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 Since the introduction of the surgical robot into the armamentarium of uro-
logical surgeons, there has been a rapid adoption of the robotic approach to 
urological procedures. Until recently, prostate and kidney surgery have been 
the primary techniques to which robotic surgery has been implemented. Over 
the last few years there has been an increase in robotic surgery for the manage-
ment of bladder pathology, particularly bladder cancer and radical cystectomy. 
While the acceptance has been much slower than what was witnessed with 
radical prostatectomy, many surgeons are now embarking on robot- assisted 
radical cystectomy (RARC) and other surgical procedures of the bladder. 

 In  Robotic Surgery of the Bladder , the reader can expect to benefi t from 
the shared experience of established experts in the fi eld of robotic surgery and 
bladder cancer. Topics contained within the text range from a review of the 
history of minimally invasive surgery of the bladder to contemporary issues 
such as cost. Early in the text, the principles of bladder cancer surgery are 
reviewed and set the bar for all surgeons planning on performing RARC. 
Chapters such as these refl ect the comprehensive nature of the text. 

 With a large portion dedicated to preparation and technique, we expect 
that surgeons interested in moving from robot-assisted radical prostatectomy 
to radical cystectomy will fi nd the detailed technical descriptions and accom-
panying videos to be very useful. Technical nuances including, female cys-
tectomy, nerve sparing, and pelvic lymphadenectomy will be covered, among 
others. Three chapters cover urinary diversion and different approaches to 
one of the more complex aspects of radical cystectomy. The authors of the 
technical chapters are all well known within the fi eld of robot-assisted radical 
cystectomy and provide the reader with a collective experience that spans 
more than 8 years and resulted in established reproducible steps. 

 Several chapters are dedicated to getting started and preparation and are of 
particular importance when setting oneself up for success. Two chapters cov-
ering perioperative outcomes and complications complement these sections 
as setup and outcomes are intimately related. Oncological outcomes, one of 
the most important metrics used to rate success following radical cystectomy, 
are extensively reviewed in Chap.   14    . Surgery for benign disorders of the 
bladder is also covered. In order to present a balanced text covering robotic 
surgery of the bladder, criticisms and concerns that have been raised in the 
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past are also thoughtfully reviewed. Finally, a discussion of future directions 
can be found in the end and demonstrates the limitless possibilities. 

 We expect that you will fi nd this book to be both informative and instruc-
tional and look forward to your contribution to the fi eld of robotic surgery of 
the bladder.  

    Phoenix ,  AZ ,  USA       Erik     P.     Castle, M.D., F.A.C.S.    
   Chapel Hill ,  NC ,  USA       Raj     S.     Pruthi, M.D., F.A.C.S.        
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           Introduction 

 Radical cystectomy with urinary diversion is the 
most effective treatment for non-metastatic, 
muscle- invasive bladder cancer [ 1 ]. Most cystec-
tomies are performed via open surgical tech-
nique; however, laparoscopic and robotic 
cystectomies have recently gained popularity at 
various centers. Minimally invasive techniques 
are well established in the fi eld of urology and 
are increasingly being used for a variety of indi-
cations ranging from benign to malignant uro-
logic diseases [ 2 ]. 

 Even in skilled and experienced hands, open 
radical cystectomy is associated with complication 
rates as high as 30–60 % [ 3 ]. Laparoscopic and 
robotic cystectomies have the advantage of smaller 
incisions, lower pain scores, and potentially 
shorter hospital stays, quicker recoveries, and 
lower overall morbidities, lower blood loss, while 
at the same time aiming to achieve similar onco-
logic outcomes as open surgical techniques [ 4 ]. 

 Few studies have reported on the long-term 
effi cacy of minimally invasive techniques in 

the treatment of muscle-invasive bladder cancer. 
In this chapter, we will outline the history of 
laparoscopic and robot-assisted radical cystec-
tomy as having a growing role in the manage-
ment of muscle-invasive bladder cancer. In 
addition, we will also present an overview of 
the literature regarding outcomes for laparo-
scopic and robotic cystectomies.  

    History of Laparoscopic Radical 
Cystectomy 

 Laparoscopic radical cystectomy preceded the 
robotic era and the fi rst laparoscopic radical cys-
tectomy (LRC) with ileal conduit was performed 
in 1993 in Malaga, Spain [ 5 ]. This was duplicated 
at other centers and in 2000, Gill et al. [ 6 ] reported 
on two patients who underwent LRC with intra-
corporeal ileal conduit. And, in 2002, Gill et al. 
[ 7 ] published his series on LRC with continent 
orthotopic ileal neobladder performed completely 
intracorporeally. Following that, two groups 
reported their series on LRC with laparoscopic 
continent reconstruction of rectosigmoid pouch 
[ 8 ,  9 ]. Currently, the largest series of patients 
( N  = 171) who underwent LRC with intracorpo-
real orthotopic ileal neobladder, is from China, 
with a median follow-up of 3 years [ 10 ]. LRC, 
however, did not gain traction except in select 
centers because of the physically demanding 
nature of the procedure and skills needed.  
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    History of Robot-Assisted 
Radical Cystectomy 

 After the formal approval of the Robotic surgical 
device in 2001, many hospitals gained access to 
the Da Vinci™ Robotic System (Intuitive 
Surgical Inc., Sunnyvale, CA). Though approved 
for radical prostatectomy, robot-assisted radical 
cystectomies (RARC) were performed, using the 
Da Vinci™, with the fi rst series of robot-assisted 
radical cystectomies with extracorporeal ileal 
conduit published in 2003 by Menon et al. [ 11 ] 
Centers, which were well versed in Robotic 
Radical prostatectomy, ventured into RARC, and 
soon this procedure was increasingly used and is 
now an acceptable treatment option. With 
increased experience, surgeons started perform-
ing the urinary diversion intracorporeally and 
thus another milestone in advancing MIS in blad-
der cancer was reached. The fi rst reported case of 
RARC with intracorporeal neobladder was per-
formed in Germany in 2003 [ 12 ]. Since that time, 
several robot-assisted radical cystectomy series 
have been reported, some with intracorporeal 
[ 13 ] and others with extracorporeal urinary diver-
sion [ 14 ]. To date, outcomes studies comparing 
intracorporeal versus extracorporeal urinary 
diversion have been sparingly reported, and sur-
geon experience largely guides the decision for 
patient selection and which urinary diversion is 
performed. Thus, over the past decade, there has 
been a slow but steady trend towards applying 
RARC techniques for bladder cancer. The accep-
tance rate for RARC has been slower and limited, 
compared to robotic radical prostatectomy for 
prostate cancer.  

    Outcomes for Laparoscopic 
and Robot-Assisted Radical 
Cystectomy 

    Complications 

 Radical cystectomy is known to have a high rate of 
morbidity and relative mortality. Rates of compli-
cations in LRC range between 10 and 40 % in 

recent LRC series [ 15 – 17 ], which is slightly lower 
than the reported complication rates (30–60 %) 
found for open radical cystectomies (ORC) [ 3 ].    

 Prior studies have revealed an 8 % incidence 
of uretero–ileal anastomotic strictures in RARC, 
which is generally higher than the ureteral stric-
ture rates seen in ORC [ 18 ]. This may be because 
of challenges in performing an extracorporeal 
urinary diversion if there are tension or exposure 
problems, especially at the left uretero-enteric 
anastomosis. In a series of robot-assisted radical 
cystectomies, Ng et al. [ 19 ] found decreased 
blood loss, lower transfusion rates, shorter hospi-
tal stays, and decreased complications compared 
to open radical cystectomies. However, many 
patients who undergo radical cystectomy were 
not found to be candidates for minimally invasive 
techniques, which may lead to selection bias in 
many of these comparative studies. For example, 
severe cardiopulmonary compromise is a relative 
contraindication to undergo minimal invasive 
radical cystectomy, because patients who undergo 
LRC and RARC need to be able to withstand 
steep Trendelenburg position with pneumoperito-
neum, and some patients with cardiopulmonary 
disease may not be healthy enough to tolerate 
CO 2  pneumoperitonium [ 20 ].  

    Oncological Control 

 Extended pelvic lymphadenectomy during mini-
mally invasive surgery is safe and equivalent to 
the open lymph node dissection technique in 
most series [ 21 ]. A nonrandomized study by 
Richards et al. found equivalent lymph node 
counts between ORC and RARC (15 versus 16) 
[ 22 ]. A small-randomized prospective trial found 
equal node counts, with a mean of 18 removed in 
the open group and 19 in the robotic group [ 23 ]. 

 The rates of local tumor recurrence after 
open cystectomy are approximately 10 % [ 1 ]. 
Overall the 5-year survival for patients with 
organ- confi ned, lymph-node negative disease 
approaches 89 % [ 1 ]. LRC and RARC appears 
equivalent, however, follow-up data have been 
limited with the majority RARC series reporting 
less than 2-year follow-up of outcomes [ 4 ]. 

J. Colli et al.
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 In addition, there have been slightly higher 
positive margin rates (4 %) found in the mini-
mally invasive surgery (LRC and RARC) group 
compared to open radical cystectomy rates 
(1–2 %) [ 23 ]. Guru et al. has found higher posi-
tive margin rates in high stage bladder tumors 
treated with RARC [ 14 ]. However, the International 
Robotic Cystectomy Consortium Registry found 
the positive margin rate to be only 2 %, which is 
similar to open cystectomy rates [ 24 ]. 

 Overall survival in the LRC cohorts was 
90–100 % at 1–2 years and 63–79 % at 2–3 years 
[ 15 – 17 ]. RARC reported a 90–96 % survival rate 
at 1–2-year follow-up [ 25 ]. These fi gures should 
be compared to a larger series of ORC, showing a 
62–68 % recurrence-free survival at 5 years and 
50–60 % rate at 10 years [ 1 ]. 

 The oncological outcomes data slants favorably 
for minimally invasive radical cystectomy, how-
ever the selection bias could be skewing the results. 
For example, most centers avoid bulky disease and 
T3-plus tumors early in their series [ 26 ].   

    History of Modifi cations in 
Techniques and Steps of Minimally 
Invasive Radical Cystectomy 

    The RARC surgical technique developed by 
Menon et al. [ 11 ] in 2003 has been widely 
accepted. This report describes posterior dissec-
tion, lateral dissection, followed lastly by ante-
rior dissection with urethral isolation, and 
followed by the prostatectomy. Extended pelvic 
lymphadenectomy can be performed before the 
cystectomy; however, in obese patients or those 
with bulky tumors, the pelvic lymph node dissec-
tion is generally performed after the cystectomy 
[ 11 ] Modifi cations of the robot-assisted radical 
cystectomy have been described by various 
authors over the past 9 years [ 13 ,  14 ]. One such 
adaptation includes early robotic tagging of the 
bowel and ureteral segments, for ease in identifi -
cation of these segments while performing the 
extracorporeal urinary diversion [ 14 ]. Pruthi 
et al. [ 27 ] has recently described alterations in 
performing intracorporeal urinary diversion, with 
his current robotic neobladder rates at 40 %, 

compared to his intracorporeal ileal conduit rates 
of 60 %. Patient selection and surgical experi-
ence usually drive urinary diversion choice.  

    Conclusions 

 Minimally invasive radical cystectomy and urinary 
diversion techniques (LRC, RARC) are increas-
ingly being used to manage surgical candidates 
with bladder cancer. However, long-term data 
from large cohorts are lacking, which contributes 
to the controversy surrounding minimally inva-
sive radical cystectomy. Furthermore, many LRC 
and RARC reports are not randomized, with 
patients in the MIS series generally not equiva-
lent to open cystectomy series, therefore out-
comes data may be considered biased. However, 
single-institution LRC and RARP series have 
reported favorable short-term and intermediate 
oncologic outcomes [ 17 – 19 ,  25 ]. Moreover, as 
experience and operative times continue to 
decrease, there appears to be a steady increase in 
interest in robot-assisted radical cystectomy, with 
a growing interest in intracorporeal urinary 
reconstruction. Multicentered data collection and 
analyses, directed by entities such as the 
International Robotic Cystectomy Consortium, is 
crucial to further advancing the role of RARC, in 
managing bladder cancer.     
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           Introduction 

 Despite contemporary refi nements in the diagno-
sis and management of invasive bladder cancer, it 
remains a potentially lethal disease that will 
account for nearly 15,000 deaths in the USA in 
2012 alone [ 1 ]. Radical cystectomy is the gold- 
standard treatment for most patients with muscle 
invasive bladder cancer and is also appropriate for 
those with high-risk noninvasive disease that have 
failed conservative treatments. When it was fi rst 
introduced for treatment of bladder cancer, cys-
tectomy was associated with signifi cant morbidity 
and mortality [ 2 ]. However, with advances over 
the past 60 years in patient selection, periopera-
tive management and surgical technique, it cur-
rently has relatively low perioperative mortality 
rate and an acceptable rate of complications [ 3 ]. 

 A successful outcome with radical cystectomy 
is not only related to surgical technique and safe 
extirpation of the bladder but also to factors such 
as patient selection, coordinated perioperative 
care, and use of adjunctive treatments. In this 
chapter, we will outline the essential principles of 
radical cystectomy for bladder cancer, which are 
equally as important for robot-assisted radical 
cystectomy (RARC) as for open radical cystec-
tomy (ORC).  

    Surgical Indications 

 Radical cystectomy for bladder cancer is indi-
cated in any fi t patient with clinically organ- 
confi ned muscle-invasive disease and no evidence 
of metastasis. Patients with advanced disease 
may also be offered radical cystectomy, however, 
the goal of surgery is typically local disease con-
trol and symptom palliation, as the prospect of 
cure is much less likely [ 4 ]. Furthermore, patients 
with high-risk noninvasive disease that have 
failed intravesical therapy or have adverse patho-
logic features, such as variant histology or lym-
phovascular invasion, may be offered radical 
cystectomy. In fact, up to one-third of patients 
with clinical stage ≤ T1 are found to have muscle- 
invasive tumors at cystectomy and 15 % may 
have nodal involvement, prompting some to 
argue for “timely” cystectomy in select high-risk 
patients [ 5 – 7 ].  

    Patient Selection 

 Deciding which patients are candidates for radi-
cal cystectomy is of paramount importance given 
the potential morbidity and mortality of surgery. 
The fi rst aspect of patient selection is proper dis-
ease  staging . This includes physical exam, a thor-
ough transurethral resection (TUR), pathologic 
analysis of the tumor biopsies, and cross- sectional 
imaging. Despite this evaluation, there is still a 
signifi cant risk of clinical under-staging. A repeat 
TUR is generally recommended for any high- grade 
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T1 tumor given the substantial risk of residual 
disease and tumor upstaging, particularly in 
patients without muscle in the original TUR spec-
imen [ 5 ,  8 – 10 ]. In men, biopsies of the prostatic 
urethra should be obtained, especially if there is 
consideration for orthotopic neobladder (ONB). 
Although computed tomography (CT) imaging 
has limited sensitivity to detect locally advanced 
disease, it is important to identify features of 
aggressive disease, such as hydronephrosis [ 11 ]. 
While there is some evidence that magnetic reso-
nance imaging (MRI) is useful for clinical staging 
[ 12 ], we do not routinely order MRI or positron 
emission tomography (PET) in this setting. 

 Once patients are properly staged and deemed 
surgical candidates, they must undergo a  risk 
assessment  to identify and manage comorbidities 
and determine if the risks of surgery are less than 
that of untreated bladder cancer. Many patients 
presenting for surgery are elderly and have sig-
nifi cant medical comorbidities, including pulmo-
nary and cardiovascular disease, which increase 
their operative risk. Cardiologists consider radi-
cal cystectomy an intermediate risk procedure, as 
it is associated with a 1–5 % risk of perioperative 
cardiac events [ 13 ]. According to the current car-
diac risk assessment guidelines, patients with 
preexisting cardiac disease, cardiac risk factors, 
or a poor functional capacity generally require 
preoperative cardiac risk evaluation in order to 
optimize cardiac function and assess the need for 
revascularization [ 14 ]. For patients with cardiac 
stents, the risk of intraoperative bleeding is gen-
erally considered higher than the risk of stent 
thrombosis, and discontinuation of antiplatelet 
therapy is preferred. Surgery is delayed a mini-
mum of 30 days and 6 months for patients who 
have bare metal stents and drug eluding stents, 
respectively [ 15 ,  16 ]. If the risk of discontinuing 
antiplatelet therapy is acceptably low, aspirin and 
thienopyridine agents are discontinued 7 days 
preoperatively, although some argue for periop-
erative continuation of low-dose aspirin in certain 
high-risk patients [ 15 ]. Patients on anticoagulant 
therapy with a history of vascular thrombosis or 
atrial fi brillation also require preoperative evalua-
tion to determine their risk of recurrent thrombo-
sis with the discontinuation of anticoagulation. 

For patients in whom anticoagulation may be 
safely discontinued, it is usually held 5–7 days 
preoperatively, however, certain patients may 
require heparin or low-molecular weight heparin 
bridging [ 15 ,  17 ]. The fi nal preoperative dose of 
intravenous heparin and subcutaneous low-
molecular weight heparin is approximately 4–6 h 
and 24 h preoperatively, respectively. 

 Poor nutritional status, a prevalent condition 
among bladder cancer patients, is associated 
with increased perioperative morbidity and mor-
tality [ 18 ,  19 ]. Gregg et al. determined that nutri-
tional defi ciency in cystectomy patients was 
strongly associated with 90-day mortality [ 20 ]. 
Malnutrition may be related to a variety of fac-
tors including paraneoplastic tumor effects or 
poor oral intake due to disease symptomatology 
or patient anxiety. In the perioperative setting, 
poor nutrition can impair immune status and 
decrease the capability for tissue repair. 
Therefore, preoperative enteral nutritional sup-
plementation and the selective use of periopera-
tive total parenteral nutrition are strategies to 
improve nutritional status in malnourished 
patients. However, the benefi t from such mea-
sures has yet to be demonstrated [ 21 ]. 

 Obesity is another nutritional factor that can 
increase perioperative complications. In addition 
to poor wound healing and increased risks of 
wound infections and hernias [ 22 – 24 ], obesity is 
known to be associated with higher intraopera-
tive blood loss and postoperative complications 
after cystectomy [ 25 ,  26 ]. Obesity can also pro-
duce challenges for anesthesiologists, such as 
diffi culty intubating, ventilating, and positioning. 
While it is often impractical to recommend pre-
operative weight loss, knowledge of these risks is 
important for patient counseling. 

 Patient age may also factor into the decision to 
undergo cystectomy, yet it is clear that advanced 
age alone should not be an independent exclusion 
criteria. Although certain characteristics of elderly 
patients are associated with increased 90-day 
mortality [ 27 ], certain elderly patients, even some 
with signifi cant medical comorbidities [ 28 – 30 ], 
do benefi t from radical cystectomy. Elderly 
patients can tolerate the procedure and have com-
plication rates similar to younger patients [ 31 ]. 
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 Although indications for RARC are similar to 
ORC, the choice of approach should be based on 
a combination of patient characteristics, shared 
patient and physician preference and physician 
experience. A robotic approach should only be 
considered if it can safely provide optimal onco-
logic control. Our preference has been to selec-
tively offer RARC to healthier and thinner patients 
that have had less pelvic and/or intra- abdominal 
surgery and less bulky disease, especially early in 
our experience. Understandably, this has also 
been the trend at other institutions [ 32 – 34 ]. 
However, with continued experience and increased 
surgeon comfort, the types of patients eligible for 
RARC will continue to expand. 

 One of the fi nal, and arguably most important, 
aspects of patient selection is establishing  realis-
tic expectations . While the majority of patients 
do not have the luxury to forego cystectomy, it is 
important that they understand the ways in which 
it will alter their functionality, impact their qual-
ity of life, and the complications they are at risk 
for. Many patients will be signifi cantly debili-
tated, weakened, and experience substantial 
weight loss postoperatively. An extensive body 
of literature exists regarding the measurement of 
health-related quality of life in cystectomy 
patients, which, in large part, measures the impact 
of the urinary diversion. If a patient has multiple 
options for urinary diversion, a conversation 
should occur regarding the relative benefi ts and 
drawbacks for each type of diversion. Although 
each diversion is associated with a unique spec-
trum of risks and benefi ts, the relative impact of 
diversion type on overall health-related quality of 
life may be modest [ 35 ]. Using disease-specifi c 
instruments, such as the FACT-VCI [ 36 ], health- 
related quality of life in cystectomy patients can 
be assessed and used during patient counseling.  

    Preoperative Planning 

 Given the aggressive nature of high-risk bladder 
cancer, it is important to recommend a  timely cys-
tectomy  to all surgical candidates. A delay of 
greater than 90 days from diagnosis of muscle- 
invasive disease to cystectomy is associated with 

higher pathologic tumor stage and worse overall 
and disease-specifi c survival [ 37 ,  38 ]. Thus, all 
preoperative planning and coordination of care 
should begin promptly upon diagnosis so as not 
to unnecessarily delay cystectomy. 

 In preparation for surgery, all patients visit the 
enterostomal nurse for  ostomy site evaluation  
[ 39 ]. The nurse examines the patient in the 
supine, seated and standing positions, and identi-
fi es the preferred site in the right lower quadrant 
for an ileal conduit. Patients who have chosen an 
ONB also have an ostomy site marked, given the 
small risk of being unable to safely form a neo-
bladder, and a colostomy site can be marked for 
patients that require a total pelvic exenteration. 
We also recommend all smokers  cease smoking , 
as this has been shown to decrease several peri-
operative complications including respiratory 
complications and wound infections [ 40 – 42 ]. 

 The day prior to surgery we start patients on a 
clear liquid diet and administer a  mechanical 
bowel preparation  with an oral laxative, such as 
magnesium citrate or GoLYTELY™. This is 
intended to reduce fecal load and enhance intra-
operative bowel retraction. There is no single 
mechanical bowel preparation that has demon-
strated superiority over another, however, oral 
antibiotics are no longer administered. Because a 
bowel preparation can cause dehydration, espe-
cially in the elderly, patients must undergo 
aggressive perioperative hydration. While the 
utility of a mechanical bowel preparation has 
been disputed and there is insuffi cient evidence 
to support its routine use [ 43 ], it is still practiced 
at our institution, especially in patients with 
planned colon reconstructive procedures. 

 It is important to  communicate with the anes-
thesia team  preoperatively and for the anesthesi-
ologists to assess perioperative anesthesia risk 
[ 44 ]. All cystectomy patients must have their blood 
typed and screened and the anesthesia team must 
be made aware of the risks of blood loss. They also 
must be made aware of the inability to monitor the 
patient’s vital status using urine output for the 
majority of the case, as the ureters will be clipped. 
As such, all patients will require two large-bore 
intravenous lines and, in some cases, an arterial or 
central line depending on anesthesia preference. 

2 Principles of Bladder Cancer Surgery
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Patients must be positioned with all pressure 
points well padded and the surgical and anesthe-
sia teams must understand the risks of nerve and 
limb injury due to improper patient positioning. 

 To  prevent surgical site infections  all patients 
are shaved with electrical clippers, receive intra-
venous antibiotic prophylaxis, and are cleansed 
with a chlorhexidine-based skin preparation 
[ 45 ,  46 ]. Because many patients have risk fac-
tors for deep vein thrombosis (older age, ciga-
rette smoking, obesity, malignancy, pelvic 
surgery), and thromboembolic events are a sig-
nifi cant source of morbidity and mortality 
among cystectomy patients, deep vein thrombo-
sis  (DVT) prophylaxis  is critical and may sig-
nifi cantly reduce the likelihood of a DVT and 
fatal pulmonary embolus [ 47 – 49 ]. We use 
sequential compression devices on all patients, 
although some higher risk patients may require 
chemothromboprophylaxis with subcutaneous 
heparin or low-molecular weight heparin [ 49 ]. 
In fact, continuing DVT prophylaxis after hos-
pital discharge may help protect against the sub-
stantial rate of out-of-hospital thromboembolic 
events [ 50 ,  51 ].  

    Oncologic Principles 

 The improved outcomes of radical cystectomy 
over the past half-decade are largely thought to 
be secondary to improvements in surgical and 
anesthetic care. Meticulous surgical technique 
not only limits potential morbidity but also con-
tributes to improved oncologic outcomes. While 
RARC may further temper the morbidity of cys-
tectomy, it can only be feasible if it preserves the 
same oncologic effi cacy as ORC. In order to 
achieve both, surgeons must adhere to strict sur-
gical principles. 

 Basic principles of intra-abdominal cancer 
surgery include exploration of the peritoneal cav-
ity for unrecognized metastasis, early vasculature 
ligation, minimization of tumor spillage, and a 
complete tumor resection with en bloc specimen 
removal. Given the risk of peritoneal seeding of 
bladder cancer,  minimization of tumor spillage  is 
very important. Occlusion of the ureteral stump 

with a clip is performed, due to the small risk of 
vesicoureteral refl ux, and careful control of the 
transected urethra is strongly recommended. In 
RARC, the specimen is contained in an 
Endocatch™ bag (Covidien Surgical, Mansfi eld, 
MA) to avoid intraperitoneal spillage and port 
site metastasis [ 52 ]. In addition, one must care-
fully handle any grossly enlarged lymph nodes to 
avoid damage and resultant spillage of metastatic 
tumor cells. 

 To achieve a  complete tumor resection  and 
negative surgical margins, one must pay care-
ful attention to tissue planes and extend the 
dissection widely if there is any concern for 
extravesical extension. Intraoperative frozen 
section analysis of the distal urethral margin is 
standard practice at our institution, regardless 
of diversion type. In patients who desire an 
ONB, it is essential to rule out disease in the 
proximal urethra, as this is generally a contra-
indication to ONB. Alternatively, involvement 
of the urethra may prompt a concurrent ure-
threctomy for those receiving a non-orthotopic 
diversion. 

 More controversy exists regarding the utility 
of intraoperative  ureteral frozen section analysis . 
Advocates argue that by obtaining a negative dis-
tal frozen section there may be decreased anasto-
motic and upper tract recurrences and that 
patients with positive margins can be followed 
more closely [ 53 ,  54 ]. Those against contend that 
the result does little to change the risk of local 
recurrence and distant disease failure [ 54 – 56 ]. 
Furthermore, a negative ureteral frozen section is 
not associated with a clear survival benefi t, does 
not exclude proximal carcinoma in situ (CIS) and 
conversion from a positive to a negative margin 
can be diffi cult, and does not eliminate the risk of 
local recurrence [ 56 – 59 ]. Upper tract recurrence 
after radical cystectomy is a rare event and, 
excluding obvious ureteral involvement, is more 
common with aggressive tumors and the  presence 
of CIS [ 56 ,  59 ,  60 ]. Patients with these fi ndings 
should be counseled preoperatively that they are 
at higher risk for upper tract recurrence and will 
require close postoperative surveillance, how-
ever, we do not routinely obtain a ureteral frozen 
section analysis.  
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9

    Pelvic Lymphadenectomy 

 Pelvic lymphadenectomy is a critical element of 
a radical cystectomy. Approximately 20–25 % of 
patients undergoing cystectomy are found to 
have lymph node invasion at the time of patho-
logic analysis [ 61 ]. While patients with extraves-
ical disease have a higher likelihood of positive 
lymph nodes (42–75 %), a signifi cant percentage 
of patients with organ-confi ned tumors also have 
node positive disease (6–22 %), suggesting 
lymphadenectomy is indicated regardless of clin-
ical tumor stage [ 62 – 66 ]. Lymphadenectomy is 
important for accurate disease staging, improves 
local control, and identifi es those patients that 
might benefi t from adjuvant therapy. Furthermore, 
approximately 30 % of patients with pathologi-
cally positive lymph nodes demonstrate long- 
term, durable responses after cystectomy, 
suggesting lymphadenectomy may be therapeu-
tic for some patients [ 63 ,  67 ,  68 ]. 

 The boundaries of a standard pelvic lymphad-
enectomy are the genitofemoral nerve laterally, 
wall of the detrusor medially, node of Cloquet 
distally, bifurcation of the common iliac artery 

proximally, and the internal iliac vessels posteri-
orly (Fig.  2.1 ). Some surgeons prefer to extend 
the lymphadenectomy cranially to the aortic 
bifurcation or even further to the inferior mesen-
teric artery. Several reports have demonstrated 
improved survival in patients with more lymph 
nodes removed, and some have suggested using 
lymph node yield as a proxy for surgical quality 
[ 67 ,  69 – 72 ]. Interestingly, this association has 
been demonstrated in both pathologically node 
positive and node negative patients [ 67 ]. Removal 
of more lymph nodes likely eliminates any 
micrometastatic disease, allows for wider surgi-
cal margins, and provides more tissue for patho-
logic staging [ 73 ,  74 ].

   Still, using nodal yield as a quality indicator is 
controversial and is an imperfect measure of dis-
section adequacy. Similarly experienced surgeons 
using identical templates can produce a highly 
variable number of lymph nodes, indicating nodal 
yield may, in part, be associated with nonsurgical 
factors [ 62 ]. For example, nodal yield is highly 
dependent on methods of pathological analysis, 
such as the technique of lymph node identifi ca-
tion and whether nodal tissue is submitted en bloc 
or in packets [ 75 ,  76 ]. Furthermore, there can be 

  Fig. 2.1    Pelvic lymphadenectomy boundaries. Reprinted, with permission, from Elsevier Limited, Hurle, R., Naspro, 
R.: Pelvic lymphadenectomy during radical cystectomy: a review of the literature. Surg Oncol, 19: 208, 2010       
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signifi cant intraobserver variability among 
pathologists in identifying what constitutes nodal 
tissue [ 77 ] and there is no standardized process of 
pathologic analysis consistently used across dif-
ferent institutions [ 78 ]. Finally, although recom-
mendations have been put forth, there is no 
accepted minimum number of lymph nodes that 
defi nes an “adequate” lymphadenectomy [ 79 ]. 

 Because nodal yield is an imperfect measure 
of surgical quality, an adequate pelvic lymphad-
enectomy must be defi ned as the removal of all 
nodal tissue within the bounds of the chosen tem-
plate [ 62 ]. Still, the template boundaries and 
extent of dissection have been debated. An 
extended dissection has a higher nodal yield rela-
tive to a standard dissection, which may translate 
to improvements in recurrence and mortality with 
little added morbidity [ 80 – 82 ]. However, with 
the rarity of skip metastasis, a standard lymph 
node dissection may provide adequate staging for 
most patients [ 81 ,  83 ]. There is unlikely a sur-
vival benefi t of a super extended lymphadenec-
tomy over an extended dissection [ 84 ]. Regardless 
of the template chosen, a lymphadenectomy 
should include meticulous removal of all tissue in 
regions known to harbor lymph nodes that drain 
the bladder. Such a dissection is possible with 
RARC and is mandatory to ensure oncologic effi -
cacy [ 85 ,  86 ].  

    Hemostasis 

 Hemostasis is essential during radical cystec-
tomy, and there are several ways to control the 
vascular pedicles including clips and sutures, 
 staplers, and bipolar electrocautery devices such 
as the Ligasure™ (Covidien, Boulder, CO). The 
use of a stapler is associated with lower blood 
loss than with the traditional suture and clips 
technique [ 87 ] and the Ligasure appears to be 
equally effective as a stapler, but more cost effi -
cient [ 88 ]. One purported benefi t to RARC is 
decreased intraoperative blood loss [ 33 ,  89 ], and 
we recently determined that RARC is associated 
with a lower estimated blood loss and transfusion 
requirement than ORC ( authors data, unpub-
lished ). Regardless of the technique used to 

secure the vascular pedicles, every effort should 
be taken to avoid excess blood loss given the 
risks of a blood transfusion and its association 
with increased mortality after cystectomy [ 90 ].  

    Special Considerations in Men 

 Recently, new techniques have been introduced 
to manage the prostate and urethra during cystec-
tomy in efforts to improve postoperative func-
tionality and quality of life in men. Historically, 
 urethrectomy  was universally recommended at 
the time of cystectomy, however, given the low 
risk of urethral recurrence, the popularization of 
the ONB, and the possible protective effect of 
ONB on urethral recurrence, patients are now 
risk stratifi ed to determine if urethrectomy is 
required [ 91 ,  92 ]. The primary risk factor for 
anterior urethral recurrence is cancer involve-
ment of the prostate, a fi nding in upwards of 
40 % of cystectomy specimens [ 91 ,  93 ]. 
Furthermore, CIS, multifocal tumors, and tumors 
involving the trigone or bladder neck are known 
to increase the risk of prostatic involvement [ 93 , 
 94 ]. Thus, we generally do not perform a ure-
threctomy in men in the absence of risk factors 
for urethral recurrence. For those patients not 
receiving an orthotopic diversion that have a high 
risk of urethral recurrence, we recommend a ure-
threctomy at the time of cystectomy. 

 More recently, a  nerve sparing  approach to 
radical cystectomy has been proposed in an 
attempt to preserve potency and possibly conti-
nence with a neobladder. Initially described by 
Walsh [ 95 ], the technique for a nerve sparing 
radical cystectomy is similar to that of a nerve 
sparing radical prostatectomy. Some believe that 
sparing either one or both sets of nerves should 
be offered to all patients that do not have an 
 oncologic contraindication, whether or not they 
receive an ONB [ 96 ]. Advocates of this approach 
believe that sparing the neurovascular bundle 
does not sacrifi ce the oncologic effi cacy of radi-
cal cystectomy, as bladder cancer rarely extends 
through the prostatic capsule [ 97 – 99 ]. Schoenberg 
et al. presented 10-year data on 101 men who 
underwent this procedure and demonstrated no 
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positive margins at the site of nerve sparing, 
 survival outcomes similar to that of historic 
cohorts, and a signifi cant proportion of patients 
who were able to engage in sexual activity post-
operatively [ 98 ]. Other series have similarly 
shown that approximately 80 % of men who were 
potent prior to cystectomy had good postopera-
tive sexual function with a nerve-sparing proce-
dure [ 99 ,  100 ]. Kessler et al. demonstrated that 
attempted nerve sparing was associated with 
improved postoperative erectile function as well 
as continence with an ONB [ 101 ]. Thus, for 
properly selected sexually active men, nerve-
sparing radical cystectomy appears to provide 
good oncologic control while increasing the like-
lihood of preserving erectile function and conti-
nence. There are no randomized studies of nerve 
sparing versus non-nerve-sparing cystectomy, 
thus no fi rm conclusions regarding these pur-
ported functional benefi ts can be made. 

 By maximally protecting the neurovascular 
bundle and rhabdosphincter, a  prostate capsule- 
sparing   radical cystectomy is an even more 
aggressive measure to preserve functionality in 
patients with an ONB. During this operation, the 
prostatic urethra, prostatic adenoma, and bladder 
are removed, a distal urethral frozen section mar-
gin is sent, and the prostatic capsule is left in 
place. Indications for capsule-sparing cystec-
tomy include good preoperative sexual function 
with tumors that appear to be resectable without 
requiring a wide periprostatic margin. 
Contraindications include extravesical tumor 
extension, bladder cancer involvement of the 
prostate or bladder neck, CIS, hydronephrosis 
and biopsy-proven prostate cancer [ 102 ,  103 ]. 
Clinical staging with transrectal and transurethral 
evaluation of the prostate and bladder will iden-
tify most men that have contraindications to the 
procedure [ 104 – 106 ]. 

 Although most studies are relatively small and 
nonrandomized, the functional outcomes with 
capsule-sparing cystectomy and ONB appear 
encouraging. Vallancien et al. reported that of 
100 capsule-sparing cystectomy patients, over 
80 % of previously sexually active men were able 
to have intercourse postoperatively [ 105 ]. In 
another series, Nieuwenhuijzen et al. reported 

78 % of their 44 patients had satisfactory 
 postoperative sexual function [ 107 ]. Postoperative 
daytime and nighttime continence in patients 
with ONBs also appear to be quite high with this 
procedure [ 102 ]. Still, capsule-sparing cystec-
tomy is controversial given the oncologic con-
cerns of leaving prostatic tissue behind and any 
conclusions regarding functional and oncological 
outcomes relative to traditional radical cystec-
tomy are inferences, as no comparative studies 
exist. 

 Although urethral and prostatic fossa recur-
rences in capsule-sparing cystectomy series are 
low, the risk is cause for concern [ 105 ]. Urothelial 
carcinoma involvement of the prostate may be as 
high as 40 %, with an increased likelihood in 
patients with CIS or trigonal tumors [ 93 ,  94 ,  103 , 
 108 ]. While most of these tumors can be identi-
fi ed preoperatively [ 106 ], urothelial carcinoma 
involving the prostatic capsule and periprostatic 
tissue (areas not well sampled during clinical 
staging) has been identifi ed in cystectomy speci-
mens [ 109 ]. Thus, advocats of this technique 
advise urethral and prostatic surveillance as 
would normally be done with an ONB, and to 
treat any such recurrences either endoscopically 
or with undiversion, if necessary [ 110 ]. 

 Incidental prostatic adenocarcinoma can be 
identifi ed in approximately 30 % of cystectomy 
specimens, up to one quarter of which are clini-
cally signifi cant, and some are located in areas 
that would be left behind with a capsule-sparing 
procedure [ 109 ,  111 – 115 ]. While there is a report 
of prostate cancer metastasis after radical cystec-
tomy [ 116 ], the risk of prostate cancer-specifi c 
mortality and biochemical recurrence is low 
[ 117 – 120 ]. There are no reports of prostate cancer 
deaths in capsule-sparing cystectomy patients 
found to harbor occult prostate cancer, and most 
could be effectively treated, if required [ 121 ,  122 ]. 

 Most importantly, oncologic outcomes with 
capsule-sparing cystectomy appear comparable 
to that of traditional radical cystectomy. In one of 
the largest series of capsule-sparing cystectomy 
patients, Rozet et al. reported a 4.7 % and 34 % 
rate of local and distant recurrence, respectively 
[ 122 ]. Despite these encouraging results, 
some argue that leaving the prostatic capsule is 
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inappropriate, distant failure with capsule- 
sparing cystectomy is higher than would be 
expected, and the supporting data are limited by 
selection bias [ 123 ,  124 ]. Therefore, for properly 
motivated patients, capsule-sparing cystectomy 
with ONB may help preserve continence and 
sexual function, but the risk of residual or recur-
rent cancer must be understood and, until large 
randomized studies with extended follow-up 
exist, it cannot be considered oncologically equal 
to traditional radical cystectomy [ 124 ].  

    Special Considerations in Women 

 With the increasing use of ONBs in women 
[ 125 ], the preferred  management of the urethra  at 
the time of cystectomy has been called into ques-
tion. While there is a relatively low risk of female 
urethral involvement (<10 %) by bladder cancer, 
patients with bladder neck and trigonal tumors 
are at higher risk [ 126 – 128 ]. In women at low 
risk for urethral involvement that have a negative 
intraoperative urethral frozen section analysis, 
the risk of urethral recurrence can be considered 
minimal and an ONB may be safely fashioned 
[ 129 ]. Otherwise, urethrectomy is generally per-
formed along with radical cystectomy. 

 In an effort to improve functionality after cys-
tectomy, some have recommended sparing the 
 gynecologic organs . As vaginal shortening can 
lead    to signifi cant sexual dysfunction, young, 
sexually active women who desire ONBs and 
have minimal risk for vaginal wall involvement 
may be candidates of vaginal wall-sparing cys-
tectomy [ 130 ]. Sparing the anterior vaginal wall 
and maximally preserving paravaginal and peri-
urethral supporting tissues may decrease the risk 
of pelvic organ prolapse, maintain vaginal length, 
and reduce the risk of neobladder–vaginal fi stula. 
Chang et al. demonstrated that preservation of 
the anterior vaginal wall in women with ONBs 
was associated with a low rate of complications 
and resulted in satisfactory functional voiding 
outcomes [ 131 ]. Furthermore, sparing the uterus 
is associated with improved incontinence in 
women with ONBs, further supporting the utility 
of preserving uninvolved gynecologic organs 

[ 132 ]. Importantly, sparing these organs does not 
appear to sacrifi ce the oncologic effi cacy of radi-
cal cystectomy. Pathologic analysis of gyneco-
logic organs taken during radical cystectomy 
demonstrated that, in the absence of gross tumor 
extension, they are unlikely to be involved by 
bladder cancer [ 133 ]. Ali-El-Dein et al. noted a 
2.6 % prevalence of gynecologic organ involve-
ment in cystectomy specimens, with a higher risk 
in women that had aggressive tumor characteris-
tics [ 134 ]. Thus, it does not appear necessary to 
routinely remove all female gynecologic organs 
during radical cystectomy. 

 The  neurovascular bundles  that provide auto-
nomic innervation to the vagina, clitoris, and 
proximal urethra run lateral to the vaginal walls 
and damage can result in sexual and urinary dys-
function [ 96 ,  135 – 137 ]. With an interest in 
improving postoperative quality of life in women, 
some have suggested preservation of these bun-
dles [ 138 ,  139 ]. Several small case–series sug-
gest that, in properly selected patients, sparing 
one or both of these nerve bundles may help pre-
serve postoperative sexual function and urinary 
continence in women with ONBs [ 125 ,  140 , 
 141 ]. Vaginal wall and gynecologic organ- 
sparing procedures may help avoid damage to 
these nerves.  

    Postoperative Care 

 Postoperative care is an essential element to any 
operation, no more so than with radical cystec-
tomy. At our institution, we pioneered a  collab-
orative care pathway  for cystectomy patients, 
which incorporates evidence-based guidelines 
and standardizes patients’ hospital course 
(Appendix). As a result, the cost and length of 
hospital stay after cystectomy decreased 
 signifi cantly with no impairment in quality of 
care [ 142 ,  143 ]. Part of this pathway was exclu-
sion of routine postoperative surgical intensive 
care unit placement. While it is important to have 
the resources available to admit a cystectomy 
patient to an intensive care unit, it is not routine 
practice. In fact, with the use of a collaborative 
care pathway, only 6.5 % of radical cystectomy 
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patients required postoperative intensive care 
unit admission [ 144 ]. 

 Another component to postoperative patient 
care is  patient disposition  at the time of hospital 
discharge. With shorter lengths of inpatient stay, 
there is an increasing use of postoperative home 
healthcare services and rehabilitation facilities 
[ 145 ]. Aghazadeh et al. recently reported that 
approximately a third of cystectomy patients are 
discharged home with services and 9 % to an 
inpatient facility [ 146 ]. In fact, older age, lower 
preoperative albumin, being unmarried, and a 
higher Charlson comorbidity index (CCI) were 
independently associated with discharge to home 
with services, while older age, poor preoperative 
exercise tolerance, and a longer hospital stay 
were associated with discharge to a rehabilitation 
facility. It is important to educate patients preop-
eratively that only half are discharged home 
without services and patients at higher risk of 
requiring postdischarge care should be appropri-
ately counseled.  

    Complications 

 Due to the substantial perioperative morbidity of 
radical cystectomy (Table  2.1 ), surgeons must be 
familiar with all possible complications and be 

prepared to recognize and manage them 
 expediently. Importantly, patients should be 
counseled about the prevalence and spectrum of 
these risks preoperatively.

   Historically, perioperative complications were 
reported within 30 days of cystectomy. One large 
series reported 30-day morbidity, readmission, 
and mortality rates of 45 %, 18 %, and 1.7 %, 
respectively [ 3 ]. However, given the considerable 
risk of additional complications in the months 
following surgery, there has been a trend to report 
up to 90 days postoperatively. Stimson et al. iden-
tifi ed increases in readmission and mortality rates 
to 27 % and 7 %, respectfully, when following 
patients to 90 days [ 147 ]. Given the nonstandard-
ized methods for reporting complications, it is 
diffi cult to compare different series and accu-
rately defi ne the morbidity of radical cystectomy 
[ 148 ]. Thus, using stringent criteria [ 149 ] to 
report 90-day complications, there was a 64 % 
prevalence of any complication, 26 % risk of 
readmission, and 2.7 % mortality rate (Table  2.2 ) 
[ 150 ]. Gastrointestinal, infectious, and wound 
complications were the most common diagnoses 
and 11 % required an interventional radiology 
procedure.

   While studies reporting perioperative morbid-
ity after RARC are limited by patient numbers 
and procedural selection bias, there appears to be 

   Table 2.1    Perioperative morbidity and mortality in contemporary radical cystectomy series   

 Series  Procedure  Time of assessment (days)  Number of patients  Mortality  Morbidity 

 Lee [ 1 ]  ORC  30  498  1.6  45 
 Hollenbeck [ 2 ]  ORC  30  2,538  –  30.5 
 Novotny [ 3 ]  ORC  30  516  0.8  27.3 
 Lowrance [ 4 ]  ORC  30  553  1.7  41 
 Stimson [ 5 ]  ORC  90  753  6.9  – 
 Stein [ 6 ]  ORC  90  1,054  2.5  28 
 Novarra [ 7 ]  ORC  90  358  3  49 
 Hautmann [ 8 ]  ORC  90  923  2.3  58 
 Svatek [ 9 ]  ORC  90  283  0  54 
 Shabsigh [ 10 ]  ORC  90  1,142  2  64 
 Smith [ 11 ]  RARC  30  227  0  30 
 Jonsson [ 12 ]  RARC  30  45  0  40 
 Ng [ 13 ]  RARC  90  79  0  49 
 Khan [ 14 ]  RARC  90  50  0  34 
 Hayn [ 15 ]  RARC  90  156  5.8  52 
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a similar rate of complications. Hayn et al. 
reported perioperative complications on 156 
RARC patients and found that 52 % of patients 
experienced at least one complication within 90 
days of surgery [ 151 ]. Gastrointestinal, infec-
tious, and genitourinary were the most common 
types of complications and 21 %, 8.3 %, and 
5.8 % of patients were readmitted, required an 
interventional radiology procedure, and died, 
respectively. Thus, despite the purported benefi ts 
of RARC, it is clearly associated with a similar 
frequency and spectrum of complications as 
ORC (Table  2.2 ).  

    Quality Indicators for Radical 
Cystectomy 

 Although there have been vast improvements in 
the management of patients with bladder cancer, 
differences still exist in the quality of surgery 
delivered. Quality surgical care can be analyzed 
within the Donabedian framework of structure, 
process, and outcome [ 152 ]. While the components 

of this framework are interrelated,  structural 
aspects (physical facilities, hospital/surgeon vol-
ume) help drive clinical processes (adequacy of 
lymphadenectomy, use of ONB), which, in turn, 
are related to outcomes (perioperative morbidity 
and mortality) [ 153 ]. Though certain  outcomes 
may be impacted by patient factors, such as 
comorbidity and disease severity, some poten-
tially modifi able surgical factors may also impact 
outcomes. Currently, there are no accepted qual-
ity of care indicators for radical cystectomy, thus 
proxies must be used to estimate surgical quality. 

    Surgeon and Hospital Volume 

    Hospital and/or surgeon case volume appear to 
be associated with several surgical outcomes and 
have been proposed as indicators for surgical 
quality [ 154 – 156 ]. In a seminal article by 
Birkmeyer, higher hospital volume was associ-
ated with lower perioperative mortality for sev-
eral operations, including a greater than 50 % 
decrease in mortality for radical cystectomy 
[ 157 ]. In a subsequent study specifi cally examin-
ing the relationship between hospital volume and 
radical cystectomy outcomes, Hollenbeck et al. 
determined that patients treated at low volume 
hospitals were 46 % more likely to suffer a peri-
operative death than patients treated at high vol-
ume hospitals [ 158 ]. Potential explanations for 
improved outcomes at higher volume hospitals 
include employment of more specialized sur-
geons, more consistent postoperative processes 
of care, better intensive care unit staffi ng, greater 
resources for managing complications, and the 
practice of a more complete Donabedian frame-
work [ 159 ,  160 ]. 

 Higher surgeon volume may also be related to 
cystectomy outcomes, although this association 
does not appear to be as consistent. In another 
Birkmeyer article, higher surgeon volume was 
associated with lower perioperative mortality for 
several operations, including radical cystectomy, 
even when controlling for hospital volume [ 161 ]. 
However, a recent analysis of post-cystectomy 
survival suggested that the impact of surgeon vol-
ume is attenuated when accounting for hospital 

    Table 2.2    Perioperative complications after open and 
robot-assisted radical cystectomy   

 Category  ORC [ 10 ]  RARC [ 15 ] 

 Number of patients  1,142  156 
 Number of complications  1,637  186 
 Number of patients with a 
complication 

 735  102 

 Gastrointestinal  29 %  31 % 
 Infectious  25 %  25 % 
 Wound/skin  15 %  7 % 
 Genitourinary  11 %  13 % 
 Cardiac  11 %  3 % 
 Pulmonary  9 %  4 % 
 Bleeding  9 % 
 Hematologic/vascular  5 % 
 Thromboembolic  8 % 
 Metabolic  3 % 
 Nervous  5 %  0.5 % 
 General  7 % 
 Miscellaneous  3 % 
 Surgical  1 % 
 Head and neck  1 % 
 Endocrine  0.5 % 
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volume [ 155 ]. Still, there does appear to be a 
learning curve with RARC such that more sur-
geon experience is associated with improved out-
comes [ 33 ,  162 ]. Together, these data imply 
differences in surgical quality based on hospital 
and/or surgeon volume, although the root causes 
remain to be explained and no defi nition of what 
“high” volume should be currently exists. 
Therefore, while it may be related to cystectomy 
outcomes in some way, the use of volume as a 
proxy for surgical quality is imperfect and 
remains a topic of debate.  

    Surgical Factors 

 In an effort to establish surgical parameters to 
defi ne quality for radical cystectomy, Herr et al. 
led a collaborative effort to benchmark “reason-
able standards” of care [ 163 ]. They proposed that 
a 75–80 % utilization of pelvic lymphadenec-
tomy, 10–14 lymph nodes removed, a positive 
margin rate ≤10 % (preferably <5 %) and a mini-
mum annual surgeon volume of ten cases could 
be considered as standards of care (Table  2.3 ). In 

a subsequent study, Herr et al. attempted to 
 determine which surgical factors were most 
important for survival and local recurrence after 
cystectomy [ 67 ]. Negative surgical margins and 
≥10 lymph nodes removed were independently 
associated with survival, while positive margins 
and <10 lymph nodes removed were indepen-
dently associated with local recurrence. 
Interestingly, the type of surgeon (urologic 
oncologist) and type of institution (academic) 
were each inversely associated with positive mar-
gin status and removal of <10 lymph nodes. In 
all, surgical quality appeared to be related to sur-
vival and recurrence, and nontechnical factors, 
namely surgeon training and hospital setting, 
infl uenced surgical quality.

        Adjunctive Therapies 

 Urothelial carcinoma is a chemosensitive malig-
nancy and data over the past decade has solidifi ed 
the use of chemotherapy in its management. 
Given the high rate of distant recurrences, there is 
no question that systemic therapy plays a role in 

   Table 2.3    Standards for radical cystectomy and PLND stratifi ed by patient age and stage [ 16 ]   

 Age at presentation  pT stage  Number of patients 

 Margins  Lymph nodes 

 Positive  N  (%)  Negative  Mean  SD  Median 

 <65 
  No  <T2  203  3 (1.5)  200  15.3  10.5  14 

 ≥T3  143  23 (16)  120  13.9  9.6  12 
  Yes  <T2  30  0 (0)  30  10.7  9.9  8 

 ≥T3  20  5 (25)  15  5.8  6.7  4 
 65–75 
  No  <T2  202  4 (2)  198  13.5  10.8  12 

 ≥T3  161  17 (11)  144  14.7  9.4  13 
  Yes  <T2  32  1 (2)  31  7.6  6.3  9.5 

 ≥T3  22  4 (18)  18  6.4  6.2  6 
 >75 
  No  <T2  105  2 (1)  103  10.5  7.8  9 

 ≥T3  108  10 (9)  98  10.2  7.9  10 
  Yes  <T2  25  0 (0)  25  7.6  6.4  7 

 ≥T3  40  2 (5)  38  5.3  5.6  4 
 Totals  All  1,091  71 (6.5)  12.5  9.7  11 

 ≥T3  494  61 (12) 

  Reproduced, with permission, from Elsevier Limited, Herr, H. W., Faulkner, J. R., Grossman, H. B. et al.: Surgical fac-
tors infl uence bladder cancer outcomes: a cooperative group report. J Clin Oncol, 22: 2781, 2004  
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the management of bladder cancer [ 164 ]. 
Chemotherapy can either be administered preop-
eratively or postoperatively, and there are advo-
cates for each approach [ 165 ]. While neoadjuvant 
chemotherapy can allow for tumor downstaging, 
provide early treatment for systemic micrometas-
tasis, is delivered to the tumor with an intact vas-
culature and may be tolerated better, it also may 
lead to overtreatment and unintentionally delay 
cystectomy. Adjuvant chemotherapy can be used 
selectively for high-risk patients and allows for 
immediate cystectomy but may be poorly toler-
ated and delays administration of systemic ther-
apy to patients who may fail surgery due to 
distant recurrences [ 166 ]. 

 Current level 1 data clearly demonstrates a sur-
vival benefi t of neoadjuvant chemotherapy [ 167 ]. 
Based on a meta-analysis of over 3,000 patients 
from 11 randomized control trials, the use of mul-
tiagent cisplatin neoadjuvant therapy resulted in a 
14 % relative risk reduction in mortality and a 
22 % reduction in disease specifi c mortality at 5 
years [ 168 ]. Patients with a good performance 
status and clinical factors concerning for high-
risk and locally advanced disease are the best can-
didates for neoadjuvant chemotherapy [ 169 ]. 
However, despite supporting data, neoadjuvant 
chemotherapy remains relatively underutilized, 
providing a target for improvement in the quality 
of care delivered to cystectomy patients [ 170 , 
 171 ]. While adjuvant chemotherapy may be ben-
efi cial, its use is not strongly supported based on 
a recent meta- analysis [ 172 ,  173 ]. Because there 
are no trials directly comparing adjuvant and neo-
adjuvant chemotherapy, the relative benefi t of one 
over another is speculative.  

    Survivorship 

 The last element to a successful cystectomy is 
survivorship care. One such element of survivor-
ship is cancer surveillance. At 5 years approxi-
mately 30–40 % of patients experience a 
recurrence, but most occur within 2 years of sur-
gery [ 68 ,  174 ,  175 ]. Depending on pathologic 
risk factors, there is a small risk of urethral recur-
rence [ 91 ,  176 ] and an even smaller risk of upper 
tract recurrence [ 177 ]. Boorjian et al. demon-

strated that post-cystectomy patients experienced 
improved survival if their recurrence was 
detected asymptomatically through routine sur-
veillance imaging, and patients who presented 
symptomatically fared poorer, supporting the 
value in routine postoperative surveillance imag-
ing [ 178 ]. Unfortunately, there are no set guide-
lines about the recommended frequency and 
method for postoperative surveillance and there 
remains tremendous variation in how patients are 
monitored [ 179 ]. At our institution we image the 
abdomen and pelvis, typically using CT with 
intravenous contrast, every 6 months for the fi rst 
2 years and then annually thereafter. We do not 
routinely screen for urethral recurrences in 
patients with incontinent diversions and retained 
urethras [ 180 ,  181 ]. 

 Other elements of survivorship include manage-
ment of late treatment effects, quality of life issues, 
and physical and psychosocial rehabilitation [ 169 ]. 
As these issues are unquestionably important to 
cystectomy patients and their families, instituting 
multidisciplinary survivorship programs continues 
to be a growing effort among urologists.  

    Conclusion 

 Radical cystectomy is the gold-standard treat-
ment for high-risk bladder cancer and a success-
ful result is dependent on multiple patient, 
surgeon, and institutional factors. The outcome 
of radical cystectomy can be optimized through 
proper patient selection, adherence to surgical 
principles, the use of adjunctive treatments, and 
regular postoperative follow-up. Regardless of 
the surgical approach chosen, these principles 
must be followed as they undoubtedly translate to 
improved surgical quality.  

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 Most who care for patients with bladder cancer 
understand that the ultimate goal of radical cys-
tectomy is oncologic success and patient safety—
irrespective of operative technique. As the 

C.B. Anderson et al.



17

authors state, a successful outcome with radical 
cystectomy is not only related to surgical tech-
nique and safe extirpation of the bladder but also 
to factors such as patient selection, coordinated 
perioperative care, and use of adjunctive treat-
ments. Such principles are nicely outlined in this 
chapter by experts in the fi eld of bladder cancer. 
Such principles are simply mandatory for all who 
perform this operation and care for the patient 
with bladder cancer. 

 Robotic techniques in bladder cancer surgery 
must continue to duplicate the surgical principles 
of open radical cystectomy with regard to the 
extirpative portion of the procedure and to the 
ability to perform adequate lymphadenectomy. 
Fortunately, the robotic approach to cystectomy 
appears to provide acceptable operative, patho-
logical, and short-term clinical outcomes—seem-
ingly duplicating the principles and practices of 
the time-tested open surgical technique.       

    Appendix 

     A.    Radical cystectomy with ileal conduit path-
way orders
    a.    Admission

    i.    Diagnosis: malignant neoplasm of 
bladder (188); s/p radical cystectomy 
with ileal conduit   

   ii.    Diagnosis: possible, probable, or r/o 
cancer/malignancy   

   iii.    Admit to: urology   
   iv.    Condition:   
   v.    Allergies:       

   b.    Nursing
    i.    Vital signs q4h × 2 days

   1.    Convert to vital signs q8h on POD 2       
   ii.    Strict I&O q4h   
   iii.    Drain: Jackson-Pratt to self- suction. 

Empty and record q4h. Change dressing 
around drain PRN daily starting POD 1
   1.    Discontinue JP drain 4 h after stent 

removal prior to discharge       
   iv.    Ureteral stents to gravity drainage   
   v.    Volurex incentive spirometer q1h 

while awake   

   vi.    Sequential compression devices 
bilaterally   

   vii.    Notify house offi cer for Temp >101, 
SBP > 160, DBP > 100, HR > 120, 
UOP < 60 mL/2 h   

   viii.    Activity: out of bed to chair day of 
surgery with assistance
   1.    Ambulate in halls TID POD 1 and 

POD 2   
  2.    Ambulate q2h while awake start-

ing POD 3           
   c.    Diet

    i.    NPO POD 0 × 24 h   
   ii.    POD 1: may chew gum while awake 

PRN, otherwise NPO   
   iii.    Begin restricted clear liquid diet POD 

2: 8 oz q8h   
   iv.    Clear liquid diet POD 3       

   d.    Ostomy orders
    i.    Wound ostomy nurse consult       

   e.    Medications
    i.    D5LR at 150 mL/h × 1 bag

   1.    Then, D5 1/2NS + 20 mEq/L KCl 
at 150 mL/h       

   ii.    Cefoxitin 2,000 mg IV q8h × 3 doses
   1.    If allergic to PCN or cephalospo-

rins and serum Cr < 1.3
   a.    Gentamicin 3 mg/kg IV   
  b.    Clindamycin 900 mg IV       

  2.    If allergic to PCN or cephalospo-
rins and serum Cr > 1.3
   a.    Aztreonam 2,000 mg IV   
  b.    Clindamycin 900 mg IV           

   iii.    Bisacodyl 10 mg PR BID, start POD 3   
   iv.    Milk of Magnesia 30 mL PO BID, 

start POD 4   
   v.    Levofl oxacin 500 mg PO ×1 with stent 

removal   
   vi.     Pain medications 

   1.    Ketorolac 30 mg IV in recovery 
room
   a.    Then, 15 mg IV q6h × 24 h       

  2.    Hydromorphone 1 mg/mL PCA: 
0.1 mg q8h × 3 days   

  3.    Oxycodone 5 mg/acetaminophen 
325 mg POD q4h PRN × 3 days 
PRN pain score 2–5   
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  4.    Oxycodone 10 mg/acetamino-
phen 325 mg POD q4h PRN × 3 
days PRN pain score 6–10    

      vii.     Prophylaxis 
   1.    Enoxaparin 40 mg subcut qday10

   a.    Or for renal insuffi ciency: hep-
arin 5,000 U subcut q8h       

  2.    Famotidine 20 mg IV q12h × 5 
days   

  3.    Esomeprazole 20 mg PO daily 
when famotidine is discontinued    

      viii.     As needed medications 
   1.    Ondensetron 4 mg IV q6h PRN 

nausea   
  2.    Acetaminophen 650 mg PO/PR 

q4h PRN temp > 101   
  3.    Chloroseptic spray at bedside for 

PRN use    
          f.    Labs

    i.    Hematocrit POD 1, 2, 4   
   ii.    Basic metabolic panel POD 1, 4       

   g.    Patient/family education
    i.    Instruction on changing pouch and 

wafer           
   B.    Radical cystectomy with continent diversion 

pathway orders
    a.    Admission

    i.    Diagnosis: malignant neoplasm of 
bladder (188); s/p radical cystectomy 
with continent diversion   

   ii.    Diagnosis: possible, probable, or r/o 
cancer/malignancy   

   iii.    Admit to: urology   
   iv.    Condition:   
   v.    Allergies:       

   b.    Nursing
    i.    Vital signs q4h × 2 days

   1.    Convert to vital signs q8h on POD 2       
   ii.    Strict I&O q4h   
   iii.    Drain: Jackson-Pratt to self- suction. 

Empty and record q4h. Change dress-
ing around drain PRN daily starting 
POD 1.   

   iv.    Ureteral stents to gravity drainage   
   v.    Foley catheter to bedside bag drainage

   1.    Irrigate Foley catheter with 60 mL 
normal saline TID starting POD 1       

   vi.    Volurex incentive spirometer q1h 
while awake   

   vii.    Sequential compression devices 
bilaterally   

   viii.    Notify house offi cer for Temp > 101, 
SBP > 160, DBP > 100, HR > 120, 
UOP < 60 mL/2 h   

   ix.    Activity: out of bed to chair day of 
surgery if possible, with assistance
   1.    Ambulate in halls TID POD 1 and 

POD 2   
  2.    Ambulated q2h while awake 

starting POD 3           
   c.    Diet

    i.    Strict NPO until POD 5, no ice chips       
   d.    Medications

    i.    D5LR at150 mL/h × 1 bag
   1.    Then, D5 1/2NS + 20 mEq/L KCl 

at150 mL/h       
   ii.    Cefoxitin 2,000 mg IV q8h × 3 doses

   1.    If allergic to PCN or cephalospo-
rins and serum Cr < 1.3
   a.    Gentamicin 3 mg/kg IV   
  b.    Clindamycin 900 mg IV       

  2.    If allergic to PCN or cephalospo-
rins and serum Cr > 1.3
   a.    Aztreonam 2,000 mg IV   
  b.    Clindamycin 900 mg IV           

   iii.    Bisacodyl 10 mg PR BID, start POD 4   
   iv.    Milk of Magnesia 30 mL PO BID, 

start POD 5   
   v.    Levofl oxacin 500 mg PO ×1 with 

stent removal   
   vi.     Pain medications 

   1.    Ketorolac 30 mg IV in recovery 
room
   a.    Then, 15 mg IV q6h × 24 h       

  2.    Hydromorphone 1 mg/mL PCA: 
0.1 mg q8h × 3 days   

  3.    Oxycodone 5 mg/acetaminophen 
325 mg POD q4h PRN × 3 days 
PRN pain score 2–5   

  4.    Oxycodone 10 mg/acetamino-
phen 325 mg POD q4h PRN × 3 
days PRN pain score 6–10    

      vii.     Prophylaxis 
   1.    Enoxaparin 40 mg subcut qday10
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   a.    Or for renal insuffi ciency: hep-
arin 5,000 U subcut q8h       

  2.    Famotidine 20 mg IV q12h × 5 
days   

  3.    Esomeprazole 20 mg PO daily 
when famotidine is discontinued    

      viii.     As needed medications 
   1.    Ondensetron 4 mg IV q6h PRN 

nausea   
  2.    Acetaminophen 650 mg PO/PR 

q4h PRN temp > 101   
  3.    Chloroseptic spray at bedside for 

PRN use    
      ix.     When taking PO, start one of the 

following 
   1.    Nitrofurantoin monohydrate 

100 mg PO q12h × 14 days   
  2.    Trimethoprim–sulfamethoxazole 

DS PO qHS × 14 days    
          e.    Labs

    i.    Hematocrit POD 1, 2, 4   
   ii.    Potassium POD 1   
   iii.    Basic metabolic panel POD 4       

   f.    Patient/family education
    i.    Begin teaching patient/family cathe-

ter care and instructions for irriga-
tions of catheter with normal saline 
starting POD 1.               
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  None of our men are ‘experts.’ We have most unfortunately found it necessary to get rid 
of a man as soon as he thinks himself an expert because no one ever considers himself 
expert if he really knows his job. A man who knows a job sees so much more to be done 
than he has done that he is always pressing forward and never gives up an instant 
of thought to how good and how effi cient he is. Thinking always ahead thinking always 
of trying to do more brings a state of mind in which nothing is impossible. The moment 
one gets into the ‘expert’ state of mind a great number of things become impossible.  

 —Henry Ford 

          Introduction 

 The task of learning and incorporating robot- 
assisted cystectomy into a busy surgical practice 
is a daunting proposition, particularly for sur-
geons well versed in open surgical techniques. 
The promise of a minimally invasive alternative 
to open surgery, especially for bladder cancer, is 
signifi cant due to the purported benefi ts of fewer 
complications, decreased blood losses, and a 
shorter hospital stay. The development of robot- 
assisted cystectomy represents the fi rst wide-
spread challenge to open cystectomy. Yet, the 
procedure remains technically challenging even 
for surgeons experienced in robot- assisted pelvic 
surgery. Indeed, how does a surgeon transition 
from a practice dominated by open surgery to one 

that offers the benefi ts of minimally invasive 
surgery? 

 Abandoning one technique with which a surgeon 
is comfortable, and transitioning to another in 
which that surgeon is a novice, creates potential 
concerns regarding ethical responsibility, patient 
safety, oncologic effi cacy, and surgical training. 
This task seems particularly intimidating in the 
group of patients undergoing surgery for invasive 
urothelial carcinoma, where few salvage thera-
pies exist for those with inadequate initial surgi-
cal extirpation. Furthermore, the patients 
themselves frequently possess signifi cant medi-
cal comorbidities making lengthy and compli-
cated procedures undesirable. 

 With these concerns in mind, it is important 
for the entire surgical team to prepare for the 
challenges of robot-assisted bladder surgery prior 
to the fi rst case. Critical members of this surgical 
team include all of the personnel that bring this 
procedure to clinical fruition in the preoperative, 
intraoperative, and postoperative setting. In this 
chapter, we review our experience in converting a 
high volume practice with robotic prostatectomy 
and open radical cystectomy to one that offers 
robot-assisted cystectomy. In addition, we 
describe some technical modifi cations to both 
robot-assisted radical prostatectomy and open 
radical cystectomy that made our transition to 
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robot-assisted cystectomy easier. Finally, we 
review the existing literature regarding the evi-
dence for a learning curve in robot-assisted 
cystectomy and provide tips for surgeons 
embarking upon their initial experience in robot-
assisted bladder surgery.  

    Initial Patient Selection: The Ideal 
Patient 

 We remain convinced that the ideal patient exists 
who does not have medical comorbidities, is at 
their ideal body weight and poses no unsurpris-
ing demographic, anatomic, or pathologic char-
acteristics. However, we are equally convinced 
that the ideal patient does not need to have their 
bladder removed or have bladder cancer. While 
that ideal patient may not be available there are 
certain factors within your control to maximize 
outcomes with robot-assisted cystectomy. 
Optimal patient selection can reduce operative 
time and complication rates for a surgeon’s initial 
experience. Yet, this desire lies in direct contra-
diction to the reality that most patients that 
require a cystectomy have invasive bladder can-
cer and most patients present with signifi cant 
comorbidities. There is an important balance 
between identifying perfect candidates for the 
early robot-assisted cystectomy experience and 
maintaining adequate case volume to prevent 
catastrophic complications as well as to develop 
and maintain surgical expertise that must be 
considered. 

 We recommend beginning with patients who 
are not obese and may require a simple cystec-
tomy for chronic cystitis or a nonfunctional blad-
der. Additionally, while the female pelvis is 
generally more accessible and less confi ning than 
the male pelvis, many urologists are more com-
fortable beginning the operation in men due to 
extensive experience in robotic-assisted radical 
prostatectomy. Based on the rarity of simple cys-
tectomy, the next patients that should be consid-
ered ideally have non-bulky urothelial disease 
with organ confi ned, low tumor burden, with no 
identifi able lymphadenopathy on preoperative 
imaging, and who do not have signifi cant cardio-

pulmonary  disease. Patients should have no evi-
dence of extravesical disease, history of prior 
pelvic surgery or radiation, as these complex 
cases are better treated after the robotic team has 
gained signifi cant experience. Neoadjuvant che-
motherapy is becoming more commonplace and 
can decrease the tumor burden to aid in patient 
selection, but it is important to wait a suffi cient 
time (4 to 6 weeks) to allow adequate patient 
recovery prior to surgical intervention. Infact it 
has been shown in a retrospective series that 
waiting up to 10 weeks after neoadjuvant chemo-
therapy did not adversely affect oncological out-
comes at time of cystectomy [ 1 ]. 

 Patient height, weight, and body habitus are 
important considerations in early patient selec-
tion. For patients with a body mass index 
exceeding 35 kg/m 2 , it can be more diffi cult to 
identify landmarks, expose the necessary struc-
tures, pass instruments, and it may be more 
problematic to maintain Trendelenberg posi-
tioning for the duration of the case. Central obe-
sity can pose signifi cant challenges of instrument 
reach and trocar placement, even with extralong 
trocars available. The normal robotic trocars are 
100 mm in length, while the extralong trocars 
are 150 mm in length. Additionally, for larger 
patients undergoing intracorporeal urinary 
diversion, the thick broad mesentery may pres-
ent a unique challenge as staple loads may not 
adequately provide hemostasis. 

 Finally, consideration of prior abdominal sur-
gery and radiation are important. While experi-
enced surgeons may be able to complete these 
procedures safely, patients with multiple prior 
abdominal operations are at an increased risk of 
intraoperative complications. This tends to occur 
most commonly with accessing the abdominal 
cavity in the face of multiple prior midline sur-
geries where adhesions are present or after ven-
tral hernia mesh repair. If these cases are selected 
for the robot-assisted approach, it is advisable to 
fi rst gain some experience and comfort with the 
technology and the steps of the procedure before 
embarking on these demanding circumstances. 
The preferred method of access is with direct 
visualization utilizing the Hassan technique [ 2 ] 
or in other circumstances putting a 5 mm trocar 
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and laparoscope in a naïve part of the abdomen to 
access the feasibility of proceeding with normal 
trocar placement. Similarly, just as in open sur-
gery, patients with a history of prior pelvic radia-
tion are at increased risk of perioperative 
complications and should be informed of the 
small but real risk of bowel injury requiring a 
fecal diversion. Indeed, patients with a history of 
prostate cancer are more likely to require bladder 
cancer surgery. While we have completed these 
procedures in patients with prior prostate irradia-
tion and prior radical prostatectomy, these opera-
tions are signifi cantly more complicated and 
necessitate the maintenance of good oncological 
principals to prevent tumor spillage. When 
embarking on a new program in robot-assisted 
bladder cancer surgery, it is best to initially avoid 
patients with extensive prior abdominal surgery 
and patients with a history of pelvic irradiation.  

    The Decision to Offer Robotic 
Bladder Cancer Surgery 

    The decision to offer robot-assisted bladder can-
cer surgery is a diffi cult one; particularly while 
randomized trial data demonstrating signifi cant 
benefi ts are immature. Robot-assisted radical 
cystectomy (RARC) is signifi cantly different 
than other robot-assisted procedures. For exam-
ple, even the highest volume radical cystectomy 
centers usually perform fewer than 200 radical 
cystectomies annually (an annual incidence in 
the USA of less than 10,000) [ 3 ]. This contrasts 
with over 100,000 radical prostatectomies and 
greater than 600,000 hysterectomies performed 
annually in the USA [ 3 ,  4 ]. Therefore, the deci-
sion to pursue robot-assisted bladder cancer sur-
gery must be considered in the context of medical 
centers that offer robotic surgery for other dis-
ease states. It is unlikely that robotic bladder 
cancer surgery alone will be suffi cient to justify 
the substantial initial capital investment required 
for robotic surgery [ 5 ,  6 ]. Furthermore, adequate 
surgical volume is necessary to improve upon 
the learning curve [ 7 ,  8 ]. Frequent robotic proce-
dures allow the entire robotic team (including 
nurses, assistants, technologists, anesthesia pro-

viders, and surgeons) to exercise ease and 
 expertise with the fundamentals of the robotic 
set up, anesthetic concerns, positioning, and 
technique. Most urologists have the capability 
and comfort of performing robot-assisted radical 
prostatectomy, and such an experience is critical 
in starting to offer robot-assisted bladder sur-
gery. The number one priority of any operation, 
especially for one as deadly as bladder should be 
the quality of the operation rather than the 
approach, and it is a display of good judgment 
by the surgeon if they recognize the failure to 
progress and convert the operation to an open 
approach before risking unnecessary complica-
tions or outcomes.  

    The Robotic Team 

 Surgeons who perform open or robotic bladder 
cancer surgery are dependent upon a number of 
other providers, each of whom has an important 
role to optimize patient care. We organized our 
robotic bladder cancer team around the individu-
als that assist in robot-assisted radical prostatec-
tomy (Table  3.1 ). This team includes nurses, a 
Certifi ed Surgical Technologist, a Certifi ed 
Surgical Assistant, specifi c anesthesiologists, 
urology residents or fellows, and a fellowship- 
trained surgeon. We found it extremely helpful to 
travel with critical members of this team to other 
hospitals completing these procedures to observe 
and ask task specifi c questions to lessen anxiety 
before beginning the procedures ourselves. Each 
member of the robotic team was able to focus 
upon their role in making the procedure work and 

   Table 3.1    Characteristics of a successful robot-assisted 
radical cystectomy team   

 Comfort with steps of robotic prostatectomy 
 Experience with open radical cystectomy and urinary 
diversion 
 Laparoscopic experience 
 Understanding of patient positioning 
 Review of other surgeon experience 
 Anesthesiology support 
 Ease in troubleshooting robotic issues 
 Monitoring of surgical results 
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transfer that experience to our institution. 
Additionally we found it helpful to perform mock 
procedures in our operating room setting to 
rehearse member specifi c roles and responsibili-
ties to ensure a smooth transition to our fi rst 
patient. Finally, during the initial 20–30 cases, 
our team modifi ed the procedures based on expe-
rience and observation of what worked at our 
institution to develop a consistent technique.

   While the surgeon receives most of the acco-
lades and burdens for the outcomes of these pro-
cedures, the bedside assistant is a particularly 
important member of the surgical team. We have 
used both urology residents and fellows, but also 
found that having a dedicated surgical assistant is 
helpful. These assistants provide some stability 
to the surgical team. Whoever fi lls the role of 
bedside assistant; it is important that they are 
comfortable with basic laparoscopic techniques, 
safe torcar placement, suctioning, tissue han-
dling, retraction, placement of clips, passing 
suture material, and providing essential expo-
sure. These are not easy tasks and are not quickly 
mastered by assistants that are infrequently 
exposed to robotic or laparoscopic procedures. 
Therefore, consistency and repetition in this role 
is particularly important. 

 Similarly, anesthesia providers play a criti-
cal role in the successful completion of these 
procedures. Registry data has shown that about 
60 % of all new cancer patients older than 65 
years suffer form at least one other serious dis-
ease [ 9 ]. Bladder cancer patients frequently 
have comorbid health conditions that directly 
impact parts of the procedure. For example, the 
prevalence of chronic obstructive pulmonary 
disease (COPD) is common in both men (19 %) 
and women (8.9 %) with bladder cancer [ 10 ], 
likely secondary to the increased risk of disease 
associated with smoking. This has signifi cant 
implications upon pneumoperitoneum and car-
bon dioxide retention. Similarly, obesity in 
combination with steep Trendelenberg posi-
tioning can create increased pulmonary pres-
sures. Furthermore, patients must be draped 
and padded in such a fashion that they will not 
suffer complications from the extended dura-
tion of these procedures. Techniques to manage 

these potential issues are critical to the successful 
completion of the  procedure and to prevent 
unnecessary complications. 

 Finally, circulating and scrub nurses are criti-
cal to the effi cient completion of these cases. 
They are responsible for the effi cient sterile drap-
ing of the robotic arms and preparing the patient 
and robot for the procedure. They are also needed 
to quickly and accurately identify and provide 
equipment and supplies that are commonly 
required for the completion of these procedures. 
Quick and effi cient nursing practice can alter a 
procedure from lasting many hours to one that 
provides effi cient and improved patient care. 

 The ability of the team to effectively commu-
nicate and prepare for these procedures will play 
a major role in patient safety and the quality of 
the surgical intervention. The integrated approach 
and education of all the team members is essen-
tial to the successful adoption of robot- assisted 
bladder surgery.  

    Lessons to Take from Prior Surgical 
Experience 

 As discussed previously, comfort in robot- 
assisted pelvic surgery, specifi cally robot-assisted 
radical prostatectomy, is a prerequisite for a urol-
ogist looking to add robot-assisted bladder can-
cer surgery to their armamentarium. While 
signifi cant and important differences between the 
procedures exist, experience gained from robot- 
assisted radical prostatectomy translates to robot- 
assisted bladder cancer surgery particularly with 
respect to pelvic lymphadenectomy, neurovascu-
lar bundle preservation (if performed), and apical 
prostate dissection. Furthermore, ease and under-
standing of basic robotic maneuvers (such as 
suturing, knot tying, and cautery) and visualiza-
tion (with different angle lenses) within the con-
fi nes of the pelvis facilitates quicker adaptation 
for the surgeon and the surgical team alike. 
Finally, the anatomic approach and landmarks in 
the pelvis are exactly the same. For these reasons, 
we feel that comfort with robotic radical prosta-
tectomy is critical prior to adopting robotic blad-
der cancer surgery. 
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 Similarly, familiarity and comfort in performing 
open radical cystectomy with urinary diversion 
are a prerequisite in adapting the robot assisted 
approach. Such familiarity is obviously critical 
should a conversion to open radical cystectomy 
be necessary. Beyond that, however, the basic 
surgical and oncological principles and anatomy 
are similar between the open and the robotic 
approaches. Finally, the majority of surgeons 
starting an experience with robot-assisted radical 
cystectomy perform the urinary diversion in an 
open fashion. Therefore, expertise with open uri-
nary diversion is imperative as it may be per-
formed through a smaller incision, an incision 
positioned higher in the abdomen, and/or from a 
different angle. 

 While many of these concepts are discussed in 
detail elsewhere in this text, it is important to 
highlight portions of both open cystectomy and 
robotic prostatectomy that impact upon a surgeon 
transitioning to a practice offering RARC. The 
specifi c technical aspects of the procedure are 
discussed in detail throughout this textbook and 
are beyond the scope of this chapter. However, 
there are several important points that relate to 
prior experience and starting a robot-assisted cys-
tectomy program that warrant discussion. 
Therefore, here we outline several portions of 
both RARP and open cystectomy and discuss 
how they impact the adoption of RARC. 

    Surgical Concepts to Bridge RARP 
to RARC 

    Lymphadenectomy 
 Lymphadenectomy is likely the most diffi cult 
portion of RARC for most practitioners to mas-
ter. While the importance of an extended pelvic 
lymphadenectomy is debatable for patients with 
prostate cancer, its importance for patients with 
invasive urothelial carcinoma is well established. 
Numerous studies have now demonstrated 
improved survival with extended lymphadenec-
tomy and adequate nodal dissection templates are 
vital. Indeed, lymph node yield is perhaps the 
most commonly utilized marker of surgical quality. 
Therefore, it is critical for surgeons embarking 

upon RARC to perform an adequate lymphade-
nectomy and also demonstrate comfort with the 
extent and degree of lymphadenectomy neces-
sary for patients with invasive bladder cancer. 

 As high-volume RARP providers, we found it 
helpful to extend the boundaries of lymphade-
nectomy during RARP for patients with interme-
diate- and high-risk prostate cancer. This allowed 
more familiarity with handling the pelvic vessels 
and allowed us to develop safe and effi cient tech-
niques for dealing with bleeding situations. Over 
time, we expanded our RARP practice to rou-
tinely include lymph node packets in the obtura-
tor, internal iliac, and external iliac regions. We 
found it useful to begin this dissection posteriorly 
to the iliac vessels between the lymph node 
packet and the pelvic side wall. This experience 
was important in developing and maintaining a 
program in RARC due to the huge volume dis-
crepancies that exist between RARP and RARC.  

    Posterior Dissection 
 Dissection of the seminal vesicles and develop-
ing a plane between the prostate and the rectum 
are essential components of RARP as well as 
RARC. While we have typically performed the 
seminal vesicle dissection during RARP from an 
anterior approach, familiarity with the transperi-
toneal posterior-based approach to RARP would 
facilitate the conversion to RARC. Posterior- 
based approaches to RARP enable surgeons to 
more accurately identify the vascular pedicles at 
the time of RARC as well as to perform selective 
neurovascular bundle preservation during RARC 
when clinically appropriate. We found it helpful 
after performing the ureteral dissection and 
lymphadenectomy with the 30° lens that switch-
ing to the 0° lens enabled more caudal dissection 
between the prostate and the rectum during 
RARC where it was almost possible to reach the 
apex of the prostate. This caudal dissection is 
important during RARC as it decreases the risk 
of rectal injury and enables easier dissection for 
the remainder of the procedure. Furthermore, the 
sheer bulk of a cystoprostatectomy specimen is 
much more challenging to manage after the blad-
der has been dropped off the anterior abdomenal 
wall (we would recommend this as one of the last 
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steps in RARC) than the smaller specimen obtained 
at the time of prostatectomy. This bulk makes the 
cystoprostatectomy specimen more diffi cult to 
maneuver particularly for residual posterior and 
rectal attachments.  

   Anterior and Apical Dissection 
 Developing the space of Retzius and dissection 
of the apex of the prostate are routine procedures 
during both RARC and RARP. Surgeons com-
fortable with RARP should be able to transition 
these skills easily to RARC. Differences do exist, 
in part due to location of the tumor and the pos-
sibility of extravesical disease that make comfort 
with this portion of the procedure important. 
Specifi cally, surgeons must be comfortable with 
subtle modifi cations of the anterior dissection to 
ensure a negative surgical margin, even in patients 
with anterior-based T3 tumors. Furthermore, api-
cal dissection remains important (particularly in 
the setting of orthotopic urinary diversion), 
though surgeons comfortable with control of the 
dorsal venous complex and apical prostate dis-
section should be able to transfer this to their 
expertise expeditiously. Unlike in prostatectomy 
it is important to prevent urine spillage. For this 
we recommend that after the prostate apex has 
been carefully dissected that the urethra be iden-
tifi ed so that a large Hemo-o-lok ®  polymer clip 
(Telefl ex, Limerick, PA) or stapler can be used to 
ensure a hermetic seal and prevent possible tumor 
or urine leakage after removal of the Foley 
catheter.   

    Surgical Concepts Bridging Open 
Cystectomy to RARC 

   Lymphadenectomy 
 Just as comfort with lymphadenectomy from a 
robotic approach is important when starting 
RARC, familiarity open pelvic lymphadenec-
tomy is important. This experience is critical to 
defi ne and replicate the landmarks and limits of 
dissection. Cystectomy surgeons have for years 
defi ned the role of extended lymphadenectomy 
and it is critical not to lose any progress that may 
infl uence the outcome from the disease and 
 intervention. Accordingly, lymphadenectomy at 

a minimum should include the obturator, internal 
iliac, external iliac, and distal 1/3 of the common 
iliac. We recommend that extended pelvic lymph-
adenectomy be performed as the new standard to 
include all lymphatic tissue including the com-
mon iliacs, proximally to the aortic bifurcation 
and pre-sacral tissue as well [ 11 ]. An important 
landmark that we use to limit the cranial aspect of 
the dissection is the take off of the inferior mes-
enteric artery (IMA).  

   Control of Vascular Pedicles 
 One of the primary advantages of robot assis-
tance during cystectomy or prostatectomy is 
decreased venous bleeding, largely attributed to 
the pneumoperitoneum used during the proce-
dure. However, even patients undergoing RARC 
may experience signifi cant bleeding. Nearly 
20 % of patients in the International Robotic 
Cystectomy Consortium report receiving a blood 
transfusion. Therefore adequate control of the 
vascular pedicle to the bladder and prostate is 
critical. 

 We have found that Hemo-o-lok ®  polymer 
clips (Telefl ex, Limerick, PA) are useful in this 
setting as they provide a secure mechanism to 
control the vascular pedicles. Laparoscopic sta-
ple devices are also useful in this setting. The 
development of a robot-assisted stapler device is 
underway, but we have not used this device to 
date. Alternative energy sources are also useful 
adjunctive measures to provide hemostatic 
control. Indeed, one of the fi rst modifi cations 
we made to our robot-assisted cystectomy proce-
dure was the addition of a LigaSure™ device 
(Covidien, Boulder, CO) for the vascular pedicle 
and the bowel mesentery. The combined force and 
energy application with the tissue sensing imped-
ance allows for excellent hemostasis, minimal 
char, and effi cient progress of the procedure. 
Other advanced energy platforms compatible 
with the robot-assisted approach include: mono-
polar and bipolar cautery, mechanical (harmonic), 
and lasers.  

   Urinary Diversion 
 Most surgeons early in their adoption of robot- 
assisted radical cystectomy perform the necessary 
urinary diversion through an open approach. 
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Indeed for the fi rst 20–30 of these cases, we felt 
most secure performing the urinary diversion 
through an open approach. This allowed us to 
focus our initial robotic experience exclusively 
upon the cystectomy and pelvic lymphadenec-
tomy. It is useful to fi rst start RARC by identify-
ing the ureters and doing the proximal and distal 
dissections fi rst. This will help to identify rele-
vant vascular structures and provide important 
landmarks for the rest of the procedure. We 
would recommend that the proximal dissection 
of the left ureter be taken more proximally than 
you would normally perform, being sure to take a 
wide margin of tissue around the ureter in order 
to provide as much vascular supply as possible. If 
you do your diversion extracorporally the extra 
length of the left ureter will prevent traction 
injury and potential vascular compromise as it 
transverses below the mesentery to limit the 
potential for the subsequent development of an 
anastamotic stricture. It is also helpful to pre-tag 
the Hemo-o-lok ®  polymer clips (Telefl ex, 
Limerick, PA) with different colored suture so 
that they can be readily identifi ed later in the 
case. Proximal and distal uses of these clips on 
the ureter prevent urine or tumor spillage and 
allow immediate frozen section pathological 
analysis of the ureteral margin. 

 When transitioning to an intracorporeal uri-
nary diversion, we found it helpful to have the 
assistant on the left side of the patient. The angle 
from the left side of the patient makes division of 
the ileal bowel segment and its associated vascu-
lar supply much easier. However, this is in 

contradiction of our normal practice of having 
the surgical assistant on the right side of the 
patient for RARP. Therefore, we place a 
10–12 mm laparoscopic port in the left lateral-
most port site and kept the surgical assistant on 
the right. It is then quite easy to deploy the nor-
mal or even extralong robotic port through this 
laparoscopic port, making sure to align with the 
rotational point (Fig.  3.1a, b ), without compro-
mise of the pneumoperitoneum. Then, a second 
surgical assistant may scrub in for the urinary 
diversion, or the surgical assistant on the right 
may transition over to the left to complete any 
necessary staple work on the bowel or associated 
mesentery. We have found this approach to be 
benefi cial in allowing us to maintain our exper-
tise in RARP while incorporating the techniques 
and experience into the practice of RARC. It is 
also helpful to fi rst identify the relevant segments 
of the bowel (depending on the planned type of 
diversion) and tagging them with different col-
ored sutures at the beginning of the case prior to 
any dissection to prevent later confusion. The 
Hemo-o-lok ®  polymer clips (Telefl ex, Limerick, 
PA) are useful to bundle the sutures together for 
later manipulation and prevent distraction during 
the rest of the procedure. Our initial intracorpo-
real diversions were primarily aimed at female 
patients as it avoided an otherwise necessary 
abdominal incision for specimen extraction (gen-
erally extracted through the vagina). However, 
independent of the type of diversion we would 
recommend making the incision, if needed, that 
best provides the surgical team with the best 

  Fig. 3.1    Confi guration of lateral port for intracorporeal diversion. ( a ) Standard 10–12 mm laparoscopic port with 
extralong robotic trocar. ( b ) Robotic trocar going through 10–12 mm port       
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exposure need to quickly complete the operation, 
which in most cases does not coincide with exist-
ing trocar placement.

         The Learning Curve:  Are We 
There Yet? 

 The concept of a learning curve is based upon the 
premise that practice makes perfect. In urology, a 
number of studies have evaluated the learning curve 
regarding robot-assisted radical prostatectomy [ 12 –
 14 ]. In general, these studies demonstrate improve-
ments in the margin negative rate, blood loss, and 
operative time in the fi rst 40–50 cases with a more 
gradual improvement after that time. It is important 
to accurately refl ect on patient outcomes and expe-
riences to improve surgical training, enhance hospi-
tal credentialing, and reassure patients. 

 However, identifi cation of a learning curve 
associated with robot-assisted radical cystectomy 
has been elusive due to the many factors that indi-
vidually can infl uence this parameter. Indeed, 
some authors have questioned whether such a 
learning curve exists given that surgeons perform-
ing bladder cancer surgery are generally well-
trained surgeons prior to embarking on the 
procedure for bladder cancer. Thus far, studies 
have focused efforts to characterize the learning 
curve based upon several early postoperative 
parameters including blood loss, lymph node 
yield, operative time, surgical margin status, and 
early complications [ 7 ,  15 – 17 ]. While most of 
these studies have demonstrated an improvement 
with time, it is clear that if a learning curve exists, 
it is different for each surgeon (Table  3.2 ). 
Furthermore, techniques for these procedures are 
constantly evolving and even providers  considered 
to be experts in robot-assisted bladder surgery are 
continually searching for mechanisms and meth-
ods to simplify and improve the procedure. We 
have found that the learning curve can be dramati-
cally shortened building on personal experience 
not only with robot-assisted and prior pelvic sur-
gery, but with video review as well. Not everyone 
has the luxury of an in-house mentor who is 
already expert at these procedures. We have dis-
covered that reviewing the successful procedures 
of others and learning from them is critical to 

adoption. Additionally we routinely record all our 
procedures then review them to see what we liked 
and did not like about the procedure and what we 
would change. We found that this exercise in 
refl ection with the advantage of the pathology 
report has helped us to improve our technique and 
disease outcomes. If there are several surgeons, 
both open and robot assisted, available, the 
exchange of ideas and criticism can further push 
everyone to maximize their surgical outcomes.

       Outcome Measurement: 
How Are We Doing? 

 A commitment to robot-assisted bladder cancer 
surgery must be continually critical of periopera-
tive and postoperative outcomes. While we con-
tinue to await data from randomized trials, 
robot-assisted radical cystectomy will continue to 
be scrutinized. Therefore, it is essential for sur-
geons to be aware of how they are doing relative to 
their own experience and the only way to do so is 
to continually monitor outcomes. The develop-
ment of a prospectively maintained database 
should be created prior to the completion of the 
fi rst procedure and is an important aspect of begin-
ning the practice. Preoperative, intraoperative, and 
postoperative data are collected from all patients 
undergoing robot-assisted bladder surgery at our 
institution. Fundamental components of this data 
collection include patient demographics, clinical 
tumor characteristics, comorbidities, neoadjuvant 
chemotherapy, operative time, blood loss, patho-
logic characteristics (including positive margins), 
and hospital stay (Table  3.3 ). Although such col-
lection can be time consuming, it is important to 
continually refl ect upon one’s outcome in order to 
improve with time. It is impossible to experience 

   Table 3.2    Factors impacting length of learning curve   

 Prior robotic surgical experience 
 Mentoring of initial robotic cystectomy cases 
 Patient factors (tumor extent, BMI, prior surgeries, 
pelvic irradiation, etc.) 
 Robotic set-up time 
 Type of urinary diversion 
 Experience of robotic team 
 Self evaluation 
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a “learning curve” if one is not aware of their 
outcomes.

       Final Thoughts 

 Getting started is frequently the most diffi cult por-
tion of adopting any new procedure or technology. 
Establishment of a robust robot-assisted surgical 
program requires commitment from hospital 
administration (for console time), surgeons, anes-
thesiology, and the development of a robotic team. 
Adequate preparation, patient selection, equip-
ment availability, and dedication of the whole 
team, however, can make the difference between a 
successful experience and one that fl ounders. As 
surgeons, we owe it to our patients to make the 
procedure as safe and effi cacious as possible.     
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           Room Setup 

 Robot-assisted radical cystectomy (RARC) can 
be performed in the same operating theater as 
robot-assisted prostatectomy. The limiting factor 
in all robotic surgery with regard to operating 
room setup is space. Care must be taken to secure 
as much space in the room as needed for robot 
cart docking/undocking, surgeon console, and 
sterile tables suffi cient for robotic instruments as 
well as those necessary for open cystectomy/uri-
nary diversion. Suffi cient anesthesia working 
space is also required. There should also be suf-
fi cient space to allow for the fl ow of anesthesia 
personnel, blood products, and other items to the 
patient’s bedside. Our current robotic suite is 
750 sq. ft (25 ft × 35 ft), and we fi nd it offers suf-
fi cient space to safely perform the operation. 

 It is important that all assistants be able to 
clearly see the operative monitors. Since our 
surgical assistant is on the patient’s right-hand 
side, it is imperative that a monitor be placed 
directly across from the assisting surgeon/tech-
nician (Fig.  4.1a ). It is easiest if the assistant 
does not have to torque his or her neck or trunk 
to get a clean view of the monitor. Some OR suites 
have a large monitor mounted on the wall across 

from the assistant position. Others have mobile 
ceiling- mounted booms available to move the 
assistant’s monitor directly into view. It is also 
important that nonassisting technicians and 
nurses also have a view of the operative fi eld 
either through large mounted monitors or boom-
mounted mobile monitors (Fig.  4.1b ). Some of 
our assistants fi nd it more comfortable to sit on 
a high stool while assisting during the operation.

       Patient Positioning 

 Proper patient positioning is a big key to safe and 
effective performance of robot-assisted radical 
cystectomy. Proper positioning is necessary to 
allow for full range of motion of the robotic arms 
as well as to prevent harm to the patient in the 
form of neuropraxias and compartment syn-
dromes. Proper positioning must also be used to 
secure safe, effective access to the abdomen for 
the bedside assistant. Given the implications for 
positioning in RARC, the surgeon should be 
actively involved in patient positioning for the 
procedure. All patients should have appropriate intra-
venous access and possibly even central line 
access before positioning is completed. We 
adduct the patient’s arms in a tuck position in all 
our cystectomy patients using foam pads and the 
patient’s draw sheet (Fig.  4.2a–c ). Leaving the 
arms out in a “crucifi x” position carries the risk 
of brachial plexus injury in prolonged robotic 
cases [ 1 ]. Care is taken to cushion all pressure 
points with padding. The arms should be low 
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enough on the patient’s sides to not interfere with 
the robotic working arms and to allow the surgi-
cal fi eld to be prepared lateral to the patient’s 
anterior-superior iliac spine (ASIS).

   Patients can be positioned in one of four ways 
for RARC. The four variations in positioning 
depend on necessity of surgeon access to the 
perineum, patient anatomic limitations, and robot 
docking preference. All robot-assisted radical 
cystectomy operations require the patient to be in 
the steep Trendelenburg position and care must be 
taken to secure the patient to the bed to prevent 
patient movement towards the head of the bed 
during surgery. We tape the patient’s chest over 
foam padding to prevent slippage in the steep 
Trendelenburg position (Fig.  4.3 ). Once the 
patient is secured to the bed, the position is tested 
by placing the patient in Trendelenburg to see if 
movement ensues before the patient is sterilely 
prepared and draped for the operation. If the 
patient’s chest is secured to the bed with tape, it 
must not be so tight as to prevent chest wall move-
ment during ventilation. Some have proposed 
using a desuffl ated “bean bag” (Olympic Vac Pac, 
Olympic Medical, Seattle, WA) under the patient 
to prevent slippage during steep Trendelenburg 
position as opposed to taping the patient’s chest to 
the bed [ 1 ]. The patient should be sterile draped 
and prepared from the sub- xiphoid region down 
to the mid-thigh region including the perineum 

(Fig.  4.4 ). The genitals should be prepared in the 
fi eld to allow for intraoperative manipulation and 
catheter placement. The sterile urethral catheter is 
placed once the patient is prepared and draped. 
Some surgeons require a Mayo stand over the 
patient’s face to place instruments during the pro-
cedure and to protect the patient’s face. We do not 
place a Mayo stand over the patient’s face during 
the operation.

    The standard robotic prostatectomy/robot-
assisted radical cystectomy position is to have the 
patient in the low dorsal lithotomy position with 
the legs in Allen stirrups (Allen Medical Systems, 
Acton, MA). Once the patient is placed in steep 
Trendelenburg position, the robot is docked 
between the split legs. Success of this position 
requires that the patient’s buttocks be directly at 
the break in the table. Prolonged dorsal lithotomy 
positioning is known to carry an increased risk of 
lower extremity neuropathies [ 2 ]. In fact, Warner 
et al. [ 2 ] noted that for each hour in lithotomy posi-
tion, the risk of motor neuropathy increased 100-
fold. Prolonged hip fl exion, abduction, and 
external rotation, as well as pressure point injuries, 
are all thought to contribute to the morbidity of the 
dorsal lithotomy position. Care should be taken to 
secure all pressure points and to insure the legs 
stay bent at a 45° angle. Leg straightening during 
the procedure can lead to debilitating neuropa-
thies. It is important to evaluate all  pressure points 

  Fig. 4.1    Room monitors. ( a ) Demonstrated the assistant on 
the patient’s right-hand side with a monitor directly across 
from their position to prevent neck and trunk torque during 
the case. These monitors are on mobile booms anchored 

from the ceiling. Certainly, large monitors can be anchored 
to the wall. ( b ) Demonstrates that other monitors are avail-
able on both sides of the bed to allow surgical techs and 
assistants to view the intra-abdominal events       
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and leg positioning before the patient is draped 
because operative drapes will hide the patient’s 
true position once the case begins (Fig.  4.5a, b ). 
Regardless of approach used, pneumatic compres-
sion boots should be placed. The popliteal region 
should be inspected following positioning to 

insure that there is no pressure in this region from 
stirrups. Rosevear et al. wisely noted that a poten-
tial pressure point exists between the robotic 
fourth arm and the patient’s left leg [ 3 ]. They 
reported a case of lower extremity compartment 
syndrome secondary to the pressure exerted by the 
robotic fourth arm on a patient’s left leg. The 
authors concluded that surgeons should maintain a 
high level of suspicion for compartment syndrome 
or potential neuropathies in all patients exposed to 

  Fig. 4.2    Arm tucking. ( a – c ) Demonstrate how the 
patient’s arms are tucked to their side with cushioning 
around the arms. The arms are tucked with the aid of the 
patient’s draw sheet under their trunk       

  Fig. 4.3    Chest tape to prevent patient slippage. 
Demonstrates the patient’s chest taped to the table over 
foam padding to prevent slippage during steep 
Trendelenburg positioning. Care must be taken not to 
make the tape so tight as to prevent chest wall motion for 
ventilation       

  Fig. 4.4    Patient draping. The operative fi eld should be 
the xiphoid process down to the mid-thigh region with the 
genitals prepared into the fi eld. The fi eld should be wide 
enough to include the patient ASIS to allow for lateral 
port placement       
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Trendelenburg positioning for long periods of 
time, especially if the operating room time is 
prolonged.

   Another positioning option is to have the 
patient on a split leg table. This allows the legs to 
stay straight without lithotomy positioning. The 
robot is docked in between the split straight legs. 
If this option is elected, it is preferred to have 
straps at the level of the calves and mid thighs 
with padding between them and the patient [ 3 ]. 
The theoretical advantage of this positioning is to 
allow the patient to lie in a more anatomical posi-
tion with the absence of popliteal pressure exerted 
by stirrups as seen in low lithotomy positioning. 
However, the lack of lithotomy positioning does 
not guarantee absence of lower extremity neu-
ropathies. Koc et al. [ 4 ] reviewed 377 consecu-
tive robot prostatectomies completed with the 
split leg table and found fi ve (1.3 %) lower 
extremity neuropathies. Three of the fi ve had 
neuropathies relating to the femoral nerve distri-
bution. After adjusting for all variables, pro-
longed operative time was found to be the only 
risk factor for the lower extremity neuropathies. 
Interestingly, elevated BMI was not associated 
with lower extremity neuropathies in the split leg 
table studies, despite increased BMI being asso-
ciated with lower extremity neuropathies in dor-
sal lithotomy patients [ 3 ,  5 ,  6 ].    This may suggest 
an advantage for the split leg table in those with 
elevated BMI who are facing prolonged opera-
tive times associated with RARC. Warner et al. 

[ 2 ] reviewed close to 200,000 lithotomy patients, 
noting the most common nerve distributions 
injured with dorsal lithotomy position were the 
peroneal, sciatic, and femoral nerves. The split 
leg table injuries tend to involve the femoral 
nerve most commonly. It is proposed that the hip 
hyperextension necessary to allow the robot to be 
docked with the split-leg table may lead to femo-
ral nerve compression as it courses beneath the 
inguinal ligament [ 4 ,  7 ]. 

 Another option for patient positioning is to 
have the patient in lithotomy positioning in prep-
aration for docking the robot from the side of the 
patient. The robot is docked beside the patient as 
opposed to in between the patient’s legs. This 
allows unfettered access to the patient’s perineum 
without undocking the robot, which may be 
important in females requiring simultaneous 
transvaginal access for urethral dissection. 
Transvaginal access may also allow for any uter-
ine mobilization or vaginal cuff mobilization that 
may become necessary during surgery. Side 
docking removes the perceived symmetry created 
by docking the robot from between the legs in the 
patient’s midline. Port placement remains the 
same as the standard procedure. The robot is 
docked at a 45° angle to the lower torso and 
aligned with the outer border of the left leg stir-
rup [ 8 ]. Colon surgeons and gynecologists have 
utilized this technique for pelvic surgery with a 
learning curve of three to fi ve cases and no 
increase in instrument clashing [ 8 ,  9 ]. All authors 

  Fig. 4.5    Importance of position check before patient draping. ( a ,  b ) Are pictures of the same patient in Trendelenburg 
position and it demonstrates how drapes can hide abnormalities in positioning       
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have noted that this can only be completed with 
the second and third generation robotic systems 
(S and Si units). The fi rst generation systems do 
not have enough arm mobility for this type of 
maneuver. 

 A fi nal option for patient positioning involves 
side docking the robot with the patient’s legs fl at 
(no lithotomy positioning or split leg). Uffort and 
Jensen noted this technique to be advantageous 
in patients with limited hip abduction, such as 
patients with bilateral hip implants [ 10 ]. The authors 
extended this technique to all robotic prostatecto-
mies at their institution and compared the tradi-
tional robotic prostatectomy setup times to those of 
the above technique. They found that the side dock-
ing technique resulted in a 4.5 min improvement in 
setup time compared to the standard low lithotomy 
position. This technique did not result in increased 
robot arm clashing or increased operating room 
time. This position would not be optimal for any 
patient that needed perineal/vaginal access during 
RARC.  

    Instruments 

 Intuitive Surgical Corporation (Sunnyvale, CA, 
USA) offers numerous surgical instruments for 
their three generations of robotic systems. Most 
of the instruments are equipped with Intuitive 
Corporation’s patented Endowrist ®  technology. 
Endowrist technology allows for 7 degrees of 
freedom, 90° of articulation, motion scaling, and 
tremor reduction [ 11 ]. The company divides their 
operative instrument selection into fi ve catego-
ries—energy, forceps, needle drivers, retractors, 
and specialized instruments. 

 Energy instruments include monopolar and 
bipolar cautery instruments (electrical energy), 
Harmonic ACE™ (mechanical energy), PK™ dis-
secting forceps (advanced bipolar), and laser [ 12 ]. 

 Standard needle drivers are available as well 
as devices that have internal suture cutting blades. 
Forceps include devices for grabbing tissue in an 
atraumatic fashion. Retractors are devices used to 
retract tissue. These instruments are usually used 
in the third robotic arm. Specialized instruments 
would include hemostatic clip appliers. 

 Despite the plethora of robotic instruments 
available, our selection is relatively simple for 
RARC. The cystectomy portion is almost entirely 
performed with monopolar scissors in the right 
hand and bipolar dissecting forceps in the left 
hand. The third robotic assistant arm usually has 
large Prograsp ®  forceps present. These instru-
ments are seldom exchanged during cystectomy. 
The Cobra ®  grasper may be helpful when used in 
the third robotic arm to retract the bladder as it 
becomes more mobile during the operation 
(Fig.  4.6 ) The Cobra teeth are very strong and can 
be traumatic. We only use this device on tissue 
that will be removed. This device should never be 
used to retract bowel. The dorsal vein is sutured 
with standard needle drivers, although the drivers 
with internal suture cutting would suffi ce.

   The bladder/prostate pedicle can cause trou-
blesome bleeding during cystectomy, and the 
robotic approach is no different. When the pedi-
cle can be thinned out nicely, Endo-GIA staplers 
with vascular loads do a nice job of securing the 
vascular pedicle. In experienced hands, Endo- 
GIA stapling devices can make cystectomy faster 
and demonstrate decreased blood loss compared 
to standard suturing techniques [ 13 ]. The one 
drawback to using Endo-GIA staplers in robot-
assisted radical cystectomy is the requirement of 
the assistant to have suffi cient experience with 
the device for safe application. The use of the 

  Fig. 4.6    Cobra grasper demonstrates the Cobra grasper 
used to manipulate the bladder to one side or another once 
it is mobile. This grasper is used almost exclusively in the 
third robotic arm. The tips can be very traumatic and we 
only use this on tissue that will be removed. This instru-
ment should not be used to retract bowel       
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Harmonic scalpel has also been reported for con-
trol of the pedicle during cystectomy [ 14 ]. The 
Harmonic scalpel energy can now be utilized by 
the bedside assistant or via the operating surgeon 
with the Harmonic ACE instrument. It should be 
noted that the robot-mounted Harmonic ACE 
does not currently articulate like other Intuitive 
Corporation instruments. Certainly, the pedicle 
can be managed with clips and possibly even 
with bipolar cautery/monopolar cutting. Free 
bleeding vessels can be oversewn with suture fol-
lowing bladder removal. 

 We currently utilize the Ligasure Impact™ 
vessel sealing system to secure the pedicle dur-
ing RARC (Fig.  4.7 ). The Ligasure™ vessel 
sealing system achieves hemostasis by reform-
ing the collagen and elastin in vessel walls to 
form an autologous seal. Vessels up to and 
including 7 mm in diameter may be sacrifi ced 
with this technology [ 15 ]. The device is not 
available to the operating robotic surgeon and 
must be activated and the energy delivered by 
the bedside assistant. The Ligasure device has 
been shown to seal vessels with burst pressures 
over 400 mmHg in porcine models [ 16 ]. No mat-
ter what energy is used during the procedure, 
care must be taken to avoid contact with sur-
rounding structures such as bowel. Kim et al. 
[ 17 ] noted that the Harmonic ACE, Ligasure 
device, and the Plasma Trisector all have signifi -
cant residual thermal energy directly following 
application that could cause injury to peripheral 

structures if contact was made. On a similar 
note, a Canadian study evaluated robotic instru-
ments and discovered that they all demonstrated 
stray electrical current along their shaft during 
use [ 18 ]. The stray electrical current was suffi -
cient to cause unwanted bowel injury if contact 
occurred. The authors recommended cautious 
use of robotic instruments around surrounding 
bowel and agreed with Intuitive Surgical 
Corporation’s recommended instrument replace-
ment after eight to ten uses.

       Anesthetic Considerations 

 As with all robotic surgeries, it is important that 
the anesthesiologist recognize the importance of 
complete relaxation and paralysis throughout 
robot-assisted radical cystectomy. Many anesthe-
siologists involved in robotic surgery recommend 
atracurium and cisatracurium for muscle relax-
ation given their predictable chemical breakdown 
and short half-lives [ 19 ]. Care should be taken to 
limit the use of nitrous oxide, as it may cause dis-
tension of the bowel, making visualization of the 
operative fi eld diffi cult. As laparoscopic surgery 
enters its third decade, the effects of pneumoperi-
toneum on pulmonary physiology, cardiac output, 
and potential air emboli complications are well 
understood [ 19 – 21 ]. The prolonged operative 
time of radical cystectomy compared to robotic 
prostatectomy underscores the need for careful 
hemodynamic monitoring during surgery. 

 Radical cystectomy presents anesthetic chal-
lenges due to the risk of excessive blood loss, 
fl uid shifts acquired with prolonged operative 
time, cardiopulmonary morbidity, and thrombo-
embolic events. The addition of robotics to the 
cystectomy armamentarium adds to the morbid-
ity associated with prolonged steep Trendelenburg 
positioning with lower extremities in lithotomy 
position and pneumoperitoneum. Comparison of 
anesthetic experiences acquired from robotic 
prostatectomy literature is diffi cult due to the 
typically younger, more physically fi t population 
that receives robotic prostatectomy and shorter 
operative time associated with robotic prostatec-
tomy compared to RARC. 

  Fig. 4.7    Impact device. The Ligasure impact vessel sealing 
system is used to seal the bladder/prostate pedicles. It must 
be activated by the beside assistant       
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 Thromboembolic deterrent (TED) stockings 
are placed preoperatively on all patients. 
Pneumatic compression stockings are placed for 
the duration of the operation. We do not adminis-
ter preprocedure fractionated heparin or subcuta-
neous heparin, although some have advocated 
this decreases intraoperative and postoperative 
thromboembolic risk. An arterial line is placed 
for hemodynamic monitoring. Large bore intra-
venous lines should be placed in preparation of 
possible blood loss anemia. A central venous 
catheter may be elected in cases with anticipated 
excessive blood loss or for advanced access in 
less healthy patients. All patients are covered 
with a forced air warming device over the upper 
body. All patients undergo general anesthesia 
with an endotracheal tube. 

 Trendelenburg positioning during RARC is 
necessary to pull the abdominal viscera away 
from the operative fi eld. However, this position 
is nonphysiologic and may have signifi cant 
physiologic effects if maintained for a long 
period of time. Trendelenburg positioning can 
cause signifi cant changes in cardiovascular, 
respiratory, metabolic, and cerebral physiology 
[ 22 ]. The increase in intracranial pressure seen 
with steep Trendelenburg positioning combined 
with pneumoperitoneum is also seen with either 
event alone [ 23 ]. The PaCo 2  should be main-
tained in the normal range during RARC [ 22 ]. 
Mean arterial blood pressure (MAP) as well as 
central venous pressures (CVP) increase mark-
edly during pneumoperitoneum with 
Trendelenburg position in both health patients 
and those with baseline cardiopulmonary disease 
[ 24 ]. A study of robotic prostatectomy patients 
of ASA physical status I–II noted two to three-
fold increases of right as well as left-sided fi lling 
pressures [ 24 ]. Systemic blood pressure changed 
during the surgery, but there was no change in 
cardiac output. Other studies have confi rmed the 
absence of cardiac output change associated 
with robotic prostatectomy [ 25 ]. Lestar et al. 
propose that this maintenance of cardiac output 
during pneumoperitoneum with steep 
Trendelenburg position is maintained in healthy 
men due to their abundance of cardiac reserve 

[ 24 ]. Therefore, a patient with compromised preop-
erative cardiac function could experience heart 
failure due to excessive preload. It is not known if 
returning these cardiac compromised patients to 
horizontal position will improve the patients’ 
normal heart function [ 24 ]. 

 Urine production can be expected to be slug-
gish during robotic surgery as in other laparo-
scopic/robotic surgeries. The pneumoperitoneum 
associated with laparoscopy can be associated 
with a 50 % decrease in renal plasma fl ow and 
glomerular fi ltration leading to decreased urine 
output [ 26 ]. This should be considered when 
administering crystalloid fl uid replacement. The 
sluggish urine output associated with this effect 
often responds to aggressive fl uid loading, but 
care must be taken to avoid potentially dangerous 
fl uid overload [ 27 ]. 

 Serious ocular consequences, such as retinal 
detachment and blindness, have been associated 
with Trendelenburg positioning as early as 1952 
[ 28 ,  29 ]. Visual loss secondary to posterior isch-
emic optic neuropathy has been reported following 
robotic prostatectomy [ 28 ,  30 ]. Impaired ocular 
perfusion pressure is thought to be the major con-
tributor to visual loss following prolonged spinal 
surgery [ 31 ]. It is not know the impact that the 
addition of prolonged pneumoperitoneum has on 
intraocular pressures (IOP). Awad et al. [ 28 ] exam-
ined the IOP of 33 consecutive patients undergo-
ing robotic prostatectomy. IOP was 13.3 mmHg 
higher after Trendelenburg positioning when 
compared to the supine position. Duration of sur-
gery and tidal CO 2  were the only signifi cant 
predictors of IOP increases during robotic prosta-
tectomy. Robot-assisted radical cystectomy oper-
ative times are naturally longer than those for 
prostatectomy. To date there has not been reported 
cases of visual fi eld loss following RARC. 
However, ocular consideration must be given if 
the case is prolonged. Due to the IOP changes 
associated with Trendelenburg positioning and 
the prolonged operative time of robotic cystec-
tomy, glaucoma can be seen as a relative contra-
indication to robotic cystectomy. All patients with 
elevated IOP at baseline before surgery may ben-
efi t from consultation with an ophthalmologist.  
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    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 The authors have described the considerations 
and steps of one of the most important aspects of 
any robotic procedure: setup. The key to the suc-
cess of any procedure is preparation. This con-
cept is particularly true for robot-assisted radical 
cystectomy. The procedure has many more steps 
and considerations than its robotic counterpart, 
robot-assisted radical prostatectomy (RARP). 
Hence preparation is paramount to success. 
Room setup such as monitor placement and loca-
tion of the assistant can impact the ease with 
which the team can support the surgeon. In cases 
where the surgical and anesthetic team are expe-
rience with robot assisted radical prostatectomy, 
setup and positioning should be relatively 
straightforward. However, the issue of longer 
operative times must be kept in mind. Even the 
most experienced robot-assisted radical cystec-
tomy surgeons have operative times that range 
between 4 and 8 h. As was the case early on dur-
ing the learning curve for RARP, long cases can 
translate into complications, particularly those 
associated with prolonged extreme positioning. 
Therefore, it is important that any steps to 
enhance effi ciency and success are undertaken as 
are outlined within this chapter.      
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           Introduction 

 Bladder cancer is the sixth most common 
malignancy in the USA, with an estimated 73,000 
new cases diagnosed in 2012 [ 1 ]. Among these, 
approximately 25 % will initially present with 
muscle invasive disease. Radical cystectomy 
remains the gold standard in the management of 
non-metastatic muscle-invasive bladder cancer 
and provides the best chance for cure of this dis-
ease. Nonetheless, radical cystectomy is associ-
ated with signifi cant perioperative morbidity and 
mortality rate of approximately 28 % and 2 %, 
respectively [ 2 ]. Invasive bladder cancer typi-
cally presents in the eighth decade, in a popula-
tion of patients whom may have signifi cant 
comorbidities, further compromising recovery 
from this procedure. Robot-assisted radical cys-
tectomy has been shown to be a technically fea-
sible procedure that may offer some advantages 
over the traditional open approach. This chapter 
focuses on the preoperative evaluation, prepara-
tion and perioperative care of patients undergoing 

robot-assisted radical cystectomy (RARC), with 
the goal of optimizing patient outcomes and min-
imizing complications. While written in the con-
text of robotic surgery, this information can easily 
be applied to the open approach as well.  

    Evaluation 

 Initial evaluation for all patients includes a 
detailed history and physical examination fol-
lowed by laboratory studies and radiographic 
imaging. Clinical staging with computed tomog-
raphy is important to evaluate for locally 
advanced or metastatic disease, as this could 
affect decision-making regarding surgical treat-
ment. For patients found to have locally or 
regionally advanced disease a bone scan may 
also be warranted. Although some reports also 
suggest utility of positron emission scans (PET 
scans) in diagnosing occult metastatic disease, 
our experience is that these have been of limited 
utility over traditional imaging and furthermore 
are not typically covered by insurance [ 3 ]. 
Although beyond the scope of this review, neoad-
juvant chemotherapy has been demonstrated to 
provide a survival advantage to patients with 
muscle invasive disease, and thus, most of our 
patients will receive neoadjuvant chemotherapy 
prior to radical cystectomy [ 4 ]. Typically, for 
patients who receive chemotherapy, we advise 
waiting 2–4 weeks after the completion of che-
motherapy to allow blood counts and platelet 
counts to recover. 
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 Given that the population of muscle-invasive 
bladder cancer patients is older and often has a 
long history of smoking, it is imperative that 
the urologist identify any factors that may sug-
gest underlying pulmonary or cardiovascular 
disease, both of which may need further evalu-
ation. Those with a history of chronic obstruc-
tive pulmonary disease (COPD) or other 
chronic lung disease processes should undergo 
at minimum pulmonary function testing and 
arterial blood gas analysis. Carbon dioxide 
insuffl ation leads to signifi cant pulmonary 
alterations including reduced lung volumes, 
hypercarbia, hypercapnia, and reduced venous 
return. While these physiologic changes are 
usually of no consequence in the healthy 
patient, they can be poorly tolerated if there is 
underlying pulmonary disease and hypoxemia 
can develop both during and after the operation 
[ 5 ]. Cardiac disease, including congestive 
heart failure and arrhythmias should be noted 
as both may require more invasive monitoring 
during surgery due to the effect of decreased 
cardiac preload and resulting acidosis from 
CO 2  resorption, respectively. Other important 
factors include neurologic or musculoskeletal 
disease, which may affect patient positioning 
at the time of surgery. A history of renal insuf-
fi ciency is also important and may affect the 
choice of continent vs. incontinent urinary 
reconstruction [ 6 ]. 

 The only absolute contraindications to 
RARC would include an uncorrected bleeding 
disorder, bowel obstruction, or presence of 
peritonitis or intra-abdominal abscess. 
However, as previously mentioned, individuals 
with severe pulmonary disease may not toler-
ate laparoscopic surgery and in some cases 
should forego this approach. While there are 
no absolute contraindications to RARC in 
terms of previous surgeries, prior abdominal 
operations may pose a particular challenge to 
gaining intra- abdominal access. A good knowl-
edge of the surgical history as well as all inci-
sions will help dictate where the Veress needle 
should be placed. In some situations, the 
Hasson technique may be more appropriate.  

    Nutritional Status Evaluation 

 Nutritional defi ciency is not an uncommon fi nding 
in cancer patients and may have a signifi cant 
impact on surgical outcomes. Gregg et al. retro-
spectively reviewed a cohort of over 500 patients 
who underwent radical cystectomy at a single 
institution. Patients with preoperative nutritional 
defi ciency, defi ned as albumin <3.5 g/dl, body 
mass index <18.5, or preoperative weight loss 
over 5 %, had higher 90-day mortality rates 
(16.5 % vs. 5.1 %) and lower overall survival at 3 
years (44.5 % vs. 67.6 %) compared to non-
nutrient- defi cient patients. After controlling for 
other variables, preoperative nutritional defi -
ciency was associated with higher all cause mor-
tality [ 7 ]. While the role of perioperative total 
parenteral nutrition or enteral feedings has not 
been completely defi ned, patients should be 
screened for these nutritional risk factors and per-
haps evaluated by a dietician before surgery.  

    Patient Preparation 

 Patient preparation begins with a thorough discus-
sion of the surgery and expectations both during 
the perioperative and postoperative period. 
Patients should be extensively counseled regard-
ing the options for urinary reconstruction. For 
those patients who select an ileal conduit, it is 
helpful to provide them with an appliance to wear 
before surgery in order to become familiar with 
the appliance. Consultation with an enterostomal 
therapist is strongly advised in efforts to deter-
mine the optimal stoma site. In instances in which 
a stomal therapist is not available, it is imperative 
for the surgeon to mark the stoma on both the left 
and right sides in both the sitting and recumbent 
positions. Additional preoperative recommenda-
tions include smoking cessation which should 
always be encouraged as this has been shown to 
reduce the risk of postoperative complications [ 8 ]. 
Antiplatelet medications or nonsteroidal anti-
infl ammatory inhibitors should be held 7–10 days 
prior to surgery. Urinary tract infections should be 
treated with a test of cure prior to surgery.  
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    Bowel Preparation 

 For many years a mechanical bowel preparation 
(MBP) with or without the use of oral antibiotics 
has been used in patients undergoing radical 
cystectomy and urinary reconstruction. However, 
the role of routine MBP has been challenged by 
many as causing more adverse effects than bene-
fi ts [ 9 ]. Bowel preparation leads to dehydration 
and may cause electrolyte abnormalities and in 
several randomized controlled trials has shown a 
higher incidence of complications such as anasto-
motic leak, wound infection, and intra- abdominal 
abscess for those undergoing colorectal surgery 
[ 10 ]. While there have been no randomized 
controlled trials addressing MBP for radical 
cystectomy and urinary diversion, several retro-
spective studies have demonstrated no advantage 
of MBP [ 9 ,  11 ]. Given these fi ndings we no lon-
ger routinely use a mechanical bowel preparation, 
and patients are only required to be nothing per os 
(NPO) after midnight the evening prior to surgery. 
Alternatively one may wish to administer a light 
bowel prep consisting of magnesium citrate the 
day prior to surgery, or a sodium phosphate enema 
the morning of surgery.  

    Intraoperative and 
Postoperative Care 

 Prior to induction of anesthesia, pneumatic com-
pression devices should be placed. At our institu-
tion we also administer 5,000 units of heparin 
subcutaneously. Deep venous thrombosis (DVT) 
prophylaxis with heparin is continued throughout 
the hospital stay and has reduced our rates of 
thrombotic complications to 6.7 %. A second or 
third general cephalosporin is given intravenously 
within 1 h of incision and continued for 24 h 
based on the American Urological Association’s 
best practice statement [ 12 ]. Alternatives include 
an aminoglycoside + metronidazole/clindamycin 
or fl uoroquinolone. Orogastric or nasogastric 
tubes should always be placed for stomach 

decompression before obtaining abdominal 
insuffl ation. Patients are placed in the dorsal 
lithotomy position and great attention should be 
placed to all bony prominences and adequately 
padded prior to draping the patient. Skin hair 
should be removed with clippers in the operating 
room or in the holding area. 

 The routine use of postoperative nasogastric 
tube suction (NTS) is no longer implemented. 
A meta-analysis evaluating 33 randomized con-
trolled trials involving over 5,000 patients under-
going abdominal surgery demonstrated an 
increased rate of both pulmonary complications 
and delayed return to bowel functions [ 13 ]. For 
radical cystectomy, NTS has shown to prolong 
hospital stay and delay time to return of bowel 
function [ 14 ,  15 ]. At present, NTS should only be 
used in selective cases, such as in the setting of 
bowel injury or those with a history of neuro-
genic bowel. 

 The use of a perioperative care pathways has 
been shown to reduce time to oral diet and dis-
charge in patients undergoing radical cystectomy 
and have been highlighted in several high volume 
centers [ 15 – 17 ]. Key features include early NGT 
removal, use of chewing gum and pro-motility 
agent metoclopramide, pain control using non- 
opioid agents, and early implementation of a 
regular diet. Using these “fast-track” protocols, 
Pruthi et al. was able to demonstrate a reduced 
time to discharge with a mean of 5 days. At our 
institution, patients are started on a clear liquid 
diet on postoperative day 2 and then advanced to 
a regular diet after return of fl atus. We emphasize 
early ambulation as well as minimizing opioid 
use for pain control. A bowel regimen, consisting 
of dulcolax and a stool softener is also started on 
hospital day 2. 

 Prior to discharge patients should receive 
appropriate education regarding care of ortho-
topic neobladder or ileal conduit. For those with 
orthotopic neobladder, patients should demon-
strate profi ciency in bladder irrigation and cathe-
ter care. Those whom have ileal conduit diversion 
should be comfortable with stoma care and appli-
ance changes.  
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    Conclusion 

 Robot-assisted radical cystectomy is a mini-
mally invasive treatment for invasive or recur-
rent high-grade bladder cancer and may reduce 
postoperative pain and convalescence after sur-
gery, both of which may reduce hospital stay. A 
thorough evaluation prior to surgery, including 
cardiac and pulmonary tests where appropriate is 
imperative to reduce signifi cant complications. 
Mechanical bowel prep and routine nasogastric 
suction are not necessary and may prolong time 
to bowel function return. The implementation of 
routine clinical pathways has the potential 
advantage of further reducing hospital stay and 
recovery time.  

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 In recent decades the risks and complications 
of cystectomy and urinary diversion have been 
greatly reduced. Such improvements have 
come due to a variety of factors including 
improved operative techniques, superior anes-
thetic management, and evolved perioperative 
medical care. 

 One such measure to help improve outcomes 
and minimize morbidity of this procedure is the 
optimization of perioperative care—i.e., the use 
of clinical care pathways. The authors provide a 
“modern” and thoughtful approach to the periop-
erative management of patients undergoing radi-
cal cystectomy—whether open or robotic. Such 
evidence-based approaches to perioperative care 
have allowed the successful implementation of 
fast-track programs in a variety of operative pro-
cedures including colorectal surgery, hepatobili-
ary procedures, and cardiothoracic surgery. 
Indeed, cystectomy and urinary diversion may be 
particularly suitable to a structured care pathway 
given its potential for high morbidity (including 
postoperative ileus), potential for increased post-
operative stay, and overall relatively high periop-
erative cost. Such clinical care pathways have the 

potential to utilize evidence-based modifi cations 
to reduce morbidity and improve recovery with 
regard to early institution of oral diet and early 
hospital discharge. Ongoing modifi cation and 
analysis of this program remain an important 
aspect of clinical care pathways which provide a 
ready mechanism by which scientifi c evidence 
translates into clinical practice.      
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         Introduction 

 The standard treatment of muscle-invasive bladder 
cancer is open radical cystectomy (ORC) and 
urinary diversion. Radical cystectomy can be a 
challenging operation with signifi cant patient 
morbidity and mortality. The fi rst laparoscopic 
simple cystectomy was reported in 1992 by 
Parra et al. [ 1 ]. Since that publication there have 
been several reports of laparoscopic radical cys-
tectomy for malignant disease with various 
methods of urinary diversion. With the introduc-
tion of the daVinci™ surgical system (Intuitive 
Surgical, Sunnyvale, CA) the prevalence of 
robot-assisted radical prostatectomies has 
increased dramatically. It was a natural progres-
sion to apply robotic technology to laparoscopic 
cystectomies. In 2003, Menon et al. published 
the fi rst series of robot assisted radical cystec-
tomy (RARC) and urinary diversion [ 2 ]. The 
goal of this chapter is to provide a detailed 

description of RARC in male patients as well as 
discuss pertinent literature on outcomes of this 
procedure.  

   Indications 

 The indications for radical cystectomy includes 
tumor invasion of muscularis propria, carcinoma 
in situ refractory to intravesical therapy, recurrent 
multifocal superfi cial disease refractory to repeat 
transurethral resection with or without intravesi-
cal therapy, and may be considered for initial 
therapy in high grade T1 disease, particularly in 
the setting of concurrent CIS. There are no abso-
lute preoperative contraindications specifi c to 
patients being considered for RARC. There are 
two intraoperative situations that are absolute 
contraindications to proceeding with RARC. The 
fi rst situation is hypotension or compromised ven-
tilation with positioning and abdominal insuffl a-
tion, which is of particular concern in obese 
patients. The second is CO 2  retention with insuf-
fl ation resulting in unmanageable acidosis. This 
highlights the need for a careful preoperative car-
diopulmonary evaluation in this patient popula-
tion. Relative contraindications include abnormal 
anatomy (i.e., ectopic kidney, vascular aneurysm), 
morbid obesity, prior radiation, and prior abdomi-
nal or pelvic surgery. As with all laparoscopic 
oncology surgery, the principles of open surgery 
must be followed with RARC. If there is concern 
these oncologic principles will be compromised, a 
robot-assisted approach should not be used.  
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   Technique 

   Port Placement 

   Six ports are utilized 
•   Four robotic ports

 –    One 12 mm camera port  
 –   Three 8 mm robotic arm ports     

•   Two assistant ports
 –    15 mm and 5 mm assistant ports       

 The ports are arranged in an “inverted-V” fash-
ion (Fig.  6.1 ). Access and establishment of the 
pneumoperitoneum can be performed with a 
Veress needle or Hassan technique. The camera 
port is placed in the midline cephalad to the umbi-
licus. If an extended lymphadenectomy is planned 
then placement of the camera port at least 4 cm 
cephalad to the umbilicus is key in order to be 

able to perform and adequate proximal dissection 
on the great vessels. The two 8 mm robotic ports 
(right and left arms) are placed 8–10 cm lateral to 
midline at or above the level of the umbilicus. 
Two assistant ports on the right (or left) are placed 
lateral to the right robotic port and the third work-
ing arm (also known as the “fourth arm”) port is 
placed superior-lateral to the ipsilateral robotic 
port and on the opposite side of the assistant ports. 
If an intracorporeal diversion is planned, the 
assistant should be placed on the left side with the 
third robotic arm on the right side of the patient. 
We recommend using a 15-mm assistant port for 
one of the ports to make extraction of lymph 
nodes easier as well as the fact it allows easy pas-
sage of a 15-mm specimen retrieval bag to be 
used for the bladder and prostate. A list of com-
mon robotic and laparoscopic instruments used 
during RARC can be found in Table  6.1 .

  Fig. 6.1    Port placement for RARC       
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       Mobilization of the Sigmoid 
and Left Colon 

 A 30° down lens can be used at the outset of the 
procedure. This allows for better visualization of 
the pelvis and retroperitoneum during the lymph-
adenectomy. This will be changed to a 0° lens for 
the posterior dissection. The procedure is begun by 
incising the peritoneum lateral to the left colon. 
The left colon and sigmoid colon should be released 
from the left sidewall to allow access to the left iliac 
vessels and left ureter.  

   Development of the Left Paravesical 
Space and Division of the Left Ureter 

 With the left medial umbilical ligament identi-
fi ed, the peritoneum lateral to the ligament and 
medial to the left iliac vessels should be incised. 
Blunt dissection is employed to expose the 
endopelvic fascia. In male patients, dividing the 
vas deferens allows the bladder to be retracted 
medially and facilitates exposure of the pelvic 
vasculature. 

 The left ureter is identifi ed crossing over the iliac 
vessels. The ureter should be dissected free of its 
underlying structures while preserving as much peri-
ureteral tissue as possible. The distal end can be dis-
sected down to its insertion into the bladder. The left 
umbilical artery and/or left superior vesical artery 
should be seen just lateral to the insertion of the ure-
ter into the bladder and clipped/ligated to allow for 
more length on the ureter. The ureter can be clipped 
distally with a locking clip. The proximal clip on the 
ureter should have a suture pre-tied to the clip (10–
12 in.) so no additional “tagging” or marking of the 
ureter is required later in the procedure. The ureter 
should be dissected free of its attachments cephalad. 
Attempt should be made to preserve any vital blood 
supply to the ureter from the left common iliac 
artery. This should be done  before  dividing the ureter 
as proximal dissection can be diffi cult once the ure-
ter is divided. The ureter can then be divided sharply. 
A margin can be sent for frozen section at this point 
if desired. It should be noted that too much or too 
aggressive dissection proximal on the ureter can 
result in devitalization of the ureter and may contrib-
ute to anastomotic stricture in the postoperative set-
ting. In many cases, individual vessels from the 
common iliac or distal aorta can be seen and pre-
served to maintain ureteral blood fl ow.  

   The Left Pelvic Lymphadenectomy 

 At this point the left pelvic lymphadenectomy 
can be performed. It is the preference of the 
authors of this chapter to perform the lymphade-
nectomy at this time. Please refer to Chap.   9     for 
details. In some cases, the lymphadenectomy can 
be deferred until after the cystectomy is per-
formed. Early in a surgeon’s experience, one may 
elect to complete the cystectomy fi rst.  

   Development of the Right Paravesical 
Space, Right Ureter, and Right 
Lymphadenectomy 

 The right paravesical space is developed similar 
to the left. Dissection is similar as done on the 
left, but it should be noted that the incision in the 
retroperitoneum on this side should be extended 

    Table 6.1    List of commonly used instruments for RARC   

 Robotic instruments 
  Monopolar scissors 
  Maryland bipolar 
  Prograsp™ forceps 
  Large needle drivers × 2 
  Robotic locking clip applier ( optional ) 
  Fenestrated bipolar ( optional ) 
  Cadiere forceps ( optional ) 
 Laparoscopic instruments 
  Suction/aspirator 
  Needle driver 
  Locking grasper 
  Atraumatic grasper 
  Locking clip applier ( small, medium and large ) 
 Suture 
   3-0 polyglactin cut to 20 cm for ureteral and bowel 
tags ( pre-tie the suture to the locking clips to be used 
on the ureters ) 

  0 polyglactin cut to 15 cm for ligation of the DVC 
   2-0 and 3-0 polyglactin cut to 20 cm for over sewing 
edges of the DVC and any bleeding sites from the 
neurovascular bundles and pedicles 
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onto the right side of the sigmoid mesentery to 
develop the preaortic space and allow for passage 
of the left ureter. It is important to develop a rela-
tively large space in this region. Often there is 
fear to do aggressive blunt dissection due to con-
cern for the mesenteric vessels; however, if the 
surgeon stays close to the great vessels, the space 
is very safe to develop.  

   Identifi cation, Ligation, and Division 
of the Superior Vesical Arteries 

 The umbilical and superior vesical arteries are 
clearly seen at the completion of the lymphade-
nectomy and are clipped—locking clips are 
preferred. Clipping is recommended and may 
allow for more distal dissection of the ureters. If the 
ureters have not already been tagged with a pre- tied 
clip, then one should switch instruments to needle 
drivers and tag the distal ends of both ureters.  

   Transferring the Left Ureter Through 
the Sigmoid Mesentery 

 The left ureter can be transposed behind the sig-
moid mesentery with the help of the right side 
assistant. The right side assistant should gently 
advance a blunt-tipped instrument below the 
mesentery along the anterior surface of the aorta. 
If the robotic “third arm” has been placed on the 
right side then it can be passed through very eas-
ily as well. The tag on the left ureter can be 
grasped and the ureter should easily pass through 
the mesenteric window.  

   Tagging the Distal Ileum with 8–10 in. 
2-0 Vicryl Suture 

 The ileum should be tagged with a 2-0 Vicryl 
suture. This too should be left at least 10–12 in. in 
length. We recommend mobilizing the lateral 
attachments of the cecum so as to facilitate deliv-
ery of the ileum into the abdominal incision and 
make identifi cation of the distal portion of the 
ileum easier.  

   Development of the Prerectal 
and Posterior Vesical Space 

 The camera lens can be changed to a 0° (degree) 
lens for optimal visualization. The peritoneum 
extending from the posterior bladder to the ante-
rior sigmoid should be incised. Using blunt and 
careful cautery dissection, the prerectal space is 
developed. One must employ the assistant(s) to 
retract the bladder and its posterior structures 
anteriorly. In male patients, Denonvillier’s fascia 
needs to be incised to carry the dissection as far 
caudad as possible. The dissection should be car-
ried down to the rectourethralis muscle. If a nerve 
sparing is desired then one should dissect ante-
rior to Denonvillier’s fascia and leave it on the 
anterior rectal surface staying close to the 
prostate.  

   Division of the Remaining Inferior 
Vesical Vessels 

 Once the limits of dissection are reached along 
the posterior aspect of the bladder, the lateral 
attachments of the bladder can be divided. For a 
non-nerve sparing procedure, this can be done 
with locking clips or a combination of the bipolar 
instrument and the monopolar instrument of 
choice. An endovascular stapler can be used on 
both sides as well, but we recommend using lock-
ing clips as it yielded a more controlled dissec-
tion and preserved planes of dissection. It should 
be remembered that the dissection should be car-
ried caudad through the endopelvic fascia thereby 
completely mobilizing the bladder from its lat-
eral attachments and the rectum. Often a 
 combination of lateral and posterior dissection is 
used in an alternating fashion to complete the 
dissection.  

   Preservation of the Neurovascular 
Bundles 

 In nerve-sparing procedures, the neurovascular 
bundles are encountered as they project off the 
posterior–lateral aspects of the prostate down to 
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the anterior surface of the colon. The bundles can 
be mobilized by releasing lateral fascia anterior 
to the bundles along the surface of the prostate or 
vagina. This should be done before ligating the 
inferior vesical pedicles in order to have them 
visualized. This is particularly important in cases 
which energy devices and staplers are employed 
for vascular ligation. This dissection is connected 
to the incision anterior to Denonvillier’s fascia 
that has already been performed during creation 
of the prerectal space. The inferior vesical pedi-
cles and prostate pedicles should be clipped and 
divided with cold scissors to avoid neurovascular 
injury. The nerve sparing should be carried down 
to the genitourinary diaphragm to prevent injury 
during the apical and urethral dissection.  

   Mobilization of the Bladder and 
Completion of the Apical Dissection 

 The remaining bladder attachments should only 
be the urachus, anterior attachments, prostate, 
and urethra. The medial and median umbilical 
ligaments should be divided as far proximally as 
possible with electrocautery. The dissection and 
peritoneal incision is carried lateral to the medial 
umbilical ligaments caudad to the anterior sur-
face of the bladder. If not already done, the endo-
pelvic fascia should be incised bilaterally. The 
apical dissection of the prostate or vagina is then 
completed. At this point the dorsal venous com-
plex can be ligated with a 1 Vicryl suture in a 
fi gure of eight fashion. Although an endovascular 
stapler can be employed for this step, we feel the 
suture ligation allows for better visualization and 
identifi cation of the urethra. Furthermore, when a 
stapler is used, there is likely to be venous ooze 
into the pelvis once the abdomen is opened for 
the diversion.  

   Dissection, Ligation, and Division 
of the Urethra 

    It is very important to dissect out a generous ure-
thral stump. This is important even in cases with-
out a planned neobladder. A generous urethral 

stump allows for easier application of a locking 
clip or suture ligation to prevent tumor spillage 
during division. If the previous posterior dissec-
tion was adequate, there should be minimal pos-
terior tissue other than some minor remnants of 
rectourethralis. The urethral catheter is removed 
by the bedside assistant and a locking clip is 
placed on the urethra by the bedside assistant or 
the robotic clip applier. The urethra is divided 
 distal  to the clip. A frozen section can be taken 
from the proximal portion of the divided urethra 
if needed. 

 Following division of the urethra the specimen 
is placed in a 15-mm specimen retrieval bag and 
retracted into the superior aspect of the abdomen. 
It is very important to ensure that there is excel-
lent hemostasis in the pelvis. Often there is 
venous ooze from structures such as the dorsal 
venous complex, urethra, rectourethralis, and 
neurovascular bundles. Dropping the pneumo-
peritoneum to 5 mmHg can help identify poten-
tial bleeding areas. Strategic placement of 
“fi gure-of-eight” sutures and additional maneu-
vers will prevent postoperative pelvic bleeding. 
This is a key point as many times this bleeding 
would otherwise go unnoticed until the diversion 
is being created and the pneumoperitoneum has 
been released.  

   Specimen Extraction 

 The entire specimen can be entrapped in a 15-mm 
specimen retrieval bag. It will be extracted though 
a 5–6-cm infraumbilical or periumbilical inci-
sion. Prior to extraction, the tags on the ureters 
and the ileum should be grasped in a locking 
grasper by the bedside assistant to allow delivery 
into and through the extraction incision.   

   Lessons Learned and Key Points 
for RARC 

•     Use a 15-mm port for one of the assistant ports.  
•   Use a pre-tied suture on the locking clip 

placed on the ureter to avoid need for 
tagging.  
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•   Preserve the blood supply from the common 
iliac to the ureters during dissection if possible.  

•   Perform meticulous dissection of the vascular 
pedicles allowing for locking clips to be used 
for ligation.  

•   Make a large mesenteric window for easy pas-
sage of the left ureter.  

•   When performing the posterior dissection, 
carry the dissection as far distally to ade-
quately release any rectal attachments under 
direct vision to the prostate and bladder. This 
will allow completion of the cystectomy to be 
easier and avoid unidentifi ed rectal injuries. 
Sharp dissection should be used exclusively 
around the posterior apex of the prostate and 
rectourethralis to avoid thermal injury to the 
rectum.  

•   Be sure to  completely  control the dorsal 
venous complex and any bleeding sites from 
the neurovascular bundles and genitourinary 
diaphragm with suture ligation to avoid 
venous ooze postoperatively.  

•   Make the extraction incision  below  the level 
of the umbilicus and avoid the temptation to 
try to incorporate one of the port sites such as 
the camera port. Keeping the incision below 
the umbilicus makes extracorporeal creation 
of the diversion much easier.  

•   Make the extraction incision as large as is 
needed to facilitate the ureteroileal anastomosis. 
A few extra centimeters can make a difference 
when trying to prevent traction and ischemic 
injury to the ureters. Cutting back on the ureters 
and working in the pelvis as one would do with 
an open approach is recommended.     

   Postoperative Care 

 A nasogastric tube is not routinely left in place. 
The patients are maintained on broad-spectrum 
antibiotics for at least 48 h and can be transi-
tioned to oral regimens based on surgeon prefer-
ence. Epidural catheters are not used. Intravenous 
morphine and/or ketorolac are usually adequate 
for pain management and can be promptly 
switched to oral narcotics once the patient is tol-
erating a diet. 

 It is important to increase patient activity as 
early as the day of surgery. Patients are encour-
aged to sit in a chair the same night of surgery. 
They are ambulated on the fi rst postoperative 
day. Bisacodyl suppositories may be adminis-
tered each morning starting on the fi rst postoper-
ative day until bowel function returns. A liquid 
diet is started once bowel function returns which 
may be as early as the second or third postopera-
tive day. Daily serum chemistry and hematocrits 
may be followed until discharge based on sur-
geon preference. Most patients do not seem to 
have signifi cant third spacing and will rarely 
require additional fl uid replacement other than 
standard maintenance fl uids. Although postoper-
ative hemorrhage and delayed bowel injury are 
rare, patients need to be monitored closely for 
these complications, as the incidence with RARC 
is unknown. 

 Ureteral stents and abdominal drains should 
be managed according to surgeon preference. 
Currently, the authors remove stents from a uros-
tomy at 7–10 days. Foley catheters are removed 
from neobladders in 14–21 days. If the stents 
were not secured to the Foley during creation of 
the neobladder, then they are removed cysto-
scopically at the time of foley removal in the 
offi ce. The decision to perform a cystogram at 
the time of foley removal is based on surgeon 
preference and can be decided on an individual 
case basis. 

 It should be noted that patients can be dis-
charged home rather quickly which may require 
leaving drains or stents in place until the fi rst 
offi ce follow-up. The authors have found that 
some patients may have a continued leak of lym-
phatic fl uid through a drain site up through the 
fi fth or sixth postoperative day. We believe this is 
seen because patients are discharged home before 
their lymphatic channels have completely sealed. 
Consequently, the abdominal drain may be left in 
place until their fi rst postoperative follow-up 
which is on postoperative day 7. If the drain is 
removed before discharge, then a urostomy appli-
ance can be placed over the drain site to collect 
the fl uid until the incision heals and drainage 
ceases. We have found this drainage to be self- 
limiting and uniformly resolves spontaneously 
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as the lymphatic fl uid is absorbed intraperitoneally. 
If there is any concern of a urine leak, the fl uid 
may be sent for creatinine analysis.  

   Perioperative Outcomes 

 There have been several large series demonstrat-
ing promising perioperative outcomes of patients 
undergoing RARC [ 3 – 6 ]. Operative times range 
from 275 to 380 min, blood loss from 270 to 
400 cm 3 , length of stay from 4.9 to 10 days, with 
overall and high grade complication rates from 
34 to 52 % and 8 to 24 %, respectively. These 
outcomes are summarized in Table  6.1 . RARC 
has been shown to decrease complications com-
pared to open radical cystectomy in a nonran-
domized study [ 7 ].  

   Pathologic Outcomes 

 Two important pathologic issues that need to be 
addressed during RARC are incidence of positive 
surgical margins (PSM) and an adequate pelvic 
lymph node dissection (PLND). The importance 
of achieving negative surgical margins during 
radical cystectomy cannot be overstated as 
patients with positive soft tissue margins have 
increased recurrence rates and almost a threefold 
decrease in survival [ 8 ,  9 ]. The reported rate of 
PSM for RARC ranges from 0 to 7.6 % [ 3 – 5 ,  10 , 
 11 ]. Novara et al. provided a benchmark from the 
open radical cystectomy literature in a multi- 
institutional series of over 4,000 patients where 
the PSM rate was 6.3 % [ 12 ]. The inclusion of a 
pelvic lymphadenectomy at the time of cystec-
tomy provides both prognostic information 
and potential therapeutic benefi t [ 13 ,  14 ]. 
Furthermore, the number of lymph nodes 
removed has been shown to have prognostic sig-
nifi cance by several authors and it is also well 
established that an extended template will 
improve lymph node yield [ 13 – 16 ]. The reported 
lymph node yield for lymphadenectomy during 
RARC ranges from 17 to 43, with most centers 
performing an extended template [ 3 – 5 ,  17 – 19 ]. 
In a prospective randomized trial, Nix et al. 

demonstrated to difference in lymph node yield 
between robotic and open cystectomy [ 20 ]. In a 
unique study by Davis et al., robotic lymph node 
dissections had a yield of 93 % compared to open 
lymphadenectomy when a “second look open 
dissection” was used following the robotic 
PLND [ 18 ]. The bottom line is that a complete 
pelvic lymphadenectomy should be performed 
and is clearly possible with the robotic approach.  

   Survival Following RARC 

 Robot-assisted radical cystectomy is in its infancy 
so no long-term oncological follow-up exists, but 
there are several reports of short and intermediate- 
term follow-up that have emerged. Pruthi and 
Wallen reported short-term cancer outcomes in 
50 patients [ 21 ]. They had a mean follow-up 13.2 
months and experienced an overall and disease- 
specifi c survival of 90 and 94 %, respectively. 
Dasgupta et al. published their RARC experience 
in 20 patients with >6 months follow-up [ 22 ]. 
This cohort had a mean follow-up of 23 months, 
with overall and disease-free survival of 95 and 
90 %. Martin et al. reported outcomes in series of 
80 patients with the longest mean follow-up to 
date from Mayo Clinic in Arizona [ 23 ]. Fifty- 
nine patients had >6-month follow-up with a 
mean follow-up of 25 months (range 6–49) The 
overall survival at 12, 24, and 36 months was 82, 
69, and 69 %, respectively, and recurrence free 
survival at 12, 24, and 36 months was 82, 71, 
71 %, respectively (Fig.  6.1 —Kaplan Meier 
curves from Martin paper). The Karolinska 
Institute found 83 % disease specifi c survival 
with a mean follow-up of 25 months [ 11 ]. 
Kauffman et al. report 2-year disease-free, 
cancer- specifi c, and overall survival of 74 %, 
85 %, and 79 %, respectively [ 24 ]. Clearly, onco-
logical outcomes as measured by survival are 
equivalent in the intermediate-term. Additional 
data from Mayo Clinic Arizona and University of 
North Carolina were published on node positive 
patients having undergone RARC [ 25 ].    A total of 
275 patients were reviewed with focus on 50 
patients with N1 disease. With a mean follow-up 
of 42 months the oncological outcomes compared 
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favorably to open cohorts reported on in the 
literature. Nevertheless, long-term follow-up is 
still eagerly awaited.  

   Conclusion 

 Robot-assisted radical cystectomy in the male 
patient is a feasible and reproducible operation. 
With appropriate steps and adherence to a stan-
dardized technique, results are often superior 
with regards to recovery in the immediate post-
operative period and complications can be kept to 
a minimum. Intermediate oncological outcomes 
are favorable and with increasing application, 
RARC will become a part of the urologist’s 
armamentarium to treat invasive bladder cancer.  

   Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 The chapter seeks to provide a stepwise and 
reproducible approach to robot-assisted radical 
cystectomy in the male patient. Hopefully, this 
description will help guide and launch the sur-
geon just initiating their robot-assisted radical 
cystectomy experience to success. Also, we hope 
that even the more experienced surgeon, already 
performing RARC, will gain insights, tips, and 
tricks to perform the procedure in a more effec-
tive and effi cient manner. 

 It has been over 8 years since both of us have 
initiated our experience with RARC. Early, the 
approach was a careful and even guarded 
approach studying feasibility, safety, and onco-
logic integrity with every case. Over the years, 
and with the ongoing assessment by ourselves 
and by others (critics and enthusiasts alike), we 
have witnessed the development of the technique 
into an increasingly common and appropriate 
procedure that has served our patients well—all 
the time preserving the time-tested principles 
and outcomes of bladder cancer surgery. Today, 
the careful evidence has demonstrated that 
RARC has very real benefi ts and without any 
suggestion of a compromise to the oncologic 

outcomes. With a large, multi-institutional, pro-
spective randomized trial well underway, we 
look forward to the results which will provide the 
highest levels of evidence-based analysis com-
paring the open versus robotic approach—put-
ting scientifi c rigor and patient safety above a 
rush to novelty, procedural numbers, and market-
ing. We believe that it is essential to assess this 
procedure, and any new intervention or tech-
nique for that matter, in such a scientifi cally rig-
orous manner.       
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          Introduction 

 Radical cystectomy remains one of the most 
 effective oncologic treatments for patients with 
muscle-invasive bladder cancer and for those with 
high-grade, recurrent, noninvasive tumors. There 
continues to be an increasing number of anecdotal 
reports and case series for minimally invasive 
approaches to cystectomy. Laparoscopic and 
robot-assisted techniques have been shown to be 
viable approaches to cystectomy, demonstrating 
acceptable surgical and perioperative results 
[ 1 – 5 ]. A recent multi-institutional analysis encom-
passing four centers showed acceptable patho-
logic and perioperative outcomes for a robotic 
approach to radical cystectomy [ 6 ]. Potential ben-
efi ts of laparoscopic and robotic approaches that 
have been described include lower surgical blood 

loss, early return of bowel function, and more 
rapid postoperative convalescence [ 3 – 5 ]. The 
majority of these series have reported techniques 
and outcomes in a predominantly male patient pop-
ulation. The applications of such novel techniques 
to female cystectomy and anterior exenterative pro-
cedures have not been well documented and 
described. However, given the successful applica-
tion of robotic techniques in male patients, and 
given the growing experience of robotic approaches 
to hysterectomy, salpingo-oophorectomy, and 
other female pelvic procedures in the gynecologic 
literature, the stage has been set for the application 
of robotic approaches to anterior pelvic exentera-
tion for female patients with bladder cancer [ 7 ,  8 ]. 

 Cystectomy in male and female patents is dif-
ferent with regard to the surgical approach. 
Female patients have a broader pelvis with more 
ready access to the apical/urethral dissection than 
the male [ 9 ]. On the other hand, female pelvic 
anatomy may be less familiar to urologic surgeons 
due to the wealth of surgical experience in male 
patents, primarily owing to the treatment of pros-
tatic diseases and malignancies. Even with blad-
der cancer, the preponderance of patients is male 
by a ratio of 3:1 [ 10 ]. Furthermore, the female 
cystectomy procedure includes exenteration of the 
anterior pelvic organs including the uterus, fallo-
pian tubes, ovaries, and occasionally part or all of 
the anterior vaginal wall. Such procedures can be 
associated with increased blood loss and added 
morbidity that has been observed in female 
patients versus male patients in open radical cys-
tectomy series by experienced  surgeons [ 11 ]. 
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 Herein we describe our technique and 
 experience with robot-assisted radical anterior pel-
vic exenteration in the female including preopera-
tive preparation, surgical steps, postoperative care 
while also describing our perioperative and patho-
logic outcomes of this novel procedure. We 
describe the stepwise approach to the robot-
assisted radical anterior pelvic exenteration for 
urothelial carcinoma in the female allowing the 
urologic surgeon to more readily overcome the 
procedural learning curve.  

    Methods 

    Preoperative Evaluation 

 All patients should undergo appropriate preoper-
ative lab work, imaging studies (chest X-ray, 
abdominal/pelvic cross-sectional imaging) and 
endoscopic resection with bimanual examination 
(i.e., transurethral resection of bladder tumor 
[TURBT]). Decisions for neoadjuvant chemother-
apy should be made at the discretion of the treat-
ing medical team. At our institution, neoadjuvant 
chemotherapy is typically utilized in patients with 
clinical T3–4 tumors or suspected node positive 
disease. Overall, indications and preoperative 
decisions should not be changed by the surgical 
tool or approach utilized. Bladder cancer is an 
unforgiving disease and despite the novelty of 
such minimally invasive procedures and the poten-
tial short-term surgical and perioperative benefi ts, 
it remains imperative that any such procedure 
abide to the indications, standards, and principles 
of the open operation. It is paramount to observe 
and maintain the oncologic principles of radical 
cystectomy irrespective of surgical modifi cations.  

    Patient Selection 

 Appropriate patients, especially early in one’s 
learning curve, include those who generally are in 
good health and performance status. We tend to 
avoid the robotic approach in patients with severe 
cardiopulmonary compromise—which is not an 
uncommon comorbidity due to the high levels of 

tobacco abuse in this patient population that con-
tributes both to the development of urothelial car-
cinoma and cardiopulmonary disease. Limitations 
for patients in poor cardiopulmonary health status 
is primarily due to the positioning that includes 
extreme Trendelenburg that may exacerbate ven-
tilatory diffi culties and cardiac function. 

 In one’s early experience, prolonged OR times 
may not be suitable for such patients. We recom-
mend careful patient selection in one’s initial 
experience with robotic anterior pelvic exentera-
tion including patient characteristics as follows:
•    Good performance status (independent) [ 12 ]  
•   Non-obese patients (BMI < 30)  
•   Healthy: age < 70, few comorbidities  
•   No previous intra-abdominal or pelvic surgery  
•   No prior chemotherapy or pelvic radiotherapy 

[ 13 ]  
•   Low volume disease (non-bulky tumors) [ 13 ]     

    Bowel Preparation 

 Two large prospective randomized trials in elec-
tive colorectal surgery, as well as a recent large 
meta-analysis showed no differeneces in anasta-
motic leaks, wound infections, fascial dehiscence, 
or overall morbidity or mortality between patients 
who received mechanical bowel preparation 
(MBP) versus no prep [ 14 ,  15 ]. To this end, in all 
patients undergoing radical cystectomy including 
those undergoing a robotic approach, we cur-
rently no longer perform a mechanical or antibi-
otic bowel preparation and patients are allowed a 
regular diet until midnight before surgery. We 
still use a Fleets ®  enema the morning of the pro-
cedure in order to evacuate the rectum and thereby 
reduce bowel distension in the deep pelvis. 

    Intraoperative Considerations 
    Intraoperative preparation includes shaving the 
patient from the costal margin to the pubis. The 
abdomen, perineum, vagina, upper thighs, and 
perianal area are prepped and draped in the usual 
sterile fashion. A 20-Fr urethral catheter is 
inserted. Intraoperative fl uids are restricted to 
500 ml/h as tolerated by the patient. This 
 minimizes the risk of edema of the face and neck 
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that can occur due to increased fl uids and the 
steep Trendelenberg position. Multiple studies 
have also shown that appropriate intraoperative 
fl uid restriction may signifi cantly reduce compli-
cations, shorten hospital stay, and time to return of 
bowel function [ 16 ,  17 ]. A nasogastric or orogas-
tric tube is inserted at the start of the procedure 
and removed at the end of the case. Occasionally 
the use of a uterine manipulator is employed and 
this is placed at the beginning of the case with the 
patient in the lithotomy position.   

    Steps of the Procedure 

    Positioning and Port Placement 
   Patient Positioning 
 After positioning, padding, securing, and preparing 
the patient in the supine position, the table is then 
placed in a steep Trendelenburg (>20°) position—
identical to that of the robotic prostatectomy. For 
females, we use stirrups and the low lithotomy 
position with slight hip extension. Great care is 
taken to adequately pad and support the patient to 
avoid neuromuscular injury. Sequential compres-
sion devices are applied to the legs for DVT pro-
phylaxis. We utilize a bean bag and cross-body 
taping to secure the patient adequately and test the 
positioning by tilting the table prior to the skin prep.  

   Port Placement 
 Port placement is similar to robotic prostatec-
tomy with the addition of a 12-mm port on the 
side opposite of the assistant. Figures  7.1a, b  and 
 7.2  demonstrate port placement based on a left- 
sided assistant. Veress insuffl ation is achieved 
through a vertical skin incision above the umbili-
cus, 22 cm above the symphysis pubis on the 
defl ated abdomen. (In cases in which a more 
extended lymphadenectomy is anticipated [e.g., 
para-aortic dissection] or where an intracorporeal 
diversion is planned, this camera port is placed 
slightly higher at 24 cm above the symphysis.) 
The 12-mm camera port is placed here, and the 
remaining ports are placed under direct vision. 
Two 8 mm robotic ports are placed 8 cm away 
from the camera port, along the line from the 
camera port to the anterior spine of the iliac crest 
(ASIS) bilaterally. An additional 8 mm robotic 
port for the fourth arm is placed 8 cm directly lat-
eral to the right sided robotic port. A 12-mm port 
for retraction and stapling is placed 8 cm cepha-
lad to the robotic port on the right. A 5-mm port 
is placed 10 cm cephalad to the robotic port on 
the left. A 12-mm assistant port is placed two fi n-
gerbreadths medial and cephalad to the ASIS on 
the left. The port must be placed at least 8 cm 
away from the left robotic port and can be moved 
farther cephalad and lateral if necessary. The 

  Fig. 7.1    Port placement including robotic ports ( red ) ( a ) and assistant ports ( green ) ( b )       
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patient is then placed in the steep Trendeleburg 
position and the robot is docked.

         Procedural Steps 
 See Table  7.1  for list of instruments and 
accessories.

     Divide Ovarian Pedicles 
(Infundibulopelvic [IP] Ligament) 
 After any sigmoid adhesions of the left side blad-
der and pelvis are released sharply, all of the 
small bowel is vacated from the pelvis. The ovar-
ian pedicles (IP ligaments) are identifi ed on each 
side superior and lateral to the ovaries themselves 
(Fig.  7.2a ). A window is developed in the broad 
ligament isolating the ovarian pedicle. They can 
be ligated with the use of hemolock clips or alter-
natively fulgurated with the use of bipolar for-
ceps before sharp division (Fig.  7.2b ). With the 
posterior peritoneum overlying the ovarian pedi-
cles incised, this peritoneal incision is extended 
along the broad ligament lateral to the fallopian 
tubes in the direction of the uterus and bladder. 
When the round ligaments are encountered, they 
are divided with the aid of the bipolar forceps and 
monopolar scissors. The fundus of the uterus is 
now freely mobile allowing greater manipulation 
of the uterus if desired and better visualization of 
the pelvic structures.  

  Fig. 7.2    Dissection ( a ) and bipolar fulguration and division ( b ) of ovarian pedicles (IP ligament)       

   Table 7.1    Instruments and accessories   

 A. Recommended laparoscopic instruments 
 • 5 mm endoscopic long suction irrigator (45 mm) 
 • 5 mm endoscopic scissors 
 • 5 mm endoscopic locking grasper 
 • 5 mm endoscopic needle driver (for passing 

suture) 
 • 10 mm specimen retrieval bag 

 B. Recommended sutures/clips 
 • Dorsal vein stitch 

 – 0 Vicryl on CT-2 (6 in.) 
 • Ureteral and terminal ileum tags 

 – 3-0 Vicryl on SH (full length) 
 • Anastomosis stitch (for orthotopic diversion) 

 – 3-0 Vicryl (or Monocryl) suture on RB-1 
 • Neobladder creation (intracorporeal diversion) 

 – 2-0 Vicryl suture on SH 
 – Stapler with vascular load 

 • Ureteroenteric anastamosis (intracorproeal 
diversion) 
 – 4-0 Vicryl suture on RB-1 suture 

 • Hem-O-lock ®  (Weck Closure Systems, RTP, NC) 
large and extra large clips with endoscopic 
applier 

 • Endovascular stapler/cutter with 60 mm vascular 
loads (e.g., Endo-GIA, Covidien, Mansfi eld, 
MA) 

 C. Recommended robotic instruments 
 • Two large needle drivers 
 • Hot shears (monopolar curved scissors) 
 • Maryland bipolar forceps 
 • Cadiere bipolar graspers 
 • Double fenestrated graspers (intracorporeal 

diversion) 
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   Isolate Ureters 
 With the posterior peritoneum incised along the 
ovaries and fallopian tubes, the medial edge of that 
incised peritoneum is grasped and lifted. The ure-
ter can be found underlying and somewhat adhered 
to the posterior peritoneum along this medial leaf-
let. The ureter is encircled and the ureter is bluntly 
and sharply dissected distally down towards the 
level of the bladder (Fig.  7.3a ). One should avoid 
grasping the ureter with the robotic instruments to 
avoid crush injury and resultant devascularization 
to the ureter itself. As one approaches the bladder 
they will encounter the uterine vasculature cross-
ing lateral to medial towards the level of the cer-
vix. Overly aggressive distal dissection in this area 
can result in bleeding as well as inadvertant dam-
age to pelvic splanchnic nerves supplying portions 
of the vagina. Careful meticulous dissection in this 
area will identify the uterine vessels traveling just 
superfi cial to the ureter as they branch at the junc-
tion of the cervix and the vagina to form ascending 
and descending perforators to both structures. 
These uterine vessels (a.k.a the ventral vesicouter-
ine ligament) can be isolated from the dorsally 
located ureter and transected with electrocautery. 
The ureter can easily be ligated at this point in 
most instances with adequate length for subse-
quent diversion. Hemolock clips (if desired a 
suture can be secured to the clips for the ureter as 
a tag for later identifi cation) are used to ligate the 
ureters and they are divided at this level on each 

side. The transected ureters are tucked into the 
upper quadrants away from the pelvic dissection. 
If extra length on the ureters is desired, careful dis-
section posterior to the ureter at this level is man-
datory, as the surgeon will encounter the vaginal 
artery and inferior hypogastric nerves. The nerves 
are located lateral and posterior to the ureter at the 
level of the uterine artery and ureter crossing in the 
dorsal vesicouterine ligament [ 8 ]. As the ureter 
enters the bladder, there is an avascular space just 
posterior to the ureter that can be widened with 
blunt dissection. Retraction of the ureter lateral and 
ventral will expose the dorsal vesicouterine liga-
ments, with its enclosed nerves, and prevent their 
transection. In general this extra ureteral length is 
not required. However, knowledge of the anatomy 
here will prevent transection of these nerves espe-
cially when dissecting lateral to the vagina at this 
level or if partial vaginectomy is required for proper 
surgical margins of the bladder (Fig.  7.3b ).

      Posterior Bladder Dissection 
 The peritoneum is incised between the level of 
the uterus and vagina (posteriorly) and the blad-
der (anteriorly): this incision can be made right at 
the level of the peritoneal refl ection. With this 
lateral (“east to west”) incision made, the plane 
between the bladder and the vagina can be devel-
oped bluntly. With the uterine manipulator or a 
vaginal sponge stick in place, the dissection is 
carried along the vaginal wall to create an 

  Fig. 7.3    (a) identifi cation and dissection of ureters (b) 
Anatomic relationship between distal ureter and inferior 
hypogastric plexus. Photo used with permission by Keiichi 

Akita, Professor Clinical Anatomy, Tokyo Medical and 
Dental University       
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 adequate wide margin on the level of the  posterior 
bladder wall. In cases where a vaginal-sparing 
procedure is anticipated, this dissection can be 
taken down to the level of the bladder neck and 
urethra preserving the underlying arcus tendi-
nous pelvic fascia (ATPF) The levator fascia, 
covering the levator ani complex, as it descends 
medially attaches to the arcus tendinous pelvic 
fascia (ATPF). The ATPF is composed of the 
pubocervical fascia, lying between the bladder 
and the vagina, as well as the rectovaginal sep-
tum. These structures are connected to one 
another as this fascial complex runs laterally to 
medially [ 19 ]. The preservation of this structure 
is important in nerve-sparing cystectomy as hsti-
ologic studies have identiifed numerous symp-
thatic and parasympathetic nerve fi bers within 
this mesh-like structure. This fascial plane also 
acts as a support structure and therfore preserva-
tion may decrease occurrence of pelvic organ 
prolapse and improve voiding patterns in ortho-
topic diversions [ 20 ]. However, as discussed in 
later sections, this fascial plane is diffi cult to dis-
tinguish as one reaches the level of the proximal 
urethra, and the muscular component of the ante-
rior vaginal wall can contribute signifi cantly to 
the posterior urethra at this level. If any aspect of 
the anterior vaginal wall is to be removed, the 
vagina can be entered and the anterior vaginal 
wall taken  en bloc  with the bladder thus creating 
the plane of dissection within the vagina itself.  

   Lateral Dissection 
 The peritoneum is incised just lateral to the 
medial umbilical ligaments on each side. This 
incision is carried laterally along side the bladder 
and extending posteriorly to the previously made 
peritoneal incisions overlying the ureter and 
between the bladder and uterus/vagina. (Of note 
the urachal and medial umbilical attachments are 
left intact to help suspend the bladder and facili-
tates the posterior and lateral dissection and the 
stapling of the bladder pedicles.) Blunt dissection 
can be used to develop the lateral perivesical 
space without much diffi culty down to the level 
of the endopelvic fascia. In a non-orthotopic 
diversion or non-nerve-sparing procedure, the 
endopelvic fascia can be incised at this point. The 
lateral vascular pedicles of the bladder including 
the superior vesical artery can now be readily 
visualized.  

   Securing Bladder Pedicles 
 A laparoscopic endovascular stapler is used to 
ligate and transect the vascular pedicles to the 
bladder (Fig.  7.4a, b ). Usually a single fi re of a 
60-mm stapler/cutter is suffi cient to secure the 
bladder pedicles on each side. Alternatively these 
pedicles can be secured using the bipolar cautery 
or with the use of hemolock clips and then sharply 
divided. In cases where the anterior vaginal wall 
is to be taken  en bloc  with the bladder, the poste-
rior plane of this dissection can be within the 

  Fig. 7.4    Placement of endovascular stapler to divide pedicles ( a ) and image of divided bladder pedicle ( b )       
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vagina itself—as opposed to between the bladder 
and vagina in a vaginal-sparing procedure. 
Vaginal entry can result in loss of pneumoperito-
neum. To maintain insuffl ation pressure a moist 
laparotomy pad or large occlusive dressing (e.g., 
Tegaderm dressing, 3M Corp., St Paul, MN) is 
used to occlude the vaginal outlet and prevent 
loss of pneumoperitoneum.

      Anterior Dissection 
 With the posterior and lateral dissections com-
plete, attention is then turned anteriorly. The peri-
toneum is incised anteriorly through the medial 
umbilical ligament and the urachus thereby 
“dropping” the bladder. The anterior prevesical 
space is bluntly developed down to the level of 
the pubis and exposing the endopelvic fascia on 
each side. In an orthotopic diversion the endopel-
vic fascia is left intact to avoid any perturbance of 
the underlying continence mechanism in the 
female. In a non-orthotopic diversion the endo-
pelvic fascia is incised, as noted previously, to 
allow for complete distal dissection of the blad-
der neck and urethra.  

   Bladder Neck/Urethral Dissection 
 The bladder neck is then approached anteriorly. 
In an orthotopic diversion, great care is made to 
create this transection precisely at the level of the 
bladder neck (Fig.  7.5a ). Careful and continued 

evaluation at the location of the bladder neck is 
performed with the Foley catheter balloon in 
place to help visualize and identify the bladder 
neck. For this portion of the procedure the sur-
geon must carefully consider the competing inter-
ests of a sound cancer operation and functional 
preservation for the best quality of life postsurgi-
cally. However the clinican must remember that 
the foremost concern is for removal of cancerous 
tissue. Therefore the appropriate disseciton must 
be a case-by-case decision. In this context it is 
important to note that a functional and anatomical 
dissection can be achieved. Several principles are 
important to consider in regards to functional out-
come: the preservation of the ATPF, maximizing 
urethral length, and preservation of lateral peri-
urethral tissue. The fi rst of these, ATPF preserva-
tion has been previously described in the section 
on posterior bladder dissection.

   The contribution that urethral length provides 
for continence is debated; however, many urolo-
gists feel that both urethral length and closing 
urethral pressure are important considerations in 
female continence. Animal studies have shown 
that in a denervated urethra that closing urethral 
pressure is markedly decreased, therefore ure-
thral length could be increasingly important in 
this situation [ 20 ]. This would argue for transec-
tion of the urethra as close to the bladder neck as 
possible. 

  Fig. 7.5    Transection of urethra at the level of the blad-
der neck ( a ) in an orthotopic diversion. The bladder 
neck– urethral junction can be visualized and confi rmed 

with catheter movement. Adequate urethral length 
remains after transection ( b )       
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 However the composition of the posterior 
urethral wall is varied and has been shown, in 
cadaveric studies, to include signifi cant contri-
butions from the detrusor muscle in some cases 
[ 19 ]. It is therefore important that the clinician is 
mindful of this when completing the bladder 
neck dissection for the orthotopic diversion. 
Authors have advocated urethral transection as 
close as 5 mm to the bladder neck to around 
1 cm, however, the decision is obviously a bal-
ance between sound oncologic principles and 
functional preservation and must be made at the 
time of dissection. Also the urethral margin that 
is performed for frozen section, if orthotopic 
diversion is desired, should make sure to include 
a portion of the posterior urethra based on ana-
tomic and histologic studies. 

 The most common histologic appearance of 
the posterior urethra shows signifi cant contribu-
tion from the anterior vaginal wall [ 19 ]. This 
makes a combined approach to the urethra ideal 
in our experience. The posterior plane dissection, 
as described above, signifi cantly aids in delinea-
tion of the posterior plane up to the level of the 
bladder neck and posterior urethra. Then once the 
bladder is released from its peritoneal attach-
ments the urethra can be isolated with an anterior 
approach. 

 The preservation of the lateral peri-urethral 
tissues is not dissimilar to the dissection that is 
carried out in the male patient. This tissue con-
tains the perineal membrane, a U-shaped struc-
ture at the level of the mid urethra. This supporting 
structure consisting of collagen and elastic fi bers 
and runs from the anterior mid urethra posterio 
lateral to the vagina and terminates at the level of 
the perineal body. This structure is felt to provide 
support for the urethra and contains in its lateral 
portion abundant nervous tissue. The cavernous 
nerves that supply innervation to the vaginal ves-
tibule and vestibular glands runs through the 
ATPF on the posteriolateral side of the vagina 
and as it runs more superfi cial penetrates and 
runs on the lateral portion of the perineal mem-
brane to supply these structures. Therefore pro-
tection of this tissue and medial dissection of the 
urethra and perineal membrane will aid in sexual 
preservation for the patient [ 19 ]. 

 In the non-orthotopic diversion, the urethra can 
be dissected quite distally. When a complete ure-
threctomy is desired, we circumferentially incise 
the urethra at the beginning of the case before 
docking the robot. Bovie electrocautery on cut-
ting current can help release the urethra from the 
vaginal mucosa and allow for a more complete 
urethrectomy when approached transperitoneally 
with the robotic dissection. Before transecting or 
delivering the urethra, we will typically place an 
extra large hemolock clip on the bladder (speci-
men) side to avoid any urine spillage. 

 After urethral transection, some remaining 
posterior lateral attachments will remain and 
these can often be divided with blunt and sharp 
dissection and with the use of monopolar and 
bipolar cautery. If the anterior vaginal wall has 
been incised en bloc, the entire bladder and ante-
rior vaginal wall specimen can be removed 
through the vagina or placed in an impermeable 
bag.  

   Specimen Retrieval 
 In cases of an orthotopic diversion after the blad-
der neck has been transected at the appropriate 
level, the Foley catheter is left in place and the 
remainder of the bladder specimen is completely 
freed dividing any remaining posterior–lateral 
attachments. The catheter is clipped with an extra 
large hemolock (to avoid any urinary spillage and 
contamination), the Foley is transected, and the 
cut end is brought into the pelvis (Fig.  7.6a ). The 
specimen is then placed in an impermeable 
retrievable bag that is moved out of the pelvis 
(Fig.  7.6b ). The pelvis is irrigated, vaginal sur-
face inspected, and hemostasis ensured. A ure-
thral margin is sent for frozen section evaluation.

      Vaginal  Reconstruction/Hysterectomy/
Oophorectomy  
 This portion of the procedure can either be per-
formed before or after the cystectomy. Blunt and 
sharp dissection allows for complete freeing up 
of fallopian tubes and ovaries down to the level of 
the cervix. The uterus is lifted and the peritoneum 
is incised circumferentially at the level of the cer-
vix. The lateral tissue at the level of the cervix is 
fulgurated with the liberal use of the bipolar 
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 forceps as this is the site of much of the uterine 
blood supply. The uterus can then be transected at 
the level of the cervix again with liberal use of 
monopolar and bipolar cautery. As previously 
discussed the hypogastric nerves and inferior 
hypogastric plexus will be located deep to the 
cardinal ligaments at this level and should not be 
encountered in a transcervical or supracervical 
hysterectomy. With the transection complete, the 
uterus, fallopian tubes, and ovaries are freed and 
removed out of the pelvis. In a vaginal-sparing 
procedure, the small os at the level of the cervix 
remains the only opening into the vagina and this 
is closed with a fi gure-of-eight 0 Vicryl suture on 
a CT2 needle. If the anterior vaginal wall was 
excised en bloc with the bladder, this defect can 
be closed in continuity with the reapproximation 
of the vaginal walls. We typically use a 0 Vicryl 
suture on a CT2 needle to reconstruct the vagina 
in a caudad to cephalad (i.e., north to south) man-
ner. Depending on the remaining vaginal anat-
omy, this can also be done in a transverse manner 
if appropriate. If orthotopic diversion is desired 
the surgeon should attempt to prevent overlap-
ping suture lines or plan for interposition of 
omental tissue if necessary.  

   Pelvic Lymphadenectomy 
 The initial surgical step is to identify and 
expose the external iliac artery and vein. On 
occasion, these vessels are readily visualized 

 laparoscopically. In some cases, particularly in 
obese patients, the vessels need to be located and 
exposed from within the overlying retroperito-
neal fat. In such cases, the external iliac artery 
can be located by noting pulsations along its 
anticipated course. Blunt dissection (e.g., with 
the closed scissor tips by the surgeon or with the 
suction irrigator by the assistant) along the exter-
nal iliac artery and vein exposes these structures. 
Blunt and sharp dissection is carried down to the 
anterior surface of the external iliac artery. The 
vein can then be found lying immediately adja-
cent (posterior and medial) to the artery. It is 
important to dissect into the correct fi broalveolar 
plane just overlying the artery and the vein. This 
will allow for easier and more precise dissection 
of the lymph node packets for the remainder of 
the procedure. Margins of lymphadenectomy 
vary according to the discretion of the surgeon, 
and generally include the obturator nodes, the 
external iliac nodes, and the common iliac nodes. 
Para-aortic lymphadenectomy is also possible, 
particularly with the use of the Da Vinci S and Si 
systems which allows for more range of motion 
of the robotic arms. It is important that the sur-
geon is familiar with the neuroanatomy of the 
distal aorta at its termination into the common 
iliac arteries. The superior hypogastric nerve 
fi bers and plexus, containing sympathetic and 
afferent somatic innervation to pelvic structures, 
will be located overlying the distal aorta at this 

  Fig. 7.6    Division of catheter ( a ) and placement of bladder in specimen bag ( b )       
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level. In patients with signifi cant retroperitoneal 
fat, these nerve structures may be diffi cult to 
visualize and require careful dissection. 

 The obturator and hypogastric lymph node 
dissection is begun by locating and developing 
the medial border of the external iliac vein, 
thereby exposing the obturator fossa posteriorly. 
Dissection along the external iliac vein must be 
done with great care to avoid a venous injury, 
because the vein is decompressed due to the steep 
Trendelenberg position. With the medial edge of 
the external iliac vein identifi ed, the plane 
between the vein and the obturator packet can be 
extended to the pubic bone distally. Care must be 
made to identify the circumfl ex vein distally and 
any aberrant branches of the external iliac or 
obturator veins. Blunt and sharp dissection with 
the aid of monopolar scissors and fenestrated 
bipolar graspers—and with the appropriate coun-
ter traction placed by the assistant or the sur-
geon’s nondominant hand—can be used to 
facilitate this dissection by retracting the vein 
laterally and the obturator node packet medially. 
Once the dissection off the external iliac vein is 
complete, the nodal packet can be dissected 
bluntly off the obturator nerve and vessels poste-
riorly. In a transperitoneal approach it is not nec-
essary to ligate every lymphatic channel. 
Monopolar and bipolar cautery can aid in divi-
sion of smaller lymphatic channels and the use of 
laparoscopic clips (e.g., Hem-o-lock™ clips) can 
be used to ligate larger lymphatic channels, pedi-
cles, and vein branches as necessary. The pubic 
bone and anterior surface of obturator nerve and 
vessels mark the distal margin of the nodal 
packet. With the obturator packet freed and 
divided distally (down to and including the so- 
called node of Cloquet), it is peeled backed in the 
cephalad direction to the level of the hypogastric 
artery—keeping the obturator nerve, medial bor-
der of the external iliac vein, and the medial 
umbilical ligament in clear view. The medial 
umbilical ligament should be retracted medially 
to achieve proper exposure for the hypogastric 
dissection. 

 The base of the node packet near the internal 
iliac artery must be dissected with care as the 
internal iliac artery does not have the same 

fi broalveolar sheath as the external vessels. 
Consequently, the nodal tissue can be somewhat 
adherent with greater need for sharp dissection 
and coagulation of lymphatic and vascular attach-
ments before division of the cephalad aspect of 
the packet near the level of the internal iliac artery. 

 Once the obturator/hypogastric dissection is 
complete, the extended dissection is undertaken, 
beginning distally, cephalad to and along the 
external iliac artery. Again, it is crucial to dissect 
down to the correct fi broalveolar plane over the 
artery. While avoiding the circumfl ex vein dis-
tally, all lymphatic tissue is taken between the 
external iliac vein and artery and laterally on the 
psoas muscle to the genitofemoral nerve. With 
this packet divided distally, this lymph tissue is 
teased and dissected in the cephalad direction 
with blunt and sharp dissection, occasionally 
using monopolar and bipolar cautery. Unlike the 
external iliac vein, it is quite rare to encounter 
aberrant branches off of the artery, and this dis-
section is readily performed proximally up to and 
along the common iliac vessels. One needs to 
remain cognizant that the ureter will be encoun-
tered crossing over the common iliac vessels. If 
desired, a para-aortic dissection can be accom-
plished robotically (particularly with the new 
generation—da Vinci S or Si—robot). If a para- 
aortic dissection is anticipated and the classic da 
Vinci platform is used, it may be necessary to 
place the robotic ports approximately 2 cm supe-
rior or cephalad than the typical confi guration.  

   Tagging the Ureters 
 Before undocking the robot, the ureters are 
returned to the pelvis. At the distal end of each 
ureter, a full length 3-0 Vicryl stitch on an SH 
needle is placed as a tag, and the ends are brought 
out through the assistant ports on each side. This 
allows for ready identifi cation and localization of 
both ureters. A 3-0 Vicryl stitch is placed in the 
terminal ileum to allow for its ready identifi ca-
tion during the urinary diversion. In the case of 
an orthotopic neobladder, 3-0 Vicryl sutures (on 
RB-1 needles) are placed at the 5 o’clock and 
7 o’clock positions in the urethra and left in the 
pelvis. These posterior sutures are sometimes the 
most diffi cult to place in an open fashion and 
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preplacement under robotic guidance is easier. 
The robot is then undocked. The robot is not re- 
docked later for the anastomosis, as this portion 
of the operation is easily accomplished through 
the small incision made next.  

   Urinary Diversion 
 After the robot is undocked, all ports are removed. 
The ureteral sutures are kept through their corre-
sponding port sites and tagged. It is important to 
keep the patient in the Tredelenberg position ini-
tially in order to prevent the intestine from 
descending into the pelvis. A 6–8 cm incision is 
made midway from umbilicus to the pubis to per-
form the urinary diversion. Typically, an abdomi-
nal wall retractor is not required and minimizing 
abdominal wall retraction may help reduce post-
operative incisional musculoskeletal pain. 
Through this incision any further mobilization of 
the ureters can be carried out if needed. For an 
ileal conduit, the left ureter is tunneled under the 
sigmoid mesentery. In the case of an orthotopic 
neobladder where the afferent limb lies on the 
left side, the right ureter is tunneled underneath 
the sigmoid mesentery. The terminal ileum is 
identifi ed with the assistance of the preplaced 
stitch, and the segment of bowel is harvested. The 
planned urinary diversion is then performed 
extracorporeally and the ureteroenteric anasto-
mosis completed. For an orthotopic neobladder, 
the preplaced posterior urethral stitches are 
placed in their proper position in the neobladder 
neck. Anterior anastomotic sutures are placed 
thereafter. After the anastomotic sutures are 
placed and tagged, the patient is taken out of the 
Trendelenberg position. 

 More recently in certain cases we have per-
formed the urinary diversion intracorporeally—
including both ileal conduits and orthotopic ileal 
neobladders (Fig.  7.7 ). In such cases, the speci-
men is extracted through the vagina—either 
through the anterior vaginotomy in cases in 
which the anterior vaginal wall is removed or 
through a separate incision in the posterior vagi-
nal wall in a vaginal-sparing procedure. A poste-
rior incision is used in such cases to avoid the 
potential for overlapping suture lines in cases of 
orthotopic neobladder creation.

   A pelvic drain (ten French Jackson–Pratt 
drain) is placed, and the incisions are closed. Of 
note, we do not typically reapproximate the fas-
cia on laparoscopic or robotic ports less than or 
equal to 12 mm.    

    Postoperative Care 

 During closure of incisions, fl uids are liberalized 
with the goal of a 1 l bolus of intravenous fl uids 
before leaving the OR. Postoperative care is rou-
tine and at the discretion of the surgeon. In our 
practice we had found no added benefi t of  leaving 
the NG tube even overnight and now routinely 
employ an OG tube intraoperatively that is 
removed at the end of the case. 

 After completing the procedure, all patients 
were taken to the urology inpatient ward and 
underwent routine postoperative care per our 
 cystectomy care pathway which has previously 
been reported and which includes the use of 

  Fig. 7.7    Postoperative picture of female patient who has 
undergone robotic anterior pelvic exenteration, bilateral 
pelvic lymphadenectomy, and intracorporeal orthotopic 
ileal neobladder       
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 pro- kinetic agents and non-narcotic analgesics. 
In addition we employ a “fast-track” program of 
early diet advancement irrespective of status of 
fl atus or bowel movement (see Table  7.2 ) [ 12 ].

   The pelvic drain is typically removed prior to 
discharge. The patient returns at 10–14 days 
postoperatively for removal of the ureteral stents. 
In addition, in the case of an orthotopic neoblad-
der, they will return 17–21 days after surgery for 
a cystogram and catheter removal. Clinical and 
oncologic follow-up is thereafter performed in 
stage-specifi c manner.  

    Results 

 We have performed robot-assisted radical cystec-
tomy in 110 cases and applied it to female patients 
in 30 procedures. Our experience and periopera-
tive outcomes with robotic anterior pelvic exen-
teration in the fi rst 30 consecutive female cases are 
shown in Table  7.3  with comparisons made to 80 
male patients also undergoing a robot-assisted 
radical cystectomy. Female patients were older 
(69.4 years vs. 63.4 years;  p  = 0.006) and had 

shorter OR time (4.4 h vs. 4.8 h;  p  = 0.046) but 
were not different with regard to other periopera-
tive outcomes. It should be noted that our initial 
learning curve with robot-assisted radical cystec-
tomy of 20 cases were all male patients and these 
were included in this comparison.

   Pathologic outcomes have also demonstrated 
an appropriate extirpative procedure in that no 
patient has a positive margin, and a mean number 
of lymph nodes removed is 19 (range 9–34) with 
our standard and extended dissection. Short-term 
(within 30 days of surgery) complication rate was 
23 %. Complications included ileus, a fever of 
unknown origin, anastamotic urine leak, DVT, 
acute renal failure, and stent obstruction.  

    Comment 

 Despite the novelty of such minimally invasive 
procedures, several principles and standards must 
be rigorously evaluated and maintained. First, it 
remains paramount to observe and maintain the 
oncologic principles of this operation irrespec-
tive of surgical modifi cations. That is, pathologic 
endpoints, and consequently oncologic out-
comes, must never be compromised with such 
newer techniques. Second, such procedures 
should have appropriate perioperative outcomes 
with regard to operative time, surgical blood loss, 

   Table 7.2    Cystectomy fast-track program      

  Preoperative  
 Counseling/expectations 
 Outpatient bowel prep (day before surgery) 
 – Magnesium citrate solution—1 bottle (8 oz) 
 – Fleets ®  enema 
 – Clear liquid diet 
  Surgical  
 – Perioperative antibiotics (seconds or third generation 

cephalosporin) × 24 h 
 – Removal of OG tube at end of procedure 
  Postoperative  
 Prokinetic agents (e.g., metoclopramide 10 mg i.v. q 8 h 
× 48 h) 
 Non-narcotic analgesics (e.g., ketorolac 30 mg i.v. q 6 h 
× 48 h reduce dose to 15 mg i.v. in patients > 65 years) 
 Early ambulation 
 Fast-track diet (advanced irrespective of bowel function) 
 – POD#1—chewing gum initiated (ad lib) otherwise 

NPO 
 – POD#2—clear liquids—8 oz per 8 h 
 – POD#3—unrestricted clear liquids 
 – POD#4—regular diet 

   Table 7.3    Perioperative outcomes   

 Female ( n  = 30)  Male ( n  = 80) 

 Mean age  69.4 years*  63.4 years 
 Mean BMI  26.3 kg/m 2   27.8 kg/m 2  
 Mean ASA score  2.8  2.7 
 Diversion 
  Conduit  22  44 
  Neobladder  8  35 
  None  0  1 
 Mean EBL (range)  234 ml  283 ml 
 Mean OR time (range)  4.4 h*  4.8 h 
 Post-op 
  Mean time to fl atus  2.0 days  2.1 days 
  Mean time to BM  2.7 days  2.8 days 
 Mean time to discharge  5.1 days  4.7 days 
 Mean LN yield  18.8  19.1 

  * p  < 0.05  
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and length of hospital stay. Such measures may 
refl ect and impact on patient morbidity and 
recovery and may also indicate operative diffi -
culty (i.e., the learning curve) for the surgeon. 
For example, in robotic prostatectomy proce-
dures, operative times have been used as an indi-
rect measure of surgical diffi culty and of progress 
in overcoming the learning curve [ 22 ]. 
Accordingly, novel procedures should not result 
in insurmountable diffi culties or excess morbidi-
ties for surgeon or patient alike. Last, any such 
new procedures should not expose patients to any 
undue or excessive complications. 

 In our experience, the oncologic principles 
and pathologic outcomes appear to be maintained 
with a robotic approach. In no case has a positive 
margin observed. In addition, the pelvic lymph-
adenectomy remains an important aspect of radi-
cal cystectomy, and, in our experience, an 
external iliac and even common iliac lymph node 
dissection can be readily performed robotically. 
Indeed, our mean lymph node count of 19 with 
the robotic approach compares favorably to the 
mean lymph node count of 16 observed in our 
open cystectomy experience [ 5 ]. 

 Indeed, with regard to perioperative outcomes, 
the robotic approach to anterior exenteration is 
associated with a relatively low surgical blood 
loss. Our low operative blood loss of 234 ml 
compares favorably to our own open experience 
and that of other reports in the literature [ 11 ,  23 ]. 
Indeed, in the report by Lee et al. for open radical 
cystectomy, blood loss and transfusion require-
ments in females were signifi cantly higher than 
that of males [ 11 ] In addition, postoperative out-
comes including time to fl atus, time to bowel 
movement, and time to hospital discharge are 
also favorable in our experience. 

 In our experience, we only attempted robot-
assisted radical cystectomy after a wealth of 
experience and sense of profi ciency in both open 
cystectomy and robotic prostatectomy. And, it is 
only after an initial robot-assisted radical cystec-
tomy experience of 20 men, did we initiate our 
robotic series in female patients. It is interesting 
to note that no differences were observed in the 
subsequent male series and the concurrent initial 
female  experienc. It appears that a new learning 
curve for robotic anterior exenteration does not 

appear to have clinical diffi culties or complica-
tions with regard to OR time, blood loss, and 
postoperative convalescence when the female 
experience is embarked upon after an initial 
approach in male patients. In other words, transi-
tion to profi ciency in anterior pelvic exenteration 
occurred readily with near identical outcomes as 
the concurrent male experience. It is unclear as to 
how these outcomes would have differed if female 
patients were part of that initial learning curve. 

 In conclusion, in our experience, the robotic 
anterior exenteration has been readily adapted to 
the surgical treatment of bladder cancer. The 
approach appears to achieve the clinical and 
oncologic goals of radical cystectomy in the 
female.   

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 Cystectomy in male and female patents is differ-
ent with regard to the surgical approach. Female 
patients have a broader pelvis with more ready 
access to the apical/urethral dissection than the 
male. On the other hand, female pelvic anatomy 
may be less familiar to urologic surgeons due to 
the wealth of surgical experience in male patents, 
primarily owing to the treatment of prostatic dis-
eases and malignancies. Even with bladder can-
cer, the preponderance of patients are male by a 
ratio of 3:1. It is therefore not surprising that 
urologists may be less familiar with female pel-
vic surgical anatomy, especially with regard to 
laparoscopic and robotic approaches. 
Furthermore, the female cystectomy procedure 
includes exenteration of the anterior pelvic 
organs including the uterus, fallopian tubes, ova-
ries, and occasionally part or all of the anterior 
vaginal wall. Such procedures can be associated 
with increased blood loss and added morbidity 
that has been observed in female patients versus 
male patients in open radical cystectomy series 
by experienced surgeons. 

 In our experience, we only attempted the 
robot-assisted radical cystectomy after a wealth 
of experience and sense of profi ciency in both 
open cystectomy and robotic prostatectomy. 
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And, it is only after an initial robotic cystectomy 
experience of 20 men, did we initiate our robotic 
series in female patients. 

 This chapter describes the technique and expe-
rience with robot-assisted radical anterior pelvic 
exenteration in the female including preoperative 
preparation, surgical steps, postoperative care 
while also describing our perioperative and patho-
logic outcomes of this novel procedure. The step-
wise approach will hopefully allow the urologic 
surgeon to more readily overcome the procedural 
learning curve encountered with robotic surgery in 
the female patient.       
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           Introduction 

 Since its fi rst description in the 1950s by 
Whitmore and Marshall, radical cystectomy (RC) 
has been the fi rst-line therapy for the treatment of 
muscle-invasive bladder cancer as well as refrac-
tory cases of high grade, non-muscle-invasive 
transitional cell carcinoma, or carcinoma in situ 
(CIS) [ 1 ]. According to the surveillance, epide-
miology, and end results (SEER) database, more 
than 70,000 Americans will be diagnosed with 
bladder cancer in 2012 with approximately 25 % 
presenting with muscle invasion at diagnosis [ 2 ]. 
Radical cystectomy, considered to be the most 
effective treatment method for localized muscle- 
invasive disease, is a highly morbid procedure 
and has been known to adversely impact both 

urinary and sexual functions [ 3 – 5 ]. Unlike the 
incidence rate that increases with age, the rate of 
radical cystectomy can be as high as 58 % among 
those patients who are less than 65 years of 
age, which comprises roughly 30 % of newly 
diagnosed cases [ 2 ]. Standard operation requires 
complete removal of the bladder in addition to 
bilateral pelvic lymphadenectomy. In men, the 
seminal vesicles and prostate are also removed; 
whereas in women, the uterus, vagina, and bilat-
eral ovaries are also removed as these organs may 
harbor disease and serve as a source for recurrent 
tumor. Although removal of the sexual/reproduc-
tive organs with the bladder and lymph nodes 
provides the greatest chance for oncologic cure, 
it comes with the price of functional morbidities 
such as infertility, sexual dysfunction, impotence, 
and urinary incontinence [ 6 ]. Even in the best 
hands with nerve-sparing techniques, the rates of 
urinary incontinence and erectile dysfunction 
could be as high as 30 % and 80 %, respectively 
[ 7 ,  8 ]. Furthermore, urinary diversion poses risks 
for ileus, rapid colonic transit with diarrhea, mal-
absorption, metabolic derangements, pyelone-
phritis, and calculi [ 3 ,  4 ,  9 ,  10 ]. Concerns about 
functional outcomes play an important role in the 
decision-making process, especially in young 
patients in whom these quality-of-life issues 
remain a top priority. To minimize the risk of uri-
nary incontinence and impotence without com-
promising oncological effi cacy, many strategies 
such as partial cystectomy (PC), vaginal-sparing 
radical cystectomy (VSRC), and prostate-
sparing radical cystectomy (PSRC) have evolved. 
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While these approaches may not be appropriate 
for all patients, many contemporary series have 
reported superior urinary continence and potency 
rates in addition to comparable oncological out-
comes in carefully selected group of patients. In 
this chapter, we seek to present the indications 
and techniques of these surgical variations on 
robot-assisted cystoprostatectomies and anterior 
pelvic exenterations.  

    Preoperative Evaluation 

 Candidates for PC, VSRC, and PSRC undergo 
extensive medical evaluation that includes 
detailed medical history, meticulous physical 
exam, comprehensive blood work, review of out-
side pathology by the urologist and GU patholo-
gist, and a restaging workup as described below. 
Those with comorbidities must receive preopera-
tive medical clearance from their respective spe-
cialists. All patients must undergo a restaging 
workup that consists of the following: (1) a 
bimanual examination to assess for bladder 
mobility and the potential presence of clinical T3 
disease; (2) an endoscopic resection of any blad-
der tumors or the tumor bed; and (3) a metastatic 
workup that includes chest, abdominal, and pel-
vic cross-sectional imaging and in select settings, 
a bone scan. 

 For candidates for PSRC, digital rectal exam 
(DRE), prostate-specifi c antigen (PSA) levels, 
and standard transrectal ultrasound-guided 
(TRUS) prostate biopsy are warranted to rule out 
the presence of prostate cancer. Specifi cally for 
candidates of PC, special attention during endo-
scopic evaluation should be given to the tumor 
size, location, and multifocal status in addition to 
performing random bladder and prostatic urethral 
biopsies to rule out concomitant presence of CIS 
and/or urethral involvement. For candidates of 
VSRC, of particular importance is the exclusion 
of gynecologic malignancies such as ovarian or 
cervical cancers. 

 Additionally, patients also meet with the 
anesthesiologist for pre-anesthesia clearance, 
wound ostomy nurse for conduit care or neo-
bladder self catheterization education, and social 

workers for any other nonmedical-related issues. 
Lastly, every patient’s case is discussed in a mul-
tidisciplinary tumor conference where inputs 
from medical oncologist, radiation oncologist, 
pathologist, and radiologist are taken into con-
sideration to determine the patient’s best course 
of treatment.  

    Patient Preparation 

 Bowel preparation in minimally invasive surgery 
is evolving to less intense regimens with increas-
ing surgical experience. Traditional mechanical 
bowel preparation with large volume polyethyl-
ene glycol–electrolyte solution and antibiotic 
preparation is no longer recommended as there 
are no signifi cant differences in the rates of 
anastamotic leakage, abdomino-pelvic abscess, or 
postoperative ileus between those who received 
and did not receive it. In fact, there is a signifi cant 
increase in cardiac events among those who 
received mechanical bowel preparation [ 11 ]. 
Currently, the authors favor one bottle of magne-
sium citrate in the afternoon on the day prior to 
surgery along with a clear liquid-only diet. On the 
morning of the surgery, a broad- spectrum antibi-
otic, such as a second-generation cephalosporin 
(cefoxitin), is administered along with deep vein 
thrombosis (DVT) prophylaxis in the form of 
5,000 U of subcutaneous heparin. Recently, we 
have been administering alvimopan, a peripher-
ally acting mu-opioid receptor antagonist, which 
has been shown to expedite the return of bowel 
function after bowel surgery [ 12 ,  13 ].  

    Positioning 

 Prior to prepping and positioning the patient, 
intraoperative preparation includes shaving of the 
abdomen ± external genitalia, appropriate pad-
ding of all pressure points, properly applying 
bilateral compressive stockings for DVT prophy-
laxis, and adequately securing the patient to the 
table. Using stirrups, positioning involves plac-
ing the patient in low lithotomy with the legs 
apart to accommodate the robot. Next, the abdomen 
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and external genitalia are thoroughly prepped 
and draped in standard sterile fashion with the 
exclusion of the anus and perianal area. A 20Fr. 
foley catheter is inserted and left to gravity 
drainage. The table is then placed in steep 
Trendelenburg’s position.  

    Partial Cystectomy (PC) 

    Indications 

 Partial cystectomy was initially popularized in 
the 1950s as a means to achieve comparable 
oncological control while minimizing the signifi -
cant morbidities associated with radical cystec-
tomy [ 14 ]. Retrospective studies have revealed 
that between 6 and 10 % of patients with muscle 
invasive urothelial cancer could benefi t from a 
less radical approach without sacrifi cing cancer 
control [ 15 ,  16 ]. Historically, partial cystectomy 
was perceived to be inadequate due to its high 
rate of loco-regional recurrence, but this likely 
resulted from suboptimal patient selection [ 17 ]. 
Several areas of concerns regarding partial cys-
tectomy have been raised. These included the 
multifocal nature of transitional cell carcinoma 
and carcinoma-in-situ (CIS), the ability to com-
pletely resect the tumor with negative margins, the 
suffi ciency of remaining bladder capacity, and 
the role of lymphadenectomy [ 18 ]. 

 Currently, stringent selection criteria which 
address the above concerns have reduced the 
recurrence rate to an acceptable level while opti-
mizing overall survival. Importantly, sexual 
potency and urinary continence are maximized in 
the process. Just as the name implies, partial cys-
tectomy involves a full thickness, wide surgical 
excision of the cancer-involved portion of the 
bladder along with a healthy margin and the over-
lying fat. In addition, the regional lymph nodes 
are also removed, permitting accurate staging. 
However, this approach should only be limited to 
patients with the following criteria:
•    Functional bladder with good capacity.  
•   Solitary, primary urothelial tumor at the dome, 

urachal tumor, or tumor residing in a 
diverticulum.  

•   No concomitant carcinoma-in-situ.  
•   No evidence of lymphadenopathy or meta-

static disease.     

    Steps of the Procedure 

 After prepping and positioning the patient in low 
lithotomy position, initial endoscopic evaluation 
of the bladder is performed. For complicated 
cases, circumferential delineation of the tumor 
can be performed with a Collins’ knife initially to 
allow for precise tumor delineation (Cook 
Medical, Bloomington, IN). In most cases, how-
ever, this is not necessary. A fl exible cystoscope 
can be left in the patient’s bladder, which allows 
for a continuous internal picture of the bladder 
using the tile pro feature on the da Vinci S sys-
tem™ (Intuitive Surgical, Sunnyvale, CA). 

 Next, the steps of port placement, establish-
ment of pneumoperitoneum, and bladder take-
down are as would be performed during a 
standard robot-assisted radical cystectomy case 
and are described in detail in other sections of 
this book. One important point that should be 
emphasized is that the bladder should be widely 
mobilized anteriorly and laterally to allow for at 
least a 2-cm resection margin and closure without 
tension. This requires division of obliterated 
umbilical ligaments and the urachus to com-
pletely free its dome of all attachments. Once 
completely mobilized, the bladder is expanded 
with fl uid to help identify the area of the tumor. 
The fat that lies directly over the tumor should be 
removed and sent with the specimen. 

 With endoscopic guidance from a fl exible cys-
toscope and the bladder fully distended, robot- 
assisted circumscription of the tumor is performed 
with cautery marking with at least a 2-cm margin 
around the tumor (Fig.  8.1 ). Transillumination of 
the affected area of the bladder by the cystoscope 
light facilitates this and the light can easily be 
seen when the robotic light source is decreased in 
intensity. Cautery is then used to “cut to the 
light.”

   Cautery lines are kept superfi cial until four 
2–0 vicryl stay sutures have been placed lateral to 
the proposed resection area (Fig.  8.2 ).
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   The bladder is then drained and if possible 
(e.g., favorable anatomy, lobulated bladder, or 
bladder diverticulum), a 60-mm Echelon 
Endopath stapler (Ethicon Endo-surgery, 
Cincinnati, OH) is brought in through either the 
left or right 12 mm ports and used to divide the 
bladder at the proposed lines of resection 
(Fig.  8.3 ). If not amenable to the use of a stapler, 
scissors are used instead to cut sharply along the 
marked lines of resection with care not to spill 
bladder fl uid/urine into the peritoneum. Pulling 
up on the stay sutures will facilitate the resection 
and decrease the risk of fl uid spillage into the 
peritoneal cavity. Multiple specimens are also 

sent for intraoperative frozen section analysis to 
ensure negative margins have been achieved. 
Once negative margins have been confi rmed, the 
specimen is then placed in an Endo-catch bag 
(Covidien, Mansfi eld, MA) and removed through 
an extended port incision at the end of the case.

   If the stapler has been used, the remaining 
suture line on the native bladder is excised while 
tension is maintained on the stay sutures to pre-
vent any urine spillage and contamination of the 
peritoneal cavity. This maneuver removes the 
staples in the suture line that could potentially 
serve as a nidus for stone formation if left in 
place. The bladder is emptied completely prior to 
the resection. Once resected, it is sent for histo-
pathological analysis as the fi nal margin. The 
bladder is then closed in two watertight layers in 
a running fashion using 3–0 monocryl/vicryl for 
the mucosal layer and 2–0 monocryl/vicryl for 
the outer layer. Moreover, the bladder could be 
closed in a full thickness, continuous fashion 
using 2–0 unibarbed V-loc suture (Covidien, 
Mansfi eld, MA) [ 19 ]. 

 Subsequently, the bladder is tested for any 
leakage by fi lling with 250 ml of normal saline 
while being monitored cystoscopically and lapa-
roscopically (Fig.  8.4 ). A JP drain is also placed 
via the 5-mm port.

  Fig. 8.1    Laparoscopic circumscription ( a ) of the tumor under endoscopic guidance ( b )       

  Fig. 8.2    Placement of stay sutures       
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   Finally, bilateral pelvic lymphadenectomy is 
performed as previously described in other sec-
tions of this book.  

    Postoperative Care and Follow Up 

 The following standard postoperative care is 
applied toward all PC, VSRC, and PSRC patients. 
In our experience, PC patients normally remain 
hospitalized on average for 1–2 days; while those 
who undergo VSRC and PSRC remain hospital-
ized longer (average of 5–6 days). The nasogas-
tric or orogastric tube is typically removed 
immediately after surgery. Patients are allowed 
then to chew gum and have ice chips, and their 

diets are gradually advanced over the course of 
their hospitalization. Intravenous antibiotic pro-
phylaxis is maintained for at least the fi rst 24 h 
after surgery, while DVT prophylaxis with sub-
cutaneous heparin is continued after surgery and 
for the duration of the hospitalization as long as 
hematocrit levels remain stable. Additionally, 
patients are encouraged to ambulate as soon as 
possible, preferably on postoperative day #1. 
Pain control is initially achieved with ketorolac 
with IV narcotics for severe breakthrough pain 
and then quickly converted to oral medications 
once the patient is tolerating a diet. Daily chem-
istry and hematocrit levels are routinely checked 
for the fi rst 48 h and if stable, are then obtained at 
the surgeon’s discretion. JP drain is typically 

  Fig. 8.3    Laparoscopic view ( a ) and endoscopic view ( b ) of bladder resection using Endo-GIA staplers       

  Fig. 8.4    Laparoscopic ( a ) and endoscopic ( b ) monitoring of testing of bladder closure       

 

 

8 Variations in Surgical Approach: Partial Cystectomy, Vaginal-Sparing, and Prostate-Sparing



82

removed after output is minimal and creatinine 
level of the fl uid is consistent with serum creati-
nine. Urethral foley catheter can be removed in 
7–13 days following a normal cystogram. 

 Follow-up for these patients is dictated by the 
pathology. Typically, these patients are followed 
closely every 3–6 months for the fi rst 2 years 
with history & physical (H&P), voided cytology, 
labs (CBC, Chemistry, and LFT), and cysto-
scopic evaluation. Abdominal-pelvic cross- 
sectional imaging and chest radiographs are 
dictated by the pathology of the disease and stan-
dard NCCN recommendations are followed.  

    Discussion 

 Historically, PC had been advocated as a viable 
alternative to radical cystectomy due to its tech-
nical simplicity, decreased perioperative morbid-
ity, and preservation of urinary and sexual 
functions. However, its popularity was short lived 
because of its high local rate of recurrence, rang-
ing from 38 to 80 % [ 20 ], and low overall 5-year 
survival [ 17 ]. Suboptimal patient selection cou-
pled with advances in surgical techniques associ-
ated with radical cystectomy, such as 
nerve-sparing procedures and continent reser-
voirs, all contributed to its downfall. 

 Nevertheless, as society ages and survival 
from bladder cancer increases, there has been a 
strong paradigm shift toward improving the 
quality- of-life issues without sacrifi cing onco-
logical effi cacy. This rekindles the interest in 
bladder-preserving procedures to be used in the 
primary setting or as part of a multimodal 
approach. To avoid the same pitfalls, many 
experts advocate for stricter selection criteria that 
include solitary, primary tumors located far away 
from the ureteral orifi ces or bladder neck and in 
an easily resectable area that allows for an ade-
quate resection margin. Additionally, tumor mul-
tifocality and the presence of concomitant CIS 
must be ruled out. 

 In a retrospective study of 58 patients who had 
undergone PC from 1995 to 2001, Holzbeierlein 
et al. reported an overall 5-year survival rate of 
69 % at a mean follow up of 33 months and local 
recurrence rate of only 19 % [ 16 ]. Univariate 

analysis demonstrated that tumor multifocality 
and the presence of concomitant CIS were sig-
nifi cant predictors of recurrence. Similarly, in 
another retrospective study of 37 patients with a 
mean follow-up of 72.6 months, Kassouf et al. 
reported the overall 5-year, disease-specifi c, and 
recurrence-free survival rates to be 67 %, 87 %, 
and 39 %, respectively [ 21 ]. On multivariate 
analysis, higher pathological stage was associ-
ated with shorter overall recurrence-free survival; 
whereas, adjuvant chemotherapy was associated 
with prolonged advanced recurrence-free sur-
vival. In another retrospective study by Fahmy 
et al. looking at 714 patients with muscle- invasive 
bladder cancer who had undergone PC from 1983 
to 2005 among different institutions, the 5-year 
overall survival between PC and radical cystectomy 
groups were similar (49.8 vs. 51 %). At a median 
of 17.6 months, 23.7 % of these patients recurred 
and required salvage radical cystectomy [ 22 ]. 
However, these patients had a 50 % increased 
risk of dying compared to those who underwent 
radical cystectomy initially. 

 These selected publications and others all 
emphasize the importance of optimal patient selec-
tion to achieve good oncological control. In care-
fully selected patients, 5-year overall survival is 
similar to that of radical cystectomy plus the ben-
efi ts of decreased morbidity and preservation of 
urinary and sexual functions. It’s worth mention-
ing that due to the paucity of data, no differences 
in overall survival, local recurrence rate, and func-
tional outcomes have been demonstrated between 
different PC approaches [laparoscopic (robotic) 
versus open]. Rather, the decision to select a spe-
cifi c approach depends on the surgeon’s experi-
ence and comfort level. However, with the success 
achieved in robot-assisted prostatectomy, the 
authors anticipate similar outcomes in robot-
assisted PC.   

    Vaginal-Sparing Radical Cystectomy  

    Indications 

 Successes of female radical cystectomy have 
largely been measured by oncological and urinary 
outcomes, with little regard to sexual outcomes. 
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Zippe et al. [ 23 ] reported that up to 52 % of 
female patients experienced sexual dysfunction 
after RC and that the nature of the dysfunction 
encompassed both organic and psychosocial 
domains, such as decreased lubrication, decreased 
orgasm, lack of sexual desire, and dyspareunia. 
In a recent review of the literature, Elzevier et al. 
[ 24 ] reported that female sexual dysfunction rate 
after RC ranged from 20 to 82 % with no differ-
ence among the types of urinary diversion. As a 
result of these data, there has been an increased 
interest in modifying current surgical techniques 
to improve sexual outcomes. Anatomic studies 
have localized the neurovascular bundles to be 
along the lateral walls of the vagina [ 25 ]. 
Additionally, the removal of the distal urethra is 
associated with signifi cant devascularization of 
the clitoris, which could adversely impact sexual 
arousal and orgasm [ 26 ]. Armed with this 
knowledge, some experts have modifi ed their 
surgical approaches to include techniques of 
vaginal- sparing, ovary-sparing, urethral-sparing, 
neurovascular preserving, and tubular vaginal 
reconstruction [ 27 – 31 ]. 

 However, the benefi ts of these organ-sparing 
approaches must be weighed against the risks of 
compromising oncologic outcome. Many studies 
have reported the incidence of urothelial cancer 
involvement of internal genitalia (vagina, uterus, 
and ovaries) to be between 2.6 and 5 % and the 
risk of having concomitant primary genital 
malignancy to be low as well [ 32 – 34 ]. Therefore, 
at our center, we only perform vaginal, ovary- 
sparing, and neurovascular preserving robot- 
assisted radical cystectomy in those patients who 
meet the following criteria.
•    Good performance status (ECOG ≤ 2) with 

manual dexterity and willingness to self- 
catheterize neobladders if needed.  

•   Non-obese patients (BMI <30) with minimal 
comorbidities as these could restrict the 
patient’s cardiopulmonary tolerance of the 
surgery.  

•   No previous intra-abdominal/pelvic surgeries 
or prior pelvic radiotherapy.  

•   Demonstrate T2 disease or better with non- 
bulky tumors.  

•   No gynecologic malignancy such as cervical 
or ovarian cancers.  

•   Are sexually active with intentions to continue 
after surgery.     

    Steps of the Procedures 

    Port Placement, Establishment of 
Pneumoperitoneum, Ureteral 
Mobilization, Posterior Dissection, 
Control of Round Ligaments, 
Hysterectomy, and Control of Bladder 
Pedicles 
 These steps are as would be performed during 
anterior pelvic exenteration or female cystectomy 
and are described in detail in other sections of 
this book.  

    Dissection of Vesicovaginal Space 
 During the posterior dissection step as described 
in other sections of this book, antegrade dissec-
tion through the cul-de-sac allows for the separa-
tion of the posterior bladder from the uterus. This 
dissection plane is carried as far posteriorly as 
possible, preferably to the junction of the corpus 
uteri and cervix. The superior portion of the 
sacro-uterine ligaments along with the round lig-
aments is transected. However, the cardinal liga-
ments that attach to the lateral walls of the vagina 
along with the ovaries are left intact to maintain 
support to the vagina and to preserve hormonal 
function, respectively. Next, the bladder is 
dropped in a standard fashion similar to that of 
robotic prostatectomy and is described in other 
section of this book. During this step, the endo-
pelvic fascia is identifi ed and opened to expose 
the dorsal venous complex (DVC), urethrovesical 
junction, and lateral walls of urethra. The DVC is 
controlled using 0-vicryl suture and transected. 
Using both blunt and sharp dissection, a space 
between the urethra and the anterior wall of the 
vagina is created. Control of the bladder pedicles 
are achieved with Hem-o-lock clips (Telefl ex 
Medical, Research Triangle Park, NC) or a 
s tapler. It’s important to know that while the 
vagina receives its arterial blood supply from 
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multiple sources, vaginal branches from the uter-
ine and inferior vesical arteries are among the 
important contributors. Additionally, since these 
branches travel in close proximity to the nerve 
supply of the vagina and clitoris, it’s important to 
spare them during this step to avoid potential 
devascularization and denervation. 

 Using the lateral sulci of the vagina and lateral 
walls of the urethra as landmarks, dissection of 
the vesicovaginal space is performed sharply 
with minimal monopolar coagulation to prevent 
inadvertent thermal injury to the neurovascular 
bundles. The authors typically utilize a sponge 
stick dipped in betadine and inserted into the vag-
inal vault to help identifying the vaginal apex and 
anterior vaginal wall during the course of dissec-
tion. Hemostasis is obtained with pinpoint mono-
polar coagulation and suturing. Once the 
vesicovaginal space is fully developed, the ure-
thra is encountered and transected.  

    Vaginal Stump Fixation: Variation 
of the Mansoura Technique 
 In 2002, Ali-El-Dein et al. [ 35 ] introduced the 
Mansoura modifi cation in hope of preventing 
postoperative chronic urinary retention or hyper-
continence that frequently plagued those who 
had received a neobladder. The authors demon-
strated that by attaching the preserved ends of the 
round ligaments to the vaginal stump, this effec-
tively fi xed and provided support to the vaginal 
vault as well as prevented posterior and caudal 
displacement of the neobladder as demonstrated 
by cystogram. This has resulted in a reported 
55 % reduction in the incidence of urinary reten-
tion among their patients. Armed with this 
knowledge, we also perform vaginal stump fi xa-
tion among all patients who will receive a neo-
bladder. During the standard hysterectomy as 
described in other section of this book, transec-
tion of the round ligaments is made close to its 
origins in the uterine horns to ensure adequate 
length for the vaginal fi xation. Closure of the 
vaginal stump is performed horizontally with 2–0 
vicryl to prevent narrowing of the vagina. The 
free ends of the round ligaments are then sutured 
to both ends of the vaginal apex, in effect sus-
pending and supporting the vagina.  

    Bilateral Extended Pelvic 
Lymphadenectomy and Orthotopic 
Urinary Diversion 
 These steps are similar to those that have been 
described in detail in other sections of this book.   

    Postoperative Care and Follow Up 

 Postoperative care for VSRC is similar to that of 
PC except that these patients would have under-
gone an orthotopic urinary diversion. The ure-
teral stents of the neobladder are removed at 
approximately POD #10 and JP drain is main-
tained to drain any potential extravasation of 
urine as a result. A pouchogram is performed on 
POD #14 and if no leakage is noted, both the JP 
and urethral Foley catheter are removed subse-
quently. The patient is taught intermittent cathe-
terization and pouch irrigation. Follow-up is 
similar to that of PC as described above and is 
also dictated by the pathology. More importantly, 
patients should continue to follow up with their 
Ob–gyn for periodic vaginal cytology and gyne-
cologic examination.  

    Discussion 

 Standard female exenteration routinely requires 
the removal of the internal genitalia (vagina, 
uterus, and ovaries) along with the bladder. 
However, surgical modifi cations sparing these 
internal organs allow for the preservation of fer-
tility and hormonal functions as well as improve-
ment of functional outcomes. Multiple studies 
have demonstrated the low incidence of recur-
rence and concomitant urothelial cancer involve-
ment of these organs. In a retrospective review of 
609 female radical cystectomy specimens, Ali-
el- dein et al. [ 34 ] reported the gynecologic organ 
involvement to be 2.6 % (16/609). Furthermore, 
no local vaginal recurrence was found at a mean 
follow-up of 4.3 years. Similarly, Salem et al. and 
Varkarakis et al. [ 32 ,  33 ] reported the incidence 
to be 4.4 % and 5.7 %, respectively. Vagina was 
most commonly involved, with the exception of 
one uterus. No vaginal recurrence and major sexual 
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problems were encountered at the last follow- up 
(mean 6 years). 

 In terms of functional outcomes, it is believed 
that preservation of the vagina may decrease the 
risk of neobladder–vagina fi stula and improve 
incontinence by preventing the posterior dis-
placement of the neobladders [ 35 ,  36 ]. Koie et al. 
[ 37 ] reported 80 % (24/30) complete dryness 
(day and night continence) in those who had 
undergone vagina-, uterus-, and ovary-sparing 
radical cystectomy. Likewise, Chang et al. [ 28 ] 
reported 72 % continence rate (daytime and 
nighttime) in 15 out of 21 patients who had 
undergone vagina-sparing radical cystectomy. 
The results of these selected studies demonstrate 
that successful outcomes can be achieved without 
compromising oncological control in carefully 
selected patients.   

    Prostate-Sparing Radical 
Cystectomy 

    Indications 

 Since its fi rst description, radical cystectomy has 
gone through various modifi cations as a means of 
improving postoperative continence and potency 
rates. Rossetti et al. [ 38 ] fi rst described supra- 
ampullar cystectomy techniques by sparing the 
vasa deferentia, seminal vesicles, and prostatic 
capsule. Spitz et al. [ 39 ] reported the fi rst US 
series of modifi ed radical cystectomies that pre-
served the vasa deferentia, seminal vesicles, 
posterior prostate, and most importantly neuro-
vascular bundles in four young men who had 
non-urothelial malignancy. These and many other 
series have in common the attempt to minimize 
dissection near the neurovascular bundles and 
urinary sphincter. Initially, PSRC was recom-
mended for men without a primary urothelial 
malignancy. Successful functional outcomes in 
these patients sparked interest in applying this 
approach to those patients with primary urothe-
lial malignancies. However, concerns for long- 
term oncological effi cacy of this approach have 
been questioned. While the exact selection crite-
ria have not been agreed upon, what has been 

known is that successful oncologic outcomes of 
PSRC rest mainly with optimal patient selection. 
Typically, these patients undergo PSRC in con-
junction with an orthotopic neobladder. As such, 
we believe that optimal candidates should include 
the followings based on the data in the literature, 
which is discussed in the later section:
•    Young, healthy, and potent patients whose 

potency and fertility remain a priority.  
•   Good manual dexterity with a willingness to 

self-catheterize neobladders when needed.  
•   Demonstrate clinical T2 disease or better 

without bladder neck, prostatic urethral 
involvement, or multifocal CIS disease.  

•   Absence of prostate cancer based on low 
serum prostate-specifi c antigen (PSA) levels, 
negative digital rectal exam (DRE), and nega-
tive standard transrectal ultrasound (TRUS)-
guided prostate biopsies.     

    Steps of the Procedures 

 Standard port placement, pneumoperitoneum 
establishment, ureteral mobilization, bladder 
mobilization, control of bladder pedicles, and 
extended pelvic lymph node dissection are metic-
ulously described in other sections of this book. 

    Bladder Neck Dissection 
 After ureteral and posterior bladder mobiliza-
tions, the bladder pedicles are carefully con-
trolled as they come off the internal iliac artery 
using an athermal technique with Hem-o-lock 
clips (Telefl ex Medical, Research Triangle Park, 
NC) or a stapler to prevent inadvertent thermal 
injury to the prostatic neurovascular bundles. The 
dissection is carried towards the prostate base, 
and only the internal iliac pedicles and superior 
vesical arteries are clipped and divided while the 
inferior vesical arteries along with its prostatic 
branches are spared to promote sexual potency 
recovery. The bladder is then dropped in a  fashion 
similar to robotic prostate surgery and as described 
in other chapters of this book. To expose the 
prostatic–vesical junction in preparation for the 
bladder neck dissection, one must fi rst develop 
the lateral pelvic spaces as previously described in 
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sections on developing the endopelvic space on 
either side of the prostate. Minimal to no dissec-
tion is done at the apex of the prostate. Once 
completed, this allows for the identifi cation of 
levator ani muscles on the lateral pelvic side wall 
and the lateral and posterior bladder walls medi-
ally. “Defatting” of the prostatic–vesical junction 
can be made with a combination of blunt dissec-
tion and point cautery. Occasionally, an acces-
sory pudendal artery is encountered and should 
be spared. Additionally, once the prostatic–vesical 
junction is cleanly exposed, the bladder neck is 
dissected circumferentially (Fig.  8.5 ) and ligated 
to prevent tumor spillage as it is being dissected 
(Fig.   8.6 ). The bladder is transected at the blad-
der neck and placed in an Endo-catch bag 
(Covidien, Mansfi eld, MA) which will later be 
removed with an extended midline port incision.

        Enucleation of Prostatic Adenoma 
 Following the specimen removal, attention is 
directed toward the prostatic adenoma. Using the 
Harmonic ACE curved shears (Ethicon Endo- 
surgery, Cincinnati, OH), complete, circumferen-
tial enucleation of the prostatic adenoma from its 
capsule is performed with the urethra divided at 
the prostatic apex (Figs.  8.7  and  8.8 ). The device 
is contained within a special carriage produced 
by Intuitive Surgical (Sunnyvale, CA) and is uti-
lized through the right robotic port. Vessels up to 
5 mm in diameter could be coagulated using this 
device, allowing for great hemostasis. The 
Harmonic device allows for relatively bloodless 
enucleation of the adenoma. Following the 
removal of the adenoma, a 20Fr. Foley catheter 
with a 30 cm 3  balloon is inserted and infl ated 
maximally to maintain the pneumoperitoneum 
and to tamponade any venous oozing.

  Fig. 8.5    “Defatting” allows for exposure of the urethro-
vesical junction          

  Fig. 8.6    The bladder neck is being ligated to prevent 
inadvertent spillage as one divides the urethrovesical 
junction       

  Fig. 8.7    Enucleation of the prostatic adenoma with 
Harmonic scalpel       

  Fig. 8.8    Completed enucleation of prostatic adenoma. 
Foley infl ated in the prostatic capsule to maintain pneu-
moperitoneum and to tamponade venous oozing       
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        Urinary Diversion and Urethro- 
Neobladder Anastomosis 
 At this point, a 6-cm midline incision extended 
from the umbilical port is made to remove the 
bladder and prostatic adenoma. A Studer ileal 
neobladder urinary diversion is performed 
 extracorporeally through this incision and then 
placed back within the abdomen after inserting a 
Foley catheter per the penis that is then tied to the 
neobladder. The Foley is retracted and used to 
help guide the neobladder towards the pelvis and 
towards the prostatic capsule. The fascia around 
the ports is tightened with sutures and the midline 
incision is closed around the camera port. 
Pneumoperitoneum is then reestablished and the 
patient is placed in reduced Trendelenburg posi-
tion allowing the neobladder to stay within the 
pelvis. A watertight prostatic capsule–neobladder 
anastomosis is executed robotically using a dou-
ble-armed 3–0 V-loc suture (Covidien, Mansfi eld, 
MA) starting at the 6 o’clock position on the 
prostatic capsule and progressing circumferen-
tially and anteriorly along both sides until the 
anastomosis is complete (Fig.  8.9 ) using the Van 
Velthoven technique. Unlike the classic, urethro- 
neobladder anastomosis, suturing to the prostatic 
capsule is less challenging than suturing to the 
urethral stump due to decreased tension placed 
on the neobladder in order to make it reach the 
pelvis. Once completed, a new 20Fr Foley cath-
eter is placed inside the neobladder and tested for 
watertight anastamosis. A Jackson–Pratt (JP) 
drain is also placed via a 5-mm port.

       Postoperative Care and Follow-Up 
 Postoperative care is similar to that of PC and 
VSRC as described above. The ureteral stents of 
the neobladder are removed at approximately 
POD #10 while JP drain is kept in to drain any 
potential extravasation of urine as a result. 
A pouchogram is performed on POD #14 and if 
no leakage is noted, both the JP and urethral 
Foley catheter are removed subsequently. The 
patient is instructed to perform intermittent cath-
eterization and pouch irrigation as necessary. 
Follow up is dictated by the pathology. Given that 
both the prostatic capsule and urethra are pre-
served and at risk for possible recurrent transi-
tional cell carcinoma and/or prostate cancer, we 
recommend aggressive follow-up every 3 months 
for the fi rst 2 years with H&P, voided urine cytol-
ogy, and blood works (CBC, chemistry, LFTs, 
and PSA). A DRE is performed every 6 months 
during these fi rst 2 years. Abdominal-pelvic 
cross-sectional imaging and chest radiographs 
are dictated by the pathology of the disease and 
standard NCCN  recommendations are followed.   

    Discussion 

 The controversies surrounding PSRC centralize 
around concerns for prostatic involvement by 
transitional cell carcinoma (PI-TCC) and occult 
prostate cancer. In a recent review of literature, 
Autorino et al. [ 40 ] found that the reported 
PI-TCC incidence varied, from as low as 15 % to 

  Fig. 8.9    Prostatic capsule–neobladder anastomosis with 3–0 V-loc suture starting at 6 o’clock ( a ) and progressing to 
12 o’clock ( b ) using Van Velthoven technique       
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as high as 48 %. The majority of these studies 
were retrospective in nature and CIS was respon-
sible for a signifi cant number of these involved 
cases. With the application of stricter selection 
criteria (i.e., no CIS), the incidence of PI-TCC in 
PSRC was probably lower. Wood et al. [ 41 ] retro-
spectively reviewed 84 radical cystoprostatec-
tomy (RCP) specimens and reported a 43 % 
incidence of PI-TCC. Among those involved, 
94 % exhibited disease in the prostatic urethra 
with 67 % of these were caused by CIS. Similarly, 
Richards et al. [ 42 ] examined 96 RCP specimens 
and found that PI-TCC was present in 24 (25 %) 
patients, including 6 patients with only CIS 
involvement. Esrig et al. [ 43 ] reviewed 489 RCP 
specimens for PI-TCC and found an overall inci-
dence of 29.2 % (143 patients). Among these, 30 
patients had CIS of prostatic urethra and 19 
patients had T4 disease where the primary uro-
thelial cancer had extended full thickness through 
the bladder wall to invade the prostate. Lastly, 
Nixon et al. [ 44 ] found PI-TCC in 30 (15.6 %) 
out of 192 RCP specimens. Of those patients 
with CIS of the bladder, 31.3 % (25 of 80) had 
prostatic involvement. 

 When looking at risk factors, many studies 
have found that CIS, multifocal disease, and 
bladder neck involvement are independent risk 
factors for PI-TCC. In Nixon et al. [ 44 ] series, 
34.7 % (25 of 72) of patients with multifocal dis-
ease also had concomitant PI-TCC. Multivariate 
analysis revealed 12- to 15-fold greater risk for 
PI-TCC when CIS or tumor multifocality was 
present. Kefer et al. [ 45 ] found that none of the 
70 patients without CIS, bladder neck involve-
ment, or multifocal disease were found to have 
PI-TCC. Likewise, Pettus et al. reported only 1 
out of 35 patients who did not possess the above 
risk factors was found to have urothelial involve-
ment of prostatic stroma. 

 Regarding the incidence of occult prostate 
cancer on RCP specimens, the reported inci-
dence in the literature also varied widely, rang-
ing from 4 to 60 % [ 40 ]. In an attempt to 
explain these high incidence rates, some 
authors have attributed them to a higher mean 

age of bladder cancer patients and the likelihood 
of diagnostic bias. However, after accounting 
for the diagnostic bias, Chun et al. and 
Kurokawa et al. [ 46 ,  47 ] still found a higher 
incidence of prostate cancer in men with blad-
der cancer compared to the expected incidence 
in an age-, sex-, and race- matched general pop-
ulation. Alternatively, some authors have 
attempted to stratify these occult cancers into 
clinically signifi cant versus insignifi cant dis-
ease. Revelo et al. reported 50 (41 %) out of 
121 specimens had unsuspected prostate can-
cer but only 24 out of these 50 specimens had 
clinically signifi cant disease as defi ned by cri-
teria such as tumor volume (≥0.5 cm 3 ), Gleason 
score (≥4 or 5), extracapsular extension, semi-
nal vesicle invasion, lymph node involvement, 
and positive surgical margins. Similarly, 
Delongchamps et al. [ 48 ] reported the rate of 
occult prostate cancer on RCP specimens to be 
14.2 % (20 out of 141). However, six (30 %) 
were considered insignifi cant disease, based on 
their low grade and microfocal tumor volume. 

 In summary, the reported incidences of 
PI-TCC and occult prostate cancer in the litera-
ture are highly variable. However, with the appli-
cation of stricter selection criteria (i.e., no CIS or 
bladder neck involvement) coupled with surgical 
prudence (i.e., removal of prostatic urethra/ade-
noma), the impact of PI-TCC and occult prostate 
cancer on the patients’ overall survival could be 
minimized.   

    Conclusion 

 Results from contemporary series on PC, VSRC, 
and PSRC are very encouraging. While these sur-
gical variations demonstrate excellent postopera-
tive functional outcomes, concerns raised about 
their long-term oncological effi cacy are valid. It 
is imperative that any surgical modifi cation must 
not compromise the primary objective of a good 
cancer operation in any way. However, in well- 
selected patients, these surgical variations will 
play an important role.  
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    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 The authors describe surgical variations and 
modifi cations with regard to robotic bladder sur-
gery. A robotic approach is not only feasible for 
these modifi cations but also affords a less morbid 
modifi cation than an open procedure. A great 
example is a robotic partial cystectomy. 

 In our practice we have typically performed 
robotic partial cystectomy to patients with benign 
conditions (e.g., symptomatic urachal cyst/sinus) 
or with urachal adenocarcinoma. Urachal adeno-
carcinoma is a focal condition and not character-
ized by a polyclonal fi eld defect changes and 
multiple recurrences characteristic of urothelial 
carcinomas. As such, we do not typically per-
form a partial cystectomy (whether open or 
robotic) for urothelial cancers. However, in ura-
chal cancers and in benign conditions, the robotic 
partial cystectomy, as described in the chapter, is 
an excellent which allows for a precise dissection 
and resection with reduced pain and convales-
cence. We agree that the use of intraoperative 
cystoscopy (and with the TilePro multi-input dis-
play) can facilitate the accuracy of the dissec-
tion—allowing for adequate (but not too wide) 
margins. 

 Vaginal-spring and prostate-sparing approaches 
may also be appropriate in carefully selected 
patients. The decision to perform such modifi ca-
tions should be driven by the pre and intraopera-
tive oncologic fi ndings and should be done with 
very careful patient selection. Furthermore, 
patients must be thoroughly counseled as to the 
potential risks and benefi ts of the procedure. Such 
decisions are irrespective of the surgical 
approach—whether open or robotic. If a vaginal-
sparing or prostate-sparing approach is decided, 
then the robotic technique remains a viable surgi-
cal tool—and the authors describe these approaches 
skillfully. We commonly perform a vaginal-spar-
ing procedure, barring any oncologic contraindi-
cations (discussed in this chapter). Furthermore, 
we have also performed (albeit uncommonly) a 
prostate-sparing cystectomy in carefully selected 

men undergoing the procedure. These men are 
typically those who are young, potent, and highly 
motivated to maintain their potency—often to 
the point of potentially refusing cystectomy. 
Furthermore, they must meet the careful preopera-
tive analysis to reduce the risk of urothelial carci-
noma of the prostate or of prostate cancer    [ 49 ]. 
The Montsouris experience with long-term fol-
low-up has given some level of assurance that 
oncologic outcomes may not be compromised in 
such carefully selected patients [ 50 ].      
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          Introduction 

    Robot-assisted pelvic lymphadenectomy for 
bladder cancer has developed in the past decade 
in the setting of fairly established literature from 
open surgery outcomes that promote the 
extended template method. The practice pattern 
of extended versus more limited templates may 
be inconsistent, but the data from high volume 
centers certainly point to specifi c oncologic 
gains from the former. Therefore, the surgeon 
setting out to learn this technique should con-
sider three key questions for their learning objec-
tives: (1) What is the background of the extended 
template? (2) What are the key anatomic consid-
erations for the extended template from the 
robotic surgery view? And (3) are there remain-
ing concerns about the ability of a robotic sur-
geon to provide high quality retrieval of lymph 
nodes at the time of robot-assisted radical 
cystectomy?  

    Development of the Extended 
Template Pelvic Lymph Node 
Dissection at the Time of Radical 
Cystectomy 

 Approximately 25 % of patients undergoing sur-
gery for muscle-invasive bladder cancer are 
found to have lymph node (LN) metastases at the 
time of surgery [ 1 – 6 ]. The incidence of lymph 
node positivity increases with increasing tumor 
stage with a range of 2–5 % in pT1 tumors, 
16–22 % in pT2 tumors, 34–51 % in pT3 tumors, 
and 41–50 % in pT4 tumors [ 1 – 9 ]. 

 Many authors have contributed to the under-
standing of the lymphatic drainage from the blad-
der, but this was well summarized by Leadbetter 
and Cooper [ 8 ] who described lymphatic drain-
age of the bladder to six distinct areas: (1)the 
lymphatic plexus within the bladder wall, (2) the 
anterior collated lymph nodes (nodes in the peri-
vesical fat and surrounding the bladder), (3) pel-
vic collecting trunks–which are the medial lymph 
nodes of the external iliac and hypogastric lymph 
nodes, (4) regional pelvic lymph nodes which 
included the external iliac, hypogastric and sacral 
lymph nodes, (5) lymphatic trunks to the regional 
pelvic lymph nodes, and (6) the common iliac 
lymph nodes. 

 There has been much controversy over the limits 
of pelvic lymphadenectomy in regard to adequate 
bladder cancer surgery. Whitmore and Marshall 
described the standard lymph node dissection for 
bladder cancer [ 9 ]. In the 1970s, Dretler et al. 
reported the benefi t of  lymphadenectomy with 
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radical cystectomy and found that survival of node 
positive patients improved by lymphadenectomy 
without increasing the morbidity and mortality 
[ 10 ]. Skinner reported in the 1980s a 36 % 5-year 
survival in patients who underwent a “meticulous” 
lymph node dissection [ 3 ]. A limited pelvic 
lymphadenectomy traditionally included dissec-
tion posteriorly to the obturator nerve, anteriorly 
to the external iliacs stopping the proximal dissec-
tion at the bifurcation of the iliac vessels, and dis-
tally to the    arcus tendineus of the pubic bone at 
Cloquet’s node. Historically, the standard lymph-
adenectomy included removal of the lymphatic 
tissue from the obturator region with the limits of 
the obturator nerve posteriorly, external iliac ves-
sels up to the common iliac vessels including tis-
sue from the fossa of Marcille cranially, and 
distally to Cloquet’s node at the arcus tendineus of 
the pubic bone and circumfl ex vein. Extended pel-
vic lymph node dissection has varying defi nitions 
according to high-volume centers which typically 
includes the standard dissection in addition to dis-
section with the cranial limits being the aortic 
bifurcation plus or minus to the inferior mesen-
teric artery and inferior vena cava and posteriorly 
with resection of the hypogastric tissue including 
presacral lymph nodes (Fig.  9.1 ). Some authors 
call the cranial dissection to the IMA and the 

hypogastric regions a super-extended lymph node 
dissection [ 12 ].

   What is considered adequate pelvic lymphad-
enectomy for bladder cancer and is there a thera-
peutic benefi t in LN positive disease? Smith and 
Whitmore demonstrated that the obturator and 
external iliac lymph node regions were the most 
common sites for lymph node metastases at 74 
and 65 %, respectively [ 11 ]. Additionally in this 
study it was found that 19 % of positive lymph 
nodes were along the common iliac chain. This 
was one of the fi rst studies indicating that a stan-
dard lymph node dissection was likely an inade-
quate for removal of regionally involved lymph 
nodes. Leissner et al. performed a study in 447 
patients who underwent pelvic lymphadenec-
tomy and found that there was a statistically sig-
nifi cant survival advantage in patient who 
underwent a more extended lymphadenectomy 
with equal or greater than 16 lymph nodes 
removed [ 5 ]. There was a signifi cant correlation 
between the number of lymph nodes removed 
and the 5-year cancer-specifi c survival in pT1-3 
tumors. In a later multicenter study by Leissner 
et al. that involved 290 patients who underwent 
radical cystectomy with extended pelvic lymph-
adenectomy found that approximately 28 % have 
positive lymph nodes and the percentage of 
metastases at different sites range from 14.1 % in 
the right obturator nodes to 2.9 % in the para- 
caval nodes above the aortic bifurcation [ 6 ]. 
Their analysis found that the incidental LN 
metastases was 21 % for nodes inferior to the 
bifurcation of the common iliac artery and 18.6 % 
at the common iliac and presacral nodes. They 
also showed that 10 % of primary sites of lym-
phatic spread were at the common iliac nose, and 
tumor spread to the contralateral side of the pel-
vic nodes was also found. They also report 
reported that 16.5 % of lymph node positive 
metastases were found between the level of the 
IMA and the aortic bifurcation suggesting the 
necessity for dissection of this region especially 
for the purpose of staging. However, a separate 
study by Zehnder et al. compared the extended 
lymphadenectomy data from Skinner’s series at 
the University of Southern California which 
included superior boundary of the IMA to the 
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IVC       Ao IMA

Exd

Std

Lmd

  Fig. 9.1    Pelvic node dissection templates—limited 
(LMD), standard (Std), and extended (Ext)       
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University of Bern with the boundary being the 
uretero–iliac crossing [ 12 ]. The USC group com-
pared to the University of Bern group had a 
higher number of lymph nodes taken (38 versus 
22,  p  < 0.0001) and a higher incidence of lymph 
node metastases (35 versus 28 %,  p  = 0.02). 
However, patient survival and recurrence was 
almost equivocal between these two large institu-
tions suggesting no additional survival benefi t 
from dissecting more cranial than the level of the 
ureteroiliac crossing at the common iliacs. Thus, 
the cranial extent of the dissection remains con-
troversial in regard to survival. 

 Many authors have made the argument about 
the increased potential for staging with ePLND 
in regard to stratifi cation of patient who may 
need adjuvant chemotherapy after surgery. 
However, to date there is no level I evidence that 
strongly supports adjuvant chemotherapy affect-
ing survival in the postoperative setting. However 
a small retrospective series from Steinberg et al. 
that demonstrated that patients with lymph node 
metastases who received chemotherapy lived six 
times longer than patient who did not receive 
chemotherapy (48 versus 8 months,     p  < 0.0001) 
[ 13 ]. The benefi t of adjuvant chemotherapy 
remains controversial; however, extended staging 
lymphadenectomy may be important for identify-
ing patients at high risk patients for recurrence. 
The incidence of patients with nodal positive dis-
ease likely increases with a total of number of 
lymph nodes removed [ 12 ]. USC popularized the 
concept of lymph node density, which was 
defi ned as the total number of positive lymph 
nodes divided by the total number of lymph 
nodes taken. Lymph node densities greater than 
20 % demonstrated an increased risk of death 
versus patients with a lymph node density less 
than 20 % (17 versus 43 % 10-year recurrence- 
free survival) [ 14 ]. It has been well established in 
the literature that the number of lymph nodes that 
will be reported is dependent on the pathologic 
processing [ 15 – 17 ]. A number of studies have 
demonstrated that increased node counts will be 
reported along with increased positive node 
detection with the increased number of speci-
mens packet sent [ 15 – 17 ]. There is the potential 
concern that extended lymph node dissection 

increases the potential complication rate with 
radical cystectomy. Brössner et al. performed a 
prospective study looking at 92 consecutive 
patients who underwent radical cystectomy with 
46 undergoing a standard LND versus 46 under-
going an extended LND. There was no difference 
in 30-day morbidity between the two groups. The 
extended lymphadenectomy clearly increases the 
operative time; however, this is not translated to 
increase morbidity or mortality in the literature 
[ 18 ]. Nevertheless, the oncologic gains from the 
extended template must be balanced against the 
additional time required that may relate to overall 
anesthetic time and subsequent thromboembolic 
risk, accumulation of lymphoceles, risk for vas-
cular injury, and temporary or permanent lower 
extremity edema.  

    Extended Pelvic Lymph Node 
Dissection Technique: Making 
the Transition with Robot-Assisted 
Platforms 

 Surgical training for robot-assisted radical cys-
tectomy with extended pelvic lymph node dissec-
tion is best rooted in robot-assisted radical 
prostatectomy [ 19 ], fi rst starting with cases that 
require only a limited node dissection and pro-
gressing to an extended template for high risk 
disease. The latter requires an understanding of 
the familiar obturator fossa anatomy in which the 
main task is to retrieve the lymph nodes from 
under the iliac vein from the distal landmark of 
the node of Cloquet and proximally to some-
where near the hypogastric artery. Laterally the 
border is the pelvic sidewall, and inferior is the 
obturator nerve, which must be preserved. From 
observing other surgeons and personal experi-
ence, it is clear that the distal node of Cloquet is 
often visible and fairly easy to obtain but likely 
drains the leg and less often involved with pelvic 
cancers. However the more proximal tissue in 
and around the obturator nerve as is passes lateral 
to the iliac vein is much more diffi cult to retrieve, 
and there is tremendous variability in how persis-
tent surgeons are in working for these lymph 
nodes. These nodes, however, are very close to 
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the hypogastric artery and a common landing site 
for prostate and bladder cancers. 

 Expansion of the template to the hypogastric 
artery zone, as described by Bader et al. [ 20 ] 
requires a more advanced skill set. The obturator 
fossa is fairly avascular, and the main potential 
complication is injury to the obturator nerve from 
blind clipping or errant cutting/coagulating. In the 
hypogastric template, there are multiple fi ne arte-
rial/venous branches from the hypogastric and 
other feeding sources. The surrounding lymph 
nodes will not lift into the specimen until the vas-
culature holding them down is controlled with 
either a bipolar sealant or clip/cut. Furthermore, 
the exposure of the hypogastric artery requires 
some work. The peritoneum over the iliac vessels 
and psoas muscle needs to be divided, and the 
ureter identifi ed and gently pulled medial—gen-
erally in the vicinity of its crossing over the com-
mon iliac artery. Within 3–5 cm of the takeoff of 
the hypogastric artery, the large caliber obliter-
ated artery abruptly turns medial to the bladder. 
The ureter always passes inferior to this land-
mark. In prostatectomy, this artery can be pre-
served, while in cystectomy it must be taken. 
From this point distally, the hypogastric is a com-
plex structure that dives deep within pelvic 
spaces, sending out varied patterns of branches 
medial to the bladder, and distally into the obtura-
tor space—some named structures and some not. 
Dissection along the hypogastric artery at this 
point occurs for a centimeter or two medially and 
would stop at the bladder. Lateral to the hypogas-
tric artery, there is ample lymph node tissue pres-
ent inferior to the obturator nerve all the way to 
the pelvic sidewall. Again, this region is rich in 
small caliber vascular branches requiring effec-
tive seal. In general, one distinct recommendation 
for extended pelvic lymphadenectomy for pros-
tate cancer is to limit the lateral/high dissection to 
the junction between the iliac artery and vein. 
Thus some external iliac nodes are taken, but the 
lateral tissue from the artery to the genitofemoral 
nerve is left alone to decrease the incidence of 
postoperative lower extremity edema. 

 Continued evolution of technique from a pros-
tatectomy to radical cystectomy requires expan-
sion of the template. Based upon Bochner et al.’s 
lymph node mapping study from 2004 [ 21 ], we 

studied our learning curve with this procedure by 
adopting this template: right and left external 
iliac, right and left obturator/hypogastric, right 
and left common iliac, pre-sacral, and para-caval/
para-aortic. This map, therefore consists of six 
paired zones and two midline zones. Initially we 
performed a protocol with robotic e-PLND to all 
zones and during the open diversion performed a 
second look open EPLND. The overall robotic 
times were a median 117 min (range 89–152) and 
retrieved a median of 43 nodes (range 19–63). 
Additional lymph nodes (median 4) were 
retrieved by second look open, but a majority of 
zones were completely cleared (67 %) or retrieved 
non-lymph node tissue (13 %) [ 22 ]. 

    Sequence and Exposure 

 The pelvic lymph nodes can be done fi rst or sec-
ond. Doing them fi rst leaves the urine drainage 
intact longer in the case and can setup the pedi-
cles for the cystectomy as second step. The lymph 
nodes can be organized into 1–2 bags using surgi-
cal to separate the different zones. More recently, 
we have utilized the Anchor Tissue Retrieval 
System (Anchor Products Company, Addison, 
IL, USA), which can be reused, however, limit-
ing the extraction to what can fi t through a port. 
We avoid pulling large amounts of unprotected 
lymph nodes through ports to minimize risk of 
tumor seeding. 

 With a lymph node fi rst approach, it is helpful 
to go ahead and divide the Pouch of Douglas and 
free up the posterior planes. For a nerve-sparing 
case, divide/mobilize the seminal vesicles as they 
will be valuable landmarks for the nerve sparing. 
To start the nodes, divide the peritoneum over the 
medial umbilical ligament and then across the 
iliac vessels and psoas muscle. Leave the midline 
intact so the bladder is easier to expose at the 
pedicles—see Video 9.1 and Fig.  9.2 .

       Instrumentation 

 The robotic surgeon utilizes the monopolar 
 scissors, bipolar Maryland, and in the third arm 
the Prograsp or Cautier. The assistants need a 
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bowel- friendly grasper such as a laparoscopic 
Debaky and the suction. The position of the assis-
tant varies by surgeon preference, however, if 
planning a robotic ileal conduit, the technique 
presented by Castle [ 23 ] calls for a left-sided 
assistant with two 12-mm port access to allow 
ideal stapling angles to the bowel. 

 In terms of dissection style, the monopolar 
scissors is effi cient at dividing tissues and sealing 
very small vessels <2–3 mm. Vessels any larger 
require a bipolar and larger than 5 mm may 
require a clip. Most split/roll lymphatics can be 
simply divided with cautery, however, the proxi-
mal and distal extent of dissection should proba-
bly be clipped to decreased lymphatic collection, 
even though the operation is transperitoneal. 
Cautery use near the obturator nerve will likely 
induce a muscular contraction and should be 
avoided.  

    Vascular Injury 

 Any signifi cant effort to clear an entire zone of 
lymph nodes in the retroperitoneum or pelvis will 
eventually lead to a vascular injury that needs 
repair. The iliac vessels are fairly robust and pli-
able enough to move around for dissection. 
However an errant use of cautery with the tips 
pointed into the vessels will likely cause an 

injury. In general pressure against the vessel to 
the side wall can control it without needing full 
circumferential clamping. It is important to 
recover from the adrenalin surge and carefully 
articulate repair plans with the staff. Specifi cally, 
give very clear instructions as to which instru-
ments will be replaced for suturing and when so 
as to maintain control of the injury. For small 
vein lacerations a 3-0 Vicryl fi gure of eight can 
work. For an artery, 4-0 prolene fi gure of eight. 

 Common locations of injury outside of a cau-
tery injury are near the take off of the external 
iliac artery/vein—especially lateral common iliac 
vein.   

    Extended Pelvic Lymph Node: Zone 
by Zone Description and Video 
Illustration 

    External Iliac Zones 

 This step is a good starting point for e-PLND. 
With the monopolar scissors, split the lymphatics 
down the midpoint of the artery and start another 
division line with the scissors or bipolar down 
the far lateral border over the psoas to the genito-
femoral nerve. As these two lines are split, the 
iliac artery/vein becomes more mobile and can 
be pulled medially to create a sizable groove 

  Fig. 9.2    Division of the peritoneum from the medial umbilical ligament and over the iliac vessels permits identifi cation 
of the ureter and vessels       
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between the vessels and the psoas muscle. 
Continue the dissection down the sidewall. As 
the space is cleared you will see the common 
iliac vein, which can also be retracted medially. 
Deep to this structure, you will see the obturator 
nerve as it passes from under the iliac vein to a 
more lateral position, headed to the sacrum. The 
lymph nodes are attached to varying micro ves-
sels that often originate from the hypogastric 
branches but are heading into the pelvic side 
wall. These micro vessels can be sealed with the 
tips of the bipolar and the lymphatics mostly 

mobilized at this step. Doing the dissection in 
this sequence allows for a large bloc removal 
when you return from the medial approach 
through the obturator fossa. Of note, this most 
proximal nodal tissue that follows the obturator 
nerve often goes on and on and is diffi cult to 
completely clear of lymph and adipose tissue. 

 Once the groove space developed between the 
iliac vessels and psoas is cleared, continue to split 
the tissue in and around the iliac artery, achieving 
a separation between the artery and vein—
Figs.  9.3  and  9.4a, b . This plane is carried back to 

  Fig. 9.3    Identifi cation of the ureter and take-off of the hypogastric artery       

  Fig. 9.4    External iliac zone. ( a ) The lymphatics are split 
down the artery and over the psoas muscle to the genito-
femoral nerve. The common iliac vein is encountered 
( right side ). ( b ) The right common iliac vein is retracted 
medially and the obturator nerve is identifi ed. Lymphatics 

are separated from the many small vessels coming from 
the pelvic sidewall. On the  left side , the common iliac vein 
approaches from a more medial angle and not seen in this 
space as much       
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the common iliac artery. These combined nodes 
can then be extracted at this point. In our pilot 
study [ 22 ], the right external iliac zone took a 
median 11 min (range 7–20) and yielded a 
medina 5 nodes (range 2–8). For the left the time 
was 13 min (range 6–24) and nodal yield 4 (range 
0–8). The range of nodes may vary by sequence. 
If, for example, the obturator packet is dissected 
fi rst, some of the external nodes can easily be 
pulled into this bloc of tissue. By the same token, 
there is no anatomic separation between external 
iliac and common iliac, and these zone have to be 
manually separated.

        Obturator/Hypogastric Zones 

 With the ureter mobilized medially, the hypogas-
tric is cleared of tissue from its origin distally. The 
fi rst major branch encountered will be the obliter-
ated artery, which should be clipped and divided. 
Then the pattern varies with location and number 
of send off vessels into the obturator space versus 
more posteriorly. Often a clear superior vesicle 
artery is seen quickly and can be divided and 
clipped. Remaining tissue medially will often be 
captured in the pedicle dissection. By starting the 
procedure with the external iliac zone, much of 
the lateral obturator zone is freed up and comes 

out en bloc—Fig.  9.5 . The tissue around the 
 proximal obturator nerve was also mobilized and 
the remaining comes out in the obturator zone. 
Most of this zone can be completely cleared with 
the exception of the deepest tissue following dis-
tal hypogastric and the most proximal tissue along 
the obturator nerve. Additional tissue around the 
hypogastric tissue is easy to retrieve when com-
pleting the pre-sacral zone.

   In our pilot study [ 22 ], the right obturator/
hypogastric took a median 21 min (range 11–38) 
and retrieved a median 9 nodes (range 1–18). For 
the left side, the time was 20 min (range 11–29) 
and yield 6 (range 4–19). Figure  9.6  shows a 
post-dissection image of the obturator/hypogas-
tric plane.

       Common Iliac Zones and Pre-sacral 

 Moving higher to the common iliac zones used to 
be a challenge for the standard model robot due 
to the size/mobility of the arms. With daVinci S 
and Si models the access is greater for two rea-
sons: longer instruments allowing higher port 
placement and greater range of motion by the 
arm itself. The exposure takes additional division 
of peritoneum above the location of the ureter 
crossing. The sigmoid colon generally needs 

  Fig. 9.5    External iliac zone. The dissection split contin-
ues in and around the artery creating space between. Once 
completed, this tissue can be sent as its own zone, and the 

dissection proceeds with the obturator/hypogastric. 
The lymphatic tissue seen to the  left  generally falls down 
and comes out en bloc with the obturator lymphatics       
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 specifi c retraction by an assistant instrument or 
third robotic instrument. The lymphatics at the 
takeoff of the external iliac artery can be contin-
ued with split dissection to the point of the aortic 
bifurcation. An additional 3–5 cm of tissue can 
be split and retrieved in the para-caval right side 
and para-aortic left side. At some point, the arms 
lose range of motion. Once the common iliacs are 
split down the middle, the lateral tissue is mostly 
sent of designated as common iliacs—left and 
right. In the space between the common iliac 
artery, the tissue can be retrieved by retracting the 
sigmoid colon left and anterior to the abdominal 
wall. This maneuver with the third robotic arm 
should allow viewing from the aortic bifurcation 
to both sides of the common iliac arteries. The 
tissue between is then retrieved. The left common 
iliac vein will quickly be seen once lymphatics 
removed from the crotch of the aorta. Moving 
distally, the sacral bone is encountered and the 
tissue connects all the way back to the take off of 
the hypogastric artery. Moving back to the left 
side, the colon is push up and right, and the space 
connected in and around the left common iliac 
artery. Of note, the spaces around the lateral com-
mon iliac artery will often contain very friable 
common iliac vein branches that are hard to con-
trol if avulsed. Ideally, identify them early and 
seal them properly. Otherwise, packing with sur-
gicel may be required.   

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 There are few things that will generate more 
emotion in the world of urological oncology than 
the debate regarding the adequacy of a robot- 
assisted pelvic lymphadenectomy. With the 
understanding that a complete pelvic lymphade-
nectomy may be curative in upwards of 30–40 % 
of cases, it is key that a thorough and complete 
lymphadenectomy is performed during RARC. 
The published literature currently supports that 
the numbers of lymph nodes removed and inter-
mediate oncologic outcomes of RARC are equiv-
alent to the open procedure (see **Chap. 14). In 
order to achieve this, it is key to adhere to the 
principles outlined in this chapter. Specifi c steps 
such as creating the space lateral to the external 
iliac vessels often referred to as the “Space of 
Marcille” as well as meticulous dissection of the 
lateral aspect of internal iliac artery posterior to 
the obturator nerve will allow the surgeon to 
complete a thorough pelvic lymphadenectomy. 
Extending the proximal extent past the common 
iliac vessels is based on surgeon preference. The 
benefi ts of the pneumoperitoneum will allow for 
great visualization as venous ooze is kept to a 
minimum. From a complication standpoint, one 

  Fig. 9.6    Obturator/hypogastric zone. The obturator space clears easily due to the previous external iliac dissection. 
The dissection proceeds down the hypogastric artery and then laterally under the obturator nerve to the side wall       
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consideration is aberrant electrical energy from a 
compromised sheath on the monopolar scissors 
which has been described as well as “off screen” 
vascular injuries by the assistant. Keeping all of 
these considerations in mind, most surgeons who 
have undertaken robot-assisted pelvic lymphad-
enectomy agree that the robot in and of itself is 
not a deterrent to performing an equivalent and 
thorough lymphadenectomy. In fact, many 
believe that they may even be performing a more 
complete dissection today than they ever did 
before in their open cases.       
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           Introduction 

 The purpose of this chapter is to provide a step-
by- step approach to the different extracorporeal 
urinary diversions that may be performed in the 
setting of robot-assisted radical cystectomy 
(RARC). Recent reports indicate comparable 
results to open surgery with regards to intermedi-
ate-term oncological outcomes and extent of pel-
vic lymph node dissection [ 1 ,  2 ]. However, 
operative times are one of the main obstacles that 
hinder wide-spread acceptance of RARC. 
Extracorporeal urinary diversion with RARC 
provides a method of reconstruction that mirrors 
that of open surgery with regards to operative 
times [ 3 ]. Complication rates and functional out-
comes with extracorporeal urinary diversion also 
appear comparable to open series [ 4 – 6 ]. 

 We will discuss in detail the extracorporeal tech-
niques of a Studer orthotopic neobladder, Indiana 
pouch continent cutaneous urinary diversion, and 
ileal conduit urinary diversion. At our institution, 

we have performed more than 250 RARCs. All 
urinary diversions were performed extracorpore-
ally and the majority were continent urinary 
diversions. We describe our technique that fol-
lows a common template, which can be applied 
to all types of urinary diversion. 

 We fi rst describe the technique of the Studer 
orthotopic neobladder. This is the most techni-
cally diffi cult of the three diversions because 
there are more maneuvers required to adapt it to 
robotic surgery and because the robot needs to 
be re-docked. The Indiana pouch and ileal con-
duit techniques are simpler variations of the 
same basic template. The port site placement 
used for the cystectomy portion and referenced 
later in this chapter has been previously 
described [ 7 ].  

    Studer Orthotopic Neobladder 

 The extracorporeal Studer neobladder tech-
nique is best described in three stages; steps 
performed prior to undocking the robot, steps 
performed while the robot is undocked, and 
steps performed after the robot is re-docked. 

    Steps Performed Prior to Undocking 
the Robot 

 During the course of the radical cystectomy, there 
are a number of maneuvers that facilitate the cre-
ation of the neobladder. We typically divide our 
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ureters early in the operation. The ureters are 
divided between extra large Weck Hem-o-lok ®  
clips. The clips have a pre-tied 8 cm dyed or 
undyed suture to denote left and right. The clips 
are placed on the ureter through the right iliac 
12 mm bedside assistant’s port in a right to left 
orientation. This allows us to identify any twists 
in the ureter at the time of the ureteroileal anasto-
mosis. The ureteral sutures are placed aside, out 
of the operative fi eld, during the completion of 
the cystectomy. 

 As the urethra is divided, we place a 9 in. 2-0 
Vicryl™ (Ethicon, New Brunswick, NJ) suture, 
on RB-1 needle, at the 6 o’clock position of the 
urethra that will be used for the fi rst stitch in the 
urethral anastomosis. The needle is set aside in 
the retropubic fat so that it can be easily found 
when the robot is re-docked for the anastomosis. 

 Once the cystectomy and lymph node dissec-
tion are complete, there are a small number of 
fi nal steps performed prior to undocking the 
robot. The left ureter is brought under the sig-
moid mesentery by guiding the attached suture 
with a laparoscopic grasper. An 8-cm silk stitch 
is placed in the terminal ileum to allow for quick 
identifi cation though the small midline incision. 
A 16 Fr red Robinson catheter with an 8-cm silk 
suture pre-tied to the end is placed in the urethra. 
The catheter will later be sutured to the neoblad-
der to serve as a handle for the assistant to bring 
the assembled neobladder down into the pelvis. 
The two ureteral sutures, the ileal suture, and the 
red Robinson suture are then placed into the 
assistant’s laparoscopic grasper by the console 
surgeon. This allows for all four of the compo-
nents to be readily available for the urinary diver-
sion when the robot is undocked and the midline 
incision is opened.  

    Steps Performed After Undocking 
the Robot 

 The robot is undocked but kept sterile as it will be 
used for the urethral anastomosis. Insuffl ation is 
turned off and all port sites are kept in place with 
the exception of the midline port. We keep the 
patient in Trendelenburg position to keep the 

small bowel out of the way during the neobladder 
construction. The midline incision is extended 
inferiorly 6–8 cm and the specimen is extracted 
using an Endo Catch™ II 15 mm specimen pouch 
(Covidien, Mansfi eld, MA). The use of the speci-
men bag serves to preserve the intact specimen 
and to also facilitate using a smaller incision. 
While the specimen can be removed through a 
generally smaller incision, 6 cm is approximately 
the smallest incision that allows us to place the 
constructed neobladder back into the abdomen. 

 The laparoscopic grasper holding the sutures 
on the ureters, ileum, and urethral catheter is 
brought out through the midline incision. The 
ureters are placed in their correct anatomic orien-
tation, using both visual and manual evaluation to 
check for twisting or crisscrossing of the ureters. 

 The ileum is then brought out through the 
incision to create the ileal neobladder. For ortho-
topic diversions, we prefer a low pressure ileal 
reservoir as described by Studer, however, this 
technique will also accommodate most other 
types of orthotopic diversion [ 8 ]. 

 Prior to the construction of the reservoir, 
bowel continuity is restored by means of a sta-
pled anastomosis and the mesenteric trap is 
closed. 

 We isolate a 60 cm segment of distal ileum 
beginning 15 cm proximal to the ileocecal valve. 
We prefer to discard a 5 cm segment of ileum 
proximally to afford us better mobility of the 
neobladder down to the urethra and farther from 
the bowel anastomosis (Fig.  10.1 ). The neoblad-
der is constructed in the exact manner as would 
be done open.

   Once the neobladder is complete, we estimate 
the most dependent portion where we think the 
urethra will be anastomosed. We place a dyed 0 
Vicryl™ fi gure-of-eight suture at the estimated 
6-o’clock portion of the neourethra that will be 
used as a handle by the console surgeon’s fourth 
arm using a ProGrasp™ forceps (Fig.  10.2 ). An 
additional suture is placed in the same position 
and sutured to the red Robinson catheter that is in 
the urethra. This acts as an additional handle for 
the bedside assistant to help bring the neobladder 
down into the pelvis. An undyed Vicryl™ is 
placed at the 12-o’clock portion of the neourethra 
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to give the console surgeon better orientation of 
the pouch and to provide an additional handle 
with which to manipulate the pouch.

   The neobladder is then placed into the pelvis 
with only the afferent limb and bilateral ureters 
exposed at the midline incision (Fig.  10.3 ). 
A medium-sized Alexis ®  Wound Protector/
Retractor (Applied Medical, Rancho Santa 
Margarita, CA) is used to improve exposure for 
the uretero–ileal anastomoses.

   The ureters are once again reinspected to 
ensure they are oriented in their correct anatomic 
positions. Each ureter is then spatulated and 
 individually sewn in a Bricker end-to-side fash-
ion with interrupted 4-0 Vicryl™ sutures. Each 

  Fig. 10.1    The 6-cm incision provides excellent exposure of small bowel for neobladder reconstruction       

  Fig. 10.2    The neobladder is completed with the 6 and 12-o’clock sutures placed at the site of the anticipated 
neourethra       

  Fig. 10.3    The completed neobladder is placed back into 
the abdomen, leaving only the ureters and afferent limb 
exposed for the uretero–ileal anastomoses       
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 uretero–ileal anastomosis is stented with an 8Fr 
feeding tube that is brought out through an open-
ing in the afferent limb and beside the right para-
median robotic port. The feeding tubes are 
secured at the afferent limb with a 3-0 plain gut 
purse string suture. 

 The midline incision is then closed to the level 
of the camera port site. We utilize four preplaced 
interrupted size 1 polypropylene sutures at the 
superior aspect of the incision where the camera 
port is replaced. We are then able to tie down one 
or two of the interrupted sutures with the port in 
place to ensure an airtight seal for re-insuffl ation. 
The use of an AirSeal ®  Access Port (Surgiquest, 
Milford, CT) also helps facilitate adequate 
 insuffl ation after re-docking. The robot is then 
re-docked.  

    Steps Performed After Re-docking 
the Robot 

 The urethral anastomosis is performed roboti-
cally using either a 0 or 30° down lens. We fi rst 
inspect the uretero–ileal anastomoses to ensure 
they are lying in their correct orientation. 

 The redundant sigmoid colon is moved out of 
the pelvis. The neobladder is then brought down 
into the pelvis by the console surgeon using the 
preplaced 6-o’clock Vicryl™ handle and the 
fourth arm. The assistant can aid in the maneuver 
by placing gentle traction on the red Robinson 
catheter that is also attached to the 6-o’clock 
position of the neobladder. 

 Occasionally, the neobladder does not com-
pletely reach the urethra, creating tension at the 
anastomosis. Two maneuvers can be employed to 
decrease this tension. The fi rst is simply perineal 
pressure. The second is to undock the robot, min-
imize the Trendelenburg, and re-dock the robot. 

 The site of the urethral anastomosis on the 
neobladder is opened using a robotic shear. This 
site is determined by choosing an area where the 
opening is well visualized and easy to work with. 

 Using the 2-0 Vicryl™ suture that was pre-
placed at the 6-o’clock position of the urethra at 
the time of the urethral division, we begin the 
urethral anastomosis by re-approximating the 

urethral plate with a simple interrupted suture. 
The anastomosis is then continued and completed 
by running two interlocked 3-0 V-Loc™180 6 in. 
sutures bilaterally to meet at the 12 o’clock posi-
tion where the sutures are tied. Special attention 
is given to cinching down on the V-Loc™ suture 
after each complete pass through the urethra and 
neobladder in order to ensure a watertight 
anastomosis. 

 The completed anastomosis is tested by irri-
gating the neobladder with 60–120 ml of normal 
saline. Any visible area of extravasation from 
either the neobladder or the anastomosis is rein-
forced with an additional 3-0 Vicryl™ suture. 
A new two-way 18F hematuria catheter is placed 
into the neobladder to gravity drainage. 

 A closed suction drain is placed through the 
left paramedian robotic port and placed over the 
urethral anastomosis and adjacent to our uretero–
ileal anastomoses. The drain and stents are 
secured with sutures. The robot is then undocked. 
The closure of the midline incision is completed 
with the preplaced polypropylene sutures. The 
stents are cut 5 cm from the skin and placed to 
gravity drainage using a urostomy drainage bag, 
and the skin incisions are closed.   

    Indiana Pouch Continent Cutaneous 
Catheterizable Reservoir 

 With the Indiana pouch, minimal steps are 
required prior to undocking the robot. As with 
the neobladder, the ureteral sutures are secured 
with a laparoscopic grasper through the right 
iliac port. 

 We undock the robot but keep the abdo-
men insuffl ated with all ports in place. The 
Trendelenburg is decreased and the table tilted 
left as far as possible. Using our existing port 
placements, we use a conventional laparoscopic 
technique to mobilize the right colon and hepatic 
fl exure. 

 The table is then leveled, the ports are 
removed, the midline camera incision is extended 
inferiorly 7–8 cm, and the specimen is removed. 
This incision is larger than the incision made for 
the neobladder because the pouch tends to be 
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 bigger and this also allows us better exposure for 
the uretero–colonic anastomoses. In obese 
patients, the size of this incision may need to be 
further increased to optimize exposure. 

 We isolate the 15 cm of proximal ileum along 
with 31 cm of right colon (Fig.  10.4 ). The avascu-
lar plane of Treves is divided to allow mobility to 
our stomal segment. Bowel continuity is then 
reestablished using a side-to-side ileal–colic sta-
pled bowel anastomosis. The mesenteric trap is 
then closed.

   We perform a modifi ed Indiana pouch as 
described by Ahlering et al. but this technique 
can be adapted to most continent catheterizable 
pouches [ 9 ]. Once the Indiana pouch is com-
pleted, it is replaced into the abdomen with the 
right-sided suture line oriented downward toward 
the pelvis. This allows for the most tension free 
uretero–colonic anastomoses while keeping the 
mesentery to the Indiana pouch stoma in its cor-
rect anatomic position. The ureters are then anas-
tomosed separately, using a Bricker end-to-side, 
spatulated anastomosis with interrupted 4-0 
Vicryl™ sutures. Each ureteral anastomosis is 
stented with an 8 Fr pediatric feeding tube. The 
stents are secured at an opening in the Indiana 
pouch with a 3-0 plain gut suture and brought out 
through the right iliac port site. 

 We use a 24 Fr Malecot catheter as a suprapu-
bic catheter that exits out the most superior aspect 
of the Indiana pouch and is brought out through 

the assistant’s epigastric port site. The suprapubic 
tube is secured to the anterior abdominal wall in 
a Stamm fashion. The right paramedian robotic 
port site is then used as the stoma location, pro-
vided it is traversing the rectus abdominis. If the 
suprapubic port site is too high, it can distract and 
place tension on the ureteral anastomoses. In this 
situation, we use the right paramedian robotic 
port site for the suprapubic tube, and create a 
separate more inferior opening for the stoma. 
Once the ileal segment of the Indiana pouch is 
delivered through the fascia and subcutaneous 
tissue, it is trimmed at the level of the skin, to 
minimize redundancy, and matured to the skin 
with interrupted 3-0 Vicryl™ sutures. 

 The stents are secured at the skin with a suture 
and placed to a urostomy gravity drainage bag. The 
Malecot catheter is placed to gravity drainage and a 
closed suction drain is placed along the pouch and 
adjacent to our uretero–colonic anastomoses and 
brought out through the left paramedian robotic 
port site. The stoma is dressed with a petroleum 
dressing and not cannulated until the time of pouch 
training. The midline incision is then closed.  

    Ileal Conduit Urinary Diversion 

 Prior to undocking the robot, as with the neoblad-
der, the ureteral and ileal sutures are secured on a 
laparoscopic grasper through the right iliac port. 

  Fig. 10.4    An 8-cm midline incision allows excellent exposure of the right colon and terminal ileum for Indiana pouch 
construction. Here the ileal–colic anastomosis is completed and the mesenteric trap closed       
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The ports are then removed and the midline 
 camera port site is extended 4–5 cm. This inci-
sion can be smaller since it does not have to 
accommodate a pouch. The specimen is removed 
and the ureters and ileum are brought out through 
the incision and oriented. 

 We isolate our distal ileal segment in the con-
ventional open fashion, discarding an additional 
5 cm segment of ileum proximally to give us 
additional mobility of the afferent aspect of our 
conduit. Bowel continuity is reestablished with 
an ileal–ileal, side-to-side stapled anastomosis. 

 Our uretero–ileal anastomoses are performed 
using a Bricker end-to-side spatulated anastomo-
sis bilaterally. We mature the stoma and place our 
closed suction drain into the pelvis and adjacent 
to our uretero–ileal anastomoses. Our stents are 
brought out through the stoma and secured with a 
suture. The midline incision is then closed.  

    Postoperative Care 

 Patients are placed on Alvimopan prior to the 
induction of anesthesia and continued on this 
postoperatively until fi rst bowel movement. 
Nasogastric tubes are removed at the end of sur-
gery or on the morning of postoperative day 1. 
Clear liquid diets are started with the resumption 
of fl atus. Patients are discharged home when tol-
erating a regular diet. The closed suction drain is 
typically removed at the time of discharge if out-
puts stay at or below 200 ml/8 h. 

 For the continent diversions, a pouchogram is 
obtained at 3 weeks after surgery and the urinary 
or suprapubic catheter and stents are removed if 
no extravasation is identifi ed. A renal ultrasound 
is obtained 6 weeks after stent removal as a base-
line evaluation of the upper tracts.  

    Advantages and Disadvantages of 
Extracorporeal Urinary Diversion 

 The key advantage of extracorporeal urinary 
diversion compared to the intracorporeal tech-
nique is the utilization of open suturing. This 
results in a shorter learning curve, operative times 
comparable to open procedures, less time under 

general anesthesia for the patient, and ultimately 
less cost. Other advantages include minimizing 
fecal contamination of the peritoneal cavity and 
minimizing surgeon fatigue. 

 The main disadvantage of the extracorporeal 
urinary diversion is the need for a larger incision 
(typically ranging from 5 to 8 cm) which can lead 
to poorer cosmesis and theoretically a higher 
pain medication requirement. Another potential 
problem cited with the extracorporeal technique 
is impaired tissue orientation/positional distor-
tion and the need for considerable mobilization 
of the ureters, both of which may contribute to 
ischemia and possible ureteral stricture. Other 
disadvantages include increased evaporative fl uid 
loss and external bowel manipulation, both of 
which may contribute to ileus.  

    Complications and Outcomes 

 As the technique of RARC matures, we are see-
ing complication rates at least comparable to 
open surgery [ 1 ,  2 ,  4 ]. However, there is a paucity 
of data looking at functional outcomes with 
extracorporeal orthotopic and cutaneous conti-
nent urinary diversion in the RARC setting. We 
evaluated 49 patients undergoing an extracorpo-
real orthotopic Studer neobladder and found a 
78 % daytime continence rate at 1 year [ 6 ]. In our 
evaluation of 34 patients undergoing extracorpo-
real Indiana pouch urinary diversion, 33 (97 %) 
patients achieved complete continence [ 5 ]. While 
the data is still limited, it appears that both com-
plications and functional outcomes with extra-
corporeal urinary diversion are comparable to 
open techniques.  

    Conclusion 

 The extracorporeal urinary diversion technique 
provides an effective and smooth transition from 
open radical cystectomy to the labor-intensive 
technique of RARC. We expect that with refi ne-
ments in technology and surgical technique, 
complication rates and functional outcomes will 
continue to improve upon existing open surgical 
standards.  
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    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 In most cases of radical cystectomy, it is the 
urinary diversion that is the source of the major-
ity of postoperative complications. This applies 
to both open and robot assisted approaches. 
Consequently, the choice and technique of uri-
nary diversion is one of the more critical aspects 
of the procedure, especially considering that the 
implications of the potential complications can 
offset any benefi t that a minimally invasive 
approach may offer. Many experienced RARC 
surgeons have experimented with various modifi -
cations to the steps of extracorporeal urinary 
diversion, particularly for orthotopic neobladder. 
The one potential complication that must always 
be on the surgeon’s mind is the potential for ure-
tero–ileal anastomotic stricture. It is this compli-
cation that has been observed by surgeons early 
in their experience. Respecting the vascular sup-
ply of the ureters around the common iliacs and 
minimizing the tension of the left ureter have 
become two of the most important aspects of 
extracorporeal urinary diversion. Many of us 
have even progressed to making the  extraction 
incision much larger that when we fi rst started in 
order to allow us to work “in the retroperito-
neum” in order to be able to do less mobilization 
of the ureters and cut back on the distal ends. The 
overall benefi ts of a minimally invasive surgery 
are not lost by making the fi nal extraction inci-
sion 4–6 cm larger. These are but a few examples 
of modifi cations that have been  developed 

 throughout the evolution of robot-assisted radical 
cystectomy and extracorporeal urinary diversion 
and we expect many more to come as surgeons 
become more facile with the procedure.      
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          Introduction 

 Open radical cystectomy with pelvic lymph node 
dissection and urinary reconstruction is still con-
sidered as gold standard treatment in muscle- 
invasive bladder cancer [ 1 – 3 ]. Despite signifi cant 
improvements in morbidity and mortality as well 
as in functional results in recent years, the proce-
dure is associated with substantial early and late 
complications [ 4 – 6 ]. The adoption of minimally 
invasive surgery in attempt to reduce morbidity in 
radical cystectomy started with the fi rst laparo-
scopic radical cystectomy in 1992 [ 7 ]. It was not 
until the introduction of robot-assisted surgery 
that larger series were presented [ 8 – 16 ]. When 
performing robot-assisted radical cystectomy 
(RARC), most centers perform the extirpative 
part (cystectomy and lymph node dissection) 
intracorporeally and the reconstruction of the uri-
nary canal extracorporeally. In an attempt to further 

reduce morbidity and reduce hospital stay, some 
centers have developed techniques for intracor-
poreal urinary diversion [ 17 ,  18 ]. Potential addi-
tional benefi ts are less incisional pain, decreased 
bowel exposure and risk of wound rupture, pres-
ervation of blood fl ow in the distal ureters due to 
the intracorporeal anastomosis, and decreased 
risk of fl uid imbalances.  

    Preparation 

 There are no specifi c preoperative preparations 
necessary other than those for robot-assisted rad-
ical cystectomy. The one change that may be 
employed is placement of the bedside assistant 
on the left side of the patient. This is particularly 
important for passing the endovascular stapler 
during the bowel work. The stoma site is marked 
preoperatively. As for every minimally invasive 
procedure, the patient is informed of the risk of 
conversion to open surgery. In our institutions we 
do not use any bowel preparation other than 
“nothing by mouth” the night before surgery. Of 
course, if there are extenuating circumstances 
such as a history of radiation, multiple previous 
surgeries, or a history of problems with constipa-
tion, a mechanical preparation can be employed. 
The patient is in 30° of Trendelenburg throughout 
the whole procedure. In rare cases, the amount of 
Trendelenburg may need to be decreased during 
if the bowel retracts too far proximally in the 
abdomen.  
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    Instruments and Equipment 

 Besides the standard robotic instruments for 
RARC, the Small Grasping Retractor (Intuitive 
Surgical, Sunnyvale, CA) is very helpful when 
performing the bowel work. The Cadière 
Forceps are an alternative but care should be 
taken not to injure the bowel since they have a 
higher closing pressure. A 15-mm laparoscopic 
port is used as the lateral left port allowing the 
large specimen retrieval bag to pass as well as 
for the stapling of the bowel. The third robotic 
metal port can easily be inserted through this 
port when the third robotic arm is used on the 
left side. Laparoscopic staplers are used for iso-
lation of the ileal conduit and reestablishment 
of the bowel continuity. The cartridges should 
be for small bowel/vasculature. A pre-cut 15 cm 
or 20 cm suture will be used for measuring the 
bowel. Two 8 French baby-feeding tubes 55 cm 
long are used as ureteral stents. Alternatively, 
standard 90 cm single J urinary diversion stents 
can be used. They are fi xed to the bowel mucosa 
at the level of the stomal end with absorbable 
suture. One extra 12 mm laparoscopic port and 
a laparoscopic Babcock grasper are used to 
catch the distal part of the conduit through the 
abdominal wall at the end of the procedure. For 
a list of instruments and supplies please refer to 
Table  11.1 .

       Surgical Technique: Step-by-Step 

    Preparation of the Left Ureter 

 The left ureter is tunneled under the sigmoid 
mesentery to the right side (Fig.  11.1 ). It is 
important to create a suffi cient opening in the 
mesentery to avoid kinking of the ureter. The left 
and right ureter are then held together with an 
extra large Hem-o-Loc ®  clip (Weck Surgical 
Instruments, Telefl ex Medical, Research Triangle 
Park, NC). This step makes it easier to fi nd the 
ureters after the bowel work.

       Bowel Identifi cation 
and Anastomosis 

 Fifteen to twenty centimeters of the distal 
ileum are isolated, leaving at least 15 cm to the 
ileocecal valve. The bowel is divided using a 
60-mm laparoscopic stapler with a cartridge 
for small bowel/vasculature (Fig.  11.2 ). By 
using a vascular load (red color) the small ves-
sels of the mesentery are easily controlled 
along with division of the bowel segment. The 
assisting surgeon is performing the stapling 
through the 15-mm port from the left side of 
the patient. Care is taken to fi re the stapler per-
pendicular to the bowel into the mesentery. In 

   Table 11.1    List of instruments and supplies   

 Robotic 
  Cadière forceps 
  Small grasping retractor 
 Additional 
  Pre-cut suture (15–20 cm) 
   Endovascular stapler with vascular and small bowel 

loads—60 mm 
  Laparoscopic babcock 
  4-0 absorbable monofi lament suture 
  4-0 equivalent barbed suture ( optional ) 
   Urinary diversion stents (Single J) or eight French 

feeding tubes   Fig. 11.1    Passing the left ureter through the window in 
the mesentery       
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some cases, having tags on the bowel for 
retraction by the third robotic arm is helpful. It 
is important to achieve suffi cient length at the 
distal incision in order not to have the bowel 
anastomosis too close to the stoma. The bowel 
continuity is restored using the same stapler 
with a small bowel load (blue color). The sta-
pler is passed through the cut corners on the 
antimesenteric side of the staple lines of the 
distal and proximal ends of the ileum 
(Fig.  11.3 ). The anastomosis is performed in a 
“side-to-side” fashion with the antimesenteric 
part facing each other (Fig.  11.4 ). An addi-
tional transverse fi ring of the stapler is used to 
close the open ends of the ileal limbs—similar 
to what is done in open cases with an open gas-
trointestinal stapler. It is important to be gentle 
on the bowel serosa with all of the robotic 
instruments as inadvertent serosal tears can be 
encountered with tools such as the robotic nee-
dle drivers and robotic graspers.

         Ureteroileal Anastomosis 

 The distal staple line of the conduit is cut away 
and two separate openings in the proximal part, 
for the ureteral implantation, are created 
(Fig.  11.5 ). At our institution we prefer the sepa-
rate Nesbit (Bricker) implantation but using the 
Wallace plate is also an option. The ureters are 
secured with the third arm and a ProGrasp™ and 
spatulated approximately 2 cm. The anastomosis 
between the ureters and the proximal part (butt 
end for Wallace) of the conduit is carried out 
using two 4-0 monofi lament running sutures, one 
at each side of the ureter (Fig.  11.6 ). A slipknot is 
preferably used when fi rst approximating the ure-
ter and bowel. More recently, barbed sutures have 
become available. Some surgeons are using the 
4-0 equivalents for the ureteroileal anastomoses. 
Ensuring a watertight anastomosis visually is 
important since it is diffi cult to “test” the anasto-
mosis robotically as one would do open.

  Fig. 11.2    Isolating the bowel segment       

  Fig. 11.3    Excising the antimesenteric corners of the sta-
ple line in preparation of passing the stapler       

  Fig. 11.4    Performing the side-to-side bowel anastomosis       

  Fig. 11.5    Creating the enterotomy for the anticipated 
ureteroileal anastomosis       
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    Before completing the ureteroenteric anastomo-
sis, the baby-feeding tubes (or single J urinary 
diversion stents) are pushed up to the kidney pelvis 
and secured at the bowel mucosa with absorbable 
suture. Two baby-feeding catheters each 55 cm are 
inserted through the right assistant port and pulled 
through the ileal segment. The passage of the stents 
can be challenging and coordination between 
the assistant and the surgeon is key (Fig.  11.7a, b ). 

The surgeon must be careful to estimate the distance 
to advance the stents as haptic feedback is not 
available to know once the kidney is reached. In 
most cases, passing 20 cm (approximately four 
lines on marked stents) is suffi cient.

       Creation of the Stoma 

 The robot is then undocked with the ports still be 
in place. A drain is inserted through the second 
robotic port on the left side. The stoma is then 
constructed at its appropriately marked location. 
The skin and underlying fat are removed and the 
fascia is incised like a cross (cruciate incision). 
The muscle is separated and a 12-mm laparo-
scopic port is pushed through peritoneum still 
having pneumoperitoneum (Fig.  11.8a ). A lapa-
roscopic Babcock is used through the laparo-
scopic port to grab the distal part of the conduit 
and pull it through the abdominal wall (Fig.  11.8b ).   Fig. 11.6    Creating the ureteroenteric anastomosis       

  Fig. 11.7    ( a ) Passing the stents; ( b ) pulling through the stents       

  Fig. 11.8    ( a ) Creating the stoma site; ( b ) pulling the conduit through the stoma site with a laparoscopic babcock       
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The stoma is then everted and sutured to the skin 
(Fig.  11.9 ). Alternatively, the bowel can be passed 
to the stoma site through the infraumbilical 
extraction incision once the bladder is removed.

         Results 

 Some authors have successfully completed total 
intracorporeal ileal conduit with a mean opera-
tive time of 11.5 h [ 19 ]. However, a more recent 
publication reports decreasing operative times [ 18 ]. 
In experienced hands, performing intracorporeal 
ileal conduits takes approximately 1.5–2 h in 
addition to the time required for the extirpative 
part of the procedure. Although results are short 
term in most reports, the overall consensus is that 
it is feasible and safe in the hands of surgeons 
experienced at robot-assisted radical cystectomy. 

 At our institution we intend to perform every 
cystectomy robotically with intracorporeal uri-
nary diversion, both ileal conduit and ileal neo-
bladder. Listed in Table  11.2  are unpublished 
results from our consecutive unselected series of 
intracorporeal ileal conduit.

       Conclusion 

 With time and increased experience, operative 
times, functional results, and complications will 
continue to improve. Selection of appropriate uri-
nary diversion following robot-assisted radical 
cystectomy in the form of intracorporeal or extra-
corporeal approach needs further studies. At this 

point in time, intracorporeally performed urinary 
diversion may be recommended only in the hands 
of experienced surgeons at high-volume centers.  

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 As experience with RARC continues to spread 
throughout the urologic community, many sur-
geons who have mastered the cystectomy with 
extracorporeal diversion are transitioning to 
intracorporeal diversions. While there may be 
concern with the added time it may add, there are 
some signifi cant benefi ts to an intracorporeal 
ileal conduit. One of the more important potential 
benefi ts is the decreased traction and tension on 
the ureters during the ureteroileal anastomosis. 
There have been some anecdotal reports among 
RARC surgeons during their early experience of 
ureteroileal strictures. This is likely due to trac-
tion and over mobilization of the ureters that is 
often a consequence early on in experience with 
extracorporeal diversion. By performing the 

   Table 11.2    RARC with ileal conduit results (Herlev 
University Hospital Copenhagen, Denmark—unpublished)      

  N  = 69 
 Female—18 
 Male—51 
 Age: 68 (47–81) 
 Salvage procedures: 12 (after radiation and/or 
chemotherapy) 
 EBL: 250 ml (50–3,700) no intracorporeal more than 
700 ml (including cystectomy and lymph node 
dissection) 
 Conversion to open sugery: 8 pts (11.6 %) 
 OR-time: 287 min (155–517) ( skin to skin ) 
 Complications according to the Clavien system [ 20 ] 
 Clavien score 
 0  28 pts 
 1  13 pts 
 2  10 pts 
 3a  5 pts 
 3b  12 pts 
 4  1 pts 
 5  0 pts 

  Fig. 11.9    Maturation of the stoma       

 

11 Robot-Assisted Intracorporeal Ileal Conduit



116

anastomoses in the retroperitoneum, many feel 
that this decreases on the risk of stricture. 

 There are some key points to consider when 
starting with intracorporeal ileal conduit creation. 
Firstly, the assistant should be situated on the left 
side as this provides the best angle for stapling 
the ileum. Secondly, make the anticipated con-
duit segment at least 20 cm long as one can 
always cut back on a long conduit but one too 
short can pose problems during maturation of the 
stoma. Thirdly, the surgeon may want to undock 
the robot and take the patient 15–20° out of 
extreme Trendelenburg if the bowel is not drop-
ping into the fi eld of view adequately. Finally, 
passing the diversion stents may be a challenge 
and we have found that passing the assistant 
instrument from the anastomosis end to the sto-
mal end to grasp the stent and pull through in 
order to pass up into the ureter seems to provide 
the best angle. One should also secure the stent to 
the stomal end after passing it in order to avoid it 
falling out when trying to develop the stoma.       
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           Introduction 

 We are in the verge of celebrating the tenth anni-
versary of robot-assisted radical cystectomy 
(RARC) with urinary diversion (UD) [ 1 ] and it 
seems that this operation is successfully follow-
ing the footsteps of robot-assisted radical prosta-
tectomy. Even though the EAU Guidelines 2012 
still consider this operation as experimental due 
to the lack of large prospective trials [ 2 ], many 
centers are reaching an adequate number of 
approximately 50 RARCs per year to be fi nally 
considered as centers of excellence, achieving 
improved postoperative outcomes, including 
decreased mortality, shorter length of hospital 
stay, and lower rehospitalization rates [ 3 ]. Till 
2011, as reported by the database of the 

International Robot-Assisted Cystectomy 
Consortium (IRCC), which is a panel of the most 
experienced surgeon in the fi eld worldwide, 
approximately 800 RARCs have been 
performed. 

 UD with formation of an orthotopic ileal neo-
bladder is probably the most technically chal-
lenging procedure in urology. The construction 
of the reservoir can be performed totally intracor-
poreally, even though many centers prefer to do 
this in an extracorporeal way. 

 The selection of an orthotopic continent reser-
voir in terms of quality of life (QoL) levels has 
been discussed over the years. It seems that the 
ileal neobladder is the preferred choice of the 
patient when given the option [ 4 ]. Two studies 
have shown a statistically signifi cant difference 
in QoL in favor of neobladders [ 5 ,  6 ]. Somani 
et al. in the only prospective cohort study con-
ducted in 2009 concluded that there were no sig-
nifi cant QoL differences between the diversion 
types [ 7 ,  8 ], even though these studies are limited 
by patient selection and information bias when 
variables such as body image, symptom toler-
ance, short or long term follow-up are evaluated. 
Finally, the EAU Guidelines are giving a level of 
evidence 2b in the QoL issue, irrespective of the 
diversion type [ 2 ]. 

 In this chapter, we discuss all preoperative, 
intraoperative, and postoperative matters con-
cerning the construction of an orthotopic ileal 
neobladder using the DaVinci robotic system.  
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    Patient Selection 

    The inclusion’s criteria for robot-assisted forma-
tion of an orthotopic ileal neobladder are the 
same as in open surgery. However, when the 
patient is not fi t for laparoscopic surgery 
(decreased pulmonary compliance, multiple 
abdominal adhesions, bulky disease), the opera-
tion is contraindicated. 

 There are absolute and relative contraindica-
tions for neobladder formation. The absolute are:
    (a)    Disease involvement of the urethra distal to 

the prostate   
   (b)    Compromised renal (serum creatinine 

>2 mg/dl) and hepatic function   
   (c)    Decreased mental capability and hand dexterity     

 The relative contraindications are:
    (a)    Infl ammatory bowel disease (Crohn’s disease)   
   (b)    Impotent rhabdosphincter, urinary incontinence   
   (c)    History of recurrent urethral strictures   
   (d)    Morbid obesity   
   (e)    Previous abdominal or pelvic irradiation   
   (f)    Severe comorbidities, elderly patients 

(octogenarians)      

    Preoperative Care 

 Pneumatic leg compression system should be 
used due to risk of decreased vascular perfusion 
during the procedure. To avoid cardiovascular 
complications in the patient, anticoagulant treat-
ment is started with low-molecular weight hepa-
rin according to the patient’s body weight the 
evening before surgery until the patient is fully 
mobilized. 

 Mechanical bowel preparation (osmotic laxa-
tive) may be used the day before surgery. Broad- 
spectrum intravenous antibiotics are administered 
at the start of the procedure.  

    Instrumentation 

 Robotic as well as standard laparoscopic surgical 
equipment must be supplemented. Table  12.1  is 
summarizing the necessary instrumentation.

       Patient Positioning 

 After induction of general endotracheal anesthe-
sia, a nasogastric tube and an 18 Ch Foley urinary 
catheter are inserted. The patient is placed in 
lithotomy position with arms adducted and pad-
ded. The legs are also abducted and slightly low-
ered on spreader bars. The table is placed in 25° 
Trendelenburg position during the RC and PLND. 
For the urinary diversion the Trendelenburg posi-
tion is decreased to 10–15°.  

    Trocar Confi guration 

 Port placement is critical for successful robotic 
surgery. A six-port technique is used with the 
camera port placed 5 cm above the umbilicus in 
the midline (Fig.  12.1 ). The camera port is 
placed with the Hasson technique and the other 

   Table 12.1    A summary of the necessary robotic and 
laparoscopic instrumentation   

 Robotic (Intuitive 
Surgical, Sunnyvale, 
CA, USA)  Laparoscopic 

 Three 8 mm robotic 
ports 

 Two 12 mm ports 

 Hot Shears™ 
(Monopolar Curved 
Scissors) 

 One 15 mm port 

 Maryland™ Bipolar 
Forceps 

 One 5 mm port 

 Cadiere™ Forceps  Suction 
 Large needle driver  Grasper 
 ProGrasp™ Forceps  Kelly 
 Basic accessory kit 
and drapes 

 Scissors 

 Intuitive surgical 
camera head 

 Ligasure™ (Valleylab, Boulder, 
CO, USA) 

 Intuitive surgical 0° 
and 30° endoscopes 

 16 mm stapler (Endo-GIA™/
Covidien Corp. Dublin, Ireland) 
 Large and small clip appliers 
(Hem-o-lok ® /Weck Closure 
Systems, Research Triangle Park, 
NC, USA, Lapra-Ty ® /Ethicon 
Endo-Surgery, CA, USA) 
 Three specimen bags 
 Ligaloop strings (Braun-Dexon, 
Spangenberg, Germany) 
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ports are placed with direct view. During the port 
placement, a pressure of 18 mmHg can be help-
ful in creating additional tension on the abdomi-
nal wall. Two robotic ports are placed 
symmetrically in the level of the umbilicus on 
the left and right side, lateral to the rectus sheath, 
A third robotic port is placed just above and 
medial to the left anterior superior iliac spine 
through a 15-mm port, thereby enabling laparo-
scopic stapling by the assistant when the third 
robotic port is temporarily disconnected. This is 
the so-called hybrid port. Two assistant ports are 
placed on either side of the right robotic instru-
ment port.

       Surgical Technique 

 It is crucial that the console surgeon follows 
accurately and always with the same order the 
steps of the operation in order to have the best 
results and reduce operating time. The following 
steps have been refi ned in our institution many 
times to achieve the optimum result [ 9 ,  10 ]. All 
the steps are summarized in Table  12.2 . Steps 
5–13 concern the urinary diversion with the for-
mation of the ileal orthotopic neobladder.

      Entero-Urethral Anastomosis 

 The patient is placed in reduced 10–15° 
Trendelenburg position. The 0° lens is used for 
this initial step. The ileum is suffi ciently mobi-
lized in order to reach down to the urethra. Using 
robotic scissors, a 20 Ch opening (Fig.  12.2 ) is 
made to the antimesentric site of the ileum, which 
is isolated between two Ligaloop strings (Braun- 
Dexon, Spangenberg, Germany), passed around 
the intestine. The anastomosis is performed 
according to the Van Velthoven technique with a 
two-times 16 cm running 4-0 Quill™ suture, 
allowing for 10–12 stitches (Fig.  12.3 ). A needle 
driver and a Cadiere forceps are used for the 
above maneuvers. It is important previously to 
preserve an adequate urethral stump and have a 
silicone catheter placed.

        Isolation of 50 cm Ileum 

 The orthotopic neobladder is fashioned with the 
Studer technique from a 50 cm segment of 
terminal ileum. The intestine is isolated using 
laparoscopic 60 mm intestinal stapler (Endo-
GIA; Covidien Corp., Dublin, Ireland) (Fig.  12.4 ). 

  Fig. 12.1    Trocar confi guration for robot-assisted radical cystectomy       
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The stapler is inserted by the bedside surgeon, 
using the hybrid 15 mm port. The ileum is stapled 
40 cm proximal to the urethro-ileal anastomosis. 
The continuity of the small bowel is restored by 
using the same stapler, positioning the distal and 
proximal end of the ileum side to side with the 
antimesentery parts facing each other. An addi-
tional transverse fi ring of the Endo-GIA staple is 
used to secure the open ends of the ileal limbs.

  Fig. 12.2    A 20 Ch opening is made using robotic scissors 
to the respective site for the urethra-ileal anastomosis, 
which is being mobilized using two Ligaloop strings       

  Fig. 12.3    Urethro-ileal anastomosis using the 
VanVelthoven technique.  a  urethral stump,  b  ileal loop       

  Fig. 12.4    Isolation of 50 cm of ileum for the neobladder. 
The ruler of the stapler can facilitate measurements. 
All maneuvers are performed using two Cadiere forceps       

   Table 12.2    Robot-assisted radical cystectomy (RARC) 
with orthotopic ileal neobladder formation “step by step”   

  1.  Dissection of both ureters along the ureterovesical 
junction 

  2. Cystoprostatectomy (males) 
  (a)  Posterior dissection of vasa deferentia and seminal 

vesicles 
  (b)  Enter Retzius space and bladder drop of the right 

side 
  (c) Incision of the right endopelvic fascia 
  (d) Ligation of right vesical pedicles with Ligasure 
  (e)  Intrafascial sparing of the right neurovascular 

bundle 
  (f) Repeat (b), (c), (d), (e) on the left side 
  (g) Closure of the urethrovesical junction with a suture 
  (h)  Apical dissection with preservation of an adequate 

urethral stump 
  (i)  Completion of cystoprostatectomy or anterior 

pelvic exenteration (females) 
 Resection of bladder, urethra, uterus, cervix, ovaries, 
anterior wall of the vagina (vagina preservation when 
needed) 
  3. Extended lymph node dissection 
  4.  Transposition of the left ureter through the sigmoid 

mesentery 
  5. Reduction of Trendelenburg tilt to 10–15° from 25° 
  6. Entero-urethral anastomosis 
  7.  Isolation of 50 cm of distal ileum for Studer 

neobladder and stapling 
  8. Detubularization of the ileal segment 
  9. Suturing of the posterior wall of the pouch 
 10. Folding of the reservoir 
 11.  Construction of the ureteral Wallace plate, stenting 

of both ureters through the afferent limp of the Studer 
pouch 

 12. Entero-ureteral anastomosis 
 13. Closure of the remaining reservoir 
 14. Placing a drain in the small pelvis 
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       Detubularization 

 The distal 40 cm of the isolated ileal segment are 
detubularized along the antimesenteric border 
with cold scissors (Fig.  12.5 ), leaving a 10 cm 
intact proximal isoperistaltic afferent limb.

       Formation of Studer Neobladder 

 The posterior part of the Studer pouch is closed 
using multiple running sutures (15 cm 3-0 
V-Loc™) in a seromuscular fashion, avoiding 
suturing the mucosa (Fig.  12.6 ). After the poste-
rior part is sutured, the distal half of the anterior 
part of the reservoir is sutured, using the same 
suture. The 0 or 30° lens can be useful for this 
part of procedure. The proximal half of the ante-
rior part of the reservoir is left open and is closed 
in the last part of the procedure.

       Uretero-Enteral Anastomosis 

 The anastomosis between the ureters and the 
afferent limb is performed using the Wallace 
technique using a 0 lens (Fig.  12.7 ). A 3-0 
Biosyn ®  stitch is placed at the distal end of each 
ureter. The left ureter is transposed to the right 
side by creating a tunnel under the sigmoid mes-
entery, just below the inferior rectal artery. The 
ureters are then spatulated 2 cm. The posterior 
walls of ureters are sutured side to side, using a 
15 cm 4-0 V-Loc™ suture. Before commencing 
the anastomosis, two single-J 40 cm ureteric 
stents are introduced via the Seldinger technique 
through two separate 4 mm incision in the mid-
line just above the pubic symphysis. The stents 
are pulled through the afferent limb (Fig.  12.8 ) 
and pushed up in to the ureters on each side, 
using the Cadiere forceps. The Wallace plate is 
sutured to the afferent limb of the Studer reser-
voir, using a 16 cm 4-0 Quill™ suture. After the 
uretero-enteral anastomosis is completed, the 
stents are sutured and fi xed to the skin.

        Closure of the Studer Reservoir 

 The remaining part of the reservoir is then closed 
with a running 3-0 V-Loc™ suture, using a 0° lens 
(Fig.  12.9 ). The balloon of the indwelling catheter 
is fi lled with 10 cm 3 . The neobladder is then 
fi lled with 50 cm 3  of saline to check for leakage. 

  Fig. 12.5    Detubularization of the ileal segment       

  Fig. 12.6    Suturing the posterior wall ( a ) of the reservoir. 
Observe the stay suture held by the fourth robotic arm       

  Fig. 12.7    Construction of the Wallace ureteral plate. Left 
( a ) and right ureter ( b ) are spatulated 2 cm and tacked in 
place using a preplaced clip       
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If leakage is observed, extra sutures will have to 
be considered. A 21 Ch passive drainage is intro-
duced and placed in the small pelvis (Fig.  12.10 ).

         Postoperative Care 

 Careful manual irrigation of the reservoir has to 
be performed every 6–8 h to avoid catheter block-
age by mucus overproduction. The drain can be 
removed when the drainage is <200 cm 3 . The 
ureteral stents will be removed 1 week postopera-
tively. The urethral catheter can be removed 
approximately 3–4 weeks after the operation, 
without retrograde cystography. Pain manage-
ment is achieved with the administration of 

10 mg oxicodon b.i.d, 1 g paracetamol q.i.d., and 
parenteral morphine when required. 

 The patient is meticulously informed after the 
removal of the urethral catheter about the method 
and frequency of urination.  

    Complications and Management 

 RARC with neobladder formation remains a 
high-risk procedure with complications rate 
ranging from 30 to 50 % [ 11 ]. The rate is increas-
ing due to the fact that RARC is being used more 
often in the elderly population, since the inci-
dence of muscle-invasive bladder cancer peaks in 
the octogenarians [ 12 ]. Recent studies have 
shown though that even in the elderly patients, 
results can be similar to the ones of the younger 
patients [ 13 ,  14 ]. On the other hand, increasing 
experience, refi nement, and standardization of 
the procedure continuously lowers the complica-
tion rates. 

 Table  12.3  shows the incidence of the short- 
and long-term complications that are related to 
the neobladder diversion in general [ 15 – 17 ]. 
These complications do not differ from the ones 
occurring in the open procedure. Short-term 
complications are reported within the fi rst 90 
days postoperatively. All complications are 
graded according to the CLAVIEN classifi cation 
system, as revised by Dindo [ 18 ]. Each respective 
management is also depicted.

  Fig. 12.9    Closure of the remaining anterior part of the 
pouch       

  Fig. 12.10    Final intraoperative image. Drain is placed 
into the small pelvis       

  Fig. 12.8    Uretero-ileal anastomosis. Stents are already 
placed in both ureters using guidewires. The stents are 
fi rst passed through the afferent limp of the Studer reser-
voir. ( a ) afferent limp, ( b ) Wallace plate, ( c ) clips at the 
distal ends of both ureters for obtaining frozen sections       
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   It is noticeable that CLAVIEN III complications, 
which are considered major, exhibit a signifi cant 
incidence of around 30 % [ 19 ]. Of course, the 
rates represent results of a learning curve.
•    Why intracorporeal?    

 The issue of the superiority of the totally 
intracorporeal technique for urinary reconstruc-
tion over the extracorporeal technique is debat-
able. Two recent reviews by Haber and Orvieto 
have suggested that intracorporeal diversion 
leads to increased operating times and postop-
erative morbidity [ 20 ,  21 ]. However, these 
reviews were not dichotomizing diversion to 
neobladders and ileal conduits. Thus, their sug-
gestions about intracorporeal neobladder forma-
tion might be fl awed. Till now, there have been 
only 102 cases published in the literature under-
going intracorporeal formation of an ileal neo-
bladder. Of them, 91 were performed robotically 

and 11 pure  laparoscopically. Of the 91 robotic 
cases, 36 (40 %) were contributed by Karolinska 
Institutet. Unpublished data from Karolinska 
and Herlev would probably increase the total 
number of cases to more than 150. All the above 
operations are depicted in Table  12.4  [ 9 ,  22 – 28 ]. 
It is evident that no safe conclusions or recom-
mendations can be extracted from these studies. 
Thus, more prospective studies are awaited.

   It has been argued that the intracorporeal 
approach should only be used if specimen 
retrieval may be performed without an additional 
incision. In the female, the specimen may be 
taken out through an incision in the vaginal wall, 
and in the male the specimen is extracted through 
only a 4-cm skin incision at the end of the proce-
dure. This provides not only good cosmetics 
but might also allow a faster convalescence. 
The intracorporeal reconstruction is less traumatic 

   Table 12.3    The incidence of the short- and long-term complications that are related to the neobladder diversion   

 Incidence (%)  CLAVIEN grade  Management 

 Short-term complications 

 Urethro-ileal anastomotic leakage  1–5  I  Replacement of catheter, reservoir irrigation 
 Uretero-ileal anastomotic leakage  2  IIIa  Nephrostomy tube 
 Intestinal bleeding  1  II  Transfusion 
 Symptomatic lymphocele  5–10  I–IIIa  Drainage 
 Intestinal leakage  3  I–IIIb  Conservative-Reoperation 
 Paralytic ileus  20  II  Conservative 
 Obstructive ileus  4  IIIb  Reoperation 
 Mucus overproduction  20  I  Saline irrigation of the reservoir-Mucolytics 
 Hyperchloremic hypocalemic 
metabolic acidosis 

 15  ΙΙ–ΙV  Conservative 

 UTI-Pyelonephritis  5  II  Conservative 
 Mortality  2–3  V  – 
 Long-term complications 
 Day-time incontinence  5–10  II  Conservative 
 Night-time incontinence  30–40  II  Conservative 
 Uretero-ileal stricture  4–7  IIIb  Revision/Laser or ballon dilation-stenting 
 Urethro-ileal stricture  5  IIIb  Optical urethrotomy-Laser ablation 
 Hyperchloremic hypocalemic 
metabolic acidosis 

 15  ΙΙ–ΙV  Conservative 

 Spontaneous neobladder rupture  1  IIIb  Reoperation 
 Ureteral refl ux  1–2  I  Conservative 
 Renal failure  5–10  IV  Conservative-Dialysis 
 Lithiasis of the reservoir  13  IIIb  Lithotripsy 
 Vitamin B 12  defi ciency  10–12  II  Conservative 
 Intestinal fi stula  1–3  I–IIIb  Conservative-Reoperation 
 Urethro-vaginal fi stula  2  I–IIIb  Conservative-Reoperation 
 Neobladder–rectal fi stula  1–2  I–IIIb  Conservative-Reoperation 
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for the patient but on the other hand more technically 
demanding for the surgeon. One major advantage 
of performing the urinary diversion intracorpore-
ally is that performing the running suture of the 
anastomosis between the urethra and the ileum 
minimizes the risk of urinary leakage. There is 
also less traction on the anastomosis between the 
reservoir and the urethra using an intracorporeal 
approach, as an appropriate ileal segment long 
enough to reach down to the urethra can be used. 
Moreover the ureters may be cut shorter to reduce 
the risk of stricture due to ischemia in the distal 
end of the ureter.  

    Functional Outcomes 

 Continence and potency are the two signifi cant 
functional outcomes directly related to the neo-
bladder. Unfortunately, the number of patients 
and the follow-up in many series are too low to 
draw any conclusions or compare them to the 
gold standard open procedure that is standing the 
test of time. Only two studies were able to pres-
ent functional results. Continence is defi ned as 
0–1 pad use per day and potency as IIEF-5 score 
>17. Table  12.5  shows the extracted data.

   Table 12.4    Published cases undergoing intracorporeal formation of an ileal neobladder   

 Author  Year  Approach  Patients ( n ) 
 Operating 
time (min) 

 Mean 
EBL (ml) 

 Mean 
hospitalization 
time (days)  Complication rates 

 Annerstedt et al.  2012  Robotic  28  320  300  NR  CLAVIEN grade I 14 %, 
grade II 20 %, grade III 
39 % (lymphoceles and 
leakages), grade IV 2 %, 
grade V 3 %.    Seven 
conversions due to short 
mesentery 

 Kang et al.  2012  Robotic  1  545  500  14  One paralytic ileus 
 Jonsson et al.  2011  Robotic  36  480  625  9  39 % early, 33 % late 
 Akbulut et al.  2011  Robotic  12  600  455  10.7     90 days: 26 complications 

in 8 patients, 1 colonic 
fi stula, 1 death (cardiac 
arrest at POD 60) 

 Pruthi et al.  2010  Robotic  12  330  221  5  42 % early 
 Sala et al.  2006  Robotic  1  720  100  5  NR 
 Haber et al.  2007  LAP  9  565  788  7.8  12 % during hospital stay, 

18 % after discharge 
 Beechen et al.  2003  Robotic  1  510  200  10  0 % 
 Gill et al.  2002  LAP  2  630  300  8.5  One gastrointestinal 

bleeding 
 Overall  102  522.2  387.7  8.7 

   Table 12.5    Two published studies showing continence and potency as two signifi cant functional outcomes   

 Author  Evaluated patients ( n )  Day-time continence  Night-time continence  Potency 

 Jonsson et al.  36 (33 male)  97 %  83 %  16/20 (80 %) 
 Akbulut et al.  7  85.7 %  71.4 %  55 % 

  Continence is defi ned as 0–1 pad use per day and potency as IIEF-5 score >17  
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       Tips n’ Tricks 

     1.    No bowel preparation is needed preopera-
tively. Fast track postoperative protocols are 
ideal and scientifi cally proven for avoiding 
ileus.   

   2.    Preserve as much periureteral tissue as possi-
ble during ureteral dissection in order to avoid 
ischemia.   

   3.    Start fi rst with the anastomosis between the 
urethra and the chosen intestinal segment, 
because the anastomosis can be made without 
tension, and the neobladder will be placed 
correctly in the small pelvis during the whole 
procedure. The positioning of the ileal seg-
ment for the ileourethral anastomosis can be 
quite challenging. In cases when the ileal 
mesentery is applying tension, the surgeon 
can perform the following:
    (a)    Decrease Trendelenburg positioning   
   (b)    Use Ligaloops for stretching   
   (c)    Dissect and release the covering perito-

neum of the mesentery   
   (d)    Staple the mesentery further medially.   
   (e)    Dissect the part of the ileum around the 

ileocecal valve.       
   4.    Care should be taken during the tunneling of 

the left ureter behind the colon sigmoid to 
avoid damaging any vascular structures.   

   5.    Tag both ureters with Hem-o-lok ®  clip with 
preplaced Vicryl sutures for ready 
localization.   

   6.    The suturing of the posterior part of the reser-
voir requires special attention. Firstly, the use 
of stay sutures is facilitating the process. 
Second, the surgeon should be careful not to 
interfere with the sutures used for the anasto-
mosis to the urethra. It is also easier and safer 
to start suturing from the distal to the urethra 
point in order to avoid having an uneven 
Studer posterior wall of the neobladder, which 
will be very diffi cult to compensate.   

   7.    It is important to check for leakage once the 
neobladder has been created. Extra suturing to 
secure a watertight reservoir and anastomosis 
is fundamental to decreasing postoperative 
complications.      

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 Creation of a neobladder can be an overwhelming 
undertaking whether done open or via a mini-
mally invasive approach. Having a well-estab-
lished standardized approach is critical to keeping 
operative time short and in preventing postopera-
tive complications. The authors have a vast col-
lective experience and have performed large 
numbers of these procedures with good results. 
One of the early diffi culties was the large amount 
of suturing and fi nding ways to have the assistant 
follow and keep tension were key. As technology 
advances in suture and stapling devices, we may 
see increased use of this technique. Some have 
suggested that utilization of the newer “barbed” 
suture options may help with intracorporeal neo-
bladder creation, particularly early in the learning 
curve. Some of the advantages described by those 
experienced in this approach include a watertight 
neourethrointestinal anastomosis as well as a ten-
sion free ureteroileal anastomosis. As experience 
in RARC increases and spreads throughout the 
robotic community we may see increased migra-
tion to the intracorporeal approach as has been 
described herein.      
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           Introduction 

    Bladder cancer has a signifi cant burden of dis-
ease in the USA. As the fourth most common 
malignancy, there are over 70,000 new diagnoses 
of bladder cancer each year [ 1 ]. The incidence 
has risen by 40 % since 1975 and a signifi cant 
proportion, approximately one in four new cases, 
present at an advanced stage, for which radical 
cystectomy is the reference standard treatment. 
Bladder cancer continues to confer signifi cant 
disease-specifi c mortality to patients infl icted 
with the illness [ 1 ]. Furthermore, while 75 % of 
newly diagnosed bladder cancers are non-muscle 
invasive at the time of presentation, 50–75 % of 
these patients have recurrent disease and 15–30 % 
progress to muscle-invasive disease [ 2 ]. 

 The treatment of bladder cancer encompasses 
many modalities including endoscopic resection, 
intravesical therapies, chemotherapy, radiation 
therapy, and surgery [ 2 – 4 ,  27 ]. In many instances, 
given the aggressive nature of the disease, 
patients are counseled for the need of a cystec-
tomy with urinary diversion [ 2 – 4 ]. While open 
radical cystectomy with urinary diversion 
remains the gold standard for treatment of 
patients with muscle-invasive bladder cancer, 

robot-assisted surgery has rapidly evolved as an 
alternative approach, gaining popularity among 
urologic surgeons [ 8 – 11 ,  26 ]. 

 Patients are recommended treatment with rad-
ical cystectomy and urinary diversion most typi-
cally when either muscle-invasive disease is 
present or when patients have recurrent high- 
grade T1 and/or CIS disease [ 2 ]. Perioperative 
chemotherapy has a role in many cases, either in 
the neoadjuvant or adjuvant setting. Neoadjuvant 
chemotherapy may be particularly desirable 
among patients with suspected T3 disease and/or 
evidence of lymphadenopathy on radiographic 
imaging, in which cases cystectomy may be 
delayed until after administration of chemother-
apy with hopes of debulking tumor burden and 
potentially treating micrometastatic disease sys-
temically [ 3 ,  4 ]. Factors taken into consideration 
in preoperative cystectomy counseling include 
the patient’s baseline performance status, which 
may also infl uence selection of the approach to 
surgery, i.e. robot assisted versus open. . 

 Traditionally, radical cystectomy with urinary 
diversion has been an incredibly morbid surgery 
with signifi cant perioperative mortality and mor-
bidity [ 5 ,  27 ]. Advances in surgical technique, 
anesthetic care, and postoperative management 
have dramatically reduced the mortality and 
 morbidity associated with cystectomy [ 5 ]. 
Furthermore, the introduction of robot-assisted 
surgery into the fi eld of urology has also had an 
impact in the treatment of bladder cancer. While 
longer term oncologic and survival comparisons 
are forthcoming, many studies report benefi ts 
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 utilizing robot-assisted surgery with respect to 
 estimated blood loss, postoperative analgesic 
usage, and length of stay when compared to the 
open approach, and intermediate term oncologic 
outcomes appear comparable [ 8 – 11 ].  

    Improving Outcomes After Major 
Abdominal Operations: Lessons 
from General Surgery 

 Reducing the mortality and morbidity of radical 
cystectomy and urinary diversion continues to 
challenge urologic oncologists today. In contrast to 
other major urologic oncology procedures, the rou-
tine use of intestinal segments for urinary diversion 
introduces a number of risks and challenges for 
postoperative recovery. Ileus, bowel obstruction, 
and other complications consistently rank among 
the most common and troublesome major compli-
cations in series of cystectomy and urinary diver-
sion. Whereas the historical paradigm of bowel 
surgery was characterized by extreme conservativ-
ism, with prolonged nasogastric tube drainage and 
delayed initiation of enteral feeding until resump-
tion of bowel function was established, standard 
postoperative care in general surgery has evolved 
towards earlier introduction of feeding, which in 
turn appears to be associated with improved out-
comes in a variety of contexts [ 13 – 21 ]. 

 A more aggressive approach to postoperative 
care after colorectal surgery has an established 
and standardized track record that has been 
widely adopted.  Enhanced recovery after sur-
gery , or ERAS, protocols have repeatedly shown 
improved postoperative outcomes, leading to 
widespread adoption of these clinical fast-track 
pathways in that context [ 13 – 19 ]. Key compo-
nents of ERAS pathways [ 13 ] for patients under-
going colorectal surgery include:
    1.    Minimizing preoperative oral bowel prepara-

tion, no longer routine for all patients   
   2.    Preoperative fasting to include NPO for sol-

ids 6 h prior and, in some settings, NPO for 
clear liquids 2 h prior   

   3.    No preanesthetic anxiolytic or analgesic 
medications   

   4.    Antithrombotic prophylaxis as mandated by 
local protocols   

   5.    Single dose antimicrobial prophylaxis against 
both aerobic and anaerobic microorganisms   

   6.    Patients encouraged and informed about uti-
lization of mid-thoracic epidural   

   7.    Minimize surgical incisions   
   8.    Nasogastric tube decompression not be used 

routinely   
   9.    Intraoperative maintenance of normothermia 

with infusion of warmed fl uids and upper 
body air-heating cover   

   10.    Oral fl uids starting 2 h after surgery on day 0 
with a target intake of 800 mL on day 0   

   11.    Goal of discontinuing IV fl uids on day 1   
   12.    No routine placement of intra-abdominal drain   
   13.    Urinary catheter drainage until epidural is 

discontinued   
   14.    Selective use of antiemetics to promote post-

operative intake and diminish postoperative 
nausea   

   15.    Patients encouraged for early mobilization, 
out of bed at 2 h postoperatively, and every 6 
h thereafter   

   16.    Discharge criteria include pain management 
with oral medications, no need for IV fl uids, 
adequate PO intake, independently mobile or 
at the same level prior to admission    

  Over the past decade, there have been many 
modifi cations and deviations to the fast-track 
clinical pathway described above, dependent 
upon the specifi c surgery performed, but the 
basic tenets of minimizing bowel preparations, 
single dose antibiotic prophylaxis, antithrom-
botic prophylaxis, minimizing gastric decom-
pression, early reintroduction of oral intake, early 
mobilization, and maintaining adequate but mini-
mal postoperative analgesia continue to have sig-
nifi cant relevance in the postoperative care of 
patients undergoing a broad spectrum of gastro-
intestinal operations [ 13 – 21 ].  

    Benefi ts of Fast-Track Pathways in 
the General Surgery Experience 

 A randomized control trial comparing fast-track 
protocols after colonic surgery compared to older 
standard protocols was conducted by researchers 
in Zurich [ 13 ]. Muller et al. reported that utilizing 
fast-track protocols led to signifi cantly reduced 30 
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day complications and shorter hospital stays, ulti-
mately driving reduced healthcare costs [ 13 ]. This 
trend was also confi rmed in a prospective observa-
tional study of more than 900 patients undergoing 
colonic surgery reported by Gustaffsson et al.; 
patients with high adherence to the ERAS protocol 
were found to have a 25 % lower risk of a postop-
erative complication and 50 % lower risk of post-
operative symptoms delaying discharge [ 14 ]. 

 In parallel with these clinical and economic 
benefi ts, fast-track pathways have also been 
shown to improve satisfaction of both providers 
and patients. Postoperative care employing fast- 
track programs require coordinated efforts 
between all stakeholders including physicians, 
nurses, dieticians, nursing assistants, patients, and 
family caregivers [ 19 – 21 ]. The coordinated efforts 
of all the individuals involved leads to more robust 
communication, ultimately enhancing patient care 
[ 19 – 21 ]. Furthermore, from a nursing perspective, 
nurses in fact play a larger role in postoperative 
recovery by encouraging early mobilization and 
oral intake [ 20 ,  21 ]. As a result, nurses feel more 
invested as the importance of their roles becomes 
highlighted in the successful implementation of 
postoperative fast- track recovery programs [ 20 , 
 21 ]. Ultimately, as refl ected in survey data, this 
leads to an overall greater patient satisfaction with 
their operative experience [ 21 ]. In a review of 
enhanced recovery protocols, authors Khan et al. 
examined ten studies investigating health-related 
quality of life (HRQoL) and patient satisfaction, 
with several studies demonstrating signifi cantly 
reduced fatigue and pain in the fi rst week after 
surgery [ 21 ]. After the fi rst week of surgery, the 
authors did not fi nd any statistically signifi cant 
differences in the results of patient questionnaires 
[ 21 ] leading to the conclusion that these pathways 
may be particularly critical to improving the qual-
ity of life during the early days of the postopera-
tive recovery [ 21 ].  

    Radical Cystectomy: Rationale for 
Adoption of Fast-Track Pathway 

 Given the centrality of small or large bowel resec-
tion and anastomosis for urinary diversion to the 
recovery after cystectomy, and the signifi cance of 

these aspects to the development of complica-
tions after cystectomy, implementing the strate-
gies of postoperative care from our colleagues in 
general surgery is intuitive and lends itself to very 
similar parallels. While the issues central to gas-
trointestinal surgery are relatively less relevant in 
other major urologic oncology procedures such 
as nephrectomy or prostatectomy, the importance 
of these issues to the recover after radical cystec-
tomy cannot be underestimated. As such, we 
strongly believe that the incorporation of insights 
from the general surgery literature into the post-
operative care of patients undergoing radical cys-
tectomy with urinary diversion for the treatment 
of bladder cancer provides an important avenue 
to improve outcomes, reduce costs, and enhance 
the patient’s experience and satisfaction.  

    The UNC Lineberger Experience 
with Fast-Track Cystectomy 
Pathway 

 Our postoperative cystectomy pathway has previ-
ously been reported in 362 patients undergoing 
radical cystectomy from either an open or a 
robot-assisted approach. Urinary diversions 
encompassed both ileal conduits and neoblad-
ders. The original “fast-track” pathway in our 
main descriptive report is outlined below:
    1.    Counseling and expectations of surgery   
   2.    Clear liquid diet    the day prior to surgery with 

a bottle of magnesium citrate and a fl eets 
enema taken the night before. We no longer 
implement this aspect of the pathway; rather 
patients are encouraged to eat a regular diet the 
day prior to surgery and no longer  administer 
a mechanical enema for bowel preparation   

   3.    NPO after midnight the evening prior to 
surgery   

   4.    Neomycin enema the day of surgery 2 h prior 
to start of surgery   

   5.    Intraoperative DVT prophylaxis with TED 
hose and SCDs   

   6.    Perioperative antibiotics with a second or 
third generation cephalosporin for 24-h 
coverage   

   7.    Removal of nasogastric or orogastric tube (if 
placed) at the end of the surgery   
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   8.    Postoperative DVT prophylaxis with ambu-
lation, TED, SCDs, and subcutaneous hepa-
rin or lovenox at the discretion of the 
attending surgeon   

   9.    GI ulcer prophylaxis with an H2 blocker   
   10.    Prokinetic agents (metoclopramide 10 mg 

IV q8 for 48 h)   
   11.    Non-narcotic pain management with toradol 

30 mg q6 for 48 h, then celebrex 200 mg BID 
afterwards for 2 weeks with supplementation 
with morphine and/or other narcotic PCA as 
needed   

   12.    Use of toradol as needed if renal function 
permits   

   13.    Early ambulation with early consultation 
with physical therapy   

   14.    Diet advanced as follows:
    (a)    NPO on postoperative day 1   
   (b)    8 oz of clear liquid diet every 8 h on 

postoperative day 2 (8 q8, irrespective of 
bowel sounds)   

   (c)    Unrestricted clear liquid diet on postop-
erative day 3   

   (d)    If clear liquid diet tolerated without sig-
nifi cant nausea and/or vomiting, regular 
diet on postoperative day 4         

 A number of changes have been made to our 
initial experience which are outlined later in the 
chapter. However, even our initial experience 
highlights several signifi cant shifts from the pre-
viously accepted norm. Major changes from tra-
ditional practice include immediate removal (or 
lack of placement) of an orogastric or nasogas-
tric tube and the elimination of preoperative 
bowel preparation as previously described [ 13 – 19 ]. 
Initial experience of early nasogastric tube 
removal concomitantly with metoclopramide use 
was described by Donat et al. where the authors 
demonstrated that early nasogastric decompres-
sion had benefi ts with regards to earlier return of 
bowel function as well as fewer complications 
with atelectasis [ 22 ]. However with our series, 
we noted no benefi t with prolonged NG tube 
decompression and elected to remove it at the 
end of the surgical operation starting from the 
60th case [ 6 ]. Non-narcotic pain management 
was also an innovation to help prevent exacerbat-
ing delayed return of bowel function [ 6 ]. 

Additionally, with the introduction of minimally 
invasive surgery into the treatment of bladder 
cancer, particularly with the robot-assisted radi-
cal cystectomy, further reduction of narcotic 
pain requirements has been seen, ultimately 
facilitating more rapid return of bowel function 
as well as reducing the length of postoperative 
hospital stay. 

 Retrospective analysis of 362 patients with 
bladder cancers who underwent radical cystectomy 
with urinary diversion between 2001 and 2008 
revealed that patients on the fast-track pathway had 
shorter time to fl atus, bowel movement, and hospi-
tal discharge, compared to previously reported lit-
erature (see Table  13.1 ) [ 6 ]. Complication and 
readmission rates were comparable with bench-
marks previously reported literature [ 6 ].

   Patients receiving metoclopramide were less 
likely to experience nausea and vomiting com-
pared to patients not receiving metoclopramide 
(see Table  13.2 ). However, the length of stay in 
the hospital was not signifi cantly different in the 
two groups and no direct link made towards the 
progression to a postoperative ileus [ 6 ]. 
Furthermore, patients chewing gum starting on 
POD 1 experienced reduced time to fl atus as well 
as time to bowel movement after radical cystec-
tomy (see Table  13.3 ) [ 7 ]. These results are simi-
lar to literature published detailing the 
postoperative care after colorectal surgery [ 13 –
 19 ]. Our clinical pathway was not modifi ed on the 
basis of clinical staging, age, comorbidities, open 
versus robot-assisted surgery, or diversion type.

   Table 13.1    Demographics and perioperative outcomes 
of the 100 most recent patients in the UNC Lineberger 
fast-track experience   

 Demographics and perioperative outcomes 

 Age  66.9 (33–86) 
 ASA score  2.7 (2–4) 
 Mean time to fl atus,  d   2.2 
 Mean time to BM,  d   2.9 
 Mean time to d/c,  d   5.0 
 % D/C on POD 4/5  79 % 
 Overall complication rate  39 % 
 GI complication rate  16 % 
 Readmission rate  12 % 
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    Complications were classifi ed with regards 
to the Clavien classifi cation system with major 
complications defi ned as grade 3 or higher and 
minor complications defi ned as Clavien grade 1 
or 2. Major complications included fascial 
dehiscence, acute renal failure, cardiac isch-
emia, death, internal herniation, misplaced ure-
teral stent, and postoperative bleeding, while 
minor complications encompassed ileus, UTI, 
arrhythmias, atelectasis, altered mental status, 
DVT, FUO, urine leak, acute renal insuffi ciency, 
clostridium diffi cile infection, delirium tre-
mens, dehydration, MI, and pneumonia (see 
Table  13.4 ) [ 6 ].

       Eliminating Mechanical Bowel 
Preparation: New Trends 

 More recently, As the trend for colorectal surgery 
has been to completely eliminate routine 
mechanical bowel prep, this issue was similarly 
explored for patients undergoing radical cystec-
tomy with urinary diversion for bladder cancer. 
The study by Raynor et al. examined the periop-
erative outcomes of patients undergoing radical 
cystectomy with urinary diversion receiving 
mechanical bowel preparation (our prior stan-
dard) compared to those that did not have any 
bowel preparation [ 12 ]. The study examined 
perioperative outcomes by allowing one of the 
two cohorts of patients to eat a regular diet the 

day before surgery and undergo no mechanical 
bowel preparation the day before surgery, 
whereas the other cohort underwent traditional 
bowel preparation consisting of a clear liquid 
diet the day before surgery as well as a fl eets 
enema the evening prior to surgery. All patients 
in both cohorts, however, received a neomycin 
enema 2 h prior to surgery to decrease colonic 
and pelvic distention intraoperatively. In the 
cohorts of 37 and 33 patients respectively, there 
were no differences in gender, age, ASA class, 
BMI, type of procedure (open vs. robot 
assisted), or type of diversion (ileal conduit vs. 
neobladder). The authors found that there was no 

   Table 13.2    Outcomes of metoclopramide treatment after cystectomy [ 6 ]   

 Age (years)  Regular diet,  n   LOS,  d   GI complications  Ileus  Nausea/vomiting 

 With metoclopramide  65.8  3.9  5.1  19 %  16 %  3 % 
 Without metoclopramide  66.7  3.9  5.6  31 %  18 %  12 % 
  p  Value   0.642  0.821  0.330  0.072  0.419  0.011 

   Table 13.3    Outcomes of gum-chewing on bowel 
 function and length of stay in the hospital [ 7 ]   

 Group 
 Age 
(years) 

 Time to 
fl atus,  d  

 Time to 
BM,  d   LOS,  d  

 Control  66.5  2.9  3.9  5.1 
 Gum- chewing   64.8  2.4  3.2  4.7 
 p Value  0.380  <0.001  <0.001  0.067 

   Table 13.4    Complications in the most recent 100 
patients in the UNC Lineberger Pathway experience [ 6 ]   

 Complications  Incidence 

 Major complications 

 Fascial dehiscence  2 
 Acute renal failure (ARF)  1 
 Cardiac ischemia  1 
 Death  1 
 Internal herniation  1 
 Misplacement of ureteral stent  1 
 Postoperative bleed  1 
 Minor complications 

 Ileus/nausea/vomiting  12 
 UTI  5 
 Arrhythmias  3 
 Atelectasis/desaturations  3 
 Altered mental status  2 
 Fever of unknown origin  2 
 DVT  2 
 Urine leak  2 
 Acute renal insuffi ciency  1 
 C. Diff enterocolitis  1 
 Delirium tremens  1 
 Dehydration  1 
 MI  1 
 Pneumonia  1 
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statistically signifi cant difference in postoperative 
recovery of bowel function, time to discharge, 
overall complication rates, or GI complications 
between the two groups [ 12 ]. These data have led 
us to eliminate preoperative bowel preparation in 
our patients undergoing radical cystectomy with 
urinary diversion other than with a neomycin 
enema 2 h prior to the start of surgery.  

    The Vanderbilt Cystectomy Pathway 
Experience 

 In another series reported by Chang and col-
leagues from Vanderbilt in 2002, data from 304 
patients undergoing radical cystectomy via an 
open infraumbilical approach with bilateral 
pelvic lymphadenectomy and urinary diversion 
involving either an ileal conduit, orthotopic 
neobladder, or a continent diversion were ana-
lyzed. Similar to our experience, patients in 
this protocol did not routinely have a nasogas-
tric tube placed for gastric decompression. In 
contrast to our pathway, diets were not 
advanced until return of bowel function was 
documented and endorsed by the patient in the 
form of either fl atus or a bowel movement (aus-
cultation of bowel sounds alone was not suffi -
cient). Their perioperative clinical pathway is 
represented below:
    1.    Preoperative mechanical bowel preparation 

prior to arrival to hospital   
   2.    Transfer to regular urology fl oor after surgery   
   3.    Bloodwork to be drawn on postoperative days 

1, 2, and 4   
   4.    Nasogastric tube decompression not routinely 

performed postoperatively   
   5.    NPO until evidence of bowel function (defi ned 

as fl atus or a bowel movement) manifests, 
patients are then advanced to a full liquid diet   

   6.    Patients without evidence of return of bowel 
function by postoperative day 4 are thought to 
have an ileus   

   7.    Patients are discharged once they are toler-
ating a regular diet and have adequate home 
healthcare instructions and coverage     
 The Vanderbilt cystectomy pathway experi-

ence had similar outcomes to the UNC cystec-

tomy pathway experience and is summarized in 
Table  13.5 .

   The study by Chang et al. from Vanderbilt 
demonstrated a 4.9 % major complication rate, 
30.9 % minor complication rate, and a median 
length of stay of 7 days after radical cystectomy 
as shown in Table  13.5  [ 23 ,  25 ]. 

    Table 13.5    Demographics, perioperative outcomes, and 
complications from the Vanderbilt Pathway experience [ 23 ]   

 Demographics 

 Men 
 Women 
 Pathologic stage T0, TIS, and T1 
 Pathologic stage T2, T3A, T3B, and T4 
 Mean ASA ± SD 

 232 (76.3 %) 
 72 (23.7 %) 
 106 (36.4 %)    
 185 (63.6 %) 
 2.64 ± 0.54 
(median 3) 

 Diversion type 

 Ileal conduit 
 Neobladder 
 Continent urinary diversion 

 144 (47.4 %) 
 145 (47.5 %) 
 13 (4.3 %) 

 Perioperative outcomes 
 Mean operative time (minutes) 
 Mean estimated blood loss (mL) 
 Mean length of stay ± SD (days) 

 297.7 ± 85.2 
 722.3 ± 493.7 
 8.52 ± 5.06 
(median 7) 

 Major complications 

 Cardiovascular accident 
 Return to operating room 
 Sepsis 
 Myocardial infarction 
 Pulmonary embolus 
 Respiratory failure 
 Death 

 2 
 7 
 2 
 1 
 2 
 2 
 1 

 Minor complications 

 Wound infection 
 Pneumonia 
 Cardiac arrhythmia 
 Angina 
 DVT 
 Pyelonephritis 
 Mental status changes 
 Delirium tremens 
 Acute renal failure 
 Clostridium diffi cile colitis 
 Pneumothorax 
 Ileus 
 Retained bladder stent 
 Hydronephrosis 
 Intraoperative rectal injury 
 Ureter–intestinal anastomotic leakage 
 Sacral decubitus ulcer 
 Stricture of catheterizable stoma 

 9 
 6 
 3 
 3 
 2 
 4 
 5 
 1 
 3 
 1 
 1 
 69 
 1 
 2 
 1 
 1 
 1 
 1 
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 The Vanderbilt series had not come to 
 incorporate robot-assisted surgery into its pathway 
at that period and it continued to rely on active evi-
dence of return of bowel function prior to initiation 
of oral intake. However, their series was one of the 
fi rst to detail the benefi ts of removing and/or not 
placing a nasogastric tube in promoting a shorter 
postoperative length of stay and facilitating 
quicker return to bowel function. The UNC series 
makes the change from the Vanderbilt series of 
introducing a diet in a systematic way regardless 
of clinical evidence of bowel function [ 6 ,  23 ,  25 ]. 

 The prevalence of robot-assisted surgery and 
its part in the treatment of urologic oncology con-
tinues to grow rapidly. Fast-track clinical periop-
erative pathways continue to have a signifi cant 
role in robot-assisted surgeries. Kaufman et al. 
from Vanderbilt describe an established clinical 
pathway for postoperative care after robot-
assisted radical prostatectomy, now considered 
by many to be standard of care [ 24 ,  26 ]. The peri-
operative pathway described by Kaufman et al. is 
remarkably similar to the perioperative clinical 
pathway for open radical retropubic prostatecto-
mies described by Chang et al., also from 
Vanderbilt. As the major hallmarks (i.e., neuro-
vascular preservation, hemostasis, urethral–blad-
der neck re-anastomosis and reconstruction, etc.) 
of both the open and robot-assisted radical pros-
tatectomies are close to being the same, it is not 
surprising that their respective perioperative 
pathways are also very similar [ 24 ,  26 ].  

    Relevance of Fast-Track Pathway 
to Robot-Assisted Radical 
Cystectomy 

 In the case of radical cystectomy, the robot- 
assisted approach accomplishes all the goals as 
the open approach, with intermediate-term data 
supporting at least comparable outcomes with 
regard to oncologic, perioperative, and quality of 
life endpoints. In addition to the primary onco-
logical goals shared by the two approaches, opti-
mizing patient recovery is an additional motivation 
fundamentally underlying the pursuit of robot-
assisted radical cystectomy. As such, we believe 

the potential benefi ts of fast-track  pathways out-
lined in this chapter are consonant with the values 
and purposes animating any robot-assisted radical 
cystectomy (RARC) program. 

 It is noteworthy that the fast-track pathway experi-
ence from our series described in the above section 
included several years prior to our (early) adoption of 
RARC, and therefore refl ects results in a cohort 
including a substantial number of open radical cys-
tectomies. Our ongoing experience in a mature 
RARC program supports consistent benefi ts in that 
setting. Given the emphasis of the pathway on issues 
related to recovery of bowel function, we believe that 
the benefi ts of the pathway relate primarily to opti-
mized recovery after urinary diversion, whether per-
formed intracorporeally or extracorporeally. 

 The contemporary UNC fast-track pathway 
for robot-assisted radical cystectomy consists of:
    1.    Counseling and expectations of surgery and 

recovery—pathway described.   
   2.    No mechanical or oral antibiotic bowel prep-

aration or special diet. Regular diet until 
midnight before the procedure.   

   3.    Enema 2 h prior to surgery.   
   4.    Perioperative antibiotics with a second or 

third generation cephalosporin for 24 h 
 coverage—fi rst dose prior to skin incision.   

   5.    Removal of orogastric tube at end of case.   
   6.    Intra and postoperative DVT prophylaxis 

with ambulation (postoperative), TED, 
SCDs, and subcutaneous heparin or lovenox.   

   7.    Prokinetic agents (metoclopramide 10 mg 
IV q8 for 48 h).   

   8.    GI ulcer prophylaxis with an H2 blocker.   
   9.    Non-narcotic pain management with toradol 

X 48 h, then celecoxib 200 mg BID after-
wards for 2 weeks with supplementation 
with IV or oral narcotics as needed.   

   10.    Early ambulation with early consultation 
with physical therapy.   

   11.    Discharge planning beginning    POD 1 with 
social work assistance.   

   12.    Diet:
    (a)    NPO for POD 1 except for sips and ice 

chips.   
   (b)    Introduction of 8 oz of clear, noncar-

bonated, liquids every 8 h on POD 
2—irrespective of bowel function.   
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   (c)    Clear liquid diet on POD 3 with  reduction 
of IVF. Possible advancement to a regu-
lar diet in the afternoon if requested.   

   (d)    Regular diet and discontinuation of IVF 
on POD 4 with possible discharge in the 
afternoon.       

   13.    Typically discharged on POD 4 or POD 5.     
 Refl ecting the motivation for the pathway as 

a vehicle for iterative continuous quality 
improvement, changes from the original itera-
tion of the pathway described above, and cur-
rently in use, include elimination of the 
preoperative bowel preparation the day prior to 
surgery, discontinuation of the need for patients 
to adhere to a clear liquid diet the day before 
surgery, more consistent advancement of diet 
postoperatively, and an increased cognizance of 
limiting postoperative narcotic usage. The elim-
ination of the mechanical bowel preparation not 
only improves a patient’s hydration status before 
surgery but also decreases a somewhat morbid, 
and seemingly unnecessary, cleansing of the 
bowel. The same clinical pathway is utilized 
regardless of patient demographics, comorbidi-
ties, age, sex, or type of diversion. Again, as 
with the open radical cystectomy, the urinary 
diversion seems to confer the most morbidity 
with the robot-assisted radical cystectomy as 
well. This is despite some experience suggest-
ing potential benefi ts in earlier return of bowel 
function, possibly due to reduced insensible 
losses or other factors by utilizing the robot- 
assisted approach. Therefore, by standardizing 
an approach for the introduction of food and 
liquids to a patient’s postoperative care path-
way, we believe this strategy may provide a 
means of substantially minimizing postopera-
tive morbidity. 

 An important element of this pathway is 
involvement of the patient and family members 
as to the expectation, goals, and rationale for 
each step. In our experience patient satisfaction 
has increased with a clearly delineated care plan 
that is understood by patient, family, and care 
team alike. This plan is described (in verbal and 
in written form) to the patients at their preopera-
tive visit, and the pathway frequently referenced 
in the peri and postoperative period.  

    Conclusions 

 Clinical pathways contribute enormous value in 
the treatment of surgical patients. Standardizing a 
postoperative approach to managing patients who 
have undergone radical cystectomy, works to not 
only improve the quality of care provided, as 
refl ected in improved patient outcomes, but also 
enables cost reduction and higher rates of patient 
satisfaction. Furthermore, implementation of clin-
ical care pathways can provide a vehicle for a cul-
ture of practice within which to apply an 
evidence-based methodology to postoperative 
decision-making. Postoperative “fast-track” path-
ways have been clinically utilized in innumerable 
general surgery contexts, as well as in the fi eld of 
urology with noted benefi t after prostatectomies, 
retroperitoneal lymphadenectomies, and partial 
nephrectomies. Fast-track pathways have also 
been more recently developed for these same sur-
geries but specifi cally intended with the use of 
robot-assisted technology (i.e., fast-track pathway 
for patients undergoing robot-assisted prostatec-
tomy). Re-evaluating and evolving clinical path-
ways will continue to be relevant as newer 
technologies, approaches, and strategies are devel-
oped in the treatment of urologic malignancies.  

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 Clinical pathways are an important and poten-
tially powerful tool that may have benefi cial 
affects that include: (1) improvement in quality 
of care, (2) cost reduction, (3) transparency of 
treatment, and (4) staff satisfaction with benefi ts 
of training and education. Implementation of 
clinical care pathways and evidence-based fast- 
track programs have been successfully employed 
in a wide variety of surgical procedures ranging 
from colorectal surgery to hepatobiliary surgery 
to cardiothoracic surgery, just to name a few. To 
date, application to urologic procedures, how-
ever, has been rather limited. 
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 A successful application of a fast-track pro-
gram has been applied to our patients undergoing 
radical cystectomy and urinary diversion. The 
elimination of a mechanical bowel preparation, 
use of non-narcotic analgesics, and early postop-
erative diet advancement have been three critical 
elements of this pathway. 

 Such a clinical care pathway has the potential 
to utilize evidence-based modifi cations to reduce 
morbidity and improve recovery with regard to 
early institution of oral diet and early hospital 
discharge. In addition, such pathways allow for 
the seamless introduction of guidelines and best 
practice policies to the perioperative care. 
Ongoing modifi cation and analysis of this pro-
gram remain an important aspect of clinical care 
pathways that provide a ready mechanism by 
which scientifi c evidence translates into clinical 
practice.       

    Appendix 

 The Contemporary UNC Fast-Track Pathway for 
Robot-Assisted Radical Cystectomy
    1.    Counseling and expectations of surgery and 

recovery—pathway described.   
   2.    No mechanical or oral antibiotic bowel prep-

aration or special diet. Regular diet until 
midnight before the procedure.   

   3.    Enema 2 h prior to surgery.   
   4.    Perioperative antibiotics with a second or 

third generation cephalosporin for 24 h cov-
erage—fi rst dose prior to skin incision.   

   5.    Removal of orogastric tube at end of case.   
   6.    Intra and postoperative DVT prophylaxis 

with ambulation (postoperative), TED, 
SCDs, and subcutaneous heparin or lovenox.   

   7.    Prokinetic agents (metoclopramide 10 mg 
IV q8 for 48 h).   

   8.    GI ulcer prophylaxis with an H2 blocker.   
   9.    Non-narcotic pain management with toradol 

X 48 h, then celecoxib 200 mg BID after-
wards for 2 weeks with supplementation 
with IV or oral narcotics as needed.   

   10.    Early ambulation with early consultation 
with physical therapy.   

   11.    Discharge planning beginning POD 1 with 
social work assistance.   

   12.    Diet:
    (a)    NPO for POD 1 except for sips and ice 

chips.   
   (b)    Introduction of 8 oz of clear, noncar-

bonated, liquids every 8 h on POD 
2—irrespective of bowel function.   

   (c)    Clear liquid diet on POD 3 with reduc-
tion of IVF. Possible advancement to a 
regular diet in the afternoon if requested.   

   (d)    Regular diet and discontinuation of IVF 
on POD 4 with possible discharge in the 
afternoon.       

   13.    Typically discharged on POD 4 or POD 5.       

   References 

     1.   Howlader N, Noone AM, Krapcho M, Neyman N, 
Aminou R, Altekruse SF, Kosary CL, Ruhl J, 
Tatalovich Z, Cho H, Mariotto A, Eisner MP, Lewis 
DR, Chen HS, Feuer EJ, Cronin KA, editors. SEER 
Cancer Statistics Review, 1975-2009 (Vintage 2009 
Populations). Bethesda, MD: National Cancer Institute  

       2.    Hall MC, Chang SS, Dalbagni G, et al. Guideline for 
the management of nonmuscle invasive bladder can-
cer (stages Ta, T1, and Tis): 2007 update. J Urol. 
2007;178:2314–30.  

    3.    Meeks JJ, Bellmunt J, Bochner BH, Clarke NW, 
Daneshmand S, Galsky MD, et al. A systematic 
review of neoadjuvant and adjuvant chemotherapy for 
muscle-invasive bladder cancer. Eur Urol. 2012;62(3):
523–33.  

      4.    Sonpavde G, Sternberg CN. Neoadjuvant chemother-
apy for invasive bladder cancer. Curr Urol Rep. 
2012;13(2):136–46.  

     5.    Evans C. Complications of radical cystectomy. In: 
Teneja SS, Smith RB, Ehrich RM, editors. 
Complications of urologic surgery: diagnosis, preven-
tion and management. 3rd ed. Philadelphia, PA: WB 
Saunders; 1999.  

            6.    Pruthi RS, Nielsen ME, Smith AS, Nix J, Schultz H, 
Wallen EM. Fast track program in patients undergo-
ing radical cystectomy: results of 362 consecutive 
patients. J Am Coll Surg. Jan 2010;210(1):93–9.  

     7.    Kouba EJ, Wallen EM, Pruthi RS. Gum chewing stim-
ulates bowel motility in patients undergoing radical 
cystectomy with urinary diversion. Urology. 
2007;70(6):1053–6.  

     8.    Pruthi RS, Wallen EM. Robotic-assisted laparoscopic 
pelvic lymphadenectomy for bladder cancer: a surgi-
cal atlas. J Laparoendosc Adv Surg Tech A. 
2009;19(1):71–4.  

13 Perioperative Care: The Radical Cystectomy Pathway



136

   9.    Nix J, Smith A, Kurpad R, Nielsen ME, Wallen EM, 
Pruthi RS. Prospective randomized control trial of 
robotic versus open radical cystectomy for bladder 
cancer: perioperative pathologic results. Eur Urol. 
2010;57(2):196–201.  

   10.    Pruthi RS, Nielsen ME, Nix J, Smith A, Schultz H, 
Wallen EM. Robotic radical cystectomy for bladder 
cancer: surgical and pathological outcomes in 100 
consecutive cases. J Urol. 2010;183(2):510–4.  

     11.    Smith AB, Raynor M, Amling CL, Busby JE, Castle 
E, Davis R, et al. Multi-institutional analysis of 
robotic radical cystectomy for bladder cancer: periop-
erative outcomes and complications in 227 patients. J 
Laparoendosc Adv Surg Tech A. 2012;22(1):17–21.  

     12.    Raynor MC, Lavien G, Nielsen ME, Wallen EM, 
Pruthi RS. Elimination of preoperative mechanical 
bowel preparation in patients undergoing cystectomy 
and urinary diversion. Urol Oncol. 2010;31(1):32–5.  

           13.    Muller S, Zalunardo MP, Hubner M, et al. A fast-track 
program reduces complications and length of hospital 
stay after open colonic surgery. Gastroenterology. 
2009;136:842–7.  

    14.    Gustafsson UO, Hausel J, Thorell A, Ljungqvist O, 
Soop M, Nygren J. Adherence to the enhanced recov-
ery after surgery protocol and outcomes after 
colorectal cancer surgery. Arch Surg. 2011;146(5):
571–7.  

   15.    Faeron KCH, Ljungqvist O, Meyenfeldt MV, Revhaug 
A, Defong CHC, Lassen K, et al. Enhanced recovery 
after surgery: a consensus review of clinical care for 
patients undergoing colonic resection. Clin Nutr. 
2005;24:466–77.  

   16.    Pitt HA, Murray KP, Bowman HM, et al. Clinical 
pathway implementation improves outcomes for com-
plex biliary surgery. Surgery. 1999;126:751–6. dis-
cussion 756–758.  

   17.    Ronellenfi tsch U, Rossner E, Jakob J, et al. Clinical 
pathways in surgery—should we introduce them into 
clinical routine? A review article. Langenbecks Arch 
Surg. 2008;393:449–57.  

   18.    Kehlet H, Wilmore DW. Evidence-based surgical care 
and the evolution of fast-track surgery. Ann Surg. 
2008;248:189–98.  

        19.    Mohn AC, Bernardshaw SV, Ristesund SM, Hovde 
Hansen PE, Rokke O. Enhanced recovery after colorec-
tal surgery – results from a prospective observational 
two-center study. Scand J Surg. 2009;98:155–9.  

     20.    Sjetne IS, Krogstad U, Odegard S, Engh ME. 
Improving quality by introducing enhanced recovery 
after surgery in a gynecological department: conse-
quences for ward nursing practice. Qual Saf Health 
Care. 2009;18(3):236–40.  

             21.    Khan S, Wilson T, Ahmed J, Owais A, MacFie J. 
Quality of life and patient satisfaction with enhanced 
recovery protocols. Colorectal Dis. Dec 2010;12(12):
1175–82.  

    22.    Donat SM, Slaton JW, Pisters LL, Swanson DA. Early 
nasogastric tube removal combined with metoclo-
pramide after radical cystectomy and urinary diver-
sion. J Urol. 1999;162:1599–602.  

      23.    Chang SS, Baumgartner RG, Wells N, et al. Causes of 
increased hospital stay after radical cystectomy in a 
clinical pathway setting. J Urol. 2002;167:208–11.  

     24.    Chang SS, Cole E, Smith Jr JA, et al. Safely reducing 
length of stay after open radical retropubic prostatec-
tomy under the guidance of a clinical care pathway. 
Cancer. 2005;104:747–51.  

     25.    Chang SS, Cookson MS, Baumgartner RG, et al. 
Analysis of early complications after radical cystec-
tomy: results of a collaborative care pathways. J Urol. 
2002;167:2012–6.  

      26.    Kaufman MR, Baumgartner RG, Anderson LW, 
Smith Jr JA, Chang SS, Herell SD, et al. The evidence- 
based pathway for perioperative management of open 
and robotically assisted laparoscopic radical prosta-
tectomy. BJU Int. 2007;99(5):1103–8.  

     27.    Stein JP, Lieskovsky G, Cote R, et al. Radical cystec-
tomy in the treatment of invasive bladder cancer: 
long-term results in 1,054 patients. J Clin Oncol. 
2001;19:666–75.    

R. Kurpad et al.



137E.P. Castle and R.S. Pruthi (eds.), Robotic Surgery of the Bladder, DOI 10.1007/978-1-4614-4906-5_14,
© Springer Science+Business Media New York 2014

           Introduction 

 When appraising a new technique in surgery, sev-
eral elements are important to evaluate including 
cost, complications, cosmesis, and a host of peri-
operative factors. However, for bladder cancer, 
oncologic effi cacy is paramount. Residual cancer 
or incomplete resection can render a much worse 
prognosis for the patient and may greatly decrease 
the chance of cancer-specifi c survival [ 1 ]. Open 
radical cystectomy (ORC) with or without neo-
adjuvant chemotherapy has been the time-tested 
gold standard for the extirpation of bladder can-
cer. Any surgical technique convened to address 
bladder cancer must offer similar oncologic effi -
cacy to open radical cystectomy. In this chapter 
we will examine the current status of oncologic 
effi cacy of robot-assisted radical cystectomy 
(RARC). In evaluating RARC, several factors are 
important to bear in mind. First, the oncologic 
effi cacy of RARC is gauged entirely by the extir-

pative portion. The reconstructive phase of this 
procedure (ileal conduit, neobladder, etc.) cer-
tainly has impact on morbidity, cost, cosmesis, 
and complications but does not directly impact 
cancer-related survival and hence will not be dis-
cussed in this chapter. Moreover, robotic technol-
ogy is not making its debut in Urology. Compared 
to series looking at early robotic prostatectomy, 
the RARC data consists mainly of surgeons who 
have experience with robotic technology, includ-
ing robotic prostatectomy and often robotic pel-
vic lymph node dissection. As such, technical 
and technique driven diffi culties have been 
largely been assessed and to some degrees, 
addressed. In this chapter, we will look at specifi c 
markers of oncologic effi cacy, namely cancer-
specifi c survival, cancer-free recurrence, as well 
as surrogates of oncologic effi cacy: positive sur-
gical margins and lymph node status. We will 
also evaluate the current literature with regards to 
long term follow-up, comparison of ORC with 
RARC, and assess other factors infl uencing 
oncologic effi cacy.  

    Cancer-Specifi c Survival, Cancer 
Recurrence, and Overall Survival 

 Ideally, oncologic effi cacy would be determined 
with data on cancer recurrence and cancer- 
specifi c survival with a large patient database, 
long-term follow-up and minimal bias. However, 
with the limitations introduced by the nature of 
research, the disease process, the availability of 
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data, and patient factors, we are left with an 
assortment of studies, from which we can infer 
oncologic effi cacy. Although cancer-specifi c 
survival and cancer recurrence represent perhaps 
the most important measure of oncologic effi cacy, 
medium- and long-term follow-up is critical is 
defi ning these metrics. RARC, however, is still a 
relatively new technique and long-term data is 
lacking at present; nevertheless, the relevant lit-
erature is growing rapidly and relevant medium- 
term follow-up is being reported. 

 Pruthi et al. reported 21.2-month follow-up on 
his fi rst 100 consecutives cases of RARC. In his 
series, he had 0 positive surgical margins and 
retrieved an average of 19 lymph nodes [ 2 ]. In 
that time period, 15 % of patients had evidence of 
recurrence. Distant metastasis was the most com-
mon in 11 %, with local recurrence alone in 2 %, 
and local plus distant metastasis in another 2 %. 
Six patients died of bladder cancer during follow-
 up, yielding a cancer-specifi c survival of 94 %. 
Three patients died of other causes yielding an 
overall survival of 91 %. 

 Mmeje et al. reported on 139 patients who 
underwent RARC with nearly 3 years of follow-
 up (35.9 months) [ 3 ]. At that time point, 39 
patients had recurrence, 27 died of bladder can-
cer, and 5 died of other causes. This yields a 
recurrence-free survival of 80 %, and cancer- 
specifi c survival of 71 %, and an overall survival 
of 68 %. As expected, patients with organ con-
fi ned disease fared better than those with 
advanced disease (pT3, pT4 or lymph node posi-
tive). In concert, these studies indicate compara-
ble results to ORC with medium-term time 
follow-up. What remains to be seen is whether 
these metrics will hold in the long term.  

    Surgical Margin Status 

 Surgical Margin status is the most utilized imme-
diate surrogate for oncologic effi cacy for bladder 
cancer surgery. Surgical margins status is 
extremely useful as it provides instantaneous 
information and does not require long-term fol-
low- up. Several studies have elucidated the rela-
tionship between a positive surgical margin and 

bladder cancer outcomes. Dotan et al. assessed the 
impact of a positive surgical margin in a large ORC 
series at MSKCC. They assessed 1,589 patients 
and found a PSM in 67 (4.2 %) patients [ 1 ]. A PSM 
was statistically more likely in females, patients 
with higher pathologic stage, vascular invasion, 
and lymph node positivity. In addition, patients 
with extravesical disease carried a 9 % PSM rate, 
versus 0 % with locally confi ned disease. This 
highlights the importance of clinical staging in 
affecting pathologic outcomes. What the authors 
ultimately found was that a PSM conferred an 
increased risk of both local recurrence and meta-
static disease. 3.6 % of patients experienced local 
recurrence with median time to recurrence at 16 
months. Five- year freedom from local recurrence 
was seen in 94 % of patients with negative surgi-
cal margins versus 79 % of patients with PSM. 
Three hundred and fi fty-eight patients developed 
metastatic disease with a median time of 21 
months from cystectomy. At 5 years, the freedom 
from metastasis was 68 % in patients with a nega-
tive surgical margin versus 26 % in patients with 
a PSM. With regard to cancer-specifi c survival, 
the authors found that patients with a negative 
surgical margin had a 72 % CSS at 5 years versus 
36 % CSS at 3 years. Overall, patients with a 
PSM had a dismal median survival of 1.8 years. 

 A larger, multi-institutional retrospective 
database shows similar results. Novara et al. 
combined data at 12 major academic centers and 
assessed 4,410 patients who underwent radical 
cystectomy. In that large cohort, the PSM rate 
was 6.3 % [ 4 ]. They found similar rates of cancer 
free recurrence (62.8 % with negative surgical 
margin vs. 21.6 % with PSM) and similar data on 
CSS with 5-year survival at 69 % in patients with 
negative surgical margin and 26.4 % in patients 
with PSM. These two articles establish that surgi-
cal margin status is a legitimate surrogate for 
oncologic effi cacy and that a PSM confers a 
much higher risk of recurrence and cancer- 
specifi c mortality. Since this relationship under-
lies a biological etiology, it can be applied equally 
to ORC and RARC. 

 For surgical margin status, RARC must meet 
the oncologic standards of an open radical cys-
tectomy. Oncologic standards often vary by time 
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and place; however, in 2004, Herr et al. analyzed 
1,091 cystectomy patients and reported widely 
cited oncologic standards for radical cystectomy. 
For all patients, the overall PSM rate should be 
less than 10 %. For patients with bulky T3–4 dis-
ease, a PSM rate should be less than 15 % and for 
patients undergoing a salvage radical cystectomy, 
the PSM rate should be less than 20 %. They also 
made recommendations for the lymph node dis-
section and recommended that 70–80 % of 
patients should undergo a standard pelvic lymph 
node dissection (or more) and at least 10–14 
nodes should be harvested [ 5 ]. 

 Pathologic data from RARC trials has been 
maturing in recent years. In Table  14.1 , we list the 
fi ve largest recent trials assessing oncologic out-
comes. In total, over 800 patients underwent 
RARC in this series and the overall PSM rate was 
6.16 %. The largest series comes from the 
International Robotic Cystectomy Consortium 
(IRCC). The IRCC includes surgeons from 15 
centers in the USA, Spain, UK, Belgium, and 
Sweden and includes data from 513 patients. The 
authors found an overall 6.8 % PSM rate. 
Pathologic stage was signifi cantly associated with 
PSM. Patients with pT2 or less disease had 1.5 % 
rate of PSM, compared to 8.89 % in pT3 patients 
and 39.1 % in pT4 patients. This translates to a 6- 
and 40-fold increase in PSM in patients with pT3 
and pT4 disease, respectively, compared to those 
patients with organ-confi ned disease. Hence, a 
PSM was statistically much more likely with 
advanced tumor stage. In this study, increasing age 
and positive lymph nodes also predicted a positive 
surgical margin. Importantly, institutional case 
volume and sequential case number did not corre-
late with surgical margin status, indicating that the 
learning curve did not play a signifi cant role in the 

quality of extirpation. In a single institution set-
ting, Pruthi et al. confi rms similar fi ndings. In 
their report of 100 patients undergoing RARC, 
they found zero cases of PSM. In a very large 
Korean study, Kang et al. reported 104 patients 
undergoing RARC with a PSM rate of 4.8 %. 
At 1-year follow-up, they report a cancer-specifi c 
survival rate of 96.2 %. In total, the data from 
Table  14.1  give us a diverse impression of the 
PSM rate in RARC. It includes very large multi- 
institutional data, single surgeon data, interna-
tional data and data from programs in a young 
learning environment. Collectively, the data set 
from Table  14.1  suggests that RARC meets the 
standards of oncologic effi cacy with an acceptable 
PSM rate, well within the recommended 10 % 
standard.

   The critical factor in achieving negative surgi-
cal margins is wide resection where the tumor 
may encroach. Unfortunately, precisely where 
the tumor encroaches is usually not known until 
the fi nal pathologic specimen is analyzed. 
However, the quality of surgical extirpation may 
play a role. Dotan et al. found 0 PSM in patients 
with organ confi ned disease, where as those with 
extravesical disease had 9 % PSM rate [ 1 ]. Hence, 
for open radical cystectomy, a positive surgical 
margin is rarely due to surgeon error but more 
likely from the extension of disease. Furthermore, 
they found that the most common locations for a 
PSM in men were in the periprostatic tissues and 
seminal vesicles in 37 %, followed by the lateral 
walls in 29 %. Whereas in women, the PSM were 
more likely in the periurethral and vagina in 38 % 
and lateral walls in 28 %. It is not yet known 
whether the robotic PSM are in similar locations. 
In the next few years, it will be critical to assess 
this data in the robotic patient population.  

     Table 14.1    Oncologic outcome variables: surgical margin status   

 Journal  Subjects  Follow-up 
 Organ confi ned 
disease (%) 

 Extra-vesical 
disease (%)  PSM (%) 

 Pruthi et al. [ 2 ]  100  21.2  67 (67)  33 (33)  0 (0) 
 Guru et al. [ 6 ]  67  n/a  29 (43.3)  38 (56.7)  6 (8.9) 
 Kang et al. [ 7 ]  104  12  73 (70.1)  31 (29.9)  5 (4.8) 
 Hellenthal et al. [ 8 ]  513  n/a  337 (65.7)  176 (34.3)  35 (6.8) 
 Richards et al. [ 9 ]  60  n/a  38 (63.3)  22 (36.6)  6 (10) 
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    Lymph Node Status 

 The second most important surrogate for oncologic 
effi cacy is lymph node status. The most common 
site of bladder cancer metastasis is the pelvic lymph 
nodes, and removal of these lymph nodes provides 
improved surgical staging and possibility of thera-
peutic benefi t. Leissner et al. found signifi cantly 
improved survival in 447 patients when more 
lymph nodes were removed [ 10 ] in open radical 
cystectomies. In that study a mean of 14 lymph 
nodes were removed. Patients with >15 nodes 
removed had better 5-year recurrence free survival 
(65 % vs. 51 %), less loco- regional metastasis 
(17 % vs. 27 %), and less distant metastasis (17 % 
vs. 10.5 %). This translates to an increased cancer-
specifi c survival, regardless of stage and regardless 
of lymph node positivity. Although the limits of 
pelvic lymphadenectomy have been debated, it is 
suggested by some groups that an extended pelvic 
lymphadenectomy (above the iliac bifurcation) can 
improve staging and survival [ 11 – 13 ]. 

 In addition to providing oncologic informa-
tion, a lymph node dissection is a refl ection of 
surgical skill and completeness of extirpation. It 
has been unequivocally demonstrated that an ade-
quate lymph node dissection can be performed 
robotically. Table  14.2  lists fi ve large studies 
involving 768 patients who underwent RARC 
with robotic lymphadenectomy. In this series, an 
average of 18 nodes per patients was harvested 
robotically. This easily meets the 10–14 lymph 
node standards set for ORC mentioned above by 
Herr et al. [ 12 ].

   Multiple factors play a role in pathologic 
analysis including handling of specimens and 
quality of pathologic review [ 14 ], which vary 
from institution to institution; however, the com-
parative studies mentioned below (Nix et al. and 
Styn et al.) show similar lymph node counts 
between ORC and RARC in single center envi-
ronments, obviating differences in pathologic 
review within a single institution.  

    Direct Comparison of Open 
and Robot-Assisted Radical 
Cystectomy 

 Comparative trials are often regarded as supe-
rior to studies focusing only on one modality. 
So, how does RARC directly compare to ORC? 
Styn et al. performed a matched comparison of 
68 patients undergoing RARC with 306 patients 
who underwent ORC at the University of 
Michigan [ 15 ]. They found no statistically sig-
nifi cant differences in oncologic outcomes mea-
sures. PSM rates were 16 % vs. 11 % and mean 
lymph nodes removed were 14.3 and 15.2, in 
the RARC and ORC cohort, respectively. There 
were no mortalities in the RARC group at 30 
and 90 days with a median follow-up of 8 
months. More compelling, Nix et al. performed 
a prospective, randomized controlled trial com-
paring RARC with ORC in 42 patients at the 
University of North Carolina [ 16 ]. They had 0 
PSMs in both groups and similar lymph node 
counts (19 in RARC group versus 18 in the 
ORC group). Furthermore, a prospective, ran-
domized, controlled trial comparing RARC to 
ORC at the University of Texas Health Science 
Center San Antonio also shows no signifi cant 
difference in PSM (5 % vs. 5 %) and lymph 
node yield (23 vs. 11) in 40 patients [ 17 ]. In 
concert, these studies demonstrate that the 
reported oncologic success of RARC hold up 
even in direct comparison to ORC. At present, 
there is a prospective, randomized, multi-insti-
tutional trial underway in the USA comparing 
ORC vs. RARC. In a few years, data from this 
trial will allow us to compare oncologic out-
comes between the two approaches. 

   Table 14.2    Oncologic outcome variables: lymph node 
status   

 Pts 
 Number 
lymph nodes 

 Pts with 
positive 
LNs 

 Extended 
LND 

 Pruthi et al. [ 2 ]  100  19 (18–40)  20 (20 %)  n/a 
 Guru et al. [ 6 ]  67  18 (6–43)  n/a  100 % 
 Kang et al. [ 7 ]  104  18 (5–61)  10 (9.6 %)  31.7 % 
 Hellenthal 
et al. [ 8 ] 

 437  17 (0–68)  80 (18 %)  n/a 

 Richards 
et al. [ 9 ] 

 60  17 (5–34)  18 (30 %)  n/a 
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 How does the quality of a robotic lymph node 
dissection compare to an open dissection? Davis 
et al. looked at 11 patients who underwent a 
robot-assisted radical cystectomy with pelvic 
lymph node dissection followed by a second look 
open pelvic lymph node dissection via mini-
laparatomy [ 18 ]. They found a robotic yield of 43 
mean lymph nodes (range 19–63) while open 
second look yielded only a mean of four lymph 
nodes (range 0–8). In 80 % of these patients, no 
additional lymph nodes were found despite open 
dissection. This study suggests that robotic lymph 
node dissection can be performed with a com-
pleteness approaching that of open surgery.  

    The Learning Curve 

 As with any new procedure, especially one that 
involves a relatively new technology such as 
the da Vinci robotic system, there is a period of 
time during which the inexperience of the sur-
geon makes the operation more diffi cult. This is 
commonly referred to as the learning curve. 
Some surgeons would say that they passed the 
learning curve once they felt comfortable per-
forming a procedure. Given the subjective 
nature of what “comfortable” means to various 
surgeons, there are attempts to look at more 
objective metrics to measure the learning curve 
of an operation and to establish its effect, if any, 
on oncologic effi cacy. 

 Given the infancy of RARC, the long-term 
oncologic outcomes of ORC vs. RARC have yet 
to be fi rmly established. Moreover, determining 
long-term oncologic outcomes in early vs. late 
learning curve cases also remains to be estab-
lished. In the meantime, however, there has been 
literature published regarding operative and post-
operative complications, oncologic outcomes, 
and survival. Pruthi et al. retrospectively reviewed 
their fi rst 50 patients undergoing RARC, dividing 
them into quintiles, and analyzing metrics such 
as estimated blood loss (EBL), total OR time, 
margin status, number of lymph nodes removed, 
and complication rate [ 19 ]. They noted differences 
in EBL and operative time, but positive margin 
rate and lymph node yield were not signifi cantly 

different over the course of the learning curve, 
when evaluated by quintile and by halves. 

 In contrast to Pruthi et al.’s single-site experi-
ence, Hayn et al. examined data from the 
International Robotic Cystectomy Consortium 
[ 20 ]. After identifying 496 patients who under-
went RARC by 21 different surgeons at 14 insti-
tutions between 2003 and 2009, learning curves 
were defi ned for metrics such as operative time, 
lymph node yield (LNY), EBL, and margin posi-
tivity. After grouping surgeons by case volume 
(<30, 30–50, >50), the median overall operative 
times were 441, 368, and 307 min, respectively 
( P  < 0.0001). Using mixed statistical models, the 
learning curve for operative time revealed that 
after 21 cases, an overall operative time of 
390 min (6.5 h) could be achieved. The extent 
and number of pelvic lymph node dissection is a 
highly debated topic. In the present study, the 
mean yield was 18 nodes, with 23 % having posi-
tive lymph nodes—a fi gure comparable to a large 
open cystectomy series [ 5 ,  21 ,  22 ]. Herr et al. rec-
ommended 10–14 lymph nodes as standard for 
pelvic lymph node dissection [ 5 ], while Ghoneim 
suggested a cut-off of 20 nodes [ 21 ]. In the pres-
ent study by Hayn et al., after applying statistical 
modeling, the learning curves show clear 
improvement in lymph node yield (LNY) with an 
increased case number of 30 patients needed to 
obtain 20 nodes. Furthermore, median LNY 
increased by 73 % between surgeons who had 
done <30 cases and >50 cases ( P  < 0.0001). 
Regarding positive surgical margins (PSM), the 
learning curves did show an improved PSM rate 
with increased experience. To achieve a PSM rate 
of <5 %, they estimated the surgeon would need 
to have performed 30 cases. Otherwise, there was 
no signifi cant difference in metrics such as length 
of stay, rate of intraoperative transfusion, or posi-
tive surgical margin rate. 

 In a more focused, single-site study by Hayn 
et al., they sought to determine the outcome of 
164 consecutive RARC performed by a single 
surgeon [ 23 ]. When divided into groups of 50, 
50, and 64 patients, they found that mean opera-
tive time was signifi cantly different between the 
fi rst (180 min) and third groups (136 min) 
( P  < 0.001). Also, median LN yield (16) increased 
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from the fi rst group to the third group (24),    
 however, it is important to note that the increase 
may partially have been due to a change in the 
LND boundaries. After the initial 50 cases, 
100 % of PLNDs were extended to the aortic 
bifurcation, whereas only 80 % went to the bifur-
cation in the fi rst 50 cases. There was no signifi -
cant difference in EBL or positive surgical 
margins seen in this study. 

 Lastly, Richards et al. reported on 60 prospec-
tive RARC cases, divided into tertiles, performed 
at a single medical center from January 2008 to 
March 2010 [ 9 ]. Similar to other studies, there 
was no difference in EBL, hospital stay length, or 
LN yield. In concert, these studies suggest that 
lymph node yield tends to be infl uenced by the 
learning curve, however, positive surgical margins 
tend to be consistent. Variability in lymph node 
yield may be refl ective of individual surgeon pref-
erences with regards to extent of lymph node dis-
section that is debatable at present, rather than any 
limitation imposed by the robotic approach.  

    Elderly Patients 

 Given that bladder cancer is a disease frequently 
encountered in the elderly, with a median age of 
diagnosis at 70 years old, RARC must be shown 
to have oncologic equivalence in this population. 
In a study by Guillotreau et al., 146 patients 
undergoing laparoscopic or RARC were identi-
fi ed [ 24 ]. They divided the patients into those 
younger than 70 and those 70 or older. The onco-
logic variables for those two groups were remark-
ably similar. The PSM rate was 5.6 % and 5.4 %, 
and the lymph node yield was 12.4 versus 11.6, 
respectively. Similarly, tumor stage, number of 
positive lymph nodes, and overall follow-up 
were also not signifi cantly different. Coward 
et al. retrospectively examined 99 patients who 
underwent RARC at a single institution after 
dividing them by age greater or less than 70 years 
old [ 25 ]. In those groups, lymph node yield and 
PSM rate were statistically similar. These data 
indicate that age, by itself, does not seem to 
 render a worse prognosis for patients electing 
robot-assisted radical cystectomy.  

    Conclusions 

 As a rapidly accepted technology, RARC is gain-
ing ground as a viable alternative to ORC. The 
true markers of oncologic success (cancer- 
specifi c survival and cancer-free recurrence) take 
time and are not yet available to defi nitely estab-
lish the oncologic equivalence of RARC and 
ORC. Nevertheless, intermediate- and short-term 
oncologic outcomes with RARC are reassuring. 
Medium-term studies are showing satisfactory 
cancer-specifi c survival and cancer-free recur-
rence. The PSM rate for RARC seems to be 
fi rmly equivalent to ORC and lymph node yields 
are comparable as well. Furthermore, these data 
seem to be holding true not only for retrospective 
analysis studies, but in direct comparative studies 
as well. In the upcoming months, data from a 
large randomized, controlled, multi-institutional 
study directly comparing RARC with ORC 
should be released which may help establish 
oncologic equivalence. Certainly, the near future 
will bring more randomized trials, longer 
reported follow-ups, and intriguing analyses of 
RARC. In the interim, however, we have a grow-
ing collection of studies supporting the oncologic 
effi cacy of RARC in a variety of patients.  

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 In this chapter, the authors present collective 
data from several large RARC series showing 
comparable rates of positive surgical margins 
and similar lymph node yields—both that serve 
as short-term surrogates for oncologic effi cacy. 
They also examine several head to head com-
parisons of RARC compared to open radical cys-
tectomy, again showing similar oncologic 
outcomes. Medium-term studies (up to 3 years 
of follow-up) are also demonstrating satisfactory 
cancer- specifi c recurrence and survival. Such 
early evidence holds promise for the ability of 
the robotic approach to achieve oncologic equiv-
alence to the open technique. Indeed, many who 
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have performed robot-assisted radical 
 cystectomy will attest to the experience that the 
procedure itself does not necessarily compro-
mise visualization, access, or technical extirpa-
tion of the bladder or surrounding tissues and 
organs, nor does it limit ones ability to thor-
oughly remove lymph nodes up to the most 
proximal extents. 

 Most who care for patients with bladder can-
cer understand that the ultimate goal of radical 
cystectomy is oncologic success—irrespective of 
operative technique. The oncologic effi cacy is 
indeed paramount and any iatrogenic compro-
mise to cancer outcomes is simply unacceptable. 
In this disease we have essentially no salvage 
regimens to rescue the patient who may suffer 
from recurrence due to a suboptimal surgical pro-
cedure by open or robotic techniques. As such, 
careful evaluation of the oncologic integrity of 
this operation is essential if this procedure is to 
be continued and adopted in a widespread man-
ner. Surgeons performing this procedure (robotic 
or open, for that matter) should be well aware of 
their own oncologic outcomes to ensure they 
maintain the highest standards of surgical care 
for the bladder cancer patient.      
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           Introduction 

 The main impetus for the development of mini-
mally invasive surgery is to reduce surgical mor-
bidity. Therefore, many early investigations of 
the effects of new minimally invasive techniques 
focus on perioperative outcomes and surgical 
complications. 

 In this chapter, we report on the peer-reviewed 
literature on robot-assisted cystectomy (RARC), 
with respect to perioperative outcomes and 
complications.  

    Methodology 

 A literature search was performed for various 
permutations, using the terms “robot,” “cystec-
tomy,” “outcome,” and “complication.” Articles 
published before April 2012 were included. The 
references of each article identifi ed were then 
searched for additional papers on these topics. 

Once we identifi ed all of the papers that addressed 
each topic, we narrowed our search to include 
one paper (the most recent, largest number of 
patients, or most complete with respect to the 
outcome of interest) from each institution. We 
excluded other publications from the same insti-
tution, and excluded review articles, in order to 
avoid double counting of cases. 

 Overall, we identifi ed 22 unique series [ 1 – 22 ] 
representing 967 patients, of which six series 
contained at least 50 robotic cystectomies [ 2 ,  3 , 
 7 ,  10 ,  11 ,  13 ] from a single institution (529 
patients). Most institutions reported case series of 
robot-assisted cystectomies, without a compari-
son group. However, there were fi ve unique 
cohort studies containing both open and robot- 
assisted cystectomies [ 5 ,  20 ,  21 ,  23 ,  24 ] and one 
randomized trial comparing open with robot- 
assisted cystectomy [ 25 ]. In addition, there were 
several studies specifi cally comparing subgroups 
of RARC patients: one each by age 70 and over 
vs. under 70 [ 26 ], intracorporeal vs. extracorpo-
real diversion [ 27 ], high vs. low cardiac risk 
index [ 28 ], and fl at vs. bulky index tumor [ 29 ]. 
Many other case series had subgroup analyses 
within them for specifi c outcomes. Where it is 
illustrative to compare the open and robotic 
groups or subgroups of robotic patients, we 
report these comparative studies in addition to 
the case series, even if they may contain overlap-
ping patient cohorts. We highlight the results of 
the one randomized trial, since this study design 
has the lowest risk of bias.  
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    Perioperative Outcomes 

 Each of the perioperative outcomes reported in the 
literature provides a means of assessing the quality 
or value of the intervention. Perioperative out-
comes for the series with at least 50 patients and for 
the cohort studies and randomized trial comparing 
open with robot-assisted radical cystectomy are 
shown in Tables  15.1  and  15.2 , respectively.

       Operative Time 

 Operative time is an important perioperative 
parameter because of its impact on cost and com-
plications. Operative time is the primary driver of 
operative cost and the longer operative time 
associated with robotic surgery is the main source 
of cost difference between the open and robotic 
approaches [ 5 ]. A cost analysis by Martin et al. 
demonstrated that operative time had a greater 
impact on perioperative costs than any other 
parameter. On sensitivity analysis, an operative 
time greater than 361 min was associated with a 
higher total perioperative cost for robot-assisted 
cystectomy compared to open cystectomy. 

 Longer operative time is also associated with 
perioperative complications, length of stay, and 
interval to return of bowel function in many pro-
cedures, including laparoscopic colorectal 
 surgery [ 30 ], though these associations have not 
been demonstrated conclusively in open or robot- 
assisted cystectomy [ 13 ,  31 ]. Still, an expeditious 
operation is desirable, since many cystectomy 
patients have comorbidities that make them vul-
nerable to the side effects and complications 
associated with a prolonged anesthesia and oper-
ative time. Longer operative time also limits the 
productivity of the operative surgeon and other 
resources. 

 Operative time may be infl uenced by surgeon 
experience, so it may be most appropriate to 
assess after the “learning curve” fl attens. 
Nonetheless, most case series include the initial 
cases, so the mean operative time may appear 
longer than expected, and some of the difference 
between open and robotic operative times may 

be exaggerated. Operative time may also be 
infl uenced by the extent of lymphadenectomy, 
diversion type (continent vs. conduit), surgical 
approach to the diversion (intracorporeal vs. 
extracorporeal), gender, pelvic anatomy, prior 
surgery, effi ciency of the operative assistant and 
other operating room staff, and a variety of other 
factors. 

 Among the 22 unique case series, 19 reported 
total operative time [ 1 – 8 ,  10 – 13 ,  15 – 21 ], and the 
range of reported means and medians was quite 
wide: 261–697 min. In series with at least 50 
patients [ 2 ,  3 ,  7 ,  10 ,  11 ,  13 ], the range of means 
and medians was somewhat narrower: 261–
492 min. Five of the six studies reported the mean 
operative time [ 2 ,  3 ,  7 ,  10 ,  11 ], permitting the 
calculation of a weighted mean over these 373 
cases: 340 min or 5 h 40 min. 

 Several studies addressed the effect of the 
learning curve on operative time and, in general, 
operative time decreases as experience increases. 
In one example, Richards et al. found that the 
mean operative time decreased over the course of 
their fi rst 60 cases, from 524 min for the fi rst 20, 
to 503 for the second 20, and 449 for the last 20, 
 p  = 0.059 [ 3 ]. Similarly, Wang et al. found a 
reduction in mean operative duration of 112 min 
between the fi rst 16 cases and the second 16 
( p  = 0.007) [ 32 ]. 

 As with the open procedure, continent diversion 
prolongs operative time. In two of the larger case 
series, Kauffman and Khan each showed approxi-
mately a 2-h difference in mean operative time 
between conduit and continent diversion [ 7 ,  11 ]. 

 Some robotic surgeons have experimented 
with intracorporeal diversion (see Chap.   11    ). 
Intracorporeal urinary diversion was associated 
with increased operative time of approximately 
1 h (mean 318 min vs. 252 min,  p  < 0.001) in one 
study which included 10 intracorporeal and 20 
extracorporeal diversions [ 27 ]. Another study 
showed no signifi cant difference, but had higher 
operative times overall (median 372 vs. 384) 
among 24 intracorporeal and 132 extracorporeal 
diversions [ 13 ]. 

 Most studies comparing open with RARC fi nd 
that RARC is associated with longer operative 
time. In the available comparative studies, the 
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difference in mean operative time ranged 
between 18 and 302 min [ 5 ,  20 ,  21 ,  23 – 25 ], but it 
seemed to narrow in the more recent series in 
which the RARC experience is greater. For 
example in the randomized trial, Nix et al. found 
a difference of only 41 min between the open 
( n  = 20) and robotic approaches ( n  = 21) (211 min 
vs. 252,  p  < 0.001). In a prospective nonrandom-
ized study, Ng et al. found no signifi cant differ-
ence in mean operating room time between the 
open ( n  = 104) and robotic ( n  = 83) approaches 
(357 min vs. 375,  p  = 0.29). Another study 
showed that the difference in operative time 
between the robotic and open approaches was 
signifi cant only among patients undergoing con-
tinent diversion and not for those in whom a con-
duit was performed [ 32 ]. 

 Clearly, there is quite a bit of variation in oper-
ative time between institutions. This may be 
driven by differences in measurement (e.g., skin-
to- skin operative time vs. total time spent in the 
room), amount of time spent teaching, surgeon 
experience with robotics in general and RARC in 
particular, effi ciency of the operating assistant 
and operating room staff, or other factors. The 
fact that open and robotic times vary in propor-
tion across institutions suggests that “systemic” 
factors are at play, such as differences in mea-
surement and the overall pace of work in the 
operating room, and they do not seem to be spe-
cifi c to the procedure itself. 

 In summary, operative duration is an impor-
tant parameter because of its clear infl uence on 
the economic viability of robot-assisted radical 
cystectomy and because of its potential impact 
on postoperative complications. While operative 
times are longer in RARC compared to the open 
approach, the difference is decreasing as robotic 
experience is increasing. As one would antici-
pate, continent diversion and intracorporeal 
diversion prolong operative time in RARC, while 
surgeon and institutional experience tend to 
decrease it.  

    Blood Loss and Transfusion 

 Blood loss and transfusion have important impli-
cations for the quality of radical cystectomy, 

since they are strongly associated with postoperative 
complications [ 31 ,  33 ,  34 ] although this has not 
been conclusively demonstrated in RARC [ 13 ]. 
They may also infl uence convalescence time, 
time to functional recovery (e.g., ability to per-
form activities of daily living), and quality of life 
measures (e.g., sense of well- being). Perioperative 
blood transfusion is also associated with a higher 
risk of cancer recurrence and disease-specifi c 
mortality in diseases such as colorectal cancer 
[ 35 ] and may be associated with increased over-
all mortality after cystectomy [ 36 ]. Blood loss 
and transfusion also increase costs associated 
with surgery [ 37 ]. For these reasons, operative 
blood loss and transfusion are useful clinical 
indicators for comparing the effectiveness of 
alternative surgical approaches to radical cystec-
tomy for bladder cancer. 

 All 22 studies reported a mean, a median and/
or a range of estimated blood loss (EBL) [ 1 – 22 ]. 
The means and medians ranged from 160 to 
615 cm 3 , with most clustered between 200 and 
500. Five of the six studies with 50 or more 
RARC patients reported the mean EBL [ 2 ,  3 ,  7 , 
 10 ,  11 ], permitting the calculation of a weighted 
mean over these 373 cases: 360 cm 3 . 

 Each of the studies that compared open with 
robot-assisted radical cystectomy showed a clini-
cally and statistically signifi cantly lower EBL in 
the robotic group [ 5 ,  20 ,  21 ,  23 – 25 ]. While there 
were substantial differences across institutions, 
within each institution, the mean EBL was approx-
imately twice as much in the open group com-
pared to the robotic. The mean EBL for the 
robotic group ranged from 255 to 500 cm 3 , 
while the mean for the open group ranged from 
575 to 1,250. In the randomized trial the open 
patients had an average EBL of 564 cm 3  com-
pared to 273 cm 3  for the RARC patients 
( p  < 0.001) [ 25 ]. 

 Few publications include data on the use of 
blood products. In two small comparative stud-
ies, Rhee reported use of blood transfusion in 
four out of seven robotic cases (57 %) com-
pared with 20 out of 23 open cases (87 %) and 
Galich et al. reported a 54 % transfusion rate in 
their fi rst 13 robotic cases, compared to 75 % in 
24 contemporaneous open cystectomies [ 20 , 
 21 ]. More recently, Hayn et al. logged a 16 % 
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transfusion rate among 156 patients undergoing 
RARC and Khan had only two transfusions in 
50 patients (4 %) [ 7 ,  13 ]. Wang et al. demon-
strated the difference in transfusion usage 
between the open and robotic groups by show-
ing the mean number of units per patient: 0.5 
units per RARC patient vs. 2 units per open 
cystectomy patient,  p  = 0.007 [ 32 ]. 

 Much like the total operative time data, there 
are large discrepancies across institutions, but 
consistent comparisons between the open and 
robotic approaches within institutions. One can 
expect, on average, about twice as much blood 
loss during an open case than a robotic one. 
While the transfusion data are sparse, they seem 
to parallel the EBL data in favoring the robotic 
approach. These differences could have signifi -
cant implications for comparisons of cost, com-
plications, recovery metrics, and potentially even 
cancer recurrence between the open and robotic 
approaches.  

    Return of Bowel Function 

 One of the most salient postoperative mile-
stones is the return of bowel function. The tim-
ing of its return infl uences the patient’s sense 
of well being and quality of life. Some research-
ers have focused on the role of nutritional sta-
tus in driving cystectomy outcomes [ 38 ]. In 
this light, the timing of return of bowel func-
tion may herald the patient’s emergence from 
the perioperative catabolic state and may, in 
turn, affect the pace of functional recovery. In 
the USA, it also signals the patient’s readiness 
for discharge. Because the interval to return of 
bowel function infl uences length of stay, and 
length of stay is one of the primary drivers of 
cost, the return of bowel function has important 
implications for cost. 

 Studies from two institutions (UNC Chapel 
Hill, and University of Saarland, Germany) and 
one consortium (Korea) included data on time to 
return of bowel function [ 2 ,  10 ,  12 ,  24 – 27 ]. The 
single institution studies from the USA and 
Germany reported a mean of 2.1 days between 
surgery and fl atus, and 2.8–2.9 days to the fi rst 

bowel movement. The Korean multicenter con-
sortium found an average of 3.4 days to fl atus. 

 One prospective cohort study and one ran-
domized trial (both from the same institution) 
compared these outcome metrics between open 
and robotic cohorts. In the cohort study, the aver-
age number of days to fl atus was 2.1 for the 
robotic group and 2.9 for the open group 
( p  < 0.001) and time to fi rst bowel movement was 
2.8 days compared with 3.8, respectively 
( p  < 0.001) [ 24 ]. The results of the randomized 
trial were similar (median 2.3 vs. 3.2 days, 
 p  = 0.0013 for fl atus and 3.2 vs. 4.3 days, 
 p  = 0.0008 for bowel movement) [ 25 ]. This dif-
ference was associated with a statistically signifi -
cantly lower length of stay in the nonrandomized 
study (mean 4.4 vs. 5.3 days,  p  = 0.007), but not 
for the randomized trial (median 5.1 vs. 6.0 days, 
 p  = 0.2837). 

 Thus, the interval from surgery to the return of 
bowel function seems to be somewhat shorter for 
the RARC patients compared to the open surgery 
patients in the few studies to evaluate this end-
point. The return of bowel function is an impor-
tant determinant of length of stay (and, by 
extension, cost) and may also have implications 
for quality of life and return to baseline nutri-
tional status and functional status. Therefore, 
these early fi ndings should be confi rmed in larger, 
prospective randomized studies, and the down-
stream effects of early return of bowel function 
should be explored in greater depth.  

    Use of Pain Medication 

 One potential benefi t of minimally invasive sur-
gical approaches is the reduction in postoperative 
pain and, with that, a lower use of narcotic usage 
[ 39 ]. Narcotic use has a signifi cant impact on 
bowel function and contributes to postoperative 
ileus, one of the most common complications of 
radical cystectomy [ 31 ]. Therefore, various strat-
egies are employed to reduce postoperative pain 
and narcotic use among cystectomy patients, 
including use of NSAIDs and novel opioid antag-
onists that reduce these side effects [ 40 ]. If the 
difference in postoperative pain and narcotic use 
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were markedly different between the open and 
robotic operations, the minimally invasive 
approach may represent an alternative strategy 
for reducing postoperative pain and ameliorating 
its downstream consequences. 

 In a randomized trial comparing open to 
robot-assisted radical cystectomy, Nix et al. 
showed signifi cantly lower use of narcotic medi-
cation in the robotic group compared to the open 
surgery patients (89 vs. 147 morphine equiva-
lents,  p  = 0.0044) [ 25 ]. With this reduction in 
postoperative narcotic usage, there was a statisti-
cally signifi cant reduction in the interval to return 
of bowel function, and a signifi cant reduction in 
length of stay, suggesting that reduced postopera-
tive pain may drive these downstream outcomes. 
In addition to the potential benefi ts for bowel 
function and length of stay, one would expect 
that a 40 % reduction in the use of narcotic pain 
medications would have a clinically meaning-
ful impact on the patient’s postoperative quality 
of life. 

 In a subsequent nonrandomized study from 
the same group, intracorporeal urinary diversion 
was associated with lower use of narcotic medi-
cations postoperatively (57.6 vs. 93.2 morphine 
equivalents,  p  = 0.042), providing another poten-
tial mechanism for decreasing postoperative pain 
and narcotic usage [ 27 ]. 

 In summary, the data on postoperative narcotic 
utilization after RARC, while intriguing, are very 
limited and preclude making any broad conclu-
sions. This important outcome deserves further 
study to determine whether, in fact, RARC patients 
have reduced postoperative pain compared to open 
cystectomy patients, and, if so, whether that differ-
ence manifests in clinically meaningful differ-
ences in quality of life, return of bowel function, 
and length of stay.  

    Length of Stay and Use of Intensive 
Care Units 

 Length of stay (LOS) is second only to OR time 
in driving the cost of robotic vs. open cystectomy 
[ 5 ]. A shorter LOS for RARC could mitigate the 

higher costs associated with longer operative 
time, higher use of disposable items in the OR, 
and amortization of the robot itself. On the other 
hand, lower LOS is associated with higher rates 
of readmission in many situations, which would 
tend to drive up overall cost. Therefore, studies 
reporting LOS should also report readmission 
rates, though few do. 

 With length of stay (LOS), there is quite a bit of 
variability from one institution to the next and 
even more variability across countries, presumably 
due to differences in culture and healthcare sys-
tems. Looking at studies within the USA, the mean 
LOS ranged between 4.9 and 8.1 days among stud-
ies that included 50 or more patients [ 3 ,  10 ,  11 ]. 
Among these studies, Pruthi et al. report a mean 
LOS of 4.9 days, with a 30-day readmission rate of 
only 11 %, which compares favorably with other 
series reporting readmissions after cystectomy 
Pruthi et al. [ 10 ].    Factors associated with longer 
LOS included perioperative complication [ 11 ,  13 ] 
and surgeon/institution experience [ 3 ]. 

 A German study with 84 patients had a mean 
LOS of 17.7 days (range 10–33), and a British 
series of 50 patients had a mean LOS of 10 days 
(range 5–24), demonstrating that there are large 
differences in discharge practices across coun-
tries, with European hospitals tending to have 
longer LOS than US hospitals [ 2 ,  7 ]. 

 In studies comparing the open and robotic 
approaches, LOS was consistently lower in the 
robotic cohorts [ 5 ,  20 ,  21 ,  23 – 25 ], most often by 
1–2 days, and the difference was statistically 
signifi cant in three of the fi ve studies. As indi-
cated above, decreased use of narcotics and 
earlier return of bowel function in the robotic 
series may contribute to an earlier discharge from 
the hospital. Decreased blood loss and use of 
transfusion may also play a role. Theoretically, 
there may also be less fl uid shift and metabolic 
demand after RARC compared to open cystec-
tomy, which could infl uence discharge, but the 
data are not available to support or refute this 
hypothesis. Overall, though a shorter length of 
stay has a tangible impact on overall cost of the 
procedure and may predict a shorter 
convalescence.   
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    Complications 

 The morbidity associated with radical cystec-
tomy has been reported to range from 30 to 60 % 
even at high-volume tertiary referral centers [ 31 ,  42 ]. 
The scope of complications associated with 
robot-assisted radical cystectomy is very similar 
to open cystectomy, yet there are reported differ-
ences in the frequency of overall and specifi c 
types of complications between the two surgical 
techniques. While contemporary reporting of 
complications associated with radical cystec-
tomy has improved with the use of standardized 
classifi cation systems (i.e., Clavien grading), the 
exact reasons as to why differences in complica-
tion rates exist between the two techniques is not 
well understood. Recent studies have provided 
further insight into the frequency, distribution, 
and severity of complications associated with 
RARC. 

    Overall Complication Rates 
Associated with Robot-Assisted 
Cystectomy 

 The majority of studies investigating complica-
tion rates associated with RARC originate from 
single institution cohorts that are limited by rela-
tively modest sample sizes. When standardized 
reporting of complications has been performed, 
minor/low grade complications were associated 
with Clavien grades 1 and 2 and major or high 
grade complications were associated with 
Clavien grades ≥3. In one study of 50 patients 
undergoing RARC, the overall perioperative 
complication rate was reported to be 34 % [ 7 ]. 
The majority of these complications (71 %) were 
classifi ed as minor events. Another study of 79 
consecutive patients undergoing RARC with 
extracorporeal urinary diversion reported one or 
more complications within 90 days of surgery in 
49 % of patients. Approximately 79 % of compli-
cations were classifi ed as low grade and zero 
mortalities were reported for this cohort of 
patients [ 11 ]. A summary of common complica-

tions associated with RARC and the frequency 
range of events is shown in Table  15.3 .

   In a single institution study with a larger 
cohort size, an overall complication rate of 
36 % was reported with only 8 % of patients 
experiencing high grade complications [ 10 ]. 
Gastrointestinal events (7 %) were the most fre-
quent type of complications followed by infec-
tious (6 %), and cardiac-related problems (4 %) 
[ 10 ]. In another report of 156 consecutive patients 
who underwent RARC, 52 % of patients experi-
enced a complication within 90 days of surgery 
[ 43 ]. At a median follow-up of 9 months, 65 % of 
patients experienced some type of postoperative 
complication. Approximately 41 % complica-
tions were classifi ed as minor. The most frequent 
types of complications were classifi ed as gastro-
intestinal (31 %), infectious (25 %), and genito-
urinary (13 %). The 90-day mortality rate was 
5.8 % [ 43 ]. 

 The distribution of complications associated 
with RARC appears to be similar to open cystec-
tomy. Among the various studies which have 
reported outcomes related to RARC, the majority 
of complications have been classifi ed as minor. 
One of the most frequent types of complications 
associated with RARC is gastrointestinal (post-
operative ileus) which is not surprising given the 
requirement for a bowel anastomosis as part of 
the urinary diversion. The overall mortality rate 
associated with RARC has been reported to be 
0–6 % which is comparable to open cystectomy 
[ 10 ,  43 ].  

   Table 15.3    Types and frequencies of complications 
associated with robot-assisted radical cystectomy      

 System  Frequency  Reference 

 Gastrointestinal  7–31 %  [ 7 ,  10 ,  11 ,  13 ,  23 ] 
 Infectious  2–41 %  [ 7 ,  10 ,  11 ,  13 ,  23 ] 
 Genitourinary  3–13 %  [ 7 ,  11 ,  13 ,  23 ] 
 Wound  4–7 %  [ 7 ,  23 ] 
 Pulmonary  1–4 %  [ 7 ,  13 ,  23 ] 
 Cardiac  2–11 %  [ 10 ,  11 ,  13 ,  23 ] 
 Bleeding  1–4 %  [ 7 ,  23 ] 
 Thromboembolic  3–7 %  [ 10 ,  11 ,  13 ,  23 ] 
 Neurologic  0–2 %  [ 7 ,  13 ,  23 ] 
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    Comparing Complications: 
Robot-Assisted Versus Open Cystectomy 

 A number of studies have attempted to compare 
robot-assisted and open cystectomy using a vari-
ety of methods. Propensity-matched analysis of 
robotic versus open cystectomy has demonstrated 
that fewer deaths and overall complications were 
associated with RARC compared to open cystec-
tomy (0 % vs. 2.5 % and 49.1 % vs. 63.8 %, 
respectively) [ 44 ]. Use of parenteral nutrition 
was lower for RARC compared to open cystec-
tomy (6.4 % vs. 13.3 %), but median lengths of 
stay were similar. While the overall inpatient 
complication rate was found to be lower for 
RARC compared to open cystectomy, no compli-
cation subtype (i.e., cardiac, respiratory, genito-
urinary, wound, vascular) was found to be 
signifi cantly different between the two surgical 
techniques. These data suggest that no single 
complication was responsible for the overall dif-
ference between the two cohorts [ 44 ]. In this 
population-based comparative study, RARC was 
associated with less parenteral nutrition use and 
fewer  inpatient complications and deaths com-
pared to open cystectomy. 

 Another single institution, matched analysis of 
robotic versus open cystectomy also demonstrated 
similar perioperative outcomes between the two 
techniques [ 45 ]. No differences in minor or major 
complications were observed. Length of stay was 
also similar for the two groups. The most frequent 
complication was postoperative ileus which 
occurred in 22 % and 25 % of robotic and open 
cystectomy cases, respectively. The 30-day read-
mission rate, return to operating room, and need 
for interventional procedures were similar for both 
groups. There were no mortalities observed in the 
RARC cohort at 30 and 90 days. The 30- and 
90-day mortality rate for open cystectomy in this 
cohort was 1 % and 3 %, respectively. A multi-
institutional study of 227 patients undergoing 
RARC demonstrated that 30 % of patients experi-
enced a complication with 7 % of patients having 
Clavien grade 3 or higher severity [ 46 ]. Decreased 
age and increased ASA score were predictors of 
higher Clavien complication score. 

 In another series of 187 open and robotic cys-
tectomies performed by a single surgeon, the 
overall complication rate at 30 days was signifi -
cantly lower in the robotic group (41 %) com-
pared to the open group (59 %) [ 23 ]. The rate of 
high-grade (Clavien grades 3–5) complications 
was also found to be lower for RARC compared 
to open cystectomy (17 % vs. 31 %) [ 23 ]. 
Infection was the most common complication 
followed by gastrointestinal and cardiac- related 
problems. The types of complications were simi-
lar in both surgical groups. A prospective ran-
domized trial comparing open versus RARC 
demonstrated reduced ileus in patients who 
underwent RARC [ 25 ]. No signifi cant difference 
was observed between the two surgical groups 
with regard complications reported as mean 
Clavien units, however, multivariable analysis 
showed a trend towards fewer complications in 
the robotic group when controlling for other 
known variables [ 25 ]. A summary of complica-
tion rates reported among studies that have com-
pared robotic and open cystectomy is shown in 
Table  15.4 .

       Learning Curve and Complication 
Rates 

 Assessing profi ciency in performing robot-
assisted radical cystectomy remains challenging 
and there is no standardized defi nition for the 
learning curve associated with a surgeon’s initial 
experience with this technique. The number of 
cases required to achieve profi ciency with RARC 
has been reported to be as few as 20, however, 
the learning curve can be quite variable and is 
dependent upon a number of factors including 
individual surgeon experience, patient selection, 
and case volume. Several studies have examined 
the relationship between the learning curve and 
complication rates. A single institution analysis 
of 60 RARC cases showed that complications 
decreased as a function of learning curve pro-
gression from 70 % in the fi rst tertile to 30 % in 
each of the second and third tertiles [ 3 ]. In a 
cohort of 45 patients who underwent RARC and 
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intracorporeal urinary diversion, there was a sig-
nifi cant decrease in late (>30 days) complications 
over time [ 47 ]. 

 No signifi cant differences in complication 
rates were attributable to sequential case number 
in 164 consecutive patients from the initial 
series reported from another institution [ 48 ]. 
Approximately 64 % of patients experienced an 
intraoperative or postoperative complication with 
the majority of these (76 %) being classifi ed as 
minor. Grades of complications were similar 
between sequential case number groups with the 
exception of Clavien grade 5 complications of 
which 75 % occurred in the fi rst 50 cases [ 48 ]. A 
4 % mortality rate was reported and there was no 
signifi cant difference between patients who died 
in the initial 50 cases compared to those who died 
in subsequent cases. The overall hospital read-
mission rate was 36 % and was not signifi cantly 
different between sequential case groups. While 
sequential case number was not signifi cantly 
associated with increased incidence of complica-
tions, it was associated with shorter operative 
times in this series [ 48 ]. 

 Perioperative neurologic complications related 
to prolonged surgery in steep Trendelenburg have 
been described in at least two patients under-
going RARC [ 49 ]. In these patients, neurological 

deterioration occurred following extubation and 
was attributed to cerebral edema. Prevention of 
these types of complications is especially rele-
vant during the learning curve phase when longer 
operative times are more likely to occur.  

    Complications of Robot-Assisted 
Cystectomy with Intracorporeal 
Urinary Diversion 

 Extracorporeal urinary diversion is performed in 
the vast majority of robot-assisted cystectomy  
series. There are limited reports on complications 
associated with RARC and intracorporeal urinary 
diversion. Early studies that have explored intra-
corporeal ileal conduit reconstruction have pri-
marily described technical feasibility of the 
procedure, however, certain types of complica-
tions may be unique to this surgical approach. 
Iatrogenic necrosis of the ileal conduit has been 
described as a result of vascular pedicle injury 
from retraction of the specimen bag [ 4 ]. In 
another study of 45 patients who underwent 
RARC with intracorporeal urinary diversion, the 
early (≤30 days) complication rate was 40 % and 
the late (>30 days) complication rate was 30 % 
[ 47 ]. The frequency of minor (Clavien grades 1 

   Table 15.4    Complication rates: robotic versus open cystectomy   

 Complication  Robotic (%)  Open (%)   R  vs.  O   Signifi cance  References 

  Major complications    31    17    R  >  O    p = 0.03   [ 23 ] 
  Overall complications at 30 days    41    59    R  <  O    p = 0.04  
 Overall complications at 90 days  62  48   R  =  O    p  = 0.07 
 Clavien units (median)  2.3  2.6   R  =  O    p  = 0.5622  [ 25 ] 
 Clavien units (adjusted mean)  1.7  2.8   R  =  O    p  = 0.0503 
  Death    0    3    R  <  O    p < 0.001   [ 44 ] 
  Use of TPN    6    13    R  <  O    p = 0.046  
 Cardiac  6  10   R  =  O    p  = 0.110 
 Respiratory  15  18   R  =  O    p  = 0.421 
 Genitourinary  7  11   R  =  O    p  = 0.112 
 Wound  5  8   R  =  O    p  = 0.185 
 Vascular  2  4   R  =  O    p  = 0.316 
  Overall complications    49    64    R  <  O    p = 0.035  
 Readmission <30 days  28  20   R  =  O    p  = 0.25  [ 45 ] 
 Reoperation <30 days  10  4   R  =  O    p  = 0.15 
 Overall complications <30 days  66  62   R  =  O    p  = 0.65 
 Overall complications >30 days  26  29   R  =  O    p  = 0.69 

  Statistically signifi cant differences between the open and robot-assisted approaches are shown in italics  
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and 2) complications during early and late peri-
operative time periods was 17 % and 13 %, 
respectively.  

    Predictors of Complications 
Associated with Robot-Assisted 
Cystectomy 

 Patients with bladder cancer are typically older 
and have medical comorbidities that may be 
associated with the development of complica-
tions related to radical cystectomy. Preoperative 
risk factors including age, prior abdominal sur-
gery, COPD, BMI, cardiac risk, and ASA score 
did not signifi cantly infl uence complications in 
66 patients undergoing RARC [ 28 ]. In this study, 
advanced age was associated with higher cardiac 
risk and an increased likelihood of admission to 
the intensive care unit. Higher ASA score was 
associated with an increased risk of overall hos-
pital stay. A history of prior abdominal surgery 
correlated with more frequent unscheduled post-
operative clinic visits. The frequency of minor 
and major complications was equivalent (24 %) 
at 3 months following surgery and the overall 
mortality rate was 1.6 % [ 28 ]. 

 Signifi cant risk factors for postoperative 
 complications on univariate analysis of a 
 single- institution experience of 79 patients 
included preoperative renal insuffi ciency, 
EBL ≥ 500 mL, and intraoperative intravenous fl u-
ids of >5,000 mL. Preoperative renal insuffi ciency 
and intravenous fl uids of >5,000 mL were signifi -
cantly associated with overall complications on 
multivariate analyses [ 11 ]. Risk factors that were 
signifi cantly associated with high-grade (Clavien 
grades 3–5) complications on multivariable analy-
ses included: age ≥ 65 years, EBL ≥ 500 mL, and 
intravenous fl uids >5,000 mL [ 11 ]. 

 In another study of 156 patients undergoing 
RARC, multiple risk factors (i.e., gender, age, 
BMI, chemotherapy, smoking history, case #, 
ASA, EBL, diversion type) were analyzed to 
determine the association with perioperative com-
plications [ 43 ]. No risk factor was signifi cant in 

predicting a complication on uni- or multivariable 
analyses. On univariable analysis, BMI was a sig-
nifi cant negative predictor of a high-grade com-
plication, but on multivariable analysis no single 
risk factor was signifi cant in predicting a compli-
cation [ 43 ]. In a series of 187 open and robotic 
cystectomies, the overall complication rate was 
lower in the robotic group (41 %) compared to the 
open group (59 %). Logistic regression analysis 
showed that surgical technique (RARC) was an 
independent predictor of fewer overall and major 
complications [ 23 ].   

    Conclusions 

 The majority of studies published to date have 
demonstrated comparable outcomes for RARC 
compared to open cystectomy. In the small num-
ber of studies comparing perioperative outcomes 
between open and RARC (including the only ran-
domized trial to date), most studies show longer 
operative time for robotic surgery, but lower blood 
loss, shorter time to recovery of bowel function 
and shorter length of stay. Complications associ-
ated with RARC are generally minor (Clavien 
grades 1 and 2), and multiple studies that have 
directly compared robotic to open cystectomy 
have demonstrated fewer overall complications in 
patients undergoing RARC. As physicians, 
patients, and payers strive to determine the opti-
mal surgical approach for the treatment of bladder 
cancer, perioperative outcomes and complications 
will be among the most important outcomes on 
which to focus because of their impact on patient 
quality of life, recovery, and cost. Ongoing ran-
domized clinical trials comparing robotic to open 
cystectomy will further defi ne the role of this 
minimally invasive surgical technique for the 
treatment of bladder cancer. 

  Since the main impetus for the development of 
minimally invasive surgery is to reduce surgical 
morbidity, such an evidence-based analysis of 
perioperative outcomes and complications is 
essential reading for all who perform this 
procedure.   
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    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 In the small number of studies comparing periop-
erative outcomes between open and robot-assisted 
radical cystectomy (RARC), most have shown 
longer operative times for robotic surgery, but 
lower blood loss, shorter time to recovery of 
bowel function, and shorter length of stay. In 
addition, our experience has also noted reduced 
pain and narcotic requirement and a more rapid 
physical convalescence for these patients. The 
authors also show that the complications associ-
ated with RARC are generally minor, and multi-
ple studies that have directly compared robotic to 
open cystectomy have demonstrated fewer over-
all complications in patients undergoing RARC. 

 The authors are correct in their comments that 
perioperative outcomes and complications will be 
among the most important outcomes  measured as 
physicians, patients, and payers analyze the evi-
dence to determine the optimal surgical approach 
for the treatment of bladder cancer. Such outcomes 
are highly relevant based on their signifi cant 
impact on patient quality of life, recovery, and 
cost. To date, the robotic approach to cystectomy 
appears to provide acceptable operative, patho-
logical, and short-term clinical outcomes—
seemingly duplicating the principles and practices 
of the time-tested open surgical technique.      
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           Introduction 

 As already emphasized throughout this book, the 
development of robotic surgery has helped refi ne 
the more challenging technique of laparoscopic 
cystectomy, paving the way for robot-assisted radi-
cal cystectomy as a feasible alternative to the open 
method. Since the fi rst reported series in 2003, 
there has been a marked increase in the number of 
manuscripts focusing on perioperative and postop-
erative outcomes following robot-assisted radical 
cystectomy (RARC). 

 While open radical cystectomy is associated 
with overall complication rates approaching 70 % 
when utilizing strict reporting criteria [ 1 ], compli-
cation rates following RARC vary widely. This dis-
parity likely results from differences in reporting 
methodology and duration of postoperative follow-
up, thus representing a major limitation when com-
paring techniques and institutions. In this chapter, 
we will briefl y review these perioperative and post-
operative outcomes while also discussing avoid-
ance and management of complications during 
robot-assisted radical cystectomy (RARC).  

    Review of Perioperative and 
Postoperative Complications 

 The existing literature on perioperative and 
postoperative complications is primarily com-
promised of single center series reporting 
complication rates for RARC. These rates vary 
widely in the literature presumably due to diffi -
culty in event capture, as many RARC complica-
tions occur at local, non-tertiary hospitals, and 
are therefore not systematically collected or 
reported. Additionally, a number of prior studies 
did not adhere to standard reporting guidelines, 
such as the MSKCC (Memorial Sloan Kettering 
Cancer Center) grading system or the modifi ed 
Clavien–Dindo classifi cation system [ 1 ,  2 ]. 
However, recent studies routinely report compli-
cation categorizations following these criteria. 

 Several single center series now exist, many 
reporting complication rates for RARC. Kauffman 
et al. published their complication data on a series 
of 79 consecutive patients after RARC [ 3 ]. While 
49 % of patients experienced complications 
within 90 days when using a standardized report-
ing system, most were minor, with infectious 
complications (41 %) occurring most commonly, 
followed by gastrointestinal (27 %) and thrombo-
embolic events (10 %). Another series by Treiyer 
et al. evaluate 84 consecutive RARC patients with 
overall and major 30-day Clavien complication 
rates of 53 % and 12 %, respectively [ 4 ]. In another 
European series, Khan et al. reported outcomes of 
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their fi rst 50 robotic cystectomies [ 5 ]. The Clavien 
90-day complication rate was 34 %, with major 
complications occurring in 10 % of this cohort. 
Despite use of a standardized complication report-
ing system, a major limitation of this study 
revolves around its selection bias, with the 
selected population representing only half of 
patients undergoing cystectomy at their 
institution. 

 Addressing this limitation seen in many sin-
gle case reports, Hayn et al. studied 156 con-
secutive patients undergoing the procedure and 
calculated an overall complication rate of 52 % 
within 90 days, including a 33 % major compli-
cation and a 21 % readmission rate [ 6 ]. The 
authors classifi ed all complications using the 
MSKCC system. The most common complica-
tions reported in Hayn’s series were gastrointes-
tinal (31 %), infectious (25 %), and genitourinary 
(13 %). As suggested above, the study is note-
worthy in that all cystectomies at this institution 
were performed robotically. However, limita-
tions of single institution studies are well known 
and have led to the construction of multi-institu-
tional analyses, which provide more robust and 
generalizable data. 

 Kang et al. describes a multi-institutional 
evaluation of complications during and after 
RARC in seven participating Korean institutions 
[ 7 ]. Retrospectively analyzing data from 104 
patients, the authors reported an overall compli-
cation rate of 27 % using the modifi ed Clavien 
system, with 7.7 % considered major complica-
tions and 19 % minor complications. 
Intraoperative complications represented 3.8 % 
of the total number of complications, with three 
conversions to open surgery. Two were secondary 
to adhesions with one due to an external iliac vein 
injury. Our own multi-institutional study expands 
on this data through inclusion of a larger sample 
size of 227 patients spread between four institu-
tions [ 8 ]. The overall complication rate was 30 % 
with 7 % having a major complication as defi ned 
by the Clavien classifi cation system, with no 
perioperative deaths. Interestingly, younger 
patients in this series were more likely to experi-
ence complications.  

    Comparisons Between Robot- 
Assisted and Open Radical 
Cystectomy 

 While understanding robotic complication rates 
is an important tool in quality assurance, another 
important comparison is contrasting robotic 
procedures with the standard, open technique. 
A number of studies have offered comparisons 
between the robotic and open procedures, but the 
vast majority remain nonrandomized studies, 
which are inherently limited by patient selection 
and other selection biases. 

 Ng et al. performed a prospective cohort study 
of 187 consecutive patients (104 ORC and 83 
RARC) who underwent radical cystectomy [ 9 ]. 
Thirty- and ninety-day Clavien complications 
revealed a higher overall rate in the open group at 
30 days (59 % vs. 41 %,  p  = 0.04), as well as a 
signifi cant increase in major complications (30 % 
vs. 10 %;  p  = 0.007). At 90 days, the overall com-
plication rate, while greater in the open cohort, 
was not statistically signifi cantly different. 
However, there did appear to be more major 
complications in the open cohort at 90 days 
(31 % vs. 17 %;  p  = 0.03). In a multivariate analy-
sis controlling for a variety of comorbidities, 
RARC remained an independent predictor of 
fewer overall and major complications at both 30 
and 90 days. The types of complications observed 
were similar to those in contemporary open 
series, including gastrointestinal, infectious, 
thromboembolic, and stomal events. Although 
this study was strengthened by prospective data 
collection, a large sample size, and procedures 
performed by a single surgeon, it remains limited 
by its observational methodology. 

 Only one randomized trial comparing ORC 
and RARC has been published to date [ 10 ]. Nix 
et al. reported results of our prospective, random-
ized study, including 20 patients undergoing ORC 
and 21 in the RARC cohort. Although designed as 
a non-inferiority study comparing lymph node 
yield, several secondary endpoints were evalu-
ated, including complication rate. Comparing 
those undergoing open and robotic procedures, 
no difference in complication rates were noted 
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(50 % vs. 33 %, respectively;  p  = 0.28). In a mul-
tivariate analysis controlling for age, body mass 
index, and pathologic stage there was a trend 
toward a lower complication rate in the robotic 
group, but it did not reach statistical signifi cance 
( p  = 0.0503). A multi-institutional, randomized 
study is currently in the recruitment phase, the 
results of which will clarify this question.  

    Factors Associated with 
Perioperative Complications 

 While comparisons between open and RARC 
remain important, a more clinically relevant 
question involves examining preoperative predic-
tors of postoperative RARC complications. Butt 
et al. evaluated 3-month complication rates 
among 62 consecutive patients undergoing 
RARC at a single institution. Stratifying patients 
into low- and high-risk groups based on age, 
prior surgery, comorbidities, body mass index 
(BMI), revised cardiac risk index (RCRI) and 
ASA score, they examined whether any of these 
preoperative factors were predictive of increased 
risk of complications. Although they found no 
association between any of these factors and 
complications rates during this time interval, 
advanced age was independently associated with 
a higher RCRI score ( p  = 0.014) and increased 
likelihood of admission to the ICU ( p  = 0.007) 
[ 11 ]. Evaluating 90-day outcomes, minor com-
plications occurred in 24 % of patients, while 
24 % had a major complication, with 11 % requir-
ing reoperation. The same author published a 
study evaluating the effect of BMI on outcomes 
of RARC. Assessing a cohort of 51 patients cat-
egorized by three BMI subgroups, no signifi cant 
differences were noted in postoperative compli-
cation rates between the cohorts [ 12 ]. Expanding 
on this group of patients, a subsequent study of 
156 patients revealed a negative association 
between increased BMI and high grade compli-
cations in univariate analysis [ 6 ]. However, no 
signifi cant predictors for complications follow-
ing RARC were noted in multivariate analysis. 

 In the same study described earlier in this 
chapter, Kauffman et al. used two reporting 

methods for complications (MSKCC grading 
system and modifi ed Clavien systems) to identify 
predisposing risk factors of 79 consecutive 
patients with bladder cancer undergoing RARC 
by a single surgeon at a single institution [ 3 ]. 
Forty-nine percent of patients experienced one or 
more complications within 90 days of surgery 
with 16 % experiencing major complications. 
Multivariate analysis identifi ed pre and intraop-
erative factors which predicted complications, 
including preoperative renal insuffi ciency and 
intraoperative intravenous fl uids >5,000 mL 
where were independent predictors across grades. 
Greater age ≥65 years, blood loss ≥500 mL, and 
intraoperative intravenous fl uids of >5,000 mL 
were predictive of high-grade complications. 

 As described above, we recently participated 
in a multi-institutional study examining periop-
erative outcomes of 227 patients from four insti-
tutions undergoing RARC [ 8 ]. ASA score was a 
signifi cant predictor of complication rate with 
higher scores associated with higher complica-
tion grades ( p  = 0.0258). Age (stratifi ed by age 
65) was found to be a signifi cant predictor of 
worse complications ( p  = 0.0230) with those <65 
years being twice as likely to experience a higher 
Clavien complication rate when controlling for 
other variables. While this fi nding is certainly 
different from prior studies, this may be explained 
by selection bias. Older patients with more 
comorbidities may be selected for the open pro-
cedure, thereby limiting our sample to healthier 
older surgical candidates in the robotic cohort. 
Conversely, the majority of younger patients may 
have been offered the procedure, therefore skew-
ing the results. Certainly, this is a recognized 
limitation of retrospective case series which will 
hopefully be resolved through anticipated fi nd-
ings of the ongoing multi-institutional random-
ized trial comparing ORC and RARC.  

    Learning Curve and Complication 
Correlation 

 While preoperative patient factors may serve as 
important predictors of subsequent complica-
tions, surgeon experience and the effect of the 
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learning curve on the RARC procedure must 
also be acknowledged. Hayn et al. performed an 
 analysis on their fi rst 164 consecutive patients [ 13 ]. 
Dividing patients into three groups according to 
sequential case number (<50, 50–100, >100 cases), 
no signifi cant differences were observed with 
both estimated blood loss as well as complica-
tion rates. Pruthi et al. similarly evaluated the 
learning curve for their initial 50 patients [ 14 ]. 
When evaluating estimated blood loss, a signifi cant 
decline was observed after the 20th patient, but 
no further improvements were noted thereafter. 
Comparing complication rates between the fi rst 
and second cohort of 25 patients, no differences 
were observed. Schumacher et al. published a 
report evaluating complications in 45 patients 
[ 15 ]. This series is unique since all diversions 
were created intracorporeally with 80 % of 
patients choosing an orthotopic neobladder. 
Dividing patients into three groups of 15 patients, 
no differences were noted in estimated blood loss 
between cohorts. However, a signifi cant decrease 
was observed in late complications after the ini-
tial group of 15 patients. An important consider-
ation includes the fact that 70 % of patients in this 
study underwent RARC in the last 3 years of the 
7-year study period. 

 These studies offer confl icting data regarding 
the role of the learning curve for RARC, thereby 
making it diffi cult to draw defi nitive conclusions 
and provide recommendations of when a surgeon 
can expect to overcome these hurdles. 
Understandably, this is based on numerous fac-
tors, including the surgeon’s prior experience, 
institutional support, patient selection, and many 
other variables. However, through our use of rec-
ommendations in this chapter, we hope to lessen 
the burden of the learning curve.  

    Avoidance of Perioperative 
Complications 

    Patient Selection 

 As we outline above, the incidence of complications 
following radical cystectomy remains signifi cant 
regardless of approach. However, we believe that 

there are specifi c keys to avoiding operative 
complications when performing RARC. Here we 
offer several preventative strategies which may 
help reduce complications. 

 First, appropriate patient selection cannot be 
overemphasized during the primary stages of 
transition to RARC. As an initial case, we would 
recommend beginning with a thin male patient 
and non-bulky tumor. Because of several paral-
lels drawn from the maneuvers used during 
robotic prostatectomy, a male patient will pro-
vide familiarity and comfort during the initial, 
most challenging steps involved in mastering the 
procedure. This will additionally lessen operative 
times early in the learning curve. Furthermore, 
patient size is often an important factor in the 
level of diffi culty, with some of the most chal-
lenging RARC cases occurring in morbidly obese 
patients. Technical issues are often more chal-
lenging in obese patients, due to the need for 
appropriate retraction, which an especially diffi -
cult during left ureteral identifi cation due to the 
large amount of epiploic, mesenteric, and retro-
peritoneal fat. 

 As a fi nal recommendation, avoidance of 
locally advanced and large tumors is imperative. 
Bulky tumors can produce signifi cant challenges 
with anterior retraction of the bladder during the 
posterior dissection. This particular problem will 
place the surgeon at risk for inadvertent entry 
into the bladder or rectal injury secondary to the 
lack of a posterior working space. We feel it is 
advisable to wait until surgeons have reached a 
more advanced stage in their learning curve 
before taking on these challenging cases.  

    Perioperative Pathways 

 While many complications during one’s early 
operative experience may be avoided through 
patient selection, an emphasis should also be 
placed on standardized preoperative and postop-
erative pathways. From our experience, we have 
developed a “fast track” method to maximize 
outcomes and minimize morbidity. While many 
series in the literature continue the use of bowel 
preparation prior to cystectomy and urinary 

A. Smith and M. Woods



163

diversion, we have eliminated this based on recent 
colorectal literature suggesting no  signifi cant 
benefi t [ 16 ]. To study this in our patient popula-
tion, we evaluated two sequential case series of 
70 patients undergoing radical cystectomy and 
urinary diversion. While the fi rst patient group 
was given a regular diet with no mechanical prep-
aration (other than an enema prior to surgery to 
reduce rectal distension), the second patient 
group underwent a preoperative mechanical 
bowel preparation with clear liquid diet, magne-
sium citrate, and an enema [ 17 ]. This study 
revealed no differences in overall complication 
rates (or gastrointestinal complications), length 
of stay, or return of bowel function between the 
two cohorts. Based on this evidence, we exclude 
a mechanical bowel preparation. 

 Postoperative pathways for radical cystec-
tomy are equally important and also can benefi t 
from standardization. Our recommended “fast 
track” program has been studied using 362 con-
secutive patients undergoing open or robot-
assisted radical cystectomy and urinary diversion, 
each undergoing this perioperative care plan [ 18 ]. 
The plan includes extensive preoperative coun-
seling with regard to expectations as well as an 
intraoperative surgical plan which includes DVT 
prophylaxis with sequential compression devices 
and TED hose, removal of the orogastric tube at 
the end of the procedure, and perioperative anti-
biotics in accordance with the American 
Urological Association guidelines, continued for 
24 h postprocedure. Postoperatively, DVT pro-
phylaxis is begun with early ambulation (on post-
operative day 0–1), TED hose, and subcutaneous 
low molecular weight heparin (or unfractionated 
heparin if poor renal function) begun on postop-
erative day 1. Additionally, patients are given a 
pro-kinetic agent (metacloproamide 10 mg daily 
× 48 h), non-narcotic analgesics (e.g., ketorolac 
30 mg IV q6h × 48 h, converted to celecoxib 
200 mg po BID), and supplemental pain manage-
ment with narcotics. The fast-track program 
emphasizes a strict dietary regimen, beginning 
with NPO status and chewing gum (ad lib) on 
postoperative day 1, 8 oz of noncarbonated clear 
liquids every 8 h on postoperative day 2, followed 
by unrestricted noncarbonated clear liquids on 

postoperative day 3, and fi nally a regular diet on 
postoperative day 4. Diet advancement is per-
formed regardless of bowel function and is only 
held or decreased in the setting of vomiting or 
intractable nausea. With this pathway, we have 
found a lower rate of overall and gastrointestinal 
complications with a favorable complication pro-
fi le [ 18 ]. This particular pathway represents the 
authors experience in the postoperative manage-
ment of radical cystectomy patients. Other clini-
cal care pathways have been published and 
ultimately postoperative care will depend on sur-
geon preference [ 19 ].  

    Equipment and Materials 

 Prior to embarking on a RARC, the use of 
proper equipment and materials is crucial to 
avoidance of complications. First, the robotic 
instruments most commonly used include a 
Fenestrated Bipolar instrument in the left 
robotic arm and Monopolar Scissors in the right. 
A Prograsp is most commonly used in the fourth 
robotic arm, but use of robotic bowel grasper is 
an alternative. The latter instrument is larger in 
length and can provide more depth with trouble-
some bowel retraction. However, if this instru-
ment is used, it is imperative to visualize the 
instrument when changing its position due to 
the potential for damage of adjacent structures 
due to its size. 

 With regard to bedside assistant ports, the 
use of a 12-mm and 15-mm port is essential 
regardless if the assistant is placed on the right 
or left. The 15-mm port can be placed in the lat-
eral position, and this larger port will allow eas-
ier extraction of lymph node packets as well as 
placement of a 15-mm extraction bag for the 
fi nal specimen. The 12-mm assistant port is 
placed in the medial position, cephalad, and just 
medial to the left robotic arm (for a left-sided 
bedside assistant). This allows direct placement 
of an endovascular stapler to the pedicles of the 
bladder. If this port is placed lateral to the ipsi-
lateral working arm, the approach to the bladder 
pedicle can be diffi cult as the stapler cannot artic-
ulate enough to overcome the acuity of the angle. 
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We use a bariatric/long stapler (Covidien 
EndoGIA Ultra XL, Mansfi eld, MA) which will 
easily reach the  pelvis despite the fairly cepha-
lad port location. As these are vascular pedicles, 
we often use tan Covidien 60 mm loads (for vas-
cular/medium tissues). However, if one fi nds the 
pedicle too thick, a purple load can suffi ce in 
this situation, compressing tissue up to 2.25 mm 
in thickness, compared to tan reloads which 
compress up to 1.5 mm. Hem-o-lok (Weck, 
Research Triangle Park, NC) clips are also com-
monly used for portions of the cystectomy, with 
15 mm (gold) clips recommended to allow con-
trol of larger tissue pedicles.   

    Intraoperative Techniques 
to Minimize Morbidity 

    We will now touch on several intraoperative 
techniques that can be employed to avoid postop-
erative complications. To start with, ureteral dis-
section is an important part of RARC. Ureteral 
strictures represent an extremely troubling late 
complication of urinary diversions, and the 
majority of these can be attributed to ischemia of 
the distal ureter, in some cases resulting from 
poor surgical technique during ureteral mobiliza-
tion. Care must be taken to avoid tension during 
dissection. After dissection, a robotic arm is often 
employed to elevate the ureter, and due to the 
lack of tactile feedback, excessive tension may be 

unintentionally placed on the ureter. It is there-
fore essential to use visual cues to constantly 
assess this degree of tension. Additionally, it is 
imperative to leave periureteral tissue surround-
ing the ureter to allow for a non-ischemic anasto-
mosis. A technique which we have found 
effective and effi cient to minimize ureteral 
trauma involves the use of a pre-tied Hem-o-lok 
clip. We place a 15-mm clip with a 20-cm silk tie 
proximal to the site of ureteral transection. Once 
divided, the tie/clip functions as a secure stay for 
all future manipulation without direct handling of 
the ureter (Fig.  16.1 ).

   An additional technique we utilize to mini-
mize ureteral ischemia, limitation of proximal 
mobilization to just above the common iliac ves-
sels allows for mobilization of the ureter away 
from the working fi eld during extended pelvic 
lymphadenectomy while maintaining perforating 
vessels to the ureter above the aortic bifurcation. 
Although tempting, additional proximal dissec-
tion is rarely needed to complete the urinary 
diversion, even if done through a limited incision 
during extracorporeal reconstruction. 

 While a small incision is possible, it is still 
important to make a large enough incision to 
accommodate construction of the urinary diver-
sion. This allows for creation of the ureteroenteric 
anastomosis without additional ureteral tension 
aggravated by a small incision. We believe that 
the benefi ts of a robotic approach will not be 
undone through limited extension of this incision. 

  Fig. 16.1    Technique of ureteral clipping and division with pre-tied hem-o-lok clip       
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Ultimately, performance of an incorporeal urinary 
diversion may help avoid tension-related insults 
to the ureteral blood supply. 

 While ureteral complications are certainly 
troublesome, a rectal injury can be a disastrous 
complication which could result in a colostomy, 
rectal fi stula, and even death if unrecognized. 
When performing the posterior dissection in 
male patients, particular attention should be paid 
to careful and thorough mobilization of the rec-
tum to avoid injury during division of the vascu-
lar pedicles. Our preference for division of these 
pedicles is with use of a vascular stapler. The 
posterior dissection usually becomes more diffi -
cult as one progresses distally, and it should be 
kept in mind that the rectum lies in a more ante-
rior location when approaching the prostatic 
apex. We recommend allotting adequate time to 
fully mobilize the distal aspect of the rectum 
away from the prostate in much the same fashion 
as one prepares for neurovascular bundle preser-
vation during a robot assisted radical prostatec-
tomy. Once this is accomplished, the surgeon will 
be left with a narrow column of vascular tissue 
from the superior vesical artery to the prostatic 
apex. This will allow safe application of the vas-
cular stapler above all rectal tissue as shown in 
(Fig.  16.2 ). When employing the stapler, we rec-
ommend the larger, more blunt blade be posi-
tioned medially to avoid inadvertent placement 

of the sharper, thinner blade into the rectum; also 
helpful is upward (anterior) articulation of the 
stapler away from the rectum.

   If the separation of the bladder/prostate and 
rectum is diffi cult, we would then recommend 
proceeding cautiously through isolation of indi-
vidual pedicles as one progresses distally, using 
Hem-o-lok (weck) clips for vascular control 
(Fig.  16.3 ). Blunt and sharp dissection should be 
employed avoiding the use of excessive cautery 
to thereby avert any thermal injury. If at any point 
a bulky tumor impedes visualization of the poste-
rior plane, use of a 30° upward-facing lens may 
be warranted, which may improve visualization 
of the underside of the bladder.

   Although the extirpative portion of RARC is 
undeniably the focus of the procedure, the prog-
nostic and therapeutic benefi ts of an extended 
pelvic lymphadenectomy (PLND) at the time of 
radical cystectomy are also important and have 
been well established [ 20 ]. The ability to perform 
an adequate pelvic lymph node dissection during 
RARC has been a popular target for opponents of 
the robotic approach. However, this has been 
refuted by several authors [ 10 ,  21 ,  22 ], and we 
uphold that a meticulous dissection of any tem-
plate can be performed robotically if the surgeon 
is committed to this goal. One of the most chal-
lenging aspects of the PLND is performing an 
adequate and safe dissection of the lymphatic 

  Fig. 16.2    ( a ) Isolation of right bladder pedicle after complete mobilization of the rectum. ( b ) Safe application of lapa-
roscopic stapler above rectum (* = rectum)       
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tissue in the bifurcation of the common iliac vessels. 
The diffi culty of dissection can be decreased by 
medial mobilization of the external iliac  vessels 
and all associated lymphatic tissue. This will 
expose the medial aspect of the psoas muscle and 
the most proximal aspect of the obturator nerve 
while releasing all lateral attachments of this 
nodal packet as shown in (Fig.  16.4a ). It will fur-
ther allow the surgeon to return to the medial side 
of the vessels and easily withdraw the entire 
lymph node packet from the bifurcation of the 

vessels (Fig.  16.4b ). Overall, this will not only 
help decrease the risk of a vascular injury to the 
hypogastric vessels and alleviate the anxiety 
associated with dissection in this challenging 
area but also allow excellent access for the hypo-
gastric vein dissection (Fig.  16.4c ).

   With the use of the above-mentioned advice 
for patient and instrument selection, periopera-
tive care pathways, and intraoperative technique, 
we believe that many complications can be 
avoided.  

  Fig. 16.3    ( a ) Distal right prostatic pedicle seen during a 
RARC where the application of a laparoscopic stapler 
would be potentially hazardous due to the proximity of 

the rectum. ( b ) Application of Hem-o-lok clip allowing 
precise division of pedicle anterior to rectum (R = rectum, 
P = pedicle, SV = seminal vesicle, EF = endopelvic fascia)       
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    Management of Operative 
Complications 

 As described in the subsection above, avoidance 
of complications may be equally important to the 
ability of managing these same complications, 
most of which can be controlled robotically. 
Perhaps one of the most common intraoperative 
issues involves shortened ureteral length. 
Whether one has decreased length due to patient 

habitus or the necessity of decreasing length to 
attain negative margins, this can create diffi culty 
in ureteroileal anastomoses. Furthermore, one 
can fi nd additional length through elongation of 
the created ileal conduit (or neobladder limb). To 
enable adequate visualization of the anastomosis, 
one may need to lengthen the incision used for 
extracorporeal diversion, and the surgeon should 
not hesitate to do so, since this may decrease the 
possibility of ureteral tension and improve the 
quality of the anastomosis, reducing the chance 
of postoperative stricture. 

 While ureteral length may be a common intra-
operative issue, a less common but more danger-
ous complication is intraoperative vascular injury, 
often experienced during lymph node dissection. 
Should this occur, vascular injuries can often be 
managed robotically. Additionally, a suture 
should be ready at all times to enable quick liga-
tion of a bleeding vessel. In the setting of a venous 
injury the pneumoperitoneum should be increased 
to 20 mmHg to help tamponade the bleeding. In 
the case of a small to medium vessel with a visi-
ble stump or partial division, a clip may be 
employed. However, if a large en-face injury 
occurs (for example, in the external iliac vein), it 
may be necessary to grasp the opening (or apply 
pressure) with the left hand instrument 
(Fenestrated Bipolar) while placing a fi gure-of- 
eight suture around the defect with the contralat-
eral hand. In this situation, the scissors in the 
right hand will need to be exchanged to a needle 
driver while the left hand maintains hemostasis. 
A shorter suture (≤6 in.) will suffi ce and ensure 
ease of tying. In the event of a larger injury, proxi-
mal and distal control of the vessel may be 
required to adequately visualize and repair the 
defect. To accomplish this maneuver, the bedside 
assistant will likely be required to hold pressure 
on the injury while the console surgeon gains vas-
cular control. Once the dissection is complete, 
either a tourniquet or laparoscopic bulldog clamps 
may be used. While controlling bleeding vessels, 
it is imperative to be cognizant of adjacent struc-
tures, particularly the obturator nerve, which can 
inadvertently be injured if one is not careful. 

 Equally disturbing but perhaps less emergent 
is the complication of a rectal injury. If an injury 
is encountered, consideration can be made for 

  Fig. 16.4    ( a ) Medial mobilization of left external iliac 
vessels with the obturator/hypogastric lymph node packet. 
( b ) Separation of lymph node packet from external iliac 
vessels. ( c ) Exposure of left hypogastric vein and obtura-
tor nerve (a = external iliac artery, v = external iliac vein, 
p = psoas muscle, ln = left hypogastric/obturator lymph 
node packet, h = hypogastric vein)       
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primary repair and closure, both of which may be 
accomplished robotically [ 23 ,  24 ]. If the patient 
has had radiation and appears to be a poor candi-
date for primary repair, one should consider 
colostomy with judicious use of general surgery 
consultation. It is important to stress preoperative 
counseling to these patients, so that they are 
made aware of this possibility before the day of 
surgery. However, if primary closure appears fea-
sible, the edges of the defect should be freshened 
(and perhaps even resected further if cautery was 
the etiologic factor), and closure should proceed 
with at least two layers of absorbable suture (at 
the discretion of the surgeon) with some authors 
recommending a third imbricating layer of non-
absorbable suture [ 23 ]. An omental interposition 
may be performed, and we recommend the use of 
an intraperitoneal drain.  

    Conclusions 

 An increasing number of case series of robot- 
assisted radical cystectomy describe complication 
rates comparable to open series. Confl icting 
reports describe various preoperative factors as 
predictors of postoperative complications. 
Furthermore, learning curves complicate these 
predictors and should also be taken into account. 
Despite these variables, there are a number of 
considerations, including patient selection, equip-
ment choice, perioperative pathways, and intraop-
erative technique that we have found to decrease 
postoperative complications and improve patient 
outcomes. We hope that this chapter provides a 
primer to best avoid and manage these complica-
tions, enabling the surgeon to achieve a smooth 
transition to performing robotic cystectomies.  

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 A successful outcome with radical cystectomy is 
not only related to surgical technique and safe 
extirpation of the bladder but also to factors such 
as patient selection and coordinated perioperative 

care. Indeed, minimally invasive surgery seeks to 
reduce surgical morbidity in all of its forms—
including complications. 

 Indeed, perioperative outcomes and complica-
tions will be among the most important outcomes 
measured as physicians, patients, and payers. 
Such factors have a major impact on quality of 
care as well as cost of care. As such, it is highly 
relevant that surgeons strive to reduce complica-
tions and improve outcomes through appropriate 
patient selection, use of perioperative pathways, 
and proper intraoperative techniques. These 
highly experienced authors provide an insightful 
description of these important considerations to 
reduce complications and improve outcomes. 
Hopefully, the reader will be able to shorten their 
own learning curve by adopting the lessons and 
techniques put forth in this chapter.      
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        An estimated 70,530 new cases of urothelial 
carcinoma of the bladder (UCB) were diagnosed 
in the USA in 2010, resulting in 14,680 deaths [ 1 ] 
representing one of the costliest malignancies to 
treat in the USA [ 2 ]. The cost of treatment burden 
encompasses both the offi ce-based procedures 
used to monitor patients as well as the surgical 
therapies employed to treat muscle-invasive, 
progressive, or high-risk disease as well as the 
costs inherent to treatment-related complications. 
Radical cystectomy (RC) with bilateral pelvic 
lymph node dissection (PLND) with or without 
neoadjuvant chemotherapy is the gold-standard 
treatment for non-metastatic high-risk non-
muscle- invasive and muscle-invasive UCB, result-
ing in excellent local control, providing a cure for 
most patients with organ-confi ned UCB [ 3 ]. 

 However, this potentially curative operation 
has a relatively high complication rate [ 4 ], upon 
which minimally invasive surgical techniques 
may be able to improve. Robot-assisted prostatec-
tomy has achieved unprecedented market penetra-
tion in the treatment of clinically localized 
prostate cancer, now accounting for the majority 
of radical prostatectomy performed in the USA 
[ 5 ]. With the widespread acceptance of robotic 
assistance for prostate cancer surgery, the expan-
sion into other urologic cancers such as bladder 

cancer, is inevitable, and in certain centers of 
excellence robot-assisted radical cystectomy 
(RARC) is now offered to essentially all patients 
who present with the oncologic indication for 
extirpative bladder surgery [ 6 ]. However, long-
term comparative oncologic data remain sparse, 
although short-term RARC data are encouraging 
[ 7 ]. Given this, it is important to keep in mind 
economic predictions stating that healthcare costs 
will represent up to 20 % of the US’ gross domes-
tic product 10 years from now [ 8 ]. Indeed, the 
cost of purchase and yearly maintenance of the 
robotic surgical platform is approximately $1.65M 
and $150K, respectively (Intuitive Surgical, 
Sunnyvale, CA). As long-term data evolve on 
oncologic and functional outcomes after RARC, 
we most continuously reexamine the cost of our 
treatment choices, and ideally, the cost effective-
ness of those choices. 

 Several cost analyses comparing ORC and 
RARC have been recently performed all at cen-
ters of excellence with broad experience in both 
the open and robotic technique. Those studies 
from Smith et al. [ 9 ], Martin et al. [ 10 ], and Lee 
et al. [ 11 ] comprise the majority of the data upon 
which this chapter is based. An additional study 
was performed by the latter group, further com-
paring the three cost analyses [ 12 ]. Of course, 
these well-designed analyses suffer from the 
same limitations as do all retrospectively con-
ducted studies, but one limitation specifi c to 
cost analyses deserves particular mention. 
 Cost- effectiveness analyses are the optimal meth-
ods to study economic considerations as they 
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pertain to health outcomes, where the unit of 
measure is typically $/quality adjusted life year 
(QALY). Such an analysis requires laboriously 
collected utility data which prescribes evidenced 
based “weights” to various health states. 
Unfortunately, in the bladder cancer literature, 
primary utility data is lacking, and prior studies 
have relied upon extrapolation from other similar 
health states [ 13 ]. To impute extrapolated utility 
data to model RARC vs. ORC cost effectiveness, 
a comparison which lacks strong oncologic data, 
would require too many assumptions and signifi -
cantly dilute the conclusions that one could draw 
from such a study. Thus, the authors of the stud-
ies that we focus on here performed cost-identifi -
cation analyses, which quantify economic 
resources involved, but not the benefi ts derived 
from their expenditure [ 12 ]. 

 Smith et al. [ 9 ] captured data from 20 consec-
utive RARC and 20 ORC performed at their insti-
tution just prior to the time of their study. These 
authors stratifi ed expenditures into fi xed and 
variable costs, which were then further catego-
rized as operating room (OR) or hospital costs. 
Fixed OR costs included base costs in addition to 
disposables, including endovascular stapling 
devices. Robotic cases added the per case cost of 
the robot itself which was calculated by dividing 
the sum of the 5-year amortized purchase price 
and yearly maintenance contract by the number 
of robotic cases performed institutionally per 
year, 288 in this case. Variable OR costs depended 
on the length of the procedure and were com-
prised of OR personnel and anesthesia time. 
These authors assumed that RARC and ORC 
fi xed hospital costs were the same because the 
patients were placed on an identical clinical path-
way regardless of surgical technique. Variable 
hospital costs derived from transfusion-related 
expenses and length of stay calculations. Costs 
associated with complications were not modeled 
because this group previously found no differ-
ence in their own complication rates between sur-
gical techniques [ 14 ]. 

 The mean fi xed OR costs for RARC vs. ORC 
were greater by $1,634 ($4,032 vs. $2,398) OR 
variable costs were also greater by $570 ($7,798 
vs. $7,228) because of increased OR time, with 

each hour of OR time costing $1,902. Variable 
hospital costs were higher in the ORC group by 
$564 ($4,982 vs. $4,418) by $564 because of a 
higher incidence of transfusions, and a longer 
hospital stay, which added $658 per day. Overall, 
the authors concluded that purchase and mainte-
nance is the main driver of cost with the overall 
cost difference between RARC and ORC at 
$1,640, accounting for the greatest difference 
between modalities. An editorial written in 
response to this article suggested using multi- 
institutional costing data in future models as well 
as regression models to account for confounders 
specifi c to a given institution such as case mix 
and other local characteristics [ 15 ]. 

 Martin et al. [ 10 ] drew upon the Mayo clinic 
RARC experience to compare associated costs 
with ORC using two different methods.    Per case 
robot costs were calculated based on 300 cases 
per year. First, they performed Monte Carlo anal-
ysis to determine which factors (LOS, OR time, 
case volume, OR supply cost, and robot cost) had 
the greatest infl uence upon cost. Then, they ana-
lyzed direct and indirect costs computed from 
their institutional experience, including costs 
related to complications occurring within 30 days 
postoperatively. Actual cost values were not 
reported in this study, for proprietary reasons, in 
favor of percentage differences in cost. 

 The results of their fi rst model showed that 
OR time and LOS were the primary determinants 
of cost. Not surprisingly, the cost of the robot fi g-
ures materially into the cost difference from 
ORC. If one assumes that the robot is donated to 
the institution, leaving only the costs of the main-
tenance contract, 42 robotic cases annually are 
required to achieve cost equivalence with ORC. 
If the institution purchases the robot as well as 
the maintenance contract, 113 robotic cases 
annually are required to achieve cost equivalence 
with ORC. The second portion of their analysis 
averaged direct and indirect costs of 19 and 14 
consecutive RARC and ORC patients at the 
authors’ institution. Confi rming what Smith et al. 
[ 9 ] found, when only direct costs were considered, 
ORC was 16 % less costly than RARC. However, 
when secondary costs were considered, including 
but not limited to LOS, transfusions, and 
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complications, RARC showed a 38 % cost 
advantage over ORC. 

 Lee et al. [ 11 ] built upon these two prior stud-
ies by considering the effect of different urinary 
diversions on cost as well as the cost of complica-
tions occurring within the 90-day postoperative 
period. Data from 83 RARC and 103 ORC were 
considered. Direct costs were derived from the 
Medicare resource-based relative value scale 
(MRBRVS), a standard fee schedule in the USA 
[ 16 ] and per case robot costs were based upon an 
annual volume of 361 robotic cases. Complication 
costs were calculated by multiplying the rate of a 
complication by the cost of treating the compli-
cation (i.e., MRBRVS procedural related costs) 
or institutional data for hospitalization costs. 

 Again, confi rming the fi ndings of Smith et al. 
[ 9 ] and Martin et al. [ 10 ], ORC outperformed 
RARC for all diversion types by (   $13–$1,085) if 
only direct costs were considered. However, as 
Martin et al. [ 10 ] showed, the cost of complica-
tions for RARC vs. ORC did make a substantial 
difference, and in fact for patients undergoing 
either an ileal conduit (IC) ($1,624 vs. $7,202; 
 p  < 0.001) or a continent cutaneous diversion 
(CCD) ($1,911 vs. $2,520;  p  < 0.001), RARC 
conferred a cost advantage over ORC. This is 
consistent with the same groups’ work that 
showed fewer major complications in their 
RARC series vs. the comparative ORC group 
(17 % vs. 31 %) [ 6 ]. Presumably, the lower inci-
dence of major complications conferred a lower 
cost of treating complications overall. However, 

the cost–benefi t diminished as the complexity of 
the urinary diversion increased and for patients 
undergoing orthotopic neobladder, the cost 
advantage of RARC over ORC disappeared. 

 Several sensitivity analyses in this study 
explored the effect of varying the different factors 
(annual surgical volume, LOS, daily hospitaliza-
tion cost) that infl uence overall cost. Annual 
robotic surgery volume could decline to 62 and 
225 institutionally, while maintaining cost equiva-
lence between RARC and ORC, for patients 
undergoing IC and CCD, respectively (Fig.  17.1 ). 
ORC LOS could decrease to 4.5 and 7.5 days, 
while maintaining cost equivalence between 
RARC and ORC, for patients undergoing IC and 
CCD, respectively. ORC LOS could be as long as 
9.6 days before RARC and ORC were cost equiv-
alent in patients undergoing orthotopic neoblad-
der (Fig.  17.2 ). RARC daily hospitalization costs 
could decrease to $468 and $827, while maintain-
ing cost equivalence between RARC and ORC, 
for patients undergoing IC and CCD. Daily hospi-
talization costs could increase to $1,825 before 
RARC and ORC were cost equivalent in patients 
undergoing orthotopic neobladder (Fig.  17.3 ).

     In sum, the studies described confi rmed that 
RARC is more expensive than ORC in a direct 
cost analysis, but the additional cost impact can 
be abrogated by cost savings associated with 
lower complication rates in RARC patients as 
compared to those undergoing ORC. Additionally, 
hospital and surgical factors such as institutional 
robotic volume, LOS, hospitalization cost, and 

  Fig. 17.1    One-way sensitivity analysis of annual robotic surgical volume across ileal conduit (IC) and continent cuta-
neous diversion (CCD). Reprinted with the permission of the authors       
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choice of urinary diversion can materially affect 
cost calculations. 

 There are many limitations to the cost analysis 
performed to date comparing RARC and ORC. 
Most importantly, each study draws from a single 
institution cohort making comparisons between 
studies problematic as health systems vary 
greatly, including measurement of costs and 
complications [ 17 , 18 ]. For example, in the study 
of Smith et al. [ 9 ] and Martin et al. [ 10 ], OR dura-
tion was the same or shorter for RARC vs. ORC, 
while in the study of Lee et al. [ 12 ], OR times 
were longer for patients undergoing RARC. It is 
diffi cult to fully understand all factors contributing 
to institutional differences in OR duration when 
all surgeons involved are highly experienced sur-
geons. Another major source of potential bias is 
the nonrandomized fashion in which ORC and 
RARC cohorts are assembled. For example, there 
are doubtless, immeasurable factors that contribute 
to a surgeon’s decision to elect one urinary 

diversion over another, and these decisions can 
be a source of potential bias. 

 An important institutional factor implicit in all 
three of these previously mentioned cost studies is 
the relatively large institutional yearly robotic sur-
gical volume. Cost calculations overall, were 
based on robotic volumes of approximately 300 
annual cases. Even with the robotic startup and 
maintenance costs defrayed by large case volumes, 
the per case direct robotic costs still dominated all 
analyses. Thus, most small, community hospitals 
are unlikely to achieve anything near cost equiva-
lence in a RARC vs. ORC comparison. In fact, the 
cost-effective incorporation of a RARC program 
requires the presence of a robust overall robotics 
program. As the prevalence of bladder cancer 
requiring radical surgery will never equal the prev-
alence of prostate cancer patients undergoing radi-
cal surgery, radical prostatectomy volume must 
facilitate cost-effective RARC. Furthermore, the 
trend towards centralization of complicated medi-

  Fig. 17.2    One-way sensitivity analysis of open radical cystectomy (ORC) length of stay (LOS) across all types of 
urinary diversions. Reprinted with the permission of the authors       
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cal care to tertiary care centers, may facilitate not 
only improve oncologic and functional outcomes 
but also keep per patient costs from soaring. Last, 
to optimally study economic considerations in 
bladder cancer, costing data along with utility data 
should be collected in a prospective fashion as a 
part of randomized controlled trials comparing 
ORC to RARC. Only through these types of stud-
ies can we truly begin to understand not just the 
cost of RARC, but the cost effectiveness of this 
evolving therapy. 

    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 When new technology is introduced into health 
care, cost considerations become a large concern 
and must be critically analyzed in order to determine 

whether the added costs are offset by the benefi ts 
provided to patients and health care as a whole. 
In this chapter, the authors review the few 
analyses that have been performed for RARC. 
The problem with any cost analysis is that it is 
very diffi cult to assess true “cost” as there are 
many defi nitions of this term. When we talk 
about cost are we referring to “cost to the hospi-
tal,” “cost to the patient,” “cost to the third party 
payers,” or “cost to health care”? Furthermore, 
cost to a hospital depends on contracts that are 
negotiated with industry and how their own inter-
nal accounting is performed for capital costs in 
the operating room. Depreciation and bottom line 
calculations further complicate the issue. What is 
certain is that new technology is rarely inexpen-
sive and health care continues to become more 
expensive every day. We hope that increased 
utilization will drive cost down but until that 
happens, robotic technology will continue to be 

  Fig. 17.3    One-way sensitivity analysis of daily hospitalization costs across all types of urinary diversion. Reprinted 
with the permission of the authors       
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an expensive tool for surgeons. It may be that 
procedures such as RARC may be limited to high 
volume centers to compensate for the start-up 
and day-to-day costs. Nevertheless, we expect to 
see a continued rise in the integration of robotic 
technology in the operating room and look for-
ward to future studies on cost.      
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           Introduction 

    It is projected that 56,000 men and 18,000 women 
will be newly diagnosed with bladder cancer in 
2012, and approximately 15,000 individuals with 
bladder cancer will die from their disease [ 1 ]. 
Bladder cancer is the eighth leading cause of 
death in men and the fourth most common can-
cer, with transitional cell carcinoma comprising 
90 % of these cases. While the incidence of new 
cases in males has been stable since 2004, the 
incidence of bladder cancer in women has been 
steadily increasing (0.3 % per year) [ 1 ]. 

 Most new cases of bladder cancer arise in 
patients >70 years of age, and though approxi-
mately 80 % of newly diagnosed cases are non- 
muscle invasive, as many as 70 % may recur after 
treatment and up to 25 % will progress to muscle 
invasive disease [ 2 ]. Open radical cystectomy with 
lymphadenectomy is the gold standard therapy for 

any patient with muscle-invasive bladder cancer 
and non-muscle invasive cancer that is high risk 
or refractory to intra-vesicular therapy. And while 
open radical cystectomy has witnessed a decrease 
in associated morbidity and mortality over the 
years, there remains a high rate of complications, 
exceeding 60 % in some large series [ 3 ,  4 ]. The 
mortality rate has been reported to be approxi-
mately 3 % [ 5 ,  6 ]. With hopes of decreasing cystec-
tomy-related morbidity and recovery time, there is 
growing interest in the use of minimally invasive 
approaches to radical cystectomy, specifi cally with 
employment of the surgical robot. 

    Robot Gaining Ground 

 The introduction of the Intuitive Surgical da Vinci 
robot in laparoscopic pelvic surgery has changed 
the way many surgeons think about operations in 
this area. First used in radical prostatectomy, the 
three-dimensional visualization with endo-wrist 
tools providing six degrees of movement and 
tremor dampening has allowed the rapid adoption 
of a minimally invasive technique that had other-
wise been limited to expert laparoscopists. It has 
gained such widespread acceptance in radical 
prostatectomy, that it is now the most used surgical 
technique for removal of the prostate. Though still 
somewhat controversial, several studies have 
shown equivalent if not better outcomes with use 
of the robot compared to open surgery when evalu-
ating intra and  perioperative parameters for radical 
prostatectomy, as well as continence, potency, 
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quality of life, and most importantly long-term 
oncologic outcomes [ 7 ]. 

 Given the positive experience with prostatec-
tomy, the robot has been employed to perform a 
number of other urologic procedures including 
nephrectomy, partial nephrectomy, and even micro-
surgical procedures with equivalent success [ 8 ,  9 ]. 
With the higher degree of maneuverability pro-
vided by the newer da Vinci models, the robot has 
solidifi ed its utility in the surgical armamentarium 
of urologists. However, with the added complexity, 
larger anatomic scope, and more commonly 
aggressive disease seen in muscle- invasive bladder 
cancer, the use of the robot in radical cystectomy 
has been approached more cautiously. 

 The fi rst report of robot assistance in radical cys-
tectomy came from Beecken et al. [ 10 ] who per-
formed the operation including an intracorporeal 
urinary diversion in 8.5 h. This was shortly followed 
by Menon et al. [ 11 ] who reported on a series of 17 
patients. These and more recent studies confi rmed 
feasibility of the procedure and suggest possible 
advantages to robot-assisted radical cystectomy 
(RARC) including decreases in pain, blood loss, 
hospital stay, and time to recovery. However, there 
remain concerns that implementation of this mini-
mally invasive, technically challenging approach 
will lead to unnecessarily long operating times, 
increased positive surgical margins due to decreased 
tactile feedback, and decreased lymph node yields 
due to operation in an enclosed space. This would 
undoubtedly result in sub-par oncologic outcomes 
compared to open surgery. In this chapter, we seek 
to analyze the current literature to address a few of 
the issues and controversies surrounding the 
acceptability of robotic assistance for the perfor-
mance of radical cystectomy.   

    Pelvic Lymph Node Dissection: 
Does Robot-Assisted Pelvic 
Lymphadenectomy Allow 
for Adequate Diagnostic and 
Therapeutic Effi cacy? 

 The most common sites for metastasis in patients 
with bladder cancer are to the pelvic lymph 
nodes, with approximately 25 % of patients having 

lymph node metastases at diagnosis [ 5 ,  12 ]. It has 
been well established that removal of these nodes 
improves survival with a decreased rate of local 
recurrence. A “standard” LND (obturator fossa 
posteriorly, genitofemoral nerves laterally, hypo-
gastric vessels distally, to bifurcation of common 
iliac proximally and including node of Cloquet 
and tissue around deep circumfl ex vein) has been 
traditionally accepted as adequate in the treat-
ment with cystectomy [ 13 ,  14 ]. However, more 
recent studies have reported that as many as 31 % 
of patients with lymph node positive disease will 
have metastases outside the range of a “standard” 
LND; metastasizing to levels above the bifurcation 
of the aorta and to presacral nodes [ 12 ,  15 ,  16 ]. 
Skinner [ 17 ] showed that an “extended” LND 
(standard dissection plus nodes extending to aor-
tic bifurcation and pre-sacral region) resulted in 
improved long-term survival in patients with 
lymph node positive disease. Since that time 
there has been an increasing body of evidence to 
support a survival benefi t in patients undergoing 
more extensive LND [ 13 ,  18 – 21 ]. Given the 
apparent survival benefi ts of an “extended” LND, 
and the evidence that it can be performed without 
increasing the morbidity of the procedure, several 
authors have recommended that “extended” LND 
be a necessary component of the management for 
muscle- invasive bladder cancer [ 16 ,  22 – 24 ]. 

 Without time consuming additional port place-
ment and redocking procedures, robot- assisted 
laparoscopy is limited by a fi xed camera port 
position, with subsequent constraints on the direc-
tion and fi eld of view not encountered with open 
surgery. Similarly the robotic arms, despite their 
high level of dexterity, have limited travel (25 cm) 
which may prevent access throughout the pelvis. 
Some have argued that this theoretical mobility 
and vision restriction would compromise lymph-
adenectomy such that an “extended” LND is not 
feasible. This alone could likely result in poorer 
oncologic outcomes compared to standard open 
techniques and present an argument against the 
use of a robotic approach to bladder cancer. 

 Menon et al. [ 11 ] published the fi rst series of 
RARC with lymphadenectomy on 17 patients 
revealing feasibility and safety. The initial reports 
from robot-assisted cystectomy with LND series 
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mostly performed dissections within the boundar-
ies of “limited” (obturator region) and “standard” 
LND templates [ 25 ]. However, more recently 
studies have explored the acceptability and feasi-
bility of robotic “extended” LND. Table  18.1  
shows a list of studies that have performed 
robot-assisted “extended” LND. When evalu-
ated, the robot-assisted LND only added an addi-
tional 30–45 min of operation time and was not 
associated with increased morbidity/mortality 
[ 26 – 28 ]. In general, the lymph node count has 
been the only measure by which to compare the 
adequacy of the node dissection. However, it is 
an imperfect measure since the number of lymph 
nodes counted is dependent on both the manner 
in which the specimens are submitted to pathol-
ogy and the technique used by the pathologist 
[ 29 ,  30 ]. Despite its drawbacks, lymph node 
yields in a range of 10–20 have been shown to 
confer a survival benefi t in several open series 
[ 13 ,  18 – 21 ,  31 ]. By comparison, all robotic series 
noted in Table  18.1  were able to obtain mean 
lymph node counts of greater than 16 with only a 
few studies having counts less than 10 nodes. 
Notably, in two separate prospective random-

ized trials comparing open and RARC, lymph 
node yields were not statistically different while 
employing identical anatomic lymphadenectomy 
templates [ 32 ,  33 ].

   An additional small, but provocative study by 
Davis et al. [ 30 ] looked directly at the number of 
lymph nodes leftover by robot-assisted “extended” 
LND through the use of a second look open LND. 
A total of 11 patients underwent robot-assisted 
LND by a single surgeon, and each robotic LND 
was immediately followed by a second- look open 
LND by a different team of surgeons to extract 
any leftover nodal tissue. The mean lymph node 
yield was 43 (range 19–63) with a median of 
93 % of all lymph nodes retrieved removed by 
the robotic technique. Interestingly, the newer da 
Vinci S system allowed for even higher retrieval 
rates with a range of 83–100 % of all lymph nodes 
removed robotically compared to 70 and 75 % in 
each of the two procedures using the older da 
Vinci machine. 

 Surgeon learning and experience with the 
robotic platform may also be an important factor 
affecting lymph node yield. Of concern, Guru 
et al. [ 34 ] found a signifi cant increase in lymph 

    Table 18.1    Lymph node yield from “extended” pelvic lymph node dissection   

 References 
 Number of patients 
(RC vs. OC) 

 Mean nodes 
RC (range) 

 Mean nodes 
OC (range) 

 Complications 
from ePLND 

    Abraham et al. [ 81 ]  10  22.3 (13–42)  NR 
 Wang et al. [ 43 ]  33  17 (6–32)  0 
 Woods et al. [ 26 ]  27  12.3 (7–20)  0 
 Guru et al. [ 34 ]  100  21  0 
 Gamboa et al. [ 58 ]  41  25 (4–68)  3 
 Guru et al. [ 49 ]  26  25.5 (13–56)  1 
 Lavery et al. [ 82 ]  15  41.8 (18–67)  0 
 Pruthi et al. [ 41 ]  100  19 (8–40)  NR 
 Nix et al. [ 32 ]  41 (21 vs. 20)  19 (12–30)  18 (8–30)  NR 
 Richards et al. [ 33 ]  70 (35 vs. 35)  16 (11–24)  15 (11–22)  NR 
 Kauffman et al. [ 83 ]  85  19 (0–56)  NR 
 Khan et al. [ 59 ]  50  17 (9–28)  1 
 Schumacher et al. [ 36 ]  14  32 (19–52)  5 
 Davis et al. [ 30 ]  11  43 (19–63)  4 (0–8) a   NR 

  Results from various trials reporting lymph node yields from extended pelvic lymph node 
dissection from robot-assisted radical cystectomy alone or comparison to open cystectomy 
 There were no statistically signifi cant differences for lymph node yields in the studies that 
directly compared OC versus RC    
  a Nodes removed during second-look open LND following robotic extended LND 
  RC  robot-assisted radical cystectomy,  OC  open cystectomy  
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node yield over time which plateaued at the 30th 
case. Similarly, Hayn et al. [ 35 ] found that lymph 
node yield increased 73 % when surgeons had 
performed >50 RARC’s compared to those who 
had performed <30 cases. On the other hand, 
several other studies found no change in lymph 
node yields with increasing experience/volume 
[ 27 ,  36 ,  37 ]. Therefore, available data on the 
effects of early experiences with RARC on lymph 
node yield remains controversial. 

 Given the abundance of reports including two 
small randomized trials, it appears that robot- 
assisted extended lymphadenectomy up to the 
aortic bifurcation is technically feasible and safe, 
yielding lymph node counts on par with open sur-
gery. With the varied initial results, further evalu-
ation of the surgical learning curve is needed to 
determine whether early experience with RARC 
sacrifi ces acceptable lymph node yields. 
However, it appears that, when using lymph node 
counts as a surrogate for the extent of lymph node 
dissection (LND), robot-assisted lymphadenec-
tomy does not represent an inferior surgical inter-
vention compared to open lymphadenectomy, 
and, all other factors being equal, we would 
expect similar long-term oncologic outcomes.  

    Positive Margin Rate: Can the 
Robot-Assisted Approach 
Match or Improve on 
the Open Approach? 

 Whereas there exists some controversy on lymph 
node yield as a surrogate for adequate surgical 
resection, it is well established that the complete-
ness of the primary resection plays a critical role 
in oncologic outcomes following treatment for 
bladder cancer. A positive surgical margin at time 
of radical cystectomy has been shown to be an 
independent predictor of disease recurrence, met-
astatic progression, and cancer-specifi c mortality 
[ 19 ,  38 – 40 ]. The overall positive margin rates in 
large series of open radical cystectomy have 
ranged from 4 to 9 %, with slightly higher rates in 
advanced disease [ 19 ,  38 – 40 ]. As a result of such 
studies and the importance of surgical margins in 
patient survival, Herr et al. [ 19 ] recommended a 

surgical benchmark of less than 10 % positive 
surgical margin rate for all cystectomies and less 
than 15 % positive margin rate for advanced 
(≥pT3) disease. 

 Though the use of the surgical robot can 
improve visualization with the 3D, 10× magnifi ca-
tions available with the stereoscopic laparoscope, 
questions arise as to whether visual cues alone are 
suffi cient for determining the extent of surgical 
resection. Some argue that the lack of tactile 
sensation may compromise the ability to assess 
the level of tumor extension, particularly with 
pT3/pT4 disease, thus leading to a higher rate of 
positive margins. Are surgical margin rates similar 
between robotic versus open cystectomies? Does 
the stage of the tumor have an effect? 

 Table  18.2  shows a list of the robot-assisted 
cystectomy studies and their rates of positive 
surgical margins. The overall incidence of posi-
tive surgical margins at the time of robot-assisted 
radical cystectomy has ranged from 0 to 7.2 %, 
with most of the studies showing an overall posi-
tive surgical margin rate <10 %, which meets the 
standard set by series of open radical cystectomy. 
However, the data raises concern for the rates 
of positive surgical margins in more advanced 
disease. There also exists the potential for sig-
nifi cant unaccounted for selection bias in many 
of these retrospective and/or nonrandomized 
reports. Early studies that reported 0 % positive 
margins often did not report the breakdown of 
organ confi ned versus more advanced disease 
and, these being early experiences, may have bias 
toward selecting patients with less aggressive 
disease for RARC. More recently, however, there 
have been reports which include signifi cant num-
bers of patients with pT3/pT4 disease. In one of 
the larger multi-institutional trials, Hellenthal 
et al. [ 40 ] used the IRCC database to show an 
overall positive margin rate of 6.8 % in 513 
patients undergoing robot-assisted radical cystec-
tomy. However, the positive margin rate increased 
to 16.6 % when considering pathologic stage 
≥pT3; a rate slightly above the standard sug-
gested by Herr et al. [ 19 ]. Patients in this study 
with pT4 disease were found to have a positive 
margin rate of 39 %. Another larger retrospective 
study by Guru et al. [ 34 ] showed an overall 
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positive surgical margin rate of 7 % for 100 
patients undergoing RARC, with the positive 
margin rate increasing to 13 % in the patients 
with advanced disease. Pruthi et al. [ 41 ] found no 
positive margins in a cohort of 100 patients 
undergoing RARC. However, when looking at 
the patient population included in the trial, most 
of the patients (87 %) had pathologic stage ≤pT2.

   Several nonrandomized comparisons have 
been performed comparing open and RARC 
but these are generally single-institution case 
series with surgeon preference governing which 
patients received an open vs. robot-assisted 
approach [ 33 ,  42 – 45 ]. As seen from the data in 
Table  18.2 , overall positive margin rates were 
actually slightly higher in the open group, though 
in most studies this did not reach statistical sig-
nifi cance [ 33 ,  42 – 45 ]. This trend persists when 
only pT3/pT4 patients were analyzed. However, 
these differences again did not reach statistical 
signifi cance and the studies were not powered 
to detect these differences [ 33 ,  42 ,  44 ,  45 ]. 
Though some series had similar stage breakdown 
between cohorts [ 42 ,  44 ,  45 ], they may have 
suffered from other unaccounted selection bias. 

Others clearly were early robot experiences with 
a signifi cant bias toward more diffi cult cases 
being performed open [ 43 ]. The only published 
prospective randomized trial comparing open 
and robotic was reported by Nix et al. [ 32 ]. The 
patient populations did not differ with respect to 
pathologic stage, and there were no patients in 
either cohort that had positive surgical margins. 
Though the absolute number of patients was 
relatively low and there were a disproportionate 
number of patients with ≤pT2, this last study 
would suggest non-inferiority of robot-assisted 
radical cystectomy compared to open surgery in 
pT2 or lower disease when possible bias is con-
trolled for by randomization. However this study 
was not powered to detect difference in positive 
margin rates between groups and hence addi-
tional studies with that specifi c endpoint in mind 
are required to truly answer that question. 

 While a direct comparison of positive margins 
to open cystectomy is important, there is also the 
need to assess changes in positive margin rates 
over time as surgeons are progressing on their 
learning curves. Similar to lymph node yields, 
if there were a signifi cant increase in positive 

    Table 18.2    Rates of positive surgical margins from trials of robotic and open cystectomy   

 References 
 Number of patients 
(RC vs. OC) 

 Total PSM 
RC:  n  (%) 

 Total PSM 
OC:  n  (%) 

 PSM in pT3/T4 
RC:  n  (%) 

 PSM in pT3/pT4 
OC:  n  (%) 

 Beecken et al. [ 10 ]  1  0 
 Menon et al. [ 11 ]  17  0 
 Hemal et al. [ 78 ]  24  0 
 Rhee et al. [ 70 ]  30 (7 vs. 23)  0  0  0  0 
 Galich et al. [ 42 ]  37 (13 vs. 24)  0  3 (12.5)  0  3 (20) 
 Wang et al. [ 43 ]  54 (33 vs. 21)  2 (6)  3 (14)  2 (22)  3 (25) 
 Guru et al. [ 34 ]  100  7 (7)  7 (13) 
 Richards et al. [ 33 ]  70 (35 vs. 35)  1 (3)  3 (9)  1 (7)  2 (13.3) 
 Ng et al. [ 44 ]  187 (83 vs. 104)  6 (7.2)  9 (8.7)  6 (19)  9 (20.5) 
 Nix et al. [ 32 ]  41 (21 vs. 20)  0  0  0  0 
 Hellenthal et al. [ 40 ]  513  35 (6.8)  31 (17) 
 Pruthi et al. [ 41 ]  100  0  0 
 Khan et al. [ 59 ]  50  1 (2)  1 (7) 
 Schumacher et al. [ 36 ]  45  1 (2.2)  1 (10) 
 Nepple et al. [ 45 ]  65 (36 vs. 29)  2 (6)  2 (7)  2 (12)  2 (17) 
 Davis et al. [ 30 ]  11  0  0 

  The total number of positive margins is shown followed by the rate of positive surgical margins in patients 
with non-organ- confi ned disease (pT3/pT4) 
  n  number of patients,  PSM  positive surgical margins,  RC  radical cystectomy,  OC  open cystectomy  
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margins during early robotic experiences, it may 
be irresponsible to implement use of the robot 
since positive margins result in substantial conse-
quences to oncologic outcomes [ 19 ,  38 – 40 ]. While 
Guru et al. [ 34 ] found a signifi cant decrease in 
positive margin rate from their fi rst to fourth 
cohort, other studies found no change in positive 
margin rate with increasing surgeon experience/
volume [ 27 ,  36 ,  37 ]. Therefore, the available data 
on the effect of RARC on positive margins (both 
compared to open and along surgeons’ learning 
curves) is controversial. All training surgeons 
must remember the oncologic principles of radi-
cal cystectomy and prioritize their operation to 
maximize patient outcomes. 

 It is important to remember that measures of 
positive margins, in addition to lymph node yields, 
are only surrogates for oncologic outcomes. The 
true measure of oncologic effi cacy of a procedure 
is the effect on overall and disease- free survival. 
Unfortunately, there is limited long-term follow-
up among patients undergoing RARC so discus-
sion is therefore limited to short and medium-term 
follow-up. Table  18.3  shows results from a few 
studies reporting oncologic outcomes following 
RARC. However, the follow- up time across studies 
ranged from 1 to 3 years. While the overall sur-
vival, disease-specifi c survival, recurrence-free 
survival rates are promising and deemed compa-
rable to results from an open series by Stein et al. 
[ 5 ], they do not allow for adequate comparison 
due to limited follow- up periods and bias toward 
performing RARC on patients with less aggres-
sive disease.

   Currently, we are left with comparisons to 
historical controls, case series, one small ran-
domized trial, and studies with limited follow 
up to assess (1) the ability to obtain an adequate 

resection with the surgical robot and (2) the 
long-term oncologic effi cacy of this approach. 
From the data available for stage T2 or lower 
disease, it appears that a number of groups have 
shown the ability to match or even improve on 
historically acceptable positive margin and 
lymph node yield rates. For more advanced dis-
ease, the data are not as clear since many of the 
cohorts had positive margin rates greater than 
15 %. There is currently an ongoing large multi-
center randomized trial which should be able to 
more defi nitively assess this concern. Until then, 
and until more studies report on the long-term 
follow-up after RARC, patient selection for 
robot-assisted radical cystectomy should be made 
carefully, and one should abide by the surgical 
benchmarks from studies of ORC [ 19 ] that serve 
as surrogates for optimizing long term oncologic 
outcomes.  

    Should Urinary Diversions 
Be Performed Intracorporeally 
for Robot-Assisted Cystectomy? 

 Surgeons employing a pure laparoscopic approach 
to radical cystectomy have demonstrated the 
feasibility of intracorporeal (IC) urinary diver-
sion, but this was never widely adopted due to the 
technical challenges. In fact, purely laparoscopic 
intracorporeal urinary diversion was associated 
with signifi cantly more complications along with 
higher blood loss, longer operative times, and 
increased time to ambulation and oral intake 
when compared to extracorporeal (EC) urinary 
diversion [ 46 ]. Despite these short comings, the 
smaller incisions, decreased bowel exposure, and 
reduced tissue manipulation creates the potential 

   Table 18.3    Medium-length follow-up reports of oncologic outcomes following robot-assisted radical cystectomy   

 References 
 Number 
of patients 

 Mean 
follow-up 

 Overall 
survival (%) 

 Recurrence-free 
survival (%) 

 Disease-specifi c 
survival (%) 

 Dasgupta et al. [ 57 ]  20  23 mo  95  90  95 
 Pruthi et al. [ 41 ]  100  21 mo  91  85  94 
 Kauffman et al. [ 83 ]  85  18 mo  79  71  85 
 Nepple et al. [ 45 ]  36  12 mo  68  72  75 
    Martin et al. [ 84 ]  59  36 mo  69  71  72 
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for decreased pain, decreased fl uid imbalances 
with perhaps subsequent advantages in time to 
bowel function return and overall recovery. Does 
the use of the surgical robot improve results of 
intracorporeal diversion compared to a pure lapa-
roscopic approach? Have the theoretical advan-
tages been demonstrated? 

 The fi rst robot-assisted radical cystectomy 
(RARC) involved an intracorporeal urinary 
diversion [ 10 ]. The total operating time was 
8.5 h, but the blood loss was only 200 ml and the 
reservoir was considered functionally and onco-
logically excellent at 5 months follow-up. 
Another early attempt at RARC with IC diver-
sion by Balaji et al. [ 47 ] included three patients 
all of whom had operative times greater than 
10 h, but similarly had nominal mean blood loss 
of 250 ml and good postoperative functional 
outcomes at 2 months. 

 Since these early attempts, there has been 
continued interest with reports of additional 
small series showing promising results. Pruthi 
et al. [ 48 ] compared the perioperative outcomes 
among 12 patients undergoing RARC and IC to 
20 patients receiving RARC and EC diversion 
during the same period. The overall operative 
time was signifi cantly longer in patients who 
underwent the IC diversion; 5.3 h versus 4.2 h in 
the EC cohort, but not as substantial as that seen 
in the earliest reports. There was, however, no 
difference in mean blood loss, time to return of 
bowel function, time to discharge, or the number 
of complications. A benefi t of the IC method 
was evidenced by a signifi cantly decreased nar-
cotic requirement in the group receiving an IC 
diversion. 

 Recently, Guru and colleagues [ 49 ] published 
data on their initial experience with IC conduit 
diversion in which they found no difference in 
operative times compared to EC diversion. A 
total of 26 patients underwent RARC; the fi rst 13 
patients received an EC diversion and the last 13 
an IC conduit diversion. There was no difference 
in overall operative time. The difference in diver-
sion times alone trended toward but did not reach 
signifi cance (159 min for IC versus 120 min EC, 
 P  = 0.058). The groups did not differ in number of 
complications or other perioperative parameters 

(mean blood loss, lymph node yield, time to oral 
feeds, and length of hospital stay), and the mean 
time for IC diversion decreased over sequential 
case number which suggests a rapid learning 
curve. Lastly, Smith et al. [ 50 ] reported on a 
multi-institution, multi-surgeon experience with 
RARC with regard to operative outcomes. There 
were 227 patients in the study with a mixture of 
EC and IC diversions performed. The 30-day 
complication rate was 30 % with 7 % major com-
plications. Multivariate analysis showed that the 
type of diversion was not associated with postop-
erative complications. 

 Unfortunately, there is a lack of evidence 
comparing IC versus EC while subdividing for 
type of urinary diversion. This is an important 
consideration because different types of urinary 
diversion represent different levels of diffi culty 
and pose a risk for different associated compli-
cation rates and operative times when performed 
intracorporeally. Lee et al. [ 51 ] compared 
RARC with EC versus ORC and found signifi -
cantly longer operative times in RARC with EC 
for ileal conduit and orthotopic neobladders, but 
not for continent cutaneous diversions. This 
study supports the variability in operative time 
as a function of diversion type during RARC. 
Additional studies are needed to determine 
which (if any) diversion types confer an unsuit-
able risk to patient outcome if performed 
intracorporeally. 

 Current assessment suggests that in experi-
enced hands there is a place for intracorporeal 
urinary diversion in the armamentarium of urolo-
gists, with some evidence for improvement in 
pain and non-inferiority across other measures. 
However, inferences should be made with cau-
tion as these studies were not randomized trials 
and therefore were subject to selection bias that 
accompanies early attempts with new proce-
dures; patients tended to be younger with fewer 
comorbidities or a lower stage disease in order to 
optimize tolerability to a potentially prolonged 
procedure. We currently believe that the potential 
advantages of the intracorporeal method have not 
been fully demonstrated and thus, except in the 
most expert hands, do not outweigh the associ-
ated disadvantages or potential complications. 
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Furthermore, longer studies and follow-up are 
required to confi rm that other complications such 
as stricture rate are not adversely affected.  

    Does Restriction of Movement 
in an Enclosed Pelvis During Robot- 
Assisted Radical Cystectomy Result 
in Increased Ureteral 
Skeletonization and Stricture 
Formation? 

 Proponents of minimally invasive surgery cite that 
one of the advantages over open surgery is that 
there are fewer surgical-related complications 
[ 52 ]. However, a theoretical concern exists that 
robot-assisted radical cystectomy (RARC), with 
its lack of tactile feedback and limited workspace, 
may lead to excessive tissue skeletonization and 
devascularization resulting in an increased fre-
quency of delayed complications, specifi cally ure-
teral–intestinal anastomic strictures. Anastomotic 
strictures are a well-known occurrence in open 
radical cystectomy with urinary diversion with an 
overall incidence ranging from 2 to 4 % [ 53 – 56 ], 
but have been reported as high as 10 % [ 4 ,  53 ]. 
While it is not fully known why ureteral anasto-
motic strictures develop, there are number of 
factors thought to play a role: tissue ischemia, 
tissue tension, infl ammation from urinary leak, 
and/or suturing errors. While studies have sought 
to determine risk factors for stricture formation 
[ 53 ,  55 ,  56 ], the results remain inconclusive and/or 
controversial over the extent any of these play in 
stricture formation. 

 With RARC in addition to the potential issues 
related to ureteral skeletalization, there exists par-
ticular concern on the ability to fully mobilize the 
left ureter allowing for a tension free anastomosis. 
The rate of ureteral anastomotic stricture forma-
tion reported among the various RARC series has 
ranged from 1.5 to 10 % [ 44 ,  57 – 59 ]. This is simi-
lar to the reports from large series of open radical 
cystectomy. Thus, early data may suggest that 
RARC has similar stricture rates as ORC. 

 However, the emerging use of intracorporal 
urinary diversion (a diversion limited to minimally 

invasive surgery) could theoretically play a role in 
decreasing the relative risk of stricture formation 
in RARC compared to ORC. It has been proposed 
[ 36 ] that urinary diversion performed extracorpo-
rally may be a risk factor in stricture formation due 
to increased mobilization required for the appro-
priate tissue exposure required for suturing. With 
this in mind, perhaps employment of more intra-
corporeal diversions will decrease tissue mobili-
zation and subsequently the incidence of ureteral 
strictures associated with urinary diversion. 
Evidence to support this theory comes from stud-
ies performing RARC with extracorporeal diver-
sions that reported stricture rates from 8 to 10 % 
[ 49 ,  57 ,  59 ] which are at the high end of the range 
for ORC. Further, Guru et al. [ 49 ] compared the 
two types of diversion in their series and found a 
7.9 % stricture rate in the extracorporeal group 
and 0 % in their intracorporeal group. However, a 
stricture rate of 7.3 % was reported in a group of 
patients undergoing intracorporeal diversion 
which may argue against this theory [ 58 ]. 
However, this study did not perform a comparison 
to patients undergoing open surgery, so it is hard 
to assess the relative difference in stricture rates 
between open and robotic approaches. Overall, 
defi nitive conclusions are limited because of the 
small sample sizes, few direct comparisons, and 
highly variable stricture rates regardless of the 
diversion type reported in different studies. 

 Perhaps the greatest hindrance to full realization 
of the risk of stricture formation in RARC is the 
lack of long-term follow-up. To date, many of the 
studies of RARC have either been (1) feasibility 
studies or (2) reports on the perioperative and 
short-term outcomes following the procedure. 
Thus, many of the current studies likely did not 
follow patients long enough to report on stricture 
formation since studies of ORC have shown 
stricture formation can occur at a time point rang-
ing from 8.8 months [ 54 ] to 1 year [ 4 ]. This is an 
area that will need close monitoring and more 
studies employing long-term follow-up to deter-
mine whether this technology confers increased 
or unique complications or whether perhaps 
provides an opportunity to reduce the complica-
tion risks associated with ORC. As of this time it 
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does not appear that there is a signifi cant increase 
risk of stricture formation with RARC compared 
to open cystectomy, though availability of addi-
tional data in the future may shed more light on 
this issue.  

    Does Robot-Assisted Radical 
Cystectomy Confer Increased Risk 
of Direct Tumor Spread from Tumor 
Spillage or Port Site Recurrence? 

 In addressing oncologic outcomes between robot 
and open radical cystectomy, in addition to issues 
related to positive margins and extent of lymph 
node dissection, one must also address concerns 
about aspects of the robotic technique that may 
generate risks for cancer recurrence not realized 
in open surgery; specifi cally, the possibility for 
port site metastases or increased local recurrence 
secondary to local spread from tumor spillage in 
a closed abdomen. 

 One concern that directly arises from the issue 
of minimally invasive surgery is the risk of port 
site metastasis, especially with highly aggressive 
tumors. The exact etiology of port site metastases 
is unknown and so any effort to confi dently prevent 
occurrence in RARC is diffi cult. Some authors 
have proposed different methods to prevent port 
site metastases in patients with bladder cancer 
including the use of meticulous dissection, the use 
endobags for specimen extraction [ 60 ], avoiding 
specimen morcellation, and ensuring adequate 
seal of laparoscopy trocars to prevent chimney 
effect of a pneumoperitoneum [ 61 ]. Regardless of 
the method employed, this concern has failed to 
become reality as only one case of port site metas-
tasis has been reported in the literature [ 61 ], occur-
ring at 10 months. Similarly, studies employing 
minimally invasive surgery for colorectal, uterine, 
and other urologic malignancies have shown no or 
minimal incidence of port site metastases [ 62 – 64 ]. 

 Another concern, given the closed peritoneal 
space and additional access sites from laparo-
scopic ports, is that a robotic approach may be 
more susceptible to spillage-related cancer recur-
rence. Urothelial cell carcinoma is known to be 
aggressive with numerous descriptions from 

open surgery reporting local spread from spillage 
or access tracts including suprapubic and percu-
taneous nephrostomy tubes. Thus, meticulous 
effort to avoid urine spillage has become a 
requirement in open surgery. Proposed tech-
niques to avoid spillage of urine during robot- 
assisted radical cystectomy (RARC) include 
meticulously avoiding puncture of the bladder, 
carefully clipping the ureters before dissection, 
and ensuring adequate stapling, clipping, or 
suturing of the urethral stump [ 65 ]. Similarly, 
most studies publishing their RARC technique 
have also reported their efforts toward preventing 
urine leak/tumor spillage. To date, no studies 
have reported local disease recurrence secondary 
to documented seeding from tumor spillage. 
Pruthi et al. [ 41 ] reported an inadvertent bladder 
puncture intraoperatively but noted no urine 
spillage at the time and did not report any local 
recurrence from suspected seeding from tumor 
spillage in any of their patients at a mean follow-
 up of 21 months. However, with accrual of addi-
tional data, the true risk of tumor spillage and 
local recurrence will become clear. 

 With lack of good data surrounding docu-
mented spillage or use of laparoscopic ports 
causing local recurrence in RARC overall local 
recurrence rates may serve as a surrogate. 
Looking at the studies with longest follow- up, 
there does not appear to be a change in local 
recurrence rates over 1–2 year observed follow-
up [ 66 – 68 ] suggesting that techniques and caution 
employed during surgery are preventing this 
concern from rising to clinical signifi cance.  

    Is There a Learning Curve 
Associated with RARC, and If So, Are 
Patient Outcomes Sacrifi ced During 
Early Surgeon Experiences? 

 Like any new technology, the surgical robot will 
only gain universal acceptance as a treatment 
modality for cystectomy if it can be incorporated 
safely and effi ciently into the practice of estab-
lished surgeons. It is of utmost importance that 
the oncologic standards of this operation be 
upheld regardless of technical approach, because 
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such an oversight would unquestionably sacrifi ce 
patient outcome and survival [ 19 ]. As we’ve noted 
in the preceding sections, in many instances, 
based upon various criteria, RARC appears to be 
as good as and in some cases superior to ORC. 
However, much of this work comes from high 
volume centers experienced with the use of the 
robot. Are these results replicable by less experi-
enced surgeons? Is there a learning curve associ-
ated with RARC? If so, will the initial use of 
RARC by surgeons lower on their learning curves 
sacrifi ce patient outcomes? 

 One might make the assumption that more 
experience and familiarity with any procedure 
results in better patient outcomes. Unfortunately, 
quantitation of how much experience is required to 
effectively perform a RARC is diffi cult because 
the heterogeneity of the patients as well as the sur-
geons’ prior experience can play a signifi cant role. 
There is also no defi nitive variable that can be used 
to judge the effectiveness of the procedure. We 
have previously noted the mixed results seen in 
evaluating the learning curve by looking at lymph 
node yields and positive margin rates. Factors that 
have been evaluated in relation to experience/
volume that we will discuss here include the oper-
ating time and complication rates. 

    Operative Time 

 The ability to withstand anesthesia and the overall 
physical stresses of an operation are serious con-
siderations when deciding if a patient is a candi-
date for surgery. This is particularly true for 
patients with bladder cancer who tend to have 
serious illnesses with multiple comorbidities. 
Therefore, it is imperative to limit the length of 
surgery for all patients in order to reduce possible 
risks associated with an operation. The use of 
minimally invasive surgery generates its own 
risk-conferring variables; specifi cally, the use of 
steep Trendelenburg positioning and carbon 
dioxide to induce pneumoperitoneum, which is 
itself a time-dependent stressor. These factors 
can cause serious strain on patients, especially 
those with poor lung function. Radical cystec-
tomy regardless of surgical approach should have 

the goal of minimizing operative times to minimize 
the risk of surgical-related complications. 

 The initial studies of robot-assisted radical 
cystectomy (RARC) with intracorporeal urinary 
diversions reported operative times as long as 
10 h [ 10 ,  47 ], far surpassing the average 4.3 h 
open cystectomy at that time [ 69 ]. This was very 
disconcerting and caused question of the appro-
priateness of robotic surgery. 

 Several studies have since published on opera-
tive times between open and robot-assisted radical 
cystectomy at their institutions. While initial 
trials reported a signifi cantly longer operative 
time in patients undergoing RARC compared 
to ORC (even with extracorporeal diversion) 
[ 42 ,  43 ,  70 ], more recent published studies dem-
onstrate a trend toward decreasing operative 
times comparable to that of ORC [ 30 ,  35 ,  58 ]. 

 Several studies seeking to specifi cally address 
the learning curve in RARC have reported 
improvement in operative times with increased 
experience. Schumacher et al. [ 36 ] divided 45 
patients into 3 cohorts to assess their learning 
curve with RARC and found a signifi cant 
decrease in mean operative times over the 3 
cohorts. Similarly, Hayn et al. [ 35 ] used the IRCC 
to assess the outcomes of 496 patients undergo-
ing RARC by 21 different surgeons at 14 differ-
ent institutions and found a signifi cant decrease 
in operative time when surgeons had performed 
>50 RARCs compared to those who performed 
<30. Guru et al. [ 34 ] analyzed the learning curve 
from 100 consecutive patients, while Richards 
et al. [ 37 ] used data from their fi rst 60 patients 
undergoing RARC; both studies showed a trend 
toward decreased operative times (just missing 
statistical signifi cance). Guru et al. [ 34 ] also 
showed a plateau for operative time occurring at 
the 16th case but all the surgeons were fellowship 
trained in robotic surgery, likely shifting the 
learning curve. Unfortunately, these studies 
employed multiple surgeons so the learning curve 
is more of a facility-based learning curve with 
respect to procedure volume rather than an indi-
vidual learning curve generalizable to all 
Urologists. There is a report of a single-surgeon 
experience from Pruthi et al. [ 27 ] who used data 
from their initial 50 patients divided into 5 
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cohorts. They found a decrease in operating time 
that plateaued after the 20th case. Again, how-
ever, this surgeon was seasoned in robot-assisted 
prostatectomy, so familiarity with the robot likely 
lowered his plateau. Despite the drawbacks to 
this work, one might expect continued improve-
ment in operative times during the fi rst 15–20 
cases for a well-experienced robotic surgeon, but 
perhaps as many as 50 cases may be required to 
approach more optimum effi ciency for a more 
robot-naïve surgeon. 

 Lastly, while there may be an increase in oper-
ative time during early surgeon experience with 
RARC, it may be comforting to note that periop-
erative complication rates following RARC have 
not been signifi cantly greater than ORC and actu-
ally have shown a trend toward fewer complica-
tions in some studies (discussed in detail below). 
This suggests that differences in operative time to 
date have not been responsible for increasing 
complications in patients undergoing RARC. 
Further, studies of complications following 
RARC have found no association between opera-
tive time and complication rate [ 50 ,  71 ]. However, 
interpretation of these data should be made with 
caution and full awareness that early studies with 
robotic surgery have tended to select for patients 
with fewer comorbidities to ensure optimal ability 
to handle any increased stress from the procedure. 
As surgeons gain more experience with RARC 
(and with decreasing operative times), one could 
expect to see a more widely distributed patient 
population undergoing the procedure from which 
more generalizable conclusions can be drawn.  

    Complications 

 An important concern when addressing the learn-
ing curve with RARC is the effect of initial experi-
ences on postoperative complications. 
Theoretically, one might speculate that robot- naïve 
surgeons may be more likely to have surgical com-
plications simply from lack of comfort/knowledge 
of the subtleties of the procedure. While Richards 
et al. [ 37 ] found a signifi cant decrease in their 
complication rates over 60 patients, other studies 
failed to show a change in complication rates over 

time [ 27 ,  34 ]. Interestingly, Schumacher et al. [ 36 ] 
reported a trend toward fewer complications over 
time and actually found a signifi cant decrease in 
the number of late complications (>30 days). 
Therefore, again, there is controversy regarding 
the presence of a signifi cant learning curve 
when the presence of complications is used as a 
surrogate for effectiveness. 

 Another factor affecting the learning curve for 
a RARC is the surgeon’s prior experience with 
any robotic surgery, including prostatectomy 
and/or nephrectomy. One might think that famil-
iarity with the technology would allow more 
rapid advancement through the learning curve 
with RARC. Hayn et al. [ 72 ] used the IRCC data-
base to assess the outcomes of 496 patients 
undergoing RARC by 21 different surgeons at 14 
different institutions. The surgeons were divided 
into four groups based on previous robot-assisted 
radical prostatectomy (RARP) experience (<50, 
51–100, 101–150, >150). There was a signifi cant 
association between more robotic experience and 
(1) decreased operative time, (2) decreased EBL, 
(3) increased lymph node yield, and (4) increased 
pathologic stage. In fact, there was a 20 % 
decrease in operative time and a 31 % increase in 
lymph node yield when surgeons had performed 
51–100 RARPs compared to <50 RARPs. 
Interestingly, this trend toward better outcomes 
was witnessed only between the fi rst two groups 
of surgeons. There was actually a detrimental 
effect on these operative parameters when sur-
geons had performed 101–150 and >150 RARPs. 
Further, this worsening trend did not disappear 
when the authors  controlled for pathologic stage 
of disease. The authors hypothesized that sur-
geons with very large RARP experience may not 
have had the time for or interest in open radical 
cystectomy, while surgeons with less RARP 
experience may have more open cystectomy 
experience due to different subspecialization. 
Thus, the possibility that surgeons with less 
RARP experience have more experience with 
open radical cystectomy would likely have 
granted them the advantage in early experience 
with RARC. 

 When assessing the feasibility and practicality 
of incorporating a new technique/procedure into 
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surgical practice, one must consider the benefi ts 
versus potential harm to the patient. In RARC, it 
is important to assess whether a patient’s periop-
erative and oncologic outcomes are sacrifi ced 
when physicians are early in their learning curve. 
Unfortunately, the evidence from the studies 
noted above is not conclusive. While there 
appears to be a consistent decrease in operative 
time, other critical parameters in predicting 
patient outcomes following RARC have varied. 
Of most concern is the association some studies 
have shown between initial surgeon experiences 
and a higher rate of positive surgical margins, 
higher complication rates, and fewer lymph 
nodes removed. These variables are signifi cant 
predictors of morbidity and mortality and must 
not be ignored. Thus, further investigation with 
well-controlled trials is needed to better charac-
terize the learning curve associated with RARC. 
Characterization of this learning curve is impor-
tant because it would determine the acceptability 
of this technology’s universal implementation 
and help set realistic expectations for surgeons 
attempting to master this technique.   

    Are the Costs Associated with the 
Use of Robotic Technology Greater 
than Open? If So, Is It Too 
Substantial to Warrant Its Use? 

 Bladder cancer has the highest lifetime treatment 
costs per patient [ 73 ]. With rising healthcare 
costs and widespread pressure to reduce expendi-
tures, a discussion of robot versus open radical 
cystectomy would not be complete without con-
sidering the differences in cost associated with 
the two techniques. For radical cystectomy there 
are costs associated with the operation, including 
anesthesia time, surgeon fee, instrument costs, 
and with the robot a signifi cant acquisition and 
maintenance fee [ 74 ]. How this robotic equip-
ment cost factors into the average procedural cost 
is highly dependent on hospital volume. There 
are also hospitalization related costs which can 
include medications, blood transfusions, and 
daily room cost which is directly related to length 

of stay. Follow-up, including imaging, laboratory 
tests, and physician time will also contribute. 
Finally, complication-related costs are something 
that have not always been addressed but are critical 
to take into account. Konety et al. [ 75 ] presented 
evidence that post-cystectomy complications can 
drastically impact hospital charges imparting a 
cumulative effect on charges mostly through 
extended length of hospital stay. They report that a 
single complication can increase the charges for 
treatment by $15,000 [ 75 ]. 

 Several groups have attempted to analyze the 
cost difference, taking some or all of these factors 
into account. Smith et al. [ 76 ] analyzed the fi xed 
and variable costs, further subcategorized by oper-
ating room and hospital costs, between 20 robotic 
and 20 open radical cystectomies. Overall, there 
was a higher fi nancial cost of $1,640 associated 
with robotic versus open surgery. This higher cost 
of robotic surgery was largely due to differences in 
operating room costs ($1,634 more for RARC) 
driven primarily by the amortized acquisition cost 
of the robot itself as well as maintenance fees and 
the increased average operative time. However, 
comparison of hospital costs favored RARC 
because of a shorter average hospital stay and 
decreased transfusion requirements. They did not 
take into account differences in complications or 
analgesic needs postoperatively because in earlier 
work, they had noted similar values for these 
parameters [ 27 ]. This study also did not specifi c 
the type of urinary diversion used which can 
greatly impact length of surgery, thus infl uencing 
costs. Interestingly, each day of hospitalization 
 represented a loss of $658, while each hour in the 
operating room represented $1,902. Thus, decreas-
ing operative times as a result of increased surgeon 
experience and refi nement of technique may make 
RARC a more cost-effective procedure. These 
data suggest that the cost differential ratio between 
hospital stay and operative time is approximately 
1:3 meaning that hospital stay would have to come 
down by 3 days to compensate for each hour of 
increased operative time. 

 With the operative time, length of stay, and 
complication rates being such signifi cant driving 
forces in cost related to radical cystectomy, any 
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increased cost associated with using a robot in the 
operating room has the potential to be completely 
offset by improvements in these areas. Martin 
et al. [ 77 ] did consider procedure- associated com-
plications in their analysis of costs when they 
compared 14 open to 19 robot- assisted cystecto-
mies. All cases were assumed to use ileal conduit 
diversions. Costs were divided into direct (surgeon 
fees, purchase and maintenance of robot, anesthe-
sia fees, operating room costs, length of stay, and 
blood transfusion costs) and indirect costs (com-
plications and their associated treatments and 
readmissions up to 30 days postoperatively). 
There was a 16 % higher direct cost of RARC 
(driven by operating room costs) that was offset 
by the 60 % less expensive hospitalization costs. 
This resulted in a 38 % overall decreased cost of 
the robot approach [ 74 ,  77 ]. The authors reported 
that complications and readmission rates are major 
drivers of differences in cost. 

 Similarly, Lee et al. [ 51 ] performed cost 
analysis of RARC and ORC while including 
costs resulting from complications and readmis-
sions for up to 90 days postoperatively. In contrast 
to the previous two studies, Lee et al. [ 51 ] strati-
fi ed costs by type of urinary diversion. The inves-
tigators found higher direct costs for RARC 
(which included surgeon fee, per-case cost of 
robot, disposable instruments, utilization cost, 
and anesthesia cost) but this higher cost was off-
set by lower indirect costs (length of stay and 
complication- associated costs). The investigators 
found that length of hospital stay was the most 
signifi cant driving factor in offsetting the costs of 
RARC. However, upon subcategory analysis, the 
higher direct cost of RARC was only offset for 
ileal conduit (IC) and continent cutaneous diver-
sions (CCD), not for orthotopic neobladders 
(ON). As a result, the authors concluded that 
RARC would be most cost effi cient in patients 
receiving IC, but less advantageous for CCD or 
ON (probably because they are more complex 
diversions resulting in longer operating times). 
Further, the complication rates were equivalent 
between ORC and RARC groups but trended 
toward fewer complications in RARC resulting 
in an indirect cost difference that favored RARC. 
These data suggest that the high costs associated 

with RARC may be offset if fewer complications 
and a shorter length of hospital stay are seen. 

 As with other suggestions and conclusions 
made in this chapter, it is again important to keep 
in mind the likelihood of patient selection bias 
that is present in early studies with RARC; spe-
cifi cally, that the difference in complications and 
operative times could be a result of different 
patient comorbidities or disease severity prior to 
the operation rather than a direct result of RARC 
versus ORC [ 59 ,  71 ]. Variations in hospital pol-
icy, insurance reimbursement rates, and geo-
graphic region will also affect calculated cost 
effectiveness. The studies discussed here would 
suggest that the high costs associated with acqui-
sition and maintenance of a robot can be offset 
by shorter hospital stays and decreased compli-
cations as compared to ORC. However, until 
more studies are performed across a range of 
institutions and geographic regions, with better 
controlled patient populations, extrapolations 
from these studies should be made critically and 
cautiously and specifi c to every institution’s 
fi nancial structure, case volume, and surgeon 
experience. An ongoing multi-institutional ran-
domized study comparing robotic and open radi-
cal cystectomy should provide answers to some 
of these questions.  

    Are There Benefi ts of Robot- 
Assisted Radical Cystectomy That 
Are Not Realized in Open Radical 
Cystectomy That Would Make RARC 
a Superior Option in the Treatment 
of Bladder Cancer? 

 In prior sections we have addressed different 
controversies surrounding robot-assisted radical 
cystectomy by providing evidence that suggests 
non-inferiority compared to open radical cystec-
tomy—the gold standard treatment of bladder 
cancer. However, if RARC is to be widely imple-
mented, we would hope to see specifi c advan-
tages as well. Several potential benefi ts have 
been suggested including decreased blood loss, 
decreased length of hospital stay, decreased com-
plications, and faster recovery. 
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    Perioperative Parameters 

 The fi rst reports of robot-assisted radical cystec-
tomy provided evidence that this technique offers 
decreased intraoperative blood loss compared to 
open cystectomy. Menon et al. [ 11 ] reported a 
mean blood loss of 150 ml, while Hemal et al. 
[ 78 ] reported a mean of 100 ml. This is very 
appealing when compared to a study during the 
same time period of open cystectomy [ 79 ] which 
sought to decrease the amount of blood loss asso-
ciated with the procedure; despite all attempts the 
mean blood loss was still 600 ml with a third of 
patients requiring transfusion [ 79 ]. Other studies 
of ORC have shown mean blood loss from 1,000 
to 1,300 ml [ 3 ,  80 ]. Similarly, Table  18.4  shows 
various studies comparing RARC to ORC, with 
signifi cantly decreased blood loss associated 
with RARC across studies.

   These studies also show a benefi t in length of 
hospitalization with mean length of stay ranging 
from 5 to 11 days for RARC and 8 to 13 days for 
ORC (Table  18.4 ). Though the data are promis-
ing, it is important to realize that these trials were 
not randomized and likely were subject to selec-
tion bias in an attempt to minimize diffi culty and 

complications while attempting a new surgical 
technique. 

 The fi rst randomized trial comparing ORC to 
RARC was reported by Nix et al. [ 32 ] who com-
pared the perioperative differences between the 
two techniques and reported signifi cantly less 
blood loss, time to fl atus, time to bowel move-
ments, and less inpatient narcotic needs. They 
found no difference in hospital stay between 
groups. However the study was not adequately 
powered to answer all of these questions. Overall, 
these studies point toward improved periopera-
tive outcomes with RARC compared to ORC.  

    Complications 

 Postoperative complications are a well-known 
consequence of radical cystectomy. And while 
we previously addressed complications follow-
ing RARC during initial surgeon experience, we 
have yet to directly compare complications 
between open and robotic approaches. However, 
until recently, such comparisons have been lim-
ited because of a lack of standardized reporting 
system. With the more widespread reporting of 

     Table 18.4    Comparison of perioperative parameters following robotic and open radical cystectomy   

 References 

 Number 
of patients 
(RC vs. OC)  EBL RC (range) 

 EBL OC 
(range) 

 mean 
LOS RC: 
 n  (range) 

 mean 
LOS OC: 
 n  (range) 

 Complications 
RC:  n  (%) 

 Complications 
OC:  n  (%) 

 Rhee et al. 
[ 70 ] 

 30 (7 vs. 23)  479 a   1,109  11  13  NR  NR 

 Galich 
et al. [ 42 ] 

 37 (13 vs. 24)  500 (100–1,000) a   1,250 
(300–10,200) 

 8 (4–23) b   10 (6–35)  2 (15.4)  4 (16.7) 

 Wang 
et al. [ 43 ] 

 54 (33 vs. 21)  400 (100–1,200) a   750 
(250–2,500) 

 5 (4–18) b   8 (5–28)  7 (21)  5 (24) 

 Ng et al. 
[ 44 ] 

 187 (83 vs. 
104) 

 460 (161–759) a   1,172 
(256–2,088) 

 5.5 (3–28) b   8 (3–60)  37 (44.6) c   64 (61.5) 

 Nix et al. 
[ 32 ] 

 41 (21 vs. 20)  258 a   576  5.1  6  7 (33)  10 (50) 

 Richards 
et al. [ 33 ] 

 70 (35 vs. 35)  360 (260–600) a   1,000 
(500–2,000) 

 7 (6–9) b   8 (7–15)  21 (60)  23 (65.7) 

 Nepple 
et al. [ 45 ] 

 65 (36 vs. 29)  675 a   1,497  7.9  9.6  NR  NR 

   EBL  estimated blood loss in milliliters,  LOS  length of hospital stay in days 
  a Mean EBL of RC signifi cantly less than OC 
  b Mean LOS RC signifi cantly less than OC 
  c Number of complications following RC signifi cantly less than OC  
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complications using the Clavien system, compari-
son of complication rates between RARC and 
ORC has become more feasible. A large series of 
open radical cystectomy from Memorial Sloan-
Kettering Cancer Center reported complication 
rates using the Clavien system [ 3 ]. They found that 
64 % of patients experienced a complication 
within 90 days of ORC. The authors discussed that 
their complication rate was higher than previously 
reported with ORC but that this was likely due to 
the detailed nature of the Clavien system and 
extension of reporting out to 90 days. 

 Though the Clavien system can help standard-
ized comparisons across studies, not all groups 
have reported using this method. One study that 
employed the Clavien classifi cation was by Ng 
et al. [ 44 ], reporting that patients undergoing 
ORC had signifi cantly higher rates of overall and 
major complications at 30 days. And, though the 
overall complications were not different at 90 
days between these groups, there were still sig-
nifi cantly more major complications in the ORC 
group. This study suggests that RARC could pos-
sibly result in fewer major complications; how-
ever, since this was a nonrandomized trial, it is 
unclear whether patient selection bias contributed 
to differences in complication rates. The only ran-
domized trial comparing RARC and ORC from 
Nix et al. [ 32 ] also used the Clavien system and 
found no differences in the complication rates 
between RARC and ORC, but the study was not 
powered to detect differences in complication 
rates. Other comparison studies not using the 
Clavien system have reported variable complica-
tion rates ranging from 15 to 60 % (Table  18.4 ) 
[ 32 ,  33 ,  42 – 44 ], with several showing no differ-
ences in the overall complication rates between 
RARC and ORC [ 33 ,  42 ,  43 ]. With variations in 
reporting and the concern for selection bias, the 
true effect of RARC on postoperative complica-
tions is still undetermined and requires further 
study using standardized reporting systems.  

    Recovery 

 Lastly, with the less invasive nature of the robotic 
approach, some theorize a faster long-term recovery. 

This is a diffi cult parameter to assess, but two 
studies have looked at timing to initiation of 
chemotherapy to address this. Nix et al. [ 32 ] 
compared 21 patients undergoing RARC to 20 
undergoing ORC and found a signifi cant differ-
ence in the time to adjuvant chemotherapy initia-
tion; 6.7 weeks in RARC versus 8.8 weeks in 
ORC which they attributed to quicker time to 
recovery after surgery. Pruthi et al. [ 41 ] studied 
100 patients undergoing RARC, 18 of which 
required adjuvant chemotherapy with a mean 
time to initiation of 7.2 weeks. The authors com-
pared their results to an age-matched cohort of 20 
patients undergoing ORC at their institution and 
found a mean time to chemotherapy initiation of 
10.2 weeks. With the need for good overall health 
and functional status before initiation of chemo-
therapy, the decreased time to initiation provides 
some preliminary evidence that RARC may con-
fer a more rapid recovery. But again, the speedier 
recovery in some patients may be related to selec-
tion bias and baseline performance status. Since 
the choice of adjuvant chemotherapy is also not 
based on uniform criteria, time to such therapy 
may be infl uenced by a variety of factors. This 
further confounds the use of the variable of time 
to adjuvant chemotherapy as an outcome variable 
outside of a controlled study. However, these data 
do suggest that patients undergoing RARC may 
recover more quickly than those undergoing 
ORC. This will certainly benefi t those needing to 
go onto adjuvant chemotherapy. 

 In conclusion, it appears that robotic 
approaches may hold signifi cant promise in 
improving certain outcomes while ensuring ade-
quate cancer control from a complex procedure 
such as radical cystectomy. Early data indicate that 
several concerns pertaining to the use of robotic 
surgery such as adequacy of resection, adequate 
node dissection, and complication rates are not of 
substantial merit. There appear to be some poten-
tial benefi ts to RARC in reduction of blood loss, 
reduced length of stay, and even decreased compli-
cation rates. Additional data that will become 
available from large cohort studies and ongoing 
randomized trials will further help clarify these 
issues and delineate the role of robotic surgery as 
applied to radical cystectomy.   
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    Editors’ Commentary 

   Erik P. Castle and Raj S. Pruthi 

 Robotic techniques in bladder cancer surgery 
must continue to duplicate the surgical principles 
of open radical cystectomy with regard to the 
extirpative portion of the procedure, the ability to 
perform adequate lymphadenectomy, and the uri-
nary diversion. While the potential benefi ts of 
robotics for radical cystectomy are well defi ned, 
the universal acceptance of this technique has 
been met with some resistance because of con-
cerns about unique issues and complications sur-
rounding the application of robotic surgery. The 
authors provide a thoughtful and evidence-based 
examination of the potential areas of concerns 
ranging from oncologic effi cacy to perioperative 
complications to the learning curve and costs. 
Those initiating a robot-assisted radical cystec-
tomy program are strongly encouraged to under-
stand these potential concerns and be sure to 
evaluate and address such issues when applying 
robotics to their own clinical practice.      
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          Introduction 

 Surgery of the bladder for benign disease and 
reconstruction is a varied and somewhat broad fi eld. 
Because there are so many categories of procedures 
and scenarios of when they may arise, this chapter 
will cover the major reported procedures for benign 
bladder disease. Much of what has already been 
learned from robot-assisted radical cystectomy can 
be applied here, and the nuances and outcomes of 
these techniques applied to benign disease situa-
tions will be described. The more commonly 
described procedures of ureteral reimplantation, 
bladder diverticulectomy, bladder augmentation, 
and vesicovaginal fi stula repair will be covered. In 
addition, simple cystectomy will be discussed. 
While this procedure does not vary greatly from 
radical cystectomy, which is covered in previous 
chapters, we will cover special circumstances and 
the authors’ experience with this procedure.  

   Simple Cystectomy 

 While robot-assisted radical cystectomy is well 
described in the literature, there is actually very 
little written about robotic simple cystectomy. 

This is likely due to the fact that there are a large 
number of diagnoses that are treated with this 
procedure, and for the simple fact that this is not 
necessarily a very commonly performed surgery 
when compared to radical cystectomy. 
Considering that the extirpative part of radical 
cystectomy is very similar to simple cystectomy, 
it is therefore not surprising that simple cystec-
tomy is not well described. In addition, the tech-
nical demands and margins of the procedure are 
not as exacting as for radical cystectomy. Given 
that the underlying reason for simple cystectomy 
is not cancer, incomplete removal of the bladder 
or simply a supra-trigonal cystectomy may be all 
that is necessary in some cases. 

 In males, there is very little difference in the 
operation when compared to radical cystectomy 
other than the fact that the surgeon may elect to 
leave the prostate in situ and lymph nodes are not 
removed. This is well described in previous 
chapters. In females, there are a few techniques 
that could be incorporated to make the robotic dis-
section even easier, especially if urethrectomy 
and/or vaginal sparing are chosen. Urinary diver-
sion techniques can be chosen as described in pre-
vious chapters as well. Port placement is the same 
as it would be for radical cystectomy with the 
option of placing the assistant on the left side if an 
intracorporeal diversion is planned (Fig.  19.1 ).

   For the female simple cystectomy, a discussion 
with the patient regarding urinary diversion type is 
important. If an ileal conduit or non- orthotopic 
diversion is chosen, the patient and surgeon should 
decide if the patient wants to keep her urethra. 

        C.  E.   Wolter ,  M.D. (*) •         R.  N.   Nunez ,  M.D. 
      E.  P.   Castle ,  M.D., F.A.C.S.    
  Department of Urology ,  Mayo Clinic , 
  5779 E. Mayo Blvd. ,  Phoenix ,  AZ   85054 ,  USA   
 e-mail: wolter.christopher@mayo.edu  

  19      Robot-Assisted Surgery for Benign 
Disease of the Bladder 

                         Christopher     E.     Wolter      ,     Rafael     N.     Nunez     , 
and     Erik     P.     Castle    



198

Frequently the reasons for simple cystectomy 
often involve urethral pain and/or recurrent infec-
tions, so en-bloc removal of the entire urethra with 
the bladder is a good option. We approach this 
vaginally in our patients, and the periurethral and 
retropubic dissection is quite simple and straight-
forward from this direction. This approach also 
lends itself nicely if the patient has chosen a vagi-
nal-sparing cystectomy as well. Simple vaginal 
wall advancement is all that is necessary to cover 
the defect left by removing the urethra. We liber-
ally mobilize the vaginal wall and use a multilay-
ered closure to prevent any possibility for later 
prolapse or herniation, using an interrupted 
absorbable suture on the deep and periostial struc-
tures, and a running absorbable suture on the vagi-
nal mucosal edges. 

 Vaginal sparing is also easily initiated from a 
vaginal approach and can be done in conjunction 

with urethrectomy. In either case, we use a distal 
horizontal vaginal incision and then completely 
dissect the anterior vaginal wall from the bladder 
all the way to the vaginal cuff or cervix. If per-
forming a urethrectomy as well, the urethra should 
be circumscribed, with the horizontal vaginal 
incision marking the inferior edge of the urethral 
incision. After carrying out the dissection and 
freeing the vagina from the bladder, the vagina is 
closed as described above in multiple layers. Later, 
when the bladder is approached robotically, it 
should already be completely free from the vagina. 
All that is necessary is to open the peritoneum over 
the vaginal cuff, and the space can easily be 
entered to take the bladder pedicles. The remain-
der of the operation is essentially the same as the 
previously described radical cystectomy. 

 It is important to recognize the potential for 
vaginal bleeding during vaginal sparing. Due to 

  Fig. 19.1    Port placement for access to the bladder and ureter       
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the fact that the vagina is extensively vascularized, 
the surgeon must pay attention to meticulous 
hemostasis following removal of the bladder. 
This will prevent delayed bleeds and pelvic 
hematomas which can complicate recovery. In 
addition, if the anterior vaginal wall dissection is 
approached vaginally, bleeding can occur within 
the vagina that may go unrecognized once the 
robot is docked and the robotic portion of the 
procedure is undertaken. Be sure to have all vagi-
nal and pelvic bleeders controlled before pro-
ceeding with the robotic portion; otherwise one 
may fi nd a pool of blood at the foot of the bed on 
the fl oor once the robot is undocked. 

 Whether performing sparing of the anterior 
vaginal wall or removing it, pelvic organ pro-
lapse occurs at a high rate following simple or 
radical cystectomy. This is a product of disrup-
tion of the anterior and lateral support structures 
of the pelvic organs. One option is to perform a 
paravaginal repair using nonabsorbable suture to 
any available later support structures. The authors 
currently use zero polypropylene interrupted 
sutures at four points (two on each side) of the 
vagina. Unfortunately this only provides lateral 
support and anterior weakness can result in pro-
lapse in some patients. 

 Another important consideration is the closure 
of the vaginotomy. The surgeon must remember 
that magnifi cation can give the impression of 
large bites during closure and it is important to 
have a very strong closure of the vaginal wall. 
Herniation of intestinal contents as well as omen-
tum through the vaginal closure has been anec-
dotally reported. In order to avoid this, the authors 
currently perform a “clam-shell” closure of the 
vagina in multilayer fashion with zero polyglactin 
suture. We also make sure to reinforce with inter-
rupted sutures and manually check the integrity 
of the closure transvaginally at the completion of 
the procedure.
  Important Technical Considerations 
•   The prostate may be left in situ in male patients 

allowing for minimal risk of post-op bleeding  
•   Vaginal approach to the anterior vaginal wall 

dissection and urethral dissection  prior  to 
robotic dissection  

•   Meticulous hemostasis of anterior vaginal 
wall following cystectomy to avoid delayed 
post-op bleeds  

•   Multilayer closure of vaginotomy if anterior 
vaginal wall not spared key to avoid post-op 
herniation     

   Ureteral Reimplantation 

 Stricture or fi stula of the distal ureter is a rare 
outcome after pelvic surgery. Unfortunately, it is 
often discovered days to weeks after the inciting 
procedure has occurred, thus sometimes making 
management diffi cult. Regardless, even if it is rec-
ognized intraoperatively, it should be managed by 
ureteral reimplantation with or without a psoas 
hitch, or possibly even a Boari fl ap. This section 
will deal with techniques and pearls when per-
forming reimplantation of the ureter for distal 
ureteral pathology. 

 Given the delicate nature of operating on the 
ureter, the procedure has not typically been per-
formed in a pure laparoscopic approach, although 
it has been described [ 1 ]. Generally speaking, 
this is a pelvic operation, and the robotic approach 
suits this procedure very well. It has been described 
in multiple case series, with seemingly good effi -
cacy [ 2 ]. Again, the main indications are distal 
ureteral stricture, distal ureteral TCC requiring 
reimplantation, and ureterovaginal fi stula. All of 
these disease entities have been described being 
managed with robotic ureteral reimplantation [ 3 ,  4 ]. 
It should be noted that the authors would not rec-
ommend robot-assisted reimplantation of a ureter 
for upper tract urothelial cancer due to the risk of 
intraperitoneal spillage of cancer cells and limit 
this procedure for benign purposes. 

 The surgical approach for a robotic ureteral 
reimplant is similar to that of other pelvic opera-
tions, and standard robotic instrumentation is all 
that is typically necessary. One or two assistant 
ports are utilized as well, depending on the 
complexity of the procedure. Port placement is 
similar to that used for robot-assisted radical or 
simple cystectomy (Fig.  19.1 ). The third working 
robotic arm (fourth arm) should be placed to the 
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opposite side of the ureter being reimplanted in 
order to be available for retracting the bladder. 
While this is technically a pelvic operation, on 
occasion, the laterality of the procedure can come 
into play, especially if the stricture is higher and a 
psoas hitch or Boari fl ap will be necessary. In these 
instances, it is better to rotate port placement 
towards the side of the reimplant slightly. Camera 
placement should also be suffi ciently high as to 
not place the surgeon in a position where visual-
ization becomes diffi cult. 

 The procedure typically begins with medial 
mobilization of the colon from either side in 
order to gain exposure of the ureter over the 
course of the psoas muscle before it courses 
over the iliac vessels. For the purposes of distal 
strictures, this is often a nonviolated plane, and 
dissection should be quite feasible here. The ure-
ter should be circumferentially mobilized with 
care being taken not to skeletonize it. The ureter 
then should be traced into the pelvis to the level 
of the offending pathology and transected. Place 
a stay suture on the ureter to aid in delicate 
manipulation of the ureter as well as identifi ca-
tion later. 

 Assessment of the type of reimplant needed 
should be made. The bladder should be prepared 
for this at this point in time. For a long ureter, 
simple mobilization of the bladder by releasing 
its anterior and superior attachments from the 
space of retzius and contralateral side may be all 
that is required. Once it is certain that the ureter can 
be reimplanted in a tension-free manor   , a lateral 
trough through the peritoneum and detrusor 
should be made to the level of the mucosa. 
Generously spatulate the ureter and open the 
bladder mucosa the same distance. The ureteral 
mucosa should then be anastomosed to the bladder 
mucosa using a fi ne absorbable suture (4-0 poly-
glactin or similar). Following closure of one side 
of the anastomosis, a double-J stent should be 
passed into the ureter over a wire that is inserted 
through an assistant port and guided into the ureter 
by the robotic surgeon. The mucosal anastomosis 
can be completed and the overlying muscle and 
peritoneum may be reapproximated over the 
closure to provide additional security and to 
ensure a watertight closure. 

 More typically, the bladder will need to be 
mobilized more, and a psoas hitch or Boari fl ap 
will be necessary. The bladder should fi rst be 
appropriately mobilized from the anterior and con-
tralateral side, ligating and dividing the obliterated 
umbilical ligament and/or superior vesical pedicle 
if necessary. Filling the bladder will aid in this and 
will also give the surgeon an idea of how well 
mobilized the bladder is and whether it will reach 
adequately. After this, the psoas hitch should be 
done by suturing the bladder to the psoas muscle 
and tendon with a permanent suture, taking care to 
avoid the genitofemoral nerve. 

 If a Boari fl ap is necessary, the fl ap should be 
opened from about 3 cm cephalad from the blad-
der neck at this point. This should be done with 
the bladder full in order to estimate the size of the 
fl ap and location. It is very important to make a 
suffi ciently wide fl ap in order to be able to roll 
into a tube following anastomosis of the ureter to 
the fl ap. A dreaded complication is a leak due to 
inability to close external layers of detrusor over 
the mucosal tube. The ureter should then be anas-
tomosed in an end-to-side fashion laying the fl ap 
on the anteriorly spatulated ureter. A stent should 
be inserted as one would do open, and the Boari 
fl ap can be closed using a running absorbable 3-0 
suture [ 5 ]. After completing the reimplant, the 
closure should be tested for leaks, and a catheter 
should be left in the bladder for 7–14 days, and a 
cystogram checked before removing the catheter. 
The stent should remain in place for 6 weeks, 
typically.
  Important Technical Considerations 
•   Place the third working robotic arm (fourth 

arm) contralateral to the ureter to be repaired  
•   “Tension-free” anastomosis of the ureter to 

bladder mucosa  
•   Be sure to make the Boari fl ap wide enough 

for rolling into a tube and have adequate detru-
sor to roll over the mucosal closure     

   Bladder Diverticulectomy 

 Typically in adults, bladder diverticula are mainly 
acquired and in men with bladder outlet obstruc-
tion. This is typically secondary to BPH, but 

C.E. Wolter et al.



201

other obstructive processed can be to blame as 
well. Congenital diverticula can also be seen in 
children as well. For both of these groups of 
patients, a robotic approach for diverticulectomy 
is quite feasible and have been described in case 
series in the literature [ 6 ,  7 ]. While the overall 
concept of the procedure is straightforward, it 
can actually be a diffi cult surgical approach in 
certain instances, especially in men with bladder 
outlet obstruction. It should also be determined if 
diverticulectomy is even necessary in all cases. 
Diverticula with active urothelial cell carcinoma 
should be managed through an open retropubic/
extraperitoneal approach to avoid intraperitoneal 
spillage of cancerous cells. 

 Preoperative imaging and cystoscopy should 
be performed to gain a detailed understanding of 
the location and size of the diverticulum and 
diverticular neck. Preoperative urodynamics are 
often misleading as to the presence of obstruction 
and the diverticulum can serve as a “pop-off” for 
the pressure. However, the underlying cause of 
the diverticulum should be addressed prior to or 
at the same time as the diverticulectomy. 

 Ureteral catheters or stents should fi rst be 
placed in the OR if desired. The surgical approach 
is a standard positioning and port placement for a 
transperitoneal procedure. At the onset, the loca-
tion of the diverticulum can be tricky to identify. It 
is often anterolateral to the ureteral orifi ce, but cor-
relation with preoperative cystoscopy and imaging 
should always be confi rmed. Often, a bulge in the 
peritoneum can be seen, and the peritoneum can 
safely be entered above the vas deferens in order to 
safely avoid the ureter [ 7 ]. Once the diverticulum 
is exposed, dissection should proceed to com-
pletely reveal the diverticulum down to its neck. 
At this point the diverticulum can be excised. If the 
neck of the diverticulum is diffi cult to identify, 
techniques to aid in this include endoscopic 
transillumination, catheter placement into the 
diverticulum, or intravesical dye instillation [ 8 ]. 
The authors have found bedside fl exible cystos-
copy with transillumination of the diverticulum 
to be most helpful. Occasionally, it is necessary 
or unavoidable that the diverticulum is entered. 
In this case, the edges can then be traced and the 

borders of the neck and bladder can be established, 
and the resection of the diverticulum can proceed 
accordingly. Closure of the defect in the bladder 
should be carried out in multiple layers with 
absorbable 3-0 and 2-0 polyglactin suture, a large 
foley catheter should remain in place and a cysto-
gram should be checked in 10–14 days. An intra-
peritoneal drain should also be left as well. 
Ureteral stents should be removed 1–2 weeks 
after the foley catheter.
  Important Technical Considerations
•    Preoperative imaging and cystoscopy important 

for operative planning  
•   Consider bedside fl exible cystoscopy into the 

diverticulum with transillumination to facilitate 
identifi cation transabdominally     

   Augmentation Cystoplasty 

 Enterocystoplasty is a seldom used but useful 
procedure for small, contracted, high-pressure 
bladders in which conservative management has 
failed. Most frequently this is a consequence of 
neurogenic bladder. The robotic approach has 
been described numerous times in the pediatric 
literature, both with and without appendicovesi-
costomy [ 9 ], and it has also been reported in small 
series in adults. 

 Conceptually, this is a good application of 
robotic surgery, as an attempt to recreate the open 
procedure is very feasible. The procedure itself, 
however, is not without its challenges. The real 
trouble with this operation is the extensive amount 
of suturing required in preparing the bowel seg-
ment. While this can be somewhat alleviated by 
delivering the bowel through a small incision 
midprocedure to prepare the augment, it still needs 
to be sewn to the bladder itself in a watertight fash-
ion. This is where the robot’s dexterity and easy 
suturing really come into play. Completely intra-
corporeal augmentations have even been described 
with good results [ 10 ,  11 ]. 

 The procedure proceeds with standard port 
placement and instrumentation for a pelvic pro-
cedure, with the camera port being placed at least 
2 cm above the umbilicus in order to be able to 
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visualize and identify the ileocecal junction. 
Quite frequently, the bladder dissection is fairly 
straightforward. A coronal or sagital opening can 
be made, and it should be large enough to allow 
for the fi nal construct to be a spherical as possi-
ble. The choice of which direction is opened 
depends on the reach of the mesentery of the 
bowel and whether or not an appendicovesicos-
tomy will be performed. 

 Twenty to thirty centimeter of bowel is typi-
cally utilized, although a larger augment can 
certainly be utilized if necessary. The segment 
of ileum should then be detubularized on the 
anti- mesenteric border and sewn into a 
“U”-confi guration with running 2-0 suture. If a 
longer segment is used, as “S”-confi guration 
may be needed. Try and keep the augment as 
symmetric a possible, avoiding an oblong or 
partially tabularized shape. 

 If an extracorporeal construct is chosen, then 
after identifying and tagging the desired bowel 
segment, the robot will need to be un-docked and 
the bowel can be delivered through a 4–6 cm 
incision. The augment can then be confi gured 
and then dropped back into the body. The bladder 
anastomosis should be completed with a running 
2-0 polyglactin suture. Prior to completing the 
augment, a suprapubic cystostomy tube should 
be placed through the native bladder segment, 
and a drain should also be placed in the perito-
neal cavity [ 9 ,  11 ]. 

 If an intracorporeal construct is undertaken, it 
is best to put the bedside assistant on the left side 
of the bed with the third robotic arm on the 
patients left side (Fig.  19.2 ). Furthermore, the 
two assistant ports should be both 12 mm ports to 
allow for more option for angle of passage of 
laparoscopic staplers during harvest of the ileal 

  Fig. 19.2    Port placement in cases with intracorporeal bowel reconstruction—note assistant on left side of patient       
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segment to be used. The bowel anastomosis can 
be completed as described in previous chapters 
on intracorporeal diversion (Chaps.   11     and   12    ).
   Important Technical Considerations 
•   If intracorporeal construct desired, place the 

bedside assistant on the left side for easier angle 
of approach for the laparoscopic staplers  

•   “U” or “S”-confi guration of the detubularized 
ileum     

   Vesicovaginal Fistula Repair 

 Vesicovaginal fi stula is a devastating complication 
of gynecologic surgery, penetrating trauma, or 
abdominopelvic radiation. The continuous incon-
tinence is quite debilitating and extremely dis-
tressing. Traditionally, abdominal access to fi stula 
repair involved an incision and a prolonged hospi-
talization, but the laparoscopic and subsequently 
robotic approaches have converted this to a mini-
mally invasive procedure as well. While these 
fi stulae can be repaired in a minimally invasive 
and well-tolerated vaginal approach with equal 
success, not all fi stulae are amenable to this [ 12 ]. 
Again, this is another pelvic operation that is very 
well suited to robotic surgery, the visualization is 
excellent, and the procedure is mainly in a small 
region in the pelvis. All things being equal, the 
outcomes in robotic repair are equal to traditional 
open abdominal repair [ 13 ]. 

 All patients with a suspected fi stula should be 
carefully examined and cystoscopy should be 
performed. In the work up of the patient prior to 
repair, ureteral involvement should be determined, 
as this can be present in up to 10 % of patients. 
This can be either with imaging, dual dye tests, or 
retrograde pyelography in the OR. Once the extent 
and determination of location and size of the 
fi stula is made, surgical correction can proceed. 
Distal vaginal fi stulae or those at the vaginal cuff 
that are easily mobilized or accessible can be 
considered for vaginal repair. High fi stulae, fi xed 
or narrow vaginas, recurrent, and radiated fi stu-
lae should be considered for abdominal repair. 
The rationale for this is that a robust tissue inter-
position aids greatly in preventing recurrence, 
and the options for this are more readily available 

and feasible from a transperitoneal approach. 
Urine culture and antibiotics should be adminis-
tered as indicated. Ureteral stents should be 
placed at the surgeon’s discretion. 

 Once laparoscopic access is achieved, if an 
omental fl ap is planned, this should be secured 
prior to placing the patient in steep trendelenberg 
and docking the robot. The omentum can be 
assessed using basic laparoscopy, and if suitable, 
should be mobilized on its right gastroepiploic 
pedicle to reach into the pelvis. One or more long 
suture tags should be left on the omentum for 
easy identifi cation once the patient is in tren-
delenberg during the robotic portion of the proce-
dure. Robotic surgery can then proceed from this 
point. Given the nature of the cause of the fi stula, 
bowel adhesions are frequently present, and need 
to be carefully dissected free from the vaginal 
cuff. A large, sturdy vaginal retractor should be 
utilized. If desired, a catheter, guide wire, or stent 
should be placed cystoscopically through the 
fi stula tract to aid in identifi cation. With maximal 
cephalad traction placed on the vaginal by the 
bedside assistant, the vesicovaginal space should 
be developed. This dissection should be carried 
right across the fi stulous tract and beyond, allow-
ing for good separation of the bladder and vagina. 
Development of this plane is often challenging, 
and use of electrocautery should be limited to 
preserve tissue integrity if possible. After coming 
across the fi stula, if a stent or catheter was used 
for identifi cation, this should be removed. 

 Standard principles of fi stula management 
should be incorporated, including non-opposing 
closure lines, watertight closure, and interposi-
tion fl aps. From the robotic approach, it is best to 
close the vaginal opening fi rst in an orientation 
opposite the planned bladder closure. Following 
this, the interposition fl ap should be secured 
between the vagina and bladder. If using omen-
tum that had already been harvested laparoscopi-
cally, the sutures that were left on it can be 
grasped and held in place with the third working 
arm of the robot. If omentum is not available, 
then using a fl ap of the overlying and readily 
available bladder peritoneum should be used. 
Regardless, make sure the fl ap is not under tension, 
and secure it in place with multiple interrupted 
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absorbable sutures. After this, the bladder can be 
closed. We prefer a multilayered closure. A foley 
catheter should be left in place, as well as a drain in 
the peritoneal cavity. A cystogram should be 
checked 10–14 days postoperatively. Reported 
robotic outcomes have been very favorable [ 13 ,  14 ].
  Important Technical Considerations 
•   If an omental fl ap is planned, this should be 

created via a laparoscopic approach before 
placement of the patient in tendelenberg  

•   Placement of a wire in the fi stula may be helpful 
during dissection  

•   Use nonopposing suture lines and interposition 
fl aps     

   Conclusions 

 As one can see, the applications of robotic surgery 
are very effective. Again, as long as sound surgical 
principles are followed, the limits of what can be 
performed robotically go only as far as the sur-
geon’s determination and imagination. As the fi eld 
continues to advance, there is conceivably no pro-
cedure traditionally performed for benign urologic 
disease that cannot be performed robotically.     
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           Introduction 

 Radical cystectomy is currently accepted as the 
gold standard for treatment of MIBC and high 
risk NMIBC. This procedure can be performed 
using open, laparoscopic or robotic approach. 

 In 1991 R. Clayman performed the fi rst laparo-
scopic radical nephrectomy and became the pio-
neer of the new era of minimally invasive surgery 
in urology. During the last 20 years, indications 
for laparoscopic surgery have expanded to include 
both ablative and reconstructive procedures for 
various indications. Its place in the armamentar-
ium of urological and other surgical specialties is 
well established. 

 Laparoscopic surgery, however, generally has 
longer operative times than open surgery and 
requires a steeper learning curve due to the need 
for the surgeon to develop high skills for intra- 
corporeal suturing and knotting; abilities which 
are required in the majority of urological proce-
dures. These characteristics have been identifi ed 
as the main limiting factors for widespread 
adaptation of laparoscopic surgery in urology. 

While many urology centres could not progress in 
technical expertise to venture starting technically 
challenging procedures like partial nephrectomy 
and radical prostatectomy, others suspended 
these programmes in favour of a standard open 
surgical approach [ 1 ]. 

 In 2001, the era of robotic surgery (RS) began 
with the introduction of the Da Vinci surgical sys-
tem ®  (Intuitive Surgical, Inc., Sunnyvale, California, 
USA,   http://www.intuitivesurgical.com    ). 

 RS represents a further evolution of laparoscopy 
with better ergonomics, improved, higher magnifi -
cation 3D vision and providing the surgeon the 
independence of controlling the camera and multi-
ple instruments, which can reproduce the whole 
spectrum of movements of a human hand. This has 
made the most diffi cult steps of intra-corporeal 
knotting and suturing easier and quicker than lapa-
roscopy. RS has become increasingly popular and, 
at many centres around the world, robotic radical 
prostatectomy has essentially become the standard 
of care for a localised prostate cancer. 

 As regards radical cystectomy, there is evidence 
that robot-assisted radical cystectomy (RARC) 
provides outcomes similar or even superior to lapa-
roscopic and open radical cystectomy. However, 
long-term follow-up data are still lacking. There 
is a signifi cant heterogeneity in the data reported in 
the literature in relation to approaches to urinary 
diversion. 

 In this chapter we analyse the possible future 
directions of robotic surgery for urinary bladder 
cancer with focus on our analysis of surgical 
access and instrumentation, techniques of urinary 
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diversions, simulation and training and future 
employment of chemical agents which could 
improve the detection rate of a early nodal 
metastasis.  

    Single-Site Surgery 
and Instrumentation 

 Laparoendoscopic single-site surgery (LESS) 
and natural orifi ce transluminal endoscopic sur-
gery (NOTES) are relatively novel techniques in 
urology and have gained prominence in academic 
centres which have a strong interest for laparo-
scopic surgery. 

 NOTES can be defi ned as the penetration of 
hollow viscera with an endoscope in order to 
access the abdominal cavity and perform an 
intra-abdominal operation [ 2 ]. On the contrary, a 
LESS access can be obtained either by perform-
ing a single incision on the skin, through which a 
single multi-channel access platform is placed 
( single port ) or by placing several low-profi le 
ports through separate fascial incisions ( single 
site ) [ 3 – 5 ]. Single-port access is used most 
commonly, and there are several commercially 
available ports, including Triport and Quadport, 
Advanced Surgical Concepts, Ireland (see 
Figs.  20.1  and  20.2 ). The umbilicus is the most 
frequently chosen access site.

    The lack of port placement triangulation and 
collision of instruments make LESS a challeng-
ing technique and requires an experienced lapa-
roscopic surgeon. These tasks become even 
more demanding during reconstructive proce-
dures when suturing is needed, and as a result 
instruments have been especially conceived to 
facilitate LESS. Application of robotic technol-
ogy for single-port surgery has enhanced intra-
corporeal dissection and suturing, albeit the 
platform can be cumbersome. Therefore further 
refi nements will need to occur before full utili-
sation of LESS. 

 LESS radical cystectomy (RC) has been 
attempted in highly selected patients, with or 
without robotic assistance and so far appears safe 
and feasible. Kaouk et al. were the fi rst to report 
LESS robot-assisted radical cystectomy and 
bilateral pelvic lymph node dissection (PLND) in 
three patients (two men and one woman). All pro-
cedures were completed successfully and all 
patients underwent extracorporeal urinary diver-
sion by extending the umbilical port site. The 
operative time was 315 ± 40 min, with minimal 
blood loss (217 ± 29 mL). The pathologic evalua-
tion revealed negative margins and negative 
lymph node involvement (mean number of nodes 
16 ± 3). At a minimum of 2 years of follow-up 
(range 24–26 months), no evidence of local 
recurrence or metastatic disease was detected. 

  Fig. 20.1    Triport (R-Port), Advanced Surgical Concepts, Ireland.   http://www.advancedsurgical.ie/TriPort/Default.166.
html           
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 The same group has subsequently performed 
three robot-assisted LESS (R-LESS) radical cys-
tectomy with intra-corporeal ileal conduit [ 6 ]. 
The Authors inserted an additional trocar that 
served as the stoma site. None of these were con-
verted to open, although one rectal perforation in 
a patient who had previous brachytherapy was 
identifi ed and repaired by R-LESS. Within a 
mean follow-up of 12.6 months (8–18), one 
patient developed deep vein thrombosis (DVT) 
and was managed medically. No patients had 
positive surgical margins on fi nal histology. 

 Lin et al. described “hybrid-LESS” radical 
cystectomy with orthotopic neo-bladder recon-

struction in a cohort of 12 patients [ 7 ]. A home-
made multi-channel port, consisting of two 
stretchable rings and a surgical glove with trocars 
and valves attached to its fi ngers, was placed into 
a 4–5-cm midline incision in the lower abdomen 
and was used for laparoscopic instruments (see 
Figs.  20.3  and  20.4 ). Another sub-umbilical port 
was placed for the laparoscope. Extended pelvic 
lymph node dissection and radical cystectomy 
were completed laparoscopically; construction 
of the ileal neo-bladder was performed extra- 
corporeally and the neo-bladder was anastomosed 
to the urethral stump laparoscopically, with a 
slipknot running suture technique. No conversion 

  Fig. 20.2    Quadport, Advanced Surgical Concepts, Ireland.   http://www.advancedsurgical.ie/QuadPort/Default.544.html           

  Fig. 20.3    ( a ) A homemade multichannel port was con-
structed of two stretchable rubber rings and a surgical 
glove. ( b ) The  outer  and  inner rings  of the multichannel 

port ( arrow  indicates the inner ring). Lin T et al. J Endourol. 
2011 Jan;25(1):57–63       
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to standard laparoscopy or open surgery was 
required. There was no peri-operative mortality 
or port-related complications. Median operative 
time was 383 min (300–447) with median blood 
loss of 150 mL (120–400). Encouragingly, this 
group was able to retrieve a median of 25 lymph 
nodes (16–30), also with negative surgical mar-
gins. Continence rates were 80 % at 12-month 
follow-up. All patients were alive and tumour 
free at average follow-up of 16.1 months (range 
9–20 months).

    Ma et al. [ 8 ] also performed fi ve LESS radical 
cystectomies using a homemade single-port 
device composed of an inverted cone device of 
polycarbonate and a powder-free surgical glove 
(see Fig.  20.5 ). The port was placed into a 5-cm 
peri-umbilical incision. The conventional laparo-
scope and laparoscopic instruments were inserted 
through the single port. No additional ports were 
needed for radical cystoprostatectomy and stan-
dard pelvic lymph node dissection. Cutaneous 

ureterostomy and ileal conduit urinary diversion 
were performed. The mean operative time was 
208.2 (range 168–280 min) and estimated blood 
loss was 270 (100–500) mL. One patient needed 
a transfusion of 400 mL of red blood cells. 
The pathologic evaluation revealed negative 
margins and negative lymph node involvement. 
One patient had a bowel obstruction, while 
another patient died from cardiac disease.

   Undoubtedly an extensive experience in 
 laparoscopic surgery and stringent patient-selection 
criteria are fundamental for LESS radical cystec-
tomy. Based on the available non-randomised 
evidence, these methods can be best regarded as 
experimental and hence strictly limited to centres 
with high volume laparoscopic, robotic and 
LESS practice. 

 All the studies discussed above are retrospec-
tive and are small case series (<20), with the 
majority having ≤T2 disease. Randomised pro-
spective studies are needed to determine how this 
technique compares with the traditional open 
radical cystectomy (ORC) or multi-port robot- 
assisted radical cystectomy (RARC). Generally 
RC is often undertaken in an elderly population 
where cosmesis is not usually a priority, so there 
needs to be careful consideration as to whether 
this avenue should be pursued any further. It is 
possible that a further expansion of the indica-
tions and role of single-site surgery may occur 
with refi nement of robotic technology, particu-
larly, the development of more fl exible instru-
ments and this would infl uence our future 
surgical practice. 

  Fig. 20.4    ( a ) The incision and multichannel port. ( b ) The multichannel port was placed into the incision. ( c ) Insuffl ation 
with CO 2  created tension between the two rings and secured the device       

  Fig. 20.5    Home-made single-port device. Ma LL et al. J 
Endourol. 2012 Apr;26(4):355–9       
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 Currently available robotic instruments for 
LESS robotic surgery (LESS-RS) are 5 mm in 
size, non-wristed and semi-rigid. These instru-
ments (see Fig.  20.6 ) can be inserted into the 
abdominal cavity through a silicone port (see 
Fig.  20.7 ) which requires only a 2–2.5-cm skin 
incision. The trocars for the Da Vinci ®  single- 
port system are curved and marked with the same 
remote centre of motion (RCM) that can be found 
on each trocar used for a standard Da Vinci ®  pro-
cedure. In fact, each robotic instrument is able to 
rotate around a specifi c epicentre (RCM), marked 
as a black thick line on the port. The RCM pro-
vides a wide range of motion to operate the 
instruments and it is always located slightly 
lower to the level of the skin. In this way, the risk 
of collision between the instruments and the body 
of the patient is avoided. Thanks to the presence 
of the RCM and to the fact that the instruments 
are actually crossing within the silicone port, and 
not outside the body (as on the contrary happens 
during single port laparoscopic surgery), the risk 
for a collision of the instruments inside the abdo-
men is minimised.

    However, knotting and suturing in LESS-RS is 
more diffi cult than in standard RS. The main limi-
tation of the Da Vinci ®  Si system for LESS-RS is 
the lack of the endo-wrist technology. The pres-
ence of a wrist at the tip of the instrument allows 

  Fig. 20.6    Instruments for Single Port RS Da Vinci. Instruments are 5 mm in size, non wristed and semi-rigid. Intuitive 
surgical, Sunnyale, CA       

  Fig. 20.7    ( a ) Silicon port for Single Port RS Da Vinci ( b )       
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the surgeon to perform movements with 7° of 
freedom. This feature facilitates manoeuvres such 
as intra-corporeal dissection, knotting and suturing. 

 Recently new 5-mm instruments with endo- 
wrist capability have been released for the Da 
Vinci ®  Si system (see Fig.  20.8 ). These have been 
used for paediatric robotic surgery but are also 
suitable for standard RS. It is expected that in the 
future, LESS-RS will be performed with minia-
turised instruments characterised by multiple 
joints, high fl exibility and wristed tip.

   Research into microscopic and miniaturised 
technology in clinical practice has been underway 

in the last decade. Miniature camera robots 
(microrobots) can provide a mobile viewing 
platform to enhance a surgeon’s view, and nano- 
robots are also approaching clinical application. 
Interestingly, “in vivo robots”—which are min-
iature, dexterous, co-operative robotic devices 
can be deployed intra-corporeally to perform 
tasks such as imaging, retraction and tissue 
manipulation to enable precise movements [ 9 ]. 
These are the exciting developments and we 
eagerly await the outcome of research into their 
use in the oncological setting. 

 The future of RS will depend on the availability 
of new enhanced robotic systems. The current Da 
Vinci ®  Si system for RS is far from perfect and 
has several limitations:
 –    The robotic cart is still cumbersome. Although 

the arms are smaller in size compared to the 
original Da Vinci ®  (see Fig.  20.9 ), they are still 
quite heavy and are all attached to a cart. The 
cart itself is quite heavy and is not easily 
manoeuvred by the nurses. Development of 
lighter arms that could be attached indepen-
dently to the operative table has been advocated 
as a possible solution to ease and reduce the 
time for docking.

 –      The robotic camera could be miniaturised. 
A miniaturised magnetic camera that could be 
inserted into the abdominal cavity through a 
5-mm port would allow the surgeon to 
manoeuvre the camera from the outside by 
using a calamite. This would avoid the need of 
a port dedicated to hold the camera.  

 –   The lack of tactile feedback is a signifi cant 
defi ciency of the system. Despite the presence 
of the endo-wrist technology, the robotic 
instruments are not able to transfer a tactile 
feedback to the hands of the surgeon who is 
operating at the console. This can be poten-
tially dangerous. In fact, the accidental clash-
ing of an instrument with an organ may result 
in a severe injury that could be avoided if the 
surgeon had the feeling of touching the tissues. 
However, it is possible to replace the lack of 
tactile feedback with an intensive training in 
the dry-lab.  

 –   The number of instruments available is still 
low. Despite the recent introduction of new 

  Fig. 20.8    5 mm endo-wrist instruments for Da Vinci       
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instruments such as the Graptor, an 8-mm 
grasping retractor that allows atraumatic grasp-
ing of bowel and other delicate tissues, there are 
no instruments dedicated to specifi c procedures. 
As far as RARC is concerned, there is no min-
iaturised robotic stapler designed to perform 
an intra-corporeal diversion and there is no 
retractor specifi cally designed for RARC.     

    Intracorporeal Urinary Diversion 

 The majority of surgeons performing RARC 
recommend a combination of robot-assisted extir-
pative cystectomy and lymph-adenectomy, with 
subsequent extracorporeal urinary diversion, 
whether this be ileal conduit, orthotopic neo- 
bladder (ONB) or continent cutaneous diversion 
(CCD) formation [ 10 – 13 ]. As experience with 
RARC increases, intra-corporeal reconstruction of 
urinary diversion are emerging, in the expectation 
that this approach may confer benefi ts such as 
lesser incisional pain, with decreased bowel 
exposure and desiccation, thereby reducing the 
risk of ileus and resulting in faster recovery. 

 Approaches to reconstruction include extra- 
corporeal ONB, re-docking of the robot with 
robot-assisted anastamosis of urethra to ONB and 
total intra-corporeal reconstruction. The intra-
corporeal approach is thought to be ergonomically 
benefi cial in ONB formation, because the depth 
perception and optical magnifi cation of the robot 
system facilitates formation of the anastamosis 
between urethra and reservoir. This minimises 
the risk of urinary leakage and may improve uri-
nary continence [ 14 ]. 

 Clearly, the learning curve in this approach is 
steep and current published studies on pure intra- 
corporeal urinary diversion demonstrate longer 
operating times. However, these improve signifi -
cantly over time [ 15 ]. This method of urinary 
diversion may be suitable for younger patients 
with fewer co-morbidities and a better perfor-
mance status, as they would better tolerate the 
potential prolonged operating times. So far there 
appear to be lower inpatient narcotic  requirements 
and comparable short-term clinical outcomes [ 16 ]. 

 Existing published studies on intra-corporeal 
diversion feature small patient series (<50) and 
are non-randomised. Unpublished data from the 

  Fig. 20.9    ( a ) Da Vinci Standard patient Chart, 1999; ( b ) Da Vinci S and SI patient chart       
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International Robotic Cystectomy Consortium 
(IRCC) have shown that, on retrospective analysis 
from 21 institutions (intra-corporeal  n  = 148, 
extracorporeal  n  = 787), patients undergoing 
intra-corporeal urinary diversion have lower 
readmission rates and experience fewer gastroin-
testinal complications and infections. Larger ran-
domised studies are needed to determine 
superiority, or at least non-inferiority, before these 
techniques can be fully incorporated into RARC. 

 Total intra-corporeal urinary diversion is 
evolving, but majority of centres are still focusing 
on extracorporeal urinary diversion performed 
through the incision used to retrieve the specimen. 
A total intra-corporeal diversion would certainly 
be advantageous in females where the specimen 
can be retrieved trans-vaginally. Prior marking of 
the ileocecal junction and ileal conduit, and 
transfer of the left ureter to the right, all leads to 
a smaller incision and faster extracorporeal uri-
nary diversion, therefore reducing operative time 
and the impact of Trendelenburg position and 
pneumo-peritoneum, especially in the elderly 
population. 

 The aim of robotic surgery is to reproduce the 
same steps of open surgery in a minimally inva-
sive context. RARC is a totally intra-corporeal 
minimally invasive procedure that aims to remove 
the bladder with all the surrounding organs and 
lymph nodes. However, the procedure does not 
end with the removal of the specimen, but with 
the formation of a urinary diversion. Therefore, 
the formation of a diversion during RARC should 
by defi nition totally intra-corporeal. Bearing this 
logic in mind, we anticipate that in the next 5–10 
years, all centres undertaking RARC will be per-
forming total intra-corporeal urinary diversion. 
In order to make this feasible, it is crucial that 
there should be a signifi cant further evolution of 
robotic instrumentations and training/simulation 
systems dedicated to RARC.  

    Sentinel Lymph Node Detection 

 Lymph node dissection (LND) during a radical 
cystectomy is a crucial step that can potentially 
lead to a wide spectrum of complications including 

vascular injuries, development of lymphoceles 
and deep vein trombosis leading to pulmonary 
embolism. 

 Extent of lymphadenectomy during radical 
cystectomy is still a subject of debate. In this 
context we are not focusing here on the contro-
versies regarding the extent of LND, its therapeu-
tic potential or the minimum number of lymph 
nodes to be removed, which it has been suggested 
to be at least >16 [ 17 ]. We will rather analyse the 
possible implications of the sentinel node detec-
tion during radical cystectomy and its possible 
future application in robotic surgery. 

 The concept of sentinel node detection was 
introduced by Gould in 1960 as the detection of 
lymph node that is suggested to be primed in 
receiving metastatic deposits at one time or another. 
The sentinel lymph node (SN) is specifi c in each 
individual and can be ideally described as “the fi rst 
guardian” on the pathway of a cancer spreading 
throughout the lymphatic system of a specifi c 
organ. When a SN is identifi ed during surgery, it 
is removed and sent for pathology. The absence of 
tumour cells in the SN would indicate the absence 
of further spread in the regional lymph node 
basin(s) and would therefore make LND not 
mandatory. The detection of the SN in oncologic 
surgery has been extensively investigated for 
many cancers, including breast [ 18 ], prostate 
[ 19 ], colorectal [ 20 ], esophageal [ 21 ], melanoma 
[ 22 ], thyroid [ 23 ] and penile cancer [ 24 ]. 

 The current mainstay of the technique of SN 
detection is the combination of a gamma ray- 
emitting radiotracer (99-m technetium) with blue 
dyes. However, the use of gamma ray-emitting 
radiotracers requires involvement of a nuclear 
medicine physician, and the localisation of the 
SN can be technically very diffi cult using a hand-
held gamma probe. On the contrary, the blue dyes 
can be injected in the peri-tumoral tissue and be 
identifi ed without the need of specifi c probe. 
However, blue dye cannot be seen easily through 
the fatty tissue making it a sub-optimal technique 
particularly in obese patients. 

 Current evidence surrounding SN detection 
during radical cystectomy appears to be limited 
mainly to case series. Sherif et al. fi rst reported 
the feasibility of the SN detection on a cohort of 
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13 patients [ 25 ]. The day before surgery, 2 ml of 
99-m technetium were injected in the detrusor 
muscle peri-tumourally and a lympho- 
scintigraphy was performed. In addition patent 
blue dye marker was injected around the tumour 
with a cystoscope, prior cystectomy. 

 SNs were identifi ed during surgery by com-
bining the use of gamma-probe radiotracer with 
the visualisation of blue nodes. All SNs were 
removed, and a subsequent extended LND was 
then performed on both sides. SNs were sent sep-
arately for pathology and were compared histo-
pathologically with all the other lymph nodes 
retrieved at LND. Detection rate for the SN was 
85 %. A lymph node invasion was observed in 
four patients and in all cases the SN lymph was 
infi ltrated by the cancer. Liedberg et al. also 
reported a detection rate of 87 % in a cohort of 75 
patients [ 26 ]. The authors observed that the 
detection of a SN improved the staging accuracy 
in >25 % of cases. 

 More recently the green indocyanine (ICG) 
has been introduced as a new dye marker for the 
detection of SNs. ICG is a molecule with specifi c 
optical properties. The absorption and fl uores-
cence spectrum of ICG is in the near infrared 
region, as it absorbs mainly between 600 and 
900 nm and emits fl uorescence between 750 and 
950 nm. 

 Optical imaging using near-infrared (NIR) fl u-
orescence is a novel technique that can be used to 
visualise structures in real time during surgery. 
Advantages of NIR fl uorescent light (700–900 nm) 
include high tissue penetration (millimetres to 
centimetres deep) and low auto-fl uorescence, 
thereby providing suffi cient contrast [ 27 ]. 

 Infrared ray observation based on the absorp-
tion characteristics of ICG has also been reported 
to make it easy to distinguish lymphatic vessels 
and lymph nodes containing ICG particle from 
surrounding tissue compared with naked eye 
observation [ 28 ]. 

 Therefore, the use of NIR fl uorescence imag-
ing has the potential of great value in the intraop-
erative detection of critical anatomical structures 
and oncologic targets such as SNs [ 29 ]. ICG is 
currently used for the detection of SN during 
breast surgery for a localised cancer [ 30 ]. 

 In a recent study, Wishart et al. combined ICG 
with blue dye and technetium to detect SN in a 
cohort of 104 women undergoing quadrantec-
tomy for localised breast cancer [ 31 ]. SN detec-
tion rate was reported 100 % for ICG alone, 
77.2 %, for ICG & radioisotope and 73.1 % for 
ICG & blue dye & radioisotope. Metastases were 
found in 25/201 SNs (12.4 %) and all positive 
nodes were fl uorescent, blue and radioactive. The 
combination of the three markers had the highest 
nodal sensitivity at 95.0 %. 

 As far as urologic surgery is concerned, ICG 
has been recently introduced as a marker that can 
improve the accuracy of the resection of a tumour 
during a robotic partial nephrectomy [ 32 – 35 ]. 
ICG could fi nd further future applications in uro-
logic oncologic surgery. A valid example could 
be the use of ICG for the detection of SN during 
RARC. 

 At present there is not enough evidence to 
suggest that retrieval of a SN could have a role in 
the staging and/or in the treatment of a muscle- 
invasive bladder cancer. If the concept of the 
sentinal node proves to have high specifi city, 
retrieval of SNs would reduce the theoretical risk 
of complications related to an extended LND. 

 The main risk of relying on the concept of 
sentinal nodal biopsy would be the possibility of 
missing skip lesions either because of the unpre-
dictable biology of the cancer or the lack of accu-
racy of the technology available to date. To reduce 
the likelihood to missing skip lesions by improv-
ing the sensitivity of the techniques is vital. 

 The gamma probes currently available for 
open surgery are diffi cult to handle, are usually 
straight or angled and have a quite wide window 
for the detection of radiations. These features 
constitute their main limitation for the detection 
of a SN, especially within the narrow confi nes of 
the pelvis. Overall the accuracy of these probes is 
low as they can detect multiple inputs of radiation 
from different nodes which can be misleading 
and responsible for retrieval of nodes other than 
real SN. 

 Gamma probes that can be employed during 
laparoscopic surgery are also available. These are 
smaller in size but are not completely fl exible and 
diffi cult to manipulate. So far, no gamma probes 
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dedicated to a specifi c robotic system have been 
introduced in oncologic surgery. Hopefully 
development of a miniaturised light robotic fl ex-
ible multi-jointed gamma probe with a smaller 
window for the detection of radiations will reduce 
the technical limitations of the probes available 
to date. It is expected that the surgeon will be able 
to move the probe easily in order to target a SN 
with greater precision. The ICG injected around a 
bladder tumour prior to RARC will further 
increase the accuracy of the detection of SN. 

 With new developments it will be possible 
to integrate the images of the preoperative lym-
phoscintigraphy with the intraoperative NIR fl u-
orescence vision at the console during surgery. 
This combination will allow the surgeon to detect 
the SN with greater precision. The improvements 
in the technology will pave the way to set up 
RCTs that will hopefully answer the key question 
whether the SN detection has a role during RARC 
and whether it would infl uence the decision mak-
ing to perform an extended LND during a RARC.  

    Simulation and Training 

 Robot-assisted radical cystectomy is a long and 
diffi cult procedure that requires a dedicated 
training targeted on acquiring high surgical skills 
and deep knowledge of the surgical anatomy of 
the abdomen and the pelvis [ 36 ]. An inexperi-
enced surgeon may easily encounter severe 
bleeding due to an accidental injury to visceral 
organs or main pelvic blood vessels. The diffi -
culty related to perform a radical cystectomy is 
also enhanced by the fact that the patients often 
present multiple co-morbidities or had previous 
abdominal/pelvic surgery, which could act as 
potential trigger that may further increase the risk 
of complications during surgery. Presence of 
anatomical and vascular variants and/or the local 
extent of the cancer within the pelvis or the lymph 
nodes are further variables that have to be consid-
ered when the surgery is planned, in order to 
reduce the risk of unexpected events. 

 During the last 10 years, we have witnessed 
an increasing interest for simulation projects in 
surgery. This new kind of research is becoming 

increasingly popular and is aimed to create 
simulators that are reproducing artifi cial surgical 
scenarios in a risk-free laboratory environment. 
Simulators enable trainees to practice at any con-
venient time and also outside clinical working 
hours. The simulation of a specifi c surgical setting 
favours the development of determined skills 
(e.g. endoscopic resection, intracorporeal knot-
ting, etc.) and at the same time increases the safety 
of a specifi c procedure. In fact simulators have 
been found to decrease the learning curve espe-
cially for complex procedures [ 37 ,  38 ]. 

 We can classify simulators in bench models, 
animal/cadaver models and virtual reality 
simulators. 

 Bench model simulators are made of materials 
with characteristics similar to human tissues. 
Although these simulators are relatively cheap 
and can also be easily reproduced in a home 
setting, they are considered to be of low fi delity 
when compared to human models or animal 
models. The latter are considered to be the gold 
standard because they represent the real-life 
scenario and allow the trainees to become familiar 
with real tissues. 

 Since animal and cadaver models are very 
expensive and not easily available for trainees in 
all the countries, virtual reality simulators have 
been recently introduced as sort of good compro-
mise. In a virtual reality setting, the anatomic 
variants of a specifi c organ can be reproduced, 
and the level of complexity of each task can be 
easily modifi ed in order to promote the progres-
sion of the learning curve. There are different 
simulators for TURP, TURB-t, Ureteroscopy or 
basic and advanced laparoscopic surgery. 

 In relation to robotic surgery a range of simu-
lators are available: The Robotic Surgical 
Simulator (RoSS™) (Simulated Surgical Systems, 
Buffalo, USA) and the SEP Robot (SimSurgery ® , 
Norway) the dV-Trainer ®  (Mimic Technologies 
Inc., Seattle, USA) and the Da Vinci ®  Skills 
Simulator (Intuitive Surgical, Sunnyvale, USA). 
These vary on the bases of different tasks and 
ergonomics but act as useful tools to learn basic or 
advanced skills in robotic surgery. None of these 
simulators include specifi c scenarios targeted on a 
determined surgical procedure like RARC. 
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 If an experienced surgeon is asked about as to 
what is the ideal case scenario of a RARC, he 
would perhaps describe it as a relatively straight-
forward procedure, performed within a reason-
able operative time and with a minimal blood 
loss. This could theoretically happen only if the 
surgeon who is sitting at a console knows in 
details the individual’s pelvic anatomy, extent of 
the tumour and the lymph nodes. Although at a 
fi rst impression this concept could sound utopic, 
it could become reality in the RS of the future. 

 The future of simulation will be based on the 
development of dedicated softwares that will inte-
grate images obtained with a CT/MRI scan in a 
3D virtual reality environment. It will therefore be 
possible to reproduce the entire anatomy of each 
patient and the trainees will be able to practice on 
the virtual case that will happen in reality a few 
days later. In this way, the likelihood of intra-
operative complications would be signifi cantly 
lowered and both operating time and blood loss 
would be optimised. In conclusion, the future of 
simulation and training on RARC will be lead and 
guided by the evolution of technology and engi-
neering that will be targeting on dedicated soft-
wares for specifi c virtual reality settings.  

    Conclusion 

 RARC is a procedure that duplicates the steps of 
the open technique. Currently there are no results 
from a RCT comparing RARC with the open 
and laparoscopic approaches. However, there are 
several randomised controlled trials in progress 
comparing RARC with open and laparoscopic 
radical cystectomy, including the randomised 
CORAL (Cystectomy Open Robotic and 
Laparoscopic) [ 39 ]. A Randomised Trial, 
University of Texas Health Science Centre, USA 
[ 40 ] and BOLERO, Cardiff University, UK [ 41 ]. 
The long-term outcomes of the fi rst cohort of 
patients who underwent RARC will be available 
in the next 1–2 years. 

 The future of RARC will most likely be 
LESS-RS and the procedure will be likely per-
formed with miniaturised instruments and new 
robotic systems. It will be possible to identify the 

extension of a bladder cancer through the SN by 
combining the data obtained with a very accurate 
robotic gamma probe and with intra-operative 
NIR fl uorescence images. 

 Finally, the progression of technology will 
make training and simulation even more precise 
and it will be possible to simulate and perform a 
virtual RARC before it happens in reality. This 
will increase the safety of the procedure and will 
allow the trainees to improve the learning curve 
for a technically challenging procedure such as 
the radical cystectomy.     
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 Cost-effectiveness (cont.) 
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  Laparoendoscopic single-site surgery (LESS) 
   Laparoscopic cystectomy.    See  Laparoscopic radical 
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   Laparoscopic radical cystectomy (LRC) 
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 RARC , 137  
 recurrence and cancer survival , 137–138  
 surgical margin status , 138–139  

   Open cystectomy to RARC 
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  Paravesical space 

 and division , 55  
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 indications , 79  
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 postoperative care and follow up , 81–82  
 procedure , 79–81  
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 Patient positioning (cont.) 
 position check before draping , 39, 40  
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 robotic prostatectomy/robot-assisted radical 
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 transvaginal access , 40  
 Trendelenburg position , 38, 39  
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 cost-effectiveness , 171  
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 intraoperative and postoperative care , 49  
 morbidity and mortality , 13  
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 patient preparation , 48  
 radical cystectomy , 47  
 robot-assisted surgery , 127–128  
 robot-assisted radical cystectomy , 133–134  
 urinary diversion , 127  
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   Perioperative outcomes and complications 
 ASA score , 159  
 avoidance 

 care plan , 163  
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 DVT prophylaxis , 163  
 equipment and materials , 163–164  
 “fast track” method , 162  
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 radical cystectomy and urinary diversion , 163  

 blood loss and transfusion , 149  
 body mass index (BMI) , 159  
 impacts , 155  
 institutions , 159  
 intracorporeal urinary diversion , 153–154  
 learning curve , 153–154  
 length of stay (LOS) and ICU , 151  
 literature , 145  
 minimally-invasive surgery , 145  
 operative time , 146–149  
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 and postoperative RARC , 159–160  
 predictors , 155  
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 RCRI , 159  
 returns, bowel function , 150  
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 robotic  vs.  open cystectomy , 152–154  

   Positive margin rate 
 learning curves , 181  
 limitation , 182  
 lymph node yields , 181–182  
 oncologic outcomes , 180, 182  
 pT3/pT4 disease , 180, 181  
 robotic and open cystectomy , 180, 181  
 visualization , 180  

   Postoperative complications 
 bladder/prostate separation , 165  
 isolation, right bladder pedicle , 165  
 manipulation , 164  
 minimize ureteral ischemia , 164  
 nodal packet , 166, 167  
 non-ischemic anastomosis , 164  
 pelvic lymph node dissection , 165  
 review , 159–160  
 safe application , 165  
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 ureteral dissection , 164  
 vascular control , 165, 166  

   Prostate-sparing radical cystectomy (PSRC) 
 bladder neck dissection , 85–86  
 CIS , 88  
 enucleation, prostatic adenoma , 86  
 indications , 85  
 PI-TCC , 87–88  
 post-operative care and follow up , 87  
 RCP specimens , 88  
 urinary diversion and urethro-neobladder 

anastomosis , 87  
   PSRC.    See  Prostate-sparing radical cystectomy (PSRC) 

    Q 
  Quality of life (QoL) , 117  

    R 
  Radical cystectomy (RC) 

 armamentarium , 42  
 bowel preparation , 64  
 continent diversion pathway , 18–19  
 description , 1, 77  
 female , 75  
 ileal conduit pathway , 17–18  
 indications , 53  
 LRC   ( see  Laparoscopic radical cystectomy (LRC)) 
 lymphadenectomy , 93–94  
 minimally invasive   ( see  Minimally invasive) 
 negative surgical margins , 59  
 oncologic treatments , 63  
 patients , 77  
 and PC , 82  
 perioperative care   ( see  Perioperative care, radical 

cystectomy) 
 potential complication rate , 95  
 prostatectomy , 96  
 PSRC   ( see  Prostate-sparing radical cystectomy 

(PSRC)) 
 quality indicators 

 surgeon and hospital volume , 14–15  
 surgical factors , 15  

 robot-assisted   ( see  Robot-assisted radical cystectomy) 
 robotic prostatectomy , 42  
 sexual dysfunction , 83  
 surgical techniques , 82  
 VSRC   ( see  Vaginal-sparing radical cystectomy 

(VSRC)) 
   RARC.    See  Robot-assisted radical cystectomy (RARC) 
   RARP.    See  Robot-assisted radical prostatectomy (RARP) 
   RARP to RARC 

 anterior and apical dissection , 32  
 lymphadenectomy , 31  
 posterior dissection , 31–32  

   RCRI.    See  Revised cardiac risk index (RCRI) 
   Revised cardiac risk index (RCRI) , 159  
   Robot-assisted cystectomy.    See  Robot-assisted radical 

cystectomy (RARC) 

   Robot-assisted pelvic lymphadenectomy 
 bladder cancer , 93  
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 external iliac zones , 97–99  
 learning objectives , 93  
 obturator/hypogastric zones , 99  
 pelvic lymph node dissection   ( see  Pelvic lymph node 

dissection) 
   Robot-assisted radical cystectomy (RARC) 

 apical dissection, bladder and completion , 57  
 clinical fruition , 27–28  
 complications , 2  
 daVinci™ surgical system , 53  
 description , 2  
 distal ileum , 56  
 elements, database collection , 34, 35  
 Endocatch™ bag , 8  
 healthier and thinner patients , 7  
 hospital administration , 35  
 indications , 53  
 intracorporeal ileal neobladder , 119, 120  
 invasive urothelial carcinoma , 27  
 labor-intensive technique , 108  
 learning curve   ( see  Learning curve) 
 neurovascular bundles , 56–57  
 oncological control , 2–3  
 oncologic effi cacy 

 elderly patients , 142  
 evaluation , 137  
 ORC  vs.  RARC , 140, 141  
 PSM rate , 139  
 surgical margin status , 138  
 technique and long-term data , 138  

 open cystectomy   ( see  Open cystectomy 
to RARC) 
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 pathologic outcomes , 59  
 patient selection   ( see  Patient selection) 
 pelvic lymphadenectomy , 55  
 pelvic lymph node , 103  
 perioperative outcomes , 59  
 port placement , 54–55  
 postoperative care , 58–59  
 preoperative, intraoperative and postoperative 

data , 34  
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 and RARP   ( see  RARP to RARC) 
 reconstruction , 103  
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 robotic team , 29–30  
 sigmoid and colon , 55  
 sigmoid mesentery , 56  
 specimen extraction , 57  
 superior vesical arteries , 56  
 urethra , 57  

   Robot-assisted radical prostatectomy (RARP) 
 and RARC   ( see  Robot-assisted radical cystectomy 
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 surgical experience , 30  
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   Robot-assisted surgery 
 benign bladder disease 

 augmentation cystoplasty , 201–203  
 description , 197  
 diverticulectomy   ( see  Bladder Diverticulectomy) 
 procedures , 197  
 simple cystectomy   ( see  Simple cystectomy, 

benign bladder) 
 ureteral reimplantation   ( see  Ureteral 

reimplantation) 
 vesicovaginal fi stula repair , 203–204  

 instrumentation , 96–97  
 lymph node map , 96  
 obturator fossa anatomy , 95, 96  
 prostate cancer , 95–96  
 prostatectomy , 95  
 proximal tissue , 95  
 sequence and exposure , 96  
 surgical training , 95  
 vascular injury , 97  

   Robotic anesthesia 
 hemodynamic monitoring , 42  
 IOP , 43  
 laparoscopic/robotic surgeries , 43  
 MAP and CVP , 43  
 ocular consequences , 43  
 PaCo 2  , 43  
 preoperative cardiac function , 43  
 TED , 43  
 Trendelenburg positioning , 43  
 urine production , 43  

   Robotic anterior exenteration 
 anterior dissection , 69  
 anterior pelvic organs , 75  
 bladder neck/urethral dissection , 69–70  
 bowel preparation , 64  
 cystectomy, male and female patents , 63, 75–76  
 experience and peri-operative outcomes , 74, 75  
 female 

 cystectomy , 63  
 pelvic anatomy , 63  

 herein , 64  
 iliac lymph node dissection , 75  
 laparoscopic and robot assisted techniques , 63  
 lateral dissection , 68  
 ovarian pedicles , 66  
 pathologic outcomes , 74, 75  
 patient 

 positioning , 65  
 selection , 64  

 pelvic lymphadenectomy , 72  
 port placement , 65–66  
 posterior bladder dissection , 67–68  
 postoperative care , 73–74  
 pre-operative evaluation , 64  
 prostatectomy procedures , 75  
 securing bladder pedicles , 68–69  
 specimen retrieval , 70  
 tagging, ureters , 72–73  
 ureters isolation , 67  

 urinary diversion , 73  
 vaginal reconstruction/hysterectomy/oophorectomy , 

70–71  
   Robotic approaches 

 advantages and disadvantages , 192  
 benefi ts 

 complications , 190–191  
 gold standard treatment , 189  
 perioperative parameters , 190  
 recovery , 191  

 cost   ( see  Cost) 
 diagnoses , 177  
 Intuitive Surgical da Vinci robot , 177–178  
 learning curve   ( see  Learning curve) 
 LND   ( see  Pelvic lymph node dissection (PLND)) 
 open radical cystectomy , 177  
 port site recurrence , 185  
 positive margin rate , 180–182  
 positive surgical margins , 178  
 procedures , 178  
 radical cystectomy , 178  
 ureteral skeletonization and structure formation 

 anastomotic , 184  
 complications , 184–185  
 open surgery , 184  
 surgical-related complications , 184  

 urinary diversion , 183–184  
   Robot-assisted radical cystectomy 

 anesthetic considerations   ( see  Robotic anesthesia) 
 bowel and ureteral segments , 3  
 description , 3  
 fast-track pathway , 133–134  
 female patients , 74, 75  
 instruments , 41–42  
 learning curve, RARP , 44  
 monitor placement and location , 44  
 open and , 140–141  
 patient positioning   ( see  Patient positioning) 
 positive margin rates , 3  
 room setup , 37  

   Robotic partial cystectomy 
 description , 89  
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 patients , 89  
 vaginal-spring and prostate-sparing approaches , 89  

   Robotic surgery 
 cost   ( see  Cost-effectiveness) 
 evolution , 205  
 intracorporeal urinary diversion 

 advantages , 212  
 extracorporeal , 212  
 invasive procedure , 212  
 IRCC , 212  
 learning curve , 211  
 ONB formation , 211  

 laparoscopic radical nephrectomy , 205  
 lymph node detection (LND) 

 blue dye and technetium , 212–213  
 complications , 212  
 developments , 214  
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 gamma-probe radiotracer , 213  
 gamma probes , 213–214  
 green indocyanine (ICG) , 213  
 lymphoscintigraphy , 213  
 optical imaging, NIR fl uorescent , 213  
 sentinel lymph node (SN) , 212  
 sub-optimal technique , 212  

 RARC , 205  
 simulation and training 
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 bench models , 214  
 knowledge , 214  
 learning curve , 214  
 risk , 214  
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 single-site surgery and instrumentation 
 cutaneous ureterostomy , 208  
 Da Vinci® Si system , 209–210  
 DVT , 207  
 home-made multi-channel port , 207  
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 incision and multichannel port placement , 
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 lack of port placement triangulation and collision , 

206  
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 single port RS Da Vinci , 209  
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    S 
  Simple cystectomy, benign bladder 

 diagnoses , 197  
 female , 197  
 literature , 197  
 males , 197  
 paravaginal repair , 199  
 port placement , 197, 198  
 technical considerations , 199  
 urinary diversion techniques , 197  
 vaginal sparing and bleeding , 198–199  
 vaginotomy , 199  

   Studer orthotopic neobladder 
 after re-docking robot , 106  

 after undocking robot , 104–106  
 prior to undocking robot , 103–104  

   Surgery 
 abdominal , 49  
 peri-operative and postoperative period , 48  

   Surgical avoidance and management, operative 
complications 

 consultation , 168  
 description , 159  
 intraoperative techniques   ( see  Postoperative 

complications) 
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