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Abstract

This systematic review and meta-analysis aimed to assess and compare the perioperative and oncological outcomes of
intracorporeal (ICUD) and extracorporeal (ECUD) urinary diversion following robot-assisted radical cystectomy (RARC).
A systematic literature search of articles was performed in PubMed®, Web of Science®, and Scopus® databases according
to the Preferred Reporting Items for Systematic Review and Meta-Analysis statement. We included studies that compared
patients who underwent RARC with ICUD to those with ECUD. Twelve studies including 3067 patients met the eligibility
criteria. There were no significant differences between ICUD and ECUD in overall and major complications, regardless
of the period (short-term [< 30 days] or mid-term [> 30 days]). Subgroup analyses demonstrated that ICUD performed by
high-volume centers exhibited a significantly reduced risk of major complications (short-term: OR 0.57, 95% CI 0.37-0.86,
p=0.008, mid-term: OR 0.66, 95% CI 0.46-0.94, p=0.02). Patients who underwent ICUD had lower estimated blood loss
(MD -102.3 ml, 95% CI—132.8 to—71.8, p <0.00001), less likely to receive blood transfusion rates (OR 0.36, 95% CI
0.20-0.62, p=0.00003); and these findings were consistent in subgroup analyses by low-volume centers (MD-121.6 ml,
95% CI—160.9 to—82.3, p<0.00001 and OR 0.36, 95% CI 0.20-0.62, p=0.00003, respectively). ICUD had a higher lymph
node yield (MD 3.68, 95% CI 0.80-6.56, p=0.01). Patients receiving ICUD provided comparable complications, superior
perioperative outcomes, and similar oncological outcomes compared with ECUD. Centralization of patients may contribute
to a reduction of postoperative complications, while maintaining the advantages.

Keywords Robot-assisted radical cystectomy - Intracorporeal urinary diversion - Extracorporeal urinary diversion -
Complication - Hospital volume - Meta-analysis

Introduction

Radical cystectomy with pelvic lymph node (LN) dissection
is the mainstay of treatment for patients with muscle-inva-
sive bladder cancer and very high-risk non-muscle-invasive
bladder cancer [1, 2]. Since its advent in 2003, the adoption
of robot-assisted radical cystectomy (RARC) has increased
steadily worldwide with the promise to lower complications
and improve perioperative outcomes, while receiving onco-
logic efficacy [3—7]. Randomized controlled trials (RCTs)
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revealed that RARC with extracorporeal urinary diversion
(ECUD), the initial type of urinary diversion (UD), did not
improve complication rates compared to open radical cys-
tectomy (ORC) [8, 9]. ICUD has been introduced with the
aim to fulfill the promise of RARC to reduce complications,
including bowel occlusion due to limited manipulation and
air exposure, wound-related complications, and anastomotic
stricture [10, 11]. To date, some observational studies sug-
gest an advantage to ICUD over EUCD [12, 13], but no
randomized trial has yet compared the differences between
these two types of UD. Indeed, due to the heterogeneity in
patient population and surgical factors, such a trial will be
challenging because of the needed sample size and rand-
omization. Recently, the International Robotic Cystectomy
Consortium (IRCC) database, although this cohort consisted

@ Springer


http://orcid.org/0000-0002-8377-2457
http://crossmark.crossref.org/dialog/?doi=10.1007/s10147-021-01972-2&domain=pdf

1588

International Journal of Clinical Oncology (2021) 26:1587-1599

of 26 institutions, reported that intracorporeal urinary diver-
sion (ICUD) use increased dramatically by an 11% increase
rate per year, from 9% in 2005 to 97% in 2016 [14]. How-
ever, due to this data from leading experienced institutions,
it may not represent real-world data. Since these retrospec-
tive studies are subject to inherent recruitment and alloca-
tion bias, it might not reflect the true impact of ICUD. One
major concern for ICUD has caused by an increased risk of
perioperative morbidity with prolonged operative time due
to its highly complex procedure. Thereby, whether a wide
variety of institutions should willingly incorporate ICUD
at the cost of the great disadvantage remains unclear. For
an understanding of the current situation in the impact of
ICUD, we performed a systematic review and meta-anal-
ysis of the literature comparing complications as well as
perioperative and oncological outcomes between ICUD
and ECUD. Moreover, we evaluated the effect on hospital
volume of this complex procedure by performing subgroup
analyses. The provided data should help set up a framework
for discussion and trial planning.

Patients and methods

This study is registered with the International Prospective
Register of Systematic Reviews (CRD: 42020212880).

Literature search strategy

The present systematic review and meta-analysis were per-
formed according to PRISMA (the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) statement
[15]. A comprehensive literature search using the electronic
database (PubMed, Web of Science, and Scopus) was carried
out in September 2020 to retrieve published articles compar-
ing complications, perioperative and oncological outcomes
of patients who underwent RARC with ICUD to those who
underwent RARC with ECUD. The search for eligibility was
independently performed by two authors using the following
string terms: (urothelial carcinoma OR urothelial cancer OR
bladder cancer OR bladder carcinoma) AND (robot-assisted
radical cystectomy OR da Vinci radical cystectomy OR
robot radical cystectomy) AND (diversion OR ileal con-
duit OR neobladder) AND (perioperative OR complication
OR morbidity OR mortality). The primary outcomes were
complications between ICUD and ECUD, graded with the
Clavien—Dindo system into overall (grades 1-5) and major
(grades 3-5). Concerning the observed period, we divided
the complications into short-term (< 30 days) and mid-term
(> 30 days). The secondary outcomes were perioperative
outcomes, including operative time, estimated blood loss
(EBL), blood transfusion rates, length of stay (LOS), ileus,
gastrointestinal (GI)-related complications, and oncological

@ Springer

outcomes, including LN yield, number of positive LNs, and
soft tissue surgical margin (STSM). After a first screening
based on the study title and abstract, the second screening
was based on the full-text review and excluded with reasons
when deemed inappropriate. Disagreements were resolved
via a consensus with coauthors.

Inclusion/exclusion criteria

The clinical question was established, as stated in the PICO
(Population, Intervention, Comparator, Outcome, Study
design) approach. Studies were included when bladder can-
cer patients (P) who had undergone RARC with ICUD (I) as
compared with those who had undergone RARC with ECUD
(C) in terms of complications, perioperative and oncological
outcomes (O) using randomised controlled or observational
cohort studies (S). In case of multiple publications on the
same cohort, either the high quality or the most recent pub-
lication was selected. Reviews, letters, editorials, comments,
meeting abstracts, case reports, and articles not published in
English were excluded.

Data extraction

Two authors independently conducted data extraction from
the included articles. The extracted data included: first
author’s name, publication year, period of patient recruit-
ment, recruitment region, study design, number of patients,
age, gender, body mass index, neoadjuvant chemotherapy,
The American Society of Anesthesiology score, number
of surgeons, operative time, EBL, blood transfusion rates,
LOS, type of UD, overall and major complications, ileus,
Gl-related complications, pathologic stage, STSM, LN yield
and positive LN. All discrepancies in the data extraction
were resolved by consensus with co-investigators.

Statistical analysis

Forest plots were used as the summary variables for dichoto-
mous and continuous outcomes and to describe the relation-
ships between different UDs and each outcome. Continuous
variables are presented as mean + standard deviation (SD),
and compared with mean differences (MDs). Dichotomous
variables are presented as proportions and compared with
odds ratios (ORs) and 95% confidence intervals (CIs). Con-
tinuous variables reported as median and interquartile range
were altered to mean and SD using the formulas given by
Wan et al. [16]. We summarized data using a random-effect
model as the studies were heterogeneous. Subsequently, we
also performed subgroup analyses according to hospital vol-
ume in ICUD. A high-volume center was defined as studies
included the number of patients receiving ICUD per hospital
per year was > 10, and a low-volume center was defined as
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the number of patients was < 10, as recommended by the
European Association of Urology Muscle-invasive and Met-
astatic Bladder Cancer Guideline Panel (EAU MIBC panel)
[17]. In the study from IRCC database [18], we estimated
the number of patients who underwent ICUD before pro-
pensity score matching while referring to the previous study
with the same database [14]. Subgroup analyses of compli-
cation rates were conducted in studies from high-volume
centers as examined the impact of ICUD with reduced the
effect of the learning curve. Subgroup analyses of periopera-
tive outcomes were conducted in studies from low-volume
centers as examined the adverse effects of ICUD with the
learning curve strongly considered. Heterogeneity among
the included studies’ outcomes in the meta-analysis was
evaluated using the /? statistics and the Cochrane Q test.
Significant heterogeneity was indicated by an I test greater
than 50% and p <0.05 in the Cochrane Q test. Publication
bias was assessed using funnel plots. Statistical analyses
were carried out using Review Manager 5.4 (The Nordic
Cochrane Centre, Copenhagen, Denmark); the statistical
significance level was p <0.05.

Risk of bias

Two authors independently evaluated the risk of bias for all
prospective or retrospective cohort studies using the ROB-
INS-I tool [19]. All discrepancies regarding the risk of bias
were resolved by consensus with coauthors.

Results
Search results

We identified 298 studies in PubMed, 1659 studies in Web
of Science, and 31 studies in Scopus from the initial search;
2 additional studies were added after the latest search. After
removing 219 duplicate articles, we screened 1771 titles
and abstracts, reviewed 145 full-text articles, which led to
the identification of 12 articles comprising 3067 patients
that met our inclusion/exclusion criteria [18, 20-30]. Five
articles were excluded because of an overlap in the recruit-
ment period at the same institution (Fig. 1). Five and seven
studies were divided, respectively, into high-volume center
subgroup and low-volume center subgroup. The risk of bias
is depicted in Supplementary Table 2.

Included studies

Overall, 1401 patients (45.7%) underwent ICUD and 1666
(54.3%) underwent ECUD. Table 1 demonstrates the basic
characteristics of the included studies. Complications,
perioperative and oncological outcomes are summarized in

Table 2 and Supplementary Table 1. All studies were non-
randomized controlled studies. In seven studies (58.3%),
RARC plus ICUD were performed by multiple surgeons.
Mistretta et al. [30] compared orthotopic ileal neobladder
performed intracorporeally vs extracorporeally. Zhang et al.
[25] utilized enhance recovery after surgery (ERAS). Hus-
sein et al. [18] used propensity score matching using data
from IRCC.

Complications
Short-term complications

Nine studies comprising 2459 patients and seven studies
comprising 2160 patients were analyzed for overall and
major complications, respectively. Forest plots (Fig. 2A, B)
showed that there were no significant differences in overall
and major complications between ICUD and ECUD (OR
1.08, 95% CI 0.59-1.97, p=0.80 and OR 1.09, 95% CI
0.58-2.04, p=0.79, respectively). Between studies, hetero-
geneities in overall and major complications were signifi-
cant based on the Cochrane Q test (p <0.00001 and p=0.01,
respectively) and I* test (89% and 64%, respectively). A
subgroup analysis of high-volume centers showed that
there was no significant difference in overall (OR 0.75, 95%
CI 0.49-1.14, p=0.18) complications, but ICUD in high-
volume centers was significantly associated with a reduced
risk of major (OR 0.57, 95% CI 0.37-0.86, p=10.008)
complications (Fig. 2C, D). No significant heterogeneities
were observed in these subgroup analyses (Cochrane Q test
[p=0.08 and p=0.73] and I [55% and 0%] in overall and
major complications, respectively). The funnel plots for
overall and major short-term complications identified four
and two studies over the pseudo-95% CI, respectively (Sup-
plementary Fig. 3A, 3B).

Mid-term complications

Eight studies comprising 2193 patients and 7 studies com-
prising 2160 patients were analyzed for overall and major
complications, respectively. The forest plots (Fig. 3A, B)
showed that there were no significant differences in over-
all and major complications (OR 0.89, 95% CI 0.71-1.13,
p=0.34 and OR 0.94, 95% CI 0.60-1.48, p=0.81, respec-
tively). Cochrane Q test (p =0.82 and p=0.22, respec-
tively) and I test (0% and 28%) showed no significant het-
erogeneities. A subgroup analysis of high-volume centers
showed that there was no significant difference in overall
(OR 0.85, 95% CI 0.64-1.13, p=0.27) complications, but
ICUD in high-volume centers was significantly associated
with a reduced risk of major (OR 0.66, 95% CI 0.46-0.94,
p=0.02) complications (Fig. 3C, D). The funnel plot in both
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Fig.1 Flow diagram of the study selection procedure for the systematic review and meta-analysis. /CUD intracorporeal urinary diversion;

ECUD extracorporeal urinary diversion

overall and major complications identified no study over the
pseudo-95% CI (Supplementary Fig. 3C, 3D).
Perioperative outcomes

EBL and blood transfusion rates were significantly lower

in patients who underwent an ICUD (MD —102.3 ml, 95%
CI —132.8 to —=71.8, p<0.00001 and OR 0.36, 95% CI
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0.20-0.62, p=0.00003, respectively) compared to those
who underwent an ECUD (Fig. 4A, B). Operative time
and LOS were not significantly different between ICUD
and ECUD (MD 17.4 min, 95% CI —13.2 to 48.1, p=0.27
and MD —0.87, 95% CI —2.12 to 0.39, p=0.17, respec-
tively) (Fig. 4C, Supplementary Fig. 1A). Ileus exhib-
ited a marginally trend toward benefit for ICUD but this
did not reach statistical significance (OR 0.72, 95% CI



1591

International Journal of Clinical Oncology (2021) 26:1587-1599

K3ojorsayjseruy Jo £)9100S UBOLIOWY S ‘Adersyjowoyd juean(peosu DA ‘Xopur ssew Apoq Jyg ‘UOTSISAIP Areurin [ea10dIodenxs (7)) ‘UOISISAIP Areurin [eaiodIodenur (707

9LE 01< AN 1'LE/T9¢ 8¢C/LT €8/LL 69/89 SLE/T0E Pandadsonay vsn 81021107 [Stl 'Te 10 Sueyz

9L 9 AN L'6/L°01 ¢ 98/98 S91v9 8LT/¥8 eandcadsonsy eaIoy] ymog L10T-L00T  [¥2] Te s wiys
[ez]

801 € ov/1°ce L'STTve 92/9¢ G8/¢€8 89/1L S01/291 2Aandadsonay Arear 810C—¥00C  '[e 39 dUOZZe]N
[og]

S AN AN soc/rey LT/ILT AN 29/09 v¥/LS eanoadsonay Areap 610C—¥10C  'Te 10 BNAISIA
(811

8'¢ ordnnu ¥ 6v/0°6v 8'61/L81 LT/8¢C 8L/ILL 89/69 98%/981 dAmdadsonay vsSn 810C—500T ‘Te Jo uressny
(el

Sl C 0°L6/£°86 8'1€/L°9¢ 8¢/0¢ 98/LL €L/69 99/09  eAndadsord vsSn L10T—¥10T ‘[e 10 ojoueg

96l IN IN cel/ee LT/LT 88/¢8 1L/89 89/6S oamdadsonay N L102—S10T [zc] T80 ey,
[oz]

I'c S (28 7( a4t 0S/6'1¥ 9¢/9¢C ¥6/18 89/L9 YE/rL danoadsonay dueL 9102-010¢ ‘[e 39 Juejuo]

6 S LIl/e’s 0/T¥e ¥2/LT £8/C8 89/89 TI/8¢  danoadsord Arewus g S10z-¢10T [LT] ‘Te1e oSury

£'e 1 AN V' 81/1°€C §C/ST 6/T6 £9/59 8€/97 Andadsonay ea10y YINog #102-L00C  [92] 'Te 30 unkgq
[6c] T30

gol1 AN 9'86/0S AN 8¢C/1¢€ CLI6L 89/0L 0T1/cy eandadsonay vsSn C10T—600C  paweyownoqy

£'e AN AN IN LT/8C 0L/SL L9/19 0T/ eanoadsonay vSn 6002—-800C [82] T8 10 1pnig

& u andd
‘dnoj ut swmn (%) andx/anNdl And4/andl dndd/anol /dnNdI Teak
-JoA [e3dsoH suod3ins Jo 'ON ¢ <QI0dS VSV (%) 218l DVN ING (%) °rIN (A) ueow 93y sjuoned ‘oN u3rsop Apm§ uoI3oy JUSWIINIONY

SOIPNIS POpN[OUT dY) JO SONSLIAOLIRYD uIfaseq | d|qeL

pringer

a's



1592

International Journal of Clinical Oncology (2021) 26:1587-1599

Table 2 Perioperative complications of the included studies

Short-term com-  Short-term com- Mid-term

Mid-term com-  Ileus (%) Gastrointestinal- ~ Wound-related

plication (overall) plication (major) complication plication (major) related complica- complication
(%) (%) (overall) (%) (%) tion (%) (%)
Pruthi et al. [28]  42/40 NR 0/10 NR NR NR NR
Aboumohamed NR NR NR NR NR NR NR
et al. [29]
Pyun et al. [26] NR NR NR NR NR 0/5 0/11
Kingo et al. [27]  100/100 26/0 100/100 32/8 13/8 NR 0/0
Lenfant et al. [20] 47/38 9/6 19/29 12/18 NR NR NR
Tan et al. [22] 51/74 8/10 12/15 8/9 NR NR NR
Bertolo et al. [21] 22/14 2/2 7/6 2/0 5/9 10/17 0/2
Hussein et al. [18] 47/22 12/7 6/6 2/1 NR 23/16 13/9
Mistretta et al. 58/59 19/20 42/36 28/25 9/7 NR NR
[30]
Mazzone et al. 35/43 NR NR NR NR NR NR
(23]
Shim et al. [24] NR NR NR NR NR 5/13 4/3
Zhang et al. [25]  38/43 10/18 44/48 17/25 21/27 23/29 NR
0.53-1.03, p=0.07) (Supplementary Fig. 1B). There was Discussion

no difference in Gl-related complications between the two
UDs (OR 0.75,95% CI1 0.41-1.39, p =0.36) (Supplemen-
tary Fig. 1C). A subgroup analysis of low-volume centers
showed that EBL and blood transfusion rates remained
significantly different (MD —121.6 ml, 95% CI —160.9
to —82.3, p<0.00001 and OR 0.36, 95% CI 0.20-0.62,
p=0.00003, respectively) (Fig. 4D, 4E). Subsequently,
operative time and LOS also remained no significantly
different in subgroup analyses of low-volume cent-
ers (MD 33.3 min, 95% CI —16.0 to 82.7, p=0.19 and
MD -0.21, 95% CI —2.46 to 2.04, p =0.86, respectively)
(Fig. 4F, Supplementary 2D). The funnel plots identi-
fied two studies for EBL, no study for blood transfusion
rates, seven studies for operative time, and five studies for
LOS over the pseudo-95% CI (Supplementary Fig. 3E-H,
respectively).

Oncological outcomes

Patients receiving an ICUD had a significantly higher
LN yield than those who received an ECUD (MD 3.68,
95% CI 0.80-6.56, p=0.01) (Supplementary Fig. 2A).
STSM and the positive LN were not significantly different
between ICUD and ECUD (OR 1.02, 95% CI 0.74-1.40,
p=0.92 and OR 1.12,95% CI 0.79-1.59, p=0.54, respec-
tively) (Supplementary Fig. 2B, 2C). The funnel plots
identified four studies for LN yield, no study for STSM,
and one study for positive LN over the pseudo-95% CI
(Supplementary Fig. 31, 3J, 3K, respectively).
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We performed a systematic review and meta-analysis to
evaluate the clinical safety and efficacy of RARC with
ICUD compared to ECUD by assessing complications,
perioperative and oncological outcomes. Perioperative
complications, including overall or major, short-term or
mid-term, were comparable between ICUD and ECUD.
Subgroup analyses suggested that patients receiving ICUD
in high-volume centers had significantly a reduced risk
of major complications, but not that of overall complica-
tions. Moreover, we found that patients who underwent
an ICUD had a significantly lower EBL, lower transfusion
rates; these findings remained even in patients from low-
volume centers.

RC is a technically complex procedure that comprises
two major steps: the bladder extirpation phase and the
urinary reconstructive phase. With the growing popular-
ity of RARC, the quest for improvement of outcomes has
shown some evidence toward better outcomes with ICUD
compared to ECUD while maintaining long-term survival
outcomes and similar recurrence patterns as well as supe-
rior perioperative outcomes and comparable oncological
outcomes compared to ORC [31-34]. It is well-known
that the urinary reconstructive phase is the major driver
of morbidity. By performing the UD intracorporeally, it
has been argued that the expected benefits of complete
pneumoperitoneum and minimal invasive surgery would
lead to tangible improvement for RC patients. Indeed, oth-
ers and we hypothesized that ICUD might have a positive
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(A)
ICUD ECUD Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Pruthi 2010 g 12 a 20 8.1% 1.07 [0.25, 4.59] 2010
Kingo 2017 38 38 12 12 Mot estimable 2017
Lenfant 2018 35 74 13 34 120% 1.45[0.63,3.32] 2018 B —
Bertolo 20149 12 60 a 66 11.1% 1.81[0.69, 4.80] 2019 N B —
Tan 2018 30 59 50 68 12.6% 0.37[0.18,078] 2019 I —
Hussein 2020 226 486 106 486 15.0% 312[2.36,412] 2020 —=
Mazzone 2020 a7 1682 45 105 14.0% 0.72[0.44, 1.20] 2020 1
Mistretta 2020 33 a7 26 44 12.2% 0.95[0.43,212] 2020 I E—
Zhang 2020 113 3M 162 375 14.89% 0.79[0.58,1.08] 2020 -7
Total (95% CI) 1249 1210 100.0% 1.08 [0.59, 1.97] el
Total events 549 430
Heterogeneity: Tau=f 0.61; Chi*=64.54 df=7 (P = 0.00001), F=89% 071 072 D:S é é 1-U
Test for averall effect: Z=0.25 (P =0.80) Favours [ICUD]  Favours [ECUD
(B)
ICUD ECUD Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Kingo 2017 10 38 I 12 40% 9.21[0.50,169.74] 2017
Lenfant 2018 7 74 2 34 98% 1.67[0.33,851] 2018 —
Tan 2019 5 59 7 68 141% 0.81[0.24, 2.69] 2018 [ —
Bertolo 2019 1 60 1 66 4.3% 1.10[0.07,18.01] 2019
Zhang 2020 3 am 67 375 254% 0.453[0.33,083] 2020 —
Hussein 2020 86 486 33 486 255% 1.79[1.14, 2,800 2020 —
Mistretta 2020 11 57 9 44 17.0% 0.93[0.35, 2.49] 2020 I —
Total (95% CI) 1075 1085 100.0% 1.09 [0.58, 2.04] S
Total events 121 118
Heterogeneity: Tau®= 0.35; Chi*= 16.73, df= 6 (P = 0.01}; F= 64% 0 :El1 051 110 160
Test for overall effect: 2= 0.27 (P =0.79) Favours ICUD] Favours [ECUD]
©)
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Eertolo 2018 13 60 g 66 14.3% 1.75[0.69, 4.46] T
Mazzone 2020 a7 162 45 105 284% 0.72[0.44, 1.20] —-
Tan 20149 a0 a9 50 B 19.3% 0.37[018,0.78] —
Zhang 2020 113 301 162 375 37.49% 0.79[0.58, 1.08] -
Total (95% CI) 582 614 100.0% 0.75[0.49, 1.14] -.'-
Total events 213 266
Heterogeneity: Tau®= 0.10; Chi®= 6.72, df= 3 (P = 0.08); F= 55% t t f f
Testfi lleffect £=1.35(F=0.18 0.05 0.2 5 0
estfor overall effect Z=1.35 (P =0.18) Favours [ICUD] Favours [ECUD]
(D) ICUD ECUD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bertalo 2019 1 B0 1 66 23% 1.10[0.07,18.01]
Tan 20149 4] 54 7 B8 12.2% 0.81[0.24, 2.69] —
Zhang 2020 3 3m 67 375 B855% 0.53[0.33,0.83] —.—
Total (95% CI) 420 509 100.0% 0.57 [0.37, 0.86] -
Total events ar 75
ity == cChir= = = CR= } } t +
Heterogeneity: Tau®*=0.00; Chi*=0.64, df =2 (P=073); F=0% 05 0 : 70

Test for overall effect: 2= 2.65 (P =0.008)

Fig.2 Forest plots of studies investigating the comparison of A
short-term overall complication, B short-term major complication,

and C subgroup of short-term overall complication, D subgroup of

Favours [experimental] Favours [control]

short-term major complication classified by hospital volume between
RARC with ICUD and RARC with ECUD
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(A) _ _ _
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Pruthi 2010 0 12 2 20 0DE% 0.30[0.01,6.70] 2010 *
Kingo 2017 38 38 12 12 MNat estimahle 2017
Lenfant 2018 14 74 10 34 B.2% 0.56[0.22,1.43] 2018 e —
Bertolo 20149 4 B0 4 66 27% 1.11 [0.26, 4.64] 2019
Tan 2019 7 59 10 68 51% 0.78[0.28,2.20] 2019 — T
Hussein 2020 29 4386 27 486 186% 1.08 [0.63,1.85] 2020 I
Mistretta 2020 24 57 16 44 B8.3% 1.27 [0.57, 2.86] 2020 I e —
Zhang 2020 133 301 181 375 58.6% 0.85 [0.63,1.15] 2020 j
Total (95% CI) 1087 1105 100.0% 0.89 [0.71,1.13]
Total events 249 262
Heterogeneity: Tau = UPU; Chi =_2,90, df =6 (F=082), F=0% o s 1 t 0
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Fig. 3 Forest plots of studies investigating the comparison of A mid-
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subgroup of mid-term overall complication, D subgroup of mid-term

major complication classified by hospital volume between RARC
with ICUD and RARC with ECUD
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Fig.4 Forest plots of studies investigating the comparison of A esti-
mate blood loss, B blood transfusion rates, C operative time, and D

subgroup of estimate blood loss, E subgroup of blood transfusion
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rates, F subgroup of operative time classified by hospital volume
between RARC with ICUD and RARC with ECUD
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Fig.4 (continued)

impact in terms of postoperative complications compared
to ECUD. We found, however, no difference in overall
and major complications between ICUD and ECUD in
our meta-analysis. For this reason, it may be conceivable
that heterogeneity in the learning curve proficiency in
the reconstructive phase affected these analyses. To flat-
ten the learning curve in the extirpation phase, at least
30 cases are needed, which leads to reduced EBL, less
STSM, or an adequate number of retrieved LN [35, 36].
However, it may be argued that the reconstructive phase
needs a much longer learning curve to obtain the best
possible complication rates compared to the extirpative
phase [36]. Most urologists initially adopt ECUD, as they
were familiar with this technique from the open approach.
Over the years, the lack of significant benefit offered by
ECUD resulted in a push to transition to ICUD. In this
regard, almost all studies included in this meta-analysis
represented the results comparing the first ICUD cases
to the last ECUD cases. Considering that RARC is not a
high-volume surgery, unlike robot-assisted radical pros-
tatectomy, it appears to be evident that hospital volume
was associated with perioperative complications, mortal-
ity, and long-term oncologic outcomes [17, 37]. Thus,
EAU MIBC panel recently advocated a threshold num-
ber of RCs per hospital and/or surgeon (at least 10, and
preferably > 20), being highlighted the potential benefit of
centralization of RARC [17]. Despite a lack of high level
evidence, further centralization of ICUD may be needed
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due to its technically complex aspect. Our subgroup analy-
ses showed that RARC plus ICUD in high-volume centers
was likely associated with a decreased incidence of post-
operative major complications. This finding might exhibit
the true impact of ICUD after the learning curve because
the matured robotic team, including a skilled mentor and
expertise in the patient care, help to shorten or mitigate
the effect of the learning curve.

We found that EBL and blood transfusion rates were sig-
nificantly lower in patients who received an ICUD rather
than those who underwent an ECUD in the present study.
Recent meta-analyses comparing RARC with ECUD vs.
ORC described significantly lower EBL and blood transfu-
sion rates in RARC than in ORC [5, 7, 33, 34], with this
tendency being extended in RARC with ICUD in this study.
This could be explained by the influence of pneumoperi-
toneum throughout the surgery and precise dissection due
to three-dimensional magnified visualization. Interestingly,
even in subgroup analyses of low-volume centers, statisti-
cally significant differences regarding EBL and blood trans-
fusion retained between ICUD and ECUD, suggesting that
the influence of pneumoperitoneum may outweigh a nega-
tive effect on the early phase of the learning curve. Blood
transfusion has been shown to be significantly associated
with worse perioperative morbidity and survival [38—40].
It was also noteworthy that ICUD patients with high age-
adjusted Charlson Comorbidity Index had a lower risk of
complications relative to ECUD patients [23]. One possible
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explanation for this could be that ICUD reduced surgical
stress, including less blood loss, few transfusion rates, or less
incision pain. As such, ICUD may possibly be even more
indicated for older or frail patients [41].

Another potential benefit of ICUD is the faster recovery
of bowel function due to the avoidance of excessive bowel
manipulation and less exposure time to external air. The cur-
rent meta-analysis showed that ileus was trending in favor
of ICUD but failed to prove the statistical significance. The
effect of ERAS on outcomes may have corrected for the
background noise to assess differences between the UD
types. ERAS pathways aim to minimize the physiological
stress and facilitate postoperative recovery, which has led
to improved perioperative outcomes, including shorter LOS
and fewer Gl-related complications [42, 43]. A small inci-
sion in ICUD may enable less use of opioids, and it is pos-
sible that the combination of ICUD and ERAS may provide
further improvements in the rate of ileus through synergistic
effects [44].

Although ICUD has often been criticized as a time-con-
suming procedure, we found no difference between ICUD
and ECUD in operative time. Note that even when there was
no significant difference in operative time by a subgroup
analysis of low-volume centers, significant heterogeneity
remains to be observed. Thus, in view of unknown cause of
heterogeneity possibly occurred from inter-study, interpreta-
tion should be cautious. In addition, LN yields were signifi-
cantly higher in patients treated with ICUD. This suggests a
higher surgical proficiency of surgeons preferring ICUD in
the published data to date. The determination of the oper-
ating technique (intracorporeal or extracorporeal) and UD
(ileal conduit or neobladder) is multifactorial. It depends on
the patient’s and surgeon’s preferences as well as the tumor
pathologic aspect [45]. Experienced surgeons are likely to
choose the most challenging but best possible surgery (i.e.,
ICUD) which may deliver a more favorable operative time
and perioperative outcomes, including blood transfusion
rates, EBL, and LN yields.

This systematic review and meta-analysis has some
limitations. First, no RCTs were included in this study,
which caused considerable selection bias. As mentioned
above, the patient’s and surgeon’s preferences highly affect
UD’s decision-making. Second, there is some degree of
heterogeneity in measuring outcomes. To standardize
the reporting methodology, most of the studies reported
complications using the Clavien—Dindo system, but few
studies reported by the formed reporting system, which
was recommended by an ad hoc European Association
of Urology panel [46]. Third, despite subgroup analyses
stratified by hospital volume, it may not reflect reality.
Although IRCC undoubtedly represents a pioneer in the
field of robotic surgeries, it consists of 26 centers combin-
ing academic and private centers, having been assigned

to the low-volume center [25]. Additionally, this study
highly affects our several analyses due to a large number
of included patients but did not adjust any potential con-
founding factors inherent in a retrospective design, leading
to confound the analyses. Fourth, although the extent of
LN dissection is more clinically relevant than LN yields,
we could not discuss about the extent of LN dissection
due to lack of data in eligible studies. In addition, the
cumulative experience of ICUD for each surgeon before
the analysis is not unknown. Case selection is another
bias that remains uncontrolled for. Finally, since RC is a
complex procedure, late complications such as stenosis of
uretero-ileal anastomosis are often concerns that remain
unassessed. Unfortunately, there are very few available
studies on this matter [10].

Beyond the limitations, our meta-analysis has practical
implications. Since ICUD is a highly complex procedure,
there appears to exist a long learning curve. However, at
the cost of the learning curve and prolonged operative
time, the data suggest that some perioperative benefits can
be obtained for the patients. Shared knowledge, mentor-
ship programs with surgeons and the development of a
dedicated team organized around anesthesiologists, inten-
sive care unit staffs and bedside assistants are needed to
obtain on the potential benefits of ICUD.

In conclusion, this meta-analysis suggested that com-
plications of RARC with ICUD in the short-term and mid-
term periods were equivalent to those of ECUD with a
trend toward faster bowel recovery. ICUD performed by
high-volume centers significantly achieved the reduced
risk of postoperative major complications. Furthermore,
blood loss and transfusion rates were superior in patients
receiving ICUD compared to those receiving ECUD,
regardless of hospital volume. Based on these findings,
centralization of patients who are candidates for ICUD
seems advisable. The best treatment strategies for each
individual patient at each institution should be determined,
considering patient comorbidities, surgeon’s experience
and hospital volume. However, since the choice of UD is
likely to be subject to a strong bias, interpretation should
be cautious. A trial comparing RARC with ICUD and
ORC (iROC; clinicaltrials.gov: NCT03049410) in pro-
gress is awaited.
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