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Plain language summary 
Postoperative urinary incontinence incidence and risk factors in HoLEP

The results of this study indicate a decreasing trend in the incidence of postoperative 
urinary incontinence after HoLEP over time, with a time-dependent change. Age, body 
mass index, prostate volume, diabetes and preoperative urinary retention are risk factors 
for postoperative urinary incontinence after HoLEP. Age and prostate volume have a 
significant impact on urinary incontinence. Therefore, preoperative assessment and 
intervention for these factors are crucial in reducing the occurrence of postoperative 
urinary incontinence in HoLEP.

Meta-analysis of postoperative urinary 
incontinence incidence and risk factors  
in HoLEP
Mei Yang*, Yasheng Huang*, Feng Gao, Liping He, Xueyao Yu and Qiqi Yu

Abstract
Objective: To systematically identify and quantify the incidence and risk factors of 
postoperative urinary incontinence (UI) in holmium laser enucleation of the prostate (HoLEP), 
aiming to provide a basis for intervention strategies.
Methods: Relevant studies on postoperative UI in HoLEP were searched in databases including 
PubMed, Web of Science, EMBase, CNKI, Wanfang Data Knowledge Service Platform, VIP 
and CBMdisc, with the search period up to April 2024. Titles, abstracts and full texts were 
screened using the Endnote application. Studies meeting the inclusion and exclusion criteria 
underwent quality assessment and data extraction. The incidence of postoperative UI and/or 
adjusted or unadjusted odds ratios (OR), relative risks or ratios were recorded, and analysis 
was conducted using Stata 15.0 software.
Results: A total of 17 studies encompassing 7939 patients were included. The pooled incidence 
of UI after HoLEP was 1.12, 95% CI (1.11–1.13); the 3-month postoperative incidence was 1.06, 
95% CI (1.05–1.06); the 6-month postoperative incidence was 1.04, 95% CI (1.03–1.05); the 
12-month postoperative incidence was 1.05, 95% CI (1.03–1.06); and the incidence of permanent 
UI after HoLEP was 1.01, 95% CI (1.00–1.01). The occurrence of UI after HoLEP exhibited a 
time-dependent variation. The risk factors for UI after HoLEP included the following: age 
(OR = 1.03, 95% CI: 1.01–1.06); body mass index (BMI; OR = 1.10, 95% CI: 1.01–1.20); prostate 
volume (OR = 1.77, 95% CI: 1.39–2.27); prostate-specific antigen (PSA) (OR = 0.98, 95% CI: 
0.87–0.92); International Prostate Symptom Score (IPSS) (OR = 0.94, 95% CI: 0.83–1.07).
Conclusion: The results of this study indicate a decreasing trend in the incidence of 
postoperative UI after HoLEP over time, with a time-dependent change. Age, BMI, prostate 
volume, PSA and IPSS are risk factors for postoperative UI after HoLEP. Age and prostate 
volume have a significant impact on UI. Therefore, preoperative assessment and intervention 
for these factors are crucial in reducing the occurrence of postoperative UI in HoLEP.
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Introduction
Benign prostatic hyperplasia (BPH) is a com-
mon disease in middle-aged and elderly men, 
and its incidence is increasing year by year with 
the aging of the population.1 BPH can cause a 
series of lower urinary tract symptoms, which 
seriously affects the quality of life of patients.2 
With the advancement of medical technology, 
transurethral holmium laser enucleation of the 
prostate (HoLEP), as an effective surgical 
method for the treatment of BPH, has been 
widely used due to its advantages of less trauma 
and faster recovery.3 Despite the manifold 
advantages of HoLEP, postoperative complica-
tions are still a problem that cannot be ignored, 
among which urinary incontinence (UI) is a 
common complication that may have a signifi-
cant impact on the psychological and social 
functioning of patients.4 The occurrence of UI 
not only increases the economic burden of 
patients but may also reduce postoperative satis-
faction. Although studies have examined the 
incidence of UI after HoLEP, there is some vari-
ation in the results and fewer systematic evalua-
tions of the risk factors affecting the occurrence 
of UI.5 Therefore, it is particularly important to 
conduct a meta-analysis on the incidence of UI 
and its risk factors after HoLEP. This will not 
only provide a more accurate clinical risk assess-
ment but also provide a scientific basis for the 
selection of surgical strategies and postoperative 
management. This study aimed to assess the 
overall incidence of postoperative UI after 
HoLEP by systematically reviewing and analys-
ing the existing literature and exploring the pos-
sible risk factors, to provide a more comprehensive 
reference and guidance for clinical practice.

Methods

Search strategy
Computer searches of PubMed, Web of Science, 
EMBase, CNKI, Wanfang Data Knowledge 
Service Platform, VIP and CBMdisc were carried 
out, and joint searches of subject terms and free 
words were performed according to the charac-
teristics of the databases. Search formula: “Benign 
Prostatic Hyperplasia” or “BPH,” “Urinary 
Incontinence” or “UI,” “Surgery” or “HoLEP.” 

The search was conducted from the time of the 
library’s construction until April 2024. This sys-
tematic review has been performed and written in 
accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.

Inclusion exclusion criteria
The inclusion criteria were as follows:

 The research subjects are patients with 
benign prostate cancer who underwent 
HoLEP surgery;

 the research type is a retrospective analysis 
of HoLEP cases; 

 the outcome indicators are the incidence 
rate and risk factors of postoperative UI  
in prostate cancer patients after HoLEP; 
and 

 both Chinese and English literature are 
included.

Exclusion criteria:

	Reviews, comments, conference abstracts, 
case reports and other non-original studies; 
studies with incomplete data or where rele-
vant information cannot be extracted;

 duplicated data, retaining only the most 
complete and up-to-date studies;

 research subjects that do not meet the 
inclusion criteria, such as patients who did 
not undergo HoLEP surgery;

 studies that did not report the incidence 
rate of postoperative UI or did not analyse 
related risk factors; and

 studies with insufficient follow-up time to 
assess the long-term effects of postopera-
tive UI.

Abstracts were screened by two authors and disa-
greements were resolved by a third author. Full-
text article screening was performed by the same 
two authors and disagreements were resolved in 
the same way. Title, abstract and full-text screen-
ing were performed using the EndnoteX9 appli-
cation. Extracted information mainly included 
the following: authors, region, age, study sample 
size, incidence and risk factors.

Keywords: HoLEP, incidence, meta-analysis, risk factors, urinary incontinence
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Risk of bias assessment
The NOS scale (Newcastle–Ottawa Scale) can be 
used as both a checklist and a scale. The NOS was 
developed using the Delphi method and has since 
been tested and further refined in systematic eval-
uations. Separate NOS scales were developed for 
cohort and case–control studies. The NOS con-
sists of eight items categorized into three dimen-
sions including selection, comparability and 
(depending on the type of study) outcome (cohort 
studies) or exposure (case-control studies). For 
each item, a range of response options are pro-
vided. The star system is used to provide a semi-
quantitative assessment of study quality so that 
the highest quality studies receive a maximum of 
one star per item, except for items related to 

comparability, which allows for the allocation of 
two stars. The NOS ranges from zero to nine 
stars.

Statistical analyses
Results of individual studies were combined using 
Stata 15.0 software (Stat Corp., College Station, 
TX, USA). Meta-analysis was performed using 
the inverse variance method. We used the I2 sta-
tistical test to assess heterogeneity between stud-
ies. When I2 was <50%, there was no significant 
heterogeneity between studies. To draw relatively 
valid conclusions, a random effects model will be 
applied. p-value <0.05 was considered statisti-
cally significant.

Figure 1. Flowchart for screening of included literature.
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Results

Basic characteristics of included literature and 
quality assessment
A total of 1585 papers were searched, 1352 papers 
were excluded after screening for duplicates, 233 
studies were excluded based on the reading of title 
combined abstracts, 57 papers were included in 
the full-text screening, and finally, a total of 17 
papers were included that were available for meta-
analysis, as shown in Figure 1. The basic charac-
teristics and quality assessment of the included 
papers: the 17 included studies included a total of 
7939 sample sizes, all of them were retrospective 
studies, among which 13 were in English and 5 
were in Chinese; 5 were from China; 5 were from 
the United States; 2 were from Japan; 2 were from 
Korea; and 1 each from France, Canada, and 

Italy; their mean NOS scores were 6.8, and the 
results are shown in Table 1.

Meta-analysis of the incidence of  
UI after HoLEP
A total of 11 studies reported the incidence of UI 
following HoLEP, with a pooled effect rate of 
1.12 (95% CI: 1.11–1.13), demonstrating signifi-
cant heterogeneity (p = 0.000, I² = 98.3%), as 
illustrated in Figure 2. In all, 15 studies reported 
the incidence of UI within 3 months postopera-
tively, yielding a pooled effect rate of 1.06 (95% 
CI: 1.05–1.06), also exhibiting substantial heter-
ogeneity (p = 0.000, I² = 97.7%), as shown in 
Figure 3. Five studies addressed the incidence of 
UI within 6 months post-HoLEP, with a pooled 
effect rate of 1.04 (95% CI: 1.03–1.05), 

Table 1. Basic characteristics of the included literature.

Number Author Year Country Study design Year of study Sample size NOS score

1 Das6 2020 USA A retrospective study 2012–2018 589 7

2 Cho7 2011 South 
Korea

A retrospective study — 204 7

3 Lerner8 2010 USA A retrospective study 2002–2007 77 7

4 Das9 2019 USA A retrospective study 2012–2017 515 8

5 Elsaqa10 2023 USA A retrospective study 2016–2021 666 8

6 Shigemura11 2016 Japan A retrospective study 2006–2014 224 6

7 Montorsi12 2004 USA A retrospective study 2002–2003 52 7

8 Houssin13 2020 France A retrospective study 2012–2017 2346 8

9 Nam14 2015 South 
Korea

A retrospective study 2009–2012 399 7

10 Elmansy15 2011 Canada A retrospective study 1998–2010 949 7

11 Bozzini16 2020 Italy A retrospective study — 121 6

12 Shishido17 2024 Japan A retrospective study 2014–2021 288 7

13 Jia18 2023 China A retrospective study 2019–2021 263 6

14 Jia19 2023 China A retrospective study 2019–2021 258 6

15 Xie20 2020 China A retrospective study 2015–2018 458 7

16 Zheng21 2022 China A retrospective study 2020–2021 140 6

17 Yang22 2022 China A retrospective study 2021 120 7

NOS, Newcastle–Ottawa Scale.
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observing moderate heterogeneity (p = 0.083, 
I² = 51.5%), depicted in Figure 4. Three studies 
reported the incidence of UI within 12 months 
postoperatively, revealing a pooled effect rate of 
1.05 (95% CI: 1.03–1.06), accompanied by sig-
nificant heterogeneity (p = 0.000, I² = 88.2%), as 
presented in Figure 5. Regarding the incidence of 
permanent UI, three studies reported a pooled 
effect rate of 1.01 (95% CI: 1.00–1.01), with 
notable heterogeneity (p = 0.080, I² = 60.4%), vis-
ualized in Figure 6. These findings indicate sig-
nificant variability among the studies.

Meta-analysis of risk factors for developing UI 
after HoLEP surgery
Preoperative characteristics

Age and the occurrence of UI after HoLEP. A 
total of 10 studies reported the association 
between age and the development of UI after 
HoLEP. The results of the heterogeneity test 
are as follows: p = 0.000, I2 = 92.4%. There was 
significant heterogeneity between the groups, 
so the random effect model was used to analyse 
the results. The combined OR was 1.03, 95% CI 

(1.01–1.06), and the difference was statistically 
significant (p = 0.000), as shown in Figure 7.

BMI and the occurrence of UI after  
HoLEP surgery
A total of six studies reported the association 
between body mass index (BMI) and the occur-
rence of UI after HoLEP. The results of the het-
erogeneity test are as follows: p = 0.001, I2 = 76.0%. 
There was significant heterogeneity between the 
groups, so the random effect model was used to 
analyse the results. The combined OR was 1.10, 
95% CI (1.01–1.20), and the difference was statis-
tically significant (p = 0.001), as shown in Figure 8.

Prostate volume and the occurrence  
of UI after HoLEP
A total of 10 studies reported the relationship 
between prostate volume and the occurrence of 
UI after HoLEP. The results of the heterogeneity 
test are as follows: p = 0.000, I2 = 100.0%. There 
was significant heterogeneity between the groups, 
so the random effect model was used to analyse 

Figure 2. Forest plot of the incidence of UI after HoLEP.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.

https://journals.sagepub.com/home/tau
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Figure 3. Forest plot of the incidence of UI within 3 months after HoLEP.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.

Figure 4. Forest plot of the incidence of UI at 6 months after HoLEP.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.
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the results. The combined OR was 1.77, 95% CI 
(1.39–2.27), and the difference was statistically 
significant (p = 0.000), as shown in Figure 9.

PSA and the occurrence of UI after  
HoLEP surgery
A total of five studies reported the relationship 
between PSA and the occurrence of UI after 
HoLEP. The results of the heterogeneity test  
are as follows: p = 0.000, I2 = 81.4%. There was 

significant heterogeneity between the groups, so 
the random effect model was used to analyse the 
results. The combined OR was 0.98, 95% CI 
(0.87–0.92), and the difference was statistically 
significant (p = 0.000), as shown in Figure 10.

Preoperative IPSS and the development  
of UI after HoLEP
A total of four studies reported the relationship 
between preoperative IPSS and the occurrence of 

Figure 5. Forest plot of the incidence of UI within 12 months after HoLEP.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.

Figure 6. Forest plot of the incidence of permanent UI after HoLEP.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.
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Figure 7. Forest plot of age and occurrence of UI after HoLEP surgery.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.

Figure 8. Forest plot of body mass index and the occurrence of UI after HoLEP surgery.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.

https://journals.sagepub.com/home/tau
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Figure 9. Forest plot of prostate volume and the occurrence of UI after HoLEP.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.

Figure 10. Forest plot of PSA and HoLEP postoperative occurrence of UI.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.
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UI after HoLEP. The results of the heterogeneity 
test are as follows: p = 0.000, I2 = 90.4%. There 
was significant heterogeneity between the groups, 
so the random effect model was used to analyse 
the results. The combined OR was 0.94, 95% CI 
(0.83–1.07), and the difference was statistically 
significant (p = 0.000), as shown in Figure 11.

Discussion
Urinary catheter dependence refers to the neces-
sity for patients to use a urinary catheter following 
the HoLEP procedure due to an inability to void 
spontaneously. This can occur immediately post-
operatively or develop over time if there are com-
plications such as bladder outlet obstruction or 
sphincter dysfunction. The development of UI 
after HoLEP means that patients experience 
involuntary leakage of urine after the procedure. 
This can manifest as stress incontinence (leakage 
during physical activity or coughing), urge incon-
tinence (leakage when feeling a sudden need to 
urinate) or mixed incontinence (a combination of 
both). Involuntary loss of urine due to hygiene or 
social problems significantly reduces the patient’s 
quality of life, and complaints of UI symptoms 
can be very stressful for the clinician. In addition, 
Holmium laser-induced thermal damage and 
long-term BPH-induced urethral instability are 
also contributing factors. Residual postoperative 
macrofossa may lead to urine retention behind 
the sphincter, increasing the risk of UI.23 This 

study aimed to assess the incidence of postopera-
tive UI after HoLEP and to explore the risk fac-
tors associated with it to provide more effective 
prevention and management strategies for clinical 
practice.

Data from this study showed that the incidence of 
UI after HoLEP had significant variability at dif-
ferent time points, decreasing over time to 12% 
postoperatively, 6% at 3 months, 4% at 6 months, 
5% at 12 months and 1% permanently. This sug-
gests that UI has a time-dependent tendency to 
improve and requires further study.

According to the results of this study, among the 
preoperative factors: age (p < 0.000), BMI 
(p < 0.001), prostate volume (p < 0.000), PSA 
(p < 0.000) and IPSS (p < 0.000), and these results 
indicate a statistically significant association 
between these factors and UI after HoLEP. Age 
was identified as a predictor of UI after HoLEP, 
which may be due to urethral sphincter insuffi-
ciency in the elderly.24 Obesity increases abdomi-
nal pressure and storage symptoms, possibly due 
to oxidative stress and fibrosis secondary to inflam-
mation.25 Patients aged 70 years or older and those 
with a BMI of 30 or higher are at a markedly 
increased risk of developing UI following HoLEP. 
These thresholds underscore the importance of 
careful preoperative assessment and targeted inter-
vention for older and more obese patients to miti-
gate the risk of postoperative UI. For prostate 

Figure 11. Forest plot of preoperative IPSS versus postoperative occurrence of UI in HoLEP.
HoLEP, holmium laser enucleation of the prostate; UI, urinary incontinence.
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volume, the incidence of UI was found to be higher 
with increasing prostate size in this study. This 
may be due to the fact that a large prostate size is 
associated with a longer operative time and a 
longer operation time of the sheath across the 
external sphincter.26 The presence of elevated PSA 
and high IPSS scores are statistically significant 
predictors of the occurrence of UI following 
HoLEP. Elevated PSA levels may indicate larger 
prostate volume or more aggressive disease, which 
can impact urinary function postoperatively. High 
IPSS scores reflect more severe urinary symptoms 
and bladder outlet obstruction, which may con-
tribute to postoperative UI. Therefore, elevated 
PSA and high IPSS scores may serve as important 
indicators of increased risk for postoperative UI. 
Investigating the relationship between PSA levels, 
IPSS scores and UI will be the subject of our future 
research. The results of this study suggest that pre-
operative factors such as age and BMI status may 
play a more critical role in the prevention and 
management of postoperative UI in HoLEP. 
These findings highlight the importance of per-
forming individualized assessment and prepara-
tion. Regarding the age of the studies, we included 
them because they met our inclusion criteria and 
provided valuable historical context. However, we 
recognize that newer studies may offer additional 
insights. Limitations of this study include potential 
selection bias and information bias, and future 
studies need to validate these findings using more 
rigorous designs and large-sample multicentre 
studies. In addition, exploring new surgical tech-
niques and postoperative rehabilitation strategies 
to reduce the risk of postoperative UI in HoLEP 
will be the focus of future studies.
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