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Abstract.
BACKGROUND: The benefits of a robot-assisted radical cystectomy (RARC) compared to an open approach is still under
debate. Initial data on RARC were from trials where urinary diversion was performed by an extracorporeal approach, which
does not represent a completely minimally invasive procedure. There are now updated data for RARC with intracorporeal
urinary diversion that add to the evidence profile of RARC.
OBJECTIVE: To perform a systematic review and meta-analysis of the effectiveness of RARC compared with open radical
cystectomy (ORC).
MATERIALS AND METHODS: Multiple databases were searched up to May 2022. We included randomised trials in
which patients underwent RARC and ORC. Oncological and safety outcomes were assessed.
RESULTS: Seven trials of 907 participants were included. There were no differences seen in primary outcomes: disease
progression [RR 0.98, 95%CI 0.78 to 1.23], major complications [RR 0.95, 95%CI 0.72 to 1.24] and quality of life [SMD
0.05, 95%CI -0.13 to 0.38]. RARC resulted in a decreased risk of perioperative blood transfusion [RR 0.57, 95%CI 0.43
to 0.76], wound complications [RR 0.34, 95%CI 0.21 to 0.55] and reduced length of hospital stay [MD -0.62 days, 95%CI
-1.11 to -0.13]. However, there was an increased risk of developing a ureteric stricture [RR 4.21, 95%CI 1.07 to 16.53] in the
RARC group and a prolonged operative time [MD 70.4 minutes, 95%CI 34.1 to 106.7]. The approach for urinary diversion
did not impact outcomes.
CONCLUSION: RARC is an oncologically safe procedure compared to ORC and provides the benefits of a minimally
invasive approach. There was an increased risk of developing a ureteric stricture in patients undergoing RARC that warrants
further investigation. There was no difference in oncological outcomes between approaches.
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INTRODUCTION

There has been considerable uptake in robot-
assisted radical cystectomy (RARC) over the last
five years. In England, there has been an increase
in the proportion of cystectomies being performed
robotically from 11% in 2013 to 40% in 2019 [1].
These patterns have also been seen in the United
States and other countries where there is access to
robotic surgery [2]. At the early stages of adoption,
although the extirpation part of the procedure was
completed robotically, the diversion has often been
performed through an open approach. Therefore, it
could be argued that the maximal benefit of mini-
mally invasive surgery was not being obtained with
these ‘hybrid’ procedures [3]. Randomised controlled
trials (RCTs) comparing RARC with extracorporeal
diversion to open radical cystectomy (ORC) did not
generally show any significant difference between the
two approaches [4].

As surgical experience is gained, there is a grow-
ing trend to perform RARC with an intracorporeal
urinary diversion and therefore, a complete robotic
procedure. In theory, this should accentuate the
benefits of minimally invasive surgery including
decreased bleeding, decreased hospital stay and early
recovery of bowel function [3]. High quality data in
the form of randomised trials have, until recently, only
been available for RARC with extra-corporeal diver-
sion. However, the iROC trial published its results
recently and provides us with level one evidence of
RARC with intracorporeal diversion for days alive
and out of hospital [5]. Although an intracorporeal
diversion is hypothesised to provide the aforemen-
tioned benefits, it is important to assess whether there
are any potential downsides. Retrospective studies
have suggested that intracorporeal diversion signif-
icantly prolongs operation time [6] and could impact
the quality of bowel and ureteric anastomoses due to
technical difficulty [7, 8].

We aim to perform an updated systematic review
and meta-analysis of open vs robotic cystec-
tomy. Importantly, we compare outcomes of extra-
and intracorporeal diversions within robotic proce-
dures. We hypothesise that robotic cystectomy with
intracorporeal diversion will further improve peri-
operative outcomes such as blood loss and length
of stay but at the cost of prolonged surgical time.
We hypothesise that a smaller surgical incision for
intracorporeal diversions should minimise wound
complications. As bowel is not exposed to atmo-
sphere, we also hypothesise that the incidence of

paralytic ileus will be lower in the intracorporeal
diversion group. However, there may be an increased
risk of ureteric stricture with intracorporeal diversion
due to the technical challenges with robotic anas-
tomosis. We do not expect there to be differences
in oncological outcomes between the surgical tech-
niques.

METHODS

This systematic review and meta-analysis is based
on the methodology of a previously published paper
by our group and performed according to PRISMA
guidelines [9]. The protocol was registered a pri-
ori in PROSPERO (CRD42018103678). The detailed
methodology can be found in the aforementioned
publication [9]. We performed an updated search of
multiple databases including MEDLINE, EMBASE,
ScienceDirect, Cochrane Libraries, HTA database
and Web of Science up to 25th May, 2022 using the
original search terms. We tracked citations of previ-
ously included papers and cross-checked references
lists of eligible papers to ensure all relevant records
were included. We had no restrictions on language
nor date of publication.

We included all randomised trials comparing
RARC to ORC. We excluded non-randomised stud-
ies. We did not place any restrictions on the extent of
lymph node dissection, the type of diversion nor the
approach. The indication for surgery had to be due
to bladder cancer for patients to be included. We also
excluded patients with metastatic disease undergoing
a palliative cystectomy.

In accordance to the Cochrane Handbook of Sys-
tematic Reviews, abstract screening, full-text review
and data extraction was performed by two separate
authors independently with a third, senior author con-
sulted to resolve any discrepancies [10].

The primary outcomes were the same as the previ-
ous paper:

• Disease progression: defined as radiological or
pathological evidence of disease following rad-
ical cystectomy or death from bladder cancer

• Major complication (Clavien-Dindo grade ≥ 3)
within 90 days of surgery:

• Quality-of-life (QoL) at 90 days measured by
a validated QoL instrument (e.g. Functional
Assessment of Cancer Therapy (FACT))

We included all the secondary outcomes that were
assessed in our previous paper:
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• Positive surgical margin: the presence of can-
cer cells at the edge of the removed surgical
specimen

• Peri-operative blood transfusion rate: the receipt
of a blood transfusion intra-operatively or during
the post-operative period up to 90 days

• Operative time: the duration of radical cystec-
tomy and urinary diversion

• Length of hospital stay: the duration of index
admission when radical cystectomy was per-
formed

• Local recurrences: evidence of bladder cancer
in the pelvic soft tissue and/or lymph nodes fol-
lowing radical cystectomy

Following expert consensus, we decided to per-
form additional in-depth complication analysis for
this updated paper, especially focusing on outcomes
that may be impacted by the mode of diversion (intra-
or extracorporeal). These were all decided on a priori.
Thus, the following outcomes were also assessed in
this paper:

• Ureteric stricture: defined as a narrowing in the
ureter at the level at the uretero-ileal anastomo-
sis (with or without intervention) that had caused
kidney obstruction as demonstrated by symp-
tomatic, biochemical and/or radiological means

• Paralytic ileus: defined as a non-mechanical
reduction in bowel motility

• Wound complications: defined as the occur-
rence of superficial/deep wound infection and/or
wound dehiscence

• Thromboembolic events: defined as the occur-
rence of a deep vein thrombosis and/or
pulmonary embolus

We performed subgroup analysis based on the
modality of urinary diversion: extracorporeal vs intra-
corporeal. We also intended to perform subgroup
analysis based on the extent of lymph node dissection
but there was insufficient data available.

Statistical analysis was performed according to the
recommendations of the Cochrane Handbook of Sys-
tematic Reviews [10]. We performed random effects
models for all analyses with Mantel-Haenszel for
dichotomous outcomes and inverse variance method
for continuous outcomes. We used Version 2 of the
Cochrane risk-of-bias tool for randomized trials to
assess for bias in the included studies. We also created
a Summary of Findings table according to GRADE
guidance to assist interpretations of our findings [11].

RESULTS

The full PRISMA flow diagram is shown in
Appendix 1. The search retrieved 1071 records after
removal of duplicates of which 59 had their full texts
reviewed. Seven studies were determined to meet
the eligibility criteria and were included for analy-
sis [5, 12–17]. The characteristics of these studies
are shown in Table 1. Since our last paper on this
topic, there were two new trials published. Impor-
tantly, both these studies performed intracorporeal
diversion and are the first RCTs to do so [5, 17].
There were also updated results available for pre-
viously included studies [18–21]. The studies were
undertaken in either the United States or United King-
dom, except Maibom et al which was conducted
in Denmark. Only RAZOR and iROC were multi-
institutional studies.

The risk of bias is depicted in Appendix 2. In sum-
mary, these were high-quality surgical trials. Only a
single trial was able to overcome the challenge of
double-blinding by separating the care teams who
were involved in the actual procedure and were
unblinded from those who were involved with care
on the ward and were blinded [17].

The Summary of Findings table is shown in
Table 2.

Disease progression

Four trials of 775 patients provided data on disease
progression [5, 13, 16, 20]. The overall incidence
of disease progression across the groups was 26%
(events = 205). Bochner et al and Khan et al reported
oncological outcomes up to median follow-up of 5
years [18, 20] but the other included studies reported
outcomes at 2 years [5, 16]. There was no differ-
ence between patients undergoing RARC compared
to ORC [RR 0.98, 95%CI 0.78 to 1.23]. There was
no heterogeneity detected (I2 = 0%). There was also
no difference seen based on the modality of diver-
sion (p = 0.56). The forest plot is shown in Appendix
3. We graded the certainty of evidence as moderate
after downgrading one level due to concerns about
study limitations.

Major complications

Data for 90-day Clavien-Dindo grade III-V com-
plications was reported in five trials [5, 13, 16, 17,
20]. The incidence of major complications in patients
undergoing RARC was 19% and 21% in the ORC
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group. There was no significant difference when com-
paring RARC vs ORC [RR 0.95, 95%CI 0.72 to
1.24]. No heterogeneity was detected in this analysis
(I2 = 0%). There was no difference between extracor-
poreal and intracorporeal diversions (p = 0.27). The
forest plot is seen in Fig. 1A. We graded the certainty
of evidence as moderate after downgrading one level
due to concerns about study limitations.

Quality of life

Four trials reported on quality of life [5, 15, 16,
22]. There was no significant difference between the
reported quality of life measures between RARC
and ORC [SMD 0.05, 95%CI -0.13 to 0.38]. No
heterogeneity was detected (I2 = 0%). Again, no dif-
ference was seen between the modality of diversion
(p = 0.38). The forest plot is shown in Appendix 4. We
graded the certainty of evidence as low after down-
grading two levels due to significant concerns about
study limitations.

Positive surgical margin

The incidence of a positive surgical margin in the
six studies which reported this outcome was 5% [13–
17, 22]. There was no significant difference between
RARC and ORC [RR 1.14, 95%CI 0.58 to 2.24].
There was no heterogeneity detected (I2 = 0%). There
was no difference between extracorporeal and intra-
corporeal diversions (p = 0.88). The forest plot is
shown in Appendix 5. We graded the certainty of evi-
dence as moderate after downgrading one level due
to concerns about imprecision and confidence inter-
vals that crossed thresholds that would be clinically
significant. It should be noted that we were unable to
differentiate positive soft tissue margins from positive
margins of urethra or ureters.

Perioperative blood transfusions

Data for this outcome was available in four trials
of 683 patients [5, 15–17]. The incidence of blood
transfusion in the RARC group was 16% and 29%
in the ORC group. Thus, undergoing a RARC was
associated with a significantly lower risk of requiring
a perioperative blood transfusion compared to ORC
[RR 0.57, 95%CI 0.43 to 0.76]. No heterogeneity was
detected (I2 = 0%). No difference was seen between
the modality of diversion (p = 0.69). The forest plot is
seen in Fig. 1B. We graded the certainty of evidence
as high.
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Study or Subgroup

1.2.1 Extracorporeal Divesion

Bochner 2015
Khan 2016
Parekh 2018
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.98, df = 2 (P = 0.61); I² = 0%
Test for overall effect: Z = 0.33 (P = 0.74)

1.2.2 Intracorporeal Diversion

Catto 2022
Maibom 2021
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.63, df = 1 (P = 0.43); I² = 0%
Test for overall effect: Z = 1.12 (P = 0.26)

Total (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.80, df = 4 (P = 0.59); I² = 0%
Test for overall effect: Z = 0.40 (P = 0.69)
Test for subgroup differences: Chi² = 1.19, df = 1 (P = 0.27), I² = 16.3%

RARC

Events

13
7

33

53

25
3

28

81

Total

60
20

150
230

161
25

186

416

ORC

Events

12
4

34

50

33
2

35

85

Total

58
20

152
230

156
25

181

411

Weight

15.4%
6.6%

41.8%
63.8%

33.7%
2.6%

36.2%

100.0%

Risk Ratio

M-H, Random, 95% CI

1.05 [0.52 , 2.10]
1.75 [0.61 , 5.05]
0.98 [0.64 , 1.50]
1.06 [0.75 , 1.49]

0.73 [0.46 , 1.18]
1.50 [0.27 , 8.22]
0.77 [0.49 , 1.22]

0.95 [0.72 , 1.24]

Risk Ratio

M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours RARC Favours ORC

Study or Subgroup

1.5.1 Extracorporeal Diversion

Parekh 2013
Parekh 2018
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.02, df = 1 (P = 0.31); I² = 2%
Test for overall effect: Z = 3.40 (P = 0.0007)

1.5.2 Intracorporeal Diversion

Catto 2022
Maibom 2021
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.27; Chi² = 1.23, df = 1 (P = 0.27); I² = 19%
Test for overall effect: Z = 1.34 (P = 0.18)

Total (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.33, df = 3 (P = 0.51); I² = 0%
Test for overall effect: Z = 3.93 (P < 0.0001)
Test for subgroup differences: Chi² = 0.16, df = 1 (P = 0.69), I² = 0%

RARC

Events

8
35

43

11
0

11

54

Total

20
143
163

158
25

183

346

ORC

Events

10
65

75

18
4

22

97

Total

20
143
163

149
25

174

337

Weight

16.2%
67.6%
83.9%

15.2%
0.9%

16.1%

100.0%

Risk Ratio

M-H, Random, 95% CI

0.80 [0.40 , 1.60]
0.54 [0.38 , 0.76]
0.58 [0.43 , 0.80]

0.58 [0.28 , 1.18]
0.11 [0.01 , 1.96]
0.46 [0.14 , 1.44]

0.57 [0.43 , 0.76]

Risk Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours RARC Favours ORC

Study or Subgroup

1.9.1 Extracoporeal Diversion

Khan 2016
Parekh 2018
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.89); I² = 0%
Test for overall effect: Z = 1.66 (P = 0.10)

1.9.2 Intracorporeal Diversion

Catto 2022
Subtotal (95% CI)

Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.22 (P = 0.22)

Total (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.03, df = 2 (P = 0.99); I² = 0%
Test for overall effect: Z = 2.06 (P = 0.04)
Test for subgroup differences: Chi² = 0.01, df = 1 (P = 0.92), I² = 0%

RARC

Events

2
4

6

4

4

10

Total

19
150
169

161
161

330

ORC

Events

0
1

1

1

1

2

Total

20
152
172

156
156

328

Weight

21.2%
39.4%
60.6%

39.4%
39.4%

100.0%

Risk Ratio

M-H, Random, 95% CI

5.25 [0.27 , 102.74]
4.05 [0.46 , 35.85]
4.44 [0.76 , 25.74]

3.88 [0.44 , 34.29]
3.88 [0.44 , 34.29]

4.21 [1.07 , 16.53]

Risk Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours RARC Favours ORC

Fig. 1. (Continued)
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Study or Subgroup

1.10.1 Extracorporeal Diversion

Bochner 2015
Khan 2016
Parekh 2013
Parekh 2018
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.63; Chi² = 5.32, df = 3 (P = 0.15); I² = 44%
Test for overall effect: Z = 0.52 (P = 0.60)

1.10.2 Intracorporeal Diversion

Catto 2022
Maibom 2021
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.05, df = 1 (P = 0.82); I² = 0%
Test for overall effect: Z = 2.46 (P = 0.01)

Total (95% CI)

Total events:
Heterogeneity: Tau² = 0.31; Chi² = 7.05, df = 5 (P = 0.22); I² = 29%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Chi² = 1.73, df = 1 (P = 0.19), I² = 42.1%

RARC

Events

5
1
1
3

10

3
0

3

13

Total

60
20
20

150
250

161
25

186

436

ORC

Events

5
0
0

14

19

13
1

14

33

Total

58
20
20

152
250

156
25

181

431

Weight

27.6%
6.5%
6.5%

26.6%
67.2%

26.4%
6.4%

32.8%

100.0%

Risk Ratio

M-H, Random, 95% CI

0.97 [0.30 , 3.16]
3.00 [0.13 , 69.52]
3.00 [0.13 , 69.52]

0.22 [0.06 , 0.74]
0.72 [0.22 , 2.43]

0.22 [0.06 , 0.77]
0.33 [0.01 , 7.81]
0.24 [0.07 , 0.75]

0.48 [0.20 , 1.11]

Risk Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours RARC Favours ORC

Study or Subgroup

1.11.1 Extracorporeal Diversion

Bochner 2015
Parekh 2013
Parekh 2018
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.65, df = 2 (P = 0.72); I² = 0%
Test for overall effect: Z = 2.94 (P = 0.003)

1.11.2 Intracorporeal Diversion

Catto 2022
Maibom 2021
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.05, df = 1 (P = 0.82); I² = 0%
Test for overall effect: Z = 3.32 (P = 0.0009)

Total (95% CI)

Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.83, df = 4 (P = 0.93); I² = 0%
Test for overall effect: Z = 4.42 (P < 0.00001)
Test for subgroup differences: Chi² = 0.13, df = 1 (P = 0.72), I² = 0%

RARC

Events

2
0
9

11

9
1

10

21

Total

60
20

150
230

161
25

186

416

ORC

Events

8
2

21

31

27
4

31

62

Total

58
20

152
230

156
25

181

411

Weight

9.8%
2.5%

39.9%
52.2%

42.8%
5.0%

47.8%

100.0%

Risk Ratio

M-H, Random, 95% CI

0.24 [0.05 , 1.09]
0.20 [0.01 , 3.92]
0.43 [0.21 , 0.92]
0.37 [0.19 , 0.72]

0.32 [0.16 , 0.66]
0.25 [0.03 , 2.08]
0.31 [0.16 , 0.62]

0.34 [0.21 , 0.55]

Risk Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours RARC Favours ORC

Study or Subgroup

1.12.1 Extracorporeal Diversion

Khan 2016
Parekh 2013
Parekh 2018
Subtotal (95% CI)

Total events:
Heterogeneity: Tau² = 0.67; Chi² = 3.89, df = 2 (P = 0.14); I² = 49%
Test for overall effect: Z = 0.67 (P = 0.50)

1.12.2 Intracorporeal Diversion

Maibom 2021
Subtotal (95% CI)

Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

Total (95% CI)

Total events:
Heterogeneity: Tau² = 0.22; Chi² = 4.79, df = 3 (P = 0.19); I² = 37%
Test for overall effect: Z = 0.08 (P = 0.93)
Test for subgroup differences: Chi² = 1.35, df = 1 (P = 0.25), I² = 25.8%

RARC

Events

1
1

33

35

7

7

42

Total

20
20

150
190

25
25

215

ORC

Events

7
1

31

39

4

4

43

Total

20
20

152
192

25
25

217

Weight

11.6%
6.9%

54.0%
72.5%

27.5%
27.5%

100.0%

Risk Ratio

M-H, Random, 95% CI

0.14 [0.02 , 1.06]
1.00 [0.07 , 14.90]
1.08 [0.70 , 1.67]
0.65 [0.18 , 2.31]

1.75 [0.58 , 5.24]
1.75 [0.58 , 5.24]

0.97 [0.46 , 2.05]

Risk Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours RARC Favours ORC

Fig. 1. Forest plots for: (A) major complications, (B) blood transfusion, (C) ureteric stricture, (D) thromboembolic events, (E) wound
complications, (F) ileus. Legend: RARC = robot-assisted radical cystectomy; ORC = open radical cystectomy.
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Table 2
GRADE Summary of findings

Outcomes No of participants
(studies)
Follow-up

Certainty of
the evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with ORC Risk difference with RARC

Disease progression 775 (4 RCTs) ⊕ ⊕ ⊕©
Moderatea

RR 0.98
(0.78 to 1.23)

265 per 1,000 5 fewer per 1,000
(58 fewer to 61 more)

Major complication 827 (5 RCTs) ⊕ ⊕ ⊕©
Moderatea

RR 0.95
(0.72 to 1.24)

207 per 1,000 10 fewer per 1,000
(58 fewer to 50 more)

Quality of life 511 (4 RCTs) ⊕ ⊕ ©©
Lowb

– – SMD 0.05 higher
(0.13 lower to 0.22 higher)

Positive surgical
margin rate

591 (6 RCTs) ⊕ ⊕ ⊕©
Moderatec

RR 1.14
(0.58 to 2.24)

51 per 1,000 7 more per 1,000
(21 fewer to 63 more)

Perioperative blood
transfusion rate

683 (4 RCTs) ⊕ ⊕ ⊕⊕
High

RR 0.57
(0.43 to 0.76)

288 per 1,000 124 fewer per 1,000
(164 fewer to 69 fewer)

Operative time 907 (7 RCTs) ⊕ ⊕ ⊕⊕
High

– The mean
operative time was
270 minutesd

MD 70.43 minutes higher
(34.13 higher to 106.74
higher)

Length of hospital
stay

895 (7 RCTs) ⊕ ⊕ ⊕©
Moderatec

– The median length
of hospital stay
was 8 daysd

MD 0.62 days lower
(1.11 lower to 0.13 lower)

Local recurrence 458 (3 RCTs) ⊕ ⊕ ©©
Lowa,c

RR 2.08
(0.96 to 4.50)

39 per 1,000 42 more per 1,000
(2 fewer to 138 more)

Ureteric Stricture 658 (3 RCTs) ⊕ ⊕ ©©
Lowa,c

RR 4.21
(1.07 to 16.53)

6 per 1,000 20 more per 1,000
(0 fewer to 95 more)

Thromboembolic
Events

867 (6 RCTs) ⊕ ⊕ ©©
Lowa,c

RR 0.48
(0.20 to 1.11)

77 per 1,000 40 fewer per 1,000
(61 fewer to 8 more)

Wound
Complications

827 (5 RCTs) ⊕ ⊕ ⊕©
Moderatea

RR 0.34
(0.21 to 0.55)

151 per 1,000 100 fewer per 1,000
(119 fewer to 68 fewer)

Ileus 432 (4 RCTs) ⊕ ⊕ ©©
Lowa,c

RR 0.97
(0.46 to 2.05)

198 per 1,000 6 fewer per 1,000
(107 fewer to 208 more)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and its 95% CI). aDowngraded one level due to concerns regarding study limitations. bDowngraded two levels
due to significant concerns regarding study limitations. cDowngraded one level due to wide confidence intervals. dEstimates obtained from
iROC trial

CI: confidence interval; MD: mean difference; RR: risk ratio; SMD: standardised mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the
estimate of effect.

Operative time

All included studies of 907 patients reported on
operative time [5, 12–18, 20]. There was a signifi-
cantly longer operative time in the group undergoing
RARC compared to ORC [MD 70.4 minutes, 95%CI
34.1 to 106.7]. There was significant heterogene-
ity observed for this outcome (I2 = 95%). There was
no difference between extracorporeal and intracorpo-
real diversions (p = 0.91). The forest plot is shown in
Appendix 6. We graded the certainty of evidence as
high.

Length of hospital stay

Data for this outcome was available for all eligi-
ble studies [5, 12–18, 20]. The mean length of stay
for studies that reported on extracorporeal diversion
ranged from 5-12 days whereas the two studies that
performed intracorporeal diversion ranged from 6-7
days. The mean length of stay for open cases was 6-
14 days. There was a statistically significant reduction
in length of hospital stay in the patients undergoing
RARC compared to ORC [MD -0.62 days, 95%CI
-1.11 to -0.13]. There was no heterogeneity detected
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(I2 = 0%). The mode of diversion had no impact on
length of hospital stay (p = 0.81). The forest plot is
shown in Appendix 7. We graded the certainty of evi-
dence as moderate after downgrading one level due
to concerns about imprecision and confidence inter-
vals that crossed thresholds that would be clinically
significant.

Local recurrence

Three trials of 458 patients reported on local recur-
rence defined as the evidence of bladder cancer in
the pelvic soft tissue and/or lymph nodes following
radical cystectomy [12, 13, 16]. There were only 29
events of local recurrence observed. The incidence
was higher in the RARC group (8.3%) compared
to the ORC group (3.9%). However, the difference
between the groups was not statistically significant
[RR 2.08, 95%CI 0.96 to 4.50]. There was no hetero-
geneity detected (I2 = 0%). Subgroup analysis based
on the mode of diversion was unable to be conducted
due to a lack of data for this outcome for patients
undergoing intracorporeal diversion. The forest plot
is shown in Appendix 8. We graded the certainty of
evidence as low after downgrading one level for study
limitations and a further level for imprecision.

Ureteric stricture

Three trials of 658 patients reported on the
occurrence of ureteric stricture following radical cys-
tectomy [5, 13, 16]. The overall incidence of ureteric
strictures was 1.8%. There was an increased risk of
developing a ureteric stricture in the robotic group
[RR 4.21, 95%CI 1.07 to 16.53]. There was no hetero-
geneity observed (I2 = 0%). There was no difference
in the incidence of strictures whether the diversion
was performed extra- or intra-corporeally (p = 0.92).
The forest plot is shown in Fig. 1C. We graded the cer-
tainty of evidence as low after downgrading one level
for study limitations and a further level for impreci-
sion.

Thromboembolic events

The incidence of thromboembolic events amongst
the six studies with information on this outcome
was 5.3% [5, 12, 13, 15–17]. There was no dif-
ference in risk between patients undergoing RARC
and ORC [RR 0.48, 95%CI 0.20 to 1.11]. A small
amount of heterogeneity was observed (I2 = 29%). It
should be noted that both large, multi-institutional

RCTs (RAZOR and iROC) showed a significantly
decreased risk of thromboembolic events in the
RARC arm – both reported an identical RR of 0.22
with similar confidence intervals. The mode of diver-
sion had no impact on the risk of thromboembolic
events (p = 0.19). The forest plot is shown in Fig. 1D.
We graded the certainty of evidence as low after
downgrading one level for study limitations and a
further level for imprecision.

Wound complications

Five studies of 827 patients reported sufficient
data to assess this outcome [5, 12, 15–17]. The inci-
dence of wound complications was 10.0%. The was a
significantly lower risk of experiencing a wound com-
plication in the RARC group [RR 0.34, 95%CI 0.21
to 0.55]. No heterogeneity was detected (I2 = 0%). No
difference was seen between the modality of diver-
sion (p = 0.72). The forest plot is shown in Fig. 1E.
We graded the certainty of evidence as moderate after
downgrading one level due to concerns about study
limitations.

Paralytic ileus

The incidence of a paralytic ileus amongst included
patients was 19.8% [5, 13, 15–17]. There was no dif-
ference observed between the two groups [RR 0.97,
95%CI 0.46 to 2.05]. A small degree of heterogeneity
was observed (I2 = 37%). There was no difference in
the risk of ileus whether the diversion was performed
extra- or intra-corporeally (p = 0.25). The forest plot
is shown in Fig. 1F. We graded the certainty of evi-
dence as low after downgrading one level for study
limitations and a further level for imprecision.

DISCUSSION

This updated systematic review and meta-analysis
of nearly 1,000 patients from high-level randomised
trials outlines the benefits and drawbacks of RARC
and ORC. Compared to our previously published
paper, this study includes the results of two additional
trials that were the first to perform intra-corporeal uri-
nary diversions compared to the others that performed
diversions extra-corporeally. The results of this study
validate the safety of a robotic approach to radical
cystectomy by showing equivalence between RARC
and ORC for the primary outcomes of disease pro-
gression, major complications and quality of life. As
hypothesised, due to the minimally invasive nature of
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RARC, there was a significantly lower need for blood
transfusions, decreased risk of wound complications
and a shorter length of stay in this group. We do
acknowledge that the reduction in length of stay was
only just over half a day, and this may not be clinically
significant. On the other hand, RARC was associated
with an increased operative time. There was also an
increased risk of uretero-ileal stricture in the robotic
group at limited follow-up. Concerningly, although
failing to achieve statistical significance, there was
a two-fold increase in the risk of local recurrence
in patients undergoing a robotic cystectomy. There
maybe several factors contributing to this, other than
surgical approach, that we discuss below. The type of
urinary diversion did not impact any of the outcomes
assessed.

Overall, the findings from this study are in line
with the primary studies and the wider literature.
Our initial review also demonstrated that surgi-
cal approach for radical cystectomy did not have
a significant impact on patient-important outcomes
[9]. The results from other systematic reviews that
also included non-randomised studies were consis-
tent with these findings [23, 24]. Therefore, both
RARC and ORC can be considered to be equiva-
lent in the wider sense with the decision on approach
based on surgeon experience/training, accessibil-
ity and health economics. It should be noted that
minor differences have been observed between extra-
and intra-corporeal diversion in some studies. We
observed a trend towards lower major complica-
tion rates and decreased risk of thromboembolic
events with intra-corporeal diversions but none of
these achieved statistical significance likely due to
insufficient statistical power. We hypothesise that
the reduction in thromboembolic events are likely
multifactorial and at least partly related to earlier
mobilisation in the post-operative period with a
minimally-invasive approach, especially with intra-
corporeal diversion where the surgical incision is
not large. Some of the benefits of RARC with
intra-corporeal diversion are currently diluted by
the increased operative time which in itself would
increase the risk of thromboembolic events but as
surgical time decreases with experience then we
can expect the benefits on minimising thromboem-
bolic events to increase. Analysis of the International
Robotic Cystectomy Consortium did demonstrate a
decreased risk of complications at 90 days in the
intracorporeal group but most of the other outcomes
were comparable between the techniques [25]. A
multi-institutional, French study also reported no

difference in peri-operative outcomes between the
different modalities of diversion [26]. We hypoth-
esised that there may be a reduced risk of wound
complications with intra-corporeal diversion because
of small incision lengths but this was not seen in our
results. This maybe either because there is no true
difference or that there was insufficient power.

As with most complex surgical procedures, surgi-
cal experience has been shown to have a significant
impact on outcomes following RARC. Dell’Oglio et
al in a cohort study demonstrated that as surgical
experience in RARC with intracorporeal diver-
sion increased, there was a lower incidence of
Clavien-Dindo grade ≥ 2 complications and a shorter
operative time [27]. There was also a lower incidence
of disease recurrence at 18 months with increas-
ing experience. We hypothesise that differences, and
potential shortcomings in training and experience,
may have contributed to the observed absolute dif-
ference in local recurrence rates between RARC and
ORC. It is plausible that sub-standard lymph node
dissections in the RARC group could be a factor in
this outcome, especially during the learning curve.
Guru et al reported that average lymph node yield
increased with experience from 13 to 23 [28]. Fur-
thermore, there have been previous concerns that
the robotic technique may negatively impact onco-
logic dissection and impact cancer cell dissemination
through pneumoperitoneum [29]. However, a sec-
ondary analysis of the RAZOR trial reported that
surgical approach did not affect patterns of recurrence
[21]. This finding, albeit not statistically significant,
warrants investigation in future studies to ensure
oncological safety.

We did observe an increased risk of ureteric stric-
tures in the group undergoing RARC. This has been
seen in other non-randomised studies. Using Surveil-
lance, Epidemiology, and End Results-Medicare
data, RARC had a higher incidence of ureteric stric-
tures at six months compared to ORC, 12% vs 7%
[30]. Even with extended follow-up to 24 months,
stricture rates were lower in patients undergoing
ORC. Similarly, Reesink et al reported a 17% inci-
dence of uretero-ileal strictures at three months in
their single institution study. The RARC group had an
increased risk of strictures compared to ORC (25%
vs 13%, p < 0.01) [31]. Importantly, the first study
showed that the incidence of strictures was inversely
related to hospital volume of RARC [30]. Similarly,
the second study showed that the incidence of stric-
tures after RARC was highest in the first 12 months
following introduction of the robot and then subse-
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quently decreased [31]. Therefore, we suggest that
the findings of increased stricture rate in our meta-
analysis may again be driven by surgical experience
rather than purely due to the cystectomy being per-
formed robotically. Surgeons should still reflect on
technical factors that may be contributing to this
finding and consider advances such as the use of indo-
cyanine green. Ahmadi and colleagues reported that
checking distal ureter vascularity with indocyanine
green led to a larger length of ureter being excised
and no occurrences of strictures, compared to an 11%
incidence of stricture in the group of patients for
whom indocyanine green was not used [32]. The lack
of haptic feedback with an intra-corporeal robotic
approach may also be impacting the degree of tension
placed on the anastomosis which may be contributing
to the stricture rate.

There are limitations of this systematic review
and meta-analysis that should be considered when
interpreting its results. There are differences in surgi-
cal technique between and within studies and also
in post-operative management that may have con-
tributed to the results despite randomisation. Despite
randomisation that is intended to balance measured
and unmeasured confounders between intervention
groups, there was not explicit pre-planned strat-
ification based on these factors (e.g. receipt of
neoadjuvant chemotherapy or VTE prophylaxis) and
therefore imbalances may exist between the groups
that could confound the results. The majority of
patients received an ileal conduit as their urinary
diversion and therefore results are mainly applica-
ble to these patients and there maybe differences that
were not detected in this meta-analysis in patients
having a neobladder. Despite pooling the results from
several studies, some outcomes may still be under-
powered to detect a difference; for example, there
was only a small proportion of high-risk patients
included in the trials and hence this may not be
sufficient to detect an effect on disease recurrence.
Early recovery after surgery (ERAS) protocol has
been widely adopted in high-volume, tertiary cystec-
tomy centres such as those participating in the study
and has been shown to greatly improve the outcomes
after radical cystectomy and maybe masking some
of the benefits of a robotic approach [33]. For exam-
ple, randomised evidence has demonstrated that the
use of a mu-opioid receptor antagonist reduced the
incidence of post-operative ileus and hospital stay
[34]. However, a single institution study compar-
ing the impact of surgical approach after institution
of an ERAS protocol demonstrated no difference in

major complications or readmissions between ORC
and RARC [35]. The studies were not powered to
assess most of the secondary outcomes we tested
and therefore there may be differences that we have
not observed. For example, the findings regarding
the increased risk of ureteric strictures and the sig-
nal toward a possible risk of increased recurrence
in the RARC group warrant further investigation.
However, the secondary analyses are only hypoth-
esis generating and the results of such should be
interpreted within that context. The findings of this
meta-analysis may not be generalisable to the wider
community given that many of these surgeons were
high-volume, fellowship-trained, experts and their
outcomes may not be replicated by less experienced
surgeons given the complexity of radical cystec-
tomy [36]. Furthermore, outcomes in a clinical trial
have been consistently shown to be superior to those
seen in the real-world [37]. Other relevant outcomes
such as readmission rate and the need for secondary
interventions were not assessed in our study and
may provide important information in appraising the
differences between surgical approaches for radical
cystectomy. Likewise, we did not assess survival
outcomes because we did not believe that surgical
approach itself is a critical factor in determining
overall survival outcomes when compared to other
factors that have a bigger impact, such as disease
stage and nodal involvement, but it is possible that
there may be a difference in survival between robotic
and open cystectomy that should be assessed in future
studies.

CONCLUSIONS

Robot-assisted radical cystectomy and open cys-
tectomy are comparable for primary outcomes of
disease progression, major complications and quality
of life. Robot-assisted radical cystectomy does offer
the benefit of being minimally invasive, resulting in
decreased risk of blood transfusions, wound infec-
tions and decreased length of hospital stay. However,
open cystectomy was a shorter procedure and had a
lower risk of ureteric stricture. There was no differ-
ence in outcomes based on whether urinary diversion
was performed extra- or intra-corporeally. In addi-
tion to accessibility and surgical experience, patients
should be counselled on these individual risks and
benefits of each approach when making a clinical
decision.
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Appendix 1 Study flow diagram



266 N.J. Sathianathen et al. / Robotic vs Open Cystectomy Updated Review

Appendix 2. Risk of bias
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Appendix 3. Forest plot for disease progression
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Appendix 4. Forest plot for quality of life
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Appendix 5. Forest plot for positive surgical margins

Appendix 6. Forest plot for operative time
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Appendix 7. Forest plot for length of hospital stay
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Appendix 8. Forest plot for local recurrence
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