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Abstract

Context: Patients undergoing radical cystectomy frequently suffer from infectious com-
plications, including urinary tract infections (UTIs) and surgical site infections (SSIs)
leading to emergency department visits, hospital readmission, and added cost.
Objective: To summarize the literature regarding perioperative antibiotic prophylaxis,
ureteric stent usage, and prevalence of infectious complications after cystectomy.
Evidence acquisition: A systematic review of PubMed/Medline, EMBASE, Cochrane
Library, and reference lists was conducted.
Evidence synthesis: We identified 20 reports including a total of 55 306 patients. The
median rates of any infection, UTIs, SSIs, and bacteremia were 40%, 20%, 11%, and 6%,
respectively. Perioperative antibiotic prophylaxis differed substantially between reports.
Perioperative antibiotics were used only during surgery in one study but were continued
over several days after surgery in all other studies. Empirical use of antibiotics for 1–3 d
after surgery was described in 12 studies, 3–10 d in two studies, and >10 d in four
lsevier B.V. on behalf of European Association of Urology. This is an open access article
org/licenses/by/4.0/).
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Sepsis
 studies. Time to stent removal ranged from 4 to 25 d after cystectomy. Prophylactic
antibiotics were used before stent removal in nine of 20 studies; two of these studies
used targeted antibiotics based on urine cultures from the ureteric stents, and the other
seven studies used a single shot or 2 d of empirical antibiotics. Studies with any prophy-
lactic antibiotic before stent removal found a lower median percentage of positive blood
cultures after stent removal than studies without prophylactic antibiotics before stent
removal (2% vs 9%).
Conclusions: We confirmed a high proportion of infectious complications after cystec-
tomy, and a heterogeneous pattern of choice and duration of antibiotics during and after
surgery or stent removal. These findings highlight a need for further studies and support
quality prospective trials.
Patient summary: In this review, we observed wide variability in the use of antibiotics
before or after surgical removal of the bladder.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Cystectomy with urinary diversion is a common treatment
option for patients with pelvic cancers or bladder dysfunc-
tion, but it is associated with potentially life-threatening
complications and 90-d mortality of 4.7% (range 0.0–7.0%)
[1,2]. Within the first 30 d after surgery, infections con-
tribute significantly to postoperative morbidity [2–4], and
bacterial sources include spillage of urine from the urinary
tract or bowel, which is frequently used for urinary diver-
sion. After the minor trauma caused by removal of the ure-
teric stents, a second peak of infectious complications can
be observed. Therefore, perioperative empirical antibiotic
prophylaxis should be considered to decrease the risk of
infectious complications after cystectomy or stent removal.
However, the evidence to support this approach is limited,
and most recommendations have been derived from col-
orectal procedures [5]. The aim of this review is to summa-
rize the published literature regarding the impact of
antibiotic prophylaxis in the perioperative period and at
the time of stent removal on the prevalence and severity
of infectious complications after cystectomy.

2. Evidence acquisition

In accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) statement
[6], a systematic literature search was conducted on
November 29, 2021, using the electronic databases PubMed,
EMBASE, and Cochrane Library. Several keyword combina-
tions, synonyms, and search terms were used to identify
sources related to infectious complications and cystectomy.
The detailed search protocol can be found in the Supple-
mentary material.

Articles were screened in a two-stage selection process
using Covidence (Veritas Health Innovation Ltd 2016;
LLC, 520 Lake Cook Road, Suite 350, Deerfield, IL, 60015).
In the first stage, three authors (V.P., K.S., and A.L.) reviewed
the abstracts; animal series and non-English studies were
excluded unless the corresponding abstracts were available
in English or the full texts were available in French, Spanish,
Italian, or German. When in doubt, studies were maintained
for further review. In the second stage, all titles, abstracts,
and full texts were screened for appropriateness for inclu-
sion by two investigators (K.S. and A.L.). Data from the same
studies that appeared in multiple publications were consid-
ered only once. Any discrepancies were resolved by a third
investigator (L.A.). Two independent reviewers assessed the
methodological quality of each study, including the risk of
bias and applicability, according to the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) [7].
QUADAS-2 describes the risk of bias and concerns regarding
applicability of the studies based on four key domains: (1)
patient selection, (2) index test, (3) reference standard,
and (4) flow and timing. Study bias and applicability were
evaluated as low, high, or unclear (Supplementary Table 1).
Any disagreement was resolved by discussion, and the final
decision was based on consensus.

Studies reporting on infectious complications after cys-
tectomy and/or after the removal of ureteral stents, antibi-
otics used during and after cystectomy, and antibiotic
prophylaxis before removal of ureteral stents were included
in the review. Controls were not predefined in the search
strategy to capture all relevant literature.

Data related to study design, patient inclusion criteria,
major comorbidities, description of surgery, type and dose
of antibiotics used during and after cystectomy and at
removal of stents, and type and treatment of infectious
complications were extracted from included studies. Two
investigators (K.S. and A.L.) extracted the data, and a third
investigator (L.A.) reviewed the extracted data. Disagree-
ments were discussed and resolved by consensus.

Median percentages of any infectious complications, uri-
nary tract infections (UTIs), surgical site infections (SSIs),
and positive blood cultures in each report were calculated
independently of sample size to illustrate the differences
across the studies.
3. Evidence synthesis

After excluding duplicates, we identified 674 publications
that met the initial search criteria and proceeded with a
screening review of titles and abstracts for 46 full texts.
Twenty studies were selected for inclusion, of which 15
were retrospective and five prospective (Supplementary
Fig. 1 and Supplementary Table 2). The 20 studies included
a total of 55 306 patients, 81% of whom were male and 19%
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female (the median number of patients per report: 102,
interquartile range: 50–179).

A high risk of bias and/or applicability in patient selec-
tion was identified in studies that included only patients
with malignant disease or excluded patients with specific
allergies to antibiotics. The lack of a definition for infectious
complications contributed to a high risk of bias and/or
applicability for the index test. In some cases, the reference
standard was not specified in the study, for example,
regarding the choice to perform a urine culture before stent
removal. A high risk of bias for flow and timing was identi-
fied in studies in which not all patients were followed post-
operatively at the same center or readmission rates due to
infectious complications were not available. No pooling/
meta-analysis was possible because of the heterogeneity
of the reports describing antibiotic prophylaxis for cystec-
tomy and stent removal.

The proportions of any infections, UTIs, SSIs, and positive
blood cultures were reported in 12, 18, 14, and 11 of 20 arti-
cles, respectively. The median percentages of any infections,
UTIs, SSIs, and positive blood cultures were 40%, 20%, 11%,
and 6%, respectively (Fig. 1). Perioperative antibiotic pro-
phylaxis differed substantially between reports. One study
reported antibiotic use before and during surgery only,
whereas antibiotics were extended for 1–3 d after surgery
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Fig. 1 – Infectious complications after cystectomy for each study: (A) any infectio
(D) blood infections. Ab = antibiotic; AWP = antibiotic-irrigating wound prote
antimicrobial prophylaxis; TWP = traditional wound protector.
in 12 studies [8–19], 3–10 d in two studies, and >10 d in
four studies (Fig. 2) [10,18–23]. A detailed description of
the perioperative antibiotic prophylaxis used can be found
in the Supplementary material.

Other measures to prevent infections were described in
two papers. Kim and colleagues [24] applied an antibiotic-
irrigating wound protector (AWP) in 50% of patients, which
resulted in a decreased percentage of overall infectious
complications from 37% with a traditional wound protector
to 7% with an AWP. Ross and colleagues [14] described a
multipronged approach to reduce infections, including
implementing a wound barrier, washing the wound with
saline/povidone mixture following fascial closure, changing
gowns and gloves prior to fascial closure, using a separate
sterile closing tray, and applying an antimicrobial impreg-
nated dressing.

The use of antibiotic prophylaxis before or during uret-
eral stent removal was described in nine of 20 papers. In
studies using any prophylactic antibiotics, the median pro-
portion of positive blood cultures was 2%, compared with
9% in studies without prophylactic antibiotics before stent
removal. Beano [25] performed a urine culture from stents
or urostomy bag before stent removal and administered a
single-shot intravenous (IV) antibiotic based on the culture;
they described UTIs in 70 of 146 patients (48%) after stent
Kim2021 (AWP)

Kim2021 (AWP)

Shigemura2019

Shigemura2012

Numao (neAMP)

Numao (eAMP)

Haider

Kirkpatrick

Kim2018 (LongTerm)

Kim2018 (ShortTerm)

Pariser (second AMP)

Pariser (first AMP)

Kolwijck

Kim2021 (TWP)

Ross

Nasu

Tanaka

riser (second AMP)

Pariser (first AMP)

Goldberg

Krasnow

Takeyama

0% 5% 10% 15% 20% 25% 30% 35%

m2018 (ShortTerm)

im2018 (LongTerm)

Kim2021 (TWP)

Shigemura2019

ara

Nasu

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%

Percentage of surgical site infections

Percentage of blood infectionsD

2%

6%

6%

7%

7%

7%

12%

14%

14%

2%

2%

2%

2%

2%

5%

5%

6%

7%

8%

9%

14%

14%

15%

19%

24%

25%

33%

us complications, (B) urinary tract infections, (C) surgical site infections, and
ctor; eAMP – extended antimicrobial prophylaxis; neAMP = nonextended



Fig. 2 – Length of antibiotic therapy administration (red line) at cystectomy and at stent removal.Ab = antibiotic; AMP = antimicrobial prophylaxis;
eAMP = extended antimicrobial prophylaxis; neAMP = nonextended antimicrobial prophylaxis.
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removal. Goldberg and colleagues [22] and Kim and col-
leagues [24] administered a single-shot IV third-
generation cephalosporin before stent removal. Nasu [12]
performed a urine culture and administered antibiotics
based on the culture before stent removal, describing infec-
tious complications in eight of 50 patients (16%) after stent
removal. Numao and colleagues [8] administered daily oral
dose of 500 mg levofloxacin for 2–3 d after stent removal,
and additional antimicrobial agents were administered only
if subsequent infection occurred (13% of patients). Shige-
mura and colleagues [15] used oral fluoroquinolones 1–2
h before stent removal in patients who had a positive urine
culture before cystectomy (16/49) and described infectious
complications in one of these 16 patients (6%), compared
with six of 33 patients (18%) who did not receive an antibi-
otic prophylaxis for stent removal and had UTIs. Van Horn
[26] administered single-shot aminoglycoside to 121 of
279 patients before stent removal and described subse-
quent UTIs in 30 of 279 patients (11%). Wang and colleagues
[18] continued postoperative second-generation cephalos-
porin in 67 of 179 patients until stent removal and per-
formed a urine culture before stent removal in 112 of 179
patients who received antibiotics for only 3 postoperative
days. Werntz and colleagues [19] used an antibiotic prophy-
laxis at the time of stent removal for 50% of patients with a
single shot of 160 mg/800 mg trimethoprim-
sulfamethoxazole, 100 mg nitrofurantoin, or 250 mg cipro-
floxacin. In 12 of 20 studies, researchers described the most
common micro-organisms causing infections after cystec-
tomy: Enterococcus in eight (67%), Escherichia coli in seven
(58%), Staphylococcus aureus in seven of 12 (58%), Klebsiella
pneumoniae in six (50%), and Candida albicans in four
(33%) of 12 studies.
4. Conclusions

This review is, to our knowledge, the first reported system-
atic summary of the incidence of any infections, UTIs, SSIs,
and positive blood cultures after cystectomy. The choice
and duration of perioperative antibiotic prophylaxis varied
substantially from intraoperative-only to empirical antibi-
otics during the first 30 postoperative days. The time of
stent removal ranged from postoperative day 4 to 25, and
the use and choice of antibiotic prophylaxis before stent
removal were also heterogeneous.

The lack of consensus and high-quality studies regarding
this topic prevents any strong recommendations or guideli-
nes regarding potential interventions to decrease infectious
complications following radical cystectomy. Currently, the
American Urological Association (AUA) guidelines for
antibiotic prophylaxis during urological surgeries recom-
mend a single preoperative dose of cefazolin for cystec-
tomies if the small bowel is used for urinary diversion
[27] and antibiotic prophylaxis before bladder catheter
removal in patients with risk factors but not before ureteral
stent removal [5]. The current guidelines of the European
Association of Urology do not comment on antibiotic pro-
phylaxis during or after cystectomy or during stent removal
[28].

Recent data suggest adherence to the current AUA guide-
lines as low as 30% [29], suggesting an important research
niche to define the role of multiple potential interventions,
including (1) obtaining a preoperative urine culture, (2) use
of preoperative immunonutrition [30–32], (3) wound pro-
tectors or negative-pressure wound therapy [33–35], (4)
choice and duration of empirical prophylactic antibiotics
around cystectomy, (5) obtaining a urine culture using a
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correct technique before stent removal [36], (6) duration of
stent usage and choice and duration of empirical prophylac-
tic antibiotics around stent removal, and (7) bowel prepara-
tion [37,38]. These interventions may need to be
personalized for individual patients based on risk factors
for infectious complications, including diabetes, autoim-
mune diseases, poor nutrition, prior history of radiation,
use of steroids, or surgical risks, including the type of uri-
nary diversion [20]. Further, in the decision-making process
regarding the type and dose of antibiotics used during and
after cystectomy, it is important to consider that the pro-
longed use of antibiotic therapy may cause harm, including
a potentially higher risk of resistant organism infectious
complications [39], Clostridium difficile infection [40], or
fungal infections. Another long-term side effect of the pro-
longed use of antibiotics is drug resistance, and antibiotics
or bowel preparation may influence the efficacy of adjuvant
immunotherapy [41].

According to meta-analyses of randomized trials, four
simple recommendations decrease infectious complications
after abdominal surgery, and these recommendations may
also be applicable in cystectomy patients. First, gloves and
instruments should be changed before abdominal wound
closure [42]. Second, shaving of body hair should be
avoided, and if hair has to be removed, clippers or depila-
tory cream should be preferred [43]. Third, adhesive drapes
are not recommended [34]. Fourth, forced-air warming in
the preoperative period or at least during surgery is encour-
aged [44].

Our review has several limitations. First, only 20 studies
were identified, 15 of which were retrospective with a high
risk of bias. It is possible that not all relevant studies were
identified due to undetected imprecisions in the search
strategy, which would be another potential source of bias.
Second, there was heterogeneity in the description of the
types and doses of antibiotic treatment and timing of stent
removal among the eligible studies. Third, local resistance
patterns may influence the efficacy of antibiotic prophy-
laxis. Fourth, the definition and description of infectious
complications after cystectomy, especially UTIs, varied
among the studies. Finally, the overall risk of bias was high
among the studies.

In summary, the literature describing infectious compli-
cations after cystectomy is heterogeneous. The choice and
duration of perioperative antibiotics differ substantially
among series. Given this heterogeneity, we refrained from
pooling the data in a meta-analysis. Nevertheless, the pub-
lished literature describes a high proportion of infectious
complications after cystectomy. Given the lack of consensus
among guidelines on antibiotic prophylaxis during and after
cystectomy and at the time of stent removal, there is a need
for clinical trials in this setting.
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