
89S.L. Best, S.Y. Nakada (eds.), Minimally Invasive Urology: 
An Essential Clinical Guide to Endourology, Laparoscopy, LESS and Robotics, 
DOI 10.1007/978-1-4939-1317-6_7, © Springer Science+Business Media New York 2015

            Introduction 

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

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

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

    History of Minimally Invasive 
Cystectomy 

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

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

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

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

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

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

    Surgical Indications 
and the Learning Curve 

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

    Learning Curve 

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

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

    Patient Selection 

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

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

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

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

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

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

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

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

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

    Lymph Node Dissection 

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

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

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

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

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

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

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

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

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

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

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

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

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

     Technique 

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

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

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

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

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

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

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

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

Parietal
peritoneal
incision

Ureter

Common
iliac artery

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

Bladder

Peritoneal
incision

Rectum

Ureter

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

Superior
vesical artery

Distal clipped
ureter

10” suture
tail on 
proximal
ureter

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

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

Pelvic
sidewall

Vascular pedicle

Robotic arm
in posterior
space

Bladder

Rectum

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

Vascular
pedicle

Bladder

Rectum

Robotic
vessel sealer

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

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

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

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

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

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

    Creation of Extracorporeal Urinary 
Diversion 

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

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

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

    Creation of Intracorporeal Urinary 
Diversion 

    Non-continent Urinary Diversion 
(Ileal Conduit) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

    Complications and Cost Analysis 

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

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

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

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

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

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

    Conclusion 

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