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Abstract
Background:The ideal measures to prevent postoperative catheter-related bladder discomfort (CRBD) remain unestablished. We
conducted the systematic review and meta-analysis to clarify the significance of potential interventions.

Methods:We followed the Preferred Reporting Items for Systematic review andMeta-Analysis statement guidelines, and searched
databases fromMEDLINE, EMBASE, and referred Cochrane Library for randomized clinical trials (RCTs) published before December
2014. Reference lists from reviews or related articles were screened and checked for the related RCTs. Data extraction was
performed carefully by 2 authors, respectively, and methodological quality was assessed by scoring system. Meta-analysis was
applied for studies using the similar strategies or same reagents on the similar participants focused on CRBD. The primary outcome
measure was the incidence of postoperative CRBD.

Results:We identified 8 RCTs with interventions ranging from perioperative managements to pharmacological or multicomponent
interventions. Meta-analysis showed ketamine was associated with less incidence of CRBD compared with placebo (pool risk ratio
[RR]=�0.75, 95% confidence interval [CI]=0.17–3.44, P<0.01) at 0hour, 1hour (RR=�0.26, 95%CI=�0.38 to�0.13, P<0.01),
and 2hours (RR=0.31, 95%CI=0.17–0.55, P<0.01) and 6hours (RR=0.23, 95% CI=0.11–0.49, P<0.01) after operation.
Oxybutynin did not affect the incidence of CRBD (RR=0.46, 95%CI=0.20–1.03, P=0.06). Anticholinergic drugs also lower the
incidence of CRBD at 0hour (RR=0.52, 95% CI=0.38–0.71, P<0.01), 1hour (RR=0.66, 95% CI=0.51–0.86, P<0.01), 2hours
(RR=0.62, 95% CI=0.46–0.84, P<0.01), and 6hours (RR=0.56, 95%CI=0.38–0.81, P<0.01) postoperatively. Tramadol and
gabapentin were also useful in lower the incidence and severity of CRBD in a RCT with 50 patients.

Conclusion: The included studies showed great effectiveness in incidence of postoperative CRBD. Meta-analysis supported that
ketamine, oxybutynin, and anticholinergic reagents interventions were useful in preventing postoperative catheter-related bladder
discomfort.

Abbreviations: CENTRAL = Cochrane Central Database of Controlled Trials, CI = confidence interval, CRBD = catheter-related
bladder discomfort, RCT = randomized clinical trial, RR = risk ratio.

Keywords: a systematic review and meta-analysis, anticholinergic drugs, catheter-related bladder discomfort, gabapentin,
ketamine, oxybutynin, tramadol
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1. Introduction

Around 15% to 25% of patients admitted to hospital are
indwelled with urinary catheters,[1] while it is a common
intervention in operation room. It is widely used to permit the
accurate measurement of urinary output in patients undergoing
operations. However, urinary catheters sometimes cause cathe-
ter-related bladder discomfort (CRBD). CRBD is characterized
with the elevated symptoms of urinary frequency and urgency,
and a discomfort at the suprapubic region caused by catheter-
related bladder irritation.[2,3] The incidence of CRBD has been
reported around to be 47%, with 2 independent predictors of
being the size of indwelling catheters and patient gender.[4] The
occurrence of CRBD is extremely distressing to patients, reduces
the quality of recovery, and prolongs hospital stay by
exacerbated postoperative discomfort.[5,6]

A number of studies have been conducted to reduce the
problems caused by bladder catheterization and identify agents
that can be used for prophylactic postoperative treatment.[3] The
mechanism of CRBD is similar to that of overactive bladder,[7]

which are caused by involuntary contractions of the bladder
mediated by muscarinic receptors.[6] Muscarinic receptor
antagonists oxybutynin and tolterodine have been used success-
fully for the management of overactive bladder.[2,8] Agents with
antimuscarinic properties, therefore, have been investigated for
the prevention of CRBD including butylscopolamine, toltero-
dine, and oxybutynin. Ketamine is a general anesthetic, which
acts rapidly, used for catheter-related discomfort in several
conditions.[9]
2. Materials and methods

This systematic review and meta-analysis was conducted
following the guidelines of the Preferred Reporting Items for
Systematic Review and Meta-Analysis statement.[10,11] Complet-
ed studies met all the following criteria were considered eligible
for inclusion: randomized clinical trials (RCTs) assessing drugs to
prevent CRBD; patients in the studies undergoing general
anesthesia; and patients were all adult. Research articles were
excluded if they recruited: patients were treated with different size
of urinary catheterization; patients undergoing local anesthesia
or nerve block; groups including nonsurgical patients (for
examples patients in the intensive care unit or ward without
surgery); and patients with mental disorders (e.g., dementia,
schizophrenia, or depression). The methodological quality score
of included studies were conducted and recorded.
Figure 1. Risk of bias graph. Reviewing authors’ judgements about each

2

2.1. Ethics statement and guidelines

The present systematic review and meta-analysis involved no
animal experiments or direct human trials, and neither a special
ethics review nor an ethical approval was therefore necessary.
The study was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement.[11]
2.2. Search strategy

We conducted a literature search of Medline, Embase, and The
Cochrane Central Database of Controlled Trials electronically
from inception to December 2014 for RCTs concerning CRBD.
The Medline search strategy retrieved citations containing
“catheter-related bladder discomfort” and “general anesthesia.”
Medline citations were limited to RCTs using a sensitive
strategy[12] that was modified for other databases. Details of
the search strategies are available in Fig. 1. We reviewed
references lists from included studies and review articles and
searched the related articles of identified studies using “Google
Scholar.” No language restrictions were applied.

2.3. Data extraction

Two authors (BH and CL) screened the flow diagram and
completed the data extraction. Disagreements were resolved by
discussion or applied to the 3rd coauthor for consultation.
Authors of the included studies were applied, if the data in the
included studies were not converted to the incidence of CRBD.
The following characteristics of included studies were collected:
primary author, publication year, country of origin, intervention,
types of surgery, participant characteristics (gender, age),
invention, primary outcome, criteria for and incidence of CRBD.
Dichotomous data were converted to incidences for data
synthesis.
2.4. Data analysis

The present systematic review and meta-analysis focused on the
incidence of CRBD. Placebo or control produces was considered
as sham intervention as a study comparing the effects between
reagent with placebos. Meta-analysis was performed for 2 or
more studies using the similar strategies or same reagents.
Analyses were on a model of experiment-to-control basis.
Differences between 2 groups were expressed as risk ratios
(RRs) with 95% confidence intervals (CIs) for dichotomous
risk of bias item presented as percentages across all included studies.
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Figure 2. Risk of bias summary. Reviewing authors’ judgements about each
risk of bias item for each included study.
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outcomes. A fixed-effect model was used as there was no
significant heterogeneity (P-value of x2 test no less than 0.10 and
I2 not greater than 50%), otherwise, a random-effects model was
Figure 3. The incidence of CRBD was not affected by ketamine at 0hour after o
CRBD=catheter-related bladder discomfort, RR= risk ratio.

4

employed (P-value of x test less than 0.10 and I greater than
50%). Publication bias and studies quality were assessed by
checking the bias risk in the software of ReviewManager, version
5.3 (RevMan, The Cochrane Collaboration, Oxford, UK) and
visually inspecting funnel plots performed by the software. A
P value of less than 0.05 was considered statistically significant.
All statistical analyses were performed using the software of
RevMan,
3. Results

The process of literature identification, screening, and selection is
summarized by figure diagram. Our primary search yielded 42
articles and 33studies potentially met the inclusion criteria after
screening. Eight RCTs[2,5,6,13–17] were left for systematic review
and meta-analysis, with 25 studies excluded: 5 studies were
retrospective cohort studies; 6 studies patients were treated with
epidural anesthesia; 4 studies patients were treated with local
anesthesia; 7 studies concerned catheter-related infection; and 3
studies were about catheter product. An overview of the risk of
bias was shown in Figs. 1 and 2.
3.1. Studies characteristics

The characteristics of 8 included studies were summarized in
Table 1.
3.2. Quality scores of included studies

The methodological quality score of included studies were shown
in Table 2. The scores ranged from 15[14] to 21.[6] A score of 15
was found in 1 study,[14] 2 studies[2,13] with 16, 4 studies[5,15–17]

with 17, and 1 studies[6] got the full score of 21.
3.3. Quantitative review and meta-analysis

Category 1: Administration of tramadol intraoperatively pre-
vented the incidence of CRBD. Agarwal et al[13] tested the effect
of tramadol on prevention of CRBD by comparing tramadol 1.5
mg/kg with normal saline 30minutes before extubation with 54
patients of 27 in each group were included in the prospective,
randomized, double-blind, placebo controlled study. Incidence of
CRBD was reduced in tramadol group (n=27) at 0, 1, 2, 6hours
after extubation compared with normal saline group (n=27)
(P<0.05). In addition, the severity of CRBDwas also reduced by
tramadol at all time points (0, 1, 2, 6hours) (P<0.05). However,
the incidence of postoperative nausea and vomiting together with
sedation were higher in tranadol group compared with normal
saline group (P<0.05).
peration. RR=0.75, 95%CI=0.17 to 3.44, P=0.72. CI=confidence interval,



Figure 4. Ketamine decreased the incidence of CRBD at 1hour after operation. RR=�0.26, 95%CI=�0.38 to�0.13, P<0.01. CI=confidence interval, CRBD=
catheter-related bladder discomfort, RR= risk ratio.
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Category 2: Effect of gabapentin on the incidence of CRBD.
Agarwal et al[15] conducted an RCT including 108 consecutive
adult patients, undergoing elective percutaneous nephrolithot-
omy. Gabapentin were administrated orally 1hour before
surgery, and 16Fr Foley catheter was applied after induction
of anesthesia in the studied group, while placebo were
administrated in control group. The result demonstrated that
gabapentin reduced the incidence of CRBD to 50% (27 of 54)
compared with 80% (43 of 54) observed in the control group.
Category 3: Effect of ketamine on the incidence of CRBD. We

identified 2 studies[16,17] with 164 patients compared ketamine
with placebo. Meta-analysis using random effect model (x2=
64.03, P<0.01, I2=98%) revealed no difference between
ketamine and placebo (RR=0.75, 95%CI=0.17–3.44, P=
0.72) at 0hour after operation (Fig. 3). Random effect model
(x2=17.18, P<0.01, I2=94%) was also applied in the meta-
analysis at 1hour after operation, and the result demonstrated
that ketamine decreased the incidence of CRBD significantly
(RR=�0.26, 95%CI=�0.38 to�0.13, P<0.01) (Fig. 4). Meta-
analysis using fixed effect model (x2=1.52, P=0.22, I2=34%)
revealing that ketamine reduced the incidence of CRBD (RR=
0.31, 95%CI=0.17–0.55, P<0.01) at 2hours after operation
(Fig. 5). Furthermore, meta-analysis using fixed effect model
(x2=0.50, P=0.48, I2=0%) demonstrated that ketamine
reduced the incidence of CRBD significantly (RR=0.23, 95%
CI=0.11–0.49, P<0.01) at 6hours after operation (Fig. 6).
Category 4: Effect of oxybutynin on the incidence of CRBD. 2

RCTs[5,6] with 202 patients tested the incidence of CRBD
compared oxybutynin with placebo.Meta-analysis using random
effect model (x2=2.83, P=0.09, I2=65%) found no difference
(RR=0.46, 95%CI=0.20–1.03, P=0.06) between the 2 groups
(Fig. 7).
Figure 5. Ketamine decreased the incidence of CRBD at 2hours after operation.
catheter-related bladder discomfort, RR= risk ratio.

5

Category 5: Effect of anticholinergic drugs on the incidence of
CRBD. 3 studies[2,6,14] using anticholinergic drugs concerning the
effect of butylscopolamine, tolterodine, and oxybutynin on
CRBD with 506 patients were included for meta-analysis. Meta-
analysis using fixed effect model (x2=9.92, P<0.01, I2=80%)
found anticholinergic drugs significantly reduced the incidence of
CRBD (RR=0.52, 95%CI=0.38–0.71, P<0.01) comparing
with placebo at 0hour in the postanesthesia care unit (Fig. 8).
Although at 1hour fixed effect model (x2=3.56, P=0.17, I2=
44%) was applied and the result demonstrated that there was
significantly difference (RR=0.66, 95% CI=0.51–0.86, P<
0.01) between anticholinergic drugs group and placebo group
(Fig. 9). In addition, meta-analysis using fixed effect model (x2=
4.13, P=0.13, I2=52%) reveling that anticholinergic drugs
decreasing the incidence of CRBD significantly (RR=0.62, 95%
CI=0.46–0.84, P<0.01) at 2houre in the postanesthesia care
unit (Fig. 10). Meta-analysis using fixed effect model (x2=0.79,
P=0.67, I2=0%) showing that there was significantly difference
(RR=0.56, 95%CI=0.38–0.81, P<0.01) between anticholiner-
gic drugs group and placebo group on the incidence of CRBD at 6
hours postoperatively (Fig. 11).

4. Discussion

The presentation of CRBDwas the main complaint from patients
with indwelling urinary catheters during the postoperative
period.[18] Although CRBD was defined as an urge to void or
discomfort in the suprapubic region. The major characteristic of
CRBD presented at the overactive bladder with the elevated
symptoms of urinary frequency and urgency. It had been founded
that the involuntary contractions of bladder are mainly mediated
by muscarinic receptors directly.[2,7] In other words, antimuscar-
RR=0.31, 95%CI=0.17 to 0.55, P<0.01. CI=confidence interval, CRBD=

http://www.md-journal.com


Figure 6. Ketamine decreased the incidence of CRBD at 6hours after operation. RR=0.23, 95%CI=0.11 to 0.49, P<0.01. CI=confidence interval, CRBD=
catheter-related bladder discomfort, RR= risk ratio.

Figure 7. The incidence of CRBD was not affected by oxybutynin. RR=0.46, 95%CI=0.20 to 1.03, P=0.06. CI=confidence interval, CRBD=catheter-related
bladder discomfort, RR= risk ratio.

Figure 8. Anticholinolytic drugs reduced the incidence of CRBD at 0hour after operation. RR=0.52, 95%CI=0.38 to 0.71, P<0.01. CI=confidence interval,
CRBD=catheter-related bladder discomfort, RR= risk ratio.

Figure 9. Anticholinolytic drugs reduced the incidence of CRBD at 1hour after operation. RR=0.66, 95%CI=0.51 to 0.86, P<0.01. CI=confidence interval,
CRBD=catheter-related bladder discomfort, RR= risk ratio.

Hu et al. Medicine (2016) 95:37 Medicine
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[20]

Figure 10. Anticholinolytic drugs reduced the incidence of CRBD at 2hours after operation. RR=0.62, 95%CI=0.46 to 0.84, P<0.01. CI=confidence interval,
CRBD=catheter-related bladder discomfort, RR= risk ratio.
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inic reagents would be used as the mainstay for the treatment of
CRBD. In the present systematic review and meta-analysis, many
antimuscarinic reagents including gabapentin, oxybutynin,
tolterodine, and ketamine can be used to prevent or reduce the
incidence of CRBD.
Tolterodine, a competitive pure muscarinic receptor antago-

nist, showed functional selectivity for the bladder with its
metabolite 5-HM. In the present systematic review and meta-
analysis, tolterodine combined with other anticholinergic drugs
including butylscopolamine and oxybutynin decreasing the
incidence of CRBD significantly compared with placebo at 1
and 2hours on the arrival at the PACU. However, oxybutynin
which is a muscarinic receptor antagonist did not take effect in
treating the incidence of CRBD in the present systematic review
andmeta-analysis. Because of the spasmolytic and antimuscarinic
properties, oxybutynin has a direct relaxant effect on the bladder
theoretically. Due to the bias of administrated process in the
studies,[5,6] the effect was not definite.
Recently, an RCT conducted by Nam et al[19] in Republic of

Korea, recruited 99 patients, demonstrated that butylscopol-
amine decreased the incidence and severity of CRBD for 6hours
postoperatively without adverse effects. It had been demonstrat-
ed that the diameter of the bladder catheter and gender were
identified as independent predictors of CRBD.[4] In the present
systematic review and meta-analysis, the differences of diameter
of the Foley catheter in men or womenwere not significant. There
were no differences between genders in the present systematic
review and meta-analysis. However, there were no accurate
techniques or agents to resolve the complaints of CRBD.
Figure 11. Anticholinolytic drugs reduced the incidence of CRBD at 6hours after
CRBD=catheter-related bladder discomfort, RR= risk ratio.

7

A recent review demonstrated the similar results to the
present systematic review andmeta-analysis; however, the review
focused on the systematic review and lacking meta results to
supporting the conclusion. In the present systematic review and
meta-analysis, we focused on the meta-analysis of the data and
concluded the outcome.
There were several limitations in the present systematic review

and meta-analysis. First, population participated in the included
studies was adult but not restricted to male or female. As studies
had shown that gender may affect the incidence of CRBD, which
may sharpen the bias of the results. Second, all patients in the
included studies were treated with 16G or18G Foley catheter;
however, reagents used in the included studies were not at the
same time point. Third, the location of the included studies were
mainly from India conducted by Agarwal, whichmay sharpen the
bias of the results.
5. Conclusion

The present systematic review and meta-analysis had shown that
reagents including oxybutynin, tolterodine, and ketamine could
be choices in preventing the incidence of CRBD perioperatively.
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