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ABSTRACT
Introduction: There is no standard time for removing urinary catheters after pelvic organ prolapse (POP) surgeries and 
vaginal hysterectomy. We aimed to synthesize evidence about the benefits of early versus delayed  catheter removal in 
decreasing post-operative complications after POP surgeries  and vaginal hysterectomy. 
Material and Methods: We searched the literature from inception till April 2019 using PubMed, Web of Science, Scopus, 
WHO Global Health Library (GHL), Virtual Health Library (VHL), System for Information on Grey Literature in Europe 
(SIGLE), POPLINE, and Cochrane Central Register of Controlled Trials (CENTRAL). We screened the retrieved records 
for their eligibility and extracted baseline and outcomes data. We performed quality assessment using the Cochrane risk of 
bias assessment tool. continuous data were pooled as mean difference (MD) and dichotomous data as relative risk (RR) with 
their corresponding 95% confidence intervals (CIs) in a random-effects model. We analyzed data using Review Manager 5.3 
for windows.
Results: Nine studies (N= 1116 patients) were included in the final meta-analysis. Overall effect estimates favored early 
catheter removal group in comparison to delayed catheter removal group in the following outcomes; Urinary tract infection 
(UTI) (RR=0.42, 95% CI [0.24, 0.72], P=0.0002), Symptomatic urinary tract infection (SUTI) (RR=0.23, 95% CI [0.11, 
0.48], P=0.0001), length of hospitalization (MD= -0.89, 95% CI [-1.26, -.52], P=0.0001). Whereas, the pooled effect estimates 
favored delayed removal group over the early removal group regarding re-catheterization (RR=2.75, 95% CI [1.86, 4.07], 
P=0.0001). There was no significant difference between the two groups regarding urinary retention (RR=1.45, 95% CI [0.80, 
2.63], P=0.22).
Conclusion: Early catheter removal is better than delayed catheter removal in decreasing the risk of urinary tract infection, 
symptomatic urinary tract infection, the length of hospitalization. However, delayed catheter removal reduced post-operative 
re-catheterization events. The risk of urinary retention was comparable in the two study groups.
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INTRODUCTION                                                               

Pelvic organ prolapse (POP) is the descent of the anterior 
or posterior vaginal walls, uterus (cervix), or vaginal apex 
following a hysterectomy. It affects millions of women; 
roughly 200,000 inpatient prolapse surgical procedures are 
performed annually in the United States[1]. Pelvic organ 
prolapse accounts for nearly 15-18% of hysterectomies, 
and uterovaginal prolapse is the most common indication 
of post-menopausal women's hysterectomy[2]. About one 
in 12 women living in the community in the UK report 
symptoms of POP[3]. 

Treatment options for POP include observation, vaginal 
pessaries, and surgery. Eleven to 19 % of women will 
undergo surgery for prolapse or urinary incontinence by the 
age of 80 to 85 years, and 30 % of those women will require 
an additional prolapse or incontinence surgery[4]. Surgery 
is usually reserved for patients who have at least stage 
two POP on examination, report bothersome symptoms, 
and have failed or declined more conservative treatments. 
Procedures can be classified broadly into obliterative 
(colpocleisis) or reconstructive vaginal interventions, with 
the latter being the most commonly undertaken procedures. 
Anterior colporrhaphy is performed to correct midline 
defects and is typically performed transvaginally[5].

Potential perioperative complications of anterior 
colporrhaphy include; hemorrhage; bladder, urethral, or 
ureteral injury; hematoma, wound infection or dehiscence, 
vaginal pain, dyspareunia, urinary tract infection, de novo 
or worsening detrusor overactivity, urinary retention, 
urogenital fistula, urethral diverticulum. Most surgeons 
leave a bladder catheter in place following anterior 
colporrhaphy or any major pelvic surgery since many 
women have transient voiding dysfunction immediately 
after surgery[5,6].

Hysterectomy is one of the most common gynecologic 
surgeries for benign diseases. Abdominal, vaginal, and 
laparoscopic techniques are the main approaches for 
hysterectomy. Vaginal hysterectomy (VH) is a procedure 
in which the uterus is surgically removed through the 
vagina. If the uterus is not greatly enlarged, it may 
be better to use the vaginal rather than the abdominal 
approach[3,6]. Researchers show that vaginal hysterectomy 
has fewer complications, needs a shorter hospital stay, 
and enables more rapid healing compared with abdominal 
hysterectomy[5-7]. In a Cochrane Review of 34 randomized 
studies, the routes of hysterectomy in benign illnesses 
were also evaluated. Meta-analysis results have shown that 
vaginal hysterectomy has many benefits compared to the 
abdominal procedure regarding earlier return to ordinary 
activity and hospital discharge, fewer febrile episodes, and 
quicker recovery associated with less post-operative pain. 
As vaginal hysterectomy is among the safest and most 
cost-effective routes for hysterectomy, it is the first-line 
approach whenever possible[8].

Infectious complications after hysterectomy are 
uncommon, accounting for 8.5% of cases. Carrubba                     
et al. investigated the incidence of post-operative 
infections following hysterectomy by routes of surgery 
(vaginal, laparoscopic, and abdominal hysterectomies) in 
a retrospective cohort study. They found that VH was most 
commonly associated with UTI (8.1%, p= 0.002)[9]. Women 
who underwent hysterectomy for a benign gynecologic 
condition that was not combined with pelvic reconstructive 
surgery had an overall UTI rate of 7.3% (95% CI 5.6-9.3) 
vs 21.7% (95% CI 17.6-26.4) after hysterectomy combined 
with pelvic reconstructive surgery[10]. Increased white cell 
count, a high level of positive urinary culture, and even 
symptomatic urinary tract infection (SUTI) are associated 
with urinary catheterization[11].

However, insertion of a urinary catheter involves 
an increased risk of urinary tract infection, delayed 
ambulation, and urethral pain[12]. In addition, UTI can also 
lead to increased morbidity, hospitalization period, and 
healthcare costs. The time of post-operative removal of 
catheter differs significantly as it is based on customary 
rather than strong published evidence[11,13].

Reducing unnecessary catheterization and catheter 
removal if no longer needed are the most effective options 
for preventing infectious urinary catheter complications.  
The American Society of Infectious Diseases expert 
panel has developed evidence-based international clinical 
practice guidelines and strategies for reducing the risk of 
catheter-related asymptomatic bacteriuria and UTIs. They 
stated that the simplest strategy for preventing catheter-
related urinary tract infection is catheter removal when the 
indication for insertion is no longer met. Daily evaluation 
of the ongoing need for indwelling catheters with 
removal when no longer indicated is essential to reduce 
complications[14].

Summitt et al. concluded that short-term catheter 
drainage is unnecessary following uncomplicated vaginal 
hysterectomy[15]. However, Dobbs et al. concluded that early 
removal of urinary catheters had a lower risk of morbidity 
rate compared with "in-out " urinary catheterization[16].

A meta-analysis of seven randomized trials suggested 
that the risk of UTI was reduced when urinary catheters 
were removed within one day postoperatively compared 
with three days (RR 0.50, 95% CI 0.29-0.87)[17].

No previously published systematic reviews compared 
the early versus delayed removal of the urinary catheter 
after common gynecological surgeries as vaginal 
hysterectomy and POP repair surgeries. Therefore, we 
aimed to synthesize the evidence from all published RCTs 
regarding the benefits of early versus delayed catheter 
removal in decreasing post-operative complications after 
POP surgeries and vaginal hysterectomy.
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METHODS                                                                                  

We performed this systematic review and meta-
analysis according to the preferred reporting items 
for systematic reviews and meta-analyses (PRISMA) 
statement guidelines[18]. Moreover, we performed all steps 
according to Cochrane handbook of systematic reviews of 
intervention[19].

Literature Search Strategy
We comprehensively searched the following electronic 

databases from their inception till April 2019; PubMed, Web 
of Science, Scopus, WHO Global Health Library (GHL), 
Virtual Health Library (VHL), System for Information 
on Grey Literature in Europe (SIGLE), POPLINE 
and Cochrane Central Register of Controlled Trials 
(CENTRAL). Combinations of the following keywords and 
MeSH terms were utilized: catheter, catheterization, Foley 
catheter, vaginal surgery, gynecologic surgery, prolapse, 
cystocel*, colporrhaphy, vaginal hysterectomy, removal, 
and duration. The search strategy was then developed for 
each database. No restrictions for language or publication 
period were applied. Moreover, we manually scanned the 
reference list of included RCTs and relevant reviews for 
potentially eligible studies. 

Inclusion and Exclusion Criteria
We included studies with the following PICOS criteria:

1.	 Population: women undergoing vaginal surgery 
that required an indwelling catheter insertion such 
as POP surgery and vaginal hysterectomy.

2.	 Intervention: Early catheter removal (one day or 
less postoperatively).

3.	 Comparator: Delayed removal of the urinary 
catheter (more than one day postoperatively).

4.	 Outcomes: urinary tract infection (UTI), 
symptomatic urinary tract infection (SUTI), The 
length of hospitalization, re-catheterization, and 
urinary retention 5) Study design: randomized 
clinical trials (RCTs). When we found multiple 
reports for the same study population, we chose 
the most complete dataset to be analyzed. 

We excluded studies with the following criteria:

1.	 Gynecological surgeries not performed through 
the vaginal route.

2.	 Overlapped data and studies whose data for 
extraction and analysis were unreliable.

3.	 Duplicate studies and incomplete dataset.

4.	 studies with no full text available.

5.	 Abstract-only articles (conference proceedings, 
letters, commentaries), or observational studies, 
thesis, books, reviews, editorials. 

Duplicates were removed manually, and by using 
Endnote software, then all reviewers initially screened 

the titles and abstracts of all retrieved records to assess 
relevance to this meta-analysis, then full-text articles 
screening was performed to ensure the final eligibility 
to meta-analysis. Any disagreements were resolved by 
discussion and consensus.

Data Extraction
A standard data extraction Excel sheet was used to 

extract the included studies data. The following domains 
were extracted:

1.	 Study year and design.

2.	 Baseline characteristics of enrolled patients.

3.	 Risk of bias domains, and study outcomes.

4.	 Authors were contacted if important information  
were missing.

Risk of bias assessment
The risk of bias assessment of the included RCTs was 

performed in accordance with the handbook of Cochrane 
for systematic reviews of interventions 5.1.0 (March 
2011 updated). We used the assessment risk of bias table 
provided in part 2 of the same book (Chapter 8.5). The 
Cochrane tool for assessing the risk of bias involves the 
following domains: sequence generation (selection bias), 
allocation sequence concealment (selection bias), blinding 
of patients and personnel (performance bias), blinding of 
outcome estimation (detection bias), insufficient outcome 
data (attrition bias), selection result reporting (reporting 
bias), and other possible sources of bias. The authors 
judgments for bias are reported as Low risk, High risk or 
Unclear risk[20].

Data synthesis
Dichotomous data were pooled as relative risk (RR) and 

95% confidence interval (CI). Using the inverse-variance 
method, continuous data were pooled as mean difference 
(MD) and 95% confidence interval (CI). The random-
effect model was used in case of significant heterogeneity. 
If the standard deviation (SD) from the mean is missing, 
according to Altman, we replaced it with standard error or 
95% CI[21]. We used RevMan (Review Manager, version 
5.3; The Cochrane Collaboration, 2011; The Nordic 
Cochrane Centre, Copenhagen, Denmark) for analysis.

Assessment of heterogeneity
We assessed heterogeneity through visual inspection of 

forest plots and measured by I-square (I2) and Chi-Square 
(X2) tests. Chi-Square tests the existence of significant 
heterogeneity, while I2 assesses the effect estimates 
variation based on heterogeneity if found.  We interpreted 
the I2 test based on guidelines of Cochrane Handbook for 
Systematic Reviews and meta-analysis (0% to 40%: not 
important; 30% to 60%: moderate heterogeneity; 50% 
to 90%: substantial heterogeneity; and 75% to 100% for 
considerable heterogeneity). We considered the significant 
heterogeneity when Chi-Square P-value <0.1.
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Subgroup analysis 
We conducted a subgroup analysis to assess whether 

the effect estimates differ significantly according to POP 
with and without vaginal hysterectomy.

Publication bias
Since publication bias assessment was not reliable for 

less than ten pooled studies, according to Egger et al.[22]., 
we could not assess the existence of publication bias in our 
study by Egger's test for funnel plot asymmetry.

RESULTS                                                                                         

Study selection and study characteristics
We had 2207 citations after searching the seven 

electronic databases [PubMed, Web of Science, Scopus, 
WHO Global Health Library (GHL), Virtual Health 
Library (VHL), System for Information on Grey Literature 
in Europe (SIGLE), POPLINE, and Cochrane Central 
Register of Controlled Trials (CENTRAL)]. Authors 
started title, and abstract screening of the retrieved records, 
and 87 articles were eligible for full-text screening. 
Seventy-eight articles were excluded, and nine studies were 
finally included, as shown in the PRISMA flow diagram                                                                                            
(Figure 1). The references of the included RCTs were 
searched manually, but no more reports have been added. 
The final analysis included a total of 1116 patients divided 
into two groups: early catheter removal (556 patients) and 
delayed removal (560 patients). The summary of the nine 
included RCTs is shown in (Table 1). 

Fig. 1: PRISMA Flow Chart of the study selection process
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Quality assessment
Our included RCTs have varied in quality from 

moderate to high according to the risk of bias assessment 
tool. Quality assessment domains summary is shown in 
(Figure 2).

Study Outcomes
Re-catheterization

Five included studies with a total of 293 patients in 
early catheter removal group and 293 patients in delayed 
catheter removal group reported re-catheterization after 
vaginal surgeries. Our analysis favored delayed catheter 
removal in terms of recatheterization after vaginal surgeries 
(RR=2.75, 95% CI [1.86, 4.07], P=0.0001). The pooled 
studies were homogenous (I2=36%, P=0.18), as shown in 
(Figure 3).

Urinary retention
Four included studies with a total of 235 patients in 

early catheter removal group and 235 patients in delayed 
catheter removal group reported urinary retention after 
vaginal surgeries. Our analysis showed no significant 
difference in urinary retention between the two groups 
(RR=1.45, 95% CI [0.80, 2.63], P=0.22). Pooled studies 
were homogenous (I2=0%, P=0.72), as shown in                                                                    
(Figure 4).

The length of hospital stay 
Six included studies with a total of 394 patients in 

early catheter removal group and 397 patients in delayed 
catheter removal group reported length of hospital stay 
after vaginal surgeries. Pooled estimates favored early 
catheter removal in terms of length of hospital stay (MD= 
-0.89, 95% CI [-1.26, -.52], P=0.0001). The pooled studies 
were heterogeneous (I2=80%, P=0.0001), as shown in 
(Figure 5).

Urinary tract infection (UTI)
Nine included studies with a total of 556 patients in 

early catheter removal group and 560 patients in delayed 
catheter removal group reported urinary tract infection 
after vaginal surgeries. Our analysis showed a significant 
difference between the two groups regarding urinary tract 
infection (RR=0.42, 95% CI [0.24, 0.72], P=0.0002) 
favoring early catheter removal. The pooled studies were 
homogenous (I2=67%, P=0.002), as shown in (Figure 6). 

Subgroups analysis according to pelvic organ 
prolapse with vaginal hysterectomy

Nine included studies with a total of 556 patients in early 
catheter removal group and 560 patients in delayed catheter 
removal group reported POP with vaginal hysterectomy. 
The total RR of POP with vaginal hysterectomy favored 
early removal over delayed removal of urinary catheter 
(RR=0.36, 95% CI [0.18, 0.71], P=0.0003, I2=74%, 
P<0.0006) and the overall RR of POP without vaginal 
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hysterectomy favored neither early nor delayed catheter 
removal (RR=0.69, 95% CI [0.33, 1.45], P=0.32, I2=0%, 
P<0.77) respectively. Moreover, the overall combined 
RR favored early catheter removal over delayed catheter 
removal in terms of POP with and without vaginal 
hysterectomy (RR=0.42, 95% CI [0.24, 0.72], P=0.0002). 
The pooled studies were homogenous (I2=67%, P<0.002), 
as shown in (Figure 7).

Symptomatic UTI
Three included studies with a total of 229 patients in 

early catheter removal group and 228 patients in delayed 
catheter removal group reported symptomatic urinary 
tract infection after vaginal surgeries. The overall RR of 
symptomatic urinary tract infection favored early removal 
over delayed removal (RR=0.23, 95% CI [0.11, 0.48], 
P=0.0001). The pooled studies were homogenous (I2=0%, 
P=0.45), as shown in (Figure 8).

Fig. 2: Risk of bias summary graph
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Fig. 3: Forest plot for Re-catheterization

Fig. 4: Forest plot for urinary retention

Fig. 5: Forest plot for length of hospital stay

Fig. 6: Forest plot for UTI
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DISCUSSION                                                                                   

To the best of our knowledge, this is the first study 
that evaluates and compares the effect of early catheter 
removal versus delayed catheter removal after common 
vaginal surgeries such as vaginal hysterectomy and 
repair surgeries for POP. We found that early catheter 
removal (one day or less) was superior to delayed catheter 
removal (more than one day). Early catheter removal 
showed a significant decrease in post-operative urinary 
tract infection, symptomatic urinary tract infection, 
however, the results showed moderate heterogeneity. After 
subgroup analysis, we found that the results of studies that 
included different types of surgeries were heterogeneous, 
where the results of vaginal prolapse surgeries only 
were homogenous. Therefore, we believe that the reason 
behind such heterogeneity is the difference in the nature 
of surgeries and the length of hospital stay. On the other 
side, delayed catheter removal showed less incidence of 
re-catheterization events. Moreover, our analysis showed 
no statistically significant difference in the incidence of 
urinary retention between early catheter removal and 
delayed catheter removal. 

Urinary catheters prevent intraoperative bladder injury 
and reduce bladder volume and urine retention after 
surgery. The timing of catheter removal was controversial. 
So, to solve this entire debate, we carried out the present 
systematic review and meta-analysis. Previous studies 
suggested that early catheter removal is superior to 

delayed catheter removal because it decreases the length 
of hospitalization stay[23,24]. Liang et al. and Bary et al. 
stated that early removal of an indwelling urinary catheter 
reduces the incidence of urinary tract infections and 
significantly decreases the duration of hospital stay[25,26]. 
This policy should improve patient satisfaction and reduce 
hospital costs[26,27]. Moreover, delayed catheter removal 
results in an increased risk of infection and an increase 
in the length of hospital stay[28,29]. Many RCTs, such as 
Hakvoort et al. demonstrated that early removal of urinary 
catheters after surgery might be preferable over longer-
term catheterization[30,31].

Indeed, Tahmin et al. and Barone et al. stated that 
early catheter removal is better than delayed catheter 
removal because of the reduction in the risk of urinary 
tract infection and the length of hospitalization with early 
catheter removal[32,33].  Agreeing with our meta-analysis, 
Rajan et al. and Glavind et al. showed that early catheter 
removal (after 3 hours) is better than delayed catheter 
removal (24 hours); however, they found that urinary re-
catheterization events were needed more frequently in the 
early catheter removal group than the delayed catheter 
removal group[34,35].

The urethral catheter was commonly inserted 
intraoperatively to keep the bladder empty during and 
after the procedure. During the procedure, the patient 
is unconscious and unaware of the need to urinate[33]. 
Although urethral catheter has advantages, it has some 

Fig. 7: Forest plot for subgroup analysis according to vaginal surgeries with or without hysterectomy

Fig. 8: Forest plot for symptomatic UTI
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disadvantages. Urethral catheterization is a painful, 
expensive, uncomfortable technique that increases the risk 
of urinary tract infection and urinary incontinence[36].

A recently conducted systematic review and meta-
analysis by Menshawy et al. assessed the early and delayed 
removal of the urinary catheter following elective cesarean 
delivery and discovered a significant reduction in the 
incidence of bacteriuria and decrease in urinary frequency 
and urinary dysuria in case of the early removal of urinary 
catheter[37 ].

The strengths and the limitations of the study
We performed this review according to the PRISMA 

statement. All the included studies were RCTs, which 
presented a low risk of randomization bias and good patient 
follow-up. Another strength point was the comprehensive 
search of published clinical trials studies from multiple 
electronic databases. However, the presented meta-analysis 
had some limitations: we excluded non-English studies; 
however, we believe this did not affect the results as the 
recent evidence suggests that exclusion of non-English 
studies is not associated with a significant bias to the meta-
analysis results. The small number of included studies also 
limited our meta-analysis. We could not define a specific 
standard time for early and delayed catheter removal after 
vaginal surgeries.

CONCLUSION                                                                     

Our meta-analysis was done on nine randomized 
controlled trials. We did not find a standard time for early 
or delayed catheter removal. We considered that (one 
day or less) is early and (more than one day) is delayed 
and performed our analysis. We suggested that early 
catheter removal is better than delayed catheter removal in 
decreasing the risk of urinary tract infection, the length of 
hospital stay, symptomatic urinary tract infection. Whereas 
delayed catheter removal decreases re-catheterization, 
there wasn't a significant difference between the two 
groups regarding urinary retention. Further RCTs are still 
required to prove the ideal time to remove the catheter.
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