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Abstract
Purpose Acute urinary retention (AUR) is a common postoperative complication in colorectal surgery. In pelvic colorectal
operations, the optimal duration for postoperative urinary catheter use is controversial. This systematic review and meta-
analysis aims to compare early (POD 1), intermediate (POD 3), and late (POD 5) urinary catheter removal.
Methods Medline, EMBASE, CENTRAL, and PubMed databases were searched. Articles were eligible for inclusion if they
compared patients with urinary catheter removal on POD 1 or earlier to patients with urinary catheter removal on POD 2 or later
in major pelvic colorectal surgeries. The primary outcome was rate of postoperative AUR. The secondary outcome was rates of
postoperative urinary tract infection (UTI).
Results From 691 relevant citations, five studies with 928 patients were included. Comparison of urinary catheter removal on
POD 1 versus POD 3 demonstrated no significant difference in rate of urinary retention (RR 1.36, 95%CI 0.83–2.21, P = 0.22);
however, compared to POD 5, rates of AUR were significantly higher (RR 2.58, 95%CI 1.51–4.40, P = 0.0005). Rates of UTI
were not significantly different between POD 1 and POD 3 urinary catheter removal (RR 0.40, 95%CI 0.05–3.71, P = 0.45), but
removal on POD 5 significantly increased risk of UTI compared to POD 1 (RR 0.50, 95%CI 0.31–0.81, P = 0.005).
Conclusion Risk of AUR can be minimized with late postoperative urinary catheter removal compared to early removal, but at
the cost of increased risk of UTI. Patient-specific factors should be taken into consideration when deciding upon optimal duration
of postoperative urinary catheterization.
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Introduction

Acute urinary retention (AUR) is a common postopera-
tive complication in colorectal surgery as it can occur in

4% to 22% of patients [1]. The underlying cause of
AUR is multifactorial. Factors common to all colorectal
procedures such as perioperative medications and stress-
induced sympathetic stimulation have been cited as con-
tributory factors [2]. In pelvic colorectal surgery, specif-
ically, dissection of structures adjacent to pelvic para-
sympathetic nerves may lead to neuropraxia and tempo-
rary urinary dysfunction [3]. In addition, manipulation
of the bladder intraoperatively can lead to edematous
changes in the surrounding tissue, which may induce
urinary dysfunction [3].

To mitigate the symptoms of AUR, urinary catheters
are routinely placed perioperatively. Current American
Society of Colon and Rectal Surgeons (ASCRS) guide-
lines recommend the routine use of urinary catheter into
the postoperative period and reflect the heightened risk
of AUR following pelvic colorectal surgery [4].
Guidelines recommend removal of the urinary catheter
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24 h postoperatively in colonic or upper rectal resec-
tions and removal 48 h postoperatively in mid-to-lower
rectal resections [4]. Despite these recommendations, the
optimal duration for postoperative urinary catheter use
remains controversial.

In pelvic colorectal operations in particular, removal
of urinary catheter at postoperative day (POD) 1 has
been compared to removal at POD 3 or to removal at
POD 5 with conflicting results. Some studies have dem-
onstrated increased rates of AUR with early urinary
catheter removal on POD 1, while others have failed
to demonst ra te a s igni f icant di fference [5–9] .
Conversely, standard urinary catheter removal on POD
2 or later may increase the risk of symptomatic urinary
tract infection (UTI) [5, 9]. However, there is a paucity
of data comparing POD 1 and POD 2 urinary catheter
removal [4]. As such, this systematic review and meta-
analysis compares early urinary catheter removal on
POD 1 with urinary catheter removal on POD 3 and
POD 5 with the aim to evaluate the safety and efficacy
of early urinary catheter removal.

Methods

Search strategy

The following databases covering the period from database
inception through February 2019 were searched: Medline,
EMBASE, Cochrane Central Register of Controlled Trials
(CENTRAL), and PubMed (Table 5). The search was de-
signed and conducted by a medical research librarian with
input from study investigators. Search terms included
Bcolorectal surgery ,̂ Brectal cancer^, Burinary catheter^, and
more (complete search strategy available in Appendix 1). The
references of published studies and gray literature were
searched manually to ensure that all relevant articles were
included. Full texts were not discriminated by language.
This systematic review and meta-analysis is reported in accor-
dance with the Preferred Reporting items for Systematic
Reviews and Meta-Analyses (PRISMA) [10].

Outcome assessed

The primary outcome was AUR postoperatively during index
admission. Secondary outcomes included (1) symptomatic
UTI, (2) asymptomatic UTI, and (3) postoperative
complications.

Study selection and data extraction

Early removal was defined by urinary catheter removal less
than 24 h after surgery or on POD 1. Intermediate removal

was defined by urinary catheter removal on or following POD
3. Late removal was defined by urinary catheter removal on or
following POD 5.

Articles were eligible for inclusion if they compared
patients with early removal of urinary catheter to inter-
mediate or late removal in major pelvic colorectal sur-
geries (i.e., low anterior resection, ultralow anterior re-
s e c t i o n , a b d om i n o p e r i n e a l r e s e c t i o n , t o t a l
proctocolectomy, i leal pouch anal anastomosis,
proctectomy, rectopexy). Exclusion criteria was (1) stud-
ies with a population primarily composed of patients
that underwent colon resections (e.g., right, transverse,
and left hemicolectomy); (2) studies that included pa-
tients with preoperative urinary tract dysfunction (e.g.,
enterovesicular fistula, urinary tract malignancy, renal
failure, severe benign prostatic hyperplasia); (3) studies
with less than 10 patients; and (4) unpublished ab-
stracts, poster presentations, opinions, case reports, re-
views, letters to editors, and editorials. Two reviewers
(YL and TM) independently evaluated the systematically
searched titles and abstracts using a standardized, pilot-
tested form. Discrepancies that occurred at the title and
abstract stages were resolved with automatic inclusion.
Discrepancies at the full-text stage were resolved by
consensus between the two reviewers, and if disagree-
ment persisted, a third reviewer (JS) was consulted. Two
reviewers independently conducted data extraction onto
a data collection manual designed a priori. Extracted
data included study characteristics (e.g., author, year of
publication, study design), patient characteristics (e.g.,
age, gender, type of surgery, indication for surgery, sur-
gical approach), and outcomes.

Risk of bias assessment

Risk of bias for randomized controlled trials (RCT) was
assessed using the Cochrane Risk of Bias Tool for
RCTs [11]. The Cochrane Risk of Bias Tool analyzes
RCTs according to randomization, allocation, blinding,
outcome assessment, data collection, and outcome
reporting. The included RCTs were scored as high risk,
low risk, or unclear with respect to each category.
Methodological quality assessment of included cohort
studies was assessed using the Methodological Index
for Non-Randomized Studies (MINORS) [12]. The
MINORS tool utilizes 12 evidence-based items to eval-
uate the methodological quality of the included studies.
Each item is scored from 0 to 2. A score of 0 indicates
lack of reporting, 1 indicates inadequate reporting, and
2 indicating adequate reporting. Two reviewers (YL and
TM) assessed the studies according to these tools inde-
pendently. Discrepancies were discussed among re-
viewers until consensus was reached.
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Statistical analysis

All statistical analysis and meta-analysis were performed
on STATA version 14 (StataCorp, College, TX) and
Cochrane Review Manager 5.3 (London, United
Kingdom). The threshold for statistical significance
was set a priori at a p of < 0.05. A pairwise meta-
analysis was performed using a DerSimonian and
Laird random effects model for all meta-analyzed out-
comes. Pooled effect estimates were obtained by calcu-
lating the mean difference (MD) in outcomes for con-
tinuous variables and risk ratios (RR) for dichotomous
variables along with their respective 95% confidence
intervals (CI) to confirm the effect size estimation. In
addition, mean and standard deviation (SD) was estimat-
ed for studies and studies that only reported median and
interquartile range using the estimation method de-
scribed by Wan et al. [13]. For studies that did not
report standard deviation or interquartile range, we
contacted the authors for missing data. Funnel plot for
assessing publication bias was not used as this review
contained less than 10 studies [14]. A leave-one-out
sensitivity analysis was performed by iteratively remov-
ing one study at a time to ensure that a single study
was not driving the significance or insignificance of the
pooled estimates. Assessment of heterogeneity was com-
pleted using the inconsistency (I2) statistic. We consid-
ered I2 higher than 50% to represent considerable het-
erogeneity [15]. For outcomes that were reported in less
than three studies, a systematic narrative summary was
provided.

Results

Study characteristics

Table 1 presents the detailed characteristics of studies
included in this review. Among 691 potentially eligible
studies, 5 studies with 928 patients were included
(Fig. 1). Three studies were RCTs [5, 6, 9], and two
studies [7, 8] were retrospective cohort studies. Median
age of included patients was 57.4 years with 43.3%
patients being female. The most common indications
for pelvic colorectal surgery were malignancy (80%),
inflammatory bowel disease (14.0%), and rectal prolapse
(1.8%). The most commonly performed procedures were
low anterior resection (69.1%), ileal pouch anal anasto-
mosis (12.6%), abdominoperineal resection (5.2%), and
rectopexy (1.9%).

In total, 233 patients had their urinary catheter re-
moved on POD 1 (early), 326 patients on POD 3 (in-
termediate), and 205 patients on POD 5 (late). Four

studies compared urinary catheter removal on POD 1
to POD 3 [6, 7, 9], and three studies compared POD
1 to POD 5 [5, 6, 8]. There were no studies comparing
POD 3 to POD 5. Thus, meta-analysis was done sepa-
rately for studies comparing early removal versus inter-
mediate removal and early removal versus late removal
across all outcomes of interest. A study by Lee et al.
compared urinary catheter removal on POD 1–2 to uri-
nary catheter removal on POD 3–4 and POD 5 or more
[8]. Therefore, this study was included in the meta-
analysis comparing early removal to intermediate re-
moval and early removal to late removal.

Urinary retention

All included studies reported AUR as an outcome. AUR
was defined according to two variables: residual urine
volume and time to first void. Residual urine volumes
used to define AUR among the included studies ranged
from 250 to 1200 mL. A prolonged time to first void
was defined as 6 h by Lee et al. and 8 h in the remain-
der of the studies. When comparing early urinary cath-
eter removal to intermediate urinary catheter removal,
there was no significant difference in rate of AUR
(RR 1.36, 95%CI 0.83–2.21, P = 0.22) (Fig. 2).
However, patients who had late urinary catheter removal
had significant lower rates of AUR compared to early
removal (RR 2.58, 95%CI 1.51–4.40, P = 0.0005) (Fig.
2). Heterogeneity was very low across both analyses
(I2 = 0%).

Symptomatic UTI

The definition of symptomatic UTI was consistent
across studies, which was defined by diagnosis based
on clinical symptoms and positive urine culture.
Compared to early removal, intermediate urinary cathe-
ter removal was not significantly different in rate of
symptomatic UTIs (RR 0.40, 95%CI 0.05–3.71, P =
0.45, I2 = 0%) (Fig. 3). Conversely, patients with late
urinary catheter removal had significantly higher rates
of UTI compared to early removal (RR 0.50, 95% CI
0.31–0.81, P = 0.005, I2 = 0%) (Fig. 3).

Table 2 shows the detailed description of postoperative
complications reported by each included study. Outcomes
such as surgical site infections, asymptomatic UTI, and over-
all complication rates could not be meta-analyzed due to lack
of studies reporting these outcomes. Rate of asymptomatic
UTI was reported by one study, which failed to demonstrate
a significant difference between early, intermediate, and late
urinary catheter removal (P = 0.30) [6].
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Sensitivity analysis

A study by Patel et al. was the only study included in
this review with a patient population primary composed
of IBD [9]. Moreover, this study provided alpha-
antagonist (1 mg oral prazosin) 6 h before catheter re-
moval to the patients in the POD 1 group. Sensitivity
by removing this study from the meta-analysis did not
impac t the s ign i f i cance ac ross a l l ou tcomes .
Furthermore, leave-one-out sensitivity analysis did not
influence the statistical significance or insignificance of
pooled estimates across all outcomes.

Risk of bias

Three of the included studies were RCTs and were an-
alyzed according to the Cochrane Risk of Bias Tool
(Table 3). According to the Cochrane Risk of Bias tool,
the included studies were at high risk of bias due to the
unblinded nature of the trials. Otherwise, the RCTs were
at low risk of bias from sequence generation, allocation
concealment, data loss, and selective reporting.

Two of the included studies were observational and
were analyzed using the MINORS tool (Table 4). Lee
et al. scored 17 points and Yoo et al. scored 16 points,
out of 24 points [12]. The scoring distribution was sim-
ilar between the two studies, with both studies reporting
appropriate study end points, adequate statistics, and
appropriate control groups and follow-up periods.
However, there was an absence of prospective study
size calculation, unblinded study end point assessment,
and lack of contemporary groups.

Discussion

This systematic review and meta-analysis demonstrates
that early urinary catheter removal may be safe follow-
ing major pelvic colorectal operations. Specifically, there
was no significant difference in rates of AUR between
early (POD 1) and intermediate (POD 3) urinary cathe-
ter removal (RR 1.36, 95%CI 0.83–2.21, P = 0.22). Yet,
a significant increase in rates of AUR was found with
early urinary catheter removal as compared to late (POD
5) removal (RR 2.58, 95%CI 1.51–4.40, P = 0.0005).
Conversely, rates of symptomatic UTIs were significant-
ly increased with late urinary catheter removal com-
pared to early removal (RR 0.50, 95%CI 0.31–0.81,
P = 0.005), while there was no difference between early
and intermediate removal (RR 0.40, 95%CI 0.05–3.71,
P = 0.45).

Not surprisingly, rates of AUR and UTI demonstrate
an inverse relationship. AUR is mitigated with the useT
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of urinary catheter; a foreign body acting as a nidus for
infection [16]. In the present study, absolute rates of
AUR decreased by 6.5% in the late removal group com-
pared to the early removal group. Conversely, absolute
rates of UTI increased by 9.7% in the late removal
group compared to the early removal group. Therefore,
the increased absolute risk of UTI is 1.5 times that of
the decreased absolute risk of AUR with late urinary
catheter removal. Furthermore, UTIs are associated with
increased length of stay in hospital and increased mor-
tality [17]. The estimated annual economic burden of
UTIs in the USA is 450 million USD [16]. While
AUR also increases length of stay, its impact on mor-
tality and healthcare costs is much less substantial [18].
Given the changes in absolute risk and the relative mor-
bidity and cost of AUR and UTI, it is likely reasonable
that at least one attempt to discontinue the catheter
should be made prior to POD 5.

The 2017 ASCRS guidelines on Enhanced Recovery
After Surgery (ERAS) recommend, based on moderate
quality evidence (grade 1B), that urinary catheter be
removed on POD 2 following major pelvic colorectal
surgery [4]. Due to the lack of studies comparing uri-
nary catheter removal on POD 2 to earlier removal, this
review cannot directly conclude whether removal before,

on, or following POD 2 is most effective at reducing
rates of AUR and UTIs. However, as this review did
not demonstrate any significant difference in AUR with
early urinary catheter removal compared to intermediate
removal, it may be reasonable to predict that rates of
AUR would be similar between urinary catheter removal
on POD 1 and POD 2. Furthermore, it is unlikely that
rates of symptomatic UTI would be significantly differ-
ent between POD 1 and POD 2 given the similar rates
between POD 1 and POD 3.

Irrespective of guideline recommendations, there are
a number of patient factors to consideration when deter-
mining optimal timing of urinary catheter removal.
These factors include older age, male gender, history
of benign prostatic hyperplasia, and the use of epidural
anesthesia [19–21]. Epidural anesthesia, in particular, is
a risk factor that has been studied extensively [19].
Conflicting evidence currently exists as to whether uri-
nary catheter can be safely removed while an epidural
catheter remains in situ [22, 23]. Studies including the
use of epidural catheterization were excluded from the
present review, as they failed to compare urinary cathe-
ter postoperative removal dates, but rather compared
urinary catheter removal prior to epidural discontinua-
tion and following epidural discontinuation [22, 23].

Fig. 1 PRISMA
Diagram—transparent reporting
of systematic reviews and meta-
analysis flow diagram outlining
the search strategy results from
initial search to included studies
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Thus, the findings of this review are not applicable to
patients with an epidural anesthesia for colorectal
surgery.

In addition to patient factors, there are surgical fac-
tors to consider. The risk of AUR in pelvic colorectal
surgery is linked to intraoperative factors unique to pel-
vic dissection. Pelvic splanchnic nerves and the hypo-
gastric plexus are at risk of iatrogenic injury with pelvic
dissection [7]. The risk of iatrogenic nerve injury in-
creases as the extent of pelvic dissection increases
[24]. Thus, operations such as abdominoperineal resec-
tion and total proctocolectomy are associated with in-
creased rates of AUR compared to other colorectal op-
erations [25–28]. Moreover, operations performed for
malignancy increase the extent of mesorectal dissection
and thus increase the risk of postoperative AUR [9].
However, non-pelvic surgeries such as orthopedic, tho-
racic, and general surgery operations are also associated

with increased risk of postoperative AUR [29–31]. The
risk of AUR following orthopedic surgery ranges from
2.3 to 8.8%, and urinary catheter removal generally oc-
curs on POD 1 [26]. Postoperative AUR rates following
inguinal herniorrhaphy range from 8.9 to 22% and
many of these operations are performed on an outpatient
basis without urinary catheter izat ion [30, 31] .
Furthermore, colectomies are routinely performed with
POD 0 or POD 1 removal of urinary catheter, with
relatively low rates of AUR [32, 33]. While this dem-
onstrates that early urinary catheter removal is safe in
the other surgical populations, it also highlights surgical
factors beyond pelvic nerve injury that increase the risk
of AUR that need to be considered when deciding the
most appropriate POD for urinary catheter removal. In
particular, factors that may increase the risk of postop-
erative AUR include operative time, administration of
large volume of intraoperative fluid, and laparoscopy

Fig. 2 Random effects meta-analysis forest plot comparing rate of acute urinary retention at different postoperative days of removing urinary catheter
after pelvic colorectal surgery

Fig. 3 Random effects meta-analysis forest plot comparing rate of symptomatic urinary tract infection at different postoperative days of removing
urinary catheter after pelvic colorectal surgery
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[3, 19]. Therefore, the findings of this review should be
applied within the context of known surgical risk factors
for AUR.

This review has several limitations. First, there was
heterogeneity in the timing of urinary catheter removal
across studies. Nonetheless, separate analyses of POD 1
versus POD 3 and POD 1 versus POD 5 allowed for
pooling of similar study designs. Second, the majority
of the studies did not distinguish between cancer and
non-cancer patients. Yet, more than 80% of the opera-
tions in the included studies were performed for malig-
nancy, thus likely ensuring fairly uniform extents of
mesorectal dissection. Additionally, complications asso-
ciated with IBD and diverticular disease, such as
enterovesicular fistula, were controlled for in the includ-
ed studies through exclusion of patients with known
urinary tract abnormalities. Third, definitions of AUR
across studies were variable. While the residual urine
volume used to define AUR was heterogenous, ranging
from 250 to 1200 mL, the time to void following cath-
eter removal used to define AUR was homogenous [6,
7, 9, 21]. Lastly, one of the included studies included

the use of an oral alpha-blocker in their early catheter
removal group [9]. However, sensitivity analysis remov-
ing this study from overall pooled effect estimates did
not influence the overall significance of the findings.

In summary, the findings of this review demonstrate that
early postoperative urinary catheter removal following pelvic
colorectal operations may be as safe as intermediate removal
but carries increased risk of AUR when compared to late
removal. Additionally, early urinary catheter removal is pro-
portionate in risk for symptomatic UTI with intermediate
urinary catheter removal, while it decreases the risk of
symptomatic UTI compared to late removal. As such, due
to the higher morbidity and cost associated with UTI, it is
likely reasonable, given the individual patient and surgical
risk factors, that at least one attempt to remove the urinary
catheter prior to POD 5 should be made. Interestingly,
ASCRS recommends urinary catheter removal on POD 2
following major pelvic colorectal operations. Thus, the
existing literature does not uniformly address the safety of
early urinary catheter removal compared to ASCRS’ recom-
mendations. As such, large studies comparing POD 1 and
POD 2 should be conducted to further evaluate the safety
and efficacy of early urinary catheter removal following ma-
jor pelvic colorectal surgery. In the interim, there is currently
a paucity of data to support that routine removal of urinary
catheter on POD 1. Although the lack of significant differ-
ence between early and intermediate groups in the present
study suggests that there is no reason to believe that removal
of urinary catheter on POD 1 would be more harmful than
removal on POD 2. Nonetheless, urinary catheter removal
following major pelvic colorectal surgery should be per-
formed in compliance with ASCRS guidelines, while also
taking into consideration important patient and surgical
factors.
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