists potential complications of RAPN 
with the appropriate managements, while 
Table  6.2  provides perioperative outcomes for 
multiple RAPN series.

   Table 6.1    Potential postoperative complications of robot-assisted partial nephrectomy   

 Grade  Complication  Treatment 

 1  Ileus  Supportive care 
 Hemorrhage/hematoma 
 Acute renal failure 
 Wound infection  Possible open at bedside 

 2  Hemorrhage/hematoma/anemia  Blood transfusion 
 Infections: UTI/pyelonephritis/wound  Antibiotics 
 Urinoma  Antibiotics 
 DVT/PE  Anticoagulation 

 3  Hemorrhage/pseudoaneurysm  Immediate post-op: re-exploration 
 Delayed: angioembolization 

 Urine leak/urinoma  Ureteral stent with possible percutaneous 
drain 

 Pneumothorax  Thoracostomy tube 
 DVT/PE  IVC fi lter 

 4  Acute renal failure  Dialysis 
 Cardiac arrhythmia/MI  Cardiac consultation and ICU 
 Stroke  Neurology consult and ICU 
 Respiratory distress  Pulmonary consult, ICU, and possible 

mechanical ventilation 

   UTI , urinary tract infection;  DVT , deep venous thrombosis;  PE , pulmonary embolism;  IVC , inferior vena cava;  MI , 
myocardial infarction;  ICU , intensive care unit  
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    Patients should be closely monitored for hem-
orrhagic complications, heralded by a decrease in 
urine output and hypotension. Signifi cant drops 
in hematocrit which do not respond to transfu-
sion or unstable hypotension warrant re- 
exploration with revision of the renorrhaphy or 
completion nephrectomy. 

 Patients may develop temporary renal insuffi -
ciency, which generally responds to maintaining 
hydration and tincture of time. Should renal func-
tion not return to baseline, consider nephrology 
consultation. 

 Urine leaks may occur due to incomplete clo-
sure of a collecting system entry, or from isch-
emic necrosis of the repair. This may require 
placement of a ureteral stent and percutaneous 
drainage of the urinoma. 

 Focally positive margins do not generally war-
rant re-exploration or re-excision, as residual dis-
ease is unlikely [ 30 ]. It is recommended, however, 
that special attention be given to the resection site 
on follow-up imaging. 

 Arteriovenous malformation or pseudoaneu-
rysm may occur and is heralded by the onset of 
bright red gross hematuria approximately 2–3 
weeks after the procedure. In addition to close 
monitoring of hematocrit and transfusion when 
indicated, embolization of the affected arterial 
segment is recommended.     
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            Introduction 

       The role of robot-assisted radical cystectomy 
(RARC) in the treatment of bladder cancer is 
evolving. Advocates suggest that this minimally 
invasive operation offers less blood loss, less 
pain, and the promise of shorter hospitalizations 
with fewer complications and equivalent onco-
logic outcomes. Most of these putative advan-
tages have yet to be proven and are balanced 
against the increased upfront cost of the robotic 
platform and longer operative times. Nevertheless, 
the evidence available to date suggests a robust 
future for this relatively novel technology. 

 Modern radical cystectomy with lymph 
node dissection, as described by Marshall and 
Whitmore in 1949, has been associated with 
high complication rates. In that pioneering report 
of six patients, two expired of surgical compli-
cation before leaving the hospital and at least 
another two had signifi cant morbidity [ 1 ]. Since 
that time, the application of improved operative 
and in-hospital strategies and care pathways has 
resulted in decreased mortality and morbidity, but 
modern series of open radical cystectomy (ORC) 

 continue to be plagued by signifi cant compli-
cation rates. When the standardized Clavien-
Dindo [ 2 ] complication reporting scale is strictly 
applied, open cystectomy complication rates at 
centers of excellence reach into the 60–70 % 
range [ 3 ]. Other high-volume centers have 
reported lower rates, albeit in the absence of a 
standardized reporting system [ 4 ].  

    History of Minimally Invasive 
Cystectomy 

 Beginning with pure laparoscopic cystectomy in 
1995 [ 5 ,  6 ] and transitioning to the robotic 
approach in 2002 [ 7 ], several modestly sized 
series have been published. Despite    a paucity of 
large, multicenter prospective comparative trials, 
selected series have shown a benefi t to robotic 
approaches with few data reporting RARC out-
comes to be inferior to open cystectomy in clini-
cal or oncologic effi cacy. Assessments of cost 
benefi t have also been very diffi cult to extrapolate 
beyond any single institution, but in light of the 
cost of treatment of surgical complications, there 
exists potential to be cost-effective despite higher 
upfront costs if RARC results in decreased com-
plications. It bears mentioning that one analysis 
suggested that the cost of a single complication of 
cystectomy adds $27,936 to the bill [ 8 ], while the 
incremental cost of the robotic system was found 
to be $1,640 in a contemporaneous report [ 9 ]. 
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 Guidelines have been established that can be 
used to assess quality of cystectomy and associ-
ated lymph node dissection, regardless of 
approach. Herr et al. and the Bladder Cancer 
Collaborative Group evaluated the collective 
experience of 16 experienced surgeons from four 
major institutions over a 3-year period (2000–
2003) to propose standards for radical cystectomy 
and pelvic lymph node dissection    [ 10 ]. A total of 
1,091 cystectomy cases were evaluated. Patients 
were of varying ages, health states, and clinical 
stages of bladder cancer. Of the 16 surgeons, 
seven operated on <50 cases, fi ve on 50–100, and 
four completed >100. Surgeons used a standard or 
extended bilateral node dissection in 80 % of 
patients and 20 % had a limited lymph node dis-
section (9 %) or no node dissection (11 %). 

 A limited lymph node dissection was used in 
35 % of patients aged >75 years and in half 
receiving previous extensive pelvic treatment 
(pelvic surgery, chemotherapy, and radiation 
therapy). The overall positive margin rate was 
6.5 %, and margins were positive in 12 % of 
patients with locally advanced disease. The mean 
number of lymph nodes examined for all patients 
was 12.5 (Ref    5 – see ref 11 from original Herr 
paper) but varied widely among individual 
patients having anatomically similar lymph node 
dissections. 

 For experienced surgeons, defi ned as perform-
ing at least ten radical cystectomy surgeries per 
year, the collaborative group proposed surgical 
quality benchmarks. The benchmarks stated the 
surgeon should achieve negative surgical margins 
in >90 % of cases and remove a mean of 10–14 
nodes, recognizing that such standards will not 
be met in some of the most diffi cult cases. 

 Whether the operation is performed through a 
minimally invasive approach (robotic or laparo-
scopic) or open surgical approach, the principles 
of radical cystectomy remain the same. Surgeons 
are accountable for surgical margins, extent of 
node dissection, and both serve as quality met-
rics, which have been proven to correlate with 
bladder cancer survival outcomes. 

 It is worth noting that most series of RARC 
well exceed these guidelines for margin status 
and nodal collection (positive margins under 
10 % and greater than ten lymph nodes  collected). 

Undoubtedly, case and patient mix will impact 
any surgeon or institution’s outcomes.  

    Surgical Indications 
and the Learning Curve 

 Urothelial carcinoma that invades the detrusor 
muscle and superfi cial disease resistant to intra-
vesical treatment are the primary indications for 
radical cystectomy. The possibility of decreased 
surgical morbidity may allow for higher utiliza-
tion of “early” cystectomy in cases of high-grade 
superfi cially invasive disease, an indication that 
is commonly underutilized. In some unusual his-
tologic variants such as nested variant or micro-
papillary disease, immediate cystectomy may be 
recommended for superfi cial disease [ 11 ]. 

    Learning Curve 

 Similar to all surgical procedures, robotic cystec-
tomy has a learning curve. One assessment sug-
gested that complication rates decrease after 20 
cases while blood loss, margin status, and lymph 
node yield were constant across higher vs. lower 
tertiles of case volume in the hands of surgeons 
already experienced in ORC [ 12 ]. Roswell Park 
Cancer Center [ 13 ] and the International Robotic 
Cystectomy Consortium database [ 14 ] both show 
a clear decrease in surgical time that is associated 
with a surgeon completing 20 cases; interest-
ingly, this was achieved at Roswell Park Cancer 
Center despite increasing time being devoted to 
the LND and resulting higher nodal yields. Some 
of the earliest cases in both those reports lasted 
over 10 h in total operative time, but improve-
ments appear rapid. 

 Presumably, the surgeons involved in the gen-
eration of these curves had signifi cant exposure 
to both open cystectomy and robotic prostatec-
tomy, and these learning curves may not be repre-
sentative of what a less experienced practitioner 
could experience. Also, a signifi cant element in 
the operative speed may be a surgical team 
improvement as familiarity with the steps of the 
case is developed beyond that which comes from 
increased surgeon effi ciency. It    seems reasonable 
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that in a surgeon’s early experience, especially 
those with less experience with RALP, case 
selection be confi ned to patients with lower body 
mass index (BMI) and those without signifi cant 
comorbidities.  

    Patient Selection 

 The selection of robotic vs. open approach 
is clearly one best assessed in the context of 
each individual surgeon and team experience. 

Comparative outcomes are still hard to assess at 
this relatively early point on the track record of 
robotic cystectomy, but it is worth noting that in 
virtually all published series, robotic cystectomy 
takes longer to perform than open, but is associ-
ated with notably lower blood loss (Fig.  7.1 ).

      Obesity 
 Laparoscopic surgery is generally suitable for the 
obese, although the ventilatory challenges of the 
Trendelenburg position can be prohibitive in cer-
tain patients. An initial assessment of ventilator 
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  Fig. 7.1    Estimated 
blood loss, by study, 
from the robotic and 
open arms of 11 
published compara-
tive studies. All 
studies show 
statistical signifi cance 
between ORC and 
RARC in estimated 
blood loss [ 49 ,  50 , 
 52 – 60 ]       
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pressures in the Trendelenburg position is criti-
cal, especially in patients at risk of extended sur-
gical times. Extra-long trocars are available for 
the obese, and Butt et al. showed that outcomes 
were not different between BMI under 25 and 
those above 30, although they found the positive 
margin rate to be higher for obese patients com-
pared to nonobese when confronted with higher 
T-stage disease [ 15 ]. Results from the largest 
currently available database suggest a small but 
statistically signifi cant additional risk of compli-
cation in those with a BMI over 30 [ 16 ]. Surgeon 
and institutional experience should guide patient 
selection.  

    Prior Surgery 
 Prior surgery was initially viewed as a relative 
contraindication to laparoscopic abdominal entry 
and surgery [ 17 ]. As experience has grown, those 
relative contraindications have been overcome. 
Groups have reported success with robotically 
assisted approaches in virtually all challenging 
situations, including cystectomy in the presence 
of prior ostomy [ 18 ].  

    Neoadjuvant Chemotherapy 
 Neoadjuvant chemotherapy is a level 1 recom-
mendation in many cases of MIBC [ 19 ]. Recent 
results from the 939 patient International Robotic 
Cystectomy Consortium database suggest that 
there exists an increased risk of complications in 
those patients that undergo neoadjuvant chemo-
therapy with a relative risk of any complication 
and high-grade complication in the range of 1.5–
1.8 in the fi rst 90 days [ 16 ].  

    Elderly 
 Muscle invasive cancer is primarily a disease 
of the elderly. Despite large reports showing 
that radical cystectomy is feasible and safe and 
remains the most effective modality for the treat-
ment of MIBC in patients over the age of 80, use 
of this modality is lower than in younger coun-
terparts [ 20 ]. While surgical selection is undoubt-
edly more challenging in the truly elderly, 
patients lacking severe comorbidities should 
be considered for this operation. Paradoxically, 

some newer reports suggest that RC may be par-
ticularly well suited to the elderly [ 21 ]. This may 
be directly related to the nearly universal fi nding 
of lower blood loss and presumably decreased 
fl uid shifts with the robotic approach when com-
pared to open.  

    Prior Radiotherapy 
 Robot-assisted salvage prostatectomy after failed 
local radiotherapy has been shown to be not only 
feasible but in at least some hands able to produce 
results that are superior to open  prostatectomy in 
similar conditions [ 22 ]. Salvage open cystectomy 
after failed curative radiotherapy for bladder cancer 
appears feasible but has been associated with a sig-
nifi cant complication rate; one series found a 16 % 
3-month mortality rate and a tripling of anasto-
motic leaks at 9 % compared to 3 % in non-radiated 
patients [ 23 ]. In another series LND was performed 
in only 48 % by surgeon preference and presum-
ably represents the increased diffi culty of perivas-
cular dissection in the postradiation setting [ 24 ]. A 
report addressing ORC after 60 Gy or more of pel-
vic radiation showed 32 % likelihood of Clavien-
Dindo grade 3–5 complications at 90 days and an 
overall complication rate of 77 % [ 25 ]. These are 
higher than most contemporary non-radiated series, 
but appear reasonable in this setting. 

 Given the apparent feasibility of robotic- 
assisted prostate surgery after radiation, the 
extension of the operation to include the bladder 
in this same situation seems reasonable, espe-
cially given the decreased need for urethral anas-
tomotic reconstruction in the setting of conduit 
urinary diversion. Published reports are scant; 
nonetheless, in experienced hands this may prove 
to be an appropriate therapy [ 26 ]. The largest 
database of RARC to date, the International 
Robotic Cystectomy Consortium, records 15 
cases of postradiation RARC representing just 
2 % of the total recorded patients [ 16 ]. Specifi c 
outcomes are not reported for these patients, 
however, preventing conclusions. In our experi-
ence, the operation is feasible but technically 
challenging; centers possessing experience with 
salvage robotic-assisted prostatectomy will likely 
be comfortable with this operation.  
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   Palliative Cystectomy 
 Palliative cystectomy is a poorly studied area of 
this disease. Appropriate indications for this 
operation are poorly defi ned, but include persis-
tent hemorrhage and avoidance of pelvic morbid-
ity. The balance of surgical risk to benefi t for this 
major operation is diffi cult to calculate, but pal-
liative cystectomy is generally best applied to 
younger patients with signifi cant ongoing mor-
bidity from localized tumor, in the setting of ade-
quate functional and nutritional status. One 
smaller series addressing cystectomy in patients 
over 75 years of age included seven cystectomies 
for palliative indications such as intractable 
hematuria and pain. These patients experienced a 
much higher morbidity and a 29 % in-hospital 
mortality when compared to the curative intent 
cohort, but no attempt was made to compare 
them to nonoperated counterparts [ 27 ]. Other 
reports in the open surgical literature show 
acceptable results for palliative cystectomy man-
aged with cutaneous diversion and avoidance of 
bowel resection [ 28 ]; whether these challenging 
cases are appropriate for a robotic approach 
remains unstudied.    

    Lymph Node Dissection 

 The ability to perform a pelvic lymph node dis-
section (PLND) is a critical component of high- 
quality surgery for bladder cancer, serving as 
a diagnostic and therapeutic procedure [ 29 ]. 
Multiple large series have demonstrated that per-
forming PLND contributes to improved survival 
in patients with bladder cancer [ 30 ]. The optimal 
extent of PLND and best outcome measures of 
PLND quality continue to be debated which is 
evident in the literature on robotic cystectomy. A 
standard PLND is defi ned as removal of lymph 
tissue up to the common iliac bifurcation to 
include the internal iliac, obturator, and external 
iliac lymph nodes [ 31 ]. Extended PLND is gen-
erally thought to include the standard template 
as well as lymph nodes up to the aortic bifurca-
tion, laterally to the genitofemoral nerve, distally 
to the node of Cloquet, as well as the presacral 

lymph nodes [ 32 ]. Evidence of survival benefi t 
for extended vs. standard PLND is debated, given 
the many variables to consider in the series used 
for evidence of benefi t. Several authors have pro-
posed that lymph node yield may indeed be a sur-
rogate of surgical quality since it correlates with 
survival outcomes [ 33 ]. However, consensus 
opinions on the superiority of survival outcomes 
in extended PLND cite the low level of evidence, 
but note the improved diagnostic ability and 
trend towards improved disease-free survival in 
extended PLND [ 34 ]. 

 With the advent of robotic surgery for bladder 
cancer, the debate over technical aspects of 
PLND has continued. Effect on survival out-
comes is most evident in large series that include 
higher-stage tumors with several years of follow-
 up. However, data describing outcomes of RARC 
with PLND are not mature, and early series were 
selected for lower-risk tumors, which may not 
demonstrate the benefi t of PLND as well as more 
comprehensive series. For these reasons, some 
authors question whether these outcomes can be 
judged with the available data [ 35 ], and reserve 
judgment about effi cacy until the results of ran-
domized trials are mature. Nevertheless, the abil-
ity to recapitulate the technique of open 
cystectomy and PLND has been investigated. In a 
study by Davis et al., the authors performed 
robotic extended PLND for bladder cancer in 11 
patients with open extended PLND performed 
directly afterward in the same patients [ 36 ]. In 
80 % of patients, no additional lymph nodes were 
detected with the open technique, demonstrating 
that a high-quality dissection is possible using a 
robotic technique. The median operative time for 
the PLND was 117 min, demonstrating the 
investment in time necessary for robotic extended 
PLND. Although the benefi t of extended PLND 
will continue to be debated, it appears that robot 
PLND can provide a similar lymph node dissec-
tion to open techniques. 

  Robot-assisted radical cystectomy – equip-
ment list (note that requirements for intracorpo-
real diversion are not included here). 
    1.    Da Vinci Surgical System (Intuitive Surgical, 

Sunnyvale, CA). “S” or “Si” recommended.   
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   2.    Veress Needle or access device of choice, 
2 × 10/12 mm disposable ports, 3 × 8 mm 
robotic ports, 5 mm assist port.   

   3.    Da Vinci instruments – Monopolar Da Vinci 
scissors, bipolar fenestrated grasper, 2× Da 
Vinci Large Needle Driver. Consider da Vinci 
vessel sealer if available. Fourth arm – 
“Prograsp” graspers.   

   4.    Hem-o-lok clip appliers (2) with large clips.   
   5.    Laparoscopic vascular staplers, articulating, 

“45” and “60” as desired.   
   6.    Suture:

    (a)    Male: 2–0 Vicryl on rb-1 and SH as 
needed and as surgeon preference for dor-
sal venous complex.   

   (b)    Female: same as male, likely will need 9″ 
2-0 Vicryl on SH for repair of the anterior 
vaginal wall.   

   (c)    Others: we recommend having a 4-in., 4-0 
Prolene on Rb-1 with Lapra-Ty® pre- 
affi xed in the event of vascular/venous 
injury during lymphadenectomy.       

   7.    5 mm suction irrigator (long).   
   8.    Appropriate open surgical equipment for per-

formance of diversion.   
   9.    Port closure device for 12 mm ports, if desired.    

     Technique 

   Positioning 
 Patients are positioned supine with a mild break in 
the table. In order to secure the patient to the table 
in Trendelenburg position, the use of chest straps or 
direct skin-to-gel adhesion is utilized. Skin-to-gel 
positioning is effective but, for longer cases, can be 
associated with skin traction burns on the patient’s 
back if steep Trendelenburg is used. If intracorpo-
real diversion is contemplated, shallower 
Trendelenburg will facilitate bowel manipulation 
without gravitational effects pulling the bowel 
cephalad and out of the robotic operative fi eld. 

 The legs are separated on orthopedic spreader 
bars or placed in low lithotomy in well-padded 
stirrups; the thighs should be close and parallel to 
the abdomen to minimize distortion of the pelvic 
fl oor. Orogastric/nasogastric tubes and bladder 
drainage catheter are placed.  

   Ports 
 Port placement is similar to that utilized in robot-
ically assisted prostatectomy, but modifi ed a few 
centimeters upwards to give better access to the 
upper pelvic vessels for extended lymph node 
dissection. Different approaches exist for assis-
tance; some surgeons prefer to use two bedside 
assistants in lieu of the so-called “4th arm” of the 
robotic system. An additional upper paramedian 
assist port may be helpful to facilitate stapled 
control of the bladder vasculature if stapling is 
planned. 

 Our approach to male cystectomy occurs in a 
stepwise fashion as follows:
    1.    Ureteral identifi cation and dissection 

 Beginning on the right, the ureters are identi-
fi ed at the level of the common iliac artery 
(Fig.  7.2 ). This may be used as the superior 
boundary for lymph node dissection template 
at a later point if desired. Using great care to 
preserve vascular tissue around the ureter as 
much as possible, the ureter is dissected free 
for a small distance above the vessels and fol-
lowed into the deep pelvis to the ureterovesi-
cal junction (Fig.  7.3 ). Small feeder vessels 
originating from the iliac system are usually 
encountered and controlled with cautery; cau-
tion is important to avoid any cautery effect on 
or near the ureter and the associated extramu-
ral longitudinal blood supply. An identical 
procedure is completed on the contralateral 
side; maximization of length and blood sup-
ply on the left side is especially important 
given the need for tunneling at a later date.

        2.    Completion of posterior plane 
 Once the ureters are freed to their hiatus with 
the bladder, the peritoneal incisions are con-
nected and the retrovesical space developed 
behind the bladder. Ureters may be tagged, 
clipped, and cut at this point; we prefer to 
leave them intact to assist with orientation. 
Dissection proceeds carefully behind the 
bladder and seminal vesicles to the level of the 
prostate; Denonvillier’s fascia is transected, 
and at the level of the prostate, the prerectal 
yellow fat is identifi ed and the rectum care-
fully dissected free from the prostate as far as 
possible. Vasa deferentia are clipped and cut, 
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and the small arterial branches to the seminal 
vesicles are carefully controlled with clips or 
cautery as appropriate. The lateral bounds of 
this dissection are the vascular pedicles of the 
bladder and prostate, beginning with the supe-
rior vesical artery. Great care is taken to 
widely establish separation between the rec-
tum and bladder to minimize chances of rectal 
injury.   

   3.    Lateral space creation 
 Delineation of the lateral aspects of the blad-
der and vascular pedicles is performed at this 
point. The goal of this step is the identifi cation 
of the vascular pedicles. Peritoneal incision is 
performed along the lateral aspect of the 
medial collateral ligament, with care taken to 
leave the anterior suspension of the bladder 

intact. Early release of the anterior bladder 
support will signifi cantly increase diffi culty in 
posterior dissection from the loss of bladder 
support and should be avoided. The lateral 
incisions are connected to the posterior inci-
sion to form a “u” and the space lateral to the 
bladder freed distally to the endopelvic fascia 
and nerve    sparing/prostatic fascial release per-
formed if nerve sparing is desired. Even with 
anterior anatomical support intact, the “fourth 
arm” can be well utilized to additionally 
retract the bladder so as to provide stretch on 
the pedicles and facilitate dissection. The 
endopelvic fascia is released in the fashion of 
radical prostatectomy. Next, the medial 
umbilical ligaments are transected close to 
their junction with the internal iliac artery. 

Parietal
peritoneal
incision

Ureter

Common
iliac artery

  Fig. 7.2    The parietal peritoneum is incised and the ureter on the right is identifi ed as it crosses the common iliac artery       

Bladder

Peritoneal
incision

Rectum

Ureter

  Fig. 7.3    The ureter is circumferentially freed with maximal preservation of periureteral tissue and dissected to the 
hiatus of the bladder       
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Bladder

Superior
vesical artery

Distal clipped
ureter

10” suture
tail on 
proximal
ureter

  Fig. 7.4    Once the posterior and lateral spaces have been 
adequately developed, the ureter is doubly clipped and 
transected. For extracorporeal diversion, the clip on the 

proximal ureter is tagged with a 10″ 3-0 Vicryl for identi-
fi cation and manipulation       

Pelvic
sidewall

Vascular pedicle

Robotic arm
in posterior
space

Bladder

Rectum

  Fig. 7.5    With the ureter tucked into the upper abdomen, the rectum is dissected posteriorly away from the bladder and 
the vascular pedicle is identifi ed       

Vascular
pedicle

Bladder

Rectum

Robotic
vessel sealer

  Fig. 7.6    Once the upper portion of the vascular pedicle is isolated, it can be clipped or cauterized at surgeon preference. 
This is shown here with the robotic vessel sealer       
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The ureters are doubly clipped, divided, and 
tucked into the upper abdomen well away 
from the operative fi eld (Figs.  7.4  and  7.5 ). 
We recommend Hem-o-lok clips (Telefl ex 
Medical, Research Triangle Park, NC, USA) 
with a color-coded 10″ suture tied to the heel 
of the clip that is applied proximally to facili-
tate manipulation of the ureter through a 
smaller incision at diversion.

        4.    Takedown of vascular pedicles 
 Many different technologies are available for 
safe control of the superior vesical artery and 
vascular pedicles of the bladder. Clips, laparo-
scopic stapling devices, and direct ablation 
with other hemostatic technology can be 
employed at surgeon discretion (Fig.  7.6 ). 
Those using an externally applied laparoscopic 
stapler may consider using a 12 mm upper 
paramedian port to assist application of this 
device along the axis of the pedicles as the 
angles encountered from the lateral ports may 
be awkward for stapler use. As in prostatec-
tomy, adequate distal division of attachments 
facilitates mobility and completion of the api-
cal dissection. We have had favorable experi-
ence with the robotic vessel sealer (Intuitive 
Medical, Sunnyvale, CA, USA) and are assess-
ing its utility for division of the superior vesi-
cal artery, which we have historically secured 
with clips. A group at Vanderbilt compared the 
similar LigaSure Impact device (Covidien, 
Dublin, Ireland) to stapler use and found no 
difference in blood loss and a simplifi cation of 
vascular control during cystectomy [ 37 ].

       5.    Control of dorsal venous complex 
 The balance of anterior bladder suspension is 
now released and the anterior space of Retzius 
dissected. In men, the dorsal venous complex is 
controlled after placement of 1–2 securing 
sutures in the fashion of a radical prostatectomy. 
A vascular stapler may be utilized alternatively.   

   6.    Dissection of urethra 
 The urethra is dissected free. If neobladder is 
planned, care is taken to preserve adequate 
urethral length. The bladder side of the speci-
men is controlled with a Hem-o-lok clip to 
prevent spillage of contents during transec-
tion. If ileal conduit is planned, the urethra is 

dissected as far distal as possible. If the patient 
has had previous pelvic radiation, the stump is 
carefully oversewn to prevent persistent ure-
thral leakage of peritoneal fl uid through a 
fi xed and fi brotic urethra. If there is likelihood 
of subsequent urethrectomy such as known 
CIS or prostatic invasion, margins are sent and 
a clip left to allow identifi cation of complete 
urethral extirpation should that become neces-
sary later. The specimen is freed and placed in 
a large bag; we prefer the 12 mm Inzii device 
(Applied Medical, Rancho Santa Margarita, 
CA, USA) as it allows use of smaller 12 mm 
ports with full bag size.   

   7.    Lymph node dissection 
 Lymph node dissection is completed with 
an upper boundary to the level of the ure-
ters crossing the iliac artery. This is carried 
 laterally along the upper edge of the iliac 
artery adjacent to the genitofemoral nerve, 
with great care taken to remove all tissue sur-
rounding the great vessels and into the obtura-
tor fossa. Finally, all tissue is removed from 
the distribution of the internal iliac artery in 
the deep pelvis. The specimen is placed in 
a separate smaller bag; we do not label tis-
sue laterality as this has no additive benefi t 
in prognosis or therapy. Clips are utilized 
selectively to decrease risk of lymph leak. In 
high-risk cases, or those felt likely to benefi t 
from extended dissection, LND can be carried 
as high as the level of the inferior mesenteric 
artery on the aorta.        

    Creation of Extracorporeal Urinary 
Diversion 

 For ileal conduit, diversion may be performed 
either intracorporeally or extracorporeally. For 
surgeons newer to RAC, extracorporeal diversion 
is familiar and expedient. Once the lymphade-
nectomy has been completed, the ureters are 
recovered from where they have been tucked in 
the upper quadrants and good mobility verifi ed. 
Ideally, freedom that extends a short distance 
above the common iliac artery will be available, 
especially on the left side. 
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 The ileum and ileocecal junction should be 
identifi ed; a premeasured suture can be utilized 
to march out 15–20 cm of terminal ileum and a 
long tagging suture of 3-0 silk placed in the 
serosa at the distal extent of the anticipated con-
duit. This is left full length to allow easy extrac-
tion through a small incision. Any attachments of 
the cecum that may hamper terminal ileal free-
dom are taken down. 

 Next, the ureter must be passed behind the sig-
moid at roughly the level of the sacral promon-
tory. With the colon gently retracted anteriorly, a 
passageway can usually be developed by gentle 
manipulation behind the incised retroperitoneum. 
Care should be taken to avoid vascular injury 
when crossing the midline, especially in the set-
ting of aneurysmal dilatation or ectasia. Once an 
instrument has been easily passed from right to 
left and an appropriately sized space created 
behind the colon, the left ureteral tagging suture 
is grasped and the ureter pulled through to the 
right where it can be again assessed for adequate 
length and freedom. Alternatively, left ureteral 
passage can be accomplished open, although this 
often requires a larger abdominal incision. 

 Once both ureters lie in the right paracolic 
gutter and the terminal extent of planned conduit 
is tagged, all three tagging sutures are placed in a 
needle driver through an assist port and secured 
in place. The robot is    undocked and table taken 
out of Trendelenburg; a small incision is made in 
the subumbilical midline and all tagging sutures 
passed out of it. The small bowel is pulled up and 
bowel resection performed to provide an ade-
quate conduit of roughly 15 cm without unneces-
sary redundancy. It has been our preference to 
mature the ostomy at the premarked site prior to 
performing the ureteroenteric implantation. Once 
this is done, spatulated ureteral implants of 
roughly 1.5 cm are made with urinary diversion 
stents inserted via the matured ostomy and up 
each ureter. Interrupted 4-0 Monocryl used for 
implantation with great care taken to avoid any 
trauma to the distal ureter. A 4-0 chromic suture 
is used to secure the stent to the mucosa of the 
ostomy. At this point a closed suction drain is 
gently placed in the pelvis through a lateral port 
site, the fascia and incision are closed, and the 
patient taken to recovery.  

    Creation of Intracorporeal Urinary 
Diversion 

    Non-continent Urinary Diversion 
(Ileal Conduit) 

 Intracorporeal urinary diversion can divided 
broadly into six major steps: port placement, patient 
repositioning, bowel segment identifi cation, bowel 
resection/bowel reanastomosis, ureteroenteric anas-
tomosis, and ileal conduit stoma completion. Below 
is a summary of each step individually. 

   Port Placement and Patient 
Repositioning 
 Most centers use port placement for robot- assisted 
cystectomy that is similar to their  robot- assisted 
prostatectomy port placement. When performing 
an intracorporeal urinary diversion, the bedside 
surgical assistant should have two assistant ports 
(at least 12 mm) to allow passage of the stapler 
from either the left or right side of the patient. 
Passage of the stapler from the left side has tech-
nical advantages and provides a better angle for 
the urinary diversion portion of the robotic-
assisted cystectomy. If a right-side bedside assis-
tant is preferred for the extirpative portion of the 
procedure, a 12-mm port can be exchanged for the 
8-mm fourth arm port to allow stapler passage 
from the left during the urinary diversion [ 38 ]. 

 After the RARC and lymph node dissection 
portions of the operation have been completed, 
the robot is undocked allowing for the patient 
position to be changed from steep Trendelenburg 
to a neutral operating room bed position. The 
robot is then re-docked for the urinary diversion. 
It is optional to re-dock the fourth robotic arm or 
use this lateral 8 mm port for the bedside assis-
tant. Alternatively, if the cystectomy portion can 
be completed with less head-down positioning, it 
may prove unnecessary to reposition the bed.  

   Bowel Segment Selection 
for Urinary Diversion 
 The fi rst step is to identify the ileocecal junction 
and spare 15–20 cm of terminal ileum. A 20-cm 
silk suture or a premarked Penrose drain is used 
to aid in the measurement of the appropriate 
bowel length to be utilized for the ileal conduit. 
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Once the segment of ileum is identifi ed, the prox-
imal and distal ends of the bowel are tagged with 
a 3-0 Vicryl stitch.  

   Bowel Resection and Reanastomosis 
 The next step is to harvest the ileal segment 
and restore intestinal continuity. An atraumatic 
Cadiere forceps (Intuitive Surgical Inc, Sunnyvale, 
CA, USA) are used in the right and left robotic 
arms for bowel manipulation. Distal transec-
tion of ileum is performed with an  endovascular 
60-mm laparoscopic stapler (endoGIA, Covidien, 
Norwalk, CT, USA). The stapler is introduced 
by the bedside assistant through the left lateral 
12-mm assistant port while the robotic surgeon 
aligns the bowel and mesentery to be divided. 

 The stapler is placed in a perpendicular orien-
tation across the bowel and mesentery, with the 
tips of the stapler aimed at the root of the mesen-
tery. The Endo GIA stapler is fi red to divide the 
bowel and mesentery. The identical technique is 
used at the other end of the bowel segment. The 
initial tissue load (3.5-mm thickness) transects the 
small bowel and a portion of the adjacent mes-
entery. If necessary, the mesenteric window can 
be further developed using electrocautery or an 
additional vascular stapler load (2.5-mm thick-
ness). The transected bowel segment (close to 
the cecum) can be marked with a purple-dyed 
3-0 Vicryl suture. After proximal division of the 
ileal segment, another purple-dyed 3-0 Vicryl 
suture is placed to mark the proximal transected 
ileum. The Endo GIA stapler is reintroduced into 
the 12-mm left lateral port and the arms for bowel 
manipulation. To restore intestinal continuity, the 
violet sutures on the proximal and distal cut ends 
of the bowel are used for traction. The anasto-
mosis is created by excising a small amount of 
stapled bowel at each end with robotic scissors. 
Bowel continuity is reestablished with a standard 
side-to-side ileoileal anastomosis using a 60-mm 
laparoscopic tissue stapler load to anastomose 
the adjacent antimesenteric ileal walls. To com-
plete the bowel anastomosis, the remaining bowel 
opening is stapled closed by deploying the same 
Endo GIA stapler transversely to fi nish the side-
to- side anastomosis. The mesenteric defect is 
not closed. The ileoileal bowel anastomosis is 
 performed cephalad to the excluded ileal conduit 

segment, keeping the isolated ileal conduit seg-
ment caudal to the mesentery. If there is diffi culty 
in obtaining the appropriate orientation, the sta-
pler should be introduced through a different port.  

   Ureterointestinal Anastomosis 
and Ileal Conduit Stoma 
 An approach that mimics the technique used in 
an extracorporeal urinary diversion is typically 
selected by the surgeon. Two of the more com-
monly employed techniques are the Wallace or 
Bricker techniques for ureterointestinal anasto-
mosis. The assistant grasps the stay suture on the 
selected segment of the ileum. A small opening is 
made in the distal staple line (ostomy end) which 
allows passage of the laparoscopic suction/irriga-
tor into the ileal conduit for this segment to be 
irrigated prior to the ureterointestinal anastomo-
sis. The distal end of the conduit following the 
ureterointestinal anastomosis will be fashioned 
into a stoma at a premarked area for the stoma on 
the abdominal wall. 

 Both ureters are spatulated 2 cm and the pos-
terior walls of the ureters are sutured side to side 
(Wallace technique) using 15 cm running 4-0 
Biosyn or Monocryl. Two single-J 40-cm ureteral 
stents with the guide wire inserted are introduced 
through the distal end of the ileal conduit. The 
stents are then pushed up into the ureters on each 
side, the guide wires removed, and the ureteroin-
testinal anastomosis is completed using two 
15-cm 4-0 Biosyn or Monocryl sutures. 

 For the Bricker technique, each ureter is spat-
ulated approximately 2 cm, and an incision is 
made at the selected site on the ileal conduit for 
the anastomosis. A continuous 4-0 Monocryl or 
4-0 Vicryl suture on an RB-1 needle is used for 
the anastomosis. After suturing the posterior 
wall, with three interrupted stitches, a 7 F, single-
 J, ileoureteral stent is inserted through the distal 
end of the conduit and advanced up the ureter 
into the renal pelvis. The anterior wall is closed 
using a continuous suture. The identical proce-
dure is then performed on the contralateral side. 

 Before undocking the robot, the ostomy side of 
the conduit is tagged with a 3-0 polyglactin suture 
and brought out through the closest port site to the 
ostomy site. This allows the surgeon to readily 
locate the conduit at the time of ostomy creation.   
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    Continent Urinary Diversion 
(Orthotopic Ileal Neobladder) 

    When constructing an orthotopic ileal neoblad-
der, a segment of bowel that can easily descend 
into the deep pelvis is selected. It is important to 
mark the midpoint and ends of this segment with 
sutures. To ensure this segment reaches the ure-
thra, a tonsil clamp (female patients) or a Lowsley 
retractor (male patients) can be advanced through 
the urethra, so the suture on the selected segment 
of the ileum can be grasped to ensure adequate 
descent of the midpoint of the bowel to the ure-
thra in a tension-free manner [ 39 ]. 

 Multiple techniques of intracorporeal ortho-
topic neobladder construction have been 
described previously [ 38 – 46 ]. In this section, we 
highlight several of the key technical points for 
the more commonly performed intracorporeal 
orthotopic neobladders. 

   U-Shaped Stapled Reservoir 
 For the U-shaped staple reservoir, the antimesen-
teric border of the bowel segment is lightly cau-
terized using the monopolar scissors to distinctly 
mark the antimesenteric border. Next, the suture 
identifying the midportion of the bowel segment 
is grasped, thereby pulling the segment into the 
deep pelvis, which allows the bowel to be ori-
ented into a U shape. To help approximate the 
antimesenteric sides, three sutures, spaced 3 cm 
apart, are placed along the antimesenteric border. 
At the proximal and distal edges of the bowel 
segment, laparoscopic scissors are used to excise 
a small portion of the staple line. 

 Through the 12-mm right-sided assistant port, 
the endoscopic stapler is advanced so that each 
jaw of the stapler is placed into the previously 
opened ends of the proximal and distal bowel 
segment. The stapler is deployed on the antimes-
enteric portion of each bowel section, which 
effectively detubularizes the bowel and forms the 
reservoir. The remaining bowel opening is closed 
after the ureterointestinal anastomosis is com-
pleted by either fi ring an additional staple load or 
using a 2–0 Vicryl suture on an SH needle. 

 To complete the neobladder, the last step is to 
anastomosis the neobladder to the urethra. Pruthi 
et al. [ 39 ] originally describe using a 3-0 Vicryl 

suture on a round-bodied (RB) needle and plac-
ing two interrupted sutures at the 5 o’clock and 7 
o’clock positions posteriorly. Following place-
ment of the posterior stitches, a new Foley cath-
eter (20 or 22 French) is introduced into the 
neobladder and the remainder of the anastomosis 
completed in a running fashion on each side.  

   Studer Neobladder 
 After fi nishing the radical cystectomy and the 
pelvic lymph node dissection, the fi rst step is to 
make an anastomosis between the ileum and the 
urethra. Wiklund and colleagues use the 0° lens 
during this initial step [ 43 ]. Appropriate mobili-
zation of the ileum allows for a tension-free ure-
thral anastomosis and also facilitates the suturing 
required to construct the neobladder. 

 An alternative way to pull the ileal segment 
downward to the urethra uses two Liga-Loop 
(Braun-Dexon, Spangenberg, Germany) strings 
positioned through the mesenteric border around 
the intestine and adjacent to the site of the anas-
tomosis [ 44 ]. 

 A 20 French opening is made in the antimes-
enteric site on the ileum using robotic scissors. 
A running anastomosis is completed using the 
Van Velthoven technique with two 18 cm long 
4-0 Biosyn® suture. A 50-cm segment of the 
ileum will be used to construct the orthotopic 
neobladder. The ileum is stapled 40 cm proximal 
and 10 cm distal to the urethral-ileal anastomo-
sis. After restoring the bowel continuity, the dis-
tal 40 cm of the isolated ileal segment is 
detubularized along its antimesenteric border, 
leaving a 10 cm intact proximal isoperistaltic 
afferent limb. Next, the posterior part of the 
Studer reservoir is closed using a running suture 
(25 cm, 3-0 Biosyn®). After completing the pos-
terior part, the distal third to half of the anterior 
portion of the reservoir is closed using the same 
suture material. The remaining portion of the 
neobladder is left open to facilitate the ureteroin-
testinal anastomosis and closed as the last part of 
the procedure using a running 3-0 Biosyn® 
suture. The urethral catheter balloon is then 
infl ated and the neobladder fi lled to check for 
any leakage. 

 When placing the ureteral stents, the single-J 
40-cm ureteral stents are introduced through two 
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separate 4-mm incisions in the lower abdominal 
wall and then pulled through the afferent limb 
and advanced up the ureters into the renal pelvis. 
Each stent is anchored to the afferent limb using 
a 15 cm 4-0 Biosyn® suture. Optionally, the stents 
can be internalized and secured to the urethral 
catheter with nonabsorbable sutures and the 
stents are removed 3 weeks postoperatively at the 
same time of Foley catheter removal. 

 Others have reported slightly different modifi -
cations and techniques to creating the Studer 
neobladder intracorporeally. Desai and  colleagues 
report using intravenous indigo-cyanine green to 
identify the major mesenteric blood vessels to be 
preserved in selecting the ileal segment for con-
struction of the neobladder [ 42 ]. This group uses 
a marked Penrose drain or an open ureteral access 
stent as a ruler. Sixty centimeter of ileum is 
selected; the proximal 15 cm is reserved as the 
afferent limb of the neobladder. From the remain-
ing 44 cm, an undyed suture is placed at 22 cm to 
denote the apex of the posterior plate for the 
Studer neobladder. The undyed marking suture 
(at 22 cm) can be grasped by the fourth robotic 
arm and retracted into the pelvis, which aids in 
the symmetrical alignment of the two 22 cm ileal 
segments. 

 The urethroileal anastomosis is completed 
prior to anterior closure of the pouch by Desai 
and colleagues    [ 42 ]. Another option to the Van 
Velthoven technique is to use a double armed 3-0 
or 4-0 suture on an RB-1 needle to complete the 
urethra-neobladder anastomosis. Anterior  closure 
is aided by the placement of a midpoint horizon-
tal mattress suture that divides the anterior clo-
sure into two equal halves with alignment of the 
neobladder edges. 

 Blute Jr. and colleagues evaluated the 
pressure- fl ow characteristics of various neo-
bladder confi gurations used in intracorporeal 
urinary diversions [ 47 ]. Four neobladder confi g-
urations were constructed, each using 20 cm of 
human cadaveric small intestine. The hand-sewn 
Studer pouch was compared with a circular loop, 
W-pouch, and U-pouch with stapled anastomo-
ses. The cystometric capacities of the stapled 
U-pouch, W-pouch, Circle pouch, and Studer 
pouch were 167.3, 177.5, 114, and 145.2 ml, 
respectively. The fi rst increase in  intravesical 

pressure was at 90.3, 103, 50, and 85 ml, respec-
tively. The greatest compliance of 3.81 ml/
cmH 2 O was demonstrated in the U-pouch, with 
the W-pouch revealing a compliance of 3.44 ml/
cmH 2 O. The least compliant neobladder was the 
circle pouch (2.24 ml/cmH 2 O) followed by the 
standard Studer pouch (2.94 ml/cmH20). While 
a limitation of this study is that only 20 cm of 
cadaveric small intestine was used in this study, 
the authors concluded that alternative neobladder 
confi gurations demonstrate equivalent pressure- 
fl ow studies in this experimental model.    

    Complications and Cost Analysis 

 Thorough doctor-patient discussion of complica-
tions relevant to RARC should include all the 
complications seen in ORC, and the possibility of 
access-related injury to bowel or vasculature and 
need for conversion to open surgery should be 
noted. Comparison of complication rates between 
ORC and RARC is diffi cult and requires use of a 
validated reporting system such as the Clavien- 
Dindo. Further, it is becoming apparent that 
many complications, including a fair amount of 
those termed major (Clavien grades 3–5), occur 
more than 30 days after surgery, thus favoring 
90-day complication rates as most useful. 
Kauffman et al. showed that while 16 % of their 
RARC had major complications by this defi ni-
tion, fully half of those occurred between 31 and 
90 days of surgery [ 48 ]. Nonrandomized com-
parisons from this same institution showed sig-
nifi cant differences in 30-day overall complication 
rates as well as 90-day major complication rates 
favoring RARC [ 49 ]. However, a more recent 
prospectively randomized trial from Memorial 
Sloan-Kettering failed to show a difference in 
complication rates between these two modalities 
at that institution according to a late-breaking 
release at the 2013 American Urological 
Association meeting. Another recent trial has 
reported early pathologic data showing equiva-
lent nodal collection and margin rates; long-term 
outcomes are still to be determined [ 50 ]. 

 In the modern era, no discussion is complete 
without a cost analysis, and this is especially true 
regarding the new and expensive technology 
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associated with the daVinci platform. Multiple 
factors contribute to the overall expense of an 
operation: direct surgical costs in the operating 
room that include time and technology, hospital 
costs that are largely related to length of stay, and 
costs incurred by complications in the hospital as 
well as after discharge. It bears noting the previ-
ously cited data suggesting that a large number of 
complications occur after 30 days and are only 
captured on 90-day postoperative follow-up. 

 Within the domain of direct costs, RAC is more 
costly: amortization of the robotic system itself, 
disposable goods and OR time generally all exceed 
the in-room costs of ORC. At one institution that 
produces open cystectomy outcomes that are 
closely comparable to RAC (equivalent complica-
tion rates and hospital stay; ORC showing higher 
transfusion rates), costs were close with RAC con-
suming $1,640 more in direct hospital costs [ 9 ]. 

 Ignoring improvements in hard-to-defi ne con-
cepts such as societal costs associated with less 
work missed and similar issues, cost- effectiveness 
can still occur if a new technology decreases other 
more expensive medical events. Cystectomy, by 
nature rife with complications, is an excellent venue 
for such assessment. The cost of complications 
associated with cystectomy is impressive: a 2007 
analysis of these costs by Konety and Allareddy 
from the National Inpatient database showed costs 
from each complication incurred another 29 % in 
costs above baseline, and two complications added 
65 % to the bill [ 51 ]. A 2012 analysis that was lim-
ited to hospital- acquired complications by Kim 
et al. found that a single complication doubled the 
in-hospital costs of the operation (from $26,306 to 
$54,242) although their defi nition of complication 
was issues that occurred at a rate of only 11 % and 
thus more likely to represent higher-grade problems 
[ 8 ]. Any signifi cant decrease in events of this cost 
magnitude clearly opens the door for expensive 
equipment to easily pay for itself. 

 Assessments directly comparing ORC to 
RARC cost are limited. Cost modeling is diffi cult 
to do and can be infl uenced by geography, baseline 
robotic volume, robot-associated costs, surgeon 
and team experience, accuracy of complication 
capture, presence of cystectomy pathway, and 
countless other factors that infl uence true total 

cost. A recent large comparison of 100 ORC to 
100 RARC showed an estimated ORC blood loss 
of 986 ml compared to RARC losses of 423 ml, 
with transfusion rates of 47 and 15 %, respec-
tively [ 52 ]. In this series, complications were 
substantially more common in the ORC cohort, 
including more than twice as common in the 
severe Clavien grades III–V major complications 
(10 % vs. 22 %). Conversely, an interim report 
from Memorial Sloan-Kettering in New York, 
released at the 2013 AUA meeting, found no dif-
ference in hospitalization or 90-day complication 
rates in their hands [ 53 ]. In the face of changing 
costs, the improved effi ciency of experience and 
economies of scale that apply to this operation, 
no clear answer will exist until multi-institutional 
and regional assessments are completed.  

    Conclusion 

 The application of robot assistance to radical 
cystectomy offers an interesting and enticing 
alternative to open surgery.  In virtually all 
published reports to date, this approach results 
in lower blood loss but longer surgical times 
when compared to its open counterpart.  The 
expense of robotic technology must be contin-
ually justifi ed by improvements in effi cacy, 
morbidity and cost.  Whether robot-assisted 
laparoscopy becomes the standard approach 
for radical cystectomy remains to be seen.  But 
regardless of the answer to this always-dynamic 
query, lessons learned from the investigation 
will continue to benefi t patients undergoing 
cystectomy by any technique in the future.     
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      Abbreviations 

   UPJO    Ureteropelvic junction obstruction   
  LP    Laparoscopic pyeloplasty   
  RAP    Robot-assisted pyeloplasty   
  LESS    Laparoendoscopic single-site surgery   

          Introduction 

       Although open Anderson-Hynes dismembered 
pyeloplasty was historically the criterion stan-
dard for the defi nitive treatment of ureteropelvic 
junction obstruction (UPJO), minimally invasive 
approaches such as laparoscopic pyeloplasty 
(LP) and robot-assisted laparoscopic pyeloplasty 
(RAP) are arguably the current gold standard 
[ 1 ]. The fi rst purely laparoscopic pyeloplasty 
was reported in 1993 [ 2 ,  3 ]. However, the tech-
nical nuances and steep learning curve associ-
ated with laparoscopic pyeloplasty made the 
rapid adoption of laparoscopy for this procedure 

 diffi cult, primarily due to the technical complex-
ity of intracorporeal suturing. The introduction 
of the da Vinci robotic system (Intuitive Surgical, 
Sunnyvale, CA) facilitated the adoption of mini-
mally invasive pyeloplasty and gained rapid pop-
ularity by signifi cantly simplifying and shorting 
intracorporeal suturing time [ 4 ]. The robotic and 
laparoscopic approaches for pyeloplasty continue 
to evolve, and as experience with the technique 
grows, RAP may ultimately become the refer-
ence gold standard approach. 

 Minimally invasive pyeloplasty has similar 
functional outcomes compared to the open 
approach but with the advantages of improved 
postoperative convalescence, cosmesis, and 
lower short-term morbidity [ 5 ,  6 ]. Several studies 
have shown that laparoscopic dismembered 
pyeloplasty has equivalent effi cacy compared to 
open pyeloplasty [ 7 ,  8 ]. Similarly, RAP has dem-
onstrated therapeutic equivalence to LP [ 9 ,  10 ], 
with a faster learning curve and easier adoption 
than standard laparoscopy due to its distinct 
advantage with intracorporeal suturing. The 
increased degrees of freedom, wristed instrumen-
tation, and 3D vision unique to the robotic plat-
form facilitate reconstruction, decrease the 
learning curve for the procedure, and reduce sur-
geon fatigue, thus popularizing RAP over stan-
dard laparoscopy in a trend similar to that of the 
robotic prostatectomy [ 11 ,  12 ]. Overall, there has 
been a dramatic shift from open to minimally 
invasive pyeloplasty since 2005 [ 13 ]. Specifi cally, 
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one study showed a 23-fold increase from 2.4 to 
55.3 % in minimally invasive pyeloplasty from 
1998 to 2009 [ 14 ]. This trend favoring minimally 
invasive pyeloplasty was primarily driven by the 
increased use of RAP, which accounted for 45 % 
of all cases in comparison to 10 % for pure lapa-
roscopy in 2009 [ 14 ]. 

 This chapter will detail the application of 
RAP, with specifi c details on operative technique. 
Contemporary outcomes and complications of 
this procedure will also be presented.  

    Robotic Versus Laparoscopic 
Pyeloplasty 

 The fi rst detailed report of laparoscopic pyelo-
plasty was in 1993 [ 3 ], and although it was shown 
to be a feasible procedure, the technique 
demanded advanced laparoscopic skills for the 
intracorporeal suturing in the reconstruction. 
Despite these challenges, in many centers, lapa-
roscopic pyeloplasty took the lead over open 
pyeloplasty, highlighting the demand for more 
minimally invasive approaches [ 1 ]. With the 
introduction of the da Vinci robotic surgical sys-
tem, intracorporeal suturing became much easier 
and tempered the learning curve. Consequently, 
several trials have emerged comparing the two 
approaches (Table  8.1 ). In the systematic review 
and meta-analysis by Braga et al. in 2009 [ 9 ], the 
authors analyzed eight available studies at that 
time and compared the outcomes of the two 
approaches. They noted that although there was a 
10-min advantage with the RAP, this did not 
translate into statistical signifi cance. Five of the 
eight studies had a shorter hospital stay (by 
0.5 days) for the robotic approach, which was 
statistically (if not clinically) signifi cant. Both 
RAP and LP had similar complication rates and 
success rates. A more recent meta-analysis com-
paring RAP to LP reviewed 12 studies with 347 
and 299 cases of RAP and LP, respectively [ 22 ]. 
This meta-analysis noted advantages of a shorter 
suturing time and hospital stay with the robotic 
approach. Interestingly, while there was no sig-
nifi cant difference in total operative times, a sub-
group analysis of suturing time found an 18-min 

advantage with RAP, based on a meta-analysis of 
four studies. It is conceivable that the time gained 
with suturing is balanced by docking and undock-
ing of the robot [ 20 ] and the potentially faster 
dissection to expose the retroperitoneum and ure-
ter with pure laparoscopy. Hospital stay was sig-
nifi cantly shorter by 0.75 days in the RAP group, 
and again, there were no differences in success or 
complication rates.

   Based on these meta-analyses, the literature to 
date suggests that both LP and RAP provide 
excellent outcomes with low complication rate. 
However, the shorter learning curve associated 
with RAP has led to its dominance in many mini-
mally invasive practices including pyeloplasties. 
In one study assessing trends in pyeloplasty, open 
pyeloplasty and RAP were each performed in 
45 % of cases, while 10 % of cases were done 
laparoscopically [ 14 ].  

    Retroperitoneal Versus 
Transperitoneal Approach 

 The ureteropelvic junction (UPJ)    can be accessed 
via a transperitoneal or retroperitoneal route. 
Although most laparoscopic or robot-assisted 
urological surgeries are performed transperitone-
ally, there may be unique advantages with the ret-
roperitoneal approach as it provides direct access 
to the renal pelvis, avoids urine leak into the peri-
toneal cavity, and potentially hastens recovery. 
Outcomes of both retroperitoneal and transperi-
toneal approaches appear similar. The original 
description of retroperitoneal RAP was in the 
pediatric population in 2004 [ 23 ]. Subsequently, 
the fi rst report in adults was by Kaouk and col-
leagues in 2008 [ 24 ]. In this series, all cases were 
performed by a single surgeon with prior experi-
ence in retroperitoneal LP. Retroperitoneal access 
was achieved through a 1.2-cm incision at the tip 
of the 12th rib, and subsequently, the lumbodor-
sal fascia incised and retroperitoneal space devel-
oped by balloon dissection. The authors indicate 
that although the transperitoneal approach affords 
the advantage of familiarity of the operative fi eld, 
and a larger working space, there are signifi cant 
benefi ts for the retroperitoneal approach such as 
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lower risk of bowel injury and direct approach to 
the UPJ. In retroperitoneal LP series, the tech-
nical challenge of intracorporeal suturing was 
exacerbated by the smaller working space in the 
retroperitoneum, and fi nding a potential cross-
ing vessel was also more challenging. However, 
according to Kaouk and coauthors, the wristed 
instrumentation of the da Vinci system helped 
overcome the limitation of working in a confi ned 
space. The outcomes and complications were 
also similar to that of standard transperitoneal 
RAP. Cestari et al. recently published their series 
of retroperitoneal versus transperitoneal RAP 
in 36 and 19 patients, respectively [ 25 ]. These 
authors also found similar outcomes in the two 
groups but noted similar challenges for the ret-
roperitoneal approach, namely, gaining access, 
limited working space, and the loss of familiar 
anatomic landmarks. The confi ned space can also 
make identifi cation of crossing vessels more dif-
fi cult. The authors also noted that antegrade stent 
placement is more challenging during retroperi-
toneal RAP [ 25 ]. This, however, can be overcome 
with retrograde placement via fl exible cystos-
copy without any interruption in the procedure. 

 The choice to pursue the retroperitoneal 
approach is based on the surgeon’s preference 
and experience with the technique. There is a pau-
city of literature comparing the two approaches, 
and therefore, conclusive statements regarding 
the superiority of one approach versus the other 
cannot be made at this time. The remainder of 
this chapter will focus on the transperitoneal 
approach.  

    LESS Pyeloplasty 

 With the emergence of a LP and RAP, laparoen-
doscopic single-site surgery (LESS) has been of 
interest in an effort to further minimize surgical 
invasiveness and improve morbidity. The LESS 
approach also offers patients improved cosmesis 
by decreasing the number of ports from 3 to 5 
(standard LP) to a single periumbilical incision 
that is often concealed [ 26 ]. Although this 
approach further raises the level of complexity in 
performing the procedure, in experienced hands, 

complication rates are similar to those with other 
minimally invasive approaches [ 26 ]. Early 
reports with LESS have demonstrated equivalent 
outcomes compared to conventional LP with no 
differences in hospital stay, analgesic require-
ments, and minor and major complications [ 27 ]. 
LESS can be performed using either laparoscopic 
or robotic approaches, but some surgeons have 
found the ergonomic challenges of LESS to be 
better addressed using the robotic platform. In 
particular, the wristed instrumentation, surgeon- 
controlled camera, and ability to electronically 
reassign the hand controls (“masters”) after 
crossing the instruments have been cited as par-
ticular advantages of robotic LESS. Harrow et al. 
reported on their series of LESS pyeloplasty 
comparing outcomes of LESS LP versus RAP 
[ 28 ].  

    Robot-Assisted Laparoscopic 
Pyeloplasty: Equipment List 

     1.    Da Vinci Surgical System (Intuitive Surgical, 
Sunnyvale, CA)   

   2.    Veress needle, 2–10-/12-mm disposable ports, 
8-mm robotic ports, GelPort (for LESS)   

   3.    Right arm – Monopolar da Vinci Hot Shears, 
da Vinci Potts scissors, da Vinci Large Needle 
Driver   

   4.    Left arm – Prograsp    forceps, da Vinci Fine 
Tissue Forceps, da Vinci Large Needle Driver   

   5.    Fourth arm – not typically employed for 
pyeloplasty   

   6.    Assistant – 5-mm suction irrigator   
   7.    Liver retraction port – atraumatic locking 

grasper (right-sided procedures only)      

    Technical Description 

    Patient Preparation 

 After a thorough preoperative evaluation of the 
patient’s suitability for the procedure, any antico-
agulant medications are stopped a week prior to 
the procedure. A modifi ed bowel preparation 
consisting of 10 oz of magnesium citrate is 
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administered on the day before surgery. Urinalysis 
is performed before surgery and any urinary tract 
infection treated accordingly, and preoperative 
antibiotics are given prior to commencing the 
procedure. In our practice, a routine ureteral stent 
is not placed preoperatively to avoid ureteral 
edema and potential masking of an intraureteral 
stenosis. However, the stent can be placed prior 
to the robotic positioning and a retrograde pyelo-
gram can be performed at this time.  

    Patient Positioning 

 After induction of anesthesia, a Foley catheter is 
placed and, after draining the initial bladder con-
tents, is clamped so that the bladder will fi ll during 
the procedure, facilitating antegrade stent place-
ment. The patient is placed in a modifi ed lateral 
decubitus position with the affected fl ank facing 
upward. All pressure points are carefully padded, 
the lower leg is fl exed, and the upper leg is kept 
straight. Pillows are secured in between the legs 
and secured with tape. The patient is well secured 
to the operating table to allow for ample airplane 

rotation. The operating table is then  gently fl exed 
to elevate the kidney and open the space between 
the ipsilateral hip and ribs (Fig.  8.1a, b ).

       Port Placement (Standard RAP) 

 The table is rotated maximally to position the 
patient in a near-supine orientation. A small skin 
incision is made below the inner crease of the 
umbilicus to allow for Veress needle placement. 
After confi rmation of safe intraperitoneal Veress 
entry with aspiration and drop test, pneumoperi-
toneum is established to 15 mmHg. A 10-mm 
incision is then made within the umbilicus, and 
a visual optical dilating trocar is used to insert 
the fi rst 10-mm port using a 0° lens. In larger or 
more obese patients, it may be helpful to later-
alize the trocar sites, including the camera port, 
few centimeters lateral and superior to the umbi-
licus. The two 8-mm robotic ports are placed 
under direct vision in the upper and lower quad-
rants. Care must be taken to ensure the remote 
centers of the ports lie within the fascia to avoid 
unnecessary enlargement of the fascial defects. 

a b

  Fig. 8.1    ( a ,  b ) Patient positioning in modifi ed lateral decubitus with careful padding of pressure points. Patient is 
secured with cloth tape to enable airplaning the table for port placement and subsequent docking of the robot       
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For  right-sided procedures, a 5-mm subxiphoid 
trocar can be placed, and an atraumatic locking 
grasper can be used to elevate the liver by clip-
ping the grasper to the sidewall, though this is not 
necessary unless the liver edge drapes over the 
UPJ. A 12-mm assistant port is then placed in the 
midline between the umbilicus and the xiphoid 
(Fig.  8.2 ). The table is rotated so that the patient 
lies on his/her side and the robot is docked.

       Port Placement (LESS RAP) 

 The patient is positioned and the table maximally 
rotated as above. A 2.5-cm intraumbilical inci-
sion is then made. The fascia is then elevated 
with 0 Vicryl stitches and is incised sharply and 
the peritoneum is lifted and incised. The fascial 
incision is extended to the length of the skin inci-
sion, and a GelPOINT LESS port device (Applied 
Medical, Rancho Santa Margarita, CA, USA) is 
placed through the incision, ensuring that loops 
of bowel are not caught within the ring [ 16 ]. A  5- 
and 8-mm robotic trocar are placed, along with 
an 8.5-mm robotic camera trocar and a 10-mm 
assistant trocar through the GelPOINT® port, and 
the abdomen is insuffl ated to 15 mmHg (Fig.  8.3 ). 
The table is rotated back to the initial position 
and the robot is docked. The camera is loaded in 
the “30° up” orientation to diminish clashing of 
instruments. A left 5-mm robotic hook cautery 
(or scissors) and a right 5-mm tissue grasper are 

deployed in the respective robotic ports, criss-
crossing at the level of the fascia. The robotic 
console is programmed so that the surgeon’s left 
hand controls the instrument on the left side of 
the screen and vice versa, resulting in intuitive 
manipulation of the instruments. This ability to 
reassign the masters at the console for LESS pro-
cedures is yet another unique advantage of the 
robotic platform.

       Exposure of the Renal Pelvis 
and Ureter 

 The colon is refl ected medially along the white 
line of Toldt. The peritoneum overlying the infe-
rior aspect of the kidney is then carefully dis-
sected and mobilized off Gerota’s fascia, which is 
then incised to locate the ureter which is carefully 
dissected free of the surrounding tissues. The ure-
ter is traced cranially toward the renal pelvis, and 
meticulous efforts are made to avoid excessive 
handling/manipulation of the ureter and to leave 
tissue surrounding it to maintain perfusion. As 
dissection of the ureter approaches the renal pel-
vis, care should be taken to identify and preserve 
any crossing vessels. Since the goal is to preserve 
any crossing arteries, as these are “end vessels” 
that provide the sole perfusion for a portion of the 
kidney, the ureter and renal pelvis should be gen-
tly dissected free from these arteries. 

  Fig. 8.2    Optimal port placement for right robot-assisted 
pyeloplasty, with a single 10-mm assist port and a 5-mm 
liver retraction port       

  Fig. 8.3    Port placement for a robotic LESS pyeloplasty 
using a GelPOINT® device that was placed through a 
2.5-cm umbilical incision       
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 Periodically during the dissection, the sur-
geon must assess the “slack” on the ureter to 
obtain an eventual tension-free anastomosis. 
This is usually not problematic, but occasion-
ally, additional mobilization of the renal pelvis 
and more distal ureter must be performed. Once 
the ureter and renal pelvis are adequately mobi-
lized, the ureter is sharply transected at the UPJ 
using Potts scissors. The ureter is then laterally 
speculated to about 1.5–2 cm after excision of 
any scarred tissue, and the corresponding area of 
the renal pelvis is spatulated medially. The renal 
pelvis and ureter are brought anterior to any 
crossing vessels.  

    Stone Removal (if Indicated) 

 If stones are present within the renal collecting 
system, a fl exible nephroscope can be introduced 
through the assistant trocar and advanced into the 
renal pelvis. The renal pelvis incision can be 
compressed around the scope to minimize the 
leakage of irrigant into the abdominal cavity, and 
the suction irrigator can be used to remove any 
excess irrigant fl uid within the peritoneal cavity. 
Stones can be removed with an appropriate bas-
ket and extracted through the port. If stones are 
particularly numerous or large, in some cases, it 
may be helpful to place them in a laparoscopic 
retrieval sac for removal at the end of the case.  

    Antegrade Stent Placement 

 A 14-gauge angiocatheter is passed percutane-
ously through the anterior abdominal wall in the 
subcostal region and a stiff wire passed through 
it, which is advanced down the spatulated ureter 
with robotic assistance. The angiocatheter is 
removed leaving the wire in place, and a double-J 
stent is then passed over the wire down through 
the ureter and then the wire removed, leaving a 
curl in the proximal end. Confi rmation that the 
distal end of the stent lies within the bladder can 
be made if the Foley was clamped at the begin-
ning of the case by looking for urine dripping out 
the proximal end.  

    Anastomosis 

 A 3-0 Vicryl suture is used to perform the initial 
anastomotic stitch between the ureter (at the bot-
tom of the spatulation) and the lateral tip of the 
renal pelvis. The anastomosis is made anterior to 
any crossing vessels, if present. The posterior 
aspect of the anastomosis is then sewn in a run-
ning fashion with this 3-0 Vicryl suture. Before 
closing the anterior aspect, the curl of the stent is 
placed within the renal pelvis. The anterior aspect 
of the anastomosis is closed with a separate run-
ning stitch. The closure is then examined to 
ensure a tension-free, water-tight anastomosis. 
The anastomosis is then covered with a small 
amount of fi brin tissue sealant. Pneumoperitoneum 
is briefl y dropped to 5 mmHg and hemostasis is 
confi rmed and subsequently reestablished to 
15 mmHg.  

    Drain Placement and Closure 

 A 19-French round drain is placed in the peri-
nephric region through the lower quadrant robotic 
trocar site and sutured to the skin. The remaining 
10-/12-mm trocars are removed under direct 
vision closed under direct laparoscopic vision 
using a Carter-Thomason device. The 8-mm 
robotic trocar sites typically do not need to be 
closed unless the fascia is felt to have become 
over-dilated. 

 The complication rate for robotic pyeloplasty 
has been comparable with the standard open 
approach. A recent meta-analysis of 12 studies 
revealed an overall complication rate of 8.9 % 
with RAP. Although there are variations in tech-
nique and experience, the reported overall com-
plication rates are within 15 %, and this decreases 
further if Clavien grade 1 complications are 
excluded [ 29 ]. The reported treatment-specifi c 
complications include postoperative hemorrhage, 
infection, urine leak (requiring percutaneous 
drainage and/or prolonged stenting), stent migra-
tion (requiring ureteroscopy for stent extraction), 
and sewn-in stent. 

 The complication rate associated with LESS RP 
and conventional LESS pyeloplasty is  comparable, 
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between 10 and 20 % [ 16 ,  26 ]. Specifi c complica-
tions reported in the LESS approach include urine 
leak requiring nephrostomy tube placement or 
conversion to multiport pyeloplasty. In compara-
tive studies, it is noteworthy that the complication 
rate in initial series of conventional LESS pyelo-
plasty was higher than that of robotic LESS pyelo-
plasty, suggesting perhaps a faster learning curve 
for robotic LESS [ 16 ]. 

 Table  8.2  highlights select contemporary 
series with associated complication rates.

        Follow-Up 

 Typically, the patient may be started on a clear 
liquid diet the day of surgery and advanced 
appropriately based on the patient’s recovery. 
Ambulation is encouraged by postoperative day 1, 
and if drain output is minimal, the Foley  catheter 
may be removed for a voiding trial 36–48 h after 
surgery. The drain output must be monitored dur-
ing this period to ensure that any potential urine 
leak is not exacerbated by refl ux during voids. If 
the drain fl uid is noted to increase, it may be sent 
for a creatinine measurement to confi rm a urine 
leak, and if present, the Foley catheter should be 
reinserted and the drain maintained. If no such 
increase is noted, or fl uid creatinine is nega-
tive, the drain may be removed and the patient 
may be discharged. Stent removal is arranged in 
4–6 weeks, and follow-up diuretic renogram may 
be obtained in 4–8 weeks after stent removal to 
establish a postoperative baseline.  

    Outcomes 

 As discussed previously and shown in Table  8.1 , 
the success rates for RAP are reported as >94 %, 
and as such, it is diffi cult to ascertain the specifi c 
causes for treatment failures. While most studies 
indicate that RAP and LP have similar outcomes, 
the Laparoscopic and Robotic Pyeloplasty 
Collaborative Group was assembled to further 
elucidate any subtle determinants of outcomes 
[ 36 ]. In this multi-institutional collaboration, 759 
cases from 15 centers were evaluated, comparing 
274 LP and 465 RAP with a mean follow-up of 
11 months. Although overall there were no sig-
nifi cant differences in outcomes between the LP 
and RAP groups, in bivariate analysis, RAP was 
associated with a decreased need for secondary 
procedures than LP (3.2 % versus 9.5 %, 
 p  = 0.001). In this series, Lucas et al. showed that 
the 2-year freedom from secondary procedures 
was 87 % for LP versus 95 % for RAP, 81 % ver-
sus 93 % for patients with versus without previ-
ous endopyelotomy, and 88 % versus 95 % for 
patients with versus without intraoperative cross-
ing vessels, respectively. However, on multivari-
ate analysis, the use of RAP versus LP was no 
longer found to be related to freedom from sec-
ondary procedures. 

 In the 1–6 % of failures with RAP, second-
ary treatment may be necessary, which may 
include endopyelotomy, repeat pyeloplasty, 
extensive reconstruction with ureteral substitu-
tion, long- term stent or NT placement, or, 
rarely, nephrectomy.     
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           Introduction 

    Urologic and urogynecologic surgeons specializing 
in female pelvic medicine and reconstructive sur-
gery have been early adapters of new and mini-
mally invasive techniques to treat both urinary 
incontinence and pelvic organ prolapse (POP) 
with the goal of improving both anatomic and 
subjective outcomes while minimizing morbid-
ity. In the last 5 years, robotic approaches to POP 
have gained a strong foothold as surgeons have 
adapted this technology to the abdominal sacro-
colpopexy (ASC) procedure, the universally con-
sidered “gold-standard” procedure to treat POP 
[ 1 ]. The utilization of robotic technology has led 
to decreased intraoperative morbidity as well as 
faster convalescence. 

 Abdominal surgery for pelvic organ prolapse 
(POP) has a long history, originating with the 
Mayo procedure which described securing the 
uterus to the anterior abdominal wall. Eventually, 
attempts to create a more natural vaginal axis and 
to prevent enterocele formation led to the suturing 

of the vaginal apex directly to the anterior longi-
tudinal ligament of the sacrum. The subsequent 
addition of a piece of material, either autologous 
or synthetic, to bridge the gap between the vagi-
nal apex and the sacrum led to the contemporary 
version of the abdominal sacrocolpopexy. 

 The fi rst minimally invasive alternative to the 
open ASC was the laparoscopic sacrocolpopexy 
(LSC) [ 2 ]. This enabled the performance of a 
highly successful abdominal procedure while 
avoiding a large abdominal incision, abdomi-
nal packing and retracting, and extensive bowel 
manipulation. This translates into shorter recov-
ery time, reduction in postoperative pain, and a 
lower rate of postoperative ileus. LSC and ASC 
procedures have demonstrated similar success 
rates [ 3 – 5 ]. However, the rigidity of laparo-
scopic instrumentation limits surgical dexterity 
with suturing as well as sacral and apical vaginal 
dissection. Robotic technology alleviates these 
limitations by improving visualization of the 
surgical fi eld with three-dimensional imaging. 
Additionally, the seven degrees of freedom in 
articulation as well as the stability of the instru-
ment (tremor control) enable the surgeon to per-
form complex procedures with precision and 
accuracy. 

 Given the recent adoption of this technology, 
true evaluation of long-term outcomes are 
decades away; however, one center has published 
data comparing outcomes for 51 patients who 
underwent either an open ASC or a robotic 
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abdominal sacrocolpopexy (RASC) procedure 
between 2006 and 2007 with a mean follow-up of 
44 months [ 6 ]. Anatomic improvement based on 
Pelvic Organ Prolapse Quantifi cation (POP-Q) 
examination and subjective improvement based 
on questionnaire data were similar between the 
two groups suggesting that the addition of robotic 
technology does not hinder outcomes. 

 It is estimated that the lifetime risk of surgical 
intervention for POP is 11 % for women who 
reach 80 years of age [ 7 ]. As the population ages, 
the prevalence of this problem will continue to 
increase and the need to fi nd a minimally inva-
sive, durable repair that can be widely adopted by 
a reconstructive specialist continues to grow.  

   Indications/Contraindications 

 Commonly accepted indications for sacrocolpo-
pexy include multicompartment pelvic organ 
prolapse, symptomatic prolapse in younger 
women, recurrent prolapse after failed vaginal 
prolapse repair, severe vaginal vault prolapse, 
and vaginal vault prolapse in women with 
 signifi cant vaginal shortening as a result of prior 
surgeries. It is an appropriate procedure for 
women who wish to remain sexually active. 

 Relative contraindications for RASC are simi-
lar to those for most laparoscopic procedures and 
depend on the surgeon’s experience and the com-
plexity of the case. These include a history of 
multiple prior abdominal or pelvic procedures, 
severe chronic obstructive pulmonary disease, 
and morbid obesity. RASC traditionally requires 
a steep Trendelenburg position that may put 
patients with morbid obesity, pulmonary disease, 
and gastroesophageal refl ux disease at higher risk 
for increased airway pressures, poor ventilation, 
and aspiration pneumonia. Prolonged surgical 
procedures in the steep Trendelenburg position 
can increase intraocular pressure, with case 
reports of retinal detachment and blindness [ 8 ]. 
Both open and laparoscopic approaches can be 
achieved with less steep Trendelenburg and thus 
should be considered for patients with the afore-
mentioned comorbidities, or for those with reti-
nal disease.  

   Sacrocolpopexy with Concomitant 
Hysterectomy 

 Strictly speaking, ASC describes the repair 
of post-hysterectomy vaginal vault prolapse. 
However, many with POP still have their uterus, 
necessitating concomitant hysterectomy. There 
are confl icting data regarding mesh erosion 
with concurrent total hysterectomy and open 
ASC [ 9 – 11 ]. The rate of erosion of the vaginal 
portion of the suspending mesh into the vagina 
varies between studies from 2 to 10 %. Patients 
suffering from this complication generally pres-
ent with granulation tissue and a seropurulent or 
serosanguinous discharge per vagina. This can be 
accompanied by pain or tenderness and dyspa-
reunia. Any combination of mesh and/or suture 
material may be extruded. The pathophysiology 
of this process is not known and the term “ero-
sion” is used simply to describe the unplanned 
presence of mesh in the vagina. Erosion may 
be the result of infl ammatory reaction to the 
foreign body, or infection of the foreign body. 
Alternatively, it may be due to the host’s own 
immune response to the graft. Management of 
these erosions can be quite complicated with 
associated morbidity [ 12 ,  13 ]. 

 Because mesh erosion tends to occur along 
suture lines, concomitant hysterectomy per-
formed at the time of ASC is a logical risk factor 
given the proximity of the vaginal cuff closure to 
the suspending mesh. The risk is amplifi ed by the 
potential for cuff dehiscence, which one study 
placed as an incidence of 4.1 % for robotic proce-
dures [ 14 ]. Perhaps the most convincing study 
evaluating risk factors for mesh erosion is the 
subset analysis of the CARE trial performed by 
the members of the Pelvic Floor Disorders 
Network [ 10 ]. The CARE trial was a randomized 
surgical trial of 322 stress-continent women with 
stages II–IV POP conducted to investigate the 
benefi t of an adjuvant Burch colposuspension at 
the time of ASC. This prospectively designed 
study followed 322 patients out to 2 years with 
93 % of the patients completing the 2-year assess-
ment. Eighty-three patients had a concomitant 
hysterectomy. There was a 6 % mesh/suture ero-
sion rate within 2 years of surgery. In this study, 
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concurrent hysterectomy was a modifi able risk 
factor for mesh/suture erosion. 

 For this reason, if hysterectomy is to be per-
formed at the time of robotic-assisted repair of pro-
lapse, then a cervical-sparing procedure is preferred. 
The cervical-sparing procedure obviates the need 
for vaginal cuff closure and leads to shorter opera-
tive time and less blood loss [ 15 ]. The remainder of 
this chapter will focus on repair of post-hysterec-
tomy vaginal vault prolapse with the RASC.  

   Robotic Abdominal Sacrocolpopexy 
Equipment List 

   Non-disposable 
   Da Vinci Surgical System (Intuitive Surgical, 

Sunnyvale, CA)  
   Veress needle  
   12 mm robotic port  
   Three 8 mm robotic ports (2 optional)  
  10/12 mm laparoscopic port  
  0° and 30° down robotic camera  
  Robotic monopolar curved scissors  
  Robotic grasping forceps  
  Robotic double fenestrated grasper  
  Two robotic needle drivers  
  Laparoscopic scissors  
  Laparoscopic grasping forceps  
  Handheld vaginal retractor  
  Cystoscope with 30° and 70° lenses   
  Disposable 
   Laparoscopic suction  
   Polypropylene mesh     

   Technical Description 

   Patient Preparation and Positioning 

 As previously noted, steep Trendelenburg posi-
tioning is required for adequate pelvic visualiza-
tion and dissection. Antiskid devices such as a 
gel pad or bean bag should be employed. 
Sequential compression devices are placed on the 
patient’s legs. The patient’s arms are padded and 
tucked taking care to protect all the bony promi-
nences. The legs are placed in low-profi le Allen 

stirrups in a low lithotomy position with the 
thighs roughly parallel to the fl oor when the table 
is level. The knees should not be fl exed more than 
60° to prevent femoral nerve compression. The 
buttocks are placed so that they extend approxi-
mately 1 in. beyond the end of the table. To fur-
ther insure against patient movement once the 
Trendelenburg position is employed, cross straps 
can be placed across the patient’s chest. Prior to 
beginning the procedure, the table should then be 
placed into steep Trendelenburg position and 
observation for and remediation of any patient 
movement can occur. The patient is prepped from 
the nipples to the proximal thigh, including the 
vagina. Either an orogastric or nasogastric tube is 
placed. Once the patient is draped, a 16-French 
Foley catheter is inserted.  

   Placement of Instruments 

 The robotic ports are placed in a W confi gura-
tion with the camera port placed at the level of the 
umbilicus (Fig.  9.1 ). When the distance between 
the umbilicus and the pubic symphysis is less than 
15 cm, the camera port should be placed above 
the umbilicus to allow for adequate visualization 
of the sacral promontory. Pneumoperitoneum is 
obtained after gaining access to the peritoneal 
cavity using a Veress needle at the umbilicus. 
After confi rmation of safe intraperitoneal entry 

4-Arm Port Placemonts

Assistant

Camera

30°
1 2

3

  Fig. 9.1    Port placement (From Intuitive Surgical)       
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with aspiration and drop tests, pneumoperitoneum 
is established to 15 mmHg. A 10 mm incision is 
then made within the umbilicus and a visual opti-
cal dilating trocar is used to insert the fi rst 10 mm 
port using a zero- degree lens. Using a 0° or 30° up 
robotic camera, four additional ports are placed 
under direct vision. A total of three 8 mm robotic 
ports are placed as well as an additional 10/12 mm 
accessory laparoscopic port in the right lateral 
abdominal wall to allow passage of instruments, 
mesh, and sutures. The right and left robotic ports 
are placed 10 cm to the right or left of the umbili-
cus and approximately 30° inferior to the camera 
port. The third robotic port is placed as far lat-
eral as possible to the patient’s left side, approxi-
mately 3 cm from the iliac crest and at least 10 cm 
from the left instrument port, at the level of the 
camera port. The fi nal laparoscopic port is placed 
on the patient’s far right side, approximately 8 cm 
from the right instrument port, just below the level 
of the camera port (Fig.  9.2 ).

    The OR table is lowered and the patient is 
placed in steep Trendelenburg position to allow 
bowel contents to retract naturally cephalad and 
the robot is docked. RASC can be accomplished 
with traditional docking between the legs at the 
foot of the bed. However, with the robotic cart 
side-docked 45° lateral to the patient’s left leg, 
vaginal access during the procedure is improved 
(Fig.  9.3 ) [ 16 ,  17 ]. The bedside surgeon stands on 
the patient’s right as does the scrub assistant.

      Gaining Exposure 

 If not already in use, the zero-degree robotic cam-
era is placed. The abdomen and pelvis are 
inspected and adhesions are addressed robotically. 
The sigmoid colon is identifi ed. A fenestrated 
bipolar forceps can be used in the third robotic arm 
to retract the sigmoid colon laterally. If one is 
using the 2-arm robot, then a suture can be used to 
retract the sigmoid colon. There are several meth-
ods for doing this. A Keith needle can be used to 
pass a retracting suture into the abdomen through 
the skin. Using the robotic arms, the retracting 
suture is then passed through an epiploic append-

age or the tenia of the sigmoid colon and then back 
through the skin near the entry site. This is gently 
secured at the skin level with a clamp. 

 The following structures should be identi-
fi ed: the sacral promontory which is just below 
the bifurcation of the iliac arteries, the right 
ureter which is approximately 3 cm lateral to 
the sacral promontory, vagina, bladder, and 
rectum (Fig.  9.4 ) [ 18 ]. To identify the vagina, 
a vaginal obturator is placed and manipulated 
by the  bedside assistant. A round tipped endo-
anal or EEA sizer may be placed transvaginally 
(Fig.  9.5 ). Alternatively, a customized handheld 
vaginal retractor can be used. CooperSurgical 
manufactures a two disposable Sacro tips that 
attach to their RUMI® handle, one of which is 
used for sacrocolpopexy and the other which can 
be used for sacrocervicopexy.

  Fig. 9.2    Port in place after insuffl ation. In this view from 
the head looking toward the legs, the 10/12 camera port 
and accessory port are easily distinguished from the three 
robotic arm ports. The third robotic port, the most cepha-
lad of the three, is placed as far lateral as possible to the 
patient’s left side, approximately 3 cm from the iliac crest 
and at least 10 cm from the left instrument port, at the 
level of the camera port       
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    With    the vaginal obturator in place, the plane  
between the anterior wall of the vagina and the 
bladder is developed (Fig.  9.6 ). The peritoneum 
over the vaginal apex is incised with cautery 
applied via the monopolar curved scissors in the 

right hand and the Maryland bipolar forceps in 
the left hand. This should be a relatively blood-
less plane, and after the initial use of cautery to 
incise the peritoneum, the remaining dissection 
is performed sharply without cautery to prevent 
devascularization of the vaginal wall (Fig.  9.7 ). 
The bladder can be fi lled to help demarcate the 
appropriate plane, or a cystoscopic light can be 
introduced into the bladder. This plane should 
be dissected for a minimum of 3 cm distal to the 
vaginal apex to allow space for placement of the 
mesh. The lack of direct tactile feedback can make 
this dissection challenging, particularly in patients 
who have undergone prior reconstructive proce-
dures. In a recently published series of 85 cases 
performed by an experienced robotic surgeon, the 
rate of inadvertent cystotomy was 4.7 % [ 15 ].

    The rectovaginal space is similarly devel-
oped. The peritoneum over the posterior vagi-
nal wall is elevated, and the vagina is separated 
from the rectum posteriorly. An EEA sizer 
placed per rectum can help to identify the recto-
vaginal septum. 

 After adequate vaginal mobilization, atten-
tion is then turned to the sacral promontory and 
to exposure of the anterior longitudinal ligament 
of the sacrum (Fig.  9.8 ). The 30° down scope 
allows for better visualization of the sacrum. The 
peritoneum overlying the sacral promontory is 
grasped and incised with the monopolar endos-
hears. Blunt dissection can then be used to 
clearly identify the anterior longitudinal liga-
ment in preparation for suture placement. 
Extreme care is taken to avoid injury to the pre-
sacral veins, as this can cause life-threatening 
bleeding. The magnifi cation and 3-D visualiza-
tion afforded by the robotic technique provide 
enhanced visualization of the presacral vascula-
ture. The peritoneal incision can then be extended 
in a caudal direction toward the posterior cul-de-
sac and vaginal cuff to allow for retroperitoneal-
ization of the mesh at completion of the 
procedure. Alternatively, a peritoneal tunnel can 
be created using blunt dissection from the prom-
ontory to the cul-de-sac [ 15 ]. This eliminates the 
need for a peritoneal closure at the end of the 
case, which can be time-consuming.

a

b

  Fig. 9.3    Side    docking: Side docking allows for easier 
access to the vagina and easier manipulation of the vagi-
nal obturator by the bedside assistant. In the cartoon,  red  
is arm #3,  green  is arm #2, the camera is  blue , and  yellow  
is arm #1. Note that arm #3 is almost parallel to the fl oor. 
( a ) cartoon, ( b ) intra-operative photo       

  Fig. 9.4    Pelvic anatomy. Prior to any dissection, one can 
identify the bladder, iliac artery and vein, and right ureter       
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      Mesh Placement 

 Next, two or three nonabsorbable sutures, cut to 
approximately 7 cm, are placed into the exposed 
portion of the sacral promontory (Fig.  9.9 ). These 
sutures with needles attached are left in the 
 abdomen for mesh fi xation. 2.0 Gore-Tex, 0.0 or 
2.0 Ethibond, and 2.0 Prolene have all been 
described [ 15 ,  19 – 22 ].

   The polypropylene mesh, either in two sepa-
rate strips (3–5 cm × 12–15 cm) or prefashioned 
in a Y confi guration, is passed into the fi eld 
through the assistant port and sutured to the 
 posterior and anterior vaginal wall. Currently, 
AMS, Bard, and Ethicon have a precut macropo-
rous Y-shaped mesh designed specifi cally for 
ASC (Fig.  9.10 ). Alternatively, the anterior and 
posterior arms of the self-cut mesh can be sewn 

a

b c

  Fig. 9.5    Various options to use as the vaginal obturator: 
( a ) EEA sizers, ( b ) customized vaginal retractor used at 
the Mayo Clinic, ( c ) CooperSurgical disposable 

Sacrocolpopexy Tips and Sacrocervicopexy Tips for 
RUMI® System Handle. ( a ) EEA sizer, ( b ) from Mitchell 
et al. [ 19 ], and ( c ) RUMI Sacrocolpopexy Tip       
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  Fig. 9.6    Using the third 
robotic arm to retract the 
bladder anteriorly, the 
peritoneum over the 
vaginal cuff is exposed. 
Note the grasper in the left 
hand and the endoshears in 
the right hand       

  Fig. 9.7    The peritoneum 
overlying the anterior vagina 
has been dissected allowing 
a plane to develop between 
the vagina and the bladder. 
This will be the site for the 
anterior mesh attachment       

  Fig. 9.8    Sacral dissection 
with the posterior perito-
neum incised and the 
anterior longitudinal 
ligament exposed       
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together with permanent suture before introduc-
tion into the abdomen.

   With the vaginal obturator in place and the 
endoshears swapped for a needle driver, the mesh 
is affi xed to the anterior vaginal wall with a series 
of 4-8 interrupted sutures cut to 6.0 in. in length 
(Fig.  9.11 ). Placing the distal and lateral corner 
sutures fi rst facilitates placement of the remain-
ing sutures. Traditionally, nonabsorbable sutures, 
often 2.0 Gore-Tex, have been used to affi x the 
mesh to the vagina. Because Gore-Tex is a mono-
fi lament suture, it is thought to be less likely to 
extrude vaginally. Recently, the procedure has 
been described using 2-0 polyglactin suture for 
this portion of the procedure [ 22 ,  23 ]. In two 
small series, both of which had 2-year follow-up, 
the rate of vaginal mesh erosion was less than 
3 %. It is proposed that polyglactin suture which 
is completely absorbed in 56–70 days will retain 
its strength in the fi rst few weeks while tissue 
ingrowth incorporates the mesh into the vaginal 
wall and then absorbed, eliminating the risk of 
suture extrusion in the long term. The effect this 
may have on prolapse recurrence rates in the long 
term remains unknown.

   The posterior arm of the mesh is then affi xed 
to the posterior vaginal wall (Fig.  9.12 ). The third 
robotic arm can be used to grasp the apical end of 
the mesh, allowing the posterior arm to drape 
over the posterior vaginal wall. Excess mesh 

  Fig. 9.9    The anchoring 
suture for the sacral portion 
of the mesh is placed 
through the anterior 
longitudinal ligament       

  Fig. 9.10    Macroporous Y-shaped prefabricated mesh. 
Pictured is the Artisyn™Y-Shaped Mesh by Ethicon       
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from the anterior and posterior limbs is trimmed 
with either robotic scissors or the scissor portion 
of the  SutureCut ™ needle driver.

   Finally, the apical portion of the mesh is held 
in place against the sacral promontory while the 
console or bedside surgeon examines the vagina 
to assess the degree of prolapse reduction. The 
mesh tension should be adjusted appropriately to 
reduce the prolapse without putting excess ten-
sion on the vaginal walls. The previously placed 
sutures in the anterior longitudinal ligament of 
the sacrum are then passed through the mesh at 
the chosen location (Fig.  9.13 ). Excess apical 
mesh is trimmed and the mesh is retroperitoneal-
ized by reapproximating the peritoneum over the 

mesh with 2-0 Vicryl suture (Figs.  9.14  and  9.15 ). 
Additional sutures can be used to approximate 
the peritoneum overlying the bladder to cover the 
mesh near the vaginal cuff. The LAPRA-TY® 
(Ethicon) device can be helpful in securing the 
suture for this portion of the procedure.

     At this point, it is prudent to perform cystoscopy 
after the intravenous administration of indigo car-
mine. This allows the surgeon to assess for ureteral 
patency and bladder integrity prior to completing the 
procedure. Once completed, the ports are removed. 
Fascial closures are performed on the 10/12 mm 
ports. The 8 mm robotic ports do not require fascial 
closure. The skin is closed with subcuticular sutures 
and port sites are covered with skin glue.   

  Fig. 9.11    With an obturator 
in the vagina, the mesh is 
attached to the anterior 
vaginal wall       

  Fig. 9.12    Using the third 
robotic arm to retract the 
sacral portion of the mesh, 
the posterior arm of the mesh 
is affi xed to the vagina. Note 
that the vaginal obturator is 
used to defl ect the vagina 
anteriorly       
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  Fig. 9.13    The mesh is 
secured to the sacrum with at 
least two fi xating sutures       

  Fig. 9.14    The posterior 
peritoneum is reapproxi-
mated over the mesh using a 
2-0 Vicryl suture       

  Fig. 9.15    The mesh is 
almost completely 
retroperitonealized       
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   Outcomes 

 Several studies, some prospective, have demon-
strated reduced hospital stay, reduced blood loss 
when compared to open sacrocolpopexy, and 
comparable patient outcomes when compared to 
open and laparoscopic techniques. The majority 
of prolapse recurrences were either anterior or 
posterior wall recurrences and were treatable 
with vaginal repairs. A randomized controlled 
trial comparing RASC with either the open or 
laparoscopic technique has not been published. 

 Table  9.1  summarizes the outcomes from the 
available published series. Geller et al. have the 
longest follow-up at 44.2 months; however, the 
study population is only 23 patients [ 6 ]. In that 
series, they reported no recurrence of apical pro-
lapse but 21 % of patients with recurrent anterior 
or posterior wall prolapse. They do not comment 
on whether or not the recurrent prolapse was 
symptomatic or how it was addressed. The mesh 
erosion rate was 8 %.

   The largest series from Siddiqui et al. fol-
lowed patients for 12 months [ 28 ]. It should be 
noted that this group includes the 23 patients 
from Geller’s study. In this larger cohort, the 

recurrent prolapse rate was 8 % and the mesh 
erosion rate was 2.4 %. 

 Both the Geller and Siddiqui papers compare 
their RASC patients with open patients who were 
subjects of the Colpopexy and Urinary Reduction 
Efforts, or CARE trial. This was a prospective 
randomized multicenter trial of women with 
stress continence who underwent open abdomi-
nal sacrocolpopexy between 2002 and 2005 for 
symptomatic POP and also received either con-
comitant Burch urethropexy or no urethropexy. A 
recent long-term follow-up of the CARE cohort 
of patients was published by Nygaard et al. [ 29 ]. 
These patients were followed at 2, 5, and 7 years 
with a robust 126 of the original 233 patients 
completing 7-year follow-up. For this study, ana-
tomic failure was defi ned as failure requiring 
retreatment or POP-Q evaluation demonstrating 
descent of the vaginal apex below the upper third 
of the vagina, or anterior or posterior vaginal wall 
prolapse beyond the hymen. Symptomatic failure 
was defi ned as failure requiring retreatment or 
self-reported bulge. Using these composite out-
comes criteria, by the 5-year follow-up study, 
nearly one-third of women met the composite 
failure defi nition. However, 95 % had no retreat-

   Table 9.1    Summary of trials reporting RASC outcomes   

 Authors   N  
 Follow-up 
(mos)  Anatomic results 

 Reoperation 
for POP 

 Mesh 
erosion 

 Moreno Sierra et al. [ 24 ]  31  24.5  0 % recurrent apical prolapse  None  NR 
 Tan-Kim et al. [ 25 ]  43  6  0 % recurrent apical prolapse  NR  5 % 
 Akl et al. [ 21 ]  80  4.8  1.25 % recurrent apical prolapse  2 rectocele/cystocele 

repairs, 1 revision of 
mesh sacrocolpopexy 

 6 % 

 Kramer et al. [ 23 ]  21  25.2  5 % recurrent apical prolapse, 57 % 
recurrent vaginal wall prolapse 

 12 secondary cystocele 
or rectocele repairs 

 0 % 

 Geller et al. [ 6 ] a   23  44.2  0 % apical recurrent apical prolapse, 
21.1 % recurrent vaginal wall prolapse 

 NR  8 % 

 Elliott et al. [ 26 ]  21  12–36 
(mean 24) 

 5 % recurrent apical prolapse, 5 % 
recurrent vaginal wall prolapse 

 1 open sacrocolpopexy, 
1 rectocele repair 

 9.5 % 

 Belsante et al. [ 22 ]  35  28  0 % apical recurrent apical prolapse, 
8.5 % recurrent vaginal wall prolapse 

 3 rectocele/cystocele 
repairs 

 2.8 % 

 Matthews et al. [ 15 ]  85  6  0 % apical recurrent apical prolapse, 
5.8 % recurrent vaginal wall prolapse 

 1 rectocele repair  2.3 % 

 Ploumidis et al. [ 27 ]  95  34  0 % apical recurrent apical prolapse, 
4.2 % recurrent vaginal wall prolapse 

 NR  1.0 % 

 Siddiqui et al. [ 28 ] a   125  12  8 % recurrent prolapse  3 rectocele repairs  2.4 % 

   a Denotes overlapping patient populations  
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ment for POP. This suggests that, with time, even 
with the gold-standard open ASC, there is pro-
gressive loss of anatomic support. Despite this 
progressive loss of anatomic support, ASC gen-
erally provides relief of POP symptoms. 

 Additionally, in this study, by year 2, 3 of the 
322 women enrolled in CARE had suture erosion 
and 17 had mesh erosion. There were 6 additional 
cases of mesh erosion and 1 suture erosion in the 
extended CARE population by year 7. Erosions 
occurred with all mesh types placed. This data 
provided the basis for an estimated probability of 
mesh erosion at 10.5 %. 

 It is safe to say that this is likely the most 
objective, least biased data available on long- 
term outcomes after ASC, and it demonstrates a 
signifi cant anatomic failure rate in the long term 
as well as a 10.5 % risk of mesh complications 
that continue to accrue over time. While out-
comes of robotic procedures should be expected 
to be comparable to the open procedures, they are 
unlikely to be better, and this data on both pro-
lapse recurrence and mesh erosion rate should be 
factored into patient counseling when discussing 
this procedure.  

   Complications 

 The major complications of recurrence and mesh 
erosion have been reviewed; however, several 
other intraoperative and postoperative complica-
tions can occur. 

   Intraoperative Complications 

 The dissection of the sacral promontory can be 
fraught with diffi culty if care is not taken to iden-
tify the presacral veins. If these are injured, they 
can be a source of signifi cant bleeding. If bleed-
ing does occur, this can be controlled with elec-
trocautery or placement of Hem-o-lok-applied 
clips by the bedside assistant. If bleeding persists, 
then open conversion may be required. 

 Inadvertent injury to the vagina, bladder, and rec-
tum can all occur during the vaginal dissection. 

Mitchell et al. recommend meticulous closure of the 
bladder in two layers to ensure a watertight closure 
[ 19 ]. If successful closure is achieved, then the pro-
cedure does not need to be aborted. They do recom-
mend maintaining Foley catheter drainage for 
1–2 weeks postoperatively. Belsante et al. report on 
5 vaginotomies which were oversewn with 2-0 poly-
glactin sutures [ 22 ]. The mesh was then placed away 
from the vaginotomy repair to minimize the risk of 
secondary mesh erosion. One of these patients was 
noted to have an apical mesh erosion at 6-month 
follow- up, and this was treated with excision and 
vaginal closure. Matthews comments on her 4 cys-
totomies and 2 proctotomies [ 15 ]. Both rectal inju-
ries occurred in the distal rectum near the perineal 
body in women who had undergone prior repair. The 
rectal injury was repaired in two layers and patients 
were kept on a low-residue diet for 2 weeks postsur-
gery. No further complications were noted.  

   Postoperative Complications 

 Mesh erosion has been discussed. Other compli-
cations include urinary tract or wound infection. 
Port site hernias may occur and often require open 
reduction and repair. Lastly, as with any abdomi-
nal surgery, small bowel obstruction may occur.   

   Future 

 ASC with synthetic mesh remains the gold- 
standard POP repair; however, the need for 
general anesthesia, longer operative time, and 
increased invasiveness compared with vagi-
nal approaches limit its use. The addition of 
robotic technology is appealing to both the 
patient and surgeon as a minimally invasive 
alternative with acceptable morbidity and 
complication rates. Several prospective series 
have demonstrated the safety and feasibility of 
RASC with outcomes comparable to the open 
approach. Randomized prospective studies 
with long-term follow-up are needed to deter-
mine the effi cacy, morbidity, and patient satis-
faction of RASC.     
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         La   paroendoscopic single-site surgery (LESS) rep-
resents an evolution in laparoscopic surgery to 
potentially further reduce morbidity and improve 
cosmesis [ 1 ,  2 ]. The term LESS has been recently 
coined to incorporate a group of related techniques 
that perform laparoscopic surgery through a single 
access site in the abdomen typically concealed in 
the umbilical scar [ 3 ]. LESS came in vogue due to 
a perceived impression that reducing the number 
of ports would naturally result in reduced morbid-
ity and improve cosmesis of conventional multi-
port laparoscopy. Since its initial report by Raman 
and colleagues, LESS surgery has increasingly 
been used to perform various urological proce-
dures including those on the kidney, ureter, blad-
der, and prostate. At the time of this writing, a total 
of 1,023 manuscripts written have been reported 
on LESS of which 328 have been from urology. 
The aim of the current chapter is to describe spe-
cialized instrumentation and technical nuances 
with respect to LESS renal surgery. 

    Access Instrumentation 

 LESS can be performed by inserting conven-
tional laparoscopic ports through a single umbil-
ical incision or with the use of one of the 
commercially available multichannel trocars. 
The advantage of the single-site approach of 
using typically three low-profi le laparoscopic 
trocars minimizes the need of specialized instru-
mentation as relates to access (Fig.  10.1 ). In con-
trast, the single-port approach utilizes a variety 
of purpose-specifi c ports that have multiple 
channels for use of the optic and instruments [ 4 ]. 
Some of the clinically used industry-driven 
access devices for LESS are TriPort TM  and 
QuadPort TM  (Olympus Medical, Tokyo, Japan), 
Uni-X Single Port TM  (Pnavel Systems, Cleveland, 
OH, USA), and GelPort™ (Applied Medical, 
USA). These trocars are all typically inserted 
through a single umbilical incision although 
extra umbilical sites have also been utilized 
(Table  10.1 ).

    The TriPort™ and QuadPort™ (Olympus 
Medical, Tokyo, Japan) (Fig.  10.2 ) are the most 
commonly used and known FDA-approved, 
fi rst- generation access system. The TriPort and 
TriPort Plus have a smaller ring compared to 
the larger QuadPort. Each device consists of a 
retractor component and a valve component, 
where the instruments are inserted. The design 
advantages of this port are tight seal, completely 
fl exible, and no internal profi le and the ability to 

        S.   Mishra ,  MD      (*) 
  Department of Urology ,  Muljibhai Patel Urological 
Hospital ,   Dr. Virendra Desai Road ,  Nadiad , 
 Gujarat   387001 ,  India   
 e-mail: mishra@mpuh.org   

    M.   Desai ,  MD   
  Department of Clinical Urology, Robotic Urologic 
Surgery, Keck Hospital of USC, 
USC Norris Comprehensive Cancer Center 
and Hospital,    Los Angeles,   USA    

  10      Standard Laparoendoscopic 
Single-Site Surgery 

           Shashikant     Mishra       and        Mihir     Desai    

mailto:mishra@mpuh.org


132

use curved, straight, and articulating instruments. 
Additionally, specimens can be easily retrieved 
through the TriPort and QuadPort by detaching 
the valve without the need to remove the ring.

   The GelPort™ (Applied Medical, USA) was 
already in use in hand-assisted laparoscopic 
surgery and is now modifi ed for use in LESS 
(Fig.  10.3 ). It has a GelSeal cap that provides 
a pseudo abdomen for a larger platform for tri-
angulation, incorporates insuffl ation and smoke 
evacuation capabilities, provides a fl exible ful-
crum for improved instrument articulation, 
and maintains pneumoperitoneum. There is an 

Alexis wound protector/retractor that accom-
modates 1.5–7 cm incisions. GelPort™ also 
facilitates extracorporeal anastomosis and speci-
men retrieval while protecting the incision site. 
The low-profi le sleeves accommodate 5–12 mm 
instrumentation and offers greater freedom of 
movement due to low-profi le design. The advan-
tage of the GelPort is that the exact location of 
the ports can be selected by the surgeon as is 
the length of the fascial incision. Thus, for pro-
cedures that require extraction, one can make a 
larger incision and position the working ports to 
achieve triangulation in the small space.

  Fig. 10.1    Shows    images of the TriPort (1 × 10 mm and 
2 × 5 mm channels) and QuadPort (2 × 12 mm, 1 × 5 mm, 
1 × 15 mm channels). The TriPort can be passed through a 
1–3 cm incision and the QuadPort through a 1–6 cm 

 incision. The TriPort has a new version TriPort Plus that 
has an additional 5 mm channel with the same ring diam-
eter that has been developed specifi cally for LESS 
cholecystectomy       

   Table 10.1    Commercially available specialized LESS trocars   

 Port  Manufacturer  Lumens  Incision size 

 Multiple trocars through 
single incision 

 Various  Various  2.5 cm 

 R-Port TM /TriPort TM   Advanced Surgical Concepts, Wicklow, Ireland  5 mm × 2, 12 mm  2–3 cm 
 QuadPort TM   Advanced Surgical Concepts, Wicklow, Ireland  5 mm, 15 mm, 

10 mm × 2 
 2.5–6.5 cm 

 Uni-X TM   Pnavel Systems, NJ, USA  5 mm × 3  2 cm 
 SILS TM  Port  Covidien 

 Mansfi eld, MA, USA 
 5 mm × 3 or 12 mm, 
5 mm × 2 

 2 cm 

 GelPort TM   Applied Medical, Rancho Santa Margarita, 
CA, USA 

 Various  Various 
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   Other access devices (SILS Port™ (Covidien), 
X-Cone™ (Karl Storz), Air Seal™ (SurgiQuest), 
SLASS™ (Ethicon), and Octoport™ (Daikin 
Surgical, Korea)) that have been infrequently 
used and a detailed description of which are 
beyond the scope of this chapter.  

    Optics with LESS 

 Optics has also been optimized to accommodate 
the needs of LESS. Conventional laparoscopes 
result in external clashing because of their large 
camera head and light cable exiting at 90° 
(Fig.  10.4 ). Newer scopes combine light and 
camera systems to keep the camera head and 
light cord out of the operative fi eld. In addition, 
extra-long scopes allow the camera operator to 
work outside of the operative space, providing 
the surgeon with more room to operate (Fig.  10.5 ). 
Most recently, endoscopes with a defl ectable tip 
have been developed to provide the adequate 
angle of view while keeping the assistants’ hand 
outside the already cramped working space dur-
ing LESS surgery (Fig.  10.6 ). Various endoscope 
systems used with LESS are outlined in 
Table  10.2 . In addition to technologic develop-
ments, many technical tips may help minimize 
clashing between the camera assistant and sur-
geon (Fig.  10.7 ).

  Fig. 10.2    Shows images of the GelPOINT (Applied 
Medical). This device can be inserted through a 2–7 cm 
incision and uses rigid trocars inserted through the gel. 

The advantage of this port is that the ports can be spaced 
as needed and additional ports inserted through the gel as 
required       

  Fig. 10.3    Picture showing multiple standard low-profi le 
ports inserted through a single skin incision       
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           LESS Instruments 

 Clashing of hands and instruments is inherent to 
LESS and much of the instrument development is 
aimed at minimizing clashing and restoring trian-
gulation. LESS procedures can be performed 
using a combination of conventional straight, 
bent rigid, and actively articulating instruments. 

  Straight instruments : The parallel and close 
distance of the right-hand and left-hand instru-
ment shafts of standard laparoscopic instruments 
through a single access site results in crowding of 
the laparoscope and instruments. The surgeon can 
hold instruments in a different axis (Fig.  10.8 ) and 
use variable length instruments which help to 
keep away the working hand from the retracting 
hand (Fig.  10.9 ) to partially offset this limitation.

     Rigid bent instruments : The availability of 
instruments with a single or multiple bends is 
available. The advantage is that these are gener-
ally reusable, resulting in a minimum increase in 
disposable cost. The bends are strategically 
located to improve triangulation and/or increase 
space external to the port to reduce clashing 
(Fig.  10.10 ). Limitations of these instruments are 
that the bends are fi xed and not always optimal. 
Additionally, these instruments require special-
ized trocars to be inserted.

    Actively articulating instruments : Several 
actively articulating instruments that have a 
wristed internal motion are available for LESS 
surgery (Fig.  10.11 ). The articulation is typically 
controlled by intuitively manipulating the handle 

  Fig. 10.4    Shows clashing of a typical right-angle light 
cable during LESS surgery       

  Fig. 10.5    Coaxial optical systems that incorporate both 
the imaging and light cables in the same axis of the tele-
scope help minimize clashing with working instruments. 
Longer telescopes especially with a malleable handle may 
also help further remove the camera assistant’s hand away 
from the surgeon’s hands thus further minimizing clashing       

  Fig. 10.6    Defl ectable    tip optical systems also help restore 
the viewing angle and externally minimize clashing by 
enabling moving the assistant’s hand completely out of the 
way. Figure on the left shows that a straight rigid telescope 

has a suboptimal viewing angle compared to the left where 
the defl ecting tip restores optimal viewing angle. Also 
notice the optimization of hands externally with the 
defl ecting tip telescope       
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around a pivot point. The advantages of actively 
articulating instruments are that the angle of 
articulation can be changed and these instru-
ments can be inserted through standard straight 

rigid trocars. Limitations include relative lack of 
robustness, cost, and a learning curve to control 
articulation.

   Experts have varied in their choice of instru-
ments and often surgeons use a combination of 
straight, bent, and articulating instruments during 
LESS procedures. 

    New Technologies in LESS 

 Magnetic anchoring and guidance system 
(MAGS) is a novel technique that may alleviate 
many of the current challenges of LESS. The sys-
tem centers around intracorporeal instruments 
that are delivered through the single access site 
and anchored through the abdominal wall with 
extracorporeal magnetic devices. The theoretical 

   Table 10.2    Commercially available optics used with LESS   

 Brand  Instrument description  Size (mm)  Manufacturer 

 EndoEye TM   Rigid 30° and fl exible tip 0° endoscopes  5  Olympus America Inc. 
 Center Valley, PA, USA 

 RealHand TM   Flexible graspers, needle holders, dissectors, 
cautery, and scissors 

 5  Novare Surgical 
 Cupertino, CA, USA 

 Autonomy 
Laparo-Angle TM  

 Flexible graspers, needle holders, dissectors, 
cautery, and scissors 

 5  Cambridge Endoscopic Devices Inc., 
Framingham, MA, USA 

 Roticulator TM   Flexible graspers, dissectors, cautery, and 
scissors 

 5  Covidien 
 Mansfi eld, MA, USA 

  Fig. 10.7    Having the 
assistant seated and 
surgeon standing also helps 
minimize crowding and 
clashing       

  Fig. 10.8    Using variable length instruments in the right 
and left hand helps minimize external clashing       
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benefi ts of this system are externally controlled, 
continuously adjustable positioning without need 
for external incisions or dedicated ports, reduc-
tion of internal and external collisions, restora-
tion of triangulation, and improvements in 

visualization. Recently, the initial clinical experi-
ence with the MAGS camera for LESS nephrec-
tomy and appendectomy was described [ 5 ]. 
During these procedures, the entire dissection 
was carried out with rigid, straight instruments 
with only MAGS camera visualization. The 
authors found the use of MAGS camera resulted 
in fewer instrument collisions, improved surgical 
working space, and provided an image compara-
ble to conventional laparoscopy. Although cur-
rently limited by a fi xed 0° lens, fi xed focus, 
external wires, magnets requiring a thin abdomi-
nal wall, and limited light delivery, innovations 
on the horizon aim to address each of these issues 
[ 5 ,  6 ]. 

 Another area of development is the use of 
in vivo robotic instruments with the potential to 
provide a stable platform while providing precise 
tip maneuverability [ 7 ]. Similar to MAGS, these 
robots are delivered through the single incision 
and come in two types: either independently 
mobile or fi xed to a base that extends through 
the port. Several examples have been described 
such as pan and tilt cameras, 3D-imaging sys-
tems, mobile adjustable-focus robotic cameras 
(MARC), and mobile biopsy graspers [ 6 ,  7 ]. 
These instruments seek to minimize internal 
and external clashing while providing improved 
dexterity and intuitive tissue manipulation which 
could be used alone or in conjunction with stan-
dard LESS instrumentation as well as with each 
other. Although their applications are currently 
limited, further developments aim to increase 

  Fig. 10.9    Holding instruments in different axes helps reduce clashing       

  Fig. 10.10    Shows pre-bent instruments       

  Fig. 10.11    Actively articulating scissors helps restore 
triangulation       
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battery life, increase the complexity of allowable 
maneuvers, and transition to wireless technology 
for control [ 7 ].  

    Common LESS Clinical Procedures 

 In general, standard LESS surgery has been per-
formed for extirpative and reconstructive renal 
surgery. The majority of pelvic LESS has been 
performed using robotic assistance and will be 
described elsewhere in the text. 

 Patient selection: In general, patients of aver-
age build and height should be preferred so that 
the kidney is within reach of the umbilicus. For 
obese patients, the incision can be moved outside 
the umbilicus. For extraction of larger specimens, 
a larger incision should be used from the outset to 
improve mobility and having some triangulation. 
Finally, threshold for adding ports should be 
minimal.   

    LESS Nephrectomy 

  Technical tips : The actual steps for an LESS sim-
ple or radical nephrectomy are no different than 
conventional multiport laparoscopy. Certain 
technical nuances may facilitate LESS nephrec-
tomy. LESS nephrectomy may be performed 
through the umbilicus or using an extra umbilical 
access. In obese patients, the umbilicus may fall 
far away from the kidney because of a mobile 
pannus and so making a single access lateral to 
and cephalad to the umbilicus may be preferred. 
This may enable reach of instruments but is cos-
metically inferior. Alternatively, some surgeons 
prefer a Pfannenstiel approach that is cosmeti-
cally excellent and may also have less pain com-
pared to the transumbilical approach. During 
LESS nephrectomy, upper pole dissection is the 
most diffi cult part and may require the use of 
articulating or bent instruments. Another techni-
cal step that is helpful for augmenting retraction 
is the use of suspending sutures. These sutures 
can be internally sutured to the abdominal wall 
or externally controlled via Keith needles. The 
threshold to use a hybrid technique with the 

 addition of 2, 3, or 5 mm ports should be low and 
may be necessary in obese patients, larger tumors, 
and infl ammatory benign conditions with exten-
sive perirenal scarring. Initial reports mainly 
focused on the treatment of benign conditions, 
but more recent studies have expanded to include 
LESS for the management of renal tumors. 

  Clinical LESS nephrectomy : In their series of 100 
LESS cases, Desai et al. reported the outcomes of 
14 patients undergoing LESS simple nephrecto-
mies. The mean operative time (ORT) was 145 ± 69 
min, estimated blood loss (EBL) was 109 ± 81 ml, 
hospital length of stay (LOS) was 2 ± 1 days, and 
time to complete recovery was 32 ± 6 days. There 
were no conversions and surgical outcomes found 
to be comparable to conventional laparoscopy [ 8 ]. 
Raman et al. performed a retrospective case-con-
trol study comparing LESS nephrectomy in 11 
patients with conventional laparoscopic nephrec-
tomy in 22 patients. The mean tumor size was 
5.5 cm. The study found no difference in ORT, 
EBL, analgesic use, LOS, and complication rate. 
Patient benefi t was found to be limited to a cos-
metic advantage [ 9 ]. Raybourn et al. also found no 
difference when comparing 10 LESS nephrecto-
mies to 10 laparoscopic simple nephrectomies 
[ 10 ]. Tugcu et al. subsequently performed a pro-
spective randomized trial comparing LESS 
nephrectomy in 14 patients to standard laparo-
scopic nephrectomy in 13 patients for the treat-
ment of benign disease. No difference was 
observed in ORT, EBL, transfusion rates, and 
LOS. However, the visual analog pain score (VAS) 
and use of postoperative analgesics were signifi -
cantly lower in the LESS nephrectomy group in 
the days immediately following surgery (postop-
erative days 1–3). In addition, the time to return to 
normal activities was signifi cantly shorter in the 
LESS nephrectomy group (10.7 vs. 13.5 days, 
 p  = 0.001). There were no intraoperative or postop-
erative complications in either group. LESS 
nephrectomy was found to be more expensive than 
conventional laparoscopy ($1,600–2,000 vs. 
$450–600) [ 11 ]. Stolzenburg et al. described their 
experience with LESS radical nephrectomy (RN) 
in 42 patients. The mean tumor size was 5.45 cm, 
ORT was 135 min (75–200), and EBL was 158 ml 
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(50–1,100). All surgical margins were negative. 
An extra 3 mm needlescopic instrument was used 
in 19 patients. The authors found needlescopic 
instruments helpful for retraction of the liver in 
right-sided cases. Three cases were converted to 
conventional laparoscopy due to the need 
for retraction and hemostasis in 2 patients 
and extensive adhesions in 1 patient. 
Intraoperatively, a bowel injury was identifi ed in 1 
patient and repaired without the need for colos-
tomy [ 12 ]. Greco et al. reported their experience 
with LESS RN in 33 patients for renal tumor. The 
mean tumor size was 4.1 ± 1.4 cm, ORT was 
143.7 ± 24.3 min, EBL was 122.3 ± 34.1 ml, VAS 
on discharge was 1.9 ± 0.8, and LOS was 
3.8 ± 0.8 days. All tumors were organ confi ned and 
all surgical margins negative. The conversion rate 
to conventional laparoscopy was 3 %. The overall 
complication rate was 12.1 %. Major complica-
tions requiring surgical repair were an incisional 
hernia and a bowel injury [ 13 ]. Seo et al. compared 
LESS RN in 10 patients with conventional laparo-
scopic RN in 12 patients who underwent surgery 
during the same time period. No cases were con-
verted to conventional laparoscopic or open sur-
gery. There was no difference in ORT, time to oral 
intake, pain control, LOS, and complication rate. 
There was a trend toward decreased blood loss in 
the LESS RN group (185.7 ± 121.9 vs. 
324.0 ± 187.0,  p  = 0.065), but was not statistically 
signifi cant [ 14 ].  

    Retroperitoneal LESS Nephrectomy 

 LESS nephrectomy has also been described 
through a retroperitoneal approach. While the 
retroperitoneal approach does not offer the bene-
fi t of “scarless” surgery, it does have some dis-
tinct advantages. The retroperitoneal approach 
allows more direct access to the kidney and renal 
hilum, has a reduced need for the retraction of 
internal organs, and poses less risk of peritoneal 
contamination by spillage of urinary contents 
[ 15 ]. In addition, the retroperitoneal approach 
maintains peritoneal integrity, which can be 
important in end-stage renal disease patients who 
wish to perform peritoneal dialysis [ 16 ,  17 ]. 

 The retroperitoneal approach offers a different 
set of surgical challenges. It is more diffi cult to 
check anatomical landmarks than transperitoneal 
RLESS, and there is more clashing of laparo-
scopic instruments due to the relatively smaller 
working space [ 15 ]. Bent instruments are often 
not suitable for the retroperitoneal space, and 
fl exible instruments have been found to be insuf-
fi cient for providing the robust retraction and dis-
section necessary in a retroperitoneal LESS 
nephrectomy [ 18 ]. 

 White et al. reported their initial experience 
with retroperitoneal LESS. The series included 
cryoablation, partial nephrectomy, metastasec-
tomy, and cyst decortication. They reported that 
the retroperitoneal approach is superior to the 
transperitoneal approach in posterior lesions and 
patients who have undergone previous intra- 
abdominal surgery. In addition, the authors com-
mented that LESS is better than the standard 
laparoscopic retroperitoneal surgery because of 
improved cosmesis and likely decreased risk of 
inadvertent peritonotomy and epigastric vessel or 
bowel injury [ 19 ]. 

 Chen et al. performed retroperitoneal LESS 
nephrectomy in 16 patients for the management 
of benign nonfunctioning kidneys. The mean 
ORT was 85 min (75–140), EBL was 56 ml (20–
110), mean time to resuming oral diet 1.5 days, 
and LOS was 4 (3–5) days. One case was con-
verted to open surgery for failure to progress in a 
patient with genitourinary tuberculosis resulting 
in severe adhesions surrounding the kidney. No 
major intraoperative or postoperative complica-
tions were observed. The authors found removal 
of retroperitoneal fat and adjacent tissue outside 
Gerota’s fascia helpful in overcoming the limita-
tions of the working space. In addition, they rec-
ommended using one bent instrument and one 
straight instrument to achieve triangulation. This 
helps avoid clashing because of the different 
instrument lengths [ 20 ]. Similar fi ndings were 
documented by Chueh et al. in their retrospective 
review of retroperitoneal LESS nephrectomies 
for a variety of indications [ 16 ]. 

 The use of retroperitoneal LESS RN using a 
homemade port for the management of renal 
masses in six patients was reported by Chung 
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et al. The Mean ORT was 235 min (190–335), 
EBL was 42 ml (10–100 ml), time to oral intake 
was 45.4 h (12–72), and LOS was 5.8 days (5–8). 
All procedures were performed using standard 
laparoscopic instruments and no conversions or 
complications were noted [ 17 ]. Pak et al. also 
described their experience with retroperitoneal 
LESS nephrectomy using a homemade port in 
their clinical series. Four patients underwent RN 
with a mean ORT of 227.5 ± 50 min, EBL of 
170 ± 156.8 ml, and LOS of 3.7 ± 0.5 days. Ten 
patients underwent simple nephrectomy with a 
mean ORT of 168.7 ± 29.2 min, EBL of 
113 ± 149.8 ml, and LOS of 4.6 ± 1.5 days. One 
patient required a transfusion, but there were no 
major perioperative complications [ 18 ].  

    LESS Partial Nephrectomy (PN) 

 Partial nephrectomy (PN) has become the stan-
dard for the surgical management of localized 
renal masses. PN achieves oncologic outcomes 
comparable to RN, while maximizing preserva-
tion of renal function [ 21 ]. LESS PN, while tech-
nically demanding, is feasible in carefully 
selected patients. 

 Aron et al. reported their experience with LESS 
PN in fi ve patients. PN was performed using renal 
hilar clamping and sutured renal reconstruction. 
The median tumor size was 3 cm (1–5.9), ORT 
was 270 min (240–345), EBL was 150 ml (100–
600), VAS 48 h after surgery was 2 (0–6), and the 
median LOS was 3 days (3–22). The median WIT 
was 20 min (11–29). An additional 5 mm port was 
required in one case to aid in retraction of the liver. 
There were no intraoperative complications and all 
surgical margins were negative. The postoperative 
course of one patient was complicated by a pulmo-
nary embolism and bleeding from a pseudoaneu-
rysm. Based on their experience, the authors 
recommended avoiding LESS PN in (1) patients 
with enlarged livers because of diffi cult retraction, 
(2) obese/tall patients because of diffi culty reach-
ing the hilum and adequately mobilizing the upper 
pole of the kidney, and (3) patients with solitary 
kidneys or renal insuffi ciency if hilar clamping is 
necessary [ 22 ]. 

 In an attempt to minimize the risk of ischemic 
renal injury, Kaouk et al. performed LESS PN in 
fi ve patients without hilar clamping. Hemostasis 
was obtained using argon beam coagulation, 
Surgicel, and various BioGlues. The mean tumor 
size was 2.1 ± 1.1 cm, ORT was 160 ± 25 min, 
EBL was 420 ± 475 ml, VAS at discharge was 
1.7 ± 1.2, and LOS was 3.2 ± 1.6 days. One case 
was converted to standard laparoscopy to control 
bleeding in a diffi cult location. The patient 
required transfusion with 2 units and underwent 
16 min of WIT. One patient with a negative intra-
operative frozen margin had a fi nal positive 
pathology. Based on their experience, the authors 
concluded that LESS PN is best suited for small, 
exophytic, anterior, lower pole tumors [ 23 ]. 

 More recently, Cindolo et al. reported their 
experience with LESS PN in six patients per-
formed without hilar clamping. Hemostasis was 
obtained using electrocautery and a bolster. The 
mean renal size was 2.1 cm (1–3.5), ORT was 
148 min (30–550), EBL was 201 ml (30–550), 
time to oral intake was 2.6 days, and LOS was 
6 days (3–10). One case was converted to stan-
dard laparoscopy because of excessive bleeding 
in a patient with a posterior tumor. No transfu-
sions were necessary. One patient suffered a cere-
brovascular accident postoperatively with 
subsequent transitory left hemiparesis [ 24 ].  

    LESS Nephroureterectomy 

  Technical nuances:  The technical tips for the 
nephrectomy portion of radical nephrectomy all 
apply for nephroureterectomy. The distal cuff 
may be performed by a secondary transvesical 
access using a TriPort or similar trocar. Again, 
one must recognize that urothelial cancer is 
potentially aggressive and also requires a thor-
ough lymphadenectomy that may be diffi cult to 
perform using LESS approach. 

  Clinical experience:  There are only a handful of 
studies evaluating LESS nephroureterectomy. 
Most comprise a small subset description in pub-
lished operative series for LESS. In their series of 
100 patients who underwent LESS procedures, 
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Desai et al. reported two patients who underwent 
LESS nephroureterectomy. The ORT was 90 and 
200 min, EBL 75 and 300 ml, and LOS were 5 
and 1 days. There were no complications, or con-
versions, but an additional 5 mm port was added 
in one case. The distal ureter was managed by 
cystoscopic resection and laparoscopic Endo 
GIA stapling of the distal ureter [ 8 ]. 

 Alternative techniques for management of the 
distal ureter have been published. Ponsky et al. 
described their technique for performing LESS 
nephroureterectomy completely through a 
Pfannenstiel incision in 1 patient. The kidney and 
ureter were mobilized through a Pfannenstiel sin-
gle port and an open bladder cuff was taken 
through the same incision to remove the distal 
ureter. The ORT was 409 min, EBL was 200 ml, 
and LOS was 4 days. The surgical margin was 
negative. The main challenge of operating through 
a Pfannenstiel incision was the extended distance 
from the incision to the kidney, which was over-
come with the use of bariatric instruments [ 25 ]. 

 Lee et al. published their experience with pure 
LESS nephroureterectomy for the surgical man-
agement of upper tract urothelial carcinoma 
using a homemade port in ten patients. The distal 
ureter was managed by circumferentially dissect-
ing around the ureteral orifi ce and resecting the 
ureter through an extravesical approach. The 
resulting bladder defect was closed in two layers. 
The mean ORT was 225.63 ± 65.87 min but sig-
nifi cantly decreased with increasing experience. 
The mean EBL was 187.50 ± 83.45 ml and the 
LOS was 4.75 ± 3.37 days. There was one posi-
tive surgical margin in a pT3N2 disease. An open 
incision was required to complete the renal hilar 
lymphadenectomy in one case and an open 
Gibson incision was required due to severe adhe-
sions around the distal ureter in a second case. 
There were no major complications [ 26 ]. 

 Khanna et al. described their experience per-
forming RLESS nephroureterectomy in three 
patients. Each case in the series was performed 
differently. In the fi rst case, the distal ureter was 
managed through an open Gibson incision. In the 
second case, the GelPort was placed through a 
Gibson incision, and the same incision was used 
to manage the distal ureter. In the third case, the 

nephrectomy was performed through the umbili-
cus using the GelPort. The robot was then reori-
ented toward the pelvis to perform the distal 
ureterectomy. The mean ORT was 300 min, EBL 
was 183 ml, and LOS was 3.3 days. There were 
no major complications. One case was converted 
to standard laparoscopy due to diffi culty visual-
izing and accessing the upper pole of the kidney 
when the single port was placed through a 
Gibson. All surgical margins were negative. 
There was no evidence of disease recurrence at 
17.8 months [ 27 ].  

    LESS Donor Nephrectomy (DN) 

 Laparoscopic living donor nephrectomy (LDN) 
has been the standard of care since its introduc-
tion in 1995 [ 28 ]. This has led to decreased mor-
bidity, improved cosmesis, and shorter recovery 
time. Studies have shown laparoscopic donor 
nephrectomy produces allografts of similar 
immediate and long-term function to open sur-
gery [ 29 ,  30 ]. Efforts are constantly being made 
to further decrease the morbidity to the donor. 
LESS DN can be the potential next step, given 
development of multichannel ports and articulat-
ing instruments. LESS can minimize the morbid-
ity associated with extra trocar sites, such as 
hernias, pain, and bleeding due to epigastric ves-
sel injury [ 31 ]. 

  Technical nuances:  Apart from the technical tips 
mentioned earlier, there are several that may 
enable smooth performance of donor nephrec-
tomy. Access may be transumbilical or 
Pfannenstiel. It is important to have an adequate 
size extraction incision so that extraction is atrau-
matic and expeditious. It also is advantageous to 
entrap the graft in a specimen retrieval bag for 
minimizing ischemia time. Single-port trocars 
that allow an adequate size extraction incision 
upfront and admit a 15 mm bag such as GelPOINT 
(Applied Medical) and QuadPort (Olympus 
Medical) are preferred. 

  Clinical experience:  The fi rst LESS DN was 
 performed by Gill et al. in 2008 through an 

S. Mishra and M. Desai



141

 intra- umbilical incision in four patients. The 
LESS DN technique otherwise duplicated the 
steps of a conventional laparoscopic donor 
nephrectomy. At the time the procedure was per-
formed, it was called embryonic natural orifi ce 
transumbilical endoscopic surgery (E-NOTES) 
[ 32 ]. Since that time, multiple studies have dem-
onstrated the feasibility and effi cacy of LESS DN. 

 Ramasamy et al. retrospectively compared 
conventional LDN in 663 patients versus LESS 
DN in 101 patients. LESS DN was found to have 
a longer mean ORT (156.8 vs. 148 min,  p  = 0.02), 
lower EBL (91.3 vs. 121.9 ml,  p  = 0.003), higher 
oral but lower intravenous hospital analgesic 
requirements ( p  < 0.001 and 0.002, respectively), 
and shorter LOS (2.4 vs. 2.9 days,  p  < 0.001). The 
LESS DN group had a higher WIT (3.9 vs. 4 min, 
 p  = 0.03), but the graft function was similar to that 
of conventional LDN. There was no difference in 
the overall 30-day complication rate (7.1 % vs. 
7.9 %,  p  > 0.05). There was 1 major complication 
(Clavien grade 3–5) in the LESS DN group and 8 
major complications in LDN group. One LDN 
patient required conversion to open for a vascular 
complication [ 31 ]. 

 Canes et al. performed a matched-pair com-
parison between 17 LESS DN and LDN patients. 
There was no difference in ORT, EBL, LOS, or 
VAS. After discharge, LESS DN was associated 
with signifi cantly fewer days on oral pain medi-
cation (6 vs. 20 days,  p  = 0.01), days off work (18 
vs. 46 days,  p  = 0.0009), and days to 100 % physi-
cal recovery (29 vs. 83 days,  p  = 0.03). WIT was 
higher in LESS (6.1 vs. 3 min,  p  < 0.0001); how-
ever, graft function was immediate and compa-
rable between groups. One allograft in the LESS 
group thrombosed postoperatively [ 33 ]. 

 Kurien et al. reported the results of their ran-
domized clinical trial comparing LESS DN 
( n  = 25) versus LDN ( n  = 25). There was no dif-
ference in ORT and EBL. The postoperative 
patient pain scores were signifi cantly lower in the 
LESS DN after 48 h (1.24 ± 0.72 vs. 2.08 ± 0.91, 
 p  = 0.0004). The LESS DN had shorter LOS 
(3.92 ± 0.76 vs. 4.56 ± 0.82 days,  p  = 0.003). The 
WIT in the LESS DN group (5.11 ± 1.01 vs. 
7.15 ± 1.84 min,  p  < 0.0001) was longer, but the 
total ischemia times in both groups were similar. 

There was no difference in intraoperative (16 % 
vs. 8 %,  p  = 0.2) and postoperative complications 
(16 % vs. 20 %,  p  = 0.99). One patient in the LDN 
groups suffered sudden cardiac death, resulting 
in graft loss. There was no graft loss in the LESS 
DN group. The estimated glomerular fi ltration 
rates of recipients at 1 year were comparable for 
both groups. The donor’s quality of life, body 
image, and cosmetic scores were comparable for 
both groups [ 34 ]. 

 Afaneh et al. published a retrospective 
matched-pair comparison between LESS DN and 
LDN in 50 patients. The mean ORT was greater in 
LESS (166 ± 28.7 vs. 129 ± 29.8 min,  p  < 0.0001), 
with a trend toward decreasing operative time 
with increasing case number. There was no dif-
ference in EBL, VAS, and LOS. Patients reported 
a shorter time to complete recovery was faster in 
LESS DN patients (24.4 ± 5.3 vs. 27.0 ± 4.9 days, 
 p  = 0.01). There was no difference in WIT or the 
number of complications. One LESS DN patient 
was converted to hand- assisted laparoscopy 
because of GelPort device leakage and failure to 
maintain pneumoperitoneum. A second patient 
was converted to conventional laparoscopy to 
optimize hilar dissection. There was one major 
complication in the LESS DN group, a grade 3 
laceration to the posterior midpole cortex dur-
ing extraction. The allograft maintained normal 
function and the patient’s creatinine was 1.08 at 
15 months. One patient in the LPN group had 
one adrenal vein injury and another patient had a 
splenic laceration [ 30 ]. 

 It is critical to ensure the safety of the donor 
and harvesting of the donor allograft in perfect 
condition. The largest concern is increased WIT, 
likely due to the extra time needed to create an 
adequate fascial incision for allograft extraction 
[ 31 ,  33 ,  34 ]. However, most available evidence 
suggests that the range of WIT reported in the 
literature has a negligible effect on both short- 
and long-term allograft function [ 30 ,  33 ]. 

 LESS DN has much potential to minimize 
morbidity to the donor. LESS provides improved 
cosmesis and less morbidity from trocar- 
associated pain. A common complaint in LPN 
patients is lingering discomfort in the lower quad-
rant trocar incision. This is the main working port 
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during LDN and is eliminated with LESS tech-
nique [ 33 ]. 

 LESS DN has a steep learning curve. 
However, with proper training, careful patient 
selection, and thorough planning, LESS DN has 
the potential to become the future gold-standard 
procedure [ 35 ].  

    Pediatric LESS Surgery 

 Modifi cations to adult laparoscopic techniques 
for pediatric patients have resulted in the success-
ful application of laparoscopic surgery in chil-
dren [ 36 ]. LESS has been used for multiple 
procedures in children such as nephrectomy, 
orchiectomy, and varicocelectomy [ 37 ]. Their 
well-defi ned tissue planes, minimal intra- 
abdominal fat, and relatively thin abdominal 
walls make pediatric patients ideal for the appli-
cation of laparoscopic techniques. However, their 
smaller internal working space and large equip-
ment relative to pediatric patients make LESS 
challenging. 

 Koh et al. presented the largest series of LESS 
nephrectomy to date for poorly functioning 
hydronephrotic kidneys in patients ranging in age 
from infants to adolescents. The mean operative 
time was 139 min (85–205), EBL was 18 ml 
(5–150), and LOS was 1.5 days (1.0–2.1). A 
3 mm needlescopic accessory port was used early 
in the experience in fi ve cases. No intraoperative 
complications were noted. Postoperatively, two 
boys developed unilateral ipsilateral hydroceles. 
The mean operative times and LOS is compara-
ble to that of conventional laparoscopy in chil-
dren. Pediatric LESS procedures have been 
demonstrated to be feasible in multiple studies 
and warrant further study [ 38 – 40 ].  

    LESS Pyeloplasty 

 Pyeloplasty remains an excellent indication for 
LESS. It typically occurs in young healthy 
patients interested in cosmesis. Additionally, 
there is no need for extraction of large specimens 
and so the incision can be conveniently hidden in 

the umbilicus. For reconstructive procedures, 
adding a 2–5 mm trocar and performing a hybrid 
procedure may assist in safe completion of the 
procedure. 

 Tracy et al. retrospectively compared 14 LESS 
pyeloplasty with 28 conventional pyeloplasties. 
They reported comparable outcomes and used an 
additional 3–5 mm port to facilitate suturing and 
place a drain. Similarly, Stein et al. also reported 
equivalent effi cacy and perioperative morbidity 
comparing 16 LESS versus conventional pyelo-
plasties. A 2 mm additional port was used to 
facilitate suturing.  

    Conclusion 

 LESS surgery is appropriate for patients 
interested in better cosmesis. Ablative and 
reconstructive renal procedures are appropri-
ate, and threshold for converting to standard 
laparoscopy should be low. Better instrumen-
tation, especially dedicated robotic plat-
forms, may enable the wider use of LESS 
surgery.     
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            Introduction 

    It has been established that robotic-assisted lapa-
roscopic surgery has several advantages when 
compared to standard laparoscopic surgery. 
Optics, ergonomics, dexterity, and precision are 
all enhanced with use of the robotic platform for a 
number of urologic procedures. For these reasons, 
it was postulated that the application of robotics to 
laparoendoscopic single-site surgery (LESS) could 
overcome some of the constraints seen with the 
conventional laparoscopic approach. Issues such 
as instrument clashing, inability to achieve effec-
tive triangulation for dissection, and diffi culties 
with intracorporeal suturing have limited the wide-
spread adoption of conventional LESS in urology. 

 Kaouk et al. [ 1 ] reported the fi rst experience 
with R-LESS in 2008 (radical prostatectomy and 
nephrectomy, pyeloplasty). They noted that intra-
corporeal suturing and dissection were easier, as 
compared with standard LESS. Since then there 
have been numerous reports and refi nements in 

technique from the same group, for a number of 
different urologic procedures [ 2 – 4 ]. Furthermore, 
there have been a number of series that have com-
pared R-LESS to either standard laparoscopy, 
conventional LESS, or standard robotic surgery 
[ 2 ,  5 ,  6 ]. While these studies have been small and 
retrospective in nature, they have shown that 
R-LESS is not inferior with regard to per- 
operative outcomes and may offer better cosme-
sis. Additionally, the surgeons found the 
EndoWrist technology and three-dimensional 
high-defi nition camera benefi cial. However, 
despite the advantages of the robotic platform, 
R-LESS is not free of challenges which are simi-
lar to conventional LESS. Instrument clashing 
remains an issue, due to the bulky external profi le 
of the current robotic system. Other issues 
include lack of space for the assistant at the bed-
side, inability to incorporate the 4th robotic arm 
for retraction, and diffi culties with triangulation. 
Although solutions for some of these issues are 
currently under development [ 7 ,  8 ], R-LESS is 
still very much in its infancy. 

 Standard robotic surgery and R-LESS share 
numerous similarities. The setup of the operating 
room is identical, as well as all the instruments, 
drapes, sutures, etc. Docking of the robot is also 
identical, although the arms may be angled differ-
ently to minimize instrument clashing. With regard 
to the procedures, almost all of the steps of standard 
robotic surgery are carried out in R-LESS. That 
being said, there are improvisations that are made 

        D.   Samarasekera    ,  MD      (*) 
  Glickman Urologic and Kidney Institute, Department 
of Laparoscopic and Robotic Surgery
Cleveland Clinic ,   9500 Euclid Avenue/Q10-1 , 
 Cleveland ,  OH   44195 ,  USA   
 e-mail: samarad@ccf.org   

    J.  H.   Kaouk    
  Department of Urology ,  Cleveland Clinic , 
  Cleveland ,  OH ,  USA    

  11      Robotic LESS Approaches 

           Dinesh     Samarasekera       and     Jihad     H.     Kaouk   

mailto:samarad@ccf.org


146

because of the limited space with R-LESS. For 
example, because there is no space for the 4th 
arm, which is often used to retract tissue, various 
other techniques have been employed (i.e., stay 
and marionette sutures). Also other strategies are 
employed to minimize instrument clashing, such 
as moving the two arms and camera together in 
unison. For this reason, this chapter will focus on 
the equipment and aspects of each procedure that 
are specifi c to R-LESS and differ from standard 
robotic surgery.  

    Access/Trocar Placement 

 An important distinction must be made with 
regard to access in R-LESS, and that is  single 
port vs. single site . Single-port access uti-
lizes a single skin and fascial incision, through 
which a multichannel access platform is placed 
(Fig.  11.1 ). The endoscope and instruments are 
all placed through the access platform. Single- 
site access also utilizes a single skin incision; 
however, multiple fascial incisions are made, 
through which the access platform and low pro-
fi le ports are placed (Fig.  11.2 ). The point of 
access can be umbilical or extra-umbilical. The 
umbilical access point has been most commonly 
utilized [ 9 ], as the scar can more easily be hidden 
and cosmesis maximized.

       Single-Port Access 

 A number of different access devices for single 
port EXIST access, including a TriPort [ 1 ] and a 
GelPort [ 2 ]. Single-port access for upper- and 
lower-tract R-LESS procedures is similar. A 2–5-
cm trans- umbilical incision is made, either 
directly through the umbilicus or using a semicir-
cular incision concealed within the umbilicus. 
Dissection then proceeds, using a combination of 
blunt dissection and electrocautery, to the ante-
rior rectus fascia. A 3–4-cm vertical incision is 
then made in the linea alba, access to the perito-
neal cavity is gained, and the chosen multichan-
nel access device is placed. Stay sutures can be 
placed in the fascia to aid with port placement 

and wound closure, if desired. If the GelPort is to 
be used, the wound protector is placed fi rst. Next 
the GelSeal cap is placed, after the port sites have 
been marked on its surface. 

 Depending on the procedure/pathology, access 
can be transperitoneal or extraperitoneal, as both 
approaches have been described. Additionally a 
transvesical approach has been utilized, specifi -
cally for robotic enucleation of the prostate [ 10 ].  

    Single-Site Access 

 In a similar fashion to single-port access, an inci-
sion is created intraumbilically (3–4.5 cm), and 

  Fig. 11.1    Single-port access (GelPOINT)       

  Fig. 11.2    Single-site access (SILS Port)       
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the umbilicus is released from the rectus fascia. 
A 2-cm incision is then made through the linea 
alba. The robotic ports are then placed through 
the same umbilical incision, but through sepa-
rate fascial stab incisions. Typically they are tun-
neled under the skin to the appropriate location. 
For example, during an R-LESS radical prosta-
tectomy, the fi rst 8-mm robotic port is placed 
at the most caudal part of the incision and tun-
neled as far laterally as possible. The subsequent 
robotic port is then placed on the opposite side 
of the incision, in a similar fashion. Finally, a 
multichannel port is inserted through the fascial 
incision into the peritoneal cavity (or extraperi-
toneal space).  

    Multichannel Port Selection 

 A number of different multichannel ports have 
been used for R-LESS (Table  11.1 ); however, 
there have been no direct head-to-head compari-
sons. In Kaouk et al.’s initial R-LESS series, the 
R-port (Advanced Surgical Concepts, Dublin, 
Ireland) was used. This port consists of one 
12-mm channel, two 5-mm channels, and an 
insuffl ation cannula. The port is placed using 
the Hasson technique through a 2-cm umbilical 

incision. The authors made no specifi c comments 
with regard to the performance of the port, and 
there were no reported issues with pneumoperi-
toneum leakage or instrument crowding. White 
et al. [ 13 ] reported their experience with 50 
patients, which included 24 renal procedures and 
26 pelvic procedures. They used three different 
commercially available ports, including the SILS 
Port, the R-port, and the GelPort/GelPOINT. The 
authors mentioned of the three multichannel ports 
used, they preferred the SILS Port because of its 
durability, the free exchange of cannulas of vary-
ing size, and the ease of passage of staplers, clip 
appliers, sutures, and entrapment bags through 
the port. However, they noted that gas leakage 
was experienced with three multichannel ports, 
which was usually caused by a fascial incision 
that was too large. To combat this they placed a 
fascial suture or petroleum impregnated gauze 
along the tract of the port. Stein et al. [ 2 ] used the 
GelPort laparoscopic access system to perform 
4 R-LESS upper tract procedures (pyeloplasty 
 n  = 2, partial nephrectomy  n  = 1, radical nephrec-
tomy  n  = 1). They concluded that the GelPort 
was benefi cial for R-LESS, because it allowed 
for greater spacing and fl exibility of port place-
ment and easier access to the surgical fi eld for 
the bedside assistant. Although fascial  incision 

   Table 11.1    Currently available multichannel ports   

 Instrument  Study  Features  Advantages  Disadvantages 

 SILS Port (Covidien)  White et al. [ 4 ]  Flexible  Accommodates 3 
variable-sized ports 
and instruments 

 Diffi cult insertion with 
large abdominal wall  Expands after 

insertion to prevent 
air leak 

 GelPort/GelPOINT 
(Applied Medical) 

 White et al. [ 3 ]  GelSeal cap creates 
pseudoabdomen 

 Larger working 
platform for spacing 
of trocars 

 Requires larger fascial 
incision 

 Olweny et al. [ 6 ]  Insuffl ation port on 
side 

 Easier specimen 
extraction 

 Gas leakage during 
longer procedures  Stein et al. [ 2 ] 

 Fareed et al. [ 10 ] 
 Homemade  Lee et al. [ 11 ]  Surgical glove placed 

over a wound 
retractor 

 Low cost  Fragile; tears with 
inserting/reinserting 
robotic instruments 

 Arkoncel et al. [ 5 ]  Widely available  Ballooning of port with 
high insuffl ation 
pressures 

 Flexible port 
placement 

  Table adapted from White et al. [ 4 ] and Autorino et al. [ 12 ]  
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they used was larger to place the port (2–2.5 cm), 
they found that this facilitated specimen extrac-
tion, especially during the radical nephrectomy. 
Finally, there have been a number of centers that 
have had experience using a homemade port, both 
for conventional LESS and R-LESS. Lee et al. 
[ 11 ] reported the largest series of R-LESS pro-
cedures using a homemade port, which consisted 
of an Alexis wound retractor (Applied Medical, 
Rancho Santa Margarita, CA) and a standard size 
7 surgical glove stretched over top. They utilized 
a 5–6-cm fascial incision to place the wound 
retractor. Four trocars were placed through the 
fi ngers of the glove, including two 8-mm robotic 
trocars and two 12-mm optical trocars. They per-
formed 68 upper tract procedures, including 51 
partial nephrectomies, 12 nephroureterectomies, 
2 adrenalectomies, 2 radical nephrectomies, and 
1 simple nephrectomy. The authors felt that the 
homemade port offered greater fl exibility of port 
placement than any of the commercially available 
multichannel devices, as well as being extremely 
cost-effective. Limitations included the suscep-
tibility of the glove to tearing with insertion of 
the robotic instruments, the larger fascial incision 
required to place the wound retractor, and bal-
looning of the glove under higher pneumoperi-
toneum pressures (>20 mmHg). However, the 
authors concluded that their homemade port was 
a safe, effective, low-cost alternative to commer-
cially available multichannel ports.

       Docking the Robot 

 There are only a few subtle differences between 
docking the robot for standard robotic surgery 
and R-LESS. The DaVinci Si model has been 
preferred over the S because of the enhanced 
visualization, ability to customize the console 
settings ergonomically, and smaller external 
profi le, which helps to minimize clashing of the 
robotic arms [ 13 ,  14 ]. Otherwise, the robot is 
brought into the surgical fi eld in a standard fash-
ion, which is from behind the patient and over 
the shoulder for upper tract procedures and in 
between the patient’s legs for lower-tract pro-
cedures. Additionally, because of the limited 

 working space, the majority of R-LESS proce-
dures employ a two-arm approach. 

 There have been a number of strategies 
employed in order to minimize clashing of the 
robotic arms, which is a limitation that is encoun-
tered with the current robotic platforms. Joseph 
et al. [ 7 ,  15 ] developed a “chopstick” technique, 
whereby the robotic instruments are crossed at 
the abdominal wall to reduce instrument clashing 
and improve triangulation. This concept had 
already been used in conventional LESS; how-
ever, the crossing of instruments and resultant 
“reverse handedness” made the cases very chal-
lenging. However, with the DaVinci system, the 
inputs to the left and right hand effectors can be 
switched electronically, which eliminates the 
reverse handedness and restores intuitive control 
of the instruments as they appear on the screen.  

    Instrumentation 

 The vast majority of the R-LESS procedures to 
date have been performed with standard instru-
ments (Table  11.2 ), as task-specifi c tools are cur-
rently under development and testing. Two of the 
larger clinical series both report the use of stan-
dard 8- and 5-mm instruments for a wide range of 
R-LESS procedures [ 11 ,  13 ]. White et al. [ 4 ] 
described using an 8-mm instrument in the right 
hand and a 5-mm pediatric instrument in the left 
hand for their R-LESS prostatectomy series of 20 
patients. The authors felt this confi guration maxi-
mized the benefi t of each instrument. The 5-mm 
instruments do not articulate but instead defl ect, 
which greatly increased their range of motion. 
Conversely the authors found that the EndoWrist 
action of the standard 8-mm instruments greatly 
facilitated complex tasks, such as suturing. 
Furthermore, they reported that the 8-mm robotic 
Hem-o-lok clip applier was benefi cial during 
nerve sparing, as clip placement was in the sur-
geon’s hands and clashing with the bed-side 
assistant’s instruments was minimized.

   Intuitive Surgical Inc. has also addressed the 
problem of instrument collision and developed a 
set of R-LESS-specifi c instruments. The set con-
sists of a multichannel access platform with 
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channels for four ports and an insuffl ation valve. 
The ports themselves consist of two with curved 
cannulas for the robotic instruments and two with 
straight cannulas for the endoscope and assistant 
instruments. The robotic instruments are also 
curved and are designed to cross at the abdominal 
wall, effectively separating the arms in space 
extracorporeally. Furthermore, the design of the 
system also minimizes internal instrument colli-
sion with the camera, as they are not arranged in 
parallel. We described the fi rst urologic applica-
tions in the laboratory at our center [ 8 ,  16 ]. Both 
the porcine model and human cadavers were used 
to perform a number of upper tract procedures 
(i.e., pyeloplasty, partial nephrectomy, etc.). 
Setup and docking times were comparable with 
the standard robotic system, and there were no 
signifi cant complications. All procedures were 
completed successfully without need for comple-
tion. Major limitations included collision with 
the assistant instruments, which at times limited 

suction and retraction, and the lack of articulation 
of the robotic instruments, which made suturing 
diffi cult when required. The majority of clinical 
experience with the single site instruments has 
been with cholecystectomy [ 17 ,  18 ]; however, 
Cestari et al. [ 19 ] reported their experience in a 
highly selected group of nine patients with a 
UPJO. Exclusion criteria included BMI >30 kg/
m 2 , a large renal pelvis, previous abdominal/renal 
surgery, and concomitant stone disease. All pro-
cedures were performed successfully without the 
need for conversion or additional ports. Mean OR 
time was 166 min. 

 A number of different lens confi gurations have 
been used with the 12-mm robotic camera during 
R-LESS procedures. For their R-LESS prostatec-
tomy series, White et al. [ 4 ] attempted to use the 
0° lens for all procedures, but found that the 30° 
upward lens was benefi cial in instances where 
instrument clashing occurred by positioning the 
scope out of the path of the instruments. For 

   Table 11.2    Instrumentation currently available for Robotic LESS procedures   

 Instrument  Features  Advantages  Disadvantages 

 8-mm EndoWrist 
monopolar shears 

 7° of freedom  Instrument articulation 
allows access to diffi cult 
operative angles 

 Larger profi le; increased 
instrument clashing because 
of lack of defl ection  8-mm EndoWrist 

monopolar hook 
 90° of articulation 

 8-mm EndoWrist Prograsp 
grasper 

 Intuitive motion and 
fi ngertip control motion 
scaling and tremor reduction  8-mm/5-mm needle 

drivers 
 8-mm Hem-o-lok applier  Clips can be applied by 

operating surgeon 
 Time-consuming; extra large 
clip size is not available 

 5-mm Schertel grasper  Robust snake-wrist 
architecture 

 Lower profi le; triangulation 
is increased secondary to 
instrument defl ection; 
functional in a tight 
working space 

 Lack of distal instrument tip 
articulation decreases overall 
range of motion; decreased 
grip strength 

 Intuitive motion and 
fi ngertip control 
 Motion scaling and tremor 
reduction 

 5-mm Harmonic scalpel  Nonwristed instrument 
based on Ethicon 
Endo-Surgery 

 Can be applied by the 
operating surgeon; time 
effi cient 

 Does not articulate; 
increased amount of 
instrument clashing 

 Harmonic technology 
 Simultaneously cuts and 
coagulates 
 Motion scaling and tremor 
reduction 

  Table adapted from White et al. [ 4 ] and Autorino et al. [ 12 ]  
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upper tract procedures, all lens confi gurations 
have been used, with no clear advantage favoring 
one particular choice. It seems that when choos-
ing a lens, one must tailor it to the particular situ-
ation and consider port placement, the degree of 
instrument clashing, and the pathology at hand.  

    Upper Tract Urologic Surgery 

    Radical Nephrectomy 
 Positioning and docking of the robot for an 
R-LESS radical nephrectomy is identical to that 
of a conventional robotic radical nephrectomy. 
Typically the robot is used in a three-armed 
approach, as there really is no room for the 4th 
arm. The port is typically placed at the umbilicus, 
and a multitude of different types have been used 
for R-LESS radical nephrectomy (homemade, 
GelPort, SILS Port, etc.). As previously men-
tioned, Stein et al. [ 2 ] found the GelPort device 
benefi cial for R-LESS radical nephrectomy due 
to ease of specimen extraction. Once the robot is 
docked, dissection proceeds in an identical fash-
ion to a standard robotic radical nephrectomy, 
which begins with mobilization of the colon 
along the white line of Toldt. Standard 8-mm 
robotic instruments can be used, including the 
monopolar scissors, monopolar hook, or har-
monic scalpel. The ureter and renal hilum are 
identifi ed in a standard fashion and controlled. 
The hilum can be controlled with a standard 
endoscopic stapler passed through the assistant 
port. The ureter can be clipped with assistant 
placed Hem-o-lok clips or by the operating sur-
geon using the robotic clip applier. The specimen 
can then be placed in an entrapment bag and 
removed through the umbilical incision. 

 White et al. [ 3 ] performed a retrospective 
comparative analysis of ten patients who under-
went R-LESS radical nephrectomy. They were 
matched to a similar cohort of ten patients who 
underwent conventional laparoscopic radical 
nephrectomy. Patients were similar at baseline, 
with no signifi cant difference in ASA score, 
BMI, or tumor size. The SILS Port and the 
GelPort were both used, and the robot was docked 
in a 3-arm approach. There was no difference 

between R-LESS and conventional laparoscopy 
nephrectomy with regard to median operative 
time, estimated blood loss, visual analogue scale, 
or complication rate. The R-LESS group had a 
lower median narcotic requirement during hospi-
tal admission (25.3 morphine equivalents vs. 
37.5 morphine equivalents;  p  = 0.049) and a 
shorter length of stay (2.5 d vs. 3.0 d;  p  = 0.03).  

    Partial Nephrectomy 
 Positioning, port placement, and initial dissection 
for R-LESS partial nephrectomy are identical to 
that of a radical nephrectomy. Once the tumor is 
exposed, decisions about hilar clamping are typi-
cally made based on tumor characteristics and 
are at the surgeon’s discretion. Laparoscopic 
ultrasound can be introduced through the assis-
tant port and is an important tool for determining 
the margins of resection. Tumor resection and 
renorrhaphy are similar to that of a standard 
robotic partial nephrectomy, and a number of 
techniques have been reported. Partial nephrec-
tomy has become the gold standard for treatment 
of the small renal mass, and as the result there has 
been more published series with R-LESS PN. Lee 
et al. [ 11 ] described 68 consecutive R-LESS pro-
cedures using a homemade port, 51 of which 
were R-LESS PN. Mean tumor size was 3.0 cm, 
and mean EBL was 322 mL. The authors noted 
that the transfusion rate was 14 %, largely due to 
bleeding during tumor resection and a single 
renal vein injury. Also two patients required con-
version to a mini-incisional open procedure, one 
due to persistent hilar bleeding post resection and 
the other for inability to access the tumor. 
Arkoncel et al. [ 5 ] compared a “hybrid” R-LESS 
PN technique in 35 patients with 35 patients who 
underwent standard robotic PN. The “hybrid” 
technique consisted of a homemade port (surgi-
cal glove stretched over a wound retractor) at the 
umbilicus which housed the 2 8-mm robotic ports 
and a 12-mm camera port and a separate 12-mm 
assistant port. Patients were similar at baseline, 
with equivalent tumor complexity. The OR time 
(187.5 vs 171.7 min,  p =  .110), warm ischemia 
time (29.5 vs 28.8 min,  p =  .209), blood loss (257 
vs 242.5 mL,  p =  .967), complication rate (17.1 
vs 11.4 %,  p =  .495), and transfusion rate (8.6 vs 
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2.9 %,  p =  .303) were comparable in both groups. 
Furthermore, pain scores, length of hospitaliza-
tion, and morphine equivalents used were also 
comparable. There was no signifi cant difference 
in complication rates, or need for conversion. Of 
note, the authors found that there was noticeable 
restriction of the robotic arms with the R-LESS 
approach, which required timely adjustment and 
angulation by the bedside assistant, for  successful 
completion of the case.  

    Dismembered Pyeloplasty 
 We described a right dismembered pyeloplasty in 
our initial report on R-LESS in 2008 [ 1 ]. The 
patient is placed in 45° lateral decubitus position, 
and the table is fl exed. The robot brought into the 
fi eld over the patient’s shoulder and docked to the 
single port. In our initial description we used an 
R-port (Advanced Surgical Concepts, Dublin, 
Ireland); however, other ports have been 
described in other series, including the GelPOINT 
[ 2 ,  6 ,  15 ]. Typically the 30° upward lens is used. 
The ureter is also typically pre-stented as it is dif-
fi cult to do it in an antegrade fashion given the 
lack of available ports. The dissection proceeds 
in a standard fashion, and the stented ureter is 
identifi ed and dissected towards the renal pelvis. 
The hook electrocautery or monopolar scissors is 
typically used to perform this dissection. The ste-
notic UPJ is then excised with monopolar scis-
sors, and the ureter is spatulated. A watertight 
anastomosis is then performed over the stent, 
using the robotic needle driver, in an interrupted 
or running fashion. A drain is left and brought out 
through the umbilical incision. 

 It has been postulated that patients undergoing 
minimally invasive pyeloplasty might be ideal 
candidates for LESS as they are usually young 
with benign pathology, and the procedure is non- 
extirpative, thereby not requiring a larger incision 
for specimen extraction. To overcome the chal-
lenges associated with standard LESS, the robotic 
platform has been applied (R-LESS). Despite the 
fact that the current generation robotic system 
was not designed for single-site surgery, surgeons 
noticed that dissection and suturing was easier 
[ 1 ]. The unifying conclusion from series is that 
use of the robotic system helps to reduce the 

technical diffi culty of LESS pyeloplasty and 
shortens the learning curve associated with the 
procedure. Olweny et al. [ 6 ] compared ten 
patients who underwent conventional LESS 
(C-LESS) pyeloplasty with ten patients who 
underwent R-LESS. Perioperative outcomes 
were analyzed including OR time, EBL, compli-
cations, morphine usage, and length of stay in 
hospital (LOS). Cosmetic and long-term func-
tional outcomes were not included in the analy-
sis. There was no signifi cant difference between 
R-LESS and C-LESS except for OR time, which 
was signifi cantly longer for R-LESS (226 vs. 
188 min,  p  = 0.007). Additionally there were two 
conversions to standard laparoscopy in the 
C-LESS group as compared to none in the 
R-LESS group. Despite there being no clear 
advantage for R-LESS with regard to outcomes, 
the authors found the superior optics and 
EndoWrist technology of the robotic system ben-
efi cial. Cestari et al. [ 19 ] tested the feasibility and 
short-term perioperative outcomes of the da Vinci 
single-site surgery platform in nine patients with 
a UPJO. The system uses a novel single-port 
access device with curved cannulas and robotic 
instruments. Additionally the instruments are 
crossed at the abdominal wall, to minimize clash-
ing and improve triangulation. All cases were 
completely successful without complication or 
conversion. However, the authors noted the main 
limitation of the system was the lack of articula-
tion of the instruments, which is the principal 
advantage gained with the application of the 
robotic system to LESS.   

    Pelvic Urologic Surgery 

    Radical Prostatectomy 
 Robotic-assisted laparoscopic prostatectomy has 
gained widespread adoption in the United States 
and is one of the most frequently performed 
robotic procedures. In 2007 we reported our ini-
tial series of four patients who underwent con-
ventional LESS radical prostatectomy [ 20 ] and 
found that the procedure was very technically 
diffi cult. The application of robotics to LESS 
radical prostatectomy has reduced the learning 
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curve associated with this procedure, especially 
with regard to intracorporeal suturing. Patient 
positioning and docking of the robot are identical 
to that of a standard robotic prostatectomy. 

 The technique we describe herein is for a 
single- site access, where the multichannel and 
robotic ports are placed through the same skin 
incision, but separate fascial incisions. An inci-
sion is created intraumbilically (3–4.5 cm), and 
the umbilicus is released from the rectus fascia 
(Fig.  11.3 ). A 2-cm incision is created through 
the linea alba. The initial robotic port (8 mm) is 
placed at the most caudal portion of the incision 
on the right side and directed as far laterally as 
possible. This is repeated on the opposite side. A 
multichannel port is then inserted through the 
fascial incision into the abdomen. The patient is 
positioned in steep Trendelenburg, and the robot 
is then docked using a three-armed approach. 
The robotic 12-mm scope is introduced through 
the multichannel port and the robotic instruments 
through the two 8-mm ports.

   Bladder mobilization is performed using the 
8-mm EndoWrist (Intuitive Surgical) monopolar 
shears in the right hand and a 5-mm EndoWrist 
Schertel grasper in the left. Instruments are not 
intentionally crossed throughout the procedure. 
Using a 30° lens looking upward or a 0° lens, the 
peritoneum is widely incised high on the under-
surface of the anterior abdominal wall, and dis-
section of the bladder is performed. Using the 

8-mm EndoWrist monopolar shears in the right 
hand and a 5-mm EndoWrist Schertel grasper or 
8-mm EndoWrist ProGrasp forceps in the left, 
fatty tissue is swept free from the pubic symphy-
sis exposing the endopelvic fascia, which is then 
incised. The prostate is mobilized off the levator 
fi bers. 

 An 8- and 5-mm EndoWrist robotic needle 
driver are used to ligate the dorsal venous com-
plex with a 2.0 polyglactin suture (Vicryl). A 
back-bleeding stitch is placed across the anterior 
surface of the prostate. A suture can be placed 
through the abdominal wall and passed through 
the distal bladder neck or prostatic base and then 
exited out of the abdominal wall to serve as a 
retractor in a “marionette” fashion (Fig.  11.4 ). 
The anterior bladder neck is transected. The ure-
thral catheter is suspended from the abdominal 
wall with a 2-0 suture in the previously described 
marionette fashion. The posterior bladder neck is 
then gradually dissected away from the prostate. 
The anterior layer of Denonvilliers fascia is 
incised, and the vas deferens and seminal vesicles 
are mobilized with the 5-mm harmonic scalpel in 
a non-nerve-sparing approach and athermally 
with Hem-o-lok clips (Telefl ex Medical, Research 
Triangle Park, NC, USA) in a nerve-sparing 
approach. The vas deferens and seminal vesicles 
are retracted anteriorly with either the left or right 
robotic instrument or with marionette sutures if 
needed. In a non-nerve-sparing procedure, a 

a b

  Fig. 11.3    ( a ) 3 cm umbilical incision is made ( b ) single port access device and robotic trocars are placed through sepa-
rate fascial incisions       
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5-mm harmonic scalpel is used in the right hand 
to cauterize the lateral pedicles bilaterally. 
Additionally, the harmonic scalpel is used to 
detach the lateral border of the prostate and the 
neurovascular bundle from the perirectal fat. An 
interfascial nerve-sparing approach is accom-
plished with a combination of sharp dissection 
and robotically applied Hem-o-lok clips. 
Assistant retraction with the suction device  and/
or marionette sutures allows for placement of 
Hem-o-lok clips. The 8-mm monopolar shears 
are used to incise the ligated dorsal vein complex, 
exposing the underlying urethra. The urethra is 
transected without cautery. The tip of the urethral 
catheter is withdrawn, and the posterior urethral 
wall is transected sharply. Complete dissection of 
the prostate apex is accomplished in a retrograde 
fashion; the prostate is released and placed in a 

10-mm entrapment bag. A standard lymph node 
dissection is performed in the identical manner to 
our robot-assisted laparoscopic prostatectomy 
(RALP) technique. External iliac nodal tissues, 
as well as nodes from the obturator fossa, are 
included in the dissection. The specimen is 
removed with a laparoscopic grasper. Robotic 
needle drivers in the left and right hand are used 
to complete the vesicourethral anastomosis. Two 
sutures of 2-0 poliglecaprone 25 (Monocryl) on 
an RB-1 needle are placed in a semicircular “run-
ning” fashion starting from the 6 o’clock position 
towards the 12 o’clock and then tied together. A 
20-F Foley catheter is inserted under vision into 
the bladder before completion of the anastomo-
sis. The anastomosis is tested by instilling 
100 mL of saline into the bladder to ensure water 
tightness. A Jackson-Pratt drain is placed in the 

a b

c d

  Fig. 11.4    “Marionette” suture technique. ( a ) Suture is 
placed through the abdominal wall. ( b ) Suture is brought 
through the eye of the Foley catheter. ( c ) Suture is then 

brought back out through the abdominal wall. ( d ) Suture 
is tensioned to provide effective retraction during poste-
rior bladder neck dissection       
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pelvis and exited through a separate fascial stab 
but via the same skin incision.

   A number of groups have reported their experi-
ence with R-LESS radical prostatectomy [ 21 ,  22 ], 
the largest including 20 patients by White et al. [ 4 ] 
from our center. We used a single-site approach, 
with an SILS Port and two 8-mm standard robotic 
trocars (or one 8-mm and one 5-mm trocar) placed 
through separate fascial incisions. Standard 8-mm 
EndoWrist (Intuitive Surgical) monopolar shears 
and a 5-mm EndoWrist Schertel grasper were 
used during dissection. The majority of patients 
were D’Amico low risk (45 %). Mean age was 
60.4 years, and mean BMI was 25.4 kg/m 2 . 
Because the fourth arm was not used, retraction 
was accomplished by assistant suction or mari-
onette sutures. Mean OR time was 187.6 min, and 
EBL was 128.8 mL. There was one conversion to 
standard robotic prostatectomy because of a large 
median lobe and need for more effective retrac-
tion. Also, 2 cases required an additional 8-mm 
port placed outside of the umbilical incision due 
to issues with triangulation and leakage of gas 
from the SILS Port. There were four positive 
margins, but no patients experienced biochemical 
recurrence at 1-year follow- up. We also found a 
trend towards improved urinary continence, with 
fi ve patients completely pad-free over the follow-
up period. Three patients underwent an interfas-
cial nerve-sparing technique, and one had SHIM 
score of >21 at 3 months postoperatively. Five 
patients had a leak at the urethrovesical anasto-
mosis on cystogram done 1 week post surgery and 
required an additional week of catheterization. 
We concluded that R-LESS is feasible and less 
challenging than conventional LESS. Instrument 
clashing was virtually eliminated by stagger-
ing the robotic trocars, and marionette sutures 
allowed for effective retraction despite inability to 
use the 4th arm. Assistant-driven retraction with 
the suction was also important and facilitated by 
placing a 15–30° downward bend, in the distal 1/3 
of the instrument.  

    Single-Port Transvesical Enucleation 
of the Prostate (STEP) 
 The open simple prostatectomy remains the gold 
standard in surgical therapy for prostates larger 

than 80 g. However, there is still the potential 
for signifi cant morbidity associated with this 
procedure, including signifi cant hemorrhage. A 
number of centers have recently reported their 
experience with single-port transvesical enu-
cleation of the prostate (STEP) as a minimally 
invasive alternative. For this procedure ports are 
placed through the bladder, and the prostate ade-
noma is enucleated. 

 The procedure is performed under general 
anesthesia with the patient in low lithotomy posi-
tion. Initially, cystoscopy and transurethral inci-
sion of the prostatic urethra can be performed 
at the apex using a Collins knife. The skin inci-
sion is then marked at the highest portion of the 
bladder with the aid of a percutaneously placed 
spinal needle and confi rmed cystoscopically. A 
3-cm skin incision is made three fi ngerbreadths 
above the symphysis pubis. The bladder wall 
is cleared of prevesical fat and entered sharply 
between two stay sutures. At this point the cysto-
scope is substituted with a Foley catheter and the 
balloon was infl ated with 5 mL sterile water and 
then clamped. The wound protector ring of the 
GelPort TM (Applied Medical, Santa Margarita, 
California, USA) is inserted through the incision. 
The Foley catheter is excluded from the port 
sleeve and pushed against anterior bladder neck 
at the 12 o’clock position. The GelPort sleeve 
is then tightened by securing the outer ring. A 
12-mm trocar is inserted at the 6 o’clock position 
in the GelPort and is used for the robotic camera 
and for carbon dioxide (CO 2 ) insuffl ation. A 30 ° 
upward facing lens is utilized. Two 5-mm ports 
are placed on the right and a single 8-mm port 
on the left, equidistant from the closed midline 
premade hole in the GelPort. Closure of the pre-
made hole was necessary to prevent CO 2 leak-
age. Pneumovesicum was created with CO 2  set 
to 20 mmHg. The robot is then introduced into 
the surgical fi eld between the patient’s legs and 
docked. Using the Harmonic scalpel in the right 
hand and a 5-mm Schertel grasper in the left, a 
semicircular incision is made through the blad-
der mucosa immediately overlying the adenoma 
from the 3 o’ clock to the 9 o’ clock position. 
The prostatic adenoma is readily identifi ed and 
an avascular plane is created, utilizing the 5-mm 
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monopolar cautery, between the adenoma and the 
prostatic capsule. Enucleation is carried distally 
to the apex. Once the apex is enucleated, the ade-
noma is free, as the mucosal attachments were 
previously incised cystoscopically. Hemostasis is 
confi rmed, and a 22–24-French three-way Foley 
catheter is inserted. The prostatic adenoma is 
extracted through the GelPort ring after removing 
the outer gel pad. A watertight cystotomy closure 
can be performed in two layers using 2-0 absorb-
able suture. The fasciotomy is closed using run-
ning 0 absorbable suture, and 4-0 absorbable 
subcuticular suture was used for skin closure. 

 Fareed et al. [ 10 ] reported our experience with 
STEP, using the da Vinci surgical robot. Nine 
patients underwent R-STEP with a GelPort 
(Applied Medical, Santa Margarita, CA) as the 
access platform. Robotic instruments consisted 
of a 5-mm Schertel grasper and harmonic scalpel. 
Mean gland size was 146.4 mL (83–304 mL) 
based on transrectal ultrasound. Mean OR time 
was 3.8 h (2.75–4.75), and EBL was 584.4 mL 
(150–1,200). One patient required conversion to 
an open prostatectomy and was excluded from 
the analysis. Two patients required cystoscopy, 
fulguration, and clot evacuation postoperatively 
for clot retention. Additionally one patient devel-
oped a DVT which required anticoagulation, and 
one patient suffered a perioperative myocardial 
infarction, requiring admission to the ICU. At 
1-month follow-up, mean IPSS was 4.83 (2–15), 
Qmax was 20.1 mL/s (6–36), and PVR was 
75.75 mL (0–360). We concluded that while 
R-LESS is technically feasible and effective in 
treating bladder outlet obstruction, there was a 
high rate of complications.  

    Future Directions 
 While the application of robotics to LESS has 
been benefi cial, there are still several drawbacks, 
such as instrument clashing and reduced space 
for the bedside assistant. This is largely due to the 
fact that the current da Vinci system has not been 
specifi cally designed for the single-site applica-
tion. Additionally the R-LESS-specifi c robotic 
platform lacks the EndoWrist technology, which 
has obvious limitations. It is clear that an 
R-LESS-specifi c design would incorporate a low 

external profi le and articulating instruments and 
allow suffi cient space for the bedside assistant. 
There are currently a number of LESS-specifi c 
robotic prototypes under development, including 
one that is completely deployed into the perito-
neal cavity [ 23 – 25 ]. However, R-LESS remains 
in its infancy, and much development is needed 
for a fl awless, task-specifi c system that effec-
tively mimics standard robotic surgery.    

    Conclusion 

 The application of robotics to LESS (R-LESS) 
has addressed many of the limitations seen 
with the conventional LESS technique. The 
EndoWrist technology allows for superior 
dissection, triangulation, and intracorpo-
real suturing. However, R-LESS is still in 
its infancy, as the current iteration of the da 
Vinci robotic platform has not been designed 
for LESS. As a result of the bulky extracor-
poreal profi le, instrument clashing and limited 
space at the bedside remain important issues. 
Solutions such as the da Vinci Single-Site™ 
platform have been designed to address these 
challenges; however, their full clinical poten-
tial has not yet been reached as further test-
ing is required. The ideal robotic platform for 
R-LESS would be low profi le and task spe-
cifi c and would allow for deployment through 
a single incision. Additionally the instruments 
would be articulating, and there would be 
effective triangulation and retraction. Further 
advancements in the fi eld of robotic surgery 
are necessary before LESS becomes widely 
adapted.     
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           Introduction 

    The fi rst ureteroscopic stone removal was 
reported in 1980 by Perez-Castro-Ellendt and 
Martinez-Pineiro. Since that time, the advance-
ment in the technology for endoscopic instrumen-
tation has allowed the treatment modalities for 
ureteral stones to evolve, largely replacing open 
surgery and blind basketing. Medical expulsive 
therapy (MET) to facilitate spontaneous stone 
passage is generally accepted as the fi rst line of 
treatment for ureteral calculi <10 mm in a patient 
with controlled pain and no indications for early 
surgical intervention [ 1 – 3 ]. There are three loca-
tions where the ureter narrows and are common 
locations for stone obstruction, including: ure-
teropelvic junction (UPJ), upon crossing the iliac 
vessels, and ureterovesical junction (UVJ). When 
ureteral calculi fail to progress after a suffi cient 
trial of time, generally 4–5 weeks, then surgical 
intervention is recommended. 

 Other indications for surgical intervention 
include persistent obstruction causing renal dys-
function, solitary kidney, recurrent urinary tract 
infections, large stone burden, and presence of 
unremitting renal colic. Consideration of the fol-

lowing is essential when making decisions about 
treatment of both renal and ureteral calculi: prob-
ability of stone-free rate, need for additional pro-
cedures, and morbidity related to the treatment 
modality. This chapter will focus on the indica-
tions, technical considerations, and complica-
tions of ureteroscopy for both renal and ureteral 
calculi.  

    Indications for URS Management 
of Renal Calculi 

 The treatment modalities that are considered for 
renal calculi include ureteroscopy (URS) with 
intracorporeal lithotripsy, extracorporeal shock 
wave lithotripsy (ESWL), and percutaneous 
nephrolithotomy (PCNL). Traditionally, renal 
calculi have been treated with either ESWL or 
PCNL; however, advancement in ureteroscopic 
technology now permits URS as an acceptable 
alternative [ 4 – 6 ]. Ureteroscopy is associated with 
high treatment success, >90 %, for renal stones 
less than 2 cm, regardless of location within the 
kidney [ 7 ]. PCNL is the preferred management 
of stones >2 cm, with the exclusion of patients 
with irreversible coagulopathy and severe morbid 
obesity who can be treated with URS with less 
associated morbidity. In addition, URS is con-
sidered an effective treatment for ESWL-failure 
stones and for renal stones with associated ure-
teral stone burden [ 8 ]. 
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 Lower pole renal stones present increased tech-
nical diffi culty when performing URS due to its 
anatomic location. It is often diffi cult to navigate 
the ureteroscope into the lower pole due to the 
angle and amount of fl exion required of the ure-
teroscope. The degree of fl exion is limited once 
the laser fi ber is inserted into the scope; there-
fore, in certain instances, it is more advantageous 
to displace the stone with a basket to an upper 
pole calyx, prior to lithotripsy [ 9 ]. With regard to 
ESWL for calculi in the lower pole, patients may 
fail to clear the fragments from the kidney given 
the position and angle of the lower pole to the 
renal pelvis. Pearle et al. performed a prospec-
tive, randomized multicenter trial and did not fi nd 
a statistically signifi cant difference in stone-free 
rates between ESWL and URS for lower pole 
renal calculi less than 1 cm [ 10 ]. Another study 
evaluated URS compared to PCNL for stones 
between 1.5 and 2 cm located in the lower renal 
pole and found stone-free rates to be comparable, 
89.2 and 92.8 %, respectively [ 11 ].  

    Indications for URS Management 
of Ureteral Calculi 

 The accepted treatment methods for ureteral cal-
culi include medical expulsive therapy (MET), 
extracorporeal shock wave lithotripsy (ESWL), 
ureteroscopy (URS), and percutaneous nephroli-
thotomy (PCNL) with antegrade ureteroscopy if 
necessary. Decision concerning treatment modal-
ity takes into consideration stone size, stone loca-
tion, stone composition, presence or absence 
of infection, patient comorbidities, and patient 
preference. 

 Guidelines state that MET should be offered 
to patients with ureteral stone <10 mm as fi rst- 
line therapy, although certain circumstances may 
indicate need for earlier surgical management 
including uncontrolled pain, infection/sepsis, 
or acute kidney injury [ 1 ,  3 ,  12 ]. The preferred 
agent for MET is alpha-blockers [ 12 ,  13 ]. The 
success of MET and the average amount of time 
required to pass a stone is dependent on stone 
size, for example, 95 % of stones less than 4 mm 

pass spontaneously by 31 days for stones less 
than 2 mm and 40 days for stones between 2 and 
4 mm compared to 47 % of stones between 5 
and 10 mm [ 1 ,  14 ]. Therefore, stone size plays 
a signifi cant role when deciding between initial 
MET and another treatment modality. Given that 
the spontaneous passage of stone with MET may 
take 4–6 weeks and may be accompanied with 
renal colic, the patient needs to be appropriately 
counseled and may prefer to have earlier surgical 
intervention. 

 According to the AUA Guidelines for the 
management of ureteral calculi, both ESWL 
and URS are acceptable fi rst-line treatments [ 1 ]. 
Aboumarzouk et al. performed a meta-analysis of 
7 randomized controlled trials to compare ESWL 
and URS [ 15 ]. The stone-free rate was signifi -
cantly better for URS than for ESWL (92 % vs. 
77 %, RR 0.84, 95 % CI 0.73–0.96). The rate of 
secondary procedure was higher for ESWL in 
comparison to URS (21 % vs. 3 %, RR 6.18, CI 
3.68–10.38). However, URS was associated with 
higher complications, which were minor, and 
longer hospital stay [ 15 ]. In addition, URS has 
also been found to be more cost-effective when 
compared to ESWL for treatment of stones that 
have failed a trial of MET [ 16 ].  

    Stone Composition and URS 

 The Hounsfi eld unit (HU) density may be cal-
culated on CT imaging to suggest potential 
stone composition [ 17 ]. ESWL-resistant stones 
include cystine, brushite, and calcium oxalate 
monohydrate. URS should be considered over 
ESWL in patients with these stone compositions 
due to poor stone-free rate outcomes and risk 
of additional procedures; therefore, it is impor-
tant to identify these stones with higher likeli-
hood of fragmentation resistance preoperatively 
to adequately inform the patient when making 
treatment decisions. Studies suggest that stone 
attenuation, measured in HU, is the best predic-
tor of ESWL success [ 18 ,  19 ]. Ouzaid et al. found 
that stones with measured HU density <970 had a 
96 % stone-free rate compared to those with >970 
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HU had a 38 % stone-free rate and concluded that 
those patients with increased likelihood of poor 
outcome with ESWL should undergo alternative 
therapy [ 19 ]. The pulsed (coumarin) dye laser is 
ineffective against cystine and calcium oxalate 
monohydrate and should not be utilized in these 
instances. The Ho: YAG laser is effective against 
all stone compositions and is the preferred laser 
lithotripter.  

    Special Considerations 

 During surgical planning, the following patient 
characteristics should be given special consid-
erations: children, pregnancy, coagulopathies 
or bleeding disorders, and patient body habitus 
(Table  12.1 ).

   Several studies have shown that ureteroscopy 
is safe and effi cacious in the pediatric population, 
with comparable stone-free rates and complica-
tions when compared to the adult  population [ 1 , 
 20 – 22 ]. Treatment decision should consider the 
child’s size and genitourinary tract anatomy. If 
the available ureteroscope will not accommo-
date the small diameter of the pediatric urethra or 
ureter, then a less invasive approach with ESWL 
would be favored. 

 Ureteroscopy is safe during pregnancy if 
patients fail conservative management of an 
obstructing ureteral stone [ 23 ,  24 ]. The hol-
mium: YAG laser is the intracorporeal litho-
tripter of choice and has proven to be safe to be 
utilized on pregnant patients. Ultrasound may 
be used rather than fl uoroscopy during treat-
ment if trained personnel are available. Other 
approaches to reduce radiation exposure to the 
fetus include low-dose fl uoroscopy and the use 
of an x-ray shield over the pelvis shielding the 
fetus. When making treatment decisions, it is 
important to consider that pregnancy is associ-
ated with hypercalciuria and accelerated encrus-
tation of stents/nephrostomy tubes; therefore, 
exchanges may need to be every 4–8 weeks. 
The most favorable timing for surgical inter-
vention is during the second trimester. The fi rst 
trimester carries increased risk to the fetus, and 

the third trimester can be more technically chal-
lenging due to the patient’s habitus. ESWL is 
contraindicated during pregnancy. 

 Patients with coagulopathy or on anticoagu-
lation medication are poor candidates for both 
ESWL and PCNL due to increased bleeding risk. 
Watterson et al. showed that ureteroscopy with 
holmium: YAG laser lithotripsy is safe for this 
patient population without correcting coagulopa-
thies or cessation of anticoagulation medications 
preoperatively [ 25 ]. Electrohydraulic lithotripsy 
(EHL) has a higher rate of mucosal damage 
and is not recommended for use in this popula-
tion. Similar stone-free rates, intraoperative and 
postoperative complications have been reported 
when compared to patients with normal coagula-
tion [ 25 ]. In patients that are anticoagulated, we 
have noticed an increased likelihood of perire-
nal bleeding postoperatively, likely secondary to 
guidewire perforation. In these patients, using a 
wireless access may be a favorable approach. 

 Body habitus is an important factor when 
deciding treatment modality, given that both 
ESWL and PCNL have limitations in patients 
who are obese [ 26 ]. It is known that patients with 
large skin-to-stone distances (SSD) have poorer 
outcomes with ESWL [ 27 ,  28 ]. Pareek et al. 
found that ESWL in patients with a SSD greater 
than 10 cm is likely to fail [ 27 ]. For PCNL, limi-
tations include length of access sheath and instru-
mentation as well as anesthetic risk in the prone 
position. URS can be safely performed in obese 
patients since stone-to-skin distance is not an 
indicator of success and studies have proven it to 
be effi cacious [ 29 ,  30 ]. 

   Table 12.1    Special considerations during treatment 
decision-making   

 Patient factors 
 Anatomical 
features  Stone features 

 Obesity  Solitary kidney  Size 
 Coagulopathy  Horseshoe kidney  Stone composition 
 Comorbidities  Ectopic kidney  Hounsfi eld unit 

(HU) density 
 Pregnancy  Lower pole stone  ESWL resistant 
 Renal
insuffi ciency 

 Skin-to-stone 
distance 

 Coexisting 
ureteral stones 
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 URS may be indicated due to patient comor-
bidities that preclude treatment by ESWL or 
PCNL, even for very large renal stones >2 cm, 
in patients with coexisting ureteral stones, 
coagulopathy, morbid obesity, pregnancy, or 
renal anomalies [ 31 ,  32 ]. Treatment may be 
done in planned staged procedures to mini-
mize the risk of prolonged anesthesia time. 
An algorithm for the treatment of renal stones 
as shown in Fig.  12.1  can be used to guide 
decision-making in patients with these clinical 
features.

       Preoperative Considerations 

 Prior to surgical intervention for calculi, the 
patient should undergo preoperative anatomic 
imaging with CT non-contrast scan, ultrasound, 
KUB, or IVP. This will provide important 
details concerning the stone including the loca-
tion and size that will aid in treatment modal-
ity decision- making. Our standard remains to 
obtain CT imaging, because in addition to the 
above information, the Hounsfi eld unit density 
and skin-to- stone distance may be calculated in 

> 2 cm< 2 cm

YES

NO NO

URS,
(staged if
needed) 

PCNL
ESWL

or URS 

- Coagulopathy
- Pregnant
- HU > 970
- SSD > 10cm
- Stone not seen
  on KUB

- ESWL resistant

- Coagulopathy
- Pregnant
- Morbid Obesity

RENAL STONES
  Fig. 12.1    Algorithm for the 
treatment of renal stones       
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order to predict success with alternative treat-
ment options [ 17 ,  27 ,  28 ]. A detailed history and 
physical examination should be completed, and 
the patient should be medically optimized prior 
to surgery. Preoperative laboratory evaluation 
should include a urine culture, or urine dipstick in 
uncomplicated cases, 1 week prior to the surgery 
date and treated with culture-specifi c antibiotics, 
if necessary. Based on the AUA Best Practice 
Policy Statement, the antimicrobial prophylaxis 
of choice to be given prior to ureteroscopy is a 
fl uoroquinolone or TMP-SMX with a duration 
of less than or equal to 24 h [ 33 ]. Alternative 
choices include: aminoglycoside (aztreonam) ± 
ampicillin, fi rst- or second- generation cephalo-
sporin, or amoxicillin/clavulanate [ 33 ].  

    Technique 

 Table  12.2  lists an example of the instrument list 
required for ureteroscopic stone management, 
of course surgeon preference may differ. The 
patient is placed in the dorsal lithotomy position. 
A 20–22 F rigid cystoscope is inserted through 
the urethra into the bladder. The ureteral orifi ce 
is cannulated with a guidewire, typically requir-
ing guidance with an open-ended catheter and 
advanced to the level of the renal pelvis. Rarely, it 
may be necessary to perform a retrograde pyelo-
gram using a 5 F open-ended ureteral catheter to 
delineate the anatomy of the collecting system 
prior to placement of the guidewire.

   For a distal or mid-ureteral stone, the semirigid 
ureteroscope is used to enter the ureter along-
side the guidewire up to the level of the stone. 
The semirigid ureteroscope has a larger working 
channel and is preferred over fl exible uretero-
scopes for distal stones because of their tendency 
to buckle within the bladder. Depending on the 
size of the stone, it may be extracted with a bas-
ket or fragmented with holmium laser lithotripsy. 
Generally, stones that are less than 4 mm may be 
successfully removed with a basket or preferably 
graspers given the ease of stone release if neces-
sary. When removing stone fragments, care must 
be taken to make sure the stone is withdrawn 
without resistance because ureteral avulsion is a 

risk if this is not done properly [ 34 ]. In addition, 
no blind basketing should be done for this reason. 

 For proximal ureteral or renal calculi, a fl ex-
ible ureteroscope is used. The fl exible uretero-
scope may either be inserted over a guidewire or 
a ureteral access sheath may be utilized based on 
surgeon’s preference. Ureteral sheaths are avail-
able in the following sizes: 10/12 F to 14/16 F 
and lengths 20–55 cm. The sheath is advanta-
geous when removing individual stone fragments 
as it facilitates repetitive access into the upper 
tract while decreasing operative time, improving 
stone-free rate, and causing minimal associated 
morbidity [ 35 ,  36 ]. Without a sheath, the repeti-
tive insertion and withdrawal of the ureteroscope 
increases the likelihood of ureteral injury. In 
addition, sheaths decrease the need for additional 
ureteral dilation. If the ureteral sheath does not 
insert easily, the inner obturator may be passed 
initially and then attempt placement of the entire 
device subsequently. Using a ureteral sheath has 
also been shown to decrease intrapelvic pressure 
during ureteroscopy [ 37 ]. Delvecchio et al. found 
a similar ureteral stricture rate, 1.4 %, in patients 
who had a ureteral access sheath utilized during 

   Table 12.2    An example of a list of instruments required 
to perform ureteroscopy for the treatment of calculi   

 Rigid cystoscope (20–22 F) with 30° lens 
 Open-ended ureteral catheter (5 F) 
 Guidewire (Boston Scientifi c Sensor, following should 
be available: straight and angled Boston Scientifi c 
Glidewire and Boston Scientifi c Amplatz Super Stiff) 
 Flexible ureteroscope (Olympus P5 180–270) 
 Semirigid ureteroscope (ACMI Micro-6) 
 Camera and light source 
 Irrigation setup and endoscopic irrigator (Pathfi nder, 
Boston Scientifi c Single Action Pumping System) 
 Adaptor (Applied Medical Sureseal, US Urology 
UroSeal) 
 Holmium laser fi ber (200 or 270 μm) with setup 
 Radiopaque contrast (omnipaque) 
 Basket (2.2 F N-circle, Cook 2.4 F N-compass) 
 Double J ureteral stent (6 F, 22–28 cm) 
 Optional – Cook ureteral access sheath (12/14 F or 
14/16 F, 35–45 cm) 
 Optional – Cook Ascend AQ dilation balloon 
 Optional – Cook dual lumen catheter or 8/10 F ureteral 
dilator 
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their ureteroscopy [ 38 ]. However, there is a theo-
retical risk of ischemic effects with the use of a 
ureteral sheath, and, therefore, it is best not to use 
large sheaths for long periods of time. 

 Pulverization of the stone into small enough 
fragments for spontaneous passage obviates the 
need for repetitive reentry into the upper tract to 
remove stone fragments, and a ureteral sheath is 
not necessary when using this technique [ 39 ]. We 
prefer this approach considering that less instru-
mentation will decrease the likelihood of ureteral 
injury. Schatloff et al. performed a randomized 
study comparing the two methods, stone frag-
ment retrieval and pulverization of the stone with 
spontaneous fragment passage, and found that 
not actively retrieving fragments leads to higher 
rates of unplanned medical visits [ 40 ]. However, 
there need to be further studies done to elucidate 
whether these two techniques lead to different 
stone-free rates, postoperative complications, 
and need for secondary treatment. 

 If the use of a safety wire is preferred, then 
prior to insertion of the ureteroscope, a dual 
lumen catheter, or an 8/10 F dilator, may be 
inserted over the guidewire and a safety wire may 
be placed at that time. Patel et al., and other stud-
ies, have shown that the ureteroscope is suffi cient 
access into the collecting system, and there is no 
need for a safety wire [ 39 ,  41 ,  42 ]. This approach 
allows easier access for the ureteroscope, often 
obviating the need for a sheath. As long as this 
approach is used selectively (see Table  12.3 ), it is 
effi cient, safe, and effective [ 41 ]. The disadvan-
tages to using a safety wire include: cost, obtru-
siveness, and additional wire trauma.

   At the conclusion of the case, a ureteral 
stent is typically placed. Several decisions will 

need to be made concerning the stent, including 
size, length, duration of stent, and utilization of 
the string or dangler. Leaving the string on the 
stent aids in removing the stent postoperatively 
without the need for further invasive proce-
dures. However, leaving the string, while more 
convenient, places the patient at a higher risk 
for accidental premature removal of the stent. A 
string should only be left if the stent is needed 
for 7 days or less. Longer periods of time make 
the likelihood of accidental stent removal more 
likely. One technique is to leave the string shorter 
in the male so that it is in the anterior urethra, 
facilitating cystoscopic removal without having 
to enter the bladder while also eliminating pre-
mature stent removal. The stent is typically left 
in place between 2 and 4 days following routine 
ureteroscopy and for longer duration, 4–6 weeks, 
following ureteral injury or dilation of ureteral 
stricture. 

 Placement of the stent may be accomplished 
with the use of the rigid cystoscope under direct 
visualization or fl uoroscopically. For placement 
under direct visualization, a rigid cystoscope is 
back-loaded onto the guidewire and advanced 
into the bladder to visualize the ureteral orifi ce. 
The stent is advanced through the cystoscope 
with the pusher until the distal black marker is 
in the ureteral orifi ce and the proximal end of the 
stent is in proper position within the renal pelvis. 
At this point, the guidewire is withdrawn enough 
to see the proximal end of the stent coil into 
good position under fl uoroscopic visualization. 
Attention is then turned to the distal end of the 
stent. The cystoscope is withdrawn to the blad-
der neck, and the stent is advanced until the distal 
end is at the bladder neck. The guidewire is com-
pletely removed, and the distal end of the stent 
will subsequently be curled within the bladder. 

 The second approach to placement of the 
ureteral stent is under fl uoroscopic visualiza-
tion alone; see Fig.  12.2  which outlines the 
steps as described below. The ureteral stent is 
advanced over the guidewire using the pusher. 
The C-arm should be positioned over the blad-
der, and the pusher should be advanced until 
the radiopaque marker is at the mid-pubic sym-
physis. Maintaining the pusher in the same 

   Table 12.3    Guidelines for ureteroscopy without a safety 
wire   

 Renal procedures primarily  Avoid in patients with 
UPJ obstruction or 
duplicated systems 

 Stone treatment primarily  Avoid in patients with 
intrinsic ureteral disease 
or impacted stones 

 Straightforward ureteral access  No stone distraction 
 Replace guidewire through 
ureteroscope prior to removal 
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 position, the C-arm is moved to the kidney to 
ensure that the proximal end of the stent is in 
good position. The guidewire is withdrawn 
enough to see the proximal end coil within the 
renal pelvis. The C-arm is then relocated over 
the bladder, and fl uoroscopy is used to ensure 
that the marker on the pusher is still in the 
proper location. Once verifi ed, the guidewire is 

completely removed, deploying the distal end 
of the stent to coil within the bladder.

   There is an increasing trend to forgo placement 
of a ureteral stent after uncomplicated ureteros-
copy for treatment of calculi, with data suggest-
ing no difference in complication rates [ 43 – 45 ]. 
Traditionally, stents were placed due to theoreti-
cal risk of ureteral edema from instrumentation 

a

c

b

d

  Fig. 12.2    Fluoroscopic placement of a ureteral stent. ( a ) 
A guidewire is advanced to the level of the renal pelvis 
and coiled. ( b ) The ureteral stent is advanced over the 
guidewire using the pusher. The C-arm should be posi-
tioned over the pubic symphysis and the pusher should be 
advanced until the radiopaque marker is at the mid-pubic 
symphysis. ( c ) Maintaining the pusher in the same posi-

tion, the C-arm should be positioned over the kidney and 
the guidewire withdrawn enough to see the proximal end 
coil within the renal pelvis. ( d ) The C-arm should again 
be positioned over the pubic symphysis to ensure that the 
pusher is still in proper location. Once verifi ed, the guide-
wire is completely removed, deploying the distal end of 
the stent to coil within the bladder       
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causing edema, passage of stone fragments or 
blood clots, and ureteral stricture, all with risk 
of obstruction leading to renal colic. Technology 
has advanced over the years leading to smaller 
instruments that were less traumatic, leading to 
more recent studies that have suggested that ure-
teral stents may not be necessary in all patients 
[ 43 – 45 ]. There are some complications or high-
risk patients that require stenting, including ure-
teral injury, stricture, large residual stone burden, 
solitary kidney, renal insuffi ciency, and patients 
with coagulopathies.  

    Current Ureteroscopes 

 Table  12.4  reviews the specifi cations of the fl ex-
ible ureteroscopes that are currently available. 
Flexible ureteroscopes vary in the degree of 
active defl ection, maximal and tip diameter, pres-
ence of secondary defl ection, and the type of lens. 
There have been advances over the years in the 
primary active defl ection capabilities of  fl exible 

ureteroscopes to 270°, as well as scopes that 
have a second lever allowing for secondary active 
defl ection up to 310° (Gyrus-ACMI DUR-8 Elite, 
Stryker Flexvision U500), allowing for increased 
access into the lower pole and acutely angled 
calyces [ 46 ]. Scopes that have variable upward 
and downward defl ection, such as 180°/270° as 
seen in Olympus URF-P5 and URF-V, allow for 
greater options in maneuverability when attempt-
ing access into more challenging calyces.

   The majority of fl exible ureteroscopes have 
a 3.6 F working channel. Instruments should be 
passed through the working channel with the ure-
teroscope in a neutral position. The insertion of 
devices into the working channels inhibits the 
degree of defl ection as well as decreases irriga-
tion fl ow [ 47 ]. Given the size of the working 
channel, instruments should be less than 3 F in 
order to maximize irrigation fl ow. An irrigation 
system is necessary to maintain proper visual-
ization of the lumen of the ureter and the renal 
collecting system during ureteroscopy. Either a 
hand irrigation system, such as Pathfi nder bulb 

   Table 12.4    Specifi cations of current fl exible ureteroscopes   

 Scope 

 Tip 
diameter 
(F) 

 Maximal shaft 
diameter (F) 

 Working 
channel 
diameter (F) 

 Active defl ection in 
degrees (up/down) 

 Presence of 
active secondary 
defl ection  View (°) 

 Type of 
lens 

 Olympus 
 URF-P5  5.3 F  8.4 F  3.6 F  Up 180°/down 275°  No  90  Analogue 
 URF-V  8.3 F  9.9 F  3.6 F  Up 180°/down 275°  No  90  Digital 
 URF-P6/P6R  4.9 F  7.95 F  3.6 F  Up 275°/down 275°  No  90  Analogue 
 Gyrus-ACMI 
 AUR-7  7.2 F  11 F  3.6 F  Up 120°/down 160°  No  80  Analogue 
 DUR-8 Elite  6.75 F  8.7 F  3.6 F  Up 170°/down 180°  Yes – down 

130° 
 80  Analogue 

 DUR-8  6.75 F  8.7 F  3.6 F  Up 170°/down 180°  No  80  Analogue 
 DUR-8 
ULTRA 

 8.6 F  9.36 F  3.6 F  Up 270°/down 270°  No  80  Analogue 

 DUR-D  8.7 F  9.3 F  3.6 F  Up 250°/down 250°  No  80  Digital 
 Storz 
 Flex-X2  7.5 F  8.4 F  3.6 F  Up 270°/down 270°  No  110  Analogue 
 Flex-XC  8.5 F  8.5 F  3.6 F  Up 270°/down 270°  No  90  Digital 
 WOLF 
 Cobra  6 F  9.9 F  3.3 F × 2  Up 270°/down 270°  No  85  Analogue 
 Viper  6 F  8.8 F  3.6 F  Up 270°/down 270°  No  85  Analogue 
 Stryker 
 FlexVision 
U500 

 6.9 F  –  3.6 F  Up 275°/down 275°  Yes  90  Analogue 
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or single action pump system syringe, or a pres-
surized irrigation system can be utilized. Hand 
irrigation systems allow for greater control over 
the amount of irrigant used as well as prevention 
of retrograde stone migration [ 48 ]. Pressurized 
irrigation up to 300 mmHg can be used during 
ureteroscopy; however, it is advisable to utilize a 
ureteral access sheath in order to maintain lower 
intrapelvic pressure [ 37 ]. 

 Semirigid ureteroscopes are primarily used for 
distal ureteral stones and have some advantages 
including larger working channels and resistance 
to buckling in the bladder. Olympus Gyrus-
ACMI, Wolf, Storz, and Stryker all produce a 
variety of semirigid ureteroscopes that vary in 
angle of eyepiece, optics, scope diameter, length, 
and number and size of the working channels.  

    Current Lithotripters 

 Fragmentation of calculi may be accomplished 
using the following devices: ultrasonic litho-
tripsy, electrohydraulic lithotripsy (EHL), laser 
lithotripsy, or pneumatic lithotripsy [ 49 ,  50 ]. The 
holmium: YAG laser is the most widely utilized 
laser for intracorporeal lithotripsy and is effective 
against all stone compositions [ 51 ]. It fragments 
stones through a photothermal mechanism. The 
typical initial power/frequency setting and laser 
fi ber size are 0.8 J at 8 Hz with a 200 micro laser 
fi ber. The holmium laser has largely replaced the 
electrohydraulic and ultrasonic lithotripsy since 
it has the ability to be utilized with both semirigid 
and fl exible ureteroscopes, precision with mini-
mal depth of precision 0.4 mm, and capability of 
other urologic treatments including ablation of 
tumors, fulguration, and endoureterotomy. The 
Stone Breaker is a single-pulse mode nonelectric 
pneumatic lithotripter that uses carbon dioxide 
cartridges. It is infl exible and may be used only 
with the semirigid ureteroscope. 

 Wolf et al. described different techniques for 
stone fragmentation utilizing the holmium laser 
[ 52 ]. One commonly used technique is dusting 
the stone into small enough fragments that may 
spontaneously pass. This can be accomplished by 
either using the dancing or chipping technique as 

described by Wolf et al., in which the laser fi ber 
is either brushed back and forth across the stone 
to ablate in layers or the laser fi ber is directed 
toward the periphery of the stone until small frag-
ments of the stone are chipped off [ 52 ]. An alter-
native method, the popcorn technique, does not 
require the laser fi ber to be in direct contact with 
the stone. Instead the laser fi ber is positioned near 
a collection of stones within a dependent portion 
of the calyx. The laser is fi red continuously, cre-
ating rapid stone motion within the calyx and 
ablation of the stone results from collision of the 
stone fragments with the laser fi ber [ 52 ].  

    Complications 

 Acute complications from ureteroscopy include: 
bleeding, infection, ureteral stent discomfort, 
ureteral injury, and need for secondary treat-
ment. Late complications include: renal damage 
and ureteral stricture [ 53 ,  54 ]. Complications are 
typically minor and may be avoided by patient 
selection, careful systematic technique, steriliza-
tion of urine in patients with active infection, and 
the use of appropriate prophylactic antibiotics. 
In patients that have ureteral stent discomfort, 
alpha-blockers have been shown to be useful [ 55 , 
 56 ]. Inaccurate sizing of the ureteral stent can 
lead to increased stent discomfort; therefore, it is 
important to make sure the stent does not cross 
midline due to excessive length [ 57 ].  

    Key Points 

•     For ureteral stones <10 mm, MET should be 
offered to patients as fi rst-line therapy, 
although certain circumstances may indicate 
the need for earlier surgical management 
including uncontrolled pain, infection/sepsis, 
or acute kidney injury.  

•   Treatment decision for renal calculi should 
take into consideration HU density, skin-to- 
stone distance, presence of coagulopathy, and 
stone size.  

•   For ureteral calculi, both ESWL and URS 
with laser lithotripsy are considered fi rst-line 
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treatment. However, in the following instances, 
URS is preferred over ESWL: coagulopathy, 
pregnancy, SSD > 10 cm, ESWL-resistant 
stone, or HU density > 970.  

•   Patients should be adequately informed about 
the treatment modalities, including the risks 
and benefi ts associated with each modal-
ity, taking into consideration the stone size, 
location, possible composition, and patient 
comorbidities.  

•   Complications of ureteroscopy that should be 
discussed with the patient include bleeding, 
infection, stent discomfort, ureteral stricture, 
and the need for secondary procedure.        
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         Percutaneous    nephrolithotomy (PCNL) is stan-
dard of care for large (>2 cm) renal calculi. PCNL 
requires specialized instrumentation and unique 
surgical skill sets covering such broad topics as 
intraoperative imaging, percutaneous access, 
endoscopic manipulation, and intracorporeal lith-
otripsy. Though the majority of cases are for uro-
lithiasis, percutaneous access to the collecting 
system allows for the diagnosis and treatment of 
a variety of pathologies. While other minimally 
invasive approaches to nephrolithiasis may be 
limited in application by stone size, location, and 
density, PCNL know relatively few boundaries. 

 While stones >2 cm are traditionally man-
aged by PCNL, smaller stones may be selected 
for PCNL based on location, skin to stone dis-
tance, and/or stone density. The Lower Pole 1 
study was a prospective randomized trial com-
paring shockwave lithotripsy (SWL) to PCNL 
in lower pole stones. Stones over 1 cm in the 
lower pole had poor stone-free rates (21 %) with 
SWL which decreased inversely to stone size. In 
contrast, PCNL was found to have 95 % stone-
free rates independent of stone burden [ 1 ]. The 
European Association of Urology recommends 
PCNL for stones greater than 1.5 cm in the 

lower pole and >2 cm in all other locations [ 2 ]. 
Skin to stone distance >110 mm and mean 
Hounsfi eld units >900 also decrease the stone-
free rate of SWL by half [ 3 ] and can be a power-
ful method of identifying patients who may be 
better suited for PCNL. Anatomic consider-
ations such as ureteric strictures, impacted 
stones, urinary diversions, and reimplanted ure-
ters may benefi t from percutaneous access for 
smaller stones. 

   Exclusions from PCNL 

 PCNL is contraindicated in those who cannot 
undergo general anesthetic, are at increased risk 
of bleeding (anticoagulated), or cannot tolerate 
signifi cant bleeding and/or transfusion. Those 
with poor respiratory function may not tolerate 
the prone position or be able to tolerate the small 
risk of pneumothorax/hydrothorax associated 
with securing percutaneous access to the kidney. 
PCNL should only be performed after treatment 
of urinary tract infections, and all patients’ urine 
should be cultured prior to surgery. Anatomic 
variations should be considered, and the position 
of the retrorenal colon or spleen or liver, pelvic 
kidneys, horseshoe kidneys, and crossed fused 
ectopia should alert the urologist to consider 
ultrasound- or CT-guided nephrostomy tube 
placement, so as to minimize the risk of inadver-
tent organ or vascular injury.  
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   Positioning 

 Traditionally after the patient is placed under gen-
eral anesthetic and intubated, cystoscopy and ure-
teric catheter insertion are performed either in the 
supine, dorsal lithotomy, or prone split leg posi-
tion. Most commonly, percutaneous access and 
lithotripsy are performed in the prone position; 
however, supine, modifi ed lateral, lateral decubi-
tus, and prone-fl exed position have also been 
used. A meta-analysis comparing supine versus 
prone position identifi ed four studies, with equiv-
alent outcomes for stone-free rates and bleeding. 
Procedure time was reduced with supine position-
ing; however, larger stones were treated in the 
prone position [ 4 ]. Benefi ts of supine surgery are 
reported to include improved patient and surgeon 
comfort, lower intrarenal pressures, better renal 
drainage, and easily accessible urethral meatus 
[ 5 ]. Advantages of prone access include improved 
access to multiple calyces, better scope manipula-
tion, improved collecting system distention, and 
shorter tract lengths [ 6 ].  

   Percutaneous Access 

 The most common strategies to gaining renal 
access under fl uoroscopic guidance include 
the triangulation, bull’s-eye, retrograde percu-
taneous, and endoscopic-assisted approaches. 
Retrograde pyelograms, using contrast and/or air, 
are performed before all procedures which do not 
use fl exible ureteroscopy to select the appropriate 
calyx under direct vision. 

 The triangulation technique uses two fl uoro-
scopic planes to align the access needle with the 
appropriate calyx while avoiding the overlying 
ribs. Using the initial pyelogram, the anterioposte-
rior (AP)    orientation of the intensifi er dictates the 
medial limit of the needle. Two more locations are 
selected at right angles (lateral and inferior to the 
initial position), and the intersection of all three 
points estimates the required trajectory of the nee-
dle. The bull’s-eye approach uses the AP position 
of the C-arm to establish needle tip position overly-
ing the appropriate calyx. The C-arm is then rotated 
approximately 30° toward the surgeon, and by fi x-

ing the needle point at the previously identifi ed 
location, the hub is aligned with the intensifi er to 
give a bull’s-eye appearance on fl uoroscopy. With 
the trajectory established, the needle is advanced, 
and depth is confi rmed by rotating the C-arm back 
to its AP position. The retrograde approach utilizes 
a steerable catheter positioned under fl uoroscopic 
or ureteroscopic guidance. A puncture wire is then 
advanced (retrograde) through the calyx, renal 
parenchyma, retroperitoneum, and out to the skin 
for through-and- through access.  

   Tract Size 

 Standard rigid nephroscopes are 26 Fr and utilize a 
30 Fr working sheath for adequate manipulation 
and drainage. Recently, a signifi cant amount of 
interest has been placed in mini-percs and micro-
percs. Reducing the working tract to 24 Fr or 
smaller, mini-percs have been widely used in the 
pediatric and adult population, particularly in geo-
graphical locations where access to fl exible ure-
teroscopy and/or SWL may be limited. Porcine 
studies evaluating renal scarring after 30 Fr and 
11 Fr sheath insertion showed no signifi cant differ-
ences in surgical morbidity or histopathology [ 7 ]. 

 Even smaller diameter instruments are now 
being clinically evaluated, utilizing a 4.85 Fr (16 
gauge) “all seeing needle” scopes. Stones are 
fragmented to dust using up to a 272 μm laser 
fi ber, and recent randomized trial comparing 
micro-percs to ureteroscopy for stones <1.5 cm 
showed similar stone clearance rates [ 8 ].  

   Endoscopic-Guided Percutaneous 
Nephrolithotomy 

   Equipment List 

    C-arm and monitor  
  Cystoscopy video tower  
  Fluoroscopy-compatible OR table  
  Steris split leg extensions  
  Wall suction  
  Adjustable height irrigation stands with pres-
sure bags     
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   Cystoscopy    
 20 Fr rigid cystoscope (women)  
  15 Fr. fl exible cystonephroscope (men)  
  Endoscopy camera  
  Sensor wire (0.038 in, 150 cm, Boston 
Scientifi c)  
  Flexi-Tip 10 Fr dual-lumen catheter (0.038 in, 
150 cm, Cook Medical)  
  Amplatz Super Stiff guidewire (0.038 in, 
180 cm, Boston Scientifi c)    

 Flexible Ureteroscopy  
 Flexible ureteroscope  
  Adjustable biopsy valve (Gyrus ACMI)  
  Single action pump (Boston Scientifi c)  
  Ureteric access sheath (Flexor, Cook 
Medical)

   35 cm length (females)  
  45 cm length (males)  
  9.5/12 or 12/14 Fr. (14/16 Fr. if pre-

stented)     
  Nitinol basket (Halo, Sacred Heart Medical)    

 Percutaneous Access with Through-and- 
Through Safety Wire  

 Chiba needle (18 Fr, 15 cm Cook Medical)  
  Chiba needle holder  
  Bentson wire, 10 cm fl ex tip (0.038 in, Boston 
Scientifi c)  
  5 Fr open-ended ureteric catheter  
  X-Force balloon dilator (30 Fr, Bard 
Medical)    

 Stone Fragmentation  
 Rigid nephroscope (Richard Wolf, 25 cm 
length)  
  Flexible cystonephroscope  
  Cyberwand (Gyrus ACMI)  
  100W holmium:YAG laser with 365um laser 
fi bers (for fl exible cystonephroscope)    

 Stone Capture Devices  
 Perc NCircle (12 Fr, 38 cm, Cook Medical)  
  2-prong reusable graspers  
  Cook N-Circle (4.5 Fr) (for fl exible 
cystonephroscope)  
  Sacred Heart Halo (1.5 Fr) (for antegrade 
ureteroscopy)    

 Tubeless Drainage  
 Double-J ureteric catheter (7 Fr)  
  2-O Prolene suture  
  18 Fr Foley catheter (coude tip for men)     

   Procedure 

   Step 1: Positioning and Setup (Fig.  13.1 ) 
    General anesthetic with endotracheal intubation 
is performed by anesthesia on the patient’s gur-
ney, and then the patient is placed prone onto a 
reversed OR table. This allows the table to 
accommodate a mobile C-arm unit and split leg 
extensions. The patient is placed with their geni-
talia freely accessible at the edge of the bed. 
Arms are placed in the superman position on arm 
boards maintaining an axillary angle of <90° 
with appropriate axillary padding to avoid bra-
chial plexus injury. The head is maintained with 
neutral positioning of the C-spine, using a foam 
face pad. Increased ocular pressures are to be 
avoided, and the endotracheal tube needs to be 
well seated and secured during any repositioning. 
Legs are loosely fi xed to the split leg extensions 
using 2′ broad silk tape and pillowcases to avoid 
skin abrasions. The legs are then abducted to 30°. 

 Two chest rolls are placed longitudinally 
along the anterior axillary line. The diameter of 
these rolls should allow for a neutral C-spine 
positioning, and the breasts are to be placed 
medially. Placing rolls too medially under the 
abdomen may cause the colon to be forced poste-
riorly, potentially increasing the risk of bowel 
injury during renal access. All pressure points are 
padded and pneumatic stockings are maintained 
for anti-embolic prophylaxis. 

 Once the patient is positioned, the table is placed 
in a mild Trendelenburg to keep the patient’s back 
parallel to the fl oor, ensuring AP imaging is not dis-
torted. The genitals, perineum, and fl ank are 
prepped widely, and percutaneous nephrolithotomy 
drapes are placed over the fl ank, with leg drapes 
covering the split leg extensions. The fl ank catch 
pouch is fi xed to suction, and a receptacle is placed 
on the fl oor under the genitals to catch irrigation. 

 On the contralateral side of the patient, the 
fl uoroscopy screen is at shoulder level, with 
the C-arm aligned with the respective fl ank. The 
endoscopic tower is aligned with the patient’s 
thigh and initially directed toward the operator 
seated to perform the initial cystoscopy. The 
monitor is adjusted to an ergonomic position to 
avoid neck strain, in either the sitting or standing 
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position. The camera and light cord are secured 
to the drape, and typically only one tower pro-
vides visualization for the initial cystoscopy, 
fl exible ureteroscopy, and PCNL. The irrigation 
stand is placed at the patient’s ipsilateral shoul-
der, and tubing is fi xed to the drape and brought 
down to the cystoscope. Extra suction tubing is 
maintained on fi eld for use during nephroscopy 
and/or ultrasonic lithotripsy.  

   Step 2: Prone Cystoscopy 
and Ureteroscopy 

 A cystoscopy is initially required to survey the 
bladder, trigonal anatomy, and to place guide-
wires. Rigid cystoscopy (20 Fr cystoscope, 30° 
lens) can be used in women, while men require a 
fl exible cystoscopy in the prone position. It is 
important to clear air from the tubing as this will 
rise to the trigone in the prone position and 
obscure the ureteral orifi ces. 

 If the patient is pre-stented, a stent grasper is 
used to deliver the distal curl to the meatus, at which 
point it may be used to place the initial guidewire. If 
the initial survey shows signifi cant mucosal edema 
or infl ammation or stent incrustation, a guidewire 
may be placed alongside the stent prior to removal. 

 The ureteric orifi ce will be located superior- 
lateral when the patient is prone. By starting at 
the bladder neck 12 o’clock position then sweep-
ing laterally, the ureteric ridge can be followed to 
2 and 8 o’clock positions where the ureteral ori-
fi ce will generally be encountered. With previous 
bladder neck or prostate surgery, prolapse, and 
classifi cation benign prostatic hypertrophy 
(BPH), the ureteric orifi ces may not be in the 
expected positions. Careful observation for urine 
jets or intravenous indigo carmine or methylene 
blue may help identify the ureteral orifi ce. 

 Once the ureteric orifi ce is identifi ed, a Sensor 
guidewire is advanced to the level of the  kidney 

a

d e

b c

  Fig. 13.1    Endoscopic view of percutaneous access: ( a ) 
needle piercing selected papilla, ( b ) deploying endoscopic 
basket, ( c ) guidewire placed through needle and grasped 

by basket, ( d ) visualization of balloon dilator placement 
and infl ation, and ( e ) sheath placement       
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using fl uoroscopic confi rmation. A 10 Fr dual- 
lumen catheter is then used to introduce an 
Amplatz Super Stiff guidewire while providing 
mild dilation of the ureter. During advancement, 
one may appreciate a “tight” ureter, which can 
help in selecting the appropriate ureteric access 
sheath diameter. “Grittiness” while advanc-
ing the dual lumen may indicate ureteric stones 
distal to the tip of the catheter and may warrant 
fl uoroscopic or ureteroscopic inspection and 
confi rmation. 

 Once both wires are placed, the Sensor wire is 
maintained as a safety wire and fi xed to the drape 
(using a hemostat). The Super Stiff becomes the 
working wire, and it is important to fl uoroscopi-
cally ensure that the metal wire core extends past 
the point to which the ureteric access sheath 
needs to travel. 

 The size of the sheath selected should be tai-
lored to the patient. Optimal length would place 
the tip of the sheath in the proximal ureter, with-
out too much excess sheath protruding from the 
urethral meatus. With proper placement, the 
maximal amount of ureteral mucosa is protected, 
and renal drainage of irrigation and stone frag-
ments is achieved. Typically a 45 cm sheath is 
used in men and 35 cm in women. If previously 
stented, most ureters accommodate a 14/16 Fr 
sheath. Most ureters accommodate 12/14 Fr, 
though a small number of patients require even 
smaller sheaths (9.5/11.5 Fr). It is important to be 
cognizant of the external diameter of your fl exi-
ble ureteroscope prior to access sheath selection, 
as not all scopes will fi t the smallest diameter 
access sheaths. 

 With the working Super Stiff wire in position, 
the ureteric access sheath is advanced to the 
proximal ureter. The inner dilator and sheath are 
assembled, so both are seated properly, and the 
outer surface is wetted to activate the hydrophilic 
coating to decrease resistance. Back-loading the 
sheath over the working wire (with the penis out-
stretched in men), a change in resistance may be 
met at the membranous urethra and the ureteric 
orifi ce. Fluoroscopy should be used during 
advancement if resistance is encountered and as 
the sheath approaches the renal pelvis. If the 

smallest available sheath will not advance, con-
sider secondary manipulations such as sequential 
dilation with coaxial dilators, balloon dilation, JJ 
stent insertion and passive dilation, advancing the 
ureteroscope over a wire, or an alternative access 
strategy (fl uoroscopy or ultrasound guided). 

 Once the sheath is placed, the dilator and 
Super Stiff wire are removed. Flexible ureteros-
copy is then performed using intermittent pres-
sure irrigation via a single action pump. This 
allows visualization of the relationship of the 
stone burden to the calyceal anatomy. Stones can 
be basketed and repositioned prior to gaining per-
cutaneous access, so as to minimize the number 
of renal access sites and optimize the selection of 
the access site least likely to be associated with 
risk of complication or interference from the 
overlying ribs. On occasions, small stone collec-
tions (often appearing as large single stones on 
imaging) can be removed ureteroscopically, 
potentially sparing a puncture. 

 An appropriate calyx is selected, using the 
endoscopic visualization of air bubbles to con-
fi rm a posterior position (Fig.  13.2 ). The C-arm is 
rotated until the tip of the ureteroscope is seen 
“end-on,” confi rming that the bull’s-eye tract will 
be in line with the tip of the calyx. If the calyx is 
obscured by an overlying rib, the C-arm can be 
rotated superiorly or inferiorly to throw the pro-
jection of the calculus above or below the rib, 
respectively, or a different calyx can be selected.

        Renal Puncture and Access 

 Once the appropriate calyx has been selected, the 
tip of the scope is held steady against the center 
of the papilla, by an assistant. The fl uoroscopic 
image is then rotated so the patient’s spine is at 
the top of the screen. This allows for more intui-
tive needle movements in relation to the fl uoro-
scopic image. The tip of a Chiba needle is then 
positioned (using a needle holder) in line with the 
tip of the scope (under fl uoroscopy, on expira-
tion). The shaft of the needle is then manipulated 
so its trajectory is in line with the C-arm and 
scope tip forming a bull’s-eye. Once this angle is 
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established, it is maintained and anesthesia is 
directed to hold respirations. The needle is 
advanced through the skin, and the C-arm is 
rotated back to an AP position to monitor the 
depth of advancement of the needle as it 
approaches the tip of the ureteroscope. Once the 
needle appears to meet the scope on fl uoroscopy, 
anesthesia can resume ventilation, and the assis-
tant inspects the calyx and identifi es the tip of the 
needle endoscopically. 

 The inner stylet of the needle is removed and 
irrigation effl uxes from the needle hub. While 
maintaining the needle tip under direct vision, a 
Bentson wire is advanced through the Chiba nee-
dle, and a Halo basket (Sacred Heart Medical) is 
advanced through the working channel of the 
ureteroscope and used to grasp the wire. The wire 
is then pulled down the ureter and sheath to the 
urethral meatus for through-and-through access. 

 Once at the urethral meatus, it is held by the 
assistant under tension, and a 2 mm skin incision is 
made at the needle site to accommodate antegrade 

advancement of a 5 Fr open-ended ureteric cathe-
ter. This catheter is used to replace the Bentson 
wire with the Amplatz Super Stiff guidewire. The 
tip of the Amplatz Super Stiff that extends out of 
the urethral meatus is secured with a hemostat.  

   Tract Dilation 

 With the Super Stiff in place, a 10 mm skin incision 
is made, and the 15 cm balloon dilator is advanced 
over the wire (with the preloaded 30 Fr working 
sheath). The ureteroscope is returned to the selected 
calyx, and the tip of the dilator is observed entering 
the collecting system. Direct visualization of the 
dilation ensures that the balloon is not placed too 
deep (injuring the collecting system) or too shallow 
(requiring a second dilation). Using the Bard 
X-Force, dilation to 30ATM is performed, and spot 
fl uoroscopy confi rms no residual wasting. If the 
balloon is not uniformly dilated at maximal pres-
sures,  reinfl ation and holding for 30 s is given to 
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  Fig. 13.2    Bird’s-eye view of the surgical suit equipment and personnel setup       
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maximize stretching, and then if not dilated, the 
balloon is defl ated and Amplatz sequential dilators 
are used. 

 Once the balloon is adequately infl ated, the 
sheath is advanced in a gentle forward twisting 
motion, while holding the balloon to avoid inad-
vertent advancement. The sheath is identifi ed ure-
teroscopically, and the bevel rotated to the optimal 
position. The ureteroscope is then removed, leav-
ing the access sheath in place to drain the kidney 
during nephroscopy. The rigid nephroscope, with 
its outer suction sheath, is then inserted after 
removal of the dilating balloon. A combination of 
irrigation (initially under gravity drainage) and 
suction is used to clear any clots that may have 
been created with tract dilation.  

   Lithopaxy and Tubeless Technique 

    Rigid nephroscopy is then performed, aided by 
the knowledge gained by ureteroscopy of where 
the majority of the stone burden will be encoun-
tered. Stones <1 cm can be grasped and removed 
through the sheath. Reusable 2-prong graspers 
are typically used for smaller stone fragments. 
The Perc NCircle disposable grasper can be used 
in tighter spaces or calyces, as the basket can be 
opened behind the stone. 

 If fragmentation is required, a variety of 
instruments may be helpful based on accessibil-
ity. The Cyberwand gives the most effi cient stone 
fragmentation and provides continuous suction 
which evacuates stone dust and small fragments. 
If calculi cannot be accessed with the rigid neph-
roscope, the holmium laser can be utilized to 
fragment the stones with the assistance of a fl ex-
ible nephroscope. 

 If a calyx is unreachable by fl exible nephros-
copy, a guidewire or basket can be advanced into 
the calyx like a fi liform to help guide the tip to the 
target. The scope can be turned upside down (leav-
ing the camera in the original orientation), as many 
scopes have a tighter radius for upward defl ection. 
Flexible antegrade or retrograde ureteroscopy can 
also be performed as the access sheath maintains 
easy ureteral access. If stones are located in these 
diffi cult areas, laser  lithotripsy can be performed, 
or the stone can be moved ureteroscopically to a 

location more accessible with for nephroscopic 
extraction. 

 Once the upper tract is deemed clear on visual 
inspection, fl uoroscopy is used on high magnifi -
cation. The working sheath is gently manipulated 
under fl uoroscopy to help identify any residual 
fragments. With the upper tract cleared, ante-
grade fl exible ureteroscopy is performed as the 
ureteral access sheath is removed under vision to 
identify any fragments in the ureter that require 
basket extraction and to assess the ureter for 
mucosal injuries or perforations. 

 We perform a “tubeless approach” with a dou-
ble- J ureteric stent for 5–7 days, unless a signifi -
cant impaction was encountered with a ureteral 
calculus. A nephroureteral stent is left to main-
tain access only in situations where intraopera-
tive bleeding precluded a complete inspection of 
the collecting system, and fl uoroscopic evalua-
tion suggests residual fragments that could be 
removed with a second-look procedure. 

 The working Super Stiff wire is removed by 
placing a 5 Fr catheter over it to avoid abrasions as 
it slides over the mucosa. The stent is then 
advanced retrograde over the Sensor safety wire, 
and placement is fl uoroscopically confi rmed. The 
nephrostomy sheath is removed, and 1–2 vertical 
mattress sutures are placed in the skin to approxi-
mate the edges. These stitches are removed at the 
time of stent removal. A dressing made of 4 × 4 
gauze and paper tape is used, and an 18 Fr Foley 
catheter (coude tip in men) is placed in all patients. 
The urethral catheter is maintained for 24–48 h, 
depending on the time of discharge of the patient.  

   Outcomes and Complications 

 Common complications from PCNL include pain, 
hematuria, and infection. A global study using the 
clinical research offi ce of endourology (CROES) 
database identifi ed complications in 20.5 % of 
5,724 patients though 80 % were considered 
minor. Bleeding and fevers were found in approx-
imately 2.5 % cases, while hydrothorax, pneumo-
thorax, hematuria, UTIs, and bowel injuries were 
all <0.5 %. Risk factors for increasing the severity 
of complications included american society of 
anesthesia (ASA) scores, use of anticoagulation, 
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positive urine culture, and presence of cardiovas-
cular disease [ 9 ]. Data from the National Inpatient 
Database found that transfusion rates are between 
4 and 7.6 % and vary depending on the volume of 
the center at which they are performed [ 10 ]. 

 A retrospective analysis of our endoscopic- 
guided approach was compared to fl uoroscopic- 
guided access (performed by radiology) and was 
found to signifi cantly reduce fl uoroscopy time to 
3.2 min and lower the number of accesses 
required (1.03 vs 1.22) during PCNL. Though no 
differences in complications were noted, 8 % of 
fl uoroscopically attained cases were aborted due 
to bleeding compared to 0 % with endoscopic- 
guided access. The endoscopic-guided approach 
decreased the need for secondary procedures 
(2 % vs 12 %,  p  < 0.05) [ 11 ].  

   Conclusion 

 Many alternatives exist with regard to patient 
positioning and method of gaining renal 
access. The prone split leg position facilitates 
endoscopic- guided access, which places the 
control in the hands of the urologist, irrespec-
tive of level of training in fl uoroscopic tech-
niques. The accuracy of access into the tip 
of the most appropriate calyx improves out-
comes and decreases the need for secondary 
procedures.     
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            Introduction 

 The endourological management of urinary tract 
obstruction is continually evolving and adapting to 
new clinical scenarios and technological advances. 
With the trend toward adoption of minimally inva-
sive procedures to treat a variety of urological 
 conditions, endoscopic incisional techniques to 
manage ureteropelvic junction (UPJ) obstruction 
and ureteral and urethral strictures have been 
widely embraced by urologists and patients alike. 
While there is a paucity of level1evidence con-
fi rming the exact role of endoscopic incisional 
procedures compared to laparoscopic and open 
reconstructive surgical alternatives, endourologi-
cal interventions have become an established part 
of our armamentarium. 

 Despite lesser success rates compared to open 
and laparoscopic reconstructive approaches, the 
perception especially among patients of shorter 

hospital stays and a speedier convalescence make 
these procedures attractive for the management 
of upper and lower urinary tract obstructive 
conditions. 

 In this chapter, we will review the indications, 
techniques, equipment, and outcomes related to 
the endourological management of ureteropelvic 
junction obstruction (UPJO) and ureteral and ure-
thral strictures employing incisional methods.  

    Ureteropelvic Junction Obstruction 

 Congenital or primary ureteropelvic junction 
obstruction (UPJO) has a reported incidence of 
1/1,000–1/2,000 newborns [ 1 ]. While the most 
common time of presentation is childhood, patients 
may present at all ages. Presenting features vary 
with patient age and may include a fl ank mass, 
fl ank pain often exacerbated by fl uid diuresis, uri-
nary tract infections, urinary stone formation, and 
incidental discovery related to abdominal imaging 
for other conditions. The indications for interven-
tion include the presence of symptoms, loss of 
renal function, and the development of upper tract 
stones or urinary tract infections. 

 Open pyeloplasty was long considered the 
treatment of choice for those patients with indi-
cations for surgical correction. In an effort to 
reduce the morbidity of this procedure, a number 
of minimally invasive alternatives have evolved. 
These include balloon dilation, electroincision 
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using a cutting balloon (Acucise), antegrade 
percutaneous and retrograde endopyelotomy, 
endopyeloplasty, and laparoscopic and robotic 
surgery. Laparoscopic and robotic surgical skills 
and instruments have greatly advanced in the last 
decade. As such laparoscopic and robotic pyelo-
plasty have become reasonable fi rst-line options 
for most adult and pediatric patients with primary 
UPJ obstruction. In fact, results from many large 
series report success rates equivalent to open sur-
gery with relatively low morbidity. In this era, 
it could be questioned whether there is any role 
for incisional techniques in the management of 
UPJ obstruction. Endopyelotomy retains a useful 
role, however, in select patients. In particular, the 
management of secondary or failed open or lapa-
roscopic/robotic attempts may be suitably appro-
priate for endopyelotomy [ 2 – 5 ]. Success rates for 
secondary endopyelotomy range from 70 to 87 % 
with long-term follow-up [ 2 ,  4 ,  6 ]. This is com-
parable or superior to primary  endopyelotomy, 
67–85 % success [ 7 ] (Table  14.1 ). It has also been 
suggested, for patients with less severe grades of 
hydronephrosis, that endopyelotomy might be 
considered as the fi rst option for primary UPJ 
obstruction [ 8 ].

   Balloon dilation had its early proponents; 
however, long-term follow-up was not associated 
with durable results [ 9 ,  10 ]. Similarly, the use of 
an electrocautery balloon incision device 
(Acucise) which allowed for fl uoroscopic-guided 
incision as well as dilation was associated with 
modest short-term success; however, more robust 
follow-up revealed inferior results with the 
potential for major hemorrhagic complications 
due to inadvertent incision of a crossing vessel 
[ 11 ,  12 ]. 

 In contrast percutaneous endopyelotomy and 
retrograde endopyelotomy have success rates of 
67–90 % and 60–87.5 %, respectively, and for a 
time became widely considered the procedures of 
fi rst consideration for primary UPJO in adults 
[ 13 ]. The outcomes of contemporary series are 
listed in Table  14.1 . 

 Endopyelotomy has also been applied in the 
pediatric population with success [ 14 ]. The use of 
this technique, however, has been limited to ado-
lescent or preadolescent patients. There is also 
some evidence to suggest that secondary endopy-
elotomy may not be as effective in the pediatric 
population especially with younger patients with 
small caliber ureters [ 15 ,  16 ]. Additionally, wide 

    Table 14.1    Selected contemporary results of endopyelotomy with >36 months’ follow-up   

 Author  Patient number  Primary (%)  Secondary (%) 

 Follow-up 

 Mean (range) 

 DiMarco et al. [ 39 ]  182  65  3 years 
 55  5 years 
 41  10 years 

 Minervini et al. [ 38 ]  49 antegrade  70  24 months (3–62) 
 19 retrograde  56  46 months (6–106) 

 Doo et al. [ 28 ]  77  67.5  37 months (3–98) 
 Vaarala et al. [ 105 ]  18 antegrade  92  152 months 

 29 retrograde  86  77 months 
 Knudsen et al. [ 45 ]  61  65  74  55 months (16–138) 

 19 
 Ponsky and Streem [ 106 ]  35  73  80  75 months (39–133) 

 5 
 Butani and Eshghi [ 6 ]  135  96  85  60 months (3–72) 

 20 
 El-Nahas et al. [ 107 ]  50  86  6 years (1.2–13.8) 
 Park et al. [ 4 ]  20  57–70 a   47 months (6–138) 

   a Outcome varied by type of primary intervention for UPJ obstruction  
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acceptance of endopyelotomy among the pediat-
ric urologists has been tempered by the use of 
fl uoroscopy and the need for multiple general 
anesthetics, fi rst to conduct the procedure and 
then for stent removal. 

 With experience, the unfavorable prognostic 
features for endopyelotomy failure have become 
more well defi ned and include a long stenotic 
UPJ segment (>2 cm in length), massive hydro-
nephrosis, and poor renal function [ 7 ,  8 ,  17 ]. 
A high-insertion anatomical arrangement has 
been thought to be a suboptimal arrangement 
for any incisional-based techniques; however, 
this effect has not been substantiated in the lit-
erature [ 18 – 20 ]. The effect of a crossing vessel 
on the success of endopyelotomy has been the 
subject of considerable debate. In a series by 
Van Cangh et al., an aberrant crossing vessel 
was identifi ed in 39 % of UPJ obstructions and 
was associated with a decrease in success rates 
from 86 to 42 % [ 21 ]. A study performed by 
Sampaio et al. of 280 renal vascular endocasts 
has demonstrated that the inferior segmental 
artery crosses anteriorly to the UPJ in 45 % of 
cases [ 22 ]. These authors argue that these so-
called aberrant vessels may often represent nor-
mal anatomy, which does not cause obstruction 
but can increase the dilation of a redundant 
intrinsically obstructed pelvis. Furthermore, 
Zeltser et al. have shown that 19 % of nonob-
structed UPJs have crossing vessels [ 23 ]. 

 In the following section, the surgical steps 
involved in endopyelotomy via antegrade and ret-
rograde approaches will be reviewed. 

    Technique: Percutaneous Antegrade 
Endopyelotomy 

 The preoperative preparation is similar to that 
conducted for patients undergoing percutaneous 
nephrolithotomy. Preoperative prophylactic anti-
biotics for all patients undergoing percutaneous 
renal access and upper tract endoscopy are 
 recommended [ 24 ]. Ideally, a CT urogram or 
non- contrast CT and retrograde pyelogram will 
have been performed in order to assess the UPJ 

anatomy and to aid in percutaneous tract plan-
ning. Note should be made of the length of the 
narrowed segment, presence and location of con-
comitant stone(s), degree of hydronephrosis, and 
ipsilateral adjacent structures such as proximity 
to the colon or spleen. 

 After general anesthesia, the patient is placed 
in prone position, and care is taken to protect all 
joints and pressure points with adequate padding 
and support. Prone fl exible cystoscopy is then 
performed with retrograde advancement of a 
Tefl on-coated guidewire into the kidney followed 
by a 5 F ureteric catheter. Contrast is then instilled 
via the catheter to opacify the collecting system 
allowing further characterization of the UPJ nar-
rowing and to assist in obtaining percutaneous 
renal access. 

 Should bypassing the UPJ be unsuccessful 
with a Tefl on-coated guidewire, a hydrophilic 
guidewire with or without the aid of an angled 
5 F angiographic catheter (Kumpe catheter) can 
provide additional control in directing the guide-
wire should there be signifi cant tortuosity. 

 Once the upper collecting system is opaci-
fi ed, fl uoroscopy is used to select a posterior 
mid-pole or upper pole calyx for puncture. In 
general, an upper or middle pole posterior calyx 
is preferable to facilitate as straight a path as 
possible to the UPJ, minimizing torque on the 
renal parenchyma. 

 An 18 gauge access needle is used to enter the 
collecting system through a renal papilla. A 
hydrophilic guidewire is then advanced, and an 
effort is made to pass the guidewire through the 
UPJ and down the ureter into the bladder. The 
Kumpe catheter can be very useful in accom-
plishing this step. Often though, it is not possible 
to advance the wire past the UPJ initially due to 
the intrinsic narrowing or a voluminous renal pel-
vis. The hydrophilic wire can then be exchanged 
for an extra-stiff guidewire, and this wire can be 
curled with ample wire within the renal pelvis 
prior to dilation of the tract. Upon completion of 
the tract dilation step, nephroscopy can then be 
employed to facilitate guidewire advancement 
under direct vision. Should that also be unsuc-
cessful, a long exchange wire (270 cm length) 
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can be advanced in a retrograde fashion through 
the lumen of the open-ended ureteral catheter and 
the tip grasped using the rigid nephroscope and a 
duckbill forceps. The wire can then be brought 
out through the fl ank creating through and 
through access. 

 Tract dilation maybe employed using either 
serial dilators or balloon catheter as for standard 
percutaneous nephrolithotomy. Dilation permit-
ting placement of a 30 Fr working sheath will 
allow passage of a rigid nephroscope should con-
comitant stone fragmentation and removal be 
required. If calculi are present, they should be 
completely removed fi rst, prior to endopyelot-
omy to avoid extrusion of stone fragments into 
the periureteral space. Should no stone fragmen-
tation or extraction be required and in an effort to 
reduce unnecessary trauma to the renal paren-
chyma, tract dilation to 24 Fr may be adequate if 
one intends to utilize the cold knife endopyelo-
tome as this instrument’s outer sheath diameter is 
21 Fr in size. 

 Once guidewire access across the stricture is 
secured, the obstructed area is dilated using a 
ureteral balloon-dilating catheter under fl uoro-
scopic guidance. A 6-mm-diameter, 10-cm- 
length balloon is usually adequate for this step. 
The balloon dilation allows the area of narrowing 
to be clearly demarcated and makes the next step 
of endoscopic incision easier to accomplish by 
providing some working space for the endoscope 
and endopyelotomy blade. 

 An endopyelotome has been classically used 
to incise the UPJ (Fig.  14.1 ) employing a “cold 

knife” technique originally described by Smith 
et al. [ 25 ,  26 ]. The incision is made to encompass 
the entire width of the narrowed segment and 
extending at least 1 cm proximally and distally. 
Depth is judged to be adequate when perinephric 
fat is seen. Balloon dilation is then repeated to 
confi rm that all fi brotic bands have been tran-
sected. Various blades can be used; however, it is 
our preference to use the hooked blade (Fig.  14.2 ). 
Other techniques of incision have also been 
described using electrosurgical incision and laser 
energy sources. No reports to date favor one cut-
ting modality over the other despite theoretical 
arguments to the contrary [ 27 – 29 ].

    Regardless of the tool used, the incision 
should be made in a true lateral orientation to 
minimize the risk of lacerating a crossing vessel. 
Prior to incision, the UPJ area is visualized for 
obvious pulsations suggesting the location of 
nearby arteries. 

 Once the incision is complete, the UPJ is 
stented in an antegrade fashion. The basis for 
stent insertion is related to the initial work of 
Davis who described the technique of intubated 
ureterotomy [ 30 ,  31 ]. The optimal stent size and 
minimal period of stent placement have been 
debated since Davis’ original work. It should be 
noted that there is currently no consensus about 
which stent is best with some authors advocating 
the use of smaller 6–8 Fr internal ureteral stent 
[ 32 ,  33 ]. Others believe that larger stents are of 
greater benefi t [ 34 ]. Our practice has been to 
insert a 14/7 Fr endopyelotomy stent in an ante-
grade fashion. 

  Fig. 14.1    Endopyelotome 
with cold knife       
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 In addition to an internal stent, nephrostomy 
tube drainage is also suggested. Our routine is to 
use a 16 Fr Council-tip catheter. A Foley catheter 
should also remain in situ and removed once the 
nephrostomy tube has been removed and the tract 
site is no longer leaking. Premature Foley cathe-
ter removal may lead to ongoing urine refl ux, 
possible urine extravasation, or persistent fl ank 
drainage. Generally the nephrostomy tube is 
removed within 48–72 h if the urine is not bloody 
and the patient is afebrile. 

 The optimal period of internal stent drainage 
remains a point of ongoing debate. When Davis 
described the intubated ureterotomy technique in 
1943, stenting for 6 weeks was recommended 
and this has remained a common practice [ 30 ]. A 
number of more contemporary series have noted 
little difference in short-term results with 2 or 
4 weeks of stenting [ 35 – 37 ]. 

 Once the stent is removed, the patient should 
be followed with some form of anatomical imag-
ing such as a CT urogram or IVP as well as a 
diuretic renogram. Our routine is to perform the 
IVP or CT urogram at 6 weeks post-stent removal 
and then a Lasix renogram 6 weeks later. Repeat 
imaging is then performed yearly or sooner if the 
patient develops fl ank pain. The optimal duration 
of follow-up is open to debate. It is known that 
the majority of endopyelotomy failures occur 
within the fi rst 2 years; however, recurrences can 
occur as up to10 years after surgery [ 38 ,  39 ]. In 
contrast, Albani et al. showed by unadjusted 
Kaplan-Meier method that all recurrences in their 
series occurred within the fi rst 3 years [ 40 ]. It has 
been our practice to perform follow-up imaging 
for 5 years. 

 Desai and colleagues have reported short-term 
results using a modifi ed technique they call endo-

pyeloplasty [ 41 ]. This approach incorporates per-
cutaneous antegrade endopyelotomy incision 
with intracorporeal suturing using a Heineke- 
Mikulicz re-approximation [ 41 ,  42 ]. The exact 
role of this technical modifi cation remains to be 
determined at this time.  

    Technique: Retrograde 
Endopyelotomy 

 While the contraindications for considering this 
approach include all of the criteria mentioned 
above for the antegrade technique, the additional 
caution for the retrograde approach is the pres-
ence of renal calculi requiring treatment. The risk 
of performing a retrograde endopyelotomy in the 
presence of proximal stones is that of extravasa-
tion of stone fragments through the endoureter-
otomy incision. The main advantage of retrograde 
endopyelotomy is direct visualization of the UPJ 
without the need for percutaneous access. The 
retrograde approach has been associated with 
less blood loss, shorter hospital stay, and quicker 
recovery as compared to antegrade endopyelot-
omy [ 43 ]. The main disadvantage of this approach 
is that the endoscope used is smaller resulting in 
a narrower fi eld of vision, less irrigation fl ow, and 
a smaller working space compared to the ante-
grade technique. 

 Retrograde endopyelotomy is performed with 
the patient under general anesthesia placed in 
lithotomy position. Cystoscopy is performed and 
a retrograde pyelogram conducted to assess the 
UPJ anatomy, with particular attention directed 
to the length and degree of narrowing. An extra- 
stiff guidewire is then inserted and coiled in the 
renal pelvis. A dual-lumen catheter or an 8/10 F 

  Fig. 14.2    Hooked blade 
for endopyelotome       
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coaxial dilator is then used to place a second 
safety wire across the UPJ, prior to making an 
incision. When faced with a very tight UPJ or 
with ureteral tortuosity, the troubleshooting steps 
described above may need to be employed. The 
safe performance of retrograde endopyelotomy 
requires the placement of two guidewires if one 
will be employing a fl exible ureteroscope. If at 
least one wire cannot be placed across the UPJ, 
then the procedure should be aborted and a dif-
ferent approach selected. 

 Once a guidewire has been placed, balloon 
dilation catheter is performed such that the bal-
loon straddles the area of narrowing. We use a 
6 Fr 10 cm balloon and infl ate until the “waist-
ing” is no longer evident. This step provides 
some working space for the next step. 

 Retrograde endopyelotomy is most commonly 
performed using a fl exible ureteroscope. In men 
the length of the urethra mandates use of a 
 fl exible ureteroscope to access the UPJ properly. 
In order to pass the fl exible ureteroscope, the sec-
ond wire is used to advance the instrument in a 
coaxial fashion to the UPJ using fl uoroscopic 
guidance. While a semirigid ureteroscope may 
reach the UPJ in most women, the potential for 
inadvertent ureteral trauma is higher. Should 
one’s intention be to use a semirigid uretero-
scope, then only one guidewire would be 
necessary. 

 Once the UPJ is visualized, attention is paid 
for pulsations which may indicate a crossing ves-
sel. Once the scope can pass into the renal pelvis, 
the incision is performed in a true lateral direc-
tion extending 1 cm proximal and distal to the 
site of the narrowing. While electrosurgery using 
a Bugbee electrode has been described, the 
holmium:YAG laser seems particularly suited to 
this application [ 38 ,  44 ]. The 200 μm laser fi ber 
is small enough to permit the degree of scope 
defl ection required while also allowing cutting 
precision. Typical laser settings for holmium:YAG 
laser incisions are 0.5–1.5 J/pulse with a rate of 
5–15 Hz. After laser incision, the balloon dilation 
catheter is reinserted over the guidewire and 
infl ated to confi rm complete incision of the nar-
rowed segment. 

 Once endopyelotomy has been performed, an 
endopyelotomy stent is placed in a retrograde 
fashion. We select an endopyelotomy stent one 
size longer than the patient’s height would dictate 
as others have suggested to prevent downward 
migration of the proximal end into the freshly 
incised UPJ [ 45 ]. A Foley catheter is placed for 
48 h. The ureteral stent is left in situ for 6 weeks. 
Follow-up anatomical and functional imaging is 
conducted as described above for the percutane-
ous antegrade approach.   

    Ureteral Strictures 

 Ureteral strictures remain a common malady and 
may develop from many causes including pene-
trating trauma, iatrogenic injury, stone impac-
tion, malignancy, radiation, and infections such 
as tuberculosis and schistosomiasis. Iatrogenic 
strictures are now the most common cause as a 
result of ureteroscopic, gynecological, vascular, 
and general surgical procedures [ 46 – 50 ]. 

 A variety of reconstructive procedures maybe 
considered for the management of ureteral stric-
tures. The technique chosen will depend on a 
number of important factors including the etiol-
ogy of the stricture, the site, the degree of ureteral 
and periureteral tissue involvement, renal func-
tion, and the patient’s overall health status. 
Historically, open surgery employing various 
techniques such as ureteroureterotomy, uretero-
neocystostomy +/− psoas hitch, Boari fl ap, or 
transureteroureterostomy was the initial treat-
ment of choice. More rarely ileal ureteral interpo-
sition, Davis intubated ureterotomy, or renal 
autotransplantation is required. While many of 
these procedures are associated with a signifi cant 
period of patient recovery, for many clinical sce-
narios, they still retain an important role. 

 With the development of minimally invasive 
approaches to ureteral stricture management, 
patient morbidity has been reduced; however, 
success rates remain inferior to the open 
approaches. Over the years, a number of endo-
scopic management options for ureteric strictures 
have evolved including ureteral stent placement, 
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balloon dilation, and endoureterotomy utilizing 
different incisional techniques. 

 Ureteral stent placement is an effective short- 
term intervention to protect the kidney from the 
effects of obstruction while defi nitive therapy is 
being considered. In select circumstances, regu-
larly scheduled stent changes may also be a solu-
tion for managing patients who due to signifi cant 
medical comorbidities or short life expectancy 
may not be candidates for reconstructive efforts. 

 Balloon dilation alone is rarely a defi nitive 
management strategy for ureteral stricture dis-
ease with reported success rates between 40 and 
75 % [ 51 ,  52 ]. On occasion however, a short- 
segment stricture with minimal or no periureteral 
fi brosis and good vascular supply may be suc-
cessfully managed by dilation alone [ 53 – 55 ]. 
More often, balloon dilation is carried out in con-
junction with endoureterotomy. Endoureterotomy 
can be performed using antegrade or retrograde 
approaches. In general, strictures involving the 
distal and middle ureters are approached in a 
 retrograde manner using a semirigid uretero-
scope, and for those strictures of the upper ureter, 
an antegrade percutaneous approach or retro-
grade technique with a fl exible ureteroscope is 
employed. 

 Success rates are comparable for each 
approach (66–83 %) [ 56 – 60 ]. A clear under-
standing of the cause of the stricture may give 
insights into the feasibility and potential success 
of a minimally invasive approach vs. a more 
major reconstructive effort. Preoperative imaging 
should include some type of contrast study 
including either a CT urogram, intravenous 
pyelogram, retrograde pyelogram, or antegrade 
nephrostogram to allow characterization of the 
stricture location, length, and lumen caliber. A 
completely obliterated ureteral lumen will be 
destined to fail an incisional approach, and an 
open or laparoscopic reconstructive approach 
should be conducted. Renal function of both the 
affected and contralateral units should be docu-
mented and nuclear renography should be per-
formed. If renal function is signifi cantly 
compromised, nephrectomy may be the more 
prudent approach. If there is question whether the 

stricture is truly obstructive, diuretic renography 
should also be performed. 

 Favorable prognostic factors for endoureter-
otomy success include short-segment distal stric-
tures (<2 cm), non-radiated fi eld, and relatively 
good ipsilateral renal function. Ipsilateral renal 
function of less than 25 % function has been 
shown to be associated with lower success rates 
[ 34 ,  46 ,  47 ,  61 ]. 

    Technique: Endoureterotomy 

 Preoperative evaluation is similar to that 
described for endopyelotomy. General anesthesia 
is typically used for these procedures; however, 
spinal anesthesia can also be considered espe-
cially for those patients with middle or distal 
strictures where a retrograde approach is planned. 
For retrograde endoureterotomy, the patient is 
positioned in lithotomy, and for the anterograde 
approach, the patient is placed prone as for per-
cutaneous renal stone surgery. 

 Regardless of the approach, the fi rst step 
should be to conduct a good-quality retrograde 
pyelogram or antegrade study to visualize the 
narrowed ureteral segment. Whether the approach 
is antegrade or retrograde, a guidewire should 
then be placed across the stricture segment. 
Often, this can be a challenging step, and one 
might need to resort to a use of a hydrophilic wire 
and a Kumpe catheter to negotiate through the 
area of involvement. Should it be impossible to 
pass the wire due to a completely obliterated 
lumen, endoureterotomy is not recommended. 
The risk of straying outside the lumen is a signifi -
cant risk potentially leading to vascular or bowel 
injury. While the “cut to the light method”, in 
which a new lumen is created using both fl uoro-
scopic and visual guidance from above and below 
the stricture, has been described for this scenario, 
results have not been durable [ 62 – 64 ]. If a semi-
rigid ureteroscope is to be used, a single guide-
wire is adequate. If a fl exible ureteroscope will be 
required, a second guidewire is advanced to the 
level of the stricture for coaxial advancement of 
the endoscope. 
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 Once the guidewire has been placed, balloon 
dilation using a 6 or 7 Fr 10 cm ureteral balloon 
dilation catheter is performed, removing if possible 
any “waisting” or luminal narrowing (Fig.  14.3 ).

   Ureteroscopy is then performed to visualize 
the stricture. One should look for nearby vascular 
pulsations, especially for those ureteral strictures 
near the iliac vessels. Endoureterotomy incision 
has been performed with cold knife, electrosur-
gery, and laser energy sources [ 56 ,  58 ,  62 ,  65 , 
 66 ]. As with endopyelotomy, no clear advantage 
appears to exist for one modality over another. 
The holmium:YAG laser has been widely adopted 
in most contemporary series as the preferred tool. 
The ability to precisely incise tissue using both 
fl exible and semirigid instruments without com-
promising irrigant fl ow is just some of the advan-
tages with the laser. 

 The location of the incision is an important 
decision in order to avoid inadvertent injury to 
periureteral vascular structures. For those 
 strictures involving the upper ureter, the incision 
should be oriented laterally or posterolaterally 
similar to the plane of an endopyelotomy incision 
[ 67 ]. The goal in this instance is to avoid the 
medial blood supply to the ureter or a crossing 
vessel. For those strictures involving the mid- 
ureter where the iliac vessels may be nearby and 

the ureteral blood supply enters from a lateral 
direction, the incision is made in an anterior 
direction [ 60 ]. Prior to incising the mid-ureter, it 
is important to inspect the lumen for pulsations 
indicative of the iliac vessels. An inadvertent lac-
eration of an iliac vessel can result in a massive 
hemorrhage and may be life threatening. For 
those distal ureteral strictures beneath the iliac 
vessels, an anteromedial incision is recom-
mended [ 64 ,  67 ]. One should also be cognizant of 
bowel structures which may also be in close 
proximity. A careful review of the preoperative 
CT scan can help plan the safest site of incision. 

 The incision should be made full thickness 
such that periureteric fat is identifi ed. After inci-
sion, balloon dilation is repeated to ensure there 
is not persistent narrowing. 

 Following endoureterotomy a stent should be 
placed. For distal or proximal strictures, an endo-
pyelotomy stent may be used. As with endopy-
elotomy, the optimal size and duration of stenting 
remains unclear. We generally leave the stent for 
6 weeks. 

 After stent removal, either a CT urogram or 
IVP is performed 6 weeks later. Diuretic renogra-
phy should also be performed 3–6 months later to 
rule out persistent obstruction and document any 
change in renal function. Depending on the cause 

a b

  Fig. 14.3    ( a ) “Waisting” seen during balloon dilation of ureteral stricture. ( b ) Resolution of “waisting” with adequate 
dilation of ureteral stricture       
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of the stricture, recurrence may be a potential 
concern requiring periodic radiologic and func-
tional surveillance for some years afterward. 
Success rates reported by contemporary series 
are listed in Table  14.2 .

       Special Situations 

    Transplant Ureterovesical Anastomotic 
Strictures 
 Ureterovesical anastomotic strictures occur in 
1–5 % [ 68 – 70 ] of renal transplant patients and 
are often ischemic in nature. Open revision reim-
plantation can be technically challenging. 
Endoureterotomy has been successfully per-
formed in renal transplant recipients with ure-
terovesical anastomotic strictures [ 71 ,  72 ]. The 
prognosis for these strictures is similar to other 
etiologies in that a short anastomotic stricture 
(<1 cm) is most likely to be treated effectively. In 
contrast, recurrent or long ischemic strictures are 
least likely to respond. Gdor et al. reported a 
small series in which 4 patients with strictures 
shorter than 1 cm were successfully treated with 
a single incision at 58 months follow-up (range 
13–89) whereas 2 patients with strictures longer 
that 1 cm failed [ 72 ]. He et al. report a similar 
fi nding of 1 recurrence of 6 patients with  strictures 

<1 cm compared with recurrence at 4 and 
6 months in 2 patients with strictures >1 cm [ 73 ]. 
The technique is similar to previously described 
and can be approached in either a retrograde or 
antegrade fashion. Most often an antegrade 
approach is required utilizing a fl exible endo-
scope (Fig.  14.4 ). Stricture incision using the hol-
mium laser should be directed anteromedially, 
and an internal double pigtail or internal/external 
stent should be kept postoperatively [ 72 ]. Six 
weeks of stenting seems prudent although as for 
all incisional techniques this recommendation is 
not based on any compelling data.

       Ureteroenteric Anastomotic Strictures 
 Ureteroenteric anastomotic strictures occur in 
approximately 3–10 % of patients after cystec-
tomy and urinary diversion [ 74 – 78 ]. The uretero-
enteric stricture rates appear to be similar between 
continent and incontinent diversions; however, 
the type of anastomosis greatly infl uences long- 
term patency. A refl uxing anastomosis tends to 
have lower stricture rates than non-refl uxing [ 76 , 
 79 ]. Additionally, the left ureter is more com-
monly affected due to the higher risk of ischemia 
as a result of the greater amount of ureteral mobi-
lization required [ 80 ,  81 ]. Robotic vs. open pro-
cedures seem to have similar rates of stricture 
formation [ 78 ]. 

    Table 14.2    Selected contemporary results of endoureterotomy   

 Author  Patient number  Orthotopic (%)  Transplant (%)  Ureteroenteric (%) 

 Follow-up 

 Mean (range) 

 Razdan et al. [ 66 ]  50  74  75 months (6–108) 
 Lane et al. [ 59 ]  19  68  36 months (5–84) 
 Hibi et al. [ 108 ]  18  80  60 months (46–74) 
 Gnessin et al. [ 58 ]  35  79  27 months (10–72) 
 Kristo et al. [ 109 ]   3  100  24 months (6–33) 
 Gdor et al. [ 72 ]   6   67  58 months (13–89) 
 He et al. [ 73 ]   8   62 a   16 months (4–45) 
 Mano et al. [ 68 ]  12 b    83  44 months (2–68) 
 Laven et al. [ 83 ]  16  57  20 months (9–41) 
 Watterson et al. [ 61 ]  23  71  23 months (3–68) 
 Poulakis et al. [ 85 ]  40  60.5  38 months (12–85) 
 Milhoua et al. [ 110 ]  15  33  23 months (6–86) 

   a With one procedure 
  b All patients had previously been treated with balloon dilation  
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 Imaging studies are important in the evalua-
tion. Most commonly, patients who develop a ure-
teroenteric stricture will have a nephrostomy tube 
placed to relieve the obstruction. The percutane-
ous access serves as excellent way to visualize the 
degree of stricture by allowing performance of an 
antegrade nephrostogram. A CT urogram is also 
very helpful in identifying adjacent structures 

especially the bowel. A loopogram may also help 
in clarifying the anatomy (Fig.  14.5 ). In patients 
who underwent cystectomy and urinary diversion 
for urothelial malignancy, the potential for recur-
rent malignancy as the cause of the obstruction 
should be entertained and excluded through thor-
ough review of the cystectomy pathology, preop-
erative imaging, and urine  cytology results [ 82 ].

a

c

b

  Fig. 14.4    ( a ) Nephrostogram demonstrating ureteral 
stricture in a transplant ureter. ( b ) Flexible endoscope 

used to visualize and incise the stricture. ( c ) Cope loop 
stent placed across the stricture after incision       
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   While both retrograde and antegrade 
approaches have been described, the antegrade 
technique is most commonly used. We have 
found that for many patients a fl exible cystoscope 
passed antegrade can reach the anastomotic site 
and allow a better fi eld of view and irrigant fl ow 
than the fl exible ureteroscopes. As for other types 
of strictures, guidewire advancement across the 
narrowed segment is essential. Failure to achieve 
this critical step should lead to abandonment of 
an endoscopic incision with consideration given 
to open repair. We employ a similar technique as 
described above with initial balloon dilation fol-
lowed by holmium:YAG laser incision and then 
repeat dilation. 

 Overall, the success rates for endoureterotomy 
for ureteroenteric strictures are reported between 
50 and 80 % [ 56 ,  61 ,  83 – 86 ] (Table  14.2 ). This 
data is based on several small case series in which 
primarily antegrade endoureterotomy was per-
formed. Watterson et al. reported a 71 % symp-
tomatic and radiologic success in a series of 23 
patients with a mean follow-up of 22 months [ 61 ]. 
They noted, however, that success rates decreased 
with time with recurrence of 15 % at 1 year and 
44 % at 3 years. These results concur with 
Pakoulis et al. who additionally report uniform 
failure at 4 months among 6 patients who under-
went repeated endoureterotomy [ 85 ]. Laven et al. 

reported a lower success rate of 57 % at 20 months 
but noted that 5 of their 6 recurrences involved 
left-sided strictures [ 83 ]. In a follow-up of their 
series, the success rate dropped to 50 % at 
35 months [ 84 ]. To date Schondorf et al. have pre-
sented the largest series which compares 96 
endourological procedures to 35 open surgical 
procedures and report a 26 % success rate for 
endourological procedures at 29 months. 
Unfortunately, balloon dilation alone and Acucise 
are included among the patients in the endouro-
logical procedures arm, procedures known to be 
associated with lower success rates compared to 
visually guided incisional techniques [ 86 ].    

    Urethral Strictures 

 The incidence and etiology of urethral strictures 
vary across the globe. In the UK, the national 
incidence of urethral stricture has been estimated 
at 10/100,000 men in their youth, increasing to 
100/100,000 by age >65 years [ 87 ]. In the US VA 
hospital system, the incidence of urethral stric-
ture was 193/100,000 in 2003 and as high as 
627/100,000 among men over 65 on Medicare 
[ 88 ]. The most common causes of urethral stric-
tures include blunt perineal trauma, pelvic frac-
tures, instrumentation induced, infection, and 
infl ammatory processes [ 89 ]. 

 Many open surgical and endoscopic approaches 
to urethral strictures have been described. Urethral 
dilation has been widely practiced for millennia. 
Although simple to perform, rarely does dilation 
alone provide a long- term cure unless the stricture 
is very short in length and in the absence of any 
signifi cant degree of spongiofi brosis [ 90 ]. Visual 
internal urethrotomy is a relatively simple proce-
dure technically and is associated with minimal 
postoperative morbidity. As a consequence, ure-
throtomy has become the most commonly per-
formed procedure replacing open urethroplasty 
for a generation of urologists. More recent experi-
ences, however, have led to a revival in the use of 
open urethroplasty, to some degree fueled by the 
high rates of stricture recurrences seen with inter-
nal urethrotomy. Quite clearly, visual internal ure-
throtomy has been a procedure that has been 

  Fig. 14.5    Loopogram imaging of ureteroenteric stricture       
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overutilized in the past and may have contributed 
to worsening of the initial stricture as a result of 
the repeated surgical trauma in many patients. A 
more thoughtful approach to the use of this modal-
ity of treatment is clearly warranted. 

 As for all of the incision techniques described 
in this chapter, patient selection is paramount to 
the success of visual internal urethrotomy. Most 
successful results are found for those patients 
with short (<1.5–2 cm) strictures involving the 
bulbous urethra in the absence of deep or dense 
spongiofi brosis [ 91 ,  92 ]. Under these conditions, 
up to 70 % of patients will be stricture-free at 
3 months, and 50–60 % of these will remain 
stricture- free at 4 years [ 93 ]. Under less selected 
conditions, typical success rates vary from 20 to 
35 % [ 91 ]. The decision on which initial treat-
ment is selected should be based on characteris-
tics of the stricture and treatment goals in 
conjunction with patient preferences. Should 
visual internal urethrotomy be selected as the ini-
tial modality of treatment, it seems prudent to at 
least recommend a reassessment of all of the 
options if there is stricture recurrence [ 91 ,  94 ]. 

 The key characteristics that defi ne a urethral 
stricture include location, length, depth, and pres-
ence of spongiofi brosis. On physical exam, spon-
giofi brosis and the depth of stricture can be 
palpated. Location and length can be determined 
by either cystourethroscopy, retrograde urethro-
gram, or endoluminal or transcutaneous ultra-
sound. Some authors suggest that ultrasound may 
be the preferred modality for evaluating length of 
stricture [ 95 ]. Cystoscopy with a fl exible or pedi-
atric cystoscope can also be a valuable tool to 
evaluate stricture characteristics. If a patient has a 
suprapubic tube for retention, then an antegrade 
cystoscopy can also be performed to visually 
inspect the stricture. 

    Technique: Internal Urethrotomy 

 Internal urethrotomy is most commonly per-
formed with the patient in lithotomy position, 
under spinal or general anesthesia. Urethroscopy 
is usually performed with a rigid instrument to 
confi rm the location of the stricture and degree of 
luminal narrowing. Depending on the severity of 

the stricture, either an adult or pediatric cysto-
scope is used. It is our preference in most cases to 
pass a Tefl on-coated Bentson guidewire across 
the stricture and into the bladder at the time of 
initial urethroscopy. This facilitates coaxial dila-
tion which then makes advancement of the visual 
urethrotome easier. The guidewire also facilitates 
passage of a Council catheter at the completion 
of the urethrotomy without diffi culty. 

 Visual internal urethrotomy can be performed 
using either a cold knife urethrotome, electrosur-
gical incision, or holmium:YAG laser. All tech-
niques appear comparable in terms of short-term 
success and complications [ 96 ]. Our preference 
is to perform cold knife incision using the 
 “half- moon” blade (Fig.  14.6 ). Regardless of the 

  Fig. 14.6    “Half-moon” blade used for cold knife visual 
internal urethrotomy       
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cutting modality used, a single 12 o’clock inci-
sion is most commonly performed through the 
avascular scar and into healthy bleeding tissue. 
Care should be taken, however, to avoid very 
deep incisions into the corpora to prevent exces-
sive bleeding. The stricture should be incised 
slightly beyond its length and full depth to allow 
healing by secondary intention.

   A urethral catheter should be kept in place 
postoperatively. Controversy exists regarding the 
optimal size or duration of catheterization. Some 
authors suggest that longer catheter times are 
associated with better long-term results, while 
others report no differences with 6 weeks vs. 
7 days of catheterization [ 97 ,  98 ]. Others suggest 
that prolonged catheterization longer than 3 days 
increases stricture recurrence [ 99 ]. Alternatively 
some benefi t has been shown with intermittent 
self-catheterization postoperatively [ 100 ]. Other 
authors suggest further improvement with steroid 
lubrication of the catheter or steroid injection at 
the time of urethrotomy [ 101 – 103 ]. Results from 
a sampling of contemporary series are listed in 
Table  14.3 .

   There is no standardized follow-up regimen post 
visual internal urethrotomy. Given the high expected 
failure rate, as high as 80 % depending on patient 
selection [ 91 ,  104 ], it seems prudent to reassess 
patients periodically. The use of IPSS, urofl owme-
try, and post-void residual determination performed 
serially may allow earlier detection of stricture 
recurrences before urinary retention occurs.   

    Conclusions 

 Endoscopic management of UPJ obstruction, 
ureteral stricture, and urethral stricture disease 
provides a minimally invasive alternative to 
more technically complex procedures and can 
have satisfactory success rates in appropri-
ately selected patients. Improvements in 
equipment and technique have allowed endo-
scopic techniques to become a fi rst-line option 
in select patients for the treatment of upper 
and lower tract obstruction. Complications 
have not been well described quantitatively in 
the literature; however, these techniques are 
generally considered to have low morbidity 
and are well tolerated by patients. 

   Table 14.3    Selected contemporary results of visual internal urethrotomy   

 Author  Procedure  Patient number  Patency (%) 

 Follow-up 

 Mean (range) 

 Albers et al. [ 99 ]  Cold knife with CIC (66 %)  357  73 %  4.6 years (0.75–16) 
 Cold knife (unknown adjuvant)  580  55 %  3.2 years (0.25–3.5) 

 Steenkamp et al. [ 91 ]  Cold knife  104  60 % <2 cm  12 months (1–49) 
 Filiform  106  20 % >4 cm 

 Heyns et al. [ 93 ]  Cold knife or fi liform + stricture-
free at 3 months 

 168  50 %  24 (2–63) 

 Hafez et al. [ 98 ]  Cold knife (pediatric)  31  35.5 %  6.6 years (2–20) 
 Hosseini et al. [ 102 ]  Cold knife + CIC  34  66 %  12 months 

 Cold knife + steroid gel CIC  30  70 %  12 months 
 Lauritzen et al. [ 100 ]  Urethrotomy  162  69 %  23 months (0.2–70) 

 Urethrotomy + CIC  55  81 %  29 months (1–66) 
 Gucuk et al. [ 101 ]  Cold knife + steroid gel CIC  15  80 %  16 months (6–18) 

 Cold knife + CIC  15  53 %  16 months (6–18) 
 Cold knife + Foley (3 days)  15  40 %  16 months (6–18) 

 Mazdak et al. [ 103 ]  Cold knife ( n  = 22)  22  50 %  13 months (1–25) 
 Cold knife + submucosal steroid  23  78 % 

 Tavakkoli Tabassi et al. 
[ 111 ] 

 Cold knife + placebo  36  58 %  8 months (6–24) 
 Cold knife + steroid injection  34  65 %  8 months (6–24) 

 Jordan et al. [ 104 ]  Dilation or VIU + Foley  29  17 %  12 months 
 Dilation or VIU + Memokath  63  79 % a   12 months 

   a 69 % had Memokath stent in situ at 12 months  

14 Endoscopic Incisions



190

    Endopyelotomy 
and Endoureterotomy Equipment 
List 

  Percutaneous access : Needle trocar 18GA × 15 cm 
disposable, Glidewire 0.035 in. × 150 cm angled 
tip, angiographic beacon tip (Kumpe) catheter 
5 Fr × 0.038 in. × 40 cm (65 cm optional), Amplatz 
extra-stiff 0.035 in. × 150 cm straight-tip Tefl on- 
coated guidewire, balloon dilator set with 30 Fr 
access sheath, or coaxial dilators 12–30 Fr. 

  Retrograde access : Flexible cystoscope, 
Bentson 0.035 in. × 145 cm Tefl on-coated straight 
guidewires, Pollack ureteral 5 Fr 70 cm open- 
ended fl exi-tip ureteral catheter, 12 cc Luer-Lok 
syringe, contrast Conray 200 (or Isovue 200). 

  Working instruments : For antegrade procedure at 
UPJ, rigid nephroscope, duckbill forceps, Ascend 
ureteral catheter 6 mm × 10 cm dilation balloon 
65 cm length, 21 Fr endopyelotome, hook blade. 

 For antegrade ureteral or proximal retrograde 
procedure: fl exible ureteroscope, holmium:YAG 
laser and fi bers (150–270 nm). 

 For retrograde procedure in distal ureter: 
Semirigid ureteroscope 6.9 Fr with 150–400 nm 
holmium:YAG laser fi bers. 

 Others: 8/10 Fr coaxial dilator and working 
sheath, Council-tip 2-way 16 Fr Foley catheter  

    Visual Internal Urethrotomy 
Equipment List 

 Working instruments: Rigid cystoscope 21 F (if 
tight stricture, consider 7.5 F pediatric cysto-
scope), urethrotome with half-moon blade, 
Bentson guidewire, Cook/Amplatz urethral dila-
tors 12–30 F. 

 Other: Council-tip 2-way 16–18 Fr Foley 
catheter.      
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            Equipment List 

       Continuous-fl ow resectoscope (22–27 French)  
  0° lens, 30° lens  
  Sterile lubricant  
  Otis urethrotome  
  Male sounds (8–30 F)  
  Bipolar resection system

   PK system (Gyrus/ACMI)  
  Bipolar resection system (Storz)     

  Saline irrigant
   Sterile, pyrogen-free, the reservoir 30 cm 
above the level of the symphysis     

  Ellick evacuator     

    Bipolar TURP 

 Bipolar transurethral resection of the prostate 
(biTURP) is an endoscopic technique that is simi-
lar to monopolar TURP, available as the PK sys-
tem by Gyrus/ACMI, an Olympus Corporation 
(Tokyo, Japan) subsidiary, the TURis system by 
Olympus Corporation (Tokyo, Japan), and a bipo-
lar resection system by Karl Storz (Tuttlingen, 
Germany). biTURP requires the use of a 22–27 Fr 
continuous-fl ow resectoscope and specialized 
electrodes which contain the active electrode. The 
electrodes for the PK and the Storz systems also 
contain the return electrode (Fig.  15.1 ), whereas 
the TURis system relies on a return electrode 
located on the inner sheath of the resectoscope.

   All biTURP systems rely on the ability to gen-
erate a plasma corona vaporization fi eld in nor-
mal saline media (Fig.  15.2 ). The short distance 
between the active and return electrodes and the 
ionic media allows high current to be generated 
with little changes in voltage. These systems rely 
on specialized generators that measure impedance 
and allow a constant current between electrodes 
with separate settings for “cutting” (200–280 W 
for TURis, 160–200 W for PK) and “coagulation” 
(120 W for TURis and 80 W for PK).

   Electrosurgically based transurethral resec-
tion of the prostate (TURP) represents the gold 
standard in endoscopic treatment of symptomatic 
BPH. With the introduction of improved medi-
cal therapy and minimally invasive options, the 
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number of TURPs performed in the United States 
has declined [ 1 ], but the procedure still remains 
the most effective treatment option after failure 
of conservative management or medical therapy. 

 Multiple electrosurgical transurethral options 
are available for treating BPH. In this chapter, we 
will focus on discussing the bipolar TURP.  

    Indication of the Procedure 

 The assessment of any man who presents with 
Lower urinary tract symptoms (LUTS)    second-
ary to BPH begins with the medical history. The 

medical history should include any causes that 
may lead to bladder dysfunction including cere-
bral vascular accidents, neurologic disorders, pre-
vious surgical procedures or trauma, and history 
of prostate disease. A complete review of patients’ 
medications is necessary [ 2 ]. 

 It is important to assess severity and bother 
of LUTS using validated measures and question-
naires. The most commonly used validated mea-
sure is the International Prostate Symptom Score 
(IPSS). The IPSS has been validated in many sub-
populations and is available in several languages. 
Scores categorize symptoms as either mild (score 
0–7), moderate (score 8–19), or severe (score 
20–35) LUTS [ 2 ]. 

 Following the detailed medical history, the 
physician should proceed with a general and 
focused physical examination. Physical examina-
tion should always include an abdominal exami-
nation assessing for a palpable bladder, which 
may be a sign of urinary retention. Attention 
for hernias, surgical scars, and genital abnor-
malities should be paid. Physical examination 
should always include a DRE. All men should 
get a urinalysis to rule out the presence of blood 
or urinary tract infection. In addition, patients 
should be worked up as per American Urological 
Association guidelines [ 2 ]. 

 Surgical intervention is an appropriate treat-
ment for patients with moderate-to-severe LUTS 
and for patients who have developed AUR or other 
BPH-related complications. Surgery is recom-
mended for patients who have renal insuffi ciency 

  Fig. 15.1    Gyrus bipolar loop       

  Fig. 15.2    Activated corona       

 

 

B. Chughtai and A.E. Te



197

secondary to BPH; those who have  recurrent 
UTIs, bladder stones, or gross hematuria due to 
BPH; and those who have LUTS refractory to 
other therapies. The presence of a bladder diver-
ticulum is not an absolute indication for surgery 
unless associated with recurrent UTI or progres-
sive bladder dysfunction.  

    Patient Preparation 

 The patient is brought into the operating room 
and positioned in dorsal lithotomy position in 
preparation for biTURP. Anesthesia is made in 
consultation with the anesthesiologist and based 
on patient’s preference and medical history. 
In the absence of any spinal or neuromuscular 
problems with the patient, the selection of gen-
eral or spinal/epidural anesthesia is a risk-benefi t 
discussion involving the patient, surgeon, and 
anesthesiologist. 

 Preoperative antibiotic use has become the 
standard of care prior to TURP. Patients without 
a history of positive urinary culture or symptoms 
preoperatively can be given a single parenteral 
dose of a fi rst-generation cephalosporin. Several 
studies have evaluated the use of antibiotics pre-
operatively, and the majority supports the use of 
a single parenteral dose [ 3 ,  4 ]. Those    with symp-
toms and a positive culture should be treated with 
culture-specifi c antibiotics prior to undergoing 
TURP. Penicillin-allergic patients can receive 
either gentamicin alone or a fl uoroquinolone. All 
patients should be given a single parenteral dose 
of antibiotics prior to TURP. Many authors rec-
ommend continuing at least oral antibiotic ther-
apy until after the Foley catheter is removed [ 5 ].  

    Patient Positioning 

    Lithotomy Position 

 All bony areas should be adequately padded; care 
should be taken to avoid pressure on the lateral 
aspect of the knee. In addition, care should be 
taken to avoid hyperfl exion of the hip and knee 
joint. Guidelines for deep venous thrombosis 

should be followed as per American Urological 
Association guidelines.   

    Surgical Technique 

    Insertion of Resectoscope 

 The outer sheath of the resectoscope is lubricated 
with sterile lubricant. The obturator is placed 
through the sheath to ensure there are no sharp 
edges when performing the initial urethroscopy. 
The instrument should pass atraumatically as 
possible and the instrument should pass without 
force. 

 If there is diffi culty with passing the instru-
ment, either male sounds or an Otis urethrotome 
should be used to either blindly perform a ure-
throtomy or dilate the urethra to one size larger 
than the resectoscope. Once the anterior urethra 
is adequately dilated or a urethrotomy performed, 
the resectoscope is passed under direct vision. 
The anterior urethra, bulbar urethra, verumon-
tanum, external urethral sphincter, and prostatic 
urethra should be evaluated. Following this, a pan 
cystoscopy is performed to evaluate the position 
of the ureteral orifi ces and intertrigonal ridge. 
The bladder should also be inspected for any for-
eign bodies, stone, or mucosal lesions.  

    Operative Technique 

 The most important principle in performing a 
TURP is to formulate a plan and then proceed 
in an orderly, stepwise fashion. The initial proce-
dure described by Nesbit and then reviewed and 
revised by Holtgrew is the method most com-
monly applied [ 17 ,  18 ]. The resectoscope is posi-
tioned in the midprostatic fossa, and the loop is 
extended out to ensure adequate clearance of the 
bladder neck. 

 Resection begins at approximately 1 o’clock 
and is continued in a clockwise fashion to 5 
o’clock (Fig.  15.3 ). The depth of resection should 
be approximately far down enough to expose the 
fi bers of the prostatic capsule around the blad-
der neck. Once this area is adequately resected, 
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  Fig. 15.3    Bipolar transurethral resection technique. ( a ) 
Once the resectoscope is brought into the bladder and a 
full urethrocystoscopy is performed, the relevant land-
marks are indentifi ed. These include the verumontanum, 
which represents the distal extent of the resection and the 
ureteral orifi ces. ( b ) Resection begins at the 2 o’clock 
position to the depth of the prostatic capsule. The resec-
tion is taken to the intersection of the lateral lobe to the 
middle lobe. ( c ) Attention is then drawn to the 11 o’clock 

position. The resection is taken to the intersection of the 
lateral lobe to the middle lobe. ( d ) Once both lateral lobes 
are resected to the level of the prostatic capsule, attention 
is drawn to the middle lobe. The resection is taken to the 
level of the bladder neck fi bers; the distal extent of the 
resection is to the verumontanum. ( e ) As the resection is 
completed, the infl ow should be turned off so that the 
bladder pressure is lowered and all areas of bleeding are 
coagulated       
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attention is turned to the 11 o’clock position, and 
a similar resection is carried out counterclock-
wise to the 6 o’clock position. Hemostasis should 
be achieved at each area prior to advancing to the 
next point area of resection.

   After the bladder neck has been resected, the 
prostate adenoma tissue is debulked in quadrants. 
The verumontanum is visualized, and the resec-
toscope is placed just proximal to this important 
landmark. We prefer to take long, deep swipes 
often angling the scope contralaterally to get 
adequate depth of the resection. The fi brous cap-
sule can be visualized after resection to assess 
completeness. Pulsatile arterial bleeding often is 
encountered near the capsule and at the bladder 
neck, as the prostate blood supply arises periph-
erally. Arteries should be cauterized immediately 
as the blood loss obscures the view and prevents 
precise resection. The length of resection should 
be premeasured, with the resection swipes falling 
just short of the verumontanum. 

 Apical tissue that is just proximal to the exter-
nal sphincter may remain and may extend distal 
to the veru    [ 19 ]. Resection in this area carries an 
increased risk of incontinence and discretion is 
utilized. The verumontanum must not be cut or 
coagulated, as this can result in painful ejacula-
tion secondary to ejaculatory duct obstruction. 
Care must be taken not to injure the sphincter 
during resection because this may cause post-
operative urinary incontinence. The tissue is 
carefully resected with short sweeps. At the com-
pletion of resection, the bladder should easily be 
visible with the resectoscope at the level of the 
verumontanum. 

 Once resection is completed, an Ellick evacu-
ator is used to remove all adenoma chips from the 
bladder. All chips must be removed as any chip 
left in the bladder may later occlude the urinary 
catheter causing obstruction, bladder spasms, 
and increased postoperative hemorrhage. After 
several evacuations with the Ellick, the resecto-
scope is then replaced and the bladder visually 
inspected. Any remaining chips can be snared 
with the loop and removed, with care taken to 
inspect all bladder diverticula if present. Final 
hemostasis is achieved with careful coagulation 

of any bleeding points. The resectoscope is then 
removed with a fi nal visual inspection of the 
bladder, prostatic fossa, and urethra. The bladder 
should be left full, and overly aggressive irriga-
tion is not needed as this can disrupt clots that 
formed and increase bleeding. 

 A 24 Fr 3-way Foley catheter is left with 
30–60 cc in the balloon at a slow rate of continu-
ous bladder irrigation. More fl uid can be placed 
in the balloon if a larger resection has been per-
formed, but more volume often leads to increased 
number and severity of bladder spasms. If persis-
tent bleeding results which does not readily clear 
with slow irrigation, gentle traction is placed on 
the catheter until the irrigant is clear. Traction 
can be placed with as gentle a maneuver as plac-
ing the hub of the Foley in one of a variety of 
catheter- securing devices on the leg or with the 
more traditional use of cloth tape on the calf. The 
minimum amount of traction to clear the irrigant 
of gross bleeding is the best used. Traction may 
also cause involuntary contractions which may 
contribute to bleeding. Short-acting antimusca-
rinic agents may be considered to decrease blad-
der spasms. 

 If vigorous bleeding continues despite irriga-
tion and gentle traction, arterial bleeding may be 
the cause. Prior to leaving the operating room, 
the resectoscope should be reintroduced, and 
the prostatic fossa and bladder neck should be 
inspected for arterial bleeding.  

    Postoperative Care 

 Immediately post-TURP, the patient is brought 
to the recovery room. The patients are monitored 
the spinal/epidural anesthesia has begun to wear 
off. Electrolyte abnormalities are uncommon. 

 Traction is usually released by 12–24 h post-
operation, and continuous bladder irrigation is 
slowly weaned off over the next 12–24 h. If the 
effl uent is clear after irrigation is off for 3–5 h, 
the catheter can be discontinued. Patients are 
usually given a trial of voiding on postopera-
tive day number one, and if they void, they are 
discharged.   
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    Results 

 The introduction of a bipolar plasmakinetic 
system with saline irrigation fl uid was intended 
to reduce conductive trauma and associated 
bladder neck stenosis and urethral strictures, 
lessen risk of capsular lesion, improve endo-
scopic orientation, and eliminate TUR syn-
drome [ 5 ]. It has been shown, in multiple 
studies, to improve perioperative hemostasis, in 
addition to reducing the risk of TUR syndrome 
[ 5 – 7 ] while maintaining improvements in IPSS, 
QoL, Qmax, and PVR [ 8 ], including over the 
course of several years [ 9 ,  10 ]. Bipolar TUVP 
theoretically allows for longer surgeries on 
larger prostates while preserving the benefi ts of 
endoscopic surgery including shorter indwell-
ing catheter times, less bleeding, and decreased 
risk for TUR syndrome [ 11 ]. 

 Geavlete et al. completed a prospective, 
three- armed study with 510 randomized patients 
to compare monopolar TURP vs. bipolar TURP 
vs. bipolar TUVP. Patients undergoing bipolar 
TUVP produced statistically signifi cantly bet-
ter improvements in IPSS and Qmax than both 
monopolar and bipolar TURP at 18 months (by 
3.3 and 2.9 and 3.5 ml and 3.1 ml, respectively, 
 p  < 0.05), although the QoL, PVR, and PSA of 
each group were found to be statistically simi-
lar ( p  > 0.05) [ 12 ]. Seckiner et al. performed a 
prospective, randomized study of 21 patients 
undergoing TURP vs. 23 with bipolar TUVP 
with 1 year follow-up; they observed compa-
rable improvements in IPSS, QoL, and Qmax, 
but did not report whether those improvements 
were statistically signifi cant [ 13 ]. Nuhoğlu 
et al. conducted a similar prospective, random-
ized study with 90 patients undergoing mono-
polar TURP vs. bipolar TUVP, demonstrating 
similar results in IPSS, Qmax, and PVR also 
with equivalence at 1 year ( p  > 0.05). However, 
patients who had undergone bipolar TUVP 
were signifi cantly less frequently affected by 
hyponatremia ( p  < 0.005) and had signifi cantly 
shorter catheter retention times (73.2 ± 13.4 vs. 
54.3 ± 11.8,  p  < 0.005) [ 11 ]. In separate pro-
spective, randomized trials, comparing mono-
polar TURP vs. bipolar TUVP, Hon et al. and 

Patankar et al. also reported similar improve-
ment in IPSS, QoL, Qmax and PVR, and IPSS 
and Qmax, respectively, although with shorter 
or uncertain durations of follow-up [ 14 ,  15 ]. 

 In the longest study reported comparing mono-
polar TURP vs. bipolar TUVP, Xie et al. found 
that in those patients treated with bipolar TUVP, 
there was a 15.55-point decrease in IPSS, a 2.66-
point decrease in QoL, a 1.09 ng/ml decrease in 
serum PSA, a 16.55 ml/s increase in Qmax, and 
an 82.79 ml decrease in PVR after 5 years, statis-
tically equivalent to those of the patients treated 
with monopolar TURP [ 10 ] (see Table  15.1 ).

   Only one study has reported inferior perfor-
mance compared to TURP. Kaya et al. demon-
strated worse IPSS and Qmax improvement at 
3 years with bipolar TUVP, although their study 
was limited by a small sample size ( n  = 25 and 
15) [ 9 ]. 

 One of the largest studies with the longest dura-
tion of follow-up was reported by Erturhan et al. 
where 120 patients were randomized to either 
plasmakinetic biTURP or monopolar TURP for 
treatment of symptomatic BPH. Catheterization 
time was shorter in the biTURP group (3 vs. 
4.5 days,  p  < 0.001) as was time to discharge 
(3 vs. 5 days,  p  < 0.001) and operative time (36 
vs. 57 min,  p  < 0.001). Improvement in Qmax 
was also better in the biTURP group (12.3 ml/s 
improvement vs. 11.3 ml/s,  p  < 0.001). IPSS score 
improved similarly in both groups (20 points 
monopolar TURP group vs. 19 points biTURP 
group) after 12 months, as did both QoL scores 
(2 in both groups) and PVR (−110 cc for monopo-
lar TURP vs. −99 cc for biTURP). Clot retention 
was signifi cantly higher for patients undergoing 
monopolar TURP (17 vs. 2 patients,  p  = 0.0001) 
as well as bleeding requiring transfusion (7 vs. 
1 patient,  p  = 0.0001) and severe dysuria (7 pts 
vs. 2 patients,  p  = 0.025). Not all complications 
however were confi ned to the monopolar TURP 
group. Interestingly, TUR syndrome was not 
signifi cantly different between the two groups 
(2 vs. 0 patients,  p  = 0.15). More urethral inju-
ries (3 vs. 0 patients,  p  = 0.01) and meatal stric-
tures (3 vs. 2 patients,  p  = 0.025) occurred in the 
biTURP group. Overall, this study suggests that 
while symptom improvements are similar using 

B. Chughtai and A.E. Te



201

    Ta
b

le
 1

5
.1

  
  O

ut
co

m
es

    a
nd

 c
om

pl
ic

at
io

ns
   

 A
ut

ho
rs

 
 T

ri
al

 s
iz

e 
 Fo

llo
w

-u
p 

(m
on

th
s)

 
 O

pe
ra

tiv
e 

tim
e 

 C
at

he
te

ri
za

tio
n 

tim
e 

 T
U

R
 

sy
nd

ro
m

e 
 Po

st
op

 c
ha

ng
e 

in
 

he
m

og
lo

bi
n 

 H
os

pi
ta

l s
ta

y 
 C

ha
ng

e 
in

 
Q

m
ax

 (
m

l/s
) 

 C
ha

ng
e 

in
 P

V
R

 

 X
ie

 e
t a

l.
(2

01
2)

 [
 10

 ] 
 11

0 
m

T
U

R
P,

 
11

0 
bT

U
R

P 
 60

 
    60

.0
1 

m
in

 
m

T
U

R
P,

 
55

.0
3 

m
in

 
bT

U
R

P 
( p

  =
 0

.0
33

) 

 3.
61

 d
ay

s 
m

T
U

R
P,

 
2.

70
 d

ay
s 

bT
U

R
P 

( p
  <

 0
.0

01
) 

 2 
pa

tie
nt

s 
m

T
U

R
P,

 0
 

pa
tie

nt
 

bT
U

R
P 

( p
  =

 0
.4

77
) 

 1.
58

 g
/d

l m
T

U
R

P,
 

1.
22

 g
/d

l b
T

U
R

P 
( p

  =
 0

.0
14

) 

 5.
19

 d
ay

s 
m

T
U

R
P,

 
4.

18
 d

ay
s 

bT
U

R
P 

( p
  <

 0
.0

01
) 

 15
.2

9 
m

l/s
 

m
T

U
R

P,
 

16
.5

5 
m

l/s
 

bT
U

R
P 

( p
  =

 0
.1

76
) 

 81
.9

1 
m

l 
m

T
U

R
P,

 
82

.7
9 

bT
U

R
P 

( p
  =

 0
.1

76
) 

 C
he

n 
et

 a
l. 

(2
01

0)
 [

 20
 ] 

 50
 m

T
U

R
P,

 
50

 b
T

U
R

P 
 24

 
 60

 m
in

 m
T

U
R

P,
 

59
 m

in
 b

T
U

R
P 

( p
  =

 0
.8

2)
 

 N
/A

 
 0 

pa
tie

nt
 

m
T

U
R

P,
 0

 
pa

tie
nt

 
bT

U
R

P 

 1.
6 

g/
dl

 m
T

U
R

P,
 

1.
1 

g/
dl

 b
T

U
R

P 
( p

  =
 0

.0
08

) 

 N
/A

 
 16

.9
 m

l/s
 

m
T

U
R

P,
 

18
.4

 m
l/s

 
bT

U
R

P 
( p

  =
 0

.7
2)

 

 N
/A

 

 M
ic

hi
el

se
n 

et
 a

l. 
(2

00
7)

 [
 16

 ] 
 12

0 
m

T
U

R
P,

 
11

8 
bT

U
R

P 
 18

 
 44

 m
in

 m
T

U
R

P,
 

56
 m

in
 b

T
U

R
P 

( p
  <

 0
.0

01
) 

 4.
5 

da
ys

 m
T

U
R

P,
 

4.
0 

da
ys

 b
T

U
R

P 
( p

  =
 0

.2
01

) 

 1 
pt

 m
T

U
R

P,
 

0 
pt

 b
T

U
R

P 
( p

  =
 1

.0
0)

 

 1.
3 

m
g/

dl
 m

T
U

R
P,

 
1.

4 
m

g/
dl

 b
T

U
R

P 
 5.

1 
da

ys
 m

T
U

R
P,

 
4.

9 
da

ys
 b

T
U

R
P 

( p
  =

 0
.5

91
) 

 N
/A

 
 N

/A
 

 Y
oo

n 
et

 a
l. 

(2
00

6)
 [

 4 ]
 

 53
 m

T
U

R
P,

 
49

 b
T

U
R

P 
 12

 
 72

.6
 m

in
 

m
T

U
R

P,
 

74
.2

 m
in

 b
T

U
R

P 
( p

  =
 0

.4
51

) 

 3.
12

 d
ay

s 
m

T
U

R
P,

 
2.

28
 d

ay
s 

bT
U

R
P 

( p
  =

 0
.0

12
) 

 N
/A

 
 0.

62
 g

/d
l m

T
U

R
P,

 
0.

67
 g

/d
l b

T
U

R
P 

( p
  =

 0
.2

78
) 

 4.
27

 d
ay

s 
m

T
U

R
P,

 
3.

52
 d

ay
s 

bT
U

R
P 

( p
  =

 0
.0

34
) 

 10
.2

 m
l/s

 
m

T
U

R
P,

 1
0.

1 
bT

U
R

P 
( p

  =
 N

S)
 

 N
/A

 

 St
ar

km
an

 e
t a

l. 
(2

00
5)

 [
 21

 ] 
 18

 m
T

U
R

P,
 

25
 b

T
U

R
P 

 18
 

 N
/A

 
 3.

2 
da

ys
 m

T
U

R
P,

 
1.

8 
da

ys
 b

T
U

R
P 

( p
  =

 0
.1

2)
 

 N
/A

 
 N

/A
 

 2.
1 

da
ys

 m
T

U
R

P,
 

1.
2 

da
ys

 b
T

U
R

P 
( p

  =
 0

.1
1)

 

 N
/A

 
 N

/A
 

 A
ut

or
in

o 
et

 a
l. 

(2
00

9)
 [

 22
 ] 

 35
 m

T
U

R
P,

 
35

 b
T

U
R

P 
 48

 
 53

 m
in

 m
T

U
R

P,
 

49
 m

in
 b

T
U

R
P 

( p
  =

 0
.0

7)
 

 N
/A

 
 N

/A
 

 1.
0 

g/
dl

 m
T

U
R

P,
 

0.
8 

bT
U

R
P 

g/
dl

 
( p

  =
 0

.0
9)

 

 N
/A

 
 15

 m
l/s

 
m

T
U

R
P,

 1
2.

7 
bT

U
R

P 
( p

  =
 0

.4
4)

 

 30
 m

l 
m

T
U

R
P,

 
38

 m
l b

T
U

R
P 

( p
  =

 0
.3

) 
 K

on
g 

et
 a

l. 
(2

00
9)

 [
 23

 ] 
 51

 m
T

U
R

P,
 

51
 b

T
U

R
P 

 12
 

 N
S 

(n
o 

va
lu

es
 

gi
ve

n)
 

 57
.7

 h
 m

T
U

R
P,

 
37

.2
 h

 b
T

U
R

P 
( p

  =
 0

.0
3)

 

 N
/A

 
 1.

8 
g/

dl
 m

T
U

R
P,

 
0.

6 
g/

dl
 b

T
U

R
P 

( p
  =

 0
.0

1)
 

 2.
6 

da
ys

 m
T

U
R

P,
 

1.
5 

da
ys

 b
T

U
R

P 
( p

  =
 0

.0
2)

 

 11
.9

1 
m

l/s
 

m
T

U
R

P,
 

12
.6

3 
m

l/s
 

bT
U

R
P 

( p
  =

 N
S)

 

 81
.6

3 
m

l 
m

T
U

R
P,

 
82

.7
9 

m
l 

bT
U

R
P 

 H
o 

et
 a

l. 
(2

00
7)

 
[ 2

4 ]
 

 52
 m

T
U

R
P,

 
48

 b
T

U
R

P 
 12

 
 58

 m
in

 m
T

U
R

P,
 

59
 m

in
 b

T
U

R
P 

( p
  =

 N
S)

 

 N
/A

 
 2 

pt
s 

m
T

U
R

P,
 

0 
pt

s 
bT

U
R

P 
( p

  <
 0

.0
5)

 

 1.
8 

m
g/

dl
 m

T
U

R
P,

 
1.

2 
m

g/
dl

 b
T

U
R

P 
( p

  =
 N

S)
 

 N
/A

 
 A

t 1
2 

m
on

th
s,

 
N

S 
di

ff
er

en
ce

 
(n

o 
ex

ac
t v

al
ue

s 
gi

ve
n)

 

 N
/A

 

15 Non-laser Transurethral Resection of the Prostate



202

both technologies, several of the complications 
are seen at a reduced rate with biTURP [ 3 ]. This 
study, like many of the early studies is limited by 
relatively low number of patients and short dura-
tion of follow-up. 

 Another large randomized control trial 
reported by Michielsen et al. examined the use of 
bipolar TURis, i.e., bipolar resection performed 
in saline vs. monopolar TURP [ 16 ]. They found 
that, in contrast to the above study, there was 
no difference in the rates of complications, spe-
cifi cally clot retention (6 vs. 4,  p  = 0.75), blood 
transfusion (1 vs.4,  p  = 0.21), TUR syndrome 
(1 vs. 0,  p  = 1.0), hospital stay (4.9 vs.5.1 days, 
 p  = 0.591), catheterization time (4.0 vs.4.5 days, 
 p  = 0.2), or urinary retention (5 vs.3,  p  = 0.72) in 
monopolar TURP vs. biTURP, respectively. The 
only difference seen between the groups was 
operative time, which was signifi cantly shorter 
in the monopolar TURP group (44 min vs. 
56 min,  p  = 0.001) at the cost of a larger decrease 
in serum sodium levels for monopolar TURP 
patients (−2.23 vs. −1.47, no  p  value given). The 
number needed to treat (NNT) to avoid an epi-
sode of TUR syndrome from monopolar TURP 
calculated in this study was 50 patients. There 
was no data regarding symptom score, Qmax, 
or PVR improvement in this study. This study 
did not have any long-term follow-up data as the 
presented data was only collected during these 
patients’ initial hospital stay (no mean follow-
up reported). The authors concluded that bipolar 
TURP is safe and effi cacious compared to mono-
polar TURP although the difference in postop-
erative complication rates was not clinically 
signifi cant [ 16 ]. 

 Yoon et al. reported on a study of 102 men 
undergoing monopolar TURP ( n  = 53) vs. 
biTURP ( n  = 49) [ 4 ]. Improvements in IPSS (11.7 
biTURP vs. 12.1 monopolar TURP,  p  > 0.05) 
and Qmax (10.1 biTURP vs. 10.2 monopolar 
TURP,  p  > 0.05) were no different between the 
two groups as were the rate of postoperative 
complications. The durations of both catheteriza-
tion and hospitalization were signifi cantly lower 
in the biTURP group (2.28 days vs. 3.12 days, 
 p  = 0.012; 3.52 days vs. 4.27 days,  p  = 0.034, 
respectively) (see Table  15.1 ).  

    Complications 

 Geavlete et al. found that bipolar TUVP produced 
fewer complications than TURP (1.2 % vs. 9.4 % 
capsular perforation,  p  = 0.004; 23.5 h vs. 72.8 h 
catheterization period,  p  = 0.0001; and 0.5 g/dl 
vs. 1.6 g/dl hemoglobin drop,  p  = 0.0001, respec-
tively) [ 12 ], while others observed statistically 
similar rates of complication between bipolar 
TUVP and TURP, e.g., Xie et al. reported similar 
rates of urinary retention ( p  = 0.477), UTI ( p  = 1), 
TUR syndrome ( p  = 0.477), and blood transfu-
sion ( p  = 0.477) between monopolar TURP and 
bipolar TURP [ 10 ].  

    Conclusions 

 While more long-term studies on the effi cacy of 
biTURP are necessary, it appears that biTURP 
provides a reasonable and effi cacious alterna-
tive for transurethral resection of the prostate 
when compared to traditional modalities.     
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            History 

    Laser vaporization of the prostate as a means 
of addressing bladder outlet obstruction from 
benign prostatic hyperplasia (BPH) was fi rst 
described by Malek and colleagues at the Mayo 
Clinic [ 1 ]. This technique utilizes a laser with a 
wavelength of 532 nm, putting it in the visible 
green light spectrum. Energy at this wavelength 
is preferentially absorbed by oxyhemoglobin, 
but not by the irrigation fl uid. Hence, the term 
photoselective vaporization of the prostate (PVP) 
is used to describe the endoscopic removal of 
obstructing prostate tissue using the GreenLight 
laser (American Medical Systems, Minnetonka, 
Minnesota, USA). The selective absorption of the 
energy by the oxyhemoglobin leads to superheat-
ing of the vascular prostate tissue and subsequent 
vaporization of the tissue. Heat-induced coagula-
tion of superfi cial vasculature occurs at the same 
time, leading to excellent hemostasis as the tis-
sue is removed. The depth of penetration of the 
532 nm laser is only 0.8 mm, and extensive coag-
ulative necrosis of the tissue is minimized. This 
leads to very effi cient removal of obstructing 
tissue in a near bloodless operating fi eld while 

reducing the potential for extended postoperative 
tissue sloughing. 

 The GreenLight laser wavelength of 532 nm 
is created by doubling the frequency of a 
1,064 nm Nd:YAG laser and hence halving its 
wavelength. This is achieved with the use of a 
potassium-titanyl- phosphate (KTP) crystal. The 
prototype was able to achieve 60 W of power, 
and the fi rst commercially available system, the 
GreenLight PV system, utilized 80 W. While this 
device allowed for excellent vaporization, and 
early studies showed comparable results to stan-
dard treatments for BPH such as transurethral 
resection of the prostate and open prostatectomy 
[ 2 – 7 ], the relatively low power and thin beam 
made the treatment of larger or less-vascular 
prostates challenging. 

 The next iteration of the device was the 
GreenLight laser HPS generator (2006). This 
was able to achieve 120 W of power by utiliz-
ing a lithium triborate (LBO) crystal instead of 
KTP. The same ADD Stat fi ber that was used 
with the initial generator was also used with the 
HPS. This silica laser fi ber has a 1.75 mm outer 
diameter and a 600 μm conducting core diameter. 
It is side-fi ring with a 70° forward defl ection. 
The higher power HPS was able to achieve an 
88 % more collimated beam, a smaller spot size, 
and an 8 % beam divergence versus 15 % for the 
PV. This resulted in much greater power density 
in W/cm 2 . The HPS also added a dual power 
mode with two foot pedals so that the surgeon 
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could rapidly alternate between vaporizing and 
coagulating tissue. A more compact air-cooled 
system replaced the previous need for water cool-
ing of the laser generator. 

 The most recent advancement in photoselec-
tive vaporization of the prostate is the develop-
ment of the GreenLight laser XPS system (2010). 
Like the HPS, it also quasi-continuously emits 
the 532 nm laser beam using a LBO crystal. Its 
50 % increase in power necessitated the improve-
ment of the laser fi ber to deliver the energy. The 
new MoXy fi ber to be used with the XPS has a 
larger outer diameter of 2.10 mm, an increased 
conducting core diameter of 750 μm, and a metal 
cap. It is also continuously cooled with normal 
saline infl ow. It has the same 8° divergence as the 
ADD Stat laser fi ber, but the larger conducting 
core diameter creates a 50 % larger spot size. The 
combination of 50 % smaller spot size but 50 % 
more power maintains the same power density in 
W/cm 2  as the HPS and ADD Stat. Hence, a 
greater volume of prostate tissue can be effi -
ciently vaporized with the new GreenLight laser 
XPS and MoXy laser fi ber.  

    Indications 

 Patients with symptomatic lower urinary tract 
symptoms (LUTS) have a variety of options from 
which to choose for management of their symp-
toms. These options include behavioral strategies 
such as caffeine and fl uid restriction, alpha- 
blocker medication, 5-alpha-reductase medica-
tion, antimuscarinic medication, and surgical 
intervention. Surgical options include open pros-
tatectomy, transurethral resection of the prostate 
(TURP), transurethral incision of the prostate 
(TUIP), laparoscopic or robotic prostatectomy, 
transurethral holmium laser ablation of the 
prostate (HoLAP), transurethral holmium laser 
enucleation of the prostate (HoLEP), and pho-
toselective vaporization of the prostate (PVP). 

 Surgical intervention is indicated for patients 
with complications from their BPH and those who 
do not achieve satisfactory symptom relief from 
medical management. Complications requiring 
surgical intervention include renal insuffi ciency 

due to BPH, recurrent urinary tract infections, 
bladder calculi, and gross hematuria due to BPH 
urinary retention [ 8 ]. Bladder diverticula do not 
represent an absolute indication for surgery unless 
associated with recurrent urinary tract infections 
or progressive bladder dysfunction [ 8 ].  

    Preoperative Preparation 
and Evaluation 

 Assessment of the patient’s LUTS can be easily 
achieved with a validated questionnaire such as 
the American Urological Association Symptom 
Index (AUA-SI) or International Prostate 
Symptom Score (IPSS). Preoperative assessment 
can confi rm the severity of LUTS and the impact 
on quality of life, and it provides a baseline to 
which postoperative scores can be compared as a 
measure of improvement. Patients with predomi-
nantly storage symptoms (frequency, urgency, 
nocturia) should be informed of the possible per-
sistence of these symptoms postoperatively and 
the need for antimuscarinic medications for relief. 

 Preoperative history is important to gauge the 
patient’s risk of other complicating urological 
conditions such as urethral stricture, bladder can-
cer, urinary tract infection, urinary incontinence, 
urinary retention, and bladder calculi. A history 
of hematuria should be appropriately evaluated 
when present. 

 Physical examination should include palpation 
of the lower abdomen to assess for bladder disten-
sion, penile examination to detect severe phimosis 
or meatal stenosis, and digital rectal examination. 
A brief neurological assessment can detect overt 
derangement that might suggest a neurological 
condition affecting the patient’s LUTS such as 
diabetes mellitus, spinal stenosis, or multiple scle-
rosis. Urofl owmetry and a check of the patient’s 
post-void residual (PVR) by ultrasound can help to 
confi rm the diagnosis of bladder outlet obstruction, 
and they provide a means of assessing improve-
ment if measured again postoperatively. Formal 
urodynamic testing is reserved for those patients 
with more complicated clinical scenarios. 

 A standard laboratory, cardiology, pulmonary, 
and imaging preoperative evaluation appropriate 
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for any surgical patient should be performed prior 
to performing a PVP. Urinalysis and urine culture, 
if indicated, would also be appropriate as patients 
should be free of bacteriuria, if possible, prior to 
surgery. Additional unique considerations for 
those patients undergoing a PVP include an 
assessment of prostate size and shape, necessity 
of discontinuing anticoagulant medication, and 
prostate cancer screening. 

 Measurement of prostate size has implications 
for the feasibility of performing a PVP as well as 
for expected length of surgery. Digital rectal 
examination can provide a general idea of the size 
of the prostate, but it is notoriously unreliable and 
may signifi cantly underestimate the size of a 
median lobe and an intravesical portion of the 
prostate. Transrectal ultrasound and CT scanning 
provide more reliable estimations of prostate size 
and should be employed prior to surgery in those 
cases where precise knowledge of the size of the 
prostate will alter surgical approach and planning. 
Although not routinely recommended for assess-
ing a typical patient with LUTS, cystoscopy may 
provide additional preoperative information 
regarding the shape of the prostate, location of the 
ureteral orifi ces, and size of the intravesical por-
tion of the prostate. Cystoscopy will also detect a 
urethral stricture or bladder stones as possible 
contributing factors to the patient’s LUTS and is 
indicated in the evaluation of patients with hema-
turia prior to pursuing a PVP. 

 Patients who are candidates for surgical inter-
vention for BPH are also likely to be within the 
age range where prostate cancer screening is con-
sidered appropriate. A thorough discussion of the 
risks and benefi ts of prostate cancer screening 
should be undertaken with every man with a 
greater than 10-year life expectancy prior to pur-
suing a PVP. A prostate biopsy should be pursued 
in those men with palpable prostate nodules or 
with serum prostate-specifi c antigen (PSA) ele-
vation. PSA also can be a surrogate indicator of 
prostate size, in that a PSA >1.5 usually corre-
lates to a prostate volume of about 30 g. 

 Although it is generally advisable to discon-
tinue oral antiplatelet and anticoagulation medi-
cations prior to surgery when deemed safe for the 
patient’s overall medical condition, one of the 

advantages of PVP is the ability to perform this 
procedure even in those patients who must con-
tinue taking these medications. Several studies 
have demonstrated the safety and effectiveness of 
PVP in patients undergoing the procedure while 
taking oral anticoagulation medication [ 9 ,  10 ]. 

 Informed consent for PVP includes a thor-
ough and detailed discussion about the surgical 
risks of transurethral prostate surgeries. Surgical 
complications are discussed below in detail, but 
those that should be discussed include a 20 % 
risk of prolonged hematuria (lasting more than 2 
weeks), a 20 % risk of irritative voiding symp-
toms, an approximately 5 % risk of urinary reten-
tion requiring placement of a Foley catheter, a 
urinary incontinence rate of about 1 %, a postop-
erative urinary tract infection risk of 3 %, and a 
rare chance of damage to the bladder neck or ure-
teral orifi ces [ 1 ,  5 ,  11 – 16 ].  

    Operative Technique 

 Successful completion of a PVP is dependent 
upon an attentive operating room staff and a prop-
erly maintained collection of equipment dedicated 
to photoselective vaporization of the prostate. First 
and foremost is the GreenLight laser XPS 180 W 
output device. A supply of MoXy laser fi bers must 
also be kept on hand, with at least two fi bers avail-
able for each PVP to be done in case of fi ber 
breakage. The preferred cystoscope is a 23 Fr con-
tinuous-fl ow scope with a 30° telescope. A beak 
visual obturator is needed to allow initial passage 
of the scope. The working channel of the scope 
must be large enough to accept the MoXy fi ber. An 
approximately 20 cm section of tubing is attached 
to the outfl ow valve of the scope to allow gentle 
drainage away from the surgeon. Two room tem-
perature 3 L normal saline bags are hung through 
a Y-tube adaptor to provide infl ow irrigation. The 
operating room staff must remain attentive to the 
fl uid levels throughout the case, and replace empty 
bags as needed. A separate 1 L normal saline bag 
provides cooling to the MoXy fi ber. A self-sealing 
nipple at the working port prevents leakage around 
the laser fi ber. A high defi nition video system with 
a laser fi lter placed between the telescope lens and 
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camera allows optimal visualization during the 
procedure. Various styles of laser goggles are 
available, and the surgeon should choose one that 
allows excellent clarity and is comfortable to wear 
for potentially several hours. Urethral sounds 
should be available, and a 24 Fr or a 26 Fr resecto-
scope is also important to have as backup. At the 
completion of the procedure, an 18 Fr 2-way cath-
eter is typically placed, but larger-sized 3-way 
catheters and continuous bladder irrigation should 
also be available should there be signifi cant 
hematuria. 

 After induction of anesthesia, either gen-
eral or spinal, the patient is placed in the dorsal 
lithotomy position. The genitals and perineum 
are prepped and draped in the standard fashion 
for cystoscopy. A 23 Fr continuous-fl ow cys-
toscope is introduced into the urethra and blad-
der. Dilation of the urethral meatus with sounds 
may be needed to facilitate passage of the cysto-
scope. A careful inspection of the entire bladder 
urothelium is undertaken, and the laser fi ber for 
the procedure is only opened once a lack of any 
unexpected fi ndings such as bladder tumors or 
calculi has been confi rmed. Careful attention is 
paid to the location and position of the ureteral 
orifi ces, especially in relation to their proximity to 
the bladder neck and median lobe. The prostatic 
urethra is also carefully visualized to generate a 

strategy for completing the PVP (Figs.  16.1  and 
 16.2 ). Particular note is made of the length of the 
prostatic urethra to prevent vaporization proximal 
to the bladder neck or distal to the verumontanum.

    After introduction of the laser fi ber, the PVP is 
begun. General strategies for achieving the most 
effi cient vaporization are pursued. These include 
maintaining only a 1–2 mm distance between the 
laser fi ber and the tissue being treated, rotating 
the fi ber no more than 30° from the neutral 
 position to prevent diffusion of the laser beam, 
keeping the rotation of the fi ber at a slow pace 

a b

     Fig. 16.1    Cystoscopy prior to initiating the PVP demonstrates signifi cant BPH with complete visual obstruction by the 
median lobe ( a ) and lateral lobes ( b ). The bladder neck is not visualized from the verumontanum       

  Fig. 16.2    Nodules of BPH within the mid-prostatic ure-
thra are visually obstructing the bladder neck       
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(0.5–1 sweeps/s), and withdrawing the cysto-
scope at a speed of only a few millimeters per 
second. The speed of the fi ber rotation and the 
angle of the rotation have been shown to have 
effects on vaporization effi ciency in ex vivo anal-
ysis [ 12 ,  13 ]. The fi ber is marked with a blue 
arrow and a red stop sign (Fig.  16.3 ) to help pre-
vent fi ring the laser toward the cystoscope lens, 
and careful attention must be given to observing 
these markings. In addition, the cystoscope is 
rotated within the prostatic urethra so that the 
beak of the scope is always 180° from the tissue 
being treated. The appearance of bubbles as the 
tissue is being treated is a reliable indicator of 
effective vaporization. The initial power settings 
are 80 W for vaporization and 30 W for coagula-
tion. The vaporization power is increased to 
120 W once enough tissue has been cleared in the 
prostate fossa that the working channel can be 
easily traversed without the laser fi ber being 
forced into contact with the prostate tissue. The 
vaporization power is increased to 180 W as nec-
essary for the largest or most fi brous glands.

   The authors’ technique for completing the PVP 
begins fi rst by performing vaporization at the 5 
o’clock and 7 o’clock positions from the bladder 
neck to the level of the verumontanum in order to 
help distinguish the lateral lobes from the median 

lobe and to defi ne the surgical level of the capsular 
fi bers. The right and left lateral lobes are vaporized 
next by performing sweeps from the bladder neck 
to the verumontanum in a stepwise progression 
from the posterior aspect of the lobe to the anterior 
aspect of the lobe on each side. The treatment con-
tinues in this fashion until the circular fi bers of the 
prostate capsule are  recognized (Fig.  16.4 ). The 
median lobe of the prostate is then vaporized from 
a lateral to medial direction beginning at the blad-

a b

  Fig. 16.3    The 120 W HPS 2090 fi ber ( a ) and the 180 W 
XPS MoXy fi ber ( b ) are shown at the optimal extension 
from the end of the cystoscope and the proper distance 

from the tissue being treated. The blue arrows demon-
strate that the beams are aimed toward the tissue and away 
from the lens       

  Fig. 16.4    The proper depth of surgical resection is reached 
once the circular fi bers of the prostate capsule are seen       
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der neck and proceeding distally to the verumon-
tanum. The median lobe is approached from both 
lateral directions in this manner until the posterior 
bladder neck is completely fl attened to the level of 
the trigone. Care is taken to recognize the ureteral 
orifi ces, which can be marked at the start of the 
procedure by applying a short burst of vaporiza-
tion or coagulation energy to the nearby bladder 
mucosa. Any residual apical tissue is vaporized to 
complete the procedure and allow a fully unob-

structed view from the verumontanum through the 
prostatic urethra (Figs.  16.5  and  16.6 ). This tech-
nique is very similar to that described by Malek 
[ 17 ] and the Basel technique [ 14 ]. Those patients 
with a large median lobe may require partial or 
complete vaporization of the median lobe prior to 
the lateral lobes in order to optimize visualization 
and irrigation.

     A modifi ed technique that utilizes deep inci-
sions into the prostate lobes has been described 

a b

  Fig. 16.5    The verumontanum is preserved during PVP 
( a ), and vaporization is not performed on tissue distal to it 
in order to minimize risk of thermal injury to the external 
sphincter.  At completion of the PVP, an open channel is 

seen from the verumontanum to the bladder neck.  It is not 
unusual to see a shaggy surface ( b ) within the fossa after 
a successful PVP       

a b

  Fig. 16.6    When viewed from the mid-prostatic urethra, any visual evidence of obstruction by prostate tissue is absent 
( a ), and the bladder neck is wide open at the completion of the PVP ( b )       
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[ 10 ]. A midline incision that is carried down to 
the trigone is performed fi rst. A second incision 
is then made lateral to the median lobe on one 
side, and the tissue in between these incisions is 
completely vaporized. The same maneuver is 
then performed on the contralateral side. Incisions 
high on the lateral lobes are then made, and the 
tissue of the lateral lobes is vaporized down to the 
fl oor of the prostate. 

 A spiral technique is another method to per-
form the PVP [ 18 ]. In this technique, a clear 
channel is achieved in a stepwise fashion, as 
if spiraling down through the prostate. A com-
plete area of the prostate along its length is 
vaporized in a 360° manner beginning at the 
bladder neck, proceeding next to the proximal 
later lobes, and fi nishing with the fl oor of the 
prostate and the apex. 

 The anterior start technique initially begins 
with vaporization between the 11 o’clock and 1 
o’clock positions from the bladder neck 
 proximally to the level of the verumontanum dis-
tally [ 18 ]. Vaporization of the lateral lobes is per-
formed next. The median lobe is fl attened, and 
creation of a midline incision through the median 
lobe then allows completion of its vaporization in 
a medial to lateral direction bilaterally. 

 Whichever technique a surgeon utilizes, it 
should be consistent and reproducible, yet also be 
applicable to prostates of various sizes and 
shapes. The procedure is assessed for completion 
when the infl ow irrigation is stopped and the 
prostate fossa is viewed with the cystoscope 
placed at the verumontanum (which should still 
be preserved). A wide-open channel into the 
bladder should be seen with no remaining visu-
ally obstructing tissue present. A TURP-like 
defect is considered critical to reduce the risk of 
the patient needing a secondary procedure 
(Figs.  16.5  and  16.6 ). The ureteral orifi ces are 
inspected to ensure they remain intact. Stopping 
the infl ow irrigation also allows for assessment of 
bleeding from the prostate fossa. 

 There are various techniques for managing 
troublesome bleeding encountered during the 
PVP. Raising the height of the irrigation fl uid 
will often improve visualization. Once the view 
becomes less bloody, the fl uid may be lowered to 

its initial height. Specifi c sites of bleeding within 
the fossa may be vaporized using the coagula-
tion setting of the laser. Care should be taken 
to avoid aiming the beam directly into a bleed-
ing vessel. The vaporization setting can also be 
used to achieve hemostasis by moving the laser 
fi ber an increased distance away from the tis-
sue being treated and thus defocusing the beam. 
Coagulation rather than vaporization occurs as 
the working distance from the fi ber to the tissue 
is increased. If visualizing is adequate to allow 
for continued safe vaporization, bleeding will 
often slow or stop as the prostatic channel size is 
increased, and the fl ow of the continuous irriga-
tion becomes more vigorous. It is often helpful 
to focus on vaporizing the lateral lobe contralat-
eral to an annoying bleeding site for a period of 
time and then periodically reassessing the sta-
tus of the bleeding as the fl ow improves. If the 
degree of bleeding becomes signifi cant enough 
that visualization is impaired to the point that 
vaporization cannot be safely continued, it may 
be necessary to remove the cystoscope and place 
a resectoscope to achieve hemostasis. Once 
the bleeding site has been fulgurated with the 
resectoscope, the cystoscope can be replaced 
and the PVP completed, or the procedure may 
be completed as a TURP. The need for placing 
the resectoscope to control bleeding should be a 
rare event and in the authors’ experience occurs 
in less than 1 % of cases. 

 Once the PVP is deemed complete, and the 
hemostasis at the end of the procedure deemed 
appropriate, the cystoscope is removed and 
an 18 Fr Foley catheter is placed. If no bloody 
drainage is noted from the Foley after the blad-
der is completely drained, then it is connected to 
a gravity drainage bag and the patient reversed 
from anesthesia. If continuous bloody drainage 
is noted from the Foley, then several minutes of 
hand irrigation with a bulb or piston syringe is 
undertaken to see if this is able to clear the urine. 
If this maneuver is unsuccessful, then the 18 Fr 
Foley is removed and replaced by a larger-sized 
3-way catheter. If the urine appears to be clearing 
on moderate continuous bladder irrigation, then 
the patient is reversed from anesthesia. In the rare 
event that the urine does not clear with continuous 
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bladder irrigation and an arterial bleeder is sus-
pected, then a resectoscope should be placed and 
the bleeding site fulgurated if found. 

 The authors wish to highlight a few “tricks of 
the trade” points to keep in mind when perform-
ing PVP, especially early in the learning phase:
•    Be sure to complete the online training mod-

ules on the AMS website (  http://www.ams-
greenlight.com/phys_resource_training.html    ).  

•   Take advantage of the GreenLight PVP simu-
lator that was recently developed by AMS, as 
this should be useful for urologists learning 
this technique.  

•   At the start of the case, create a good working 
channel within the prostatic urethra in order to 
optimize fl ow of irrigation. The laser power may 
initially need to be kept low (80 W) when mak-
ing this channel. The vaporization power can be 
increased (120 W or higher) once the channel is 
open enough to allow for good fl ow of irrigant.  

•   Control bleeding early and don’t fall behind on 
this, as the combination of blood and saline irrig-
ant make for diffi cult endoscopic visualization.  

•   Over time, one’s effi ciency of movement and 
sweeping of the laser fi ber improves, and sur-
geons will fi nd that they will spend more time 
with their foot on the fi ring pedal than not.  

•   Fully vaporize an area of tissue before moving 
on to another area, as previously treated tissue 
becomes more diffi cult to vaporize, thus 
decreasing laser effi ciency.  

•   Choose straightforward cases to start with when 
early in the learning curve. These cases include 
patients with smaller glands, who are not on 
anticoagulation, who are not in retention, and 
who do not have signifi cant median lobes.  

•   Emphasize practice-based learning and 
improvement strategies by videotaping your 
procedures and evaluating and critiquing 
yourself and others. Much can be learned by 
even a few minutes of doing so!     

    Postoperative Management 

 The need for postoperative catheterization fol-
lowing PVP done under general anesthesia is at 
the discretion of the surgeon. Those done under 

spinal anesthesia may benefi t from overnight 
placement of a catheter given the increased risk 
of urinary retention following spinal anesthesia. 
It is the standard practice of the authors to leave a 
catheter overnight in patients undergoing PVP, 
and the patient is instructed to remove the cathe-
ter himself on the fi rst postoperative morning if 
the urine does not demonstrate any signifi cant 
hematuria. Those patients taking oral anticoagu-
lant medication may benefi t from a longer trial of 
catheterization in order to reduce the risk of clot 
retention. Those patients with preoperative uri-
nary retention may also benefi t from longer cath-
eterization times and a formal trial of voiding in 
the offi ce rather than self-removal of the catheter 
at home. Several clinical trials have demonstrated 
reduced mean catheterization times for patients 
undergoing PVP relative to TURP [ 4 ,  6 ,  19 ]. 

 Those patients noted to have signifi cant hema-
turia at the completion of the PVP often require 
additional interventions to help the urine to clear. 
Instilling more water into the catheter balloon 
and placing it on traction will often help to stop 
bleeding from the prostate fossa. Manual irriga-
tion of the catheter is also often successful in 
slowing bleeding and preventing clot formation. 
However, for those patients in whom signifi cant 
hematuria persists despite these maneuvers, a 
period of time utilizing continuous bladder irri-
gation may be necessary. The continuous bladder 
irrigation may be weaned over several hours so 
that the patient may still go home the day of sur-
gery, although in some cases overnight hospital-
ization may be necessary. 

 Patients are encouraged to increase their fl uid 
intake as soon as they are transferred from the 
recovery room to the outpatient unit. This 
increased fl uid consumption should be main-
tained for several days after surgery, and oral 
intake and diet can return to preoperative levels if 
the urine remains clear at home with the catheter 
out. Narcotic pain medications should be avoided 
if possible, but patients are given a prescription to 
fi ll if necessary. Patients are advised to limit post-
operative activities for 1–2 weeks after surgery. 
Lifting should be restricted to less than 10 lb, and 
strenuous exercise should be avoided. Sexual 
activity is also discouraged for 1–2 weeks. 
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 Patients can generally discontinue any medi-
cations they were taking for management of 
LUTS after they have undergone a PVP. Those 
patients who experience persistent gross hema-
turia may benefi t from the initiation or resump-
tion of a 5-ARI. Similarly, postoperative 
storage symptoms including urinary frequency, 
urgency, and urge incontinence may warrant 
continuation of an antimuscarinic medication 
in those taking these preoperatively or initia-
tion of such medications for patients in whom 
these symptoms develop de novo after surgery. 
Resumption of oral anticoagulant medications 
can be advised at the surgeon’s discretion and 
as deemed appropriate by the patient’s cardi-
ologist or internist. 

 Patients are typically seen in 2–3 weeks fol-
lowing surgery for a postoperative visit or in 2–3 
days if a formal trial of voiding is needed. 
Problems such as dysuria, storage symptoms, 
hematuria, tissue sloughing, or other concerns 
are addressed at the postoperative visit. A PVR is 
routinely checked to rule out impending urinary 
retention. The patients then return in 3 months 
for urofl owmetry, assessment of PVR, and assess-
ment of LUTS with the AUA-SI. Any lingering 
concerns are sought, and those patients with poor 
symptom relief or very poor fl ow rates on uro-
fl owmetry undergo cystoscopy to evaluate for 
incomplete tissue removal, urethral stricture, or 
bladder neck contracture. A serum PSA can be 
checked in appropriately selected patients to 
establish a new baseline for future screening.  

    Effi cacy 

 Assessment of the effi cacy of PVP with regard to 
improvement in LUTS and urodynamic parame-
ters is limited by a paucity of randomized clinical 
trials comparing PVP to other established surgi-
cal treatment options. In addition, the studies 
which have been published do not typically uti-
lize the latest iteration of the device, the 180 W 
XPS system. Nonetheless, the data thus far dem-
onstrate comparable improvement to that 
achieved with TURP and OP, with potential ben-
efi t in regard to surgical complications. 

 In 2006, Bouchier-Hayes and associates pub-
lished a randomized trial comparing TURP to 
PVP done with the 80 W system [ 4 ]. A similar 
reduction of approximately 50 % in IPSS was 
seen for both the PVP and the TURP groups. The 
Qmax improved by 167 % for the PVP patients 
and 149 % for the TURP patients, a signifi cant 
increase for both. Post-void residual volumes 
also showed signifi cant decreases, and similar 
trends were seen in relation to bother and quality 
of life scores. The length of catheterization was 
less in the PVP group (mean of 12.2 h) than in the 
TURP group (44.5 h). A signifi cant difference in 
length of stay was also noted, with the mean of 
the PVP group being 1.08 days and the mean of 
the TURP group being 3.4 days. 

 An early study comparing TURP to 80 W 
PVP in patients with large (>70 mL) prostates 
noted a signifi cant difference in IPSS, Qmax, and 
PVR values at 6 months in favor of TURP [ 6 ]. 
The procedure was signifi cantly shorter for the 
TURP group (mean of 51 min versus 87 min), but 
the length of hospital stay (4.8 days versus 2 
days) and length of catheterization (3.9 days and 
1.7 days) were shorter in the PVP group. 

 A study comparing 120 W PVP with TURP in 
patients with a mean prostate volume of approxi-
mately 60 mL shows more promising results [ 2 ]. 
As seen in the other studies, the mean 
 catheterization time of 1.4 days in the PVP group 
was signifi cantly shorter than the 2.7 days in the 
TURP group. Mean hospital stay also favored 
PVP (2.3 days versus 4.1 days). Functional out-
come with regard to increase in Qmax, decrease 
in IPSS, and decrease in PVR was notable for 
dramatic improvement in all three compared with 
preoperative values. The degree of improvement 
in both the PVP group and the TURP group was 
comparable at all time points of follow-up out to 
36 months. 

 A second randomized clinical trial comparing 
120 W PVP with TURP was published in 2011 
and provided a 2-year follow-up [ 5 ]. Similar 
IPSS reduction was seen for both PVP and TURP 
at 2 years (−15.7 and −14.9, respectively). There 
was no signifi cant difference in the increase in 
Qmax between PVP and TURP (+14.5 and 
+13.1 mL/s, respectively). Length of hospital 

16 Photoselective Vaporization of the Prostate



214

stay and time to catheter removal were signifi -
cantly shorter with PVP. 

 Similar symptomatic improvement and 
changes in urodynamic parameters have also 
been noted in PVP as compared to OP. Alivizatos 
and colleagues assessed men with prostate glands 
>80 mL in size who were randomized to either 
80 W PVP or transvesical open enucleation at 1 
year [ 3 ]. All functional parameters improved sig-
nifi cantly compared to baseline values in both 
groups. The IPSS did not differ between the two 
groups at 3, 6, and 12 months postoperatively. 
There were no signifi cant differences between 
the two groups in the Qmax and PVR after sur-
gery. The prostate volume was signifi cantly 
reduced to a greater degree in the OP group. 
Another trial evaluating PVP and OP in men with 
glands >80 mL provided an 18-month follow-up 
[ 7 ]. There was no difference in IPSS between the 
two groups at 3, 6, 12, and 18 months postopera-
tively. At 18 months there were no signifi cant dif-
ferences between the two groups in Qmax and 
PVR. As seen in the previous study, the prostate 
volume was lower in the OP group. 

 A recent study to look at the effi cacy of the 
GreenLight laser XPS system showed excellent 
early functional improvement in key parameters 
up to 6 months following treatment [ 20 ]. Mean 
IPSS scores improved from 19.6 preoperatively 
to 9.4. Maximum urinary fl ow rate increased 
from 8.4 to 21.0 mL/s. There was also a drop in 
PVR from a mean of 190 mL to a mean of 
35 mL. The study was notable for approximately 
a quarter of the patients having a prostate volume 
>80 mL. Statistically signifi cant drops in both 
PSA values and prostate volume at 3 months 
postoperatively confi rm the effectiveness of the 
XPS system in removing a large amount of pros-
tate tissue. 

 Photoselective vaporization of the prostate has 
also been studied in men suffering from urinary 
retention prior to surgery. Ruszat and colleagues 
published a subgroup analysis of their results 
using PVP in men with refractory urinary reten-
tion [ 21 ]. At 24 months postoperatively, they 
found a peak urinary fl ow rate of 19.4 mL/s in 
men with retention versus 23.3 mL/s in men 
without retention who has also undergone the 

procedure. IPSS for the two groups was found to 
be 4.4 versus 6.5, respectively. Postoperative uri-
nary retention and complication rates were com-
parable for the two groups. Being in urinary 
retention also did not have any negative impact 
on the outcome of 180 W GreenLight laser PVP 
in the study by Bachmann and associates [ 20 ]. 

 There are few studies examining the long- 
term durability of PVP. Hai reported on the 
5-year outcomes on 246 of the fi rst 321 patients 
who underwent PVP at his institution [ 22 ]. The 
average improvement in AUASS was 79 %, while 
the average improvement in maximal fl ow rate 
was 172 %. The overall retreatment rate was 
8.9 %; 19 of the 246 were treated with a repeat 
PVP due to re-obstruction from prostate ade-
noma, and 3 underwent transurethral incision of 
the bladder neck. A study of 500 consecutive 
patients with mean follow-up of 30 months found 
a retreatment rate of 6.8 % because of insuffi cient 
fi rst vaporization or regrowth of prostate tissue 
[ 23 ].  

    Complications 

 Complications related to PVP can be catego-
rized as intraoperative, early postoperative, and 
late. All are relatively infrequent and compara-
ble to those seen in other surgical interventions 
for BPH. 

    Intraoperative 

 Intraoperative bleeding may occur with PVP, but 
the need for blood transfusion is signifi cantly less 
likely than what is seen with TURP [ 2 ,  24 ]. In a 
randomized, prospective trial using the 120 W 
laser, Al-Ansari et al. reported that 20 % of 
TURPs needed blood transfusions, but none of 
the PVPs did [ 2 ]. In the same study, 16.7 % of 
TURPs had capsular perforated capsule versus 
none with PVP, and 5 % of TURPs had TUR syn-
drome versus none of PVPs. Even in those 
patients on anticoagulation, the occurrence of 
signifi cant intraoperative bleeding is less than 
TURP [ 9 ,  10 ]. Conversion to TURP because of 
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intraoperative bleeding is a potential adverse 
event that patients should be warned of prior to 
PVP. Conversion rates are generally low (<5 %) 
but increase as gland size increases [ 24 ]. 

 Other intraoperative complications of endo-
scopic surgery for BPH to be considered 
include capsule perforation and TUR syndrome. 
However, because the irrigating fl uid used dur-
ing PVP is isotonic to saline, the theoretical 
risk of TUR syndrome should be very low. The 
GreenLight laser is selective for oxyhemoglo-
bin, and thus minimally vascular tissue such as 
the fi brotic prostate capsule should be much less 
susceptible to the effects of the treatment. This 
reduces the likelihood of capsule perforation 
compared to the electrocautery of TURP. One 
recent study comparing TURP and PVP found a 
16.7 % capsule perforation rate and 5 % risk of 
TUR syndrome in the patients undergoing TURP 
with no patient in the PVP group experiencing 
these complications [ 2 ]. Another comparison 
found a 0.4 % versus 6.3 % capsular perforated 
capsule rate between the PVP and TURP groups, 
respectively [ 23 ].  

    Early Postoperative Complications 

 Early postoperative complications following 
PVP include urinary retention, hematuria, dys-
uria, urinary tract infection, ejaculatory dysfunc-
tion, recatheterization, and readmission. 

 Studies using the 80 W laser report rates of 
urinary retention ranging from 1 to 15.4 %, tran-
sient hematuria in 4–18 %, transient dysuria in 
7–30 %, culture-documented UTIs in 6 %, and 
ejaculatory dysfunction (either decreased volume 
of ejaculate or retrograde ejaculation) ranging 
from 36 to 55 % [ 19 ,  25 – 31 ]. In a large single- 
center study of 500 patients using the 80 W laser, 
Ruszat and colleagues reported early postopera-
tive complication rates including hematuria 
(9.8 %), transfusion (0.4 %), immediate repeat 
surgery (0.6 %), urosepsis (0.4 %), dysuria 
(14.8 %), urge incontinence (2.4 %), and UTI 
(6.8 %) [ 23 ,  24 ]. 

 Studies using the 120 W laser report rates of 
urinary retention at 8 %, UTI in 6 %, a recatheter-

ization rate of 1–5 %, transient hematuria in 12 % 
120 W 12 %, and the need for antimuscarinics to 
control storage symptoms as being the same as in 
TURP [ 5 ]. In one study using the 120 W laser, 
the postoperative readmission rate was 6 % (3 of 
50 patients) including 2 for hematuria and 1 for a 
febrile UTI [ 5 ]. In another study using the 120 W 
laser, 60 patients (versus 60 TURPs) were fol-
lowed for a mean of 36 months, and at follow-up, 
no patient had had clot retention (versus 10 % of 
TURPS); however, 93 % reported urgency or 
dysuria (versus 32 % of TURPs) [ 2 ]. 

 In a 2010 meta-analysis of published studies 
on PVP, Ahyai and colleagues found postopera-
tive urinary retention in 9.9 %, clot retention in 
0 %, secondary resection rates of 2.1 %, second-
ary bleeding in 0.7 %, urosepsis in 0 %, and UTI 
with fever 12 % [ 32 ]. Except for clot retention, 
these numbers were all higher than TURP, bipo-
lar TURP, TUVP, and HoLEP but did not reach 
statistical signifi cance.  

    Late Postoperative Complications 

 Urethral stricture represents one potential late 
complication from PVP. One study with long- 
term follow-up found an overall stricture rate 
of 4.4 %, the vast majority of which were in the 
bulbar urethra (>90 %) [ 23 ]. The stricture was 
noted in the fi rst year in 86 % of patients with 
a stricture. This group found that their urethral 
stricture rate fell signifi cantly after switching 
from a 26 Fr cystoscope to a 22.5 Fr instru-
ment. In one trial comparing PVP to TURP, 
urethral stricture was noted in 5.1 % of the 
PVP patients and 8.1 % of the TURP patients 
at 6 months follow-up [ 6 ]. These patients did 
undergo internal urethrotomy as treatment 
for the stricture. In a study by Alivizatos and 
associates comparing PVP to OP, only 2 of 65 
patients in the PVP group and 1 of 60 patients 
in the OP group required treatment for urethral 
stricture [ 3 ]. Capitan et al. found that 2 of 50 
patients developed urethral meatal stenosis, 
6 % developed a urethral stricture, 2 % had uri-
nary incontinence, and there were no bladder 
neck contractures [ 5 ]. 
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 Bladder neck contracture is another potential 
late complication of PVP. However, much like 
for urethral stricture, the incidence is generally 
low. No patient experienced a bladder neck con-
tracture in one comparative study of PVP versus 
TURP with a 2-year follow-up, while 4 % of the 
TURP patients experienced this complication 
[ 5 ]. In a randomized clinical trial comparing PVP 
to OP with an 18-month follow-up, 0 % versus 
3.3 % of patients were noted to have bladder neck 
contractures in the PVP and OP groups, respec-
tively [ 7 ]. 

 Patients undergoing PVP should be informed 
about the possibility of urinary incontinence and 
erectile dysfunction as part of informed consent 
of the procedure. The actual incidence of these 
conditions appears to be quite low in the pub-
lished literature. In both comparison to OP and 
TURP, PVP has demonstrated no signifi cant dif-
ference in effect on erectile function [ 3 ,  4 ]. Like 
with TURP, retrograde ejaculation does occur 
commonly. 

 Ruszat et al. reported in their single-center 
study of 500 PVP procedures using the 80 W laser 
with a 2.5-year mean follow-up of late postop-
erative complication of bladder neck contracture 
in 3.6 %, urethral stricture in 4.4 %, retreatment 
rates of 6.8 %, and incontinence in 1.2 % [ 23 ]. 
Using the 120 W laser, Al-Ansari et al. reported 
in their 60 patients with a mean follow-up of 
36 months rates of late complications of need-
ing a redo procedure in 11 % and bladder neck 
contractures in 7.4 % [ 2 ]. In a meta- analysis by 
Ahyai et al., rates of late postoperative complica-
tions included bladder neck contracture in 5 %, 
urethral stricture in 6.3 %, repeat procedure in 
5.6 %, and dysuria in 8.5 % [ 32 ].   

    Special Considerations 

    Safety of PVP in Men Who Require 
Continuous Anticoagulation 

 One of the highly touted advantages of PVP over 
TURP is that its laser technology allows for a vir-
tually bloodless tissue ablation technique. PVP 
therefore may be performed safely for patients 

with medical comorbidities, including a high-risk 
patient on anticoagulation and antiplatelet thera-
pies [ 33 ]. 

 In a two-center study of 66 medically comor-
bid patients with an ASA score of three or more, 
Reich et al. reported a 14-point IPSS score reduc-
tion and a 222 % improvement in Qmax at 1 year, 
with an 11 % recatheterization rate and one 
patient requiring a redo procedure [ 27 ]. 

 In a study of 116 men who underwent PVP 
while continuing warfarin, aspirin, or clopidogrel 
therapies, no bleeding complications were 
observed and no patients required blood transfu-
sions. Of note, these patients did have higher rate 
of postoperative bladder irrigation (17 % versus 
5.4 % of controls) resulting in longer postopera-
tive catheterization time [ 9 ]. These fi ndings have 
been confi rmed in other studies [ 10 ,  34 ].  

    Safety and Effi cacy of PVP in Men 
with Large Prostates 

 A number of studies have demonstrated the 
safety and effi cacy of PVP on large prostates. 
Signifi cant improvements in Qmax and IPSS 
scores have been reported [ 28 ,  35 ]. However, 
operating times, the probability of a staged pro-
cedure, and the number of laser fi bers used to 
complete the procedure were higher in men with 
large prostates when compared with smaller 
prostate glands. Good functional outcomes were 
maintained, but the incidence of postoperative 
recatheterization was 5, and 23.1 % of patients 
needed a reoperation within 1 year [ 28 ,  35 ]. 
These apparent drawbacks of treating large pros-
tates with the early 80 W systems have been 
minimized with the advent of more powerful 
(180 W) laser systems. 

 Another study found a higher safety profi le of 
PVP as compared with TURP [ 6 ]. When com-
pared to open prostatectomy for glands >80 mL, 
PVP patients had longer operating times but 
shorter catheterization and hospitalization times 
[ 3 ]. Complications and improvements in void-
ing parameters were similar in both groups. The 
open prostatectomy group had a higher transfu-
sion rate.  
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    Learning Curve 

 The learning curve for any surgery plays an 
important role in its overall acceptance. PVP has 
been shown to have a shorter learning curve than 
HoLEP, and this is likely the reason for the 
greater popularity of PVP [ 36 ]. Additionally, 
some consider PVP to be easier to learn and per-
form than TURP with reports of urologists feel-
ing comfortable performing TURPs after about 
50 procedures [ 37 ,  38 ] and others reporting com-
petence in PVP after performing 10–20 (or fewer) 
procedures depending on gland size [ 37 ]. As with 
learning any new technique or procedure, the 
authors advise a mentorship training period to 
adequately and safely perform PVP.  

    Cost 

 An issue worth mentioning is the cost- 
effectiveness of PVP, as the generator and laser 
fi bers are expensive. A number of studies have 
examined and summarized the issue of cost of 
PVP versus TURP [ 39 ]. A Swiss study showed 
similar fi nancial costs for PVP and TURP. OR 
and postoperative care costs were higher for 
TURP, while the costs of disposable materi-
als were higher for PVP [ 40 ]. Similarly, an 
Australian study showed that when performed 
as a same-day surgery procedure and despite the 
higher cost of equipment and disposables, PVP 
was less expensive than TURP. Cost savings 
with PVP generally were due to shorter hospital 
stays, shorter catheterization times, and lower 
complication rates [ 4 ]. 

 A 2006 study examined the clinical outcomes 
and cost characteristics of PVP, TUMT, TUNA, 
interstitial laser coagulation, and TURP using a 
decision analytic Markov model. In this model, 
PVP resulted in the largest benefi cial changes in 
IPSS, Qmax, and QoL scores, and the expected 
cost per patient at all time points was lowest for 
PVP. The cost savings of PVP was due to lower 
rates of adverse events and retreatments [ 41 ]. 

 It is important to keep in mind that the cost- 
effectiveness of any treatment depends on the 
different reimbursement systems in different 

countries. Therefore, it is diffi cult to draw general 
conclusions that are applicable to every country 
or health-care delivery system.   

    Conclusions 

 PVP is one of a number of laser technologies 
available for the treatment of lower urinary 
tract symptoms due to benign prostatic 
obstruction. This treatment carries with it a 
quick learning curve, a low risk of bleeding, 
the ability to perform the surgery if men are 
unable to stop blood thinning agents, a short 
postoperative catheterization, and a short hos-
pital stay. However, the equipment is expen-
sive, and there are increased retreatment and 
dysuria rates as compared to TURP. Urologists 
need to be aware of the  advantages and disad-
vantages of not only PVP but of the array of 
new technologies available for the surgical 
treatment of LUTS due to BPO. Ultimately, 
each urologist needs to know and review their 
own outcomes with benign prostate surgeries 
and offer their patients the treatments that in 
their own hands have the best outcomes and 
fewest complications, particularly in the era of 
cost-conscious and evidence-based medicine.     
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            Introduction 

    Transurethral resection of the prostate (TURP) 
is still considered the gold standard treatment for 
benign prostatic hyperplasia (BPH). However, 
its current use is limited to small- and medium-
sized prostates due to an overall morbidity rate 
of 15–20 % [ 1 ] and blood transfusion rate rang-
ing from 5 to 11 % [ 2 ]. Treatment of large-sized 
prostate glands has been deferred to the supra-
pubic prostatectomy approach, which is associ-
ated with signifi cant immediate postoperative 
patient morbidity, even using a robotic approach. 
Patients currently undergoing treatment for BPH 
are progressively older with more comorbidities; 
thus, there is an increased need for more mini-
mally invasive procedures in the current treat-
ment era. In an attempt to limit the morbidity 
associated with standard TURP and or suprapubic 
prostatectomy, several laser therapies have been 
introduced for the treatment of BPH, including 
neodymium:yttrium aluminum garnet (Nd:YAG), 
the holmium:YAG, and the potassium-titanyl- 
phosphate (KTP) lasers [ 3 ]. These lasers have 
been used to coagulate, vaporize, and cut prostatic 
tissue overgrowth using a variety of techniques. 
The holmium laser has been further developed to 

allow for actual prostatic lobe enucleation with 
subsequent tissue removal. 

 Holmium laser enucleation of the prostate 
(HoLEP) has emerged as an effective transure-
thral treatment option for patients suffering from 
symptomatic BPH of any size [ 4 ]. By using the 
holmium laser to incise the prostate gland, the 
laser scope to manually enucleate, and the mor-
cellator to remove a large bulk of tissue from the 
bladder, the suprapubic prostatectomy technique 
is recreated during the HoLEP procedure with-
out any abdominal or bladder incision. A mul-
titude of publications have supported the safety 
and effi cacy of HoLEP for small- and large-gland 
BPH [ 4 – 20 ], even in the presence of bleeding 
diatheses and anticoagulation [ 17 ]. HoLEP has 
been found to be as effective as TURP [ 7 – 11 ,  19 ] 
and open suprapubic prostatectomy [ 5 ,  7 ,  16 ] for 
the treatment of obstructive BPH, with the benefi t 
of less morbidity. Long-term studies of patients 
undergoing HoLEP demonstrate sustained relief 
from BPH symptoms from 4 to 10 years postop-
erative, with very low retreatment rates, ranging 
from 0 to 4 % [ 12 ,  16 ,  18 ,  21 ,  22 ]. 

 The effi cacy of HoLEP lies in its excellent 
tissue debulking capabilities. Large case series 
have shown that HoLEP produces a prostate 
volume and prostate-specifi c antigen reduction 
of 60–90 % [ 6 ,  13 – 15 ,  18 ]. Another benefi t of 
HoLEP is the potential to be performed as an out-
patient procedure with catheter removal within 
24 h of surgery. When compared to contemporary 
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ablative procedures, HoLEP has the advantage of 
actual tissue removal for pathologic specimen 
examination, greater prostate volume reduction, 
and durable long-term results, while maintaining 
low morbidity [ 23 ]. 

 Since HoLEP is a laser-based procedure, it is 
performed using normal saline irrigant, thus elim-
inating the risk of dilutional hyponatremia, also 
known as TUR syndrome. Furthermore, since the 
laser not only incises but also coagulates, it can 
perform pinpoint control of bleeding vessels as 
they enter the capsule of the prostate. The precise 
control of bleeding vessels at the time of tran-
section has nearly eliminated the need for blood 
transfusion after HoLEP in patients without 
bleeding diathesis. Evidence demonstrates the 
feasibility of radical prostatectomy after HoLEP; 
the concomitant treatment of bladder, ureteral, 
and renal stones at time of HoLEP; and the lim-
ited impact of HoLEP on erectile function [ 24 ]. 
Investigators have reported that once the initial 
investment for the laser is factored out, HoLEP 
is more cost-effective compared with TURP and 
open prostatectomy due to a shorter length of 
hospitalization and decreased need for ancillary 
interventions (i.e., blood transfusion and continu-
ous bladder irrigation) [ 19 ]. One criticism of the 
HoLEP procedure is the steep learning curve, 
which has limited its incorporation into many 
general urologists’ practices. Thus, the focus of 
the chapter will be to describe the current tech-
nique of HoLEP including available equipment, 
a step-by-step guide to the procedure, and antici-
pated postoperative recovery and complications.  

    Current Equipment Used for HoLEP 

    Equipment List 

     1.    100 W holmium laser unit   
   2.    550 μ end-fi re laser fi ber   
   3.    30° cystoscope lens   
   4.    Video tower and a freely swinging camera 

head   
   5.    Normal saline irrigation   
   6.    Continuous fl ow resectoscope (26–28 F) 

with modifi ed inner sheath with a stabilizer   

   7.    6 F stabilizing catheter   
   8.    Van Buren sounds   
   9.    Ellik evacuator   
   10.    Offset rigid nephroscope   
   11.    5 mm tissue morcellator   
   12.    Alligator grasper   
   13.    20 F catheter with mandarin guide     

 The holmium laser is a pulsed solid-state 
laser with a wavelength of 2.140 nm. Unlike 
other available laser systems, the holmium laser 
is a contact laser with a depth of penetration 
in prostatic tissue of only 0.4 mm. The laser is 
highly absorbed by water (absorption peak of 
water: 1.940 nm), which makes up 60–70 % of 
the prostate [ 24 ]. This water absorption pro-
duces an energy density that heats the prostatic 
tissue to greater than 100° Celsius [ 3 ]. With 
such high heats created, the tissue is vaporized 
without deep coagulation for a “what you see 
is what you get” effect, eliminating delayed 
tissue sloughing. The holmium laser produces 
very little char effect, which allows the laser 
to precisely cut and dissect tissue it is in direct 
contact with without obscuring surgical planes. 
When the laser is not in direct contact with the 
tissue, it can dissipate heat causing coagula-
tion of vessels to a depth of 2–3 mm [ 3 ]. The 
holmium laser is a multipurpose laser and can 
be used not only for tissue cutting (as in the 
treatment of urinary strictures) and coagula-
tion (treatment of urothelial tumors) but also 
for fracturing of stones [ 5 ,  25 ,  26 ]. To perform 
HoLEP in an effi cient manner, a high- powered 
laser is necessary and, in general, the 100 W 
VersaPulse holmium laser (Lumenis, Santa 
Clara, CA) is used (Fig.  17.1 ).

   The holmium laser energy can be transmitted 
along fl exible quartz fi bers of varying diameters, 
ranging from 200 to 100 μm. The ability to use 
multiple-sized fi bers allows the holmium laser to 
be used with not only a cystoscope but also rigid 
and fl exible ureteroscopes. In general, a larger 
laser fi ber is necessary to perform HoLEP, and 
the 550 μm end-fi re fi ber is generally preferred 
(Fig.  17.2 ). Several different companies offer 
both disposable and reusable quartz laser fi bers. 
The ability to sterilize and reuse the laser fi bers 
up to 20–30 uses gives HoLEP a theoretical eco-
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nomical advantage over other prostate laser treat-
ments [ 24 ]. When performing HoLEP, the laser 
fi ber is routinely stripped of its protective clad-
ding, over several inches, and then placed through 
a 6 Fr stabilizing catheter (Cook, Spencer, IN). 
The catheter is secured in place with a Luer-Lok 
injection port (Baxter, Deerfi eld, IL).

   Two different companies provide laser scopes 
that can be used to perform HoLEP. Olympus 
(Hamburg, Germany) has a 27 Fr continuous 
fl ow resectoscope with a modifi ed inner sheath 
that incorporates a laser fi ber channel and bridge 
(Fig.  17.3 ) (we utilize the Olympus scope), and 
Storz (Tuttlingen, Germany) manufactures two 
different-sized continuous fl ow laser scopes to 
perform HoLEP: a 26 Fr instrument with a dedi-
cated inner sheath and stabilizing guide and a 
28 Fr instrument with a dedicated inner sheath 
and stabilizing ring. Regardless of laser scope 
used to perform HoLEP, a 30° lens is necessary 
to adequately visualize the prostate and laser 
fi ber. Due to the extreme hand movements nec-
essary to perform HoLEP, an endoscopic cam-
era with a swivel base is necessary, as direct 
use of the eyepiece is neither feasible nor safe. 
High-defi nition video systems such as those pro-
vided by Stryker (Kalamazoo, MI) and Olympus 
(Hamburg, Germany) make visualization of the 
plane between capsule and adenoma much easier, 
but are not necessary to perform the procedure. 
Since HoLEP is a laser-based therapy, normal 
saline irrigation is used in all cases.

   Once enucleation of the prostate has been com-
pleted, the tissue must be removed using a tissue 
morcellator. To introduce the tissue morcellator, 
the inner working elements of the laser scope are 
removed leaving only the outer sheath and replaced 
with a modifi ed offset long 26 Fr  nephroscope with 

  Fig. 17.1    The 100 W VersaPulse holmium laser used to 
perform HoLEP       

  Fig. 17.2    The 550 μm 
quartz laser fi ber used to per-
form HoLEP       
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a 5 mm working channel (Olympus or Storz). The 
tissue morcellator is then introduced through the 
5 mm working channel (Fig.  17.4a ). The VersaCut 
morcellator (Lumenis) consists of a hand piece 
with reciprocating blades and controller box with 
suction pump and is operated solely by a foot pedal 
(Fig.  17.4b ). Partial depression of the foot pedal 
produces suction only, and complete depression 
allows for movement of the morcellator blades 
with suction. Due to the intense suction produced 
by the morcellator, it is important to have two 
water infl ows through the nephroscope to keep the 
bladder distended, preventing inadvertent damage 
by the morcellator. The Richard Wolf company 
(Vernon Hills, IL) has also developed a morcellator, 
the Piranha. This morcellator has  separate  controls 

for suction and morcellation and is run by a trigger 
handpiece. Comparison of the two morcellators has 
demonstrated excellent tissue removal; however, in 
ex vivo testing, the Lumenis morcellator was more 
effi cient at tissue removal [ 27 ]. After all the tissue 
is removed, a standard urethral catheter is placed 
for at least 6 h or until hematuria has decreased to 
an acceptable amount.

        HoLEP: Step By Step 

    Preoperative Evaluation 

 Prior to undergoing HoLEP, patients should have 
an appropriate preoperative evaluation. Though 

  Fig. 17.3    The disassembled laser scope and protective 
laser catheter. The device shown is the Storz 28 Fr set con-
sisting of a 28 Fr outer sheath, inner sheath with stabiliz-

ing ring, and 30° telescope lens. The laser catheter fi ts 
through the working element of the scope and is held in 
place by the stabilizing ring       

a b

  Fig. 17.4    ( a ) The long nephroscope shown here has a 
5 mm working channel which permits passage of the mor-
cellator as well as grasping forceps. The grasping forceps 
can be used to remove small fragments rather than mor-

cellating. ( b ) The Lumenis VersaCut morcellator has a 
pump suction device which allows for simultaneous 
removal of the prostate tissue at time of morcellation       
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work-up may be tailored to the individual patient, 
this should typically include a patient history, 
AUA symptom score (or appropriate validated 
metric), and urinary fl ow with post-void resid-
ual. Laboratory evaluation including complete 
blood count (CBC), electrolytes with creatinine, 
and serum PSA should be obtained. In general, 
patients should undergo a preoperative cystos-
copy and prostate ultrasound for operative plan-
ning. The cystoscopy is particularly important to 
rule out other causes of urinary obstruction such 
as urethral stricture disease and also assess for 
other pathology such as bladder calculi or tumor. 
The prostate ultrasound is benefi cial for operat-
ing room planning time since size of the prostate 
dictates case duration. If the patient suffers from 
severe urgency frequency or has other neurologic 
comorbidities, a full urodynamic study can be 
benefi cial in differentiating between signifi cant 
detrusor instability and bladder outlet obstruction. 

 As with any surgical procedure, a detailed 
informed consent is mandatory. Though the risk 
of clinically signifi cant bleeding is relatively low, 
even in the setting of anticoagulation or bleed-
ing diathesis [ 17 ], the possibility of transfusion 
should be discussed. Patients should be informed 
of the risks, both short term and long term of both 
stress and urge urinary incontinence, and the pos-
sibility of ongoing urinary retention particularly 
in those patients who presented with preopera-
tive urinary retention [ 21 ]. Patients should also 
be counseled on the small but real risk of urethral 
and bladder injury which can occur at time of 
dilation or morcellation. The series by Krambeck 
et al. notes frequent inconsequential bladder 
mucosal injury, but only one full-thickness injury 
requiring repair out of 1,065.  

    Operative Preparation 

 Patients are positioned in the dorsal lithotomy 
position and induced with general endotracheal 
anesthesia. The urethra is calibrated to 28 or 30 F 
depending on the cystoscope set used, taking care 
to dilate only the anterior urethra and not disrupt 
the prostatic urethra. The continuous fl ow resec-
toscope sheath is placed with the Timberlake 

obturator, and then the operating laser scope with 
6 F laser stabilizing catheter is placed. A 550 μ 
laser fi ber is stripped of its most distal cladding 
over 2–3 in. and placed through the laser stabiliz-
ing catheter. Normal saline irrigation is used, thus 
preventing TUR syndrome, and the outfl ow tract 
of the continuous fl ow resectoscope is attached to 
tubing that drains to gravity over the trap.  

    Assessment of Anatomy and Creation 
of Posterior Plane 

 Once the resectoscope is placed, the anatomy 
of the patient is assessed. Ideally, the surgeon 
should be aware of any important variations, such 
as a large median lobe preoperatively. Attempt is 
made to visualize the ureteral orifi ces; however, 
these may be obscured by prostatic intrusion into 
the bladder, particularly with a large median lobe. 
The surgeon must then decide whether bilobar or 
trilobar hypertrophy exists and whether a median 
lobe must be enucleated separately. 

 If a signifi cant median lobe is present, the 
surgeon begins by incising at the 5 or 7 o’clock 
positions at the bladder neck and carrying the 
incision towards the apex, stopping before the 
verumontanum (Fig.  17.5 ). The laser is set at 2 

  Fig. 17.5    View of the initial posterior incision, starting at 
the 6 or 5 and 7 o’clock position depending on the pres-
ence of a median lobe       
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Joules (J) and 40 or 50 Hertz (Hz). The initial 
groove created by the incision is deepened until 
the capsule is reached, which can be identifi ed 
most readily by circular fi bers near the bladder 
neck (Fig.  17.6 ). This depth near the bladder neck 
should be familiar to surgeons with experience 
with TURP or photoselective vaporization of the 
prostate and serves as a landmark to establish 
depth. By gently moving the nose of the scope in 
the horizontal plane, the groove can be widened 
to help identify the capsule. A second identical 
incision is then made at either the 5 or 7 o’clock 
position of the bladder neck, on the opposite side 
of the median lobe. Once both bladder neck inci-
sions are developed, the surgeon then begins to 
undermine the median lobe. The laser is moved 
transversely to connect the plane between the 
two lateral groves along the apex of the median 
lobe. The resection is then gradually carried 
proximally, using the beak of the scope to lift the 
adenoma upward into the lumen of the prostatic 
urethra, establishing tissue traction and working 
space for the laser to cut underneath. The proper 
plane should demonstrate a cobweb appearance 
with separation of the adenoma from the pros-
tatic capsule (Fig.  17.7 ). The plane of this resec-
tion gradually slopes upward as the resection is 
carried towards the bladder neck. Once arrived 
proximally, the adenoma of the median lobe is 

separated and pushed into the bladder. When 
separating the adenoma from the bladder neck, 
the surgeon must take care to dissect closely to 
the bladder neck fi bers. If the plane is too super-
fi cial, the dissection will track up the back of the 
adenoma leaving a large piece of tissue at the 
bladder neck, and if the dissection is too deep, 
the trigone can be undermined. Furthermore, 
care should be taken to avoid inadvertent injury 
to the ureteral orifi ces or back wall of the blad-
der as the adenoma is separated from the bladder 
neck. This can be accomplished by insuring the 
adenoma is not pushed back against the bladder 
wall, but is rather balanced in an upright position 
in the bladder.

     If the median lobe is small or moderately 
sized, it does not need to be enucleated sepa-
rately. A single posterior groove can be made at 
either the 5, 6, or 7 o’clock position depending on 
the anatomy of the prostate. The median lobe or 
posterior tissue is then enucleated with the lateral 
lobe tissue.  

    Enucleation of Lateral Lobes 

 After enucleation of the median lobe, or the 
single posterior incision if a formal median lobe 
enucleation is not performed, attention is then 

  Fig. 17.6    Circular fi bers at the bladder neck, identifying 
the capsule       

  Fig. 17.7    The cobweb appearance with separation of the 
adenoma from the prostatic capsule       
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turned to the lateral lobe tissue. The lateral lobes 
are enucleated individually, beginning at the apex 
just proximal and lateral to the verumontanum, to 
avoid injury to the sphincter. A superfi cial inci-
sion of the mucosa is created by making a short 
horizontal cut, just enough to allow entrance of 
the beak of the scope. The laser energy can then 
be decreased to 2 J and 20 Hz to limit potential 
collateral damage to the sphincter. The scope is 
then gently rotated around the apex of the ade-
noma using mainly blunt dissection and limited 
lasering until the scope is positioned in the 12 
o’clock position, with capsule residing above the 
scope and adenoma below. The laser energy is 
then increased to the initial starting settings of 2 J 
and 40 or 50 Hz. The anterior plane of dissection 
is then carried towards the bladder neck, utilizing 
the scope to push down the adenoma separating 
it from the capsule above. The laser is used to 
separate attachments and control any bleeding 
vessels. The anterior plane of dissection is car-
ried from the 10 to 2 o’clock position through 
the bladder mucosa so that the scope enters the 
lumen of the bladder (Fig.  17.8 ).

   The two lobes are then divided by reposition-
ing the scope in the prostatic urethra and divid-
ing the anterior commissure at the 12 o’clock 

 position (Fig.  17.9 ). The incision is carried from 
the bladder neck to the apex into the space previ-
ously created by the anterior dissection, check-
ing to ensure that this does not carry into the 
sphincter.

   Once the lobes are divided, the mucosal strip 
of tissue attaching the adenoma to the area of the 
sphincter must be divided. The encircle technique 
is performed by positioning the scope inverted at 
the 12 o’clock position near the bladder neck. 
The scope is then rotated around the outer edge 
of the adenoma while hugging the capsule until 
it is oriented appropriately in the 6 o’clock posi-
tion. The mucosal strip is now positioned to one 
side of the scope and the sphincter on the other. 
The scope is then pulled distally to allow the 
strip to fall in front of the scope where it can be 
transected safely without concern for sphincter 
injury. 

 After the division of the mucosal strip, the 
remainder of the lobe is enucleated by joining 
the lateral and posterior planes working distally 
towards the bladder neck. Once the adenoma 
is nearly completely detached, the adenoma is 
pushed into the bladder using the beak of the 
scope. The fi nal attachments at the bladder neck 
are severed, and the adenoma is freed into the 
bladder (Fig.  17.10 ). Attention is then turned 

  Fig. 17.8    The anterior plane of dissection carried from 
the 10 to 2 o’clock position through the bladder mucosa so 
that the scope enters the lumen of the bladder, note the 
laser fi ber and capsule superiorly and the adenoma 
inferiorly       

  Fig. 17.9    The two lobes are divided by repositioning the 
scope in the prostatic urethra and dividing the anterior 
commissure at the 12 o’clock position       
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to the contralateral lobe, which is dissected in a 
similar fashion. At the conclusion, a widely pat-
ent prostatic fossa can be visualized (Fig.  17.11 ).

    Once the enucleation is completed, hemo-
stasis must be achieved. Though the holmium 
laser does an excellent job at sealing small ves-
sels during enucleation, it is typically necessary 
to control small bleeders. This is accomplished 
by pulling the tip of the laser fi bers a few mil-
limeters away from the tissue, to provide a 
more coagulative effect. Taking time to achieve 

 adequate hemostasis will improve visualization 
during morcellation. 

 Following enucleation, the resected tissue 
is removed using a tissue morcellator. As men-
tioned earlier, the inner working elements of 
the laser scope are removed and replaced with 
a modifi ed offset long 26 Fr nephroscope with 
a 5 mm working channel. The tissue morcella-
tor is then introduced through the 5 mm working 
channel. The morcellator uses a combination of 
suction and cutting blades to remove the tissue; 
therefore, care must be taken to have high fl uid 
fl ow through the scope, as the suction can rapidly 
defl ate the bladder and rapidly bring the bladder 
wall into the proximity of the morcellator, caus-
ing serious injury. Once the bulk of the tissue is 
removed, any small residual fragments can be 
grasped with an alligator forceps or fl ushed from 
the bladder using an Ellik. 

 Finally, a 20 F catheter is placed over a man-
darin catheter guide. Continuous bladder irriga-
tion may be necessary depending on the degree of 
hematuria noted. To improve bladder neck hemo-
stasis, some tension may need to be applied to the 
catheter for a brief period of time. The catheter is 
typically maintained overnight and removed the 
following day. Patients must be able to void after 
catheter removal, and post-void residual volume 
checked to ensure there is no urinary retention.   

    Anticipate Post-op Results 

 Since the HoLEP procedure is a complete deb-
ulking of the prostate, it is of little surprise that 
durable long-term outcomes are possible. Naspro 
and colleagues recently reviewed the litera-
ture for HoLEP and reported durable results at 
a mean follow-up of 43.5 months. They found 
a mean post-procedure Qmax of 21.9 ml/s and 
mean reoperative rate of 4.3 % (range 0–14.1 %) 
[ 24 ]. The authors also noted a signifi cant mean 
decrease in serum PSA levels from baseline 
(mean 63–1.63 ng/dl, postoperatively) and tran-
srectal ultrasound prostate volume (mean: from 
68 to 27.2 ml, postoperatively). At longest fol-
low- up, the overall re-intervention rate was low 
at 0–5.4 %. 

  Fig. 17.10    View of the enucleated lateral lobes pushed 
into the bladder       

  Fig. 17.11    View of the widely opened prostatic fossa       
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 The group from Methodist Hospital in 
Indianapolis, Indiana, evaluated their experi-
ence with over 1,000 HoLEP procedures per-
formed [ 21 ]. The mean preoperative transrectal 
ultrasound prostate volume was 99.3 g (range 
9–391), American Urological Association (AUA) 
symptom score 20.3 (1–35), and Qmax 8.4 cc/s 
(1.1–39.3). Overall complication rates were low, 
occurring in only 2.3 % of the cohort. Mean fol-
low- up was 287 days, ranging from 6 days to 10 
years. At most recent follow-up, the mean AUA 
symptom score was 5.3, and Qmax was 22.7 cc/s. 
Only 3 (0.3 %) of patients were in urinary reten-
tion and the authors site that all three patients had 
fi ndings consistent with an atonic bladder, not 
obstruction. Only one patient underwent a second 
HoLEP procedure for bleeding prostatic regrowth, 
not obstruction. Urethral stricture and bladder 
neck contractures occurred in less than 2 % of the 
cohort. Similarly, Elmansy et al. report rates of 
stricture and bladder neck contracture at 10-year 
follow-up of 0.8 and 1.6 %, respectively [ 22 ]. 

 Despite durable long-term results, imme-
diately postoperatively patients undergoing 
HoLEP can experience mild to moderate stor-
age symptoms in the form of urgency and even 
urge incontinence. By 1 month postoperatively, 
the symptoms are present in approximately 30 % 
of patients and by 3 months only 10 % [ 24 ]. The 
symptoms respond well to anticholinergic thera-
pies and pelvic fl oor exercises, and in general are 
self-limiting. The series of over 1,000 HoLEP 
procedures reports a less than 5 % overall incon-
tinence rate at long term [ 21 ]. Elmansy et al., in 
a review of 949 patients over 10 years, found 
that presence of diabetes mellitus, larger volume 
prostate gland, and a greater reduction in postop-
erative PSA were all predictive of postoperative 
stress urinary incontinence [ 28 ]. Other potential 
complications that can occur at the time of sur-
gery or in the immediate postoperative period 
are hematuria, clot retention, bladder or urethral 
injury, and any complication that can occur from 
general anesthesia (Table  17.1 ).

   HoLEP appears to have limited impact on 
sexual function, similar to TURP and open 
suprapubic prostatectomy [ 24 ]. No difference in 
IIEF erectile function domain scores has been 

observed pre to 2 years postoperatively. However, 
patients should be counseled on the development 
of retrograde ejaculation, which has been noted 
in over 75 % of patients followed over 6 years 
and can affect patient sexual satisfaction [ 12 ].  

    Summary 

 This chapter has outlined the utility of holmium 
laser enucleation of the prostate as supported by the 
literature, provided a guide to performing HoLEP 
including the standard required equipment, and 
reviewed the anticipated postoperative results of the 
procedure. HoLEP is a safe, effective, minimally 
invasive surgical treatment of BPH. It has dem-
onstrated durable results, with such a signifi cant 
degree of de-obstruction that subsequent surgical 
revision is rare. With a relatively low morbidity 
compared to standard TURP and the ability to resect 
large volumes of tissue, HoLEP continues to evolve 
into a new gold standard for the treatment of BPH.     
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            Introduction 

    The role and ethical obligation of providing each 
patient relevant information regarding medical 
procedures is not a new concept. However, the 
legal ramifi cations of the informed consent pro-
cess have evolved dramatically over the past cen-
tury. Similarly, the ever-changing and rapid 
advancement of urologic surgery requires that the 
physician-surgeon must be ever aware of the 
planned procedures, the alternatives, and a 
detailed understanding of potential risks. In this 
way, the patient should receive a comprehensive 
and informed discussion with the patient. Having 
the knowledge is only part of the consent pro-
cess; the surgeon must be able to process all 
information and then deliver this information in a 
concise but detailed enough manner in a language 
that the patient can understand, synthesize, be 
able to ask appropriate questions, and then decide 
on appropriate course of action, either acceptance 
or refusal. The ability of obtaining an informed 
consent is not necessarily an innate skill for all 
physicians but is something that must be taught 
and learned over time with appropriate experi-
ences further helping communication with the 
patient and his or her family. This chapter will 

focus on the basics of the informed consent pro-
cess and provide a framework that the urologist 
may use for the discussion of minimally invasive 
urologic surgery with their patients.  

    Historical and Legal Background 
of Informed Consent 

 The modern doctrine of informed consent 
emerged during the early eighteenth century with 
the gradual triumph of certain rights of the indi-
vidual. During worldly events such as the 
American and French revolutions, the idea of 
each human possessing certain inalienable rights 
to freedom of self-determination became integral 
to the politics, the philosophy, and the culture of 
modern Western civilization. Since that time, 
several landmark legal decisions in the United 
States have molded the informed consent process 
into what it represents today. One such well- 
known case, Schloendorff vs. Society of 
New York Hospital [ 1 ], involved a patient bring-
ing suit against her surgeon for failing to obtain 
consent for performing a hysterectomy. Although 
no action was taken against the surgeon, Justice 
Benjamin Cardozo’s decision included several 
precedent-setting statements that established the 
legal requirement for consent. One such state-
ment, “every human being of adult years and 
sound mind has a right to determine what shall be 
done with his own body,” connected consent with 
the principle of self-determination. In 1972, the 
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US Court of Appeals in reviewing a case later 
referred to as the Canterbury Decision [ 2 ] enun-
ciated four “fi rst principles” to guide physicians 
in a process of shared decision making and 
informed consent. These principles found in 
Table  18.1  [ 3 ] include the obligation to disclose 
information needed by a reasonable person to 
make an informed decision under reasonable cir-
cumstance and that the obligation of informed 
consent may be set aside only under exceptional 
circumstances: emergencies for life-saving treat-
ment and rare situations in which disclosure pres-
ents the threat of harm to the patient’s well-being. 
These and related cases generated changes in sur-
gical culture by defi ning the standard of care to 
which surgeons must adhere. Now, inadequate 
informed consent is usually considered a tort of 
negligence rather than battery. The courts further 
enhanced patient self-determination by explicitly 
requiring and clarifying the nature and content of 
a patient’s informed consent for surgery.

        Basics of Informed Consent 

 Beyond the law, informed consent is the cor-
nerstone of ethical surgical practice because it 
safeguards respect for patients. It recognizes that 
patients are independent persons endowed with 
self-worth and the basic human right of indepen-
dence. Informed consent highlights the regard for 
patients’ rights to make decisions for themselves 
according to their own concept of what consti-
tutes the good life and with freedom to act on their 
decisions. Based on the standard conception of 
medical ethics, informed consent is  fundamental 

to ethical practice because it is the mechanism by 
which patients autonomously authorize medical 
interventions as courses of treatments. Informed 
consent of a competent patient gives control to 
the individual to accept or reject healthcare inter-
ventions and manage their medical destiny on 
the basis of their own personal values and goals 
while also functioning as a constraint on physi-
cian’s power and paternalistic instincts. Before 
discussing the specifi cs of the minimally invasive 
urologic surgery, an overview of the basic com-
ponents and fundamentals of informed consent 
is warranted. Informed consent represents the 
process whenever the patient is educated about 
the treatment options, alternatives to the options, 
the potential risk and complications of the treat-
ments, the intended benefi ts of treatment, and 
reasonable expectations. Because of its legal 
origins and the requirement for the patient’s sig-
nature on a printed consent form, some surgeons 
view consent solely as a legal prerequisite that 
often is delegated to a junior colleague. But the 
patient’s signature on the surgical consent form is 
not the patient’s consent. Informed consent repre-
sents the process of communication and dialogue 
between the physician and patient; thus, a signed 
alone consent form does not guarantee consent 
but is merely the culmination and formaliza-
tion of the preceding discussion and agreement 
between physician and patient or patient surro-
gate. The urologist must be aware of the ever-
changing and advancing fi eld to insure that all 
specifi c alternatives were discussed and that the 
discussion of potential risks must include not only 
immediate threat but represent the future long-
term sequelae of the procedure given the nature 
of many urologic surgeries. Medical ethicists and 
legal authorities have identifi ed key elements that 
when presented together established true condi-
tions for a valid consent [ 4 ]. These include a vol-
untary decision making, patient competence, full 
disclosure, understanding and acknowledgement 
of facts and information, and ultimately authori-
zation or decline of the proposed course of treat-
ment. These key elements have been reiterated 
by several national organizations including the 
American Medical Association [ 5 ], American 
College of Surgeons [ 6 ], Joint Commission on 

   Table 18.1    Four fundamental elements for valid deci-
sion making during the process of informed consent   

 1. The patient or surrogate must possess the capacity to 
make a decision, consenting to or refusing treatment 
 2. There must be disclosure by the physician of the 
information that the patient or surrogate needs in order 
to be adequately informed 
 3. The patient or surrogate must demonstrate 
comprehension of the information 
 4. The patient or surrogate must consent to or refuse 
treatment in a voluntary fashion 

  Faden and Beauchamp [ 3 ]  
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Accreditation of Healthcare Organizations [ 7 ], 
Department of Health and Human Resources 
Center for Medicare and Medicaid services [ 8 ], 
and the Federation of State Medical Boards 
[ 9 ]. Table  18.2  lists the essential elements of 
informed consent that require discussion and dis-
closure with the patient as stated by the American 
College of Surgeons and American Urological 
Association (AUA) [ 10 ]. Also, the AUA, in con-
junction with the American Medical Association, 
includes in its ethical standards a statement on 
informed consent found in Box  18.1  [ 11 ].

    Box 18.1 
     Ethical standards statement on informed 
consent  

 I will consider informed consent integral to 
providing appropriate medical or surgical care. I 
recognize that my patient must be provided with 
all of the information necessary to consent and to 
make his own choice of treatment, regardless of 
my own advice or judgment. The information 
provided must include known risks and benefi ts, 
costs, reasonable expectations and possible com-
plications, available alternative treatments and 
their cost, as well as the identifi cation of other 
medical personnel who will be participating 
directly in the care delivery. Wherever feasible, I 
will respect my patient’s rights and be limited by 
the scope of my patient’s consent 

 American Medical Association [Internet] [ 11 ]  
 Decision-making capacity refers to the ability 

of a patient to make a particular healthcare deci-
sion within the confi nes of a certain clinical 
 context. Capacity should not be confused with 
competence, with the former representing the 
physician’s ability to assess each individual 

patient’s capacity to understand their health situ-
ation and the later pertaining to a legal determi-
nation made by the courts of law. There are three 
standards for determining healthcare decision- 
making capacity: outcome-based, category- 
based, and function-based, with the fi rst two 
considered unethical given the inherent biases 
they include during the informed consent process 
[ 12 ]. Function-based standard entrusts the physi-
cian to assess the patient’s or surrogate’s ability 
to understand all necessary information, reason 
with a relatively consistent set of values, and 
communicate preferences to the physician. When 
assessing capacity, one must account for the 
underlying mental health of the patient as psychi-
atric consultation may prove helpful in making 
this determination. 

 The consent process is not solely physician 
driven and relies on both a competent surgeon 
and a competent, informed patient or patient’s 
surrogate in the situation of a minor, incompetent 
or incapacitated patient. In obtaining informed 
consent, most advocate a process of shared deci-
sion making. With this view, physicians must 
engage patients and their family to participate in 
the deliberations about the procedure, and infor-
mation fl ow should be two-way. Therefore, the 
physician and patient share in the fi nal decision- 
making process. In addition, physicians have a 
duty, based on their own values and status as mere 
agents, to respectfully challenge their patients 
when they perceive the patient’s choices are 
contrary to their own interest. A most important 
part of informed decision process is disclosure. 
Disclosure is a duty of the physician to insure the 
patient or surrogate is presented with appropriate 
information to make a healthcare decision. There 
are exceptional circumstances in which it may be 
permissible for physicians to set aside the duty 
of disclosure. In emergencies, disclosure may be 
impossible or so time-consuming as to jeopardize 
the health of the patient. Patients or surrogates 
may also waive their rights to information that 
would otherwise be disclosed. In exceedingly 
rare instances, physicians may invoke therapeu-
tic privilege out of concern that disclosure may 
actually harm, rather than benefi t, the patient. 
Finally, after all information has been presented, 

   Table 18.2    Essential elements of informed consent   

 The nature of the proposed therapeutic (or diagnostic) 
intervention 
 The purpose and intended benefi ts 
 The possible risks and consequences 
 The probability of success 
 The feasible alternatives 
 The patient’s prognosis without the proposed 
intervention 

  American Urological Association [Internet] [ 10 ]  
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the physician must ensure that patients or surro-
gates have understood or comprehended the dis-
closed information. A practical way in doing this 
is to ask the patient or surrogate to repeat in their 
own words what they believe they are consenting 
to or refusing voluntarily. Persuasion in making 
these recommendations is legitimate; however, it 
is unethical to use either manipulation or coer-
cion in an effort to secure consent. 

 There are several unresolved issues when 
obtaining an informed consent. Given the com-
plexity of minimally invasive urologic proce-
dures, the degree of disclosure is often confusing 
and a matter of debate and uncertainty. A true and 
complete informed consent whereas the patient 
has a complete and total understanding would 
require a good amount of prior knowledge and 
for most patients is not obtainable. Therefore, 
surgeons need to disclose what they believe is 
suffi cient based on facts and information about 
the magnitude of possible harm by addressing 
specifi cs adverse events with obligation to dis-
close risks that are likely to occur. This disclo-
sure should be based on what a reasonable patient 
would wish to know. With advancement of mini-
mally invasive urology, disclosure to patient 
should include the importance of making the 
patient aware of the learning curve for proposed 
procedure and surgeon experience.  

    Informed Consent for Urologic 
Minimally Invasive Surgery 

    Introduction 

 Other chapters of this text will discuss the 
nature and incidence of procedure-specifi c 
 complications and their management. Although 

minimally invasive procedures are ultimately 
similar to open procedures at their core, laparos-
copy, robotics, and all minimally invasive urol-
ogy present an entirely different and additional 
set of potential risks, which must be adequately 
discussed with the patient during the informed 
consent process. An examination of the general 
complications reveals aspects of laparoscopy 
that the surgeon should be aware of and have 
litigious risk. The overall incidence of complica-
tions in laparoscopic urologic intervention (see 
Table  18.3 ) has been historically low around 
4 %, with mortality being distinctively unusual, 
less than 0.08 % [ 13 ]. Yet, with increasing com-
plexity and with advancement of techniques and 
procedures, rates or complications have appeared 
to rise with some literature reporting complica-
tion rates as high as 12 % [ 14 ]. These are most 
commonly vascular in origin followed by bowel 
injury, with pelvic surgery having a higher inci-
dence of immediate complications compared 
with transabdominal procedures.

       Conversion to Open 

 The inability to complete an operation in a mini-
mally invasive fashion should not be viewed as a 
failure or complication. The preoperative consul-
tation with the patient and consent should con-
sider this possibility. Multiple factors should alert 
the surgeon as to the increased possibility of open 
conversion including prior abdominal surgery, 
patient habitus, or specifi c abnormalities as seen 
on preoperative exam. The patients’ medical 
comorbidity may not allow the patient to tolerate 
laparoscopic or robotic intervention. Although 
sometimes diffi cult to predict which patients may 
require conversion, the rates do seem to decrease 

   Table 18.3    Major complications of 
laparoscopic urologic surgery   

 Procedures  Abdominal (%)  Pelvic (%) 

 Overall complications  13.2  22.6 
 Intraoperative/postoperative  5.7/7.5  3.6/19 
 Deaths  0.2  0 
 Vascular injury  2.8  0.5 
 Bowel injury  1.1  1.2 
 Adjacent organ injury  1.1  0.8 
 Conversion rate  1.7  1.7 

  Parsons et al. [ 14 ], Vallancien et al. [ 15 ]  
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with surgeon experience. Incidence of open con-
version is generally low, less than 2 % in larger 
series for the experienced laparoscopic surgeon 
[ 15 ]. Clearly, this is largely surgeon dependent. 
The necessity for emergent conversion due to 
bleeding or other injury should be avoided with 
an elective conversion bearing much better out-
comes. Thus, a frank discussion with the patient 
regarding surgeon experience and possibility of 
conversion must be disclosed preoperatively. The 
urologists’ skill to perform open surgery contin-
ues to be very important in the event of conver-
sion. Unfortunately with the increasing utilization 
and advancement of minimally invasive surgery 
as well as low conversion rate, training in open 
pelvic and abdominal/retroperitoneal surgery is 
becoming less and less common for residents. 
Furthermore, urologists in practice, overtime, 
may not be able to maintain satisfactory skills in 
open surgery.  

    Laparoscopic Access 

 Creation of pneumoperitoneum with access to 
the intra-abdominal or extraperitoneal spaces is 
the fi rst step in performing minimally invasive 
urologic surgery. Although at times seemingly 
trivial, this critical and essential aspect of the 
operation may be associated with signifi cant 
patient morbidity and can be the primary compli-
cation of malpractice claims. Access may be 
gained with either the closed, Veress needle or 
open, Hasson, techniques, any of which have 
been associated with complications. Incidence of 
access injuries is low with injury to vasculature 
and abdominal viscera occurring more  commonly 
particularly with the close needle technique and 
blind trocar insertion. Device and equipment 
malfunction is rarely involved with such injuries. 
It is important for the surgeon to understand and 
be facile with both the closed- and open-entry 
techniques with the placement of trocars under 
direct vision, when applicable. The surgeon must 
be capable of managing these injuries appropri-
ately and quickly. Preoperative evaluation and 
discussion during the informed consent process 
regarding ability to perform laparoscopic access 
is important.  

    Positioning 

 As with open urologic procedures, patient posi-
tioning on the operating table may result in tem-
porary and rarely permanent morbidity unless 
proper precautions are considered. Advancement 
in minimally invasive procedures undertaking 
more complex anatomy and procedures have 
exposed patients to different positioning-related 
injuries, often due to longer surgical time and 
need for unnatural positioning, including modi-
fi ed fl ank or steep Trendelenburg. Proper posi-
tioning and padding is necessary to avoid 
neuromuscular injury. This process starts with an 
appropriate preoperative discussion with the 
patient of the possibility and overview of this 
possible risk. No problem is more vexing to phy-
sician and patient than postoperative nerve injury; 
a technically successful procedure is marred by a 
signifi cant musculoskeletal complication. The 
incidence is largely unknown, but a large meta- 
analysis demonstrated a rate of 2.7 % in over 
1,500 laparoscopic procedures [ 16 ].  

    Deep Vein Thrombosis (DVT) 

 The risk of venous thromboembolism in laparo-
scopic and robotic-assisted operations appears to 
be low, with rates between 0.2 and 1.2 %. There 
is no evidence that acute venous thromboembo-
lism occurs more frequently with minimally 
invasive surgery compared with open procedures 
[ 17 ]. Specifi cally, the rate of symptomatic DVT 
between minimally invasive radical prostatec-
tomy and open prostatectomy is similar at 0.5 % 
[ 18 ]. The American Urological Association 
(AUA) has released a “Best Practice Statement” 
for the prevention of DVT in patients undergoing 
urologic surgery [ 19 ]. Although no randomized 
trials have been performed to date addressing the 
issue of prophylaxis in patients having laparo-
scopic or robotic surgery, the AUA panel recom-
mends the use of pneumatic compression 
stockings placed prior to such procedures for all 
patients. Additionally, the AUA acknowledges 
that certain high-risk groups may require the use 
of low-dose unfractionated heparin or low-
molecular- weight heparin before, during, and/or 
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after the procedure. A nonrandomized study 
looked at rates of DVT between groups of patients 
undergoing upper tract laparoscopic procedures 
receiving standard of care with sequential com-
pression devices versus subcutaneous heparin on 
the day of procedure. The rate of DVT was 1.2 % 
for both groups but the rate of hemorrhagic com-
plications (most major) was higher in the heparin 
group at 9.3 %, compared with 3.5 % in sequen-
tial compression device group [ 20 ].  

    Issues with Robotics 

 Although the application of robotic assistance in 
urology has been present for over 10 years, the 
technology and techniques should still be consid-
ered new and thus the informed consent process 
with patients should be thorough. The standard 
disclosure of the risk and benefi ts that surgeons 
should provide to their patients is constantly 
changing as the short- and long-term results of 
robotic surgery evolve. This is especially true for 
any urologic technique that is novel and only 
recently been performed. It is this surgeon’s duty 
to inform the patient and their family the details 
of the proposed operation as well as the surgeon’s 
experience with this type of surgery. A discussion 
and disclosure of the number of procedures a par-
ticular surgeon has performed and the familiarity 
of that particular procedure is mandated. One 
important aspect for all robotic surgery is to dis-
cuss the remote nature of the surgery (i.e., the 
console surgeon is physically removed away 
from the operating table and the patient). In addi-
tion, it is important to explain to the patient the 
possibility of robot equipment failure and the 
possible need to convert to standard laparoscopy 
or an open procedure. Overall, robotics is very 
successful with a malfunction rate (uncorrectable 
errors) of less than 0.5 % [ 21 ].   

    Discussion of Innovations 

 Urologic surgeons are fortunate to practice in a 
fi eld with continuous improvements in equip-
ment and techniques as well as innovative new 

procedures. Much of current minimally invasive 
operative urology would have been unimagina-
ble over 25 years ago. However, one must view 
these advancements carefully and respect the 
ethical and legal obligations to the patients we 
care for. There has been very rapid growth of 
laparoscopic and robotic surgery, often based on 
small, nonrandomized, and retrospective clinical 
trials. Urologists must remain cautious and criti-
cal in the adoption of new operations, especially 
if safety and benefi ts have not been clearly delin-
eated. The urologist must be willing to have a 
comprehensive discussion with one’s patient 
anytime they intend to use new equipment, tech-
nology, or approach. This should include a care-
ful review of the proven “gold standards” as well 
as alternatives. Whether it is feasible to prove 
the effi cacy, effectiveness, equanimity, and 
economy of new procedures remain to be deter-
mined, but without such evidence, exposure to 
medical malpractice will exist. This aspect is 
also important regarding surgeon credentialing 
for robotic and laparoscopic surgery at hospitals, 
as all new procedures clearly have a learning 
curve. Most facilities have specifi c credentialing 
guidelines for surgeons including inanimate, 
animal, or cadaveric hands-on training, manda-
tory participation as assistant surgeon for suffi -
cient number of cases, as well as monitored 
cases by an expert surgeon in that particular 
technique and/or operation. Surgeons must dem-
onstrate profi ciency before being allowed to 
schedule primary cases. The future of creden-
tialing is likely to dramatically change as the 
brief weekend courses are unlikely to be consid-
ered suffi cient from both regulatory and ethical 
points of view. These mandates are important to 
protect the physician, hospital, and most impor-
tantly patients.  

    Improving the Surgical Consent 
Process 

 Several pitfalls have been identifi ed with the sur-
gical consent process. Two such drawbacks are 
the perceived or real lack of time for dialogue 
with patients and poor timing of the consent 
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 discussion [ 22 ]. All surgeons should conceptual-
ize the consent process as not a discrete event but 
as an ongoing bidirectional process of communi-
cation, education, question answering, and listen-
ing that proceeds through the continuum of care. 
The surgeon must remember that each individual 
patient will bring to the discussion their own per-
sonal values, information, knowledge, and under-
standing biases based on what they have heard 
from family and friends relative to their disease 
process as well as potential treatment options. 
Recital of a premeditated discussion will work 
with the majority of patients but may need to be 
modifi ed in certain situations based on patient 
characteristics. Also, the surgeon cannot rely on 
the belief that the patient has a clear understand-
ing simply by the verbal acknowledgement of 
the consent discussion. Providing supplementary 
materials such as descriptive handouts and videos 
will assist the patient and allow suffi cient time to 
digest the medical information and be capable of 
asking further pertinent questions. A follow-up 
discussion prior to procedure will help to crystal-
lize what is surgically planned and certainly limit 
subsequent confusion or litigious behavior on the 
part of the patient. This is particularly important 
in discussing advanced laparoscopic, robotic, and 
other minimally invasive procedures. A review of 
patients undergoing laparoscopic urologic sur-
gery demonstrated a positive impact on postop-
erative satisfaction scores by employing videos 
during the preoperative consent process [ 23 ]. 
Ensuring adequate communication with patients 
has been shown to have an important secondary 
benefi t with reduction of surgical malpractice 
claims [ 24 ]. Patients are often encouraged to 
have a “living will” or at least identify the next 
of kin who can assist with health-related deci-
sions should the patient become incapacitated. 
Although unlikely with the vast majority of uro-
logic procedures, there certainly is that risk with 
minimally invasive intervention. Therefore, all 
patients facing elective surgery in our practice are 
asked and encouraged to execute a legal health-
care directive document identifying person(s) to 
make health-related decisions for them. Finally, 
surgeons must always remember to maintain an 
attitude of hope with their patients and families. 

A strong patient-surgeon relationship, nurtured 
by good communication, mutual understand-
ing, and trust, remains a powerful therapeutic 
instrument.  

    Conclusion 

 With the ever-advancing and changing fi eld of 
urology, informed consent for minimally inva-
sive urologic procedures is important and con-
tinually evolving. Urologist must continue to 
stay informed so as to provide comprehensive, 
clear, and legally acceptable informed consent 
documentation for their patients.     
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            Introduction 

 With the rising costs of healthcare in the Unites 
States, fi nancial and economic factors are having 
a greater effect on how medical care is delivered 
and how medical technology is developed [ 1 ,  2 ]. 
It has been estimated that, in the coming years, 
healthcare expenditure in the United States will 
make up 18.4 % of the gross domestic product 
[ 1 ]. Insurers, hospitals, and government agencies 
are closely monitoring these healthcare expendi-
tures. These institutions ultimately have an enor-
mous impact on the services available to 
physicians and patients. In order for urologists to 
reliably provide the best care and value to our 
patients, it is imperative that we understand the 
economic effects our treatment decisions have on 
our patients and the healthcare system as a whole. 

 In any discipline, enhancement of account-
ability and execution is contingent on each party 
having common objectives which take into con-
sideration the motives and interests of each par-
ticipant in the system. In healthcare, different 
participants often have different priorities and 
goals that have made how we measure success 

diffi cult. Therefore, it is important that we have a 
shared goal and clearly defi ned path toward 
improvement with defi ned measures and values. 
Value in healthcare has previously been defi ned 
as patient outcomes achieved per dollar amount 
spent [ 3 ,  4 ]. Reporting and evaluating outcomes 
while comparing costs are crucial parts of 
improving outcomes on a wider scale and will 
help physicians make educated decisions to 
reduce cost while maintaining the best value for 
their patients. In this chapter, we will explore 
economic aspects of healthcare while focusing 
on minimally invasive urology.  

    Understanding Economics Related 
to Healthcare 

 In order to understand healthcare economics, one 
must learn the language and become acquainted 
with the important parts of the system. These 
economic-related parameters include payer per-
spectives, costs versus charges, and discounting. 
We will defi ne these terms and discuss the impor-
tance of these issues in this section of the 
chapter. 

    Payer Perspectives 

 When discussing healthcare costs, there are three 
payer perspectives that are involved: society, hospi-
tal systems, and patients themselves. Understanding 
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the prospective of each of these players will help 
us understand the true costs of healthcare and how 
they affect the entirety of the system. 

 The societal prospective includes direct and 
indirect costs. Direct costs are defi ned as the 
costs directly paid into the healthcare system by 
Medicaid and Medicare, private insurers, and 
direct costs taken into account in the overall 
national healthcare budget. Indirect costs are 
more diffi cult to gauge and may include loss of 
gross national revenue due to loss of productivity 
during illness, recovery, or that incurred by 
caregivers. 

 The payer prospective of hospital systems 
typically is more straightforward to measure as 
most of the resources are accounted for, itemized 
and budgeted. Costs incurred by the hospital sys-
tem include the resources needed to deliver care 
(diagnostic testing, procedures, postoperative 
care, follow-up, etc.). These costs include direct 
costs that can be individualized to each patient 
treated. Such costs include tests, procedures, 
room and board, nursing care, etc. Other costs 
taken on by hospitals are those that cannot be 
individualized to each patient and those include 
administrative overhead and capital equipment 
(i.e., surgical supplies such as monitors, hospital 
beds, etc.). When measuring cost-effectiveness 
of surgical procedures, the cost of capital equip-
ment plays a major role. For example, the use of 
robotics in prostatic surgery has not changed the 
payment a hospital receives, though the use of the 
robot increases the cost to the hospital since the 
hospital has the added cost of purchase and main-
tenance of the robot as well as the nonreusable 
equipment utilized in each case [ 5 ,  6 ]. The bud-
get for the hospital system is usually divided 
among the different departments. When obtain-
ing new technologies or maintaining existing 
equipment, the cost must be viewed in relation to 
the entire hospital budget since added costs in 
one area may result in cost savings in others. For 
example, laparoscopic nephrectomy has added 
costs for operative equipment but results in sig-
nifi cantly lower overall hospital costs as a result 
of shorter length of stay and lower use of postop-
erative medications [ 7 ,  8 ]. 

 The patient’s payer perspective can be subjec-
tive and depends on employment status, social 
and familial support, and individual insurance 
plans. These idiosyncrasies make measuring 
patient costs problematic. Ultimately, access to 
care is infl uenced primarily by the ability to pay 
for it. A patient with healthcare coverage through 
employers or those with fi nancial independence 
are typically more likely to seek preventative and 
proactive healthcare, whereas those patients 
without insurance may delay their care until they 
must be urgently seen. These factors may have 
lesser effects in societies that provide free or 
heavily subsidized medical care to its citizens. It 
is still unclear what impact the Affordable Care 
Act will have on urologic care in America.  

    Costs Versus Charges 

 There exists a pervasive misunderstanding 
between what a provider charges, what they are 
actually reimbursed, and the true cost of a ser-
vice. This confusion makes reviewing the litera-
ture diffi cult as the terms  charge  and  cost  are 
used interchangeably. The charge for a specifi c 
service takes into consideration the direct and 
indirect costs to the provider and profi t margins. 
These values may vary greatly from region to 
region and between hospital systems as there are 
signifi cant differences in the manner in which 
these fi gures are derived. While charge data is 
typically easier to obtain from hospital account-
ing offi ces, they include profi t margins and thus 
do not accurately refl ect resource allocation. 
Other confounding factors in regard to charge 
fi gures include differences in cost-to-charge 
ratios and reimbursement rates. Hospitals usually 
do not get paid what they charge as price negotia-
tions with insurers, and patients typically drive 
reimbursements down. Thus, cost fi gures serve as 
a more uniform way to determine the value of a 
service and compare different management 
options. 

 Unfortunately, there can exist variability 
between cost fi gures as well. In terms of capital 
equipment and technology, utilization has a direct 
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effect on cost. This is true for robotic platforms, 
hospital beds, laparoscopic equipment, etc. As 
the capital equipment is utilized for more patients, 
the unit cost per patient decreases. On the other 
hand, costs of medications and single-use items 
can be ascertained with more accuracy, though 
their costs are highly variable from vendor to 
vendor and typically depend on the volume of 
purchase. 

 Discounting is used to compare current costs 
to future costs [ 9 ] and is typically used when 
near-term value is prized more so than later out-
comes [ 10 ,  11 ]. A yearly discounting rate of 3 % 
to future costs is typically used in most cost anal-
yses and is based on annual infl ation rates in the 
United States [ 11 ]. Discounting is necessary in 
cost comparison analyses involving treatments 
which have high initial cost but potential cost- 
effective benefi ts that take time to emerge [ 12 , 
 13 ]. Furthermore, it is important to account for 
infl ation and adjust costs over time especially in 
retrospective analyses since costs may appear to 
increase when comparing new procedures versus 
old procedures when in fact there is no difference 
after adjusting for infl ation.   

    The Economics of Nephrolithiasis 

 Treatment of stone disease in the United States is 
associated with a high cost due to the disease 
prevalence and high rates of recurrence. Lifetime 
prevalence of nephrolithiasis in the United States 
has risen to 8 % over the last decade [ 14 ], and 
annual total indirect and direct costs of treatment 
were estimated to be $5 billion [ 15 ,  16 ]. These 
costs will likely continue to rise as prevalence of 
stone disease increases especially considering the 
fact that diabetes and obesity which are both risk 
factors for stone disease are also increasing in 
prevalence. In 2000, nearly two million outpa-
tient visits were documented for the primary 
diagnosis of urolithiasis, and between 1992 and 
2000, outpatient visits for management of stone 
disease increased to 40–43 % [ 15 ]. 

 As previously discussed, there exist indirect 
costs related to stone disease. The incidence of 

urolithiasis peaks during the most productive 
adult years, between the ages of 20 and 60. 
Indirect costs include social service fees and loss 
of productivity of patients and caregivers alike. A 
review of over 300,000 insured US workers 
found that renal stone disease accounted for 
$3,500 more in medical costs annually compared 
to matched workers without urolithiasis [ 16 ]. 
This study also found that 30 % of employees 
with stone disease missed 19 h of work per year 
on average and the cost of outpatient medications 
accounted for 18 % of spending. 

 Potential ways to lower the overall cost of 
treating stone disease include reducing the preva-
lence of urolithiasis and lowering treatment- 
related costs. Improved guidelines for acute 
management, optimizing surgical timing, and the 
use of medical expulsive treatment may facilitate 
future cost reductions. Reduction of stone recur-
rences through medical management of stone 
disease is another potential area of improvement. 
Refi ning dietary recommendations, developing 
new medications, improving compliance, and 
reducing obstacles to evaluation and treatment 
may also improve rates of recurrence and 
prevalence. 

    Reducing the Cost of Treating 
Stone Disease 

 Theoretically, the cost of surgical management of 
stone disease can be reduced by decreasing phy-
sician reimbursement, cost of the procedure, and 
cost of hospitalization. Reducing physician reim-
bursement has not reduced the cost of surgical 
procedures, and future reductions in physician 
reimbursement will likely result in decreased 
access to services for patients. Physician reim-
bursements have decreased to 25–32 % from 
1995 to 2004 [ 17 ]. Over that time, reimburse-
ment rates have decreased by $236, $55, and 
$174 for shockwave lithotripsy (SWL), ureteros-
copy (URS), and percutaneous nephrolithotomy 
(PCNL), respectively. In addition, these decreases 
in reimbursement did not take into consideration 
infl ation; thus, the changes are actually higher 

19 Cost-Effectiveness in Minimally Invasive Urologic Surgery



242

than what is reported. If compensation for physi-
cians continues to decline, it may result in some 
urologists abandoning certain treatments and 
tests. This in turn will have a negative conse-
quence on the cost of services as availability will 
be reduced, making resources scarcer. A study by 
O’leary et al. published in 2002 demonstrated 
that 16 % of urologist discontinued several sur-
geries secondary to decreased reimbursement 
rates [ 18 ]. It has been previously shown that 
every 1 % reduction in Medicare fees for “over-
priced” surgeries results in a 0.09 % decrease in 
volume of procedures [ 19 ]. This decrease in 
availability will likely affect patients in rural 
communities where access to care is limited. 
Consequences of limited access to care include 
an increase in indirect costs such as travel and 
loss of work as well as potential increase in com-
plications related to delay in care.  

    Surgical Management of Stone Disease 

 Traditionally, SWL has been the most common 
treatment choice for management of small stones 
[ 20 ]. Improvement in the clinical outcomes and 
cost-effectiveness of SWL hinges on selecting 
patients who are more likely to be treated suc-
cessfully. Recently, slowing the rate of shocks 
during SWL has been shown to improve treat-
ment effi ciency and decrease costs by 50 % [ 21 ]. 
Endoscopy for the management of nephrolithia-
sis has recently become more popular among 
recently trained urologists [ 20 ,  22 ]. While there 
are few randomized trials comparing URS to 
SWL, available data shows an advantage of URS 
when compared to SWL in management of distal 
ureteral stones, with lack of evidence to conclu-
sively compare results for stones in other areas 
[ 23 ]. Regardless of the heterogeneity and limited 
scope of study, ureteroscopy has been shown to 
be more cost-effective than SWL [ 24 ,  25 ]. Further 
studies regarding cost comparison of these 
approaches will need to review short-term costs 
(i.e., operative supplies, hospital stay, OR time), 
long-term costs (i.e., need for future intervention, 
future stone events), and indirect costs (i.e., loss 
of productivity, travel, out-of-pocket expenses). 

A study by Chu et al. retrospectively reviewed 
the use of pre-placed stents prior to URS and 
demonstrated that the use of a pre-placed stent 
reduced the indirect and direct costs in patients 
with stones > 1 cm, though this study only 
reviewed reimbursement data [ 26 ]. More research 
focusing on cost analysis is required to establish 
the cost-effectiveness on URS for larger stones, 
staged procedures, timing of stenting, and com-
parison to alternative treatment strategies such as 
PCNL. 

 PCNL is the standard of care for renal stones 
>2 cm in size [ 27 ] and has been shown to have 
superior stone-free rates and decrease costs in 
these patients [ 28 ]. PCNL may incur higher 
short-term costs secondary to inpatient hospital-
ization and disposable equipment costs, but its 
superiority in removing large burdens of stone 
leads to a long-term cost benefi t [ 24 ,  28 ]. 
Bagrodia et al. demonstrated that the only factor 
associated with increased cost with PCNL was 
stone size as larger stones were more likely to 
increase cost by increasing need for second-look 
procedures [ 29 ]. In a follow-up study on the same 
cohort of patients, Raman et al. determined that 
second-look fl exible nephroscopy was cost- 
effective when done in patients who still 
had > 4 mm of stone burden [ 30 ]. The cost-benefi t 
analysis was greatly impacted by the supposition 
that these patients would likely go on to have fur-
ther stone episodes requiring surgical treatment 
and, therefore, incurring more costs. In regard to 
patients with sizeable bilateral stone burden, it is 
not well defi ned if staged versus synchronous 
management is cost-effective. Another study 
addressed this issue and found that bilateral syn-
chronous PCNL reduced cumulative OR time, 
length of hospitalization, and overall cost [ 31 ]. In 
the same study, the authors reported that physi-
cian reimbursement was signifi cantly decreased 
compared to staged methods offering a disincen-
tive for urologists to follow this approach. This is 
a critical point as certain reimbursement arrange-
ments can affect how physicians practice and 
may provide disincentives for physicians to pur-
sue cost-effective treatment modalities overall. 

 Tubeless PCNL has become an attractive 
alternative in select patients to reduce morbidity 

D. Ramirez and Y. Lotan



243

and improve convalescence. Studies have shown 
its effi cacy in decreasing length of stay, decreas-
ing postoperative narcotic requirement, operative 
time, and leakage of urine [ 32 ]. While this tech-
nique may be cost-effective in certain cases, there 
is no available data to support such a claim. More 
studies are needed to evaluate tubeless PCNL and 
compare it to more traditional methods as these 
patients often require ureteral stenting and staged 
procedures. 

 The majority of the expense of treatment of 
urolithiasis is associated with high costs of equip-
ment as the majority of care is provided on an 
outpatient basis. Ten to 20 % of new stones lead 
to symptomatic presentations, and 50 % of these 
symptomatic patients ultimately require surgery 
[ 33 ]. According to the UDA, 54 % of stones are 
treated via SWL, 41 % via URS, and 5 % by 
PCNL [ 15 ]. The cost of a modern ureteroscope 
can range from $12,000 to 15,000 with estimated 
durability being 11–14 cases [ 34 ]. This does not 
take into account maintenance costs, which can 
range from $3,500 to $5,900 per scope. It has 
been shown that after repairing a ureteroscope 
one time, additional maintenance needs increase, 
so much so that it may be more cost-effective to 
replace device initially than to repair it multiple 
times [ 35 ]. Techniques can be employed to 
reduce the incidence of damage to ureteroscopes, 
including displacing lower pole stones to more 
accessible areas of the collecting system to mini-
mize undue torquing to the device, avoiding 
engagement of the laser beam while the tip of the 
fi ber is within the working port, using smaller 
caliber fi bers and baskets, and using ureteral 
access sheaths to protect the scope. SWL 
machines typically cost more than $500,000 and 
effi cacy of newer models has been shown to be 
inferior to the original HM3 units [ 28 ]. When 
performed on an outpatient basis, URS is more 
cost-effective than SWL and both have low mor-
bidity [ 28 ]. 

 When patients present with an acute stone epi-
sode, the large majority is managed as outpa-
tients, with 25–30 % admitted to the hospital. 
Many of these patients who are admitted are still 
managed expectantly. Clark et al. found that amid 
6,406 patients admitted to a hospital in the United 

States, only 24 % had their stone defi nitive treated 
during their admission [ 36 ]. Among the 2,895 
patients who were managed conservatively, the 
mean length of hospitalization was 2.7 days and 
the average patient was charged $2,153. While 
many of these patients were admitted for pain 
control, identifying patients requiring surgical 
treatment at presentation could potentially save 
the additional expense of conservative manage-
ment and possible loss of productivity from post-
poning surgery. Preventing needless hospital 
admissions could potentially decrease overall 
costs as well. Furthermore, the use of medical 
expulsive therapy has been shown to reduce time 
to stone passage and associated costs [ 37 ]. 

 In conclusion, the cost of nephrolithiasis is 
likely to rise due to increased prevalence from a 
growing population and increase in risk factors 
such as obesity and diabetes. Controlling costs 
will require optimization of treatment by selec-
tion of the most effective treatments and improved 
prevention strategies.   

    Economics of Laparoscopic Surgery 

 Evaluating costs of new technologies requires 
understanding of the main costs of the new tech-
nology such as purchase and maintenance as well 
as any cost benefi t. Surgical therapies are usually 
driven by costs of equipment (capital, mainte-
nance, and disposables), operative time, and 
length of stay [ 7 ,  8 ,  38 – 40 ]. Other factors that 
play a signifi cant role in cost analysis of laparo-
scopic procedures are changes in reimbursement 
rates, provider incentives, and indirect social 
costs. Measuring the cost-effectiveness of a spe-
cifi c technique or procedure becomes diffi cult as 
different hospitals have different units of mea-
surement and, in some cases, pay different capital 
costs for the same equipment. This can poten-
tially pose limitation to applicability of data from 
single institutions as this may not be generaliz-
able to other institutions. 

 Laparoscopic surgery requires specialized 
equipment not used in open surgery that poten-
tially adds signifi cant costs to the procedure. 
These costs include initial capital costs (expenses 
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incurred when purchasing the equipment) and 
cost incurred for each individual case. The capi-
tal cost can be amortized over multiple years and 
divided over the number of cases the equipment 
is used to determine an expense-per-case value. 
Instruments that are used by multiple services or 
that have multiple purposes typically add mini-
mal cost per case. Operative equipment costs can 
also vary greatly from surgeon to surgeon 
depending on the instruments they prefer. For 
instance, the choice between hemostatic instru-
ments can signifi cantly infl uence the expense for 
a single procedure. Some devices that are com-
monly used include 5 mm endoscopic clip appli-
ers ($149.99, Ethicon, Flower Mound, TX), 
endoscopic staplers (Endo-GIA 60 mm reticulat-
ing load $202, U.S. Surgical, Norwalk, CT), and 
Hem-o-lok clips ($57.95 each, Weck Closure 
Systems, Research Triangle Park, NC). Floseal 
Matrix and Tisseel fi brin glue (Baxter, Deerfi eld, 
IL) cost around $589 and $655 per unit, respec-
tively. The use of ablative technologies can also 
add increased expense to laparoscopic cases, as a 
single radiofrequency ablation probe used with 
the Starburst RITA platform (AngioDynamics, 
Mountain View, CA) or Cool-tip system 
(Covidien, Mansfi eld, MA) can add over $1,000 
per case [ 41 ]. While these prices have changes 
overtime, they appear to only be increasing. From 
2000 to 2004, the price of annual contracts 
between high-volume hospitals and laparoscopic 
equipment suppliers increased more than 4 % 
even though the number of cases performed 
annually across the country grew. The increase in 
cost of laparoscopic equipment has been greater 
for hospitals with a lower volume of cases. 

 Operative times and fees associated with anes-
thesia also account for a large portion of total cost 
for a procedure. Each additional hour in the oper-
ative room can range from $600 to $1,400 at the 
different hospitals at our institution [ 8 ,  42 ]. With 
laparoscopic surgery, operative times are also 
impacted by surgeon experience and are charac-
teristically longer at the beginning of a learning 
curve and vary between procedures. In 2002, 
Patel et al. demonstrated that for hand-assisted 
laparoscopic nephrectomy, it took a learning 
curve of 40 cases to decrease operative times on 

average from 275 to 175 min [ 43 ]. Laparoscopic 
radical prostatectomy has proven to be a harder 
procedure to master, as Guillonneau et al. showed 
that operative times decreased only on average 
66 min over the fi rst 100 cases of a surgeon’s 
experience [ 44 ]. 

 Operative times may effect whether a urolo-
gist decides which procedures he or she will per-
form open versus laparoscopic as operative times 
effect reimbursement rates. Overall, Medicare 
reimbursement rates for laparoscopic urologic 
procedures have remained relatively stable com-
pared to their open equivalents; however, the 
rates of reimbursement are only marginally 
higher for the laparoscopic techniques. The liter-
ature consistently reveals shorter operative times 
for open versus laparoscopic cases. Operative 
times are shorter for open versus laparoscopic 
radical prostatectomy (160 versus 200 min) and 
pyeloplasty (168 versus 180 min) [ 6 ,  44 – 48 ]. 
Operative times for laparoscopic versus open 
nephrectomy have proven to be similar only 
among experienced laparoscopists who have 
overcome their initial learning curves [ 8 ,  49 – 51 ]. 
With longer operative times and longer learning 
curves for laparoscopic procedures, there is a dis-
incentive for urologists to perform certain laparo-
scopic surgeries as reimbursement rates on a 
per-hour basis may be higher for open proce-
dures. Current reimbursement models may not 
offer equivalent payment for different procedures 
based on their diffi culty or required time. 

 The key advantages of laparoscopic proce-
dures are decreased time to recovery, decreased 
blood loss, and decreased length of hospitaliza-
tion. These factors infl uence direct, measurable 
costs and indirect costs. A shorter length of stay 
results in room and board cost savings, decreased 
nursing costs, and decreased use of intravenous 
fl uids and medications. Recovery continues after 
the patient is discharged home and several studies 
have demonstrated decreased time to convales-
cence and return to work after laparoscopic sur-
gery. Bhayani et al. showed that the complete time 
to recovery for laparoscopic versus open radical 
retropubic prostatectomy was 30 versus 47 days, 
respectively [ 52 ]. Rassweiler et al. also showed a 
faster time to convalescence for laparoscopic 
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prostatectomy, on average returning to normal 
activities 25 days sooner as compared to patients 
who underwent open surgery [ 48 ]. Dunn et al. ret-
rospectively compared patients who underwent 
laparoscopic and open nephrectomies and found 
that patients who underwent the laparoscopic 
technique returned to normal activities 32 days 
quicker [ 53 ]. According to the income report from 
the 2012 Census of Population and Housing from 
the United States Census Bureau, the average 
American worker earned about $117 per day in 
2011 [ 54 ]. This amounts to a $1,755 loss in pro-
ductivity for a 15-day period of missed work per 
patient. The cost savings seen with decreased time 
in convalescence for laparoscopic surgery may 
eliminate the incremental cost associated with the 
procedure. 

 For laparoscopy, many procedures that were 
once performed primarily by experts have 
become routinely performed in most training 
programs. As such, the cost component of per-
forming laparoscopy is at best a side note. One 
would not consider performing an open nephrec-
tomy in lieu of a laparoscopic nephrectomy if the 
case was feasible and the surgeon was trained. 
Factors that can be modifi ed to reduce cost are 
the use of more reusable instruments, reduced 
reliance on expensive hemostatic adjuncts, and 
performing a procedure laparoscopically rather 
than incorporating robotic assistance as will be 
discussed below.  

    Economics of Robotic Surgery 

 While robotic surgery has become increasingly 
more popular as an alternative for urologic proce-
dures [ 55 ], there still exist sizeable barriers to 
widespread use including absence of long-term 
outcomes and increased costs. Regardless of 
these issues, robotic surgery has become more 
prevalent due to decreased length of hospitaliza-
tion, reduced learning curves for diffi cult proce-
dures, comparable clinical outcomes to the 
alternative, and increasing patient demand [ 56 ]. 
Nonetheless, the economic impact of the robotic 
platform is substantial, and its use should be eval-
uated thoroughly by institutions planning on 

adopting it to ensure the technology can be 
adopted in a cost-effective way [ 57 ]. Several 
experts contend that robotic surgery may not be 
an economic practice option when compared to 
open or laparoscopic approaches [ 58 ]. 

 The da Vinci robotic system (Intuitive 
Surgical, Sunnyvale, CA) was introduced in 2000 
and has since been adopted as an alternative for 
many urologic procedures. By 2009, 1395 da 
Vinci platforms have been introduced in the 
United States and Europe [ 59 ].    The main chal-
lenge to widespread adoption is increased opera-
tive costs with some reports demonstrating that it 
increases costs by $1,000–2,500 per procedure in 
the United States [ 60 ]. Due to this decreased cost 
effi ciency, there still exists an immense amount 
of doubt among skeptics regarding the ability to 
widely adopt the technology. Worldwide fi nan-
cial troubles have shifted many societies to insti-
tute austerity measures that have placed 
healthcare groups under more pressure in justify-
ing increased costs. The potential for the robot to 
establish itself as a cornerstone in urologic sur-
gery will rely on future studies being able to 
demonstrate cost benefi ts related to indirect cost 
savings, easier training, and improved short- and 
long-term patient outcomes. As the technology 
improves, new platforms are introduced and cur-
rent patents expire, capital and disposable costs 
may decrease with time, but this remains to be 
seen. 

 As previously discussed, the principal mone-
tary considerations in comparing costs between 
various procedures comprise operative costs, 
complications, outcomes, and length of hospital-
ization. The primary drawbacks of robotic tech-
nology are its high capital, maintenance, and 
disposable costs. The current cost of a robotic 
platform is estimated to be $2 million dollars. 
The annual contract cost for maintenance is esti-
mated to be $150,000. This does not include the 
cost of instruments (estimated to be $2,000 each 
with a maximum of 10 uses each). This means 
that the robot would add over $1,000 per case if 
the hospital acquiring the technology is perform-
ing on average 300 robotic cases a year. This cost 
decreases with increased utilization of the plat-
form; thus, if a hospital owns a robotic system, 
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it is their prerogative to use it as much as possible 
to decrease per-case costs, but this does not take 
into account the cost of disposable equipment 
which adds cost to each case. 

 Operative time and length of stay are other 
factors that infl uences costs associated with sur-
gery. The use of the robot has shown to decrease 
operative times and length of hospitalization rela-
tive to laparoscopic procedures [ 61 ], but cur-
rently, the savings in these two areas do not 
compensate for the increased capital and mainte-
nance costs [ 6 ]. Ficarra et al. published a system-
atic review comparing open, laparoscopic, and 
robotic prostatectomy [ 62 ]. In regard to open ver-
sus robotic prostatectomy, they found that the 
robotic approach was associated with decreased 
estimated blood loss (EBL), shorter hospitaliza-
tion, improved sexual and continence outcomes, 
and an improved learning curve [ 63 ]. When 
including laparoscopic prostatectomy, they found 
that robotic and laparoscopic procedures had 
similar sexual and continence outcomes and EBL 
[ 62 ]. Open surgery was associated with shorter 
operative times in this review [ 62 ]. This study 
was limited by the fact that cost analysis and 
long-term outcomes were not reviewed. 

 Many studies have compared costs between 
robotic, laparoscopic, and open urologic proce-
dures. Lotan et al. reviewed the literature to 
assess costs associated with robotic, laparo-
scopic, and open prostatectomy and used data 
from a large county hospital to assess potential 
costs [ 6 ]. Their fi nds suggested that the average 
cost of open prostatectomy would be $6,473, 
while a robotic approach averaged $10,269. 
Bolenz et al. compared costs between robotic, 
laparoscopic, and open prostatectomy and found 
that, even while initial capital costs for the robot 
were excluded, the cost of robotic surgery was 
$1,000 more per case [ 56 ]. These costs were 
directly associated with the increased cost of dis-
posable equipment. A recent systematic review 
of cost of radical prostatectomy found that mini-
mally invasive RP (MIRP) which includes lapa-
roscopic and robotic-assisted approaches was 
more expensive than radical retropubic prostatec-
tomy (RRP) in most studies, mainly due to 
increased surgical instrumentation costs [ 64 ]. 

The range of costs was $4,075–$6,296 for RRP 
and $5,058–$11,806 for MIRP with RALP hav-
ing the highest direct costs. There has been one 
study that met internationally standardized crite-
ria for health economic evaluations and com-
pared 77 consecutive RALPs which were 
retrospectively matched with 154 RRPs by 
D’Amico risk [ 65 ]. The study included direct 
costs as well as readmissions and adjuvant treat-
ments during the fi rst post-prostatectomy year 
and included the costs for acquisition and main-
tenance of the robot. RALP was more effective 
with regard to cancer removal, continence, and 
erectile function but also more costly than RRP, 
with mean RALP costs about twice that of RRP 
at 1 year postoperatively. 

 One area that has a signifi cant impact on cost 
of prostate cancer care is the need for adjuvant 
therapies. The need for adjuvant radiation ther-
apy after prostatectomy can increase healthcare 
expenditures by twofold to threefold [ 66 ]. 
A study of SEER-Medicare data from 2004 to 
2006 including 4,247 men who underwent radi-
cal prostatectomy found that factors associated 
with increased receipt of adjuvant therapies were 
positive surgical margins, high-risk group, lymph 
node-positive disease, but surgical approach was 
not associated with the use of adjuvant therapies. 
   The median expenditures attributable to post- 
prostatectomy hormonal therapy, radiation ther-
apy, and radiation with hormonal therapy were 
$1,361, $12,040, and $23,487 [ 66 ]. 

 A review of the literature found no difference 
in prostatectomy techniques with respect to need 
for salvage therapy, biochemical recurrence rates, 
and cancer-specifi c survival, but there was some 
evidence of lower positive margin rates even 
though this data was not based on randomized tri-
als [ 67 ]. Future studies will need to determine if 
the robotic approach will demonstrate long-term 
benefi ts that will justify its increased costs. 

 Other types of robotic surgeries are increas-
ing in popularity in urology, including partial 
nephrectomy, cystectomy, pyeloplasty, and 
pediatric procedures. Smith et al. recently per-
formed a cost comparison analysis of open ver-
sus robotic cystectomy, and the robotic approach 
was on average $1,634 more expensive [ 68 ]. 
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Some  contend that this cost may be offset by 
short hospitalization in these patients [ 69 ]. Link 
et al. review cost data between laparoscopic 
and robotic pyeloplasty and demonstrated that a 
robotic approach increased the cost of surgery by 
a factor of 2.7 [ 70 ]. 

 Several studies have evaluated the costs asso-
ciated with different partial nephrectomy tech-
niques. A meta-analysis evaluating open partial 
nephrectomy (OPN), laparoscopic partial 
nephrectomy (LPN), and robot-assisted partial 
nephrectomy (RALPN) identifi ed 7 RALPN, 18 
LPN, and 8 OPN studies comprising a total of 
477, 2,220, and 2,745 procedures, respectively 
[ 71 ]. Weighted mean OR time was 188, 200, 
193 min; weighted mean LOS was 2.6, 3.2, and 
5.9 days for RALPN, LPN, and OPN, respec-
tively. The analysis found that LPN was the most 
cost-effective approach at a mean direct cost of 
$10,311, with a cost advantage of $1,116 and 
$1,652 over OPN ($11,427) and RALPN 
($11,962), respectively. A single-center retro-
spective study compared the 6-month costs asso-
ciated with nephron-sparing procedures for cT1a 
renal tumors [ 72 ]. The study included 52 OPN, 
48 RALPN, 44 laparoscopic radiofrequency 
ablation (LRFA), and 29 computed tomography- 
guided radio frequency ablation (CTRFA). 
Median total costs associated were $17,018, 
$20,314, $13,965, and $6,475, for OPN, RLPN, 
LRFA, and CTRFA, respectively. Not surpris-
ingly, multivariable linear regression showed that 
surgical approach ( P  = 0.007), length of stay 
( P  < 0.001), and OR time ( P  < 0.001) were signifi -
cant predictors of total cost. Another recent sin-
gle institution cost analysis including325 patients 
who underwent partial nephrectomy found that 
RALPN costs were higher than LPN ($632, 
 P  = 0.005), but not signifi cantly higher than OPN 
($313,  P  = 0.14) [ 73 ]. Again, the cost of instru-
mentation and supplies were the main contribu-
tors to cost of robotic procedures. This was 
compensated by lower LOS compared to open 
but not laparoscopic procedures. Furthermore, if 
robot purchase and maintenance cost were 
included in the analysis, each RALPN would be 
approximately $1,300 and $1,000 more expen-
sive than LPN and OPN, respectively. 

 One can discern from the above analyses that 
robotic technology signifi cantly increases the 
cost of surgery. Most of these fees are incurred 
from purchasing and equipment and maintenance 
costs. Currently, the demonstrated benefi ts of 
reduced EBL, hospital stay, and length of surgery 
are incapable of offsetting these expenses. There 
is future potential in proving that the robot is 
worth the cost, but longer-term data is required. 
The reduced learning curve associated with 
robotic surgery may decrease long-term costs. 
Also, as previously mentioned, newer platforms 
and expiring patents may drive down current 
market prices for the technology, though this is 
largely speculative. In short, the only way to 
prove that robotic surgery is worth the price is to 
demonstrate positive long-term outcomes and to 
diminish the overall cost.  

    Conclusion 

 As more aspects of urologic care are treated 
with minimally invasive approaches, the 
fi nancial implications of minimally invasive 
urology will have a greater impact on overall 
cost. Technologic advances are intrinsic to 
medical care and usually offer positive 
improvements in patient care. Up to now, such 
advances have been uniformly embraced with 
little consideration of the added cost. As 
national healthcare costs rise out of proportion 
of our ability to pay for them, there will be a 
greater emphasis on not only advancing medi-
cine but also considering the cost- effectiveness 
of medical care.     
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