
ARTICLE IN PRESS

Urologic Oncology: Seminars and Original Investigations 000 (2019) 1−8
Clinical-Bladder cancer

Radical cystectomy in women: Impact of the robot-assisted versus open

approach on surgical outcomes

Vikram M. Narayan, M.D.a, Mohamed A. Seif, M.D.a, Amy H. Lim, M.D.a, Roger Li, M.D.b,
Justin T. Matulay, M.D.a, Janet B. Kukreja, M.D.c, Wei Qiao, Ph.D.d, Hyunsoo Hwang, Ph.D.d,

Jay B. Shah, M.D.e, Louis Pisters, M.D.a, Ashish M. Kamat, M.D.a, Colin Dinney, M.D.a,
Neema Navai, M.D.a,*

aDepartment of Urology, Division of Surgery, University of Texas MD Anderson Cancer Center, Houston, TX
bDepartment of Urology, H. Lee Moffitt Cancer Center and Research Institute, Tampa, FL

cUrology Division, Department of Surgery, University of Colorado School of Medicine, Denver, CO
dDepartment of Biostatistics, University of Texas MD Anderson Cancer Center, Houston, TX

eDepartment of Urology, Stanford University, Stanford, CA

Received 14 July 2019; received in revised form 10 November 2019; accepted 2 December 2019

Abstract

Objectives: To perform a comparison of complications following open versus robot-assisted radical cystectomy (RC) among women

who undergo the procedure. Studies comparing robotic to open RC have been mixed without a clear delineation of which patients benefit

the most from one modality vs. the other, leading to continued debate.

Patients and methods: This was a retrospective study of women who underwent either open or robotic RC at the MD Anderson Cancer

Center from 1/2014 to 6/2018. Co-morbidities, pathologic data, and complications were assessed with descriptive statistics, along with uni-

and multivariable logistic regression.

Results: 122 women underwent either open (n = 76) or robotic (n = 46) RC. Open RC was associated with greater intraoperative blood

loss (median EBL 775 ml vs. 300 ml, P < 0.001). In both uni- and multivariable analyses, open RC was associated with a greater odds of

intraoperative transfusion compared to robotic RC (odds ratio 6.49, 95% CI 2.85−14.78, P < 0.001). Women undergoing open RC were

also at greater odds of receiving 4 or more units of packed red blood cells (odds ratio 5.46 (1.75−17.02), P = 0.003). Robotic RC conferred

a higher median lymph node yield (27 vs. 20 nodes, P, <0.001) and operative times (median 513 min vs. 391.5 min, P < 0.001). There were

no differences in margin positivity, length of stay, or readmission rates at 30 and 90 days.

Conclusions: Robotic RC was associated with a significantly lower risk of transfusion and EBL, and a higher median lymph node yield

and operative time. Unique anatomic considerations may in part be responsible for these findings. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Radical cystectomy (RC) with bilateral pelvic lymph

node (LN) dissection remains the gold-standard for patients
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with muscle-invasive bladder cancer, as well as those with

recurrent high-grade nonmuscle invasive disease.

Since its original description by Menon et al in 2003 [1],

the robotic approach to RC has been increasingly utilized.

Studies comparing robotic to open RC have found that the

robotic approach confers noninferior oncologic outcomes

while potentially decreasing morbidity [2−7], but with added
costs and no clear delineation of which patient populations

benefit the most from the robotic modality. Although a blad-

der cancer diagnosis is nearly 4 times more common in men
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[8], women are more likely to have locally advanced dis-

ease at the time of diagnosis and may have a greater risk of

bladder cancer mortality, recurrence, and progression after

treatment [9−13]. Women who undergo RC receive an

operation that is technically different from the male cystec-

tomy. In addition to removal of the bladder, the RC in

females is classically described to include an anterior exen-

teration, requiring removal of the uterus, fallopian tubes,

ovaries, and anterior vaginal wall. Laterally investing vas-

cular pedicles are often encountered during dissection of

the cardinal and uterosacral ligaments [14]. As such,

women undergoing RC may be at a higher risk for urethral

margin positivity, wound complications, and bleeding com-

pared to males [14,15]. These anatomic challenges could

potentially be ameliorated by advantages conferred by the

robot-assisted approach.

To date there have been no comparisons of the RC

approach performed exclusively in women. We sought to

characterize the differences in postoperative complications

in women undergoing open vs. robot-assisted RC.

2. Materials and methods

We reviewed the records of all female patients who

underwent either open or robot-assisted RC with any uri-

nary diversion at our institution between January 2014 and

June 2018. We excluded patients who were undergoing

RC concomitantly with another major abdominal proce-

dure (i.e. ventral hernia repair), so as to avoid confounding.

Patient characteristics, Charlson comorbidity index (CCI),

American Society of Anesthesiologists score (ASA), opera-

tive time, estimated blood loss (EBL), transfusion require-

ments, length of hospitalization, clinical and final pathologic

stage and outcomes, as well as 30- and 90-day complication

rates were recorded. The study was approved by the MD

Anderson Cancer Center Institutional Review Board.

Open RC was performed through a standard lower mid-

line abdominal incision. The robot-assisted approach was

performed using the da Vinci Surgical System (Intuitive

Surgical Inc., Sunnyvale, CA), with 3 ports for the robotic

arms (2 on the right, 1 on the left), a supraumbilical camera

port, and most commonly 2 assistant ports (a 12 mm left

upper quadrant assistant port, as well as a 15 mm left lower

quadrant assistant port). Most of the open RC procedures

were 2 team procedures in which one team performed the

extirpative part and the other performed the reconstructive

part. In the robot RC group, the entire procedure was per-

formed by a single team. The decision to perform open or

robot-assisted cystectomy was based on surgeon experience

and patient preference. Some surgeons within the cohort

performed only open radical cystectomy, while others per-

formed both. All surgeons whose patients were included in

the cohort are high-volume surgeons (>50 cystectomies per

year) and were beyond their learning curve for the proce-

dure being performed. As an experienced tertiary-care

referral center, close coordination with our anesthesiology
teams have allowed us to offer both surgical options to

patients routinely even in the setting of morbid obesity and

prior abdominal surgery, 2 factors that have historically

been cited as requiring special considerations for the robotic

approach in particular. There were no systematic criteria

that were used to mandate that certain patients undergo one

modality over the other.

Patient characteristics were summarized using descrip-

tive statistics. Univariable and multivariable logistic regres-

sion models were fitted to assess the association between

patient characteristics (Table 1) and surgical outcomes. A

backward stepwise model selection approach was applied

using Akaike Information Criteria (AIC) [16] to build a

multivariable model for each outcome, which starts with

the largest model and eliminates the variables sequentially

in a way to decrease the AIC maximally. This process con-

tinues until the AIC stops improving. A Kaplan-Meier anal-

ysis was performed to compare survival. Statistical analysis

was performed by designated biostatisticians using R

v.3.5.1 (R Core Team, www.r-project.org).

3. Results

A total of 122 women underwent either open (n = 76) or

robot-assisted (n = 46) RC during the study period. The vast

majority of urinary diversions in the robot-assisted cohort

were performed intracorporeally (40 of 46 cases; 87%).

Baseline characteristics are summarized in Table 1. There

were no statistically significant differences between groups

with respect to age, body mass index (BMI), smoking his-

tory, exposure to NAC, CCI, prior pelvic surgery, intraoper-

ative vaginal sparing, or cTNM stages.

Overall 30- and 90-day readmission rates were 24% (29

patients) and 29.8% (36 patients), respectively, with no dif-

ference observed between the open or robotic groups

(P = 0.67 and P = 0.68). Outcomes by procedure type are

summarized in Table 2. The overall complication rate was

75.4%, with no difference in rates between groups (76.3%

vs. 73.9%, respectively, P = 0.83). The majority of complica-

tions (87%) were grades 1 and 2 by Clavien-Dindo classifica-

tion. There were no grade 5 complications in either group.

The most common complication encountered among both

cohorts was anemia requiring transfusion, which occurred in

21.2% of cases (41 patients), followed by urinary tract infec-

tion in 9.8% (19 patients), and ileus 9.8% (19 patients).

Length of hospitalization and overall survival were not statis-

tically different between the groups (Table 2; Supplemental

Fig. 1). Operative time was longer for patients undergoing

robotic RC compared with open RC [median 513 minutes

(range 365−810) vs. 392 minutes (range 208−875), respec-
tively, P < 0.001].

In both univariable and multivariable analyses (Table 3),

women who underwent open RC were significantly more

likely to require an intraoperative blood transfusion (Table 3).

The odds ratio (OR) for requiring an intraoperative transfu-

sion of at least 1 unit of packed red blood cells (pRBCs)

http://www.r-project.org


Table 1

Baseline characteristics

Variable Open (N = 76) Robotic (N = 46) P value

Age, median (IQR) 68 (62, 77) 68.5 (58, 74) 0.16

Race, No. (%)

White 64 (84.21%) 38 (82.61%) 0.81

Other 12 (15.79%) 8 (17.39%)

BMI, median (IQR) 26.55 (23.2, 30.2) 27.14 (24.4, 32.6) 0.18

HX of smoking, No. (%)

Never smoker 37 (48.68%) 23 (50%) 1

Smoker 39 (51.32%) 23 (50%)

NAC, No. (%)

No 33 (43.42%) 19 (42.22%) 1

Yes 43 (56.58%) 26 (57.78%)

ASA, No. (%)

< 3 6 (7.89%) 3 (6.52%) 1

≥3 70 (92.11%) 43 (93.48%)

Charlson score, No. (%)

1−2 2 (2.63%) 5 (10.87%) 0.18

3−4 20 (26.32%) 11 (23.91%)

≥5 54 (71.05%) 30 (65.22%)

Prior pelvic surgery, No. (%) 35 (46.1%) 13 (28.3%) 0.06

Clinical T Stage, No. (%)

Ta or T1 19 (25%) 13 (28.89%) 0.99

T2: Invasive into muscularis propia 28 (36.84%) 16 (35.56%)

T3: Invasive into perivesical fat 24 (31.58%) 13 (28.89%)

T4: Invades into surrounding organs 4 (5.26%) 2 (4.44%)

Tis: Carcinoma in situ 1 (1.32%) 1 (2.22%)

Clinical N Stage, No. (%)

N0: No regional lymph node spread. 66 (86.84%) 39 (86.67%) 0.71

N1: Cancer has spread to a single lymph node in true pelvis. 6 (7.89%) 2 (4.44%)

N2: Cancer has spread to 2 or more lymph nodes in true pelvis. 1 (1.32%) 2 (4.44%)

N3: Cancer has spread to lymph nodes along the common iliac artery. 3 (3.95%) 2 (4.44%)

Clinical M Stage, No. (%)

M0: (no metastasis) 76 (100%) 45 (100%)

ASA = American Society of Anesthesiologists scor; BMI = body mass index; NAC = neoadjuvant chemotherapy.
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when undergoing an open RC was 6.49 (95% CI 2.85

−14.78, P < 0.001) on univariable logistic regression and

16.86 (95% CI 4.69−59.98, P < 0.001) on multivariable

logistic regression. These findings were driven by the fact

that nearly 68% (51 of 76) of women who underwent open

RC received an intraoperative blood transfusion, com-

pared with only 24% (11 of 46) of those who were man-

aged robotically. EBL was also significantly greater in the

open group, with a median EBL of 762 ml (IQR 600) com-

pared to a median EBL of 275 ml (IQR 350 ml) among

women undergoing robot-assisted radical cystectomy (P <
0.01) (Fig. 1). Exposure to NAC was associated with

receiving an intraoperative pRBC transfusion (OR 5.16,

95% CI 1.28−20.73, P = 0.02) on multivariable regres-

sion, but not on univariable analysis. The same was true

for patients who had no prior history of smoking (OR

3.49, 95% CI 1.26−9.67, P = 0.02) and for those who did

not undergo vaginal sparing (OR 0.25, 95% CI 0.08−0.78,

P = 0.02). Postoperative blood transfusions were not dif-

ferent between the 2 groups (36% open vs. 26% robotic,

P = 0.32; Table 4). When considering intraoperative and
postoperative transfusions together, women undergoing

open RC were significantly more likely to have undergone

transfusions of 4 or more units of pRBCs compared to

those undergoing robotic RC, with odds of 5.46 (univari-

able, 95% CI 1.75−17.02, P = 0.003) and 24.11 (multivar-

iable, 95% CI 7.0−82.67, P < 0.001) (Table 5).

The positive margin rate was low overall (4.9%, 6 of

122 patients), with no statistically significant difference

between the 2 techniques (4 cases for open RC and 2 for

robot RC). Approximately 27% of patients were pT0 at

the time of cystectomy, which comprised of 17 patients

(22.4%) in the open cohort and 16 patients (35.6%) of

the robot-assisted cohort (P = 0.72). LN yield was

higher for women undergoing robot-assisted RC com-

pared with the open approach, with a median of 27

nodes (range 7−57) removed robotically compared with

a median of 20.5 nodes (range 0−57) removed during

open pelvic LN dissection (P < 0.001). The overall rate

of LN positive disease was low between both groups,

with 86.8% (106 of 122 patients) found to be N0 at the

time of cystectomy.



Table 2

Outcomes by procedure type in women

Variable Open N = 76 Robotic N = 46 P value

Length of stay, days, median (IQR) 6 (5, 8) 5 (4, 7) 0.13

Operative time, minutes, median (IQR) 391.5 (327, 488) 513 (465, 587) <0.001
Total nodes removed, median (IQR) 20.5 (13, 28) 27 (19, 41) <0.001
Pathologic T Stage, No. (%)

T0: No residual tumor 17 (22.37%) 16 (35.56%) 0.72

Ta or T1 13 (17.11%) 7 (15.56%)

T2: Invasive into muscularis propia 11 (14.47%) 4 (8.89%)

T3: Invasive into perivesical fat 19 (25%) 11 (24.44%)

T4: Invades into surrounding organs 6 (7.89%) 2 (4.44%)

Tis: Carcinoma in situ 10 (13.16%) 5 (11.11%)

Pathologic N Stage, No. (%)

N0: No regional lymph node spread. 65 (86.67%) 41 (91.11%) 0.89

N1: Cancer has spread to a single lymph node in true pelvis. 2 (2.67%) 1 (2.22%)

N2: Cancer has spread to 2 or more lymph nodes in true pelvis. 6 (8%) 3 (6.67%)

N3: Cancer has spread to lymph nodes along the common iliac artery. 2 (2.67%) 0 (0%)

Pathologic M Stage, No. (%)

M1: Distant metastasis 1 (1.32%) 0 (0%) 1

M0 or Mx: 75 (98.68%) 46 (100%)

Lymphovascular invasion, No. (%) 16 (21.05%) 7 (13.04%) 0.65

Margin Status, No. (%)

Negative 72 (94.74%) 43 (95.56%) 1

Positive 4 (5.26%) 2 (4.44%)

Intraoperative pRBC, No. Transfused (%)

≥1 51 (67%) 11 (23.91%) <0.001
0 25 (33%) 35 (76.09%)

Post-operative pRBC, No. Transfused (%)

≥1 27 (36%) 12 (26%) 0.32

0 49 (64%) 34 (74%)

Overall transfusion, No. Transfused (%)

≥ 4 26 (34%) 4 (8.7%) 0.002

< 4 50 (66%) 42 (91.3%)

EBL (ml)

Median (min, 25th, 75th, max) 762 (100, 500, 1,100, 7,000) 275 (150, 150, 500, 800) <0.01
Overall complications (%) 58 (76.32%) 34 (73.91%) 0.83

Wound complications, No. (%) 14 (18.42%) 3 (6.52%) 0.1

Anemia with transfusion, No. (%) 27 (35.53%) 14 (30.43%) 0.69

GI complications, No. (%) 24 (31.58%) 14 (30.43%) 1

UTI, No. (%) 12 (15.79%) 4 (8.7%) 0.41

Other complications, No. (%) 15 (19.74%) 13 (28.26%) 0.37

30-day Readmission Rate (%) 17 (22.67%) 12 (26.09%) 0.67

90-day Readmission Rate (%) 21 (28%) 15 (32.61%) 0.68

Surgical complications within 90 days by Clavien-Dindo grade

I 34 (29.5%) 20 (32.3%)

II 69 (60%) 31 (50%)

III 10 (8.7%) 8 (12.9%)

IV 2 (1.7%) 3 (4.8%)

V 0 (0%) 0 (0%)

Bold values signify statistical significance p<0.05.
EBL = estimated blood loss; GI = gastrointestinal; pRBC = packed red blood cell unit; UTI = urinary tract infection.
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4. Discussion

4.1. Principal findings

Women who undergo robot-assisted RC have lower blood

loss and are significantly less likely to require an intraopera-

tive blood transfusion compared with those undergoing

open RC, despite no significant differences between the 2

groups with respect to patient characteristics or disease

pathology. Further, when considering both intraoperative and
postoperative blood transfusion rates, more female patients

undergoing open RC required transfusions of 4 or more

pRBC units compared with those undergoing RC. Higher

volumes of transfusion have been associated with worse out-

comes in multiple studies [17]. There were no differences in

overall complication rates or margin positivity. Women

undergoing robotic RC were also found to have a higher LN

yield compared to their open RC counterparts, although this

may be explained by a difference in practice patterns with



Table 3

Logistic regression: need for intraoperative transfusion in women undergoing open versus robot-assisted radical cystectomy

Variable Univariable OR (95% CI) P value Multivariable OR (95% CI) P value

Race (non-white vs. white) 2.01 (0.74−5.46) 0.17 2.98 (0.77−11.5) 0.11

History of smoking (never smoker vs. smoker) 1.81 (0.88−3.75) 0.10 2.57 (1.01−6.62) 0.05

Neoadjuvant chemotherapy (yes vs. no) 1.88 (0.91−3.88) 0.09 3.76 (1.01−13.92) 0.05

ASA (≥3 vs. <3) 0.81 (0.21−3.21) 0.77 0.7 (0.11−4.36) 0.70

Prior pelvic surgery (yes vs. no) 0.83 (0.4−1.71) 0.61 0.84 (0.31−2.29) 0.74

Open vs. robot-assisted approach for cystectomy 6.49 (2.85−14.78) <0.001 9.97 (3.39−29.31) <0.001

ASA =American Society of Anesthesiologists score; CI = Confidence interval; OR = Odds ratio.

Fig. 1. Comparison of mean blood loss and transfusion requirements by

surgical modality among female patients.
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the open surgeons generally sending the LNs in fewer pack-

ets, a practice that has been shown to affect node counts [18].

4.2. Meaning of the study: Possible explanations and

implications for clinicians

To date, most studies that have compared robotic versus

open RC have considered whether the robotic approach

confers appropriate perioperative morbidity and oncologic

equivalency [2−4,6,7,19,20]. Soria and colleagues per-

formed a retrospective cohort study of 1,887 patients com-

paring the modalities and found that although RC was

associated with lower blood loss and length of stay, the

operations were longer and associated with more readmis-

sions [21]. Given the importance of providing value-driven

and high-quality care, these findings and others like it

underscore the need to identify which subpopulations of

patients requiring RC, if any, may derive the most benefit
Table 4

Logistic regression: need for postoperative transfusion in women undergoing open

Variable Univariable OR (95% C

Race (non-white vs. white) 0.9 (0.32−2.53)
History of smoking (never smoker vs. smoker) 0.84 (0.39−1.8)
Neoadjuvant chemotherapy (yes vs. no) 1.81 (0.81−4.05)
ASA (≥3 vs. <3) 0.34 (0.09−1.36)
Prior pelvic surgery (yes vs. no) 0.69 (0.31−1.53)
Open vs. robot-assisted approach for cystectomy 1.56 (0.7−3.49)

ASA = American Society of Anesthesiologists score; CI = Confidence interval;
from the robotic approach. Women who undergo RC

receive an operation that is technically different from the

male cystectomy and which may confer unique risks in

this patient population. For example, the anterior vagina

can be either resected with the bladder or preserved

depending on oncologic factors; however, dissection along

the anterior and posterior vaginal walls can be a source of

bleeding not encountered in males [14,22]. Additionally,

the infundibulopelvic ligaments encountered during the

ureteral dissection may also lead to bleeding [22]. The

pneumoperitoneum offered by laparoscopic approaches in

general also limits blood loss. The hypothesis that these

anatomic challenges could potentially be ameliorated by

advantages conferred by the robot-assisted approach is

supported by our finding that women undergoing robotic

cystectomy were significantly less likely to lose blood

intraoperatively, and more vitally, require a blood transfu-

sion compared to those undergoing open RC.

Linder et al evaluated a cohort of 2,060 patients treated

with radical cystectomy over a 25-year period at the Mayo

Clinic, among which 62% of patients received a periopera-

tive blood transfusion [23]. At a median follow-up period

of 10.9 years, patients who received a perioperative blood

transfusion were found to have significantly worse 5-year

recurrence-free survival (58% vs. 64%, P = 0.01), cancer-

specific survival (59% cs 72%, P < 0.001), and overall sur-

vival (45% vs. 63%, P < 0.001). Among the hypotheses

posited to explain these findings is the potential immuno-

suppressive effect of red blood cell transfusions, perhaps

secondary to transfusion-related immunological anergy

caused by the large volume of antigens present in transfused

blood products [24]. Data also suggest that transfusions
versus robot-assisted radical cystectomy

I) P value Multivariable OR (95% CI) P value

0.84 0.85 (0.24−2.99) 0.80

0.65 0.71 (0.3−1.69) 0.44

0.14 1.66 (0.55−4.94) 0.37

0.13 0.29 (0.06−1.35) 0.11

0.35 0.72 (0.29−1.82) 0.49

0.28 1.81 (0.72−4.53) 0.21

OR = Odds ratio.



Table 5

Logistic regression: need for overall transfusion ≥4 units in women undergoing open versus robot-assisted radical cystectomy

Variable Univariable OR (95% CI) P value Multivariable OR (95% CI) P value

Race (non-white vs. white) 3.16 (1.16−8.58) 0.02 1.26 (0.33−4.87) 0.74

History of smoking (never smoker vs. smoker) 1.49 (0.65−3.39) 0.35 2.05 (0.79−5.37) 0.15

Neoadjuvant chemotherapy (yes vs. no) 1.71 (0.72−4.06) 0.22 0.88 (0.27−2.9) 0.83

ASA (≥3 vs. <3) 0.63 (0.15−2.68) 0.53 0.41 (0.04−3.72) 0.42

Prior pelvic surgery (yes vs. no) 1.25 (0.54−2.89) 0.61 0.75 (0.27−2.09) 0.58

Open vs. robot-assisted approach for cystectomy 5.46 (1.75−17.02) 0.003 21.06 (6.51−68.44) <0.001

Bold values signify statistical significance p<0.05.
ASA = American Society of Anesthesiologists score; CI = Confidence interval; OR = Odds ratio.
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may confer higher costs and prolong time to convalescence

after surgery [23]. Kukreja et al used a decision analytic

model to demonstrate that robotic RC was more cost-effec-

tive compared to open surgery when complications and

blood transfusions are reduced [25]. Limiting blood loss

and more crucially, blood transfusions, may therefore con-

fer clinically significant advantages to patients undergoing

radical cystectomy.

To our knowledge, this study is unique in comparing surgi-

cal outcomes of an exclusively female cohort undergoing

either open or robot-assisted RC. Existing observational and

randomized trial data are comprised of patient cohorts that are

overwhelmingly male. Among randomized controlled trial

(RCT) data comparing robot-assisted to open RC, women

comprise a minority of the patients studied with the percent of

enrollees ranging from only 15 to 24.4% of the overall cohort

[26]. For example, in the trial by Bochner and colleagues in

which no differences in oncologic outcomes were identified

at a median of 5 years of follow-up, only 9 female patients

were randomized to the robotic arm and 16 female patients

were in the open arm, out of 118 patients [5]. The largest

RCT published to date is the RAZOR trial, in which 350 par-

ticipants were randomized to either open- or robot-assisted

cystectomy. Women comprised of only 16% of the overall

cohort [7]. Among the findings included lower EBL in the

robotic arm (300 ml vs. 700 ml, P < 0.001) as well as lower

rates of perioperative (24% vs. 45%, P = 0.0002) and postop-

erative (25% vs. 40%, P = 0.0089) blood transfusion [7]. Nev-

ertheless, while these and other studies have provided

sufficient data to date to confirm the oncologic acceptability

of the robotic cystectomy [2−7,27,28], the optimal patient for

whom a robotic cystectomy should be performed remains an

ongoing topic of investigation.

This study did not compare outcomes between men and

women, as our primary objective was to characterize an all-

female patient cohort undergoing RC while comparing sur-

gical modalities. Nevertheless, comparisons can be extrapo-

lated from the existing literature. Sung and colleagues

compared early complications between open versus robot-

assisted RC and found that female gender was associated

with an OR of 4.06 (1.13−14.11) in predicting a grade 2 or

higher complications [29]. This finding is not reported uni-

formly among published series, however. For instance,

Kang and colleagues noted that among 22 women who
underwent robot-assisted RC (out of a series of 109 patients),

there were no gender-based differences in oncologic out-

comes, complication rates, or blood loss [30]. Smith and col-

leagues reported data from a multi-institutional analysis of

227 patients; in this cohort, 49 patients (22%) were women,

and sex was not found to be a predictor of higher complica-

tions by Clavien grade [31]. Johar and colleagues, reporting

for the International Robotic Cystectomy Consortium, found

similarly in an analysis of 939 patients (of whom 20% were

women) that gender was not associated with the occurrence

of grade 3 complications or higher [19].

Our analysis also found that LN yield was higher among

women undergoing the robotic approach by a median of 6.5

nodes. Existing literature suggests that LN yield is similar

to that of the open surgery, and our findings could also be

artefactual secondary to differences in pathologic examina-

tion techniques. At our institution, LN packets during open

surgery are sent separately by side are but not further artifi-

cially stratified. In robotic cases, more nodal packets are

sent, a practice that has been reported to be associated with

increasing the “yield” of LNs removed [18]. Both open and

robot-assisted procedures were performed with either a

standard or extended pelvic LN template. The standard tem-

plate included removal of nodal tissue from the genitofe-

moral nerve laterally, the internal iliac artery medially,

Cooper’s ligament inferiorly, and superiorly up to the

approximate level at which the ureter crosses the common

iliac artery. Patients with advanced disease (clinical T2 or

greater) underwent an extended template dissection which

included the entire common iliac LN basin and the presac-

ral LNs. Care is routinely taken in both the open and robot-

assisted approaches to remain meticulous during the lym-

phadenectomy, in part by following natural surgical planes

and minimizing unnecessary division of individual LNs.

4.3. Strengths and weaknesses of the study

This is a single-institution cohort study with limitations

inherent to the retrospective nature of the analysis, includ-

ing selection bias. Additionally, the study was not large

enough to adequately assess whether differences between

the surgical modalities impacted rarer complications, such

as wound complications (i.e. dehiscence). The overall rate

of complications was observed to be higher in our study
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(75.4%) than the roughly 40 to 60% complication rate fre-

quently seen reported, although most were grades 1 to 2.

The fact that our study was conducted at a tertiary care,

high volume center may limit its generalizability to other

institutions. Nevertheless, our study is unique in its focused

comparison of an all-female cohort and was undertaken to

identify specific subpopulations who may benefit the most

from the robotic modality. The fact that women undergoing

open cystectomy more frequently required a transfusion of

4 or more units of pRBCs compared to their robotic RC

counterparts is an important finding that has implications

for patient counseling, and in the selection of an appropriate

surgical treatment modality for individuals who may have

lower physiologic reserve.

Reduced transfusions have been a consistent benefit

observed in other studies that have compared the modalities

in both genders, but the magnitude of the benefit is a unique

finding to this study [26]. We did not observe any difference

in length of stay between the 2 groups, and although other

studies have found benefit in this regard with the robotic

approach, the differences reported may be clinically

insignificant. Finally, the vast majority of our robotic

cohort underwent an intracorporeal diversion, which is

unique from much of the existing literature, including all

of the RCT data to date in which urinary diversions were

completed open.

4.4. Unanswered questions and future research

Despite the oncologic safety of the robotic cystectomy,

the optimal patient in whom this surgery offers the most

benefit has yet to be ascertained. Robotic surgery is known

to be more expensive, although these costs are mitigated if

the procedure results in lower rates of complications and

fewer blood transfusions [25]. Additional efforts to better

identify these ideal treatment populations is essential.

5. Conclusion

In this cohort of women undergoing RC, the robotic

approach was associated with a significantly lower risk of

intraoperative transfusion and EBL, along with a higher

median LN yield and operative time. Unique anatomic con-

siderations in female patients may in part be responsible for

these findings, particularly with respect to blood loss.
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