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Abstract

Cystectomy is the gold standard treatment for muscle invasive bladder cancer. Robotic cystectomy has become increasingly
popular owing to quicker post- operative recovery, less blood loss and less post-operative pain. Urinary diversion is increas-
ingly being performed with an intracorporeal technique. Uretero-enteric strictures (UES) cause significant morbidity for
patients. UES for open cystectomy is 3—10%, but the range is much wider (0-25%) for robotic surgery. We aim to perform
systematic review for studies comparing all 3 techniques, to assess for ureteric stricture rates. A systematic review was con-
ducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement
(Page et al. in BMJ 29, 2021). PubMed, Scopus and Embase databases were searched for the period January 2003 to June
2023 inclusive for relevant publications.The primary outcome was to identify ureteric stricture rates for studies compar-
ing open cystectomy and urinary diversion, robotic cystectomy with extracorporeal urinary diversion (ECUD) and robotic
cystectomy with intracorporeal urinary diversion (ICUD). Three studies were identified and included 2185 patients in total.
The open operation had the lowest stricture rate (9.6%), compared to ECUD (12.4%) and ICUD (15%). ICUD had the long-
est time to stricture (7.55 months), ECUD (4.85 months) and the open operation (4.75 months). Open operation had the
shortest operating time. The Bricker anastomoses was the most popular technique. Open surgery has the lowest rates of UES
compared to both robotic operations. There is a learning curve involved with performing robotic cystectomy and urinary
diversion, this may need to be considered to decide whether the technique is comparable with open cystectomy UES rates.
Further research, including Randomised Control Trials (RCT), needs to be undertaken to determine the best surgical option
for patients to minimise risks of UES.
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Introduction

Radical cystectomy is the gold standard treatment for muscle
invasive bladder cancer [1]. It is a unique operation, com-
prising of both a resection and a reconstruction element.
Once the diseased bladder is removed, the reconstructive
element of the operation must be performed to allow urine
from the kidneys to drain. The Ileal conduit is the most pop-
ular urinary diversion but orthotopic neobladder formation
is increasing in popularity [2, 3]. The first robotic assisted
radical cystectomy was by Menon et al. [4]. The robotic
technique has been described as having many advantages for
the patient such as less blood loss, shorter length of stay and
decreased post- operative pain, whilst also being ergonomi-
cally advantageous for the surgeon [5, 6]. A meta-analysis
has suggested that further high- level evidence is needed to
show robotic cystectomy is superior to open surgery, but cur-
rent evidence shows they have similar oncological outcomes
and similar major complication rates [7].

Uretero-enteric stricture (UES) is a complication which
causes significant morbidity for patients, and places
burden on healthcare systems. It often leads to further
unplanned hospital visits with issues such as pain, infec-
tion and obstructive uropathy [8]. There may be a need for
further procedures or interventions to be performed such
as nephrostomy, ureteric stent insertion or re-implanta-
tion of the ureter. Incidence of UES in open cystectomy
is relatively low (3—10%) [9, 10]. However, there is much
heterogeneity in the literature regarding these results with
stricture rates for robotic surgery, ranging from 0 to 25%
in most recent studies [11-13].

The aetiology of UES is thought to be multifactorial.
There are several hypotheses including the type of anas-
tomoses, surgical technique, patient factors, and surgical
experience. One theory is that the type of anastomosis
has a role to play in the development of uretero-enteric
stricture. The two most common anastomotic techniques
are the Bricker anastomoses and the Wallace anastomosis.
The Bricker anastomotic technique was described in the
1950’s and involves anastomosing each ureter separately
into a segment of bowel, with the distal end of the seg-
ment brought to the skin [14]. The Wallace anastomotic
technique, described in the 1960’s, involves spatulating the
distal ends of both ureters and anastomosing their medial
walls. The free edges are then anastomosed to the proximal
end of the bowel segment. The distal end of the bowel
is brought to the skin as in the Bricker technique [15].
However, a meta-analysis has found no significant differ-
ence between the techniques and their respective rates of
uretero-enteric stricture formation [16].

Other hypothesis for UES formation includes surgical
technique, this can result in excessive disruption of the
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adventitia on the ureters which causes ischaemia. It has
also been suggested that too much tension on the anasto-
mosis, trauma to the ureter from poor handling and inflam-
mation can all contribute to the formation of UES [17].
There are many other factors which may contribute to the
development of UES. Patient factors such as obesity, pre-
vious abdominal surgery or chemoradiotherapy have all
been associated with UES, as well as peri-operative fac-
tors such as urine leak or urine infection [12, 18, 19]. It
has been suggested that a robotic approach to cystectomy
can increase the incidence of UES formation compared to
open operations [12]. However, there is much heterogene-
ity in the literature regarding these results with stricture
rates for robotic surgery, ranging from 0 to 25% in most
recent studies [11-13]. Robotic surgery is in its infancy,
and some studies have demonstrated a learning curve for
surgeons. It is particularly interesting and encouraging to
note that stricture rates have decreased over time in those
studies looking at this learning curve [12, 20].

Robotic urinary diversion was initially performed
using an extracorporeal technique as it is less technically
demanding and is thought to be quicker. A recent review of
the International Robotic Cystectomy Consortium (IRCC)
database showed that 82% of over 900 patients received an
extracorporeal urinary diversion [21]. However, the intra-
corporeal technique is gaining popularity. This is due to
perceived benefits such as less pain, less intra-operative
blood loss, less evaporation and smaller surgical incisions
when compared with the extracorporeal technique [22]. It
is unclear which technique is best to avoid UES, and there
are not many studies comparing these techniques and their
outcomes.

In this systematic review, we aim to investigate and
identify if there is a difference in uretero-enteric stricture
rates between open cystectomy with ileal conduit, robotic
cystectomy with extra-corporeal ileal conduit and robotic
cystectomy with intra corporeal ileal conduit formation.

Methods
Search strategy

The review was prospectively registered (PROSPERO
ID: CRD42023428050) with a review question, search
strategy, inclusion/exclusion criteria are detailed below.
A systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement [23]. PubMed, Scopus
and Embase databases were searched for the period Janu-
ary 2003 to June 2023 inclusive for relevant publications.
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Review question

To compare the uretero-enteric stricture rates between
open cystectomy and urinary diversion, robotic cystectomy
and intracorporeal urinary diversion (ICUD) and robotic
cystectomy and extracorporeal urinary diversion (ECUD).

Search strategy

Patients are required to have a cystectomy. The paper must
report outcomes from patients having either a robotic cys-
tectomy, including intracorporeal and extracorporeal tech-
niques, or an open cystectomy. Using [cystectomy] as a
search term will identify all these papers.

The outcome measure we are searching for is uretero-
ileal strictures. These happen in patients who have had a
urinary diversion performed as part of their cystectomy.
In forming a urinary diversion, a segment of bowel and
ureter are connected. This anastomosis is described mostly
as uretero-enteric or uretero-ileal anastomosis. We will
search terms to include these patients [Urinary diver-
sion OR uretero-ileal anastomosis OR uretero-enteric
anastamosis].

The two most common surgical techniques to perform
the anastomosis is the Bricker, and the Wallace techniques.
We will include [Bricker AND/OR Wallace] in our search
strategy.

We want to identify patients who have strictures to their
ureter or the anastomosis after having their surgery. By
using the search term [Stricture], we will identify all these
papers.

Search terms

(cystectomy) AND ((Bricker AND/OR Wallace) OR urinary
diversion OR uretero ileal anastomosis) AND (stricture).

Eligibility criteria
Study design

No restrictions are being placed on the population included
in the study.
Included:

e Primary papers (including randomized control trials,
prospective and retrospective case series, from both
single centre or multiple centre studies) reporting ure-
tero-enteric strictures as an outcome after open and
robotic cystectomy, with both intracorporeal and extra-
corporeal urinary diversion reported.

e Benign and malignant indications.
Excluded:

Review articles.

If ureteric strictures not reported in outcomes.

Papers reporting revision surgeries for ureteric strictures.
Papers published in 2002 or earlier (The first robotic cys-
tectomy was described in 2003).

Intervention

Open cystectomy and urinary diversion (open), robotic cys-
tectomy with extracorporeal urinary diversion (ECUD) and
robotic cystectomy with intracorporeal diversion (ICUD).

Data extraction

Two reviewers DM and OE independently reviewed the
literature for primary studies looking at ureteric stricture
rates for patients undergoing open cystectomy with ileal con-
duit, robotic cystectomy with intracorporeal ileal conduit
and robotic cystectomy with extracorporeal ileal conduits.
Papers identified were reviewed and suitable papers meet-
ing the inclusion criteria were included. Any disagreements
between individual judgements were discussed with the
study supervisor VH who is very experienced in academia
and a robotic surgeon with> 10 years’ experience.

The information was recorded on a Microsoft excel
database.

The following data was extracted and recorded:

e Primary studies reporting ureteric stricture rates for
patients undergoing open, robotic intracorporeal and
robotic extracorporeal urinary diversion.

e Patient sex, age and demographics.

e Number of patients undergoing 1 open, 2 robotic intra-
corporeal and 3 robotic extracorporeal urinary diversion.

e The type of anastomosis performed for each patient (eg.
Bricker or Wallace technique).

e The type of urinary diversion performed (ileal conduit,

neo-bladder).

Author names.

Journal and year of publication.

Study type.

Enrolment dates.

Length of follow up.

Total number of patients.

Total number of ureters.

History of neo-adjuvant radiotherapy and/or chemother-

apy.

¢ Indication for ureteroenteric anastomosis.
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e Imaging modality for diagnosing ureteroenteric stric-
tures.
e The number of uretero-enteric strictures for:

1. Open.
2. ICUD.
3. ECUD.

e Which side/sides the uretero-enteric strictures have
occurred on.

e Time to stricture formation.

e Length of follow up.

One reviewer DM independently extracted the data and
this was checked by 2nd reviewer ZS. Studies with incom-
plete data for primary outcomes were not included in the
study as per inclusion criteria. Studies that didn’t include
data for secondary outcomes were included in the study and
it has been acknowledged that data is missing in this case.

Outcome measures
Primary outcome

Uretero-enteric stricture rates following cystectomy and
urinary diversion formation for open, ECUD and ICUD
techniques.

Secondary outcomes

e Side of the ureteric stricture (left vs right) and identify
if there are any predisposing factors if one side is more
affected.

Time (in months) to stricture.

Rate of intervention.

Type of intervention (endoscopic/percutaneous/surgical).
Length of surgery (in minutes).

Impact of surgeon volume on stricture rate.

Table 1 Summary of study characteristics [18, 19, 25]

e Stricture rate for Bricker anastomoses.
e Stricture rate for Wallace anastomoses.

Risk of bias assessment

The Newcastle Ottawa Scale (NOS) was used to assess the
quality of the studies in this systematic review, with scores
ranging from O to 9 points. The NOS is a review tool for
evaluating risk of bias in observational studies. The scale
consists of four domains of risk of bias assessment; (i) selec-
tion bias; (ii) performance bias; (iii) detection bias and; (iv)
information bias [24].

Data reporting and statistical analysis

Data are presented as average/mean. Time to stricture was
presented in months. Operative length was presented in
minutes. Meta- analysis was not performed due to the small
number of studies identified comparing all three techniques
and the absence of a randomised control trial.

Results
Eligible studies

Three studies were identified which compared outcomes for
open cystectomy and urinary diversion, robotic assisted cys-
tectomy with extracorporeal urinary diversion and robotic
assisted cystectomy with intracorporeal urinary diversion. A
total of 2185 patients were included in the study. All three
studies performed retrospective analysis of prospectively
maintained databases for the patients in their institutions
(Table 1). The initial search identified 723 articles and 26
full text articles were reviewed and assessed for eligibility,
23 of which were excluded (Fig. 1). All three studies were in
English and were published in the last 3 years. The cohort of
patients are reflective of modern practice, and all underwent

Year pub- Country Journal Author Study type  Enrolment Total OPEN ECUD ICUD patients
lished names dates patients patients patients
2020 USA Laparoscopy KyleJ Eric-  Single centre January 2011 968 279 382 307
and robot- son et al. retrospec- to May
ics tive review 2018
2020 USA Urologic Zaem Lone  Single centre 2010to 2018 644 193 260 191
Oncology et al. retrospec-
tive review
2021 USA International Kassem S Single centre 01/01/2007 to 573 337 197 39
Journal of Faraj et al. retrospec- 01/01/2018
Urology tive review
Overall total patients 2185 809 839 537
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Fig.1 PRISMA (Preferred
Reporting Items for Systematic
Reviews and Meta-Analysis)
diagram of the studies identified
in the systematic review [23]

Records identified through database
searching n = 723

« PubMed (270)

« Scopus (359)

« Embase (94)

l

Records after duplicates removed
n=395

Articles excluded by title and abstract
n=333

Reasons:

« Not comparing open, ECUD
and ICUD (303)
Review article (18)
Abstract not available (4)
Book chapter (4)
Letter (4)

Full text articles assessed for
eligibility n =26

Full text articles excluded n =23

Reason:
« Not comparing open, ECUD
and ICUD

n=3

Studies included in systematic review Total patients included n = 2185

Table 2 Newcastle-Ottawa scale risk of bias assessment adapted for Cohort Studies: A study can receive a maximum of one star for each num-
bered item in the Selection and Outcome categories. A maximum of two stars can be given for comparability

Study S C (¢} Total
Repre- Selection Ascer-  Result not present Comparability ~ Assessment Follow up Adequacy
sentative- exposed to tain- at start of study  for confounders of outcome duration  of follow up
ness cohort ment

Ericson et al. [19] * - * * * * * * 7

Lone et al. [25] * - * * * * * * 7

* * * * & *

Faraj et al. [18] * -

A maximum of two stars can be given for comparability [24]
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Table 3 Newcastle—Ottawa scale quality of evidence

Study Total Newcastle- Ottowa Study quality
Score

Ericson et al. 2020 7 Good

Lone et al. 2020 Good

Faraj et al. 2021 7 Good

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in
comparability domain AND 2 or 3 stars in outcome/exposure domain.
Fair quality: 2 stars in selection domain AND 1 or 2 stars in compa-
rability domain AND 2 or 3 stars in outcome/exposure domain. Poor
quality: O or 1 star in selection domain OR O stars in comparability
domain OR O or 1 stars in outcome/exposure domain [24] (Tables 4,
5)

cystectomy and urinary diversion for bladder cancer. The
Newcastle Ottowa Scale was used to assess for risk of bias
(Table 2) and study quality (Table 3) [24]. All three studies
included within the paper were classified as good quality.
The study periods are listed in Table 1. Ericson’s paper
had 968, Lone’s 644 and Faraj’s paper 573 patients in total
[18, 19, 25]. Ileal conduit was the most popular urinary
diversion technique (n=1701), other urinary diversion types
performed included neo-bladder, ileal pouch and continent

conduit. The Bricker anastomosis was the most popular tech-
nique recorded (n=1370). There were 259 (11.85%) stric-
tures described in total. A definition for ureteric stricture was
described in two studies. Ericson described ureteric stricture
as hydronephrosis confirmed by functional imaging, or unex-
plained hydronephrosis with loss of renal parenchyma [19].
Faraj describes stricture as radiological hydronephrosis and
obstruction at the level of the anastomosis [18]. The most
common acute interventions were nephrostomy or JJ stent
(n=118) Faraj used nephrostomy for 76%, re-implantation
for 15% and endoscopic procedures with general anaesthe-
sia for 6%. Ericson describes chronic percutaneous/ trans-
stomal drainage for 64%, short term drainage for 7% and
ureteral re-implantation for 18% of patients respectively. In
all three papers, 27 patients went on to have ureteric re-
implantations (n=27). Most patients in the study had left
sided strictures (n=79).

Open group

There were 809 patients included in this category. The aver-
age age was 69.1 years. Most patients were male in the two
papers that described sex (n=397). The average Body Mass
Index (BMI) was 28. The Charleston co-morbidity index

Table 4 Results for the individual surgical procedures from each study (NR-not recorded) [18, 19, 25]

List Open ECUD ICUD
Ericson et al. Loneetal. Farajetal. Ericsonetal. Loneetal. Farajetal. Ericsonetal. Loneetal. Farajetal.
Patients 279 193 337 382 260 839 307 191 39
Age 69.4 67 71 69.7 67 71 68.9 67 76
Male 233 164 NR 319 223 NR 238 147 NR
Body mass index 27.5 28.6 28.1 28.1 28.7 28 27.5 28.6 27
Charlseton co-morbidity 3 33 3.1 3 34 3 3 34 5
index
Neo-adjuvant treatment 85 66 159 141 98 99 110 69 19
Ileal conduit 210 137 295 273 172 164 261 152 37
Neo bladder 41 34 42 44 38 33 40 39 2
Ileal pouch 27 22 0 64 50 0 6 0 0
Bricker 279 NR 249 382 NR 138 307 NR 15
Wallace 0 NR 88 0 NR 58 0 NR 24
Operation duration NR 344 300 NR 443 367 NR 412 359
(minutes)
UES 26 25 27 43 42 19 40 36 1
Left 14 NR NR 19 NR NR 22 NR NR
Right 9 NR NR 13 NR NR 12 NR NR
Bilateral 1 NR NR 11 NR NR 6 NR NR
Interventions 24 NR NR 36 NR NR 37 NR NR
Time to stricture 4.5 NR 5 4.7 NR 5 5.1 NR 10
(months)
Length of follow-up 22 NR 55 10.6 NR 70 18.3 NR 89.3
(months)
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Table 5 Combined results for the individual surgical procedures—
open, robotic extracorporeal urinary diversion and robotic intracor-
poreal urinary diversion

Open ECUD ICUD

List Number (%) Number (%) Number (%)
Patients 809 839 537
Age 69.1 69.2 70.6
Male 397 (49%) 543 (64%) 385 (72%)
Body mass index 28 28 27.7
Charlseton co-morbidity 3.1 3.1 3.8

index
Neo-adjuvant treatment 310 (38%) 338 (40%) 198 (37%)
Tleal conduit 642 (719%) 609 (73%) 450 (84%)
Neo bladder 117 (14%) 115(14%) 81 (15%)
Ileal pouch 49 (6%) 114 (14%) 6 (1%)
Bricker 528 520 322
Wallace 88 58 24
Operation duration (min-  321.75 405.2 385.7

utes)
UES 78 (9.6%) 104 (12.4%) 77 (14%)
Left 14 19 22
Right 9 13 12
Bilateral 1 11 6
Interventions 24 36 37
Time to stricture (months) 4.75 4.85 7.55
Length of follow-up 38.5 40.3 44.65

(months)

(CCI) was used in each study to categorise co-morbidities,
the average value was 3.1. Over one-third of patients under-
went neo-adjuvant treatment (n=310).

Most patients had an ileal conduit urinary diversion
performed (n=642). Neobladder was performed for
117 patients and Ileal pouch in 49 patients. Two papers
described operative duration (average n=321.75 min). Two
papers described anastomotic technique. Ericson only used
Bricker anastomosis (n=279), while Faraj used both Bricker
(n=249) and Wallace (n=_88).

Benign strictures were recorded in 78 patients after open
urinary diversion (9.6%). Only Ericson described lateral-
ity of the stricture (left-14, right-9, bilateral 1, transplant
ureter-1.) and the number of interventions (n=24). Both
Ericson and Faraj described the time to stricture formation
(average 4.75 months) and length of follow up (22 months
and 55 months respectively).

Extracorporeal group

A total of 839 patients were included. Most patients were
male (n=542, 65%) and the average age was 69.2 years. All
three studies reported BMI, the average was 28. All three
studies recorded the Charleston co-morbidity index (CCI),

the average value was 3.1. All three studies recorded patients
undergoing neo-adjuvant treatment (n =338).

Ileal conduit was the most popular urinary diver-
sion (n=609). Neo-Bladder and Ileal pouch formation
was recorded for 115 and 114 patients respectively. Both
Faraj and Lone’s papers described operative length (aver-
age=405.2 min). Two papers described their anastomotic
technique. Ericson only performed Bricker anastomosis
(n=382), while Faraj describes Bricker for 138 patients and
Wallace for 58 patients.

All three studies recorded the number of strictures identi-
fied. There were 104 benign anastomotic strictures recorded
in total. Only Ericson described laterality of the stricture
(left-19, right-13, bilateral 11) and the number of interven-
tions (n=36). Ericson and Faraj described the time to stric-
ture formation (average 4.85 months), and length of follow
up (10.6 and 70 months respectively).

Intracorporeal

A total of 507 patients were included, of which 385 were
male. All three studies recorded BMI and CCI, the mean
values were 27.7 and 3.8 respectively. A total of 198 patients
had neo-adjuvant treatment.

In total, 450 ileal conduit urinary diversion procedures
were performed. Neo-Bladder and Ileal pouch formation
accounted for 81 and 6 patients respectively. The average
operating time from the two papers which described this
was 385.7 min. Ericson performed 307 Bricker anastomosis
while Faraj performed 15 Bricker and 24 Wallace intracor-
poreal uretero-enteric anastomosis.

There were 77 benign strictures identified in the 3 studies.
Only Ericson describes the laterality of the strictures (left
22, right 12, bilateral 6) and interventions (n=37). Both
Ericson and Faraj describe the time to stricture formation
(average 7.55 months) and length of follow- up, 18.3 and
71 months respectively.

Comparison of techniques and outcomes

Strictures

All three studies compared stricture rates. The open opera-
tion had the lowest stricture rate (9.6%), compared to ECUD
(12.4%) and ICUD (15%).

Time to stricture

This was described by Ericson’s and Faraj’s papers.
The ICUD technique had the longest time to stricture
(7.55 months), ECUD was 4.85 months and patients under-

going the open operation got strictures sooner than both
other techniques (4.75 months).

@ Springer
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Length of surgery

Lone’s and Faraj’s papers compared duration of surgery.
Open was the fastest (321.75 min), ECUD was the longest
(405.2 min), while ICUD took on average 385.7 min.

Anastomotic technique

Both Ericson and Faraj described whether they used Bricker
or Wallace techniques. The Bricker technique was most pop-
ular overall as already described. This was used in atleast
1370 (63%) of the total papers’ patients. Lone did not spec-
ify about technique in their 644 patients.

For the open technique, 528 (65%) patients had Bricker
technique used, 88 had Wallace and 193 were unknown. The
ECUD had 520 (62%) patients undergoing a Bricker anasto-
moses, 58 had a Wallace performed and 261 were unknown.
The ICUD had 322 (64%) who underwent Bricker proce-
dure, 24 had a Wallace and 161 were unknown.

Demographics and co-morbidities

These were similar between all three cohorts. Patients had
a similar age in all three cohorts (open-69.1 years, ECUD-
69.2 years, ICUD-70.6 years). ICUD patients were mostly
male (72%), similarly with ECUD (64%), and open surgical
patients were 49% male. Patient’s having an open and ECUD
operations had an average BMI of 28 and ICUD patient’s
average BMI was 27.7. The Charelston Co-Morbidity Index
for open and ECUD was 3.1, for ICUD it was 3.8. The num-
ber of patients undergoing neo-adjuvant treatment was 310
(38%) for those having the open procedure, 338 (40%) for
the ECUD group, and 198 (39%) for those in the ICUD

group.
The learning curve

Ericson’s paper describes their learning curve with robotic
cystectomy. At the beginning of their study period in 2011,
4 cystectomies were approached using ICUD, 51 ECUD
and 63 were open. In 2014 the cumulative numbers were
132, 141 and 206 respectively. By the end of the study in
2018 the cumulative numbers had shifted further towards
robotic cases with 307 (ICUD), 382 (ECUD) and 279 (open)
respectively. They reviewed surgeon experience in the ICUD
cohort of patients. In total five surgeons performed ICUD.
Three surgeon’s performed 182, 71, and 34 cases each. Two
further surgeons performed <25 cases each. Stricture rates
decreased as surgeon experience (measured by case vol-
ume) went up. Stricture rate prior to 75 cases was 17.5%,
and decreased to 4.9% after 75 cases. In this stud notably
only one surgeon performed over 75 cases. This paper noted
that on multivariate analysis, higher case numbers were
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independently associated with reduced risk of stricture. The
other two papers in this review did not include results for
surgeon experience.

Discussion

Robotic cystectomy is becoming increasingly popular and
is rapidly becoming the operative approach of choice for
surgeons operating on bladder cancer. While open surgery
is currently the gold standard surgical approach for radi-
cal cystectomy, much more conclusive evidence is required
before robotic surgery can be proven to be superior. The
RAZOR trial is the only Randomised Control Trial (RCT)
comparing open and robotic cystectomy, however it did not
describe ICUD and ECUD uretero-enteric stricture rates
[26]. To our knowledge, our systematic review compris-
ing of 2185 patients, is the first to compare UES outcomes
between open, ECUD and ICUD robotic techniques.

There have been widely varied reports of UES rates asso-
ciated with robotic ICUD, Reesink et al. described 25% and
Ahmed et al. described 16% [12, 27]. These papers have
variable sample sizes 87 and 400 respectively. In one of the
papers included in our review, UES rate for was only 2.5%
but in a small cohort of patients (n=39) [18]. There is simi-
lar variability in the reporting of UES for ECUD procedures.
No strictures were reported in a small study population of 56
patients [11]. An earlier study describes 12% stricture rate
for ECUD procedures in a cohort of 103 patients [28]. Open
cystectomy has well described UES rates (3-10%) [5, 6, 27].
A RCT has shown UES for open (7%) and robot (9%) but
did not differentiate between ECUD and ICUD in the robotic
cohort [26]. In our review, all papers described their stricture
rates for each procedure. The mean UES rate were calculated
for open (9.6%), ECUD (12.4%) and ICUD (15%). These
figures are in line with the current literature available, sug-
gesting open has the lowest UES rates while ICUD has the
highest. Interestingly, regarding robotic ICUD, one paper in
our review identified that the risk of UES prior to a surgeon’s
75th case was 17.5% but this figure dropped to 4.9% there-
after [19]. Another paper in our study overall had very low
ICUD UES rates (2.6%). They commented that most of their
robot procedures, including all their ICUD procedures were
performed by one surgeon who has considerable experience
in robotic surgery [18]. This highlights an interesting point
regarding the significance of the learning curve for robotic
cystectomy, and the resultant UES rates.

The learning curve was defined by the IRCC in 2015 as
20-30 operative cases [22]. In the first 30 cases it is expected
that the surgeon will reach specific targets, including blood
loss and operative time. Once 30 cases have been reached,
the surgeon is considered experienced and has completed
the initial learning curve [22]. One study looking at the
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learning curve for surgeons noted that the incidence of UES
decreased from 29% after the first 20 cases, to 9% for the
final 22 cases in a series of 62 consecutive robotic ICUD
[20]. Another similarly showed that UES rate was 35% for
the first 20 patients but decreased to 15% for the last 20
patients in their study who had a robotic ICUD performed
[12]. These further strengthen the argument that UES rates
are decreased as surgeon experience increases.

It is described in the literature that UES rates increase
with time post operatively. One study describes UES rates of
13% in the 1st year post-operatively, but this rate increased
to 19% at 5 years [13]. Similarly, another paper had a UES
rate of 13% at a median of 5 months and 19% at 5 years [13].
It has been suggested there is an under reporting of UES
in the literature due to wide ranging follow up schedules
[13]. The median time to diagnosis of stricture has been
described as 4—-18 months [28] and as 3 months for ECUD,
but 5 months for ICUD [27]. In our review, strictures devel-
opment ranged from 4.75 months for open cystectomy and
7.55 months for ICUD.

There is evidence of wide-ranging following schedules
in this review. The follow up schedules range from 22 to
55 months for open cystectomy, 11-70 months for ECUD
and 18-71 months for ICUD, as described in our results
section. The European Association of Urology guidelines
(2023) recommend a CT scan every 6 months up until and
including the 3rd year, with annual imaging thereafter [29].
It doesn’t however give a timeframe for this intensive follow
up. It is acknowledged that there is a wide variation in follow
up requirements, depending on the risk profile of the indi-
vidual patient’s disease. More investigation needs to be done
to create an agreed follow up schedule, including required
imaging, for patients post cystectomy. This will require risk
stratifying patients according to their disease. This will help
add some uniformity in future studies assessing the inci-
dence of UES and time to stricture formation.

The average operating time for open, ECUD and ICUD
in our review were 322, 405, 386 min respectively. Both
our ECUD and ICUD figures have reached the recom-
mended goals for the learning curve stage for surgeon’s
but have not reached the target set for the experienced
surgeon [22]. The reason for this is likely multi-factorial
including- multiple different surgeons performing the
operation who may be at different stages of experience,
as well as variation in the complexities of the cases. One
paper in our study did not describe how many surgeons
have performed the operations in their study or commented
on their experience [25]. However, one other paper com-
mented that the majority if their robot cases, including all
ICUD cases, were done by a single surgeon [18]. This may
explain the shorter operating time for the robotic cases in
their study. The average operating time for open cystec-
tomy in our review was 322 min. This is shorter than both

robotic techniques and this is already well known and was
shown in another systematic review. They also concluded
that operative times are dependent on the surgeon and their
experience [22].

Both Bricker and Wallace anastomoses are well described
for urinary diversion. Ericson et al. only used a Bricker
anastomoses [19], while Faraj et al. used both Bricker and
Wallace anastomoses [18]. Bricker was the most common
technique used, with over half of all patients involved in the
study having a Bricker anastomoses. In both the open and
the ECUD groups, most patients received a Bricker anasto-
moses, however in the ICUD group by Faraj et al. there were
more Wallce (24) than Bricker (15) anastomoses performed
[18]. The decision about which technique to use was at the
discretion of the surgeon. It has previously been shown that
there is no difference between either technique regarding
risk of UES. None of the papers in our review describe their
UES stricture rates in relation to the type of anastomoses
deployed [16]. Historically it was felt that Wallace anasto-
moses was quicker and easier to perform. There were con-
cerns about bilateral ureteric obstruction and contralateral
upper tract seeding in some cases, but there was thought to
be a decreased risk of UES formation [30]. This may explain
why the Wallace technique was more popular for ICUD.

Only one study described the side of stricture in our study
[19]. The left sided stricture rates for open (56%), ECUD
(44%) and ICUD (55%) are in line with previous descriptions
in the literature. UES is more common on the left side, and
this has been widely reported [12, 13, 19, 27]. The conduit is
usually placed on the right side of the abdomen, therefor the
left ureter requires more dissection to mobilise it so it can be
tunnelled under the mesentery to the right-hand side. This
requires more handling of the ureter, increasing the risk of
traumatic handling and skeletisation [31]. This may explain
the higher rate of left sided UES. Furthermore, stretching
of the ureter while forming the conduit out of the abdo-
men is also thought to be a risk factor for UES formation.
It is hypothesized that ICUD will have less UES due to less
stretch being placed on the ureter to perform the anastomo-
ses outside of the abdomen [32]. However, this has not been
shown in our result. It is worth noting that new techniques
are emerging, which may help to improve the UES rates for
ICUD procedures. Indo Cyanine Green (ICG) is a substance
which can be used to help identify the vascular supply of the
distal ureter when viewed using Near Infrared Fluorescence
(NIRF) [33]. This technique removes the subjective assess-
ment of the vascularity of the distal ureter, non-enhancing
tissue is excised and a well perfused anastomoses formed.
Ahmadi et al. describe a 0% stricture rate in their case series
of 47 consecutive patients where ICG technology was used
[33]. Another study has shown stricture rate of 7.5% prior
to adopting ICG, and this improved to 0% once ICG was
used [34]. These results are very promising, however further
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research will need to be done on a larger scale to confirm the
suggested beneficial outcomes for patients.

There are several limitations to our study. We had strict
inclusion/exclusion criteria for this study, which limited the
number of studies that could be involved and resulted in
us not performing meta-analysis. In the future it would be
useful to broaden the inclusion criteria to include studies
comparing two of the three techniques in this study (open
vs ECUD, open vs ICUD, ECUD vs ICUD), which would
allow us to pool and compare the respective data for much
larger patient numbers and give us good data for a meta-
analysis. There were no RCT’s included in our study popula-
tion as none have been performed which compare UES rates
for open, ECUD and ICUD surgeries. Within our included
studies, although all three reported UES rates for the respec-
tive surgeries, there was incomplete data regarding surgeon
experience, intervention for UES, laterality of stricture for-
mation, time to stricture formation, length of follow up and
operative duration. Regarding surgical technique for Bricker
or Wallace anastomosis, data was incomplete as one study
did not record which technique was used and none of the
studies described their UES rates in relation to the tech-
nique used. Statistical analysis was not used due to the large
amount of incomplete data for our secondary outcomes.

In conclusion, we describe a comparison of uretero-
enteric stricture rates for open, ECUD and ICUD robotic
techniques. This review has the largest cohort of patients
available in the current literature and we have shown simi-
lar UES rates to those that are previously described. It has
been highlighted in our review about the significance of the
learning curve for robotic surgery. This should be considered
when describing the results for complications such as UES
because inevitably there will be higher than usual rates of
complications, longer operating times, more blood loss in
the first 30 cases as already described. Many prior studies
only report small patient populations, therefor the 30 cases
of the learning curve may represent a high proportion of
this. New techniques for robotic surgery such as Indo Cya-
nine Green may also help to improve outcomes and decrease
stricture rates in the future. There have been no randomised
control trials performed comparing these three techniques
and their risk of UES, this would be very beneficial in iden-
tifying which technique is truly superior. While open cystec-
tomy is still the gold standard, and both robotic techniques
are gaining in popularity, this should be feasible. We suggest
further studies need to be performed in this area, paying par-
ticularly attention to the learning curve, to help improve our
understanding of the benefits and risks of robotic surgery.
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