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Abstract: Open radical cystectomy (RC) is the gold standard surgical approach in the 

management of muscle invasive bladder cancer in addition to high-grade, recurrent, noninvasive 

tumors. With the development of surgical robotic technology, robotic-assisted laparoscopic radical 

cystectomy (RARC) is increasingly being performed as a minimally invasive surgical approach. 

A learning curve exists with a recommended case number of at least 20 RARC procedures in 

order to achieve satisfying outcomes in terms of operation time, complication rate, and onco-

logical outcomes, including positive surgical margins (SMs) and lymph node (LN) yield. In the 

current literature, long-term outcomes of RARC are not yet available. Due to the outcomes of 

the published literature, RARC seems to have satisfactory oncologic and functional outcomes in 

addition to acceptable complication rates. Intraoperative blood loss and transfusion rates seem to 

be decreased in RARC series when compared to open approaches. On the other hand, a number 

of authors have reported decreased complication rates but increased operation time in the robotic 

approach. Similar oncologic results including positive SM rates and LN yields were detected in 

most comparative publications. Totally intracorporeal RARC with urinary diversion is a complex 

procedure and the number of centers performing this type of surgery is currently very limited. 

Although, it is still too early to make strict conclusions about RARC, RARC with intracorporeal 

urinary diversion has the potential to be the future of robotic bladder cancer surgery. Therefore, 

further prospective and randomized studies with increased numbers of patients and with longer 

follow-up are needed. Lastly, RARC may be related to increased cost when compared to open 

surgery, although controversial reports exist about this issue.
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Introduction
Robotic-assisted laparoscopic radical cystectomy (RARC) is increasingly being 

performed in the management of invasive bladder cancer as a minimally invasive 

surgical approach, although open radical cystectomy (RC) is still the gold standard 

surgical approach in the management of muscle invasive bladder cancer, in addition 

to high-grade, recurrent, noninvasive tumors.1

Herein, we reviewed the current literature regarding RARC including its learning 

curve, oncologic outcomes, functional outcomes, complications, open versus robotic 

approach, RARC with intracorporeal urinary diversion, and its cost.

Learning curve and RARC
An edited video of the RARC procedure performed by Canda can be watched here 

(Supplementary video). RARC is a complex procedure that includes three steps, 
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including neurovascular bundle (NVB)-sparing RARC, bilat-

eral extended pelvic lymph node (LN) dissection, and urinary 

diversion. In most of the published series, the first two steps 

are performed with the surgical robot and the last step (uri-

nary diversion) is performed extracorporeally.2

In order to reach an operative time of 6.5 hours, it has been 

suggested that performing 20 RARC procedures was required, 

whereas in order to obtain an LN yield of 20 or more, 30 

cases are required.3 In other publications, 20–40 cases were 

suggested to complete the learning curve of RARC.4 On the 

other hand, Hayn et al reported that initial experience with 

RARC did not affect the incidence of positive surgical margins 

(SMs), operative and postoperative complications, and overall 

survival, including a series of 164 cases.5 They reported that 

case number was significantly associated with shorter opera-

tive time and mean number of LNs retrieved.5

In a multicenter study by the International Robotic 

Cystectomy Consortium (IRCC) that included a series of 

496 RARC cases by 21 surgeons at 14 institutions, the learn-

ing curve for RARC demonstrated an acceptable level of 

proficiency following performing 30 procedures for proxy 

measures of RARC quality.6 However, it is important to keep 

in mind that learning curves for RARC are subjective and 

based on nonvalidated metrics.7

In summary, at least 20 procedures are suggested to be per-

formed in order to complete the learning curve of RARC.

Oncologic outcomes of RARC
LN yield and SMs in RC are considered to be the most impor-

tant parameters in surgical oncologic quality and efficacy. 

A positive SM rate of ,10%8,9 and an LN yield of .15 LNs10–12 

are recommended for oncological sufficiency in open RC.

Positive SMs were detected in 67 (4.2%) of 1,589 patients 

who underwent open RC as reported by the Memorial Sloan-Ket-

tering Cancer Center (New York, NY, USA). In the 5 years after 

cystectomy, the rates of disease-specific survival for the nega-

tive and positive SM groups were 72% and 32%, respectively. 

On multivariate analysis, tumor stage, positive SMs, vascular 

invasion, presence of positive LNs, LN yield, and the number of 

positive nodes were found to be associated with disease-specific 

death.13 The same team reported factors that influence bladder 

cancer outcomes following RC. Five-year postcystectomy sur-

vival and local recurrence rates were reported to be 54% and  

15%, respectively. The outcomes of 2,091 patients who under-

went RC from the Mayo Clinic with a median postoperative 

follow-up of 16.6 years were reported recently. Late recurrence 

was identified in 82 patients (3.9%). On multivariate analysis, 

younger age, non-muscle-invasive disease, and prostatic ure-

thral involvement were detected to be significantly associated 

with an increased risk of late recurrence. On multivariate 

analysis, younger patient age, muscle invasive disease, and 

nonurothelial recurrence site but not time to recurrence were 

detected to be associated with a significantly increased risk of 

death from bladder cancer following recurrence after RC.14

The oncologic outcomes of the selected published RARC 

series including the IRCC outcomes are presented in Table 1 

in terms of positive SM rates and LN yields.15–20 The mean 

LN yield ranges between 15–21 and the positive SM rate 

ranges between 1.4%–7%; these suggest that RARC has 

similar results to open surgery.15–20

 In an IRCC study that included 527 patients from 

15 institutions between 2003 and 2009, tumor stage, sequen-

tial case number, institution volume, and surgeon volume were 

detected to be significantly associated with the likelihood of 

undergoing LN dissection. On multivariate analysis, surgeon 

volume was identified to be the most statistically significantly 

associated factor related with LN dissection. The IRCC 

defined high-volume surgeons as robotic surgeons who have 

performed more than 20 cases. The study also detected that 

high-volume surgeons were almost three times more likely to 

perform LN dissections than lower volume surgeons.19

Another interesting IRCC study evaluated if previous 

robot-assisted radical prostatectomy (RARP) experience 

has an impact on RARC outcomes.20 Overall, 496 RARC 

patients were included by 21 surgeons at 14 centers. 

They divided surgeons into four groups according to their 

previous RARP experience as #50, 51–100, 101–150, 

and .150 cases. The operative time, blood loss, LN yield, and 

Table 1 SM rates and LN yields in the published literature

Reference Institution Country Year N SM rate LN yield (range)

Tyritzis et al15 Karolinska Institutet Sweden 2013 70 1.4% 20.9±9.4 (7–52)
Xylinas et al16 Weill Cornell Medical College USA 2013 175 5% 19 (12–28)
Treiyer et al17 Saarland University Germany 2012 91 2.1% 15 (4–33)
Canda et al18 Ankara Ataturk Hospital Turkey 2012 27 3.7% 24.8±9.2 (8–46)
Hellenthal et al19 IRCC Multicenter study 2011 527 NR 17.8 (0–68)
Hayn et al20 IRCC Multicenter study 2010 482 7% 17.8 (0–68)

Abbreviations: IRCC, International Robotic Cystectomy Consortium; LN, lymph node; N, number of patients; NR, not reported; SM, surgical margin.
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increased pathologic stage were detected to be significantly 

associated with previous RARP experience. On the other 

hand, margin status was not significantly associated with 

previous RARP experience.20

In a recent study from the Karolinska Institutet (Solna, 

Sweden) evaluating the outcomes of 70 RARC procedures, 

Kaplan–Meier estimates for recurrence-free, cancer-specific, 

and overall survival at 24 months were reported to be 80.7%, 

88.9%, and 88.9%, respectively.15 Khan et al from the Guy’s 

and St Thomas’ National Health Service (NHS) Foundation 

Trust (London, UK) reported the long-term oncologic out-

comes of 14 patients (eleven males and three females) upon 

whom they had performed RARC due to muscle-invasive 

or high-grade non-muscle-invasive or bacillus Calmette–

Guérin-refractory carcinoma in situ disease with a follow-up 

of $5 years.21 Overall survival of 64%, disease-specific 

survival of 75%, and disease-free survival of 50% were 

reported. Of the patients, five died during follow-up (three 

of metastatic disease and two of unrelated causes). Overall, 

six patients were alive and disease-free.21

Another interesting recent paper from the Mayo Clinic 

(Phoenix, AZ, USA) evaluated the outcomes of 50 RARC 

patients with LN-positive disease.22 The mean follow-up 

was 42 months. Of the patients, 34% had #pT2 disease and 

66% had pT3/T4 disease. During follow-up, 29 patients had 

recurred, and 22 patients had died of disease. The mean time 

to recurrence was 10 months. The estimated overall survival 

times at 36 and 60 months were 55% and 45%, respectively. 

The recurrence-free survival times at 36 and 60 months were 

43% and 39%, respectively.22

In summary, RARC has acceptable oncologic outcomes 

in terms of SMs and LN yield as seen in the published 

literature.

Functional outcomes of RARC
Functional outcomes include urinary continence and 

erectile function following RARC. In the published literature, 

only a few authors have reported functional outcomes fol-

lowing RARC. Menon et al stated that NVB-sparing RARC 

combines the oncological principles of open surgery with 

the technical advantages of the surgical robot, which allows 

precise, gentle, quick, and safe surgery.23 Therefore, robotic 

surgery seems to give the advantage of better preserving the 

NVBs, which is expected to have an impact on postoperative 

functional outcomes. Figure 1 shows abdominal port loca-

tions and Figure 2A–D show NVB-sparing RARC.

Due to the results from the Karolinska Institu-

tet, 70 patients were operated on by two experienced 

robotic surgeons.15 RARC with totally intracorporeal modi-

fied Studer ileal neobladder formation was performed. Day-

time continence and satisfactory sexual erectile function at 

1 year were reported at 70% and 90%, respectively.15 Guy’s 

and St Thomas’ NHS Foundation Trust Hospital, which was 

one of the first European urology centers that introduced 

RARC, reported its outcomes on 14 patients who com-

pleted a minimum of 5 years and a maximum of 8 years 

of follow-up following RARC and extracorporeal urinary 

diversion.21 Ileal conduit (n=12) or orthotopic neobladder 

(n=2) were performed extracorporeally. They reported that 

four of four previously potent patients having NVB-sparing 

RARC recovered in terms of erectile function.21

Torrey et  al reported the functional outcomes of 

34 patients who underwent RARC with Indiana pouch con-

tinent cutaneous urinary diversion reconstruction at The City 

of Hope Cancer Center (Duarte, CA, USA). Of the available 

31 patients, 30 patients (97%) had daytime and nighttime 

continence at a mean follow-up of 20.1 months.24

The mean follow-up was 6.3 (standard deviation of 2.9; 

range of 1.8–11.3) months in a Turkish study on 23 patients 

who underwent RARC and intracorporeal Studer pouch 

reconstruction (21 males, two females). Overall, 21 patients 

underwent bilateral NVB-sparing RARC, one unilateral 

NVB-sparing RARC, and one non-NVB-sparing surgery. 

Among the 21 men, 15 were available for postoperative 

urinary continence evaluation. Of those, eleven (73.3%) 

were fully continent during the daytime and four (26.6%) 

had mild urinary incontinence.18

In summary, RARC seems to have promising functional 

outcomes, although to date, very few centers have reported 

functional outcomes related to their RARC experience.

Figure 1 Abdominal port locations for RARC.
Note: Image from surgical archive of Canda.
Abbreviation: RARC, robotic-assisted laparoscopic radical cystectomy.
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Complications of RARC with 
extracorporeal urinary diversion
In most of the publications reporting the complications of 

RARC, the modified Clavien–Dindo grading system was 

used to classify complications, including perioperative  

(30-day) and within 31–90 days of surgery (Table 2).25,26

Shabsigh et  al27 from the Memorial Sloan-Kettering 

Cancer Center reported on the type, incidence, and sever-

ity of early postoperative morbidities following RC using a 

standardized reporting methodology. Overall, they included 

1,142 cases in their study. Of these patients, 64% experienced 

a complication within 90 days of surgery and of those, 67% 

experienced a complication during the operative hospital 

admission and 58% following discharge. Grade 0, grade 1–2, 

and grade 3–5 complications were detected at rates of 36%, 

51%, and 13%, respectively. Gastrointestinal, infectious, 

and wound-related complications were the most common 

complications detected, at rates of 29%, 25%, and 15% of 

the cases, respectively. The 30-day mortality rate was 1.5%. 

The authors concluded that accurate reporting of postop-

erative complications after RC is essential for counseling 

patients, combined modality treatment planning, clinical trial 

design, and assessment of surgical success.27

In a multi-institutional study including 277 patients 

with RARC performed in four institutions, complications 

occurred in 68 patients (30%), with 7% having Clavien 

grade $3 complications. On multivariate analysis, decreased 

age and increased American Society of Anesthesiologists 

(ASA) score were detected as predictors of higher Clavien 

complication score.28

In another series of 34 RARC patients with Indiana 

pouch continent cutaneous urinary diversion reconstruc-

tion, 175 complications following RARC were identified 

in 32 (94%) of 34 patients. Within 90 days of surgery, 

31 (91%) of 34 patients experienced $1 early complication. 

Figure 2 (A) High anterior release neurovascular bundle-sparing (arrow, left side); 
(B) appearance preserved right neurovascular bundle (arrow); (C) appearance of 
bilaterally preserved neurovascular bundles in the pelvis (arrows); (D) artwork of 
robotic neurovascular bundle-sparing RARC.
Notes: Images A–C from the surgical archive of Canda; Figure D drawn by Levent 
Efe, medical illustrator.
Abbreviation: RARC, robotic-assisted laparoscopic radical cystectomy.

Table 2 Modified Clavien classification of complications

Grade Description

I Any deviation from the normal postoperative course 
without the need for pharmacologic treatment or 
surgical, endoscopic, and radiologic interventions

II Requiring pharmacologic treatment with drugs other 
than such allowed for grade I complications (including 
blood transfusions and total parenteral nutrition)

III Requiring surgical, endoscopic, or radiologic intervention
IIIa Intervention not under general anesthesia
IIIb Intervention under general anesthesia
IV Life-threatening complication requiring intensive care 

unit management
V Death of a patient
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Of the 34 patients, 15 (44%) reported $1 late complications 

(.90 days). Most of the early and late complications were 

graded as minor. The most commonly identified complication 

in both intervals was infection detected in 22% and 37% of 

patients with early and late complications, respectively.24 In 

a series of 175 patients with RARC from the Weill Cornell 

Medical College (New York, NY, USA), early (,30 days) 

and late (30–90 days) surgery-related complications were 

detected in 74 (42%) and 59 (34%) of patients, respectively. 

The perioperative mortality rate was 2.8%. Four patients 

(2.3%) required conversion to open surgery because of dif-

ficulty to progress.16

Nazmy et  al evaluated perioperative complications 

stratified by urinary diversion type following RARC in 

209 patients. Complications occurred in 77.5% of the patients 

within 90 days and of those, 32% were major complications. 

Most of the complications were related to the gastrointes-

tinal, infectious, and hematological systems. Multivariate 

analysis revealed that patients with ileal conduit diversion 

had a decreased incidence of complications compared to 

patients with Indiana pouch and orthotopic bladder substitute 

diversion.29

In a series of 241 RARC patients, 80% had a com-

plication of any grade #90 days after robotic surgery. 

Overall, 475 adverse events (113 major, 362 minor) were 

identified postoperatively. Of these, 365 (77%) occurred 

during the perioperative period (0–30 days). Within the 

first 90 days after surgery, 68 (35%) patients experienced a 

major complication. Blood transfusions (43.9%), infectious 

(16.2%), gastrointestinal (14.1%), and procedural (10.3%) 

complications were the most common. Age, presence of 

comorbid diseases, preoperative hematocrit, estimated blood 

loss, and duration of surgery were identified as predictive 

factors of a complication of any grade. The presence of 

comorbid diseases, preoperative hematocrit, and orthoto-

pic diversion were identified as predictive factors of major 

complications.30 In another study, the presence of preopera-

tive renal insufficiency and intraoperative intravenous fluids 

of .5,000 mL were significant risk factors associated with 

postoperative complications of any grade following multi-

variate analysis. For high-grade complications, significant 

independent risk factors included patient age of $65 years, 

operative blood loss of $500 mL, and intraoperative intra-

venous fluids of .5,000 mL.31

In the IRCC multicenter study including 939 patients, 

41% (n=387) and 48% (n=448) of patients had a complica-

tion within 30 and 90 days of robotic surgery, respectively. 

Of these, 52% were grade 0, 29% were grade 1–2, and 19% 

were grade 3–5. The most common complications were 

related to the gastrointestinal (27%), infectious (23%), and 

genitourinary (17%) systems. Increasing patient age group, 

administration of neoadjuvant chemotherapy, and blood 

transfusion were identified as independent predictors of 

any and high-grade complications on multivariate analysis. 

Thirty- and 90-day mortality were reported as 1.3% and 

4.2%, respectively.32

In summary, RARC appears to have acceptable complica-

tions rates as seen in the published literature.

Open versus robotic approach
The number of published studies evaluating open versus 

robotic RC is very limited. Mostly, published studies are 

retrospective, with limited numbers of patients. Only two 

papers were prospective, randomized studies; however, 

the number of patients included were very limited in both 

series.33,34 In addition, the follow-up time was short in almost 

all of these studies. Therefore, it was not easy to draw strict 

conclusions about the outcomes regarding open versus 

robotic RC comparison.

Regarding the initial prospective, randomized study by 

Nix et al, 21 patients were randomized to the robotic approach 

and 20 to the open surgery approach.33 The groups were  

similar in terms of patient characteristics. Significant advan-

tages in favor of the robotic approach were found in terms 

of operating room time, estimated blood loss, time to flatus, 

time to bowel movement, and use of inpatient morphine sul-

fate equivalents. The overall complication rates and hospital 

stay length were similar between the groups. The mean LN 

yield was 19 in the robotic group and 18 in the open group. 

Regarding the second prospective, randomized trial by Parekh 

et al, 20 patients each were included in the robotic and open 

groups.34 Similar outcomes were detected in the two groups 

in terms of patient characteristics, operation time, postopera-

tive complications, and final pathological stage. Oncologic 

outcomes, including positive SMs and mean LN yield were 

similar between the groups.34 On the other hand, estimated 

blood loss was significantly decreased in the robotic group. 

Although statistically not significant, excessive length of 

hospital stay (.5 days) and transfusion rate were found to 

be decreased in the robotic group.34 Figure 3A and B show 

robotic extended pelvic LN dissection.

Other retrospective series also reported their comparative 

outcomes related to open versus robotic RC. A summary 

of the selected publications on this subject is presented in 

Table 3. Similar outcomes were reported in terms of operation 

time in some studies,34,37,40 whereas others reported increased  

operation time in the robotic arm.33,35,36,38 Decreased intraope

rative blood loss33–36,38–40 and decreased transfusion rates34–36,38 
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seem to be major advantages of the robotic approach in many 

studies. Positive SM rates33–36,39–42 and LN yields33–36,39–42 were 

detected to be similar in most studies. Overall and major 

complications at postoperative 30 and 90 days were found to 

be significantly fewer  in the robotic group in a prospective 

and randomized study by Ng et al.40 However, Parekh et al did 

not find any significant difference in terms of Clavien grade 

$2 complications between the robotic and open groups.34 

Likewise, many retrospective studies reported similar com-

plication rates between open and robotic RC.33,34,36–38,41–43

Some of the other parameters that were evaluated in 

comparative studies included return of bowel function, time 

to resumption of regular diet, use of inpatient narcotics, and 

duration of hospital stay. Some authors reported quicker 

return of bowel function33,35 and decreased time to resumption 

of regular diet35,41 when using the robotic approach. The 

duration of hospital stay was reported to be decreased in the 

robotic group in some studies,34,35,40,41 whereas others reported 

similar data in both groups.33,36–39

The interim results of a randomized clinical trial com-

paring robotic versus open RC from the Memorial Sloan-

Kettering Cancer Center were presented at a late-breaking 

news plenary at the 2013 American Urological Association 

Congress (May 4–8, 2013; San Diego, CA, USA).44 A total of 

116 patients were randomized to robotic or open cystectomy 

(59 robotic, 57 open). Patients undergoing robotic and open 

cystectomy experienced a mean 2.1 versus 1.7 complica-

tions, respectively, which was not found to be statistically 

significantly different. The operation time was longer for the 

robotic group (454 minutes vs 328 minutes); however, the 

estimated blood loss was less in the robotic arm. LN yield 

was similar in both groups (30 vs 25). Positive soft-tissue SM 

rates were also similar between the groups (3% robotic vs 

5% open). Likewise, a similar length of hospital stay was 

detected in both groups (mean 8 days in both groups). They 

concluded that there was no difference in the rate or severity 

of complications within 90 days of surgery.44

Very recently, Leow et al evaluated the morbidity of robotic 

versus open RC in a contemporary population-based analysis in 

the US. We conducted a population-based, retrospective cohort 

study of patients who underwent RC at 279 hospitals across 

the US between 2004 and 2010. Overall, 34,672 open RC and 

2,101 RARC patients were included. RARC use increased 

from 0.6% in 2004 to 12.8% in 2010. Major complication rates 

(Clavien grade $3) were similar between the open and robotic 

approaches (7.0% vs 19.8%, P=0.2). The robotic approach 

had 46% decreased odds of minor complications (Clavien 

grade 1–2; odds ratio [OR]: 0.54; P=0.03).45

In summary, intraoperative blood loss and transfusion 

rates seem to be decreased with similar oncologic results, 

including positive SM rates and LN yields in RARC series 

when compared to open approaches. On the other hand, 

RARC seems to have increased operation time but decreased 

complication rates compared to open surgery.

RARC with intracorporeal  
urinary diversion
The number of centers performing totally intracorporeal 

RARC including urinary diversion is currently very limited. 

In addition, the number of patients is very limited in pub-

lished series when compared to RARC series with extracor-

poreal urinary diversion.

Due to the initial results from the Karolinska Institutet, 

45 patients with RARC and intracorporeal neobladder 

reconstruction were pooled into three consecutive groups of 

Figure 3 (A) Appearance of the skeletonized major vessels and extended pelvic 
extended lymph node dissection in the pelvis (arrows); (B) appearance of the 
skeletonized major vessels and extended pelvic extended lymph node dissection in 
the pelvis (arrows).
Note: Images from the surgical archive of Canda.
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15 cases in each group in order to evaluate the complications  

according to the Clavien classification during the learning 

curve. The authors detected fewer complications in the 

groups over time, with a statistically significant decrease 

in late versus early complications. On the other hand, early 

Clavien grade 3 complications remained statistically signifi-

cant (27%) and did not decline over time.46 In a further study 

from the same team including 70 RARC patients with totally 

intracorporeal neobladder diversion, Clavien grade 3–5 

complications were identified in 22 of 70 patients (31.4%) 

at 30 days and 13 of 70 patients (18.6%) at .30 days of 

surgery. At 90 days postoperative, the overall complication 

rate was 58.5%. Clavien grade ,3 and Clavien grade $3 

complications were detected in 15 of 70 patients (21.4%) 

and 26 of 70 patients (37.1%), respectively.15

In a series of 27 RARC patients with intracorporeal 

Studer pouch (n=23), ileal conduit (n=2), and extracor-

poreal Studer pouch (n=2) reconstruction, nine minor 

(Grade 1 and 2) and four major (Grade 3–5) complica-

tions in the perioperative (0–30 days) period; four minor 

and three major complications in the postoperative 

(31–90 days) period were reported.18 An unusual complica-

tion was also reported by the same team of delayed mas-

sive transurethral hemorrhage due to external iliac artery 

pseudoaneurysm and ureteroiliac artery fistula following 

RARC and intracorporeal Studer pouch reconstruction in 

a 54-year-old male patient, which occurred 1 month after 

the surgery that was successfully managed by endovascular 

stenting.47 Figure 4A and B show intracorporeal Studer 

pouch reconstruction.

Table 3 Outcomes of selected open versus robotic radical cystectomy publications

Ref Study type N OR time EBL LOS SM rate LN yield Major complications

0–30 days 31–90 days

33 P&R
  Robotic 21 4.20 h 258 mL 5.1 d 0% 19 2.3
  Open 20 3.52 h 575 mL 6.0 d 0% 18 2.6
  P-value ,0.0001 ,0.0001 NS – NS NS

34 P&R
  Robotic 20 300 min 400 mL 35% 5% 11 25%
  Open 20 285 min 800 mL 10% 5% 23 25%
  P-value NS 0.003 0.03a NS NS NSb

35 Ret
  Robotic 58 7.8 h 276 mL 6.3 d 7 21.3 24% 20%
  Open 84 6.6 h 1,522 mL 10.8 d 8 17.7 58% 21%
  P-value ,0.0001 ,0.0001 0.004 NS NS ,0.0001 NS

36 Ret
  Robotic 50 455 min 350 mL 9.5 d 2% 14.3 71 –
  Open 100 349 min 475 mL 10.2 d 1% 15.2 136 –
  P-value ,0.0001 0.02 NS NS NS NS –

37 Ret
  Robotic 15 409 min 1,789 mL 40 d 9% 21 6% –
  Open 11 364 min 657 mL 37 d 20% 14 11% –
  P-value NS 0.0015 NS NS 0.04 NS –

38 Ret
  Robotic 35 578 448 mL 29 NR 19 22%
  Open 104 501 1,063 mL 27 NR 13 77%
  P-value 0.008 ,0.001 NS – ,0.001 NSc

39 Ret
  Robotic 36 338 min 695 cc 7.9 d 0 17 NR
  Open 29 398 min 1497 cc 9.6 d 0 14 NR
  P-value 0.0002 0.0002 NS NSd NS –

40 Ret
  Robotic 83 6.3 h 460 mL 5.5 d 7.2% 17.9 10% 17%
  Open 104 5.9 h 1172 mL 8 d 8.7% 15.7 30% 31%
  P-value NS ,0.0001 ,0.001 NS NS 0.007e 0.03e

Notes: aPercentage of patients with length of stay #5 days; bpercentage of patients with Clavien $2 complications; cpercentage of patients with complications; dfor pathologic 
T2 or lower disease; epatients with major complications. Complications are classified due to modified Clavien classification. Bold P-values are statistically significant.
Abbreviations: d, days; EBL, estimated blood loss; h, hours; min, minutes; LN, lymph node; LOS, length of hospital stay; N, number of patients; NR, not reported; 
NS, statistically not significant; OR time, operation time; P&R, prospective and randomized; Ref, reference; Ret, retrospective; SM, surgical margin.
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In another recent publication by Goh et  al, robotic 

intracorporeal urinary diversion was successfully performed 

in 15 patients (neobladder: eight patients, ileal conduit: seven 

patients). In the neobladder group, the median estimated 

blood loss was 225 mL, median time to regular diet was 

5 days, and the median hospital stay was 8 days. Thirty- and 

90-day complications were Clavien grade 1–2 (n=5 and n=0), 

Clavien grade 3–5 (n=2 and n=1), respectively.48

Pruthi et al reported the outcomes of twelve cases for 

which they performed RARC and intracorporeal urinary 

diversion, including ileal conduit in nine patients and ortho-

topic ileal neobladder in three patients. The mean operating 

room time was 5.3 hours and mean blood loss was 221 mL. 

The mean length of hospital stay was 4.5 days. The mean time 

to flatus was 2.2 days and the mean time to bowel movement 

was 3.2 days. Overall, six complications occurred in five 

patients (42%) and one was Clavien grade $3.49

Very recently, Ahmed et  al50 evaluated the outcomes 

of intracorporeal versus extracorporeal urinary diversion 

following RARC by reviewing the database of the IRCC. 

All patients within the IRCC underwent RARC and pelvic 

lymph node dissection, as indicated. The urinary diversion 

was performed either intracorporeally or extracorporeally. 

Of the 935 patients who underwent RARC, 167 patients had 

an intracorporeal urinary diversion (ileal conduit: 106 and 

neobladder: 61), and 768 patients had an extracorporeal uri-

nary diversion (ileal conduit: 570 and neobladder: 198). The 

operation time was similar between the groups. Although not 

statistically significant, the median hospital stay was found 

to be longer in the intracorporeal urinary diversion group 

(9 days vs 8 days; P=0.086). Reoperation rates at 0–30 days 

were similar. The 90-day complication rate was also simi-

lar between the two groups. However, a trend favoring the 

intracorporeal group was detected (41% vs 49%; P=0.05). 

Most importantly, gastrointestinal complications were sig-

nificantly lower in the intracorporeal urinary diversion group 

(P#0.001). In addition, patients with intracorporeal urinary 

diversion were found to have a lower risk of experiencing a 

postoperative complication at 90 days (32%; P=0.02). They 

concluded that RARC with intracorporeal urinary diversion 

is a safe procedure with similar outcomes to the extracorpo-

real approach, with the advantage of carrying a lower risk 

of complications.50

In summary, the number of centers performing totally 

intracorporeal RARC with urinary diversion is very limited. 

However, interest related to this type of complex surgery is 

increasing, and needs further experience. Performing the 

whole surgery intracorporeally with the surgical robot seems 

to be the upper limit of the minimally invasive approach, and 

seems to be the future of RARC.

RARC and gender, patient age, body 
mass index, and disease stage
According to the published literature, RARC seems to be 

a safe procedure for both genders and in obese patients,51,52 

although Al-Daghmin et al53 stated that female gender and 

obesity were independent predictors of readmission follow

ing RARC. Poch et al reported that robot-assisted intracor-

poreal ileal conduit could be safely performed in patients of  

all body mass indices.52

Richards et  al evaluated the outcomes of open versus 

robotic RC in elderly ($75 years old) patients and concluded 

that RARC could achieve similar perioperative outcomes 

without compromising pathologic outcomes, with less blood 

loss and shorter hospital stays.54 Others also stated that RARC 

Figure 4 (A) Appearance of anastomosis between the urethra and the intracorporeal 
Studer pouch (arrow, please note the urethral catheter); (B) appearance of the 
completed intracorporeal Studer pouch. Arrow: Studer pouch, arrowhead: please 
note the  double-J stents.
Note: Images from the archive of M Derya Balbay.
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appeared to be an appropriate and safe surgical option for 

older patients.35,55

Regarding advanced stage bladder cancer, positive soft-

tissue margins were reported to be similar in large open series 

for T2/T3 disease but inferior for bulky T4 disease.56

In summary, RARC appears to be a safe approach in 

elderly and obese patients, including both sexes and in 

advanced stage disease.

Cost and RARC
Cost is an important issue that has been discussed in some 

publications related to RARC. With the development and 

use of technology in health care such as surgical robots, 

increasing cost seems to be an inevitable factor that may be 

a concern despite the technological advantages. However, 

many factors are involved in cost analysis other than the 

surgical instruments used. Besides, the differing health care 

and insurance systems of various countries may also affect 

cost analysis.

Martin et al reported that operative time and length of 

stay had the greatest impact on perioperative costs follow-

ing RARC and therefore concluded that RARC can provide 

a cost-effective alternative to open RC. They also stated 

that higher complication rates with open RC increases  

the total cost when compared to RARC.57 In a compara-

tive study, Lee et al58 stated that despite a higher cost of 

materials, RARC was less expensive than open RC for 

ileal conduit and continent cutaneous diversion. The cost 

advantage deteriorated for orthotopic neobladder in their 

study. The major impact on cost was length of hospital stay. 

A shorter length of hospital stay was detected in the RARC 

group when compared to open surgery in their experience. 

In addition, they reported that complications materially 

affected cost performance. Therefore, they concluded that 

despite a higher cost of materials, RARC could be more 

cost-effective compared to open RC.58 Open RC has a cost 

advantage in terms of the high purchase and maintenance 

cost of surgical robots. However, when taking into account 

the inclusion of indirect costs due to complications and 

longer duration of hospital stay in open RC, RARC may 

have a cost advantage.59

Zehnder and Gill stated that cost evaluations are com-

plex analyses influenced by many factors. In the published 

literature, RARC appears to be more expensive compared 

to open RC. Operative time, length of hospital stay, robotic 

maintenance and cost of the robotic instruments used, case 

volume, transfusion rate, and complications have been sug-

gested to influence overall cost.60

In summary, RARC appears to have higher costs when 

compared to open surgery, although controversial reports 

exist on this issue.

Conclusion
With the increasing use of surgical robots in urologic oncol-

ogy, RARC is increasingly being performed worldwide. 

A learning curve exists with a suggested case number of at 

least 20 procedures in order to reach an acceptable operation 

time, complication rate, and oncological outcomes including, 

positive SM and LN yield. Although long-term follow-up time 

is not available in most of the published literature, RARC 

seems to have acceptable oncologic and functional outcomes 

in addition to complication rates. Decreased intraoperative 

blood loss and transfusion rate are other advantages of RARC. 

However, some series reported decreased complication rates 

but increased operation time using the robotic approach. 

Similar oncologic outcomes in terms of positive SM rates 

and LN yields were reported in most comparative series. 

The technique of totally intracorporeal RARC including the 

urinary diversion is a complex procedure that is still evolving. 

This approach seems to have the potential of being the future 

of robotic RC. Cost is an important issue and RARC appears 

to have a higher cost when compared to the open approach.
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