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Introduction

Urinary retention usually occurs after anesthesia and surgery, 
with a reported incidence of 5% to 70% (1). Risk factors 
of urinary retention include anesthetics, type of surgery, 
postoperative local inflammation, age over 50, and relative 
immobility after surgery (2). Postoperative urinary retention 
(POUR) is often considered as a minor postoperative adverse 

effect and inhibition of micturition reflex after general 
anesthesia or spinal anesthesia is the main cause of POUR. 
However, without treatment, POUR can lead to excessive 
bladder dilatation, acute renal injury, and detrusor injury. 
These events may result in delayed discharge from hospital 
and additional care after discharge (3).

 Though POUR can be easily managed by catheterization, 
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catheterization also increases the risk of urinary tract 
infection and may lead to further complications such as 
prosthetic joint infection (4). Other interventions to prevent 
or treat POUR include medications (e.g., cholinergic drugs 
and α-adrenergic blockers), massage, acupuncture, and hot 
compress. Interventions targeting anesthesia and analgesia 
are potential preventive strategies. The prevention of 
POUR and alternative treatments to catheterization can 
relieve postoperative morbidity and reduce complications, 
consequently improving patients' dignity, comfort, and 
mental health (3).

Neostigmine is a parasympathomimetic drug that acts as 
a reversible acetylcholinesterase inhibitor. Aeschlimann and 
Reinert first synthesized it in 1931. Neostigmine indirectly 
stimulates nicotinic and muscarinic receptors by interfering 
with the decomposition of acetylcholine (5). Studies have 
reported that neostigmine is a convenient, safe, and effective 
drug for treating patients with POUR. When it was injected 
through the Zusanli acupoint, the effect of neostigmine was 
better than that of intramuscular injection (6). However, 
Tomaszewski et al. (7) analyzed the influence of neostigmine 
hydrochloride administration on the incidence of POUR 
in orthopedic patients under spinal anesthesia, and no 
satisfactory results were found. They observed that the 
incidence of urinary retention in the neostigmine group 
was higher than that of the control group, presumably 
resulting from increased bladder smooth muscle tension. 
These findings show that the use of neostigmine in POUR 
remains inconclusive. Therefore, in this study, we searched 
and collected relevant reports to comprehensively analyze 
the efficacy of POUR. This is a large scale meta-analysis 
on this topic, and it evaluated details of effects and adverse 
events to conduct this update research. We present the 
following article in accordance with the PRISMA reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-16/rc).

Methods

Literature search strategy

We searched PubMed, Web of Science, Embase, and 
the Chinese National Knowledge Infrastructure (CNKI) 
database for randomized controlled trials (RCTs) published 
from Jan 1, 2000 to Sep 1, 2021 using the following search 
terms: (I) neostigmine; (II) urine retention OR POUR; 
(III) clinical effects. The search strategy involved Medical 

Subject Headings (MeSH) and text words combined 
through Boolean operators “AND”.

We conducted a comprehensive search across several 
databases without restricting for language or publication 
status. In order to maximize the specificity and sensitivity of 
the search, the authors also referred to the list of references 
retrieved, looking for other relevant studies not found 
through the search strategy. 

Study selection

Potentially relevant articles were reviewed in full to ensure 
that they satisfied all of the following inclusion criteria: 
(I) research comparing patients receiving neostigmine 
or standard therapy; (II) research comparing patients 
receiving neostigmine acupoint injection or neostigmine 
intramuscular injection; (III) patients with POUR; (IV) 
studies containing indicators evaluating effectiveness or 
other relevant indicators between neostigmine and standard 
therapy; (V) available in full text.

Studies were excluded based on the following pre-
determined exclusion criteria: (I) research on other diseases; 
(II) comparison of other interventions; (III) studies lacking 
available data; (IV) review, abstract, or duplicate publication.

Data extraction and quality assessment

Two pairs of reviewers independently screened titles, 
abstracts, and full-text articles of potentially eligible studies 
and resolved disagreements through discussion.

The following data parameters were extracted: name 
of primary author, country(s) of study, patient population 
under study, number of participants in each arm, patient 
age [mean and standard deviation (SD)], patient sex, 
characteristics of the pharmaceutical intervention (dosage 
and duration of therapy) in each arm, follow-up duration, 
and outcome measures for each arm. 

The validity of eligible RCTs was assessed using the 
Cochrane risk of bias tool in Review Manager 5.2. Egger’s 
tests and funnel plots were used to evaluate the risk of bias 
across studies.

Statistical analysis

Review Manager (version 5.2, Cochrane Collaboration, 
2011) was used to estimate the impact of the results in the 
selected reports.

https://tau.amegroups.com/article/view/10.21037/tau-22-16/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-16/rc
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To measure the consistency of the effect size [odds ratio 
(OR) and mean difference (MD)], pairwise meta-analyses 
were performed with a DerSimonian and Laird random 
effects model to calculate the pooled estimates of OR and 
MD with 95% CIs of direct comparisons between the 
experimental group and control group.

Heterogeneity of 0% to 40% was considered as 
“might not be important,” 30% to 60% as “moderate 
heterogeneity,” 50% to 90% as “substantial heterogeneity,” 
and 75% to 100% as “considerable heterogeneity.” If 
P<0.05 or I2>50%, the random effects model would be 
used for analysis. If P≥0.05 and I2≤50%, the fixed effects 
model would be used for analysis. When heterogeneity was 
present, the random effects model was used to calculate the 
pooled OR, whereas the fixed effects model was used in its 
absence. 

Publication bias was examined by visual inspection of 
funnel plots and by using Egger’s tests. Sensitivity analysis 
was conducted by omitting a single study each time to 
observe the influence of the individual outcome on the 
overall analysis.

Results

Search process

The initial search yielded 966 articles from 4 databases 
including PubMed, Embase, Web of Science, and CNKI. 
After the first screening, 880 records remained. By 
screening the titles and abstracts, an additional 823 records 
were excluded because they were review articles, letters, 
case reports, comments, or editorials. Subsequently, 57 
articles remained. 

Of these, 37 articles were further excluded due to various 
reasons including different study designs or insufficient data 
available. Ultimately, 20 studies met the inclusion criteria 
and were included in the present meta-analysis, with a 
total of 1,850 patients. This process, which followed the 
PRISMA guidelines (8), including the reasons for excluding 
studies, is illustrated in Figure 1.

Characteristics of the included studies

Table 1 lists the main characteristics of the 20 included trials 
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Figure 1 PRISMA flowchart detailing the search strategy for study inclusion.
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(9-28). All 20 articles were published from 2006 to 2019. 
The experimental interventions included neostigmine 
injection (6 trials, 30%), neostigmine injection with 
physiotherapy (12 trials, 60%), and neostigmine injection 
combined with other drug treatments (2 trials, 10%). 
Correspondingly, the control groups received usual Chinese 
traditional therapy (hot compress, low frequency pulse 
stimulation, and Chinese traditional medicine) and physical 
therapy (functional exercise), or drugs such as morphine. 
These studies contained a total of 1,850 patients (942 
patients in the experimental groups and 908 patients in 
control groups). The sample size was between 36 and 239. 

Results of quality assessment

The Cochrane risk of bias assessment tool was used to 
evaluate the risk of bias of the included studies. Among the 
20 articles, high risk of selection bias, performance bias, 
detection bias, attrition bias, reporting bias, and other bias 
were found in 8 different studies (Figure 2). 

In view of the bias summary, only 1 to 2 trials showed 
bias (Figure 3). Visual inspection of the funnel plot of studies 
reporting the effectiveness rate showed some asymmetry, 
and Egger’s test indicated that there was little evidence of 
publication bias.

Results of the heterogeneity tests

Heterogeneity analysis of the effective rate for urinary 
retention between the experimental and control groups 
A meta-analysis of the difference in effective rate was 
conducted. The overall result showed that the experimental 
group had a higher effective rate than the control group 
(OR =7.47, 95% CI: 4.10–13.59, overall effect P<0.00001, 
I2=73% random effects model) (Figure 4). Based on the 
injection methods of neostigmine, subgroup differences 
including neostigmine vs. control and neostigmine acupoint 
injection vs. neostigmine intramuscular injection were 
analyzed. The subgroup analysis results showed that 
neostigmine was significantly better than usual Chinese 
traditional and physical therapies for urinary retention 
(OR =8.56, 95% CI: 4.12–17.81, overall effect P<0.00001, 
I2=77% random effects model). In addition, neostigmine 
acupoint injection had a higher effective rate than 
neostigmine intramuscular injection for urinary retention 
(OR =4.42, 95% CI: 1.78–10.96, overall effect P=0.001, 
I2=41% fixed effects model).
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Random sequence generation (selection bias) 

Allocation concealment (selection bias) 

Blinding of participants and personnel (performance bias) 

Blinding of outcome assessment (detection bias) 

lncomplete outcome data (attrition bias) 

Selective reporting (reporting bias) 

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias

Figure 2 Graph of the risk of bias.

Heterogeneity analysis of the time to first voiding 
between the experimental and control groups
Similarly, a meta-analysis for the time to first voiding 
(min) between the experimental and control groups was 
performed. The overall result showed that the time to 
first voiding in the experimental group was shorter than 
that of the control group (MD =–81.92, 95% CI: –130.13 
to –33.70, overall P=0.0009, I2=99% with random effects 
model) (Figure 5). The subgroup analysis showed that 
neostigmine had a better effect for urinary retention (MD 
=–47.50, 95% CI: –60.83 to –34.17, overall P<0.00001), 
while acupoint injection of neostigmine had a better effect 
than intramuscular injection (MD =–95.92, 95% CI: 
–161.74 to –30.10, overall P=0.004, I2=99% with random 
effects model).

 
Heterogeneity analysis of residual urine volume 
between the experimental and control groups
Four studies covered residual urine volume. The overall 
results showed that neostigmine treatment could reduce 
residual urine volume (MD =–55.43, 95% CI: –80.90 to 
–29.96, P<0.00001, I2=89% with random effects model) 
(Figure 6). The subgroup analysis showed that neostigmine 
acupoint injection resulted in significantly less residual urine 
volume than the neostigmine intramuscular injection group 
(MD =–41.31, 95% CI: –58.05 to –24.58, overall P<0.00001, 
I2=75% with random effects model). However, neostigmine 
resulted in less residual urine volume than usual care (MD 
=–78.84, 95% CI: –101.46 to –56.23, P<0.00001, I2=2% with 
random effects model), and this result might be attributed to 
the insufficient article sample size.

Heterogeneity analysis of the volume of urine excreted 
between the experimental and control groups 
To better evaluate the efficacy of neostigmine, we collected 
data on the volume of urine excreted (mL). Only 1 article 
reported the volume of urine excreted in each subgroup. 
The overall results showed that the experimental group 
had less residual urine volume than the control group (MD 
=98.71, 95% CI: –185.49 to 382.90, P<0.00001, I2=99% 
with random effects model) (Figure 7). In the subgroup 
analysis, neostigmine and the control group had no 
difference in the volume of urine excreted (MD =–46.60, 
95% CI: –95.87 to 2.67, P=0.06). Neostigmine acupoint 
injection resulted in a greater volume of urine excreted 
than the neostigmine intramuscular injection group (MD 
=243.40, 95% CI: 201.62 to 285.18, overall P<0.00001). 

Results of sensitivity analysis and publication bias

To evaluate the sensitivity of the included articles, we 
omitted a single study each time to observe the influence 
of the individual outcome on the overall effectiveness of 
urinary retention. In Figure 4, the results showed high 
heterogeneity, with I2=73%. When Mo et al.’s article in 
2012 was removed, I2 had the biggest change to 75%, 
which indicated the robustness of the included research 
(Figure 8). 

We generated a funnel plot to evaluate the effectiveness 
rate of urinary retention, and visually the results showed 
that the shape was symmetrical. The P-value of Egger’s test 
was 0.245, which indicated no publication bias existed in 
this research (Figure 9). 
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Discussion

Our meta-analysis of 20 trials with 1,850 participants 
evaluated the efficacy of neostigmine in the treatment of 
urinary retention after surgeries. The indicators included 
the effective rate, the time to first voiding, residual urine 
volume, and volume of urine excreted. Our results showed 
that neostigmine was an effective therapy for POUR. In 
addition, neostigmine acupoint injection is more effective in 
treating POUR than neostigmine intramuscular injection.

The parasympathetic nervous system has been reported 
to play an important role in regulating bladder function. 
This pathway remains inactive during the filling period 
and is responsible for micturition through detrusor 
contraction and sphincter relaxation. Neostigmine 
is an acetylcholinesterase inhibitor that can inhibit 
cholinesterase activity and enhance the acetylcholine effect. 
Neostigmine directly excites the bladder detrusor and 
causes concentration-dependent contractions, consequently 
promoting urination. Previous reports showed that 
neostigmine effectively promoted bladder emptying (7). 
The researchers found evidence of detrusor overactivity 
(DO) (P=0.031) and decreased maximum cystometric 
capacity (MCC) (P=0.056) after neostigmine treatment (29). 
Consistent with our results, the time to first voiding after 
neostigmine injection was shorter than physical and Chinese 
traditional therapy, and residual urine volume and volume 
of urine excreted were significantly lower after neostigmine 
injection. 

Acupuncture is widely accepted in China as an effective 
therapy for POUR. In traditional Chinese medicine, Zusanli 
is traditionally considered to be an effective acupoint in 
treating gastrointestinal and urinary system diseases. Zusanli 
point is located under the four fingers of the external knee 
and the edge of the tibia. Agents injected though this acupoint 
can enhance acupoint stimulation (18), and even normal 
saline acupoint injection can improve acupoint stimulation 
and is not considered as normal placebo. Neostigmine can 
be injected into Zusanli on both sides to coordinate the 
contraction of bladder smooth muscle (30). Previous research 
indicated that neostigmine acupoint injection could decrease 
the onset time and enhance the therapeutic effect (13). Our 
meta-analysis showed that neostigmine acupoint injection 
resulted in a greater volume of urine excreted than the 
neostigmine intramuscular injection group. These findings 
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Figure 4 Forest plots for the effective rate of urinary retention in the experimental versus control groups.

Figure 5 Forest plots for the effects of the time in first voiding in the experimental versus control groups.
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Figure 6 Forest plots for the effects of residual urine volume in the experimental versus control groups.

Figure 7 Forest plots for the effects of the volume of urine excreted in the experimental versus control groups.

may help clinicians use transurethral surgery-related pain 
relief without fear of increased voiding difficulty or acute 
urinary retention (31,32). Above all, neostigmine is an easily 
available, proven effective, safe and cheap drug that can be 
used for POUR.

However, there are still some limitations in this study. 
Firstly, the neostigmine group and the control group had 
no difference in volume of urine excreted (Figure 6). This 
insignificant result might be attributed to the insufficient 

article sample size. The problem lies in the limitation of 
available reports. Further research is needed to expand 
the sample size and draw a scientific conclusion. Secondly, 
more indicators, especially adverse events or complications, 
should be included in future analyses. Up to now, there 
have been limited countries that have conducted research 
on this topic, and the number of related articles is limited. 
Therefore, more research from various countries should be 
included in future research.
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Figure 8 Sensitivity analysis for the effects of urinary retention between the experimental and control groups.
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