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Abstract
Background: Benign prostatic hyperplasia (BPH) is commonly found in the aging male. Treatment of BPH can be in
form of conservative or surgical intervention. Transurethral resection of the prostate (TURP) is the gold-standard treatment for BPH according to the guideline. However, there is no evidence that there is a benefit for TURP in patients
with detrusor underactivity (DUA). Holmium laser enucleation (HoLEP) is theorized to have a better outcome due to
its property of complete prostate enucleation. Therefore, this meta-analysis aims to determine the benefit of HoLEP
for BPH patients with DUA.
Main body: We performed systematic literature searching from five databases including PubMed, Scopus, Embase,
Science Direct, and Web of Science for articles up to 31 December 2020 for relevant studies. A total of five articles are
eligible for this meta-analysis. A total of 2.180 subjects participated in all of the studies included. Two studies comparing patients with and without DUA that was treated with HoLEP, two studies comparing HoLEP with other surgical
approaches for BPH, and one study comparing both parameters. IPSS score reduction is significantly higher in the
patients with DUA (Mean Difference = 3.28, 95% CI 1.91 to 4.64, p < 0.01). Qmax and PVR are not significantly different
between both groups. HoLEP also showed better improvement in IPSS and Qmax compared to TURP (IPSS: Mean Difference = -4.80, 95% CI − 7.83 to − 1.77, p = 0.002; Qmax: Mean Difference = 4.20, 95% CI 0.58 to 7.82, p = 0.02) and PVP
(IPSS: Mean Difference = − 2.47, 95% CI − 4.47 to − 0.47, p = 0.02; Qmax: Mean Difference = 2.31, 95% CI 0.34 to 4.28,
p = 0.02).
Conclusion: HoLEP showed better improvement in IPSS scores in patients with DUA. HoLEP can be considered to be
performed in the BPH patients with DUA for better outcomes for the patients.
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1 Background
Benign prostatic hyperplasia (BPH) is commonly found
in the aging male, beginning at 40–45 years old and
becoming 60% at 60 and 80% at 80 years old. A longitudinal study suggesting a prostate growth rate of
2.0%–2.5% per year in older men [1, 2]. Treatments of
choice for BPH are non-surgical and surgical intervention. Alpha-blocker and 5α-Reductase inhibitors are the
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most common combination pharmacological therapy of
options. In the past decades, there was a shift in managing BPH patients from surgical treatment to medical
treatment. Prolonging the surgical, as a definitive treatment, makes patients have a risk for developing bladder
de-compensation. Also, the urologist might face larger
glands to operate. Approximately 25–30% of patients
with BPH have detrusor underactivity (DUA). It makes
surgical failure, such as minor improvement of International Prostate Symptoms Score (IPSS) and imperfect
improvement of flow rate in the BPH with DUA patients
[3]. Transurethral resection of the prostate (TURP) is
become the gold-standard treatment of BPH and also
as a reference to measure the efficacy, effectiveness, and
safety of any other surgical treatments. A retrospective
study that analyzed patients with DUA that underwent
TURP showed no symptomatic or urodynamic benefit
of the DUA patients who underwent TURP compared to
no-treatment [4]. A dilemma could be faced as urologists,
whether surgical therapy should proceed in this group of
patients because of the conflicting results of the evidence.
Recently, there is an increase in using the laser to treat
the BPH. Holmium laser enucleation (HoLEP) is a surgical procedure that allows complete anatomical enucleations of the prostatic adenoma using a holmium laser [5].
A systematic review and meta-analysis of randomized
clinical trials showed that HoLEP had a slightly better
outcome in terms of IPSS score, flow rate, and residual
urine volume compared to TURP in 12-months of followup [6]. HoLEP does have a potential therapeutic effect in
BPH patients with DUA due to the ability of HoLEP to
achieve near-complete de-obstructions. Patients might
be voiding using low detrusor muscle contractility after
alleviating the obstructions. However, the previous studies that examined the outcomes of HoLEP in men with
detrusor underactivity have conflicting conclusions [7,
8]. Thus, we performed a systematic review and metaanalysis to evaluate the overall efficacy of HoLEP in BPH
patients with detrusor underactivity.

2 Main text
2.1 Methods
2.1.1 Selection and eligibility criteria

The meta-analysis is written based on the Preferred
Reporting Item for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [9]. PICO (population, intervention, comparison, outcome) approach was used for
identifying the studies included (Table 1).
Retrospective or prospective cohort and randomized
or non-randomized trials are eligible for this study.
There was no restriction on the year of publication and
language included in this study. All non-English publication was translated before data extraction. The exclusion
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Table 1 PICO approach
Population

BPH patients with detrusor underactivity

Intervention

HoLEP

Comparison

Non-enucleation operations

Outcome

Postoperative IPSS, post void residual (PVR)
volume, maximum flow rate (Qmax)

criteria were publication without full-text and data without comparison between HoLEP and the non- enucleation group. Authors of the abstracts from proceeding
were contacted directly if the full text of the studies is
ineligible.
2.1.2 Search strategy

Literature searching was conducted from five databases
(PubMed, Scopus, Embase, Science Direct, and Web of
Science). The search terms used were ("HoLEP OR Laser
Enucleation") AND ("Benign Prostatic Hyperplasia OR
BPH") AND ("Detrusor Underactivity OR DUA"). Two
reviewers (I.A.A. and A.A.) performed independent
screening in selecting the article. If there are differences
from the screening, the reviewers conducted the discussion. An inconclusive debate was resolved by another
author (D.H.S.). EndNote Reference Manager version X9
was used to identify and eliminate duplicate records from
different databases.
2.1.3 Data extraction and validity assessment

Information needed from the articles was retrieved (population, intervention, comparison, outcome, results of
each study) and summarized in Table 1. Each study was
assessed using the Newcastle–Ottawa Scale to evaluate the risk of bias [10]. Three factors were assessed for
the risk of bias based on the Newcastle–Ottawa scale:
(1) selection, (2) comparability, and (3) outcome of the
study. Studies with a score of 7 or higher are categorized
as good studies with a low risk of bias.
2.1.4 Statistical analysis

For the studies that provide relevant outcome data, the
meta-analysis was conducted using the Cochrane Collaboration Review Manager (Rev-Man version 5.2) [11].
Data were differentiated into two analyses, firstly comparing subjects with detrusor underactivity and without
detrusor underactivity and secondly comparing laser
enucleation and non-enucleation operations. IPSS score,
postvoid residual urine (PVR), and Q
 max score were
analyzed using pooled mean difference with a confidence interval (CI) of 95%. To identify the heterogeneity
between studies, C2 and I2 were used. The study considers
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being heterogenous if the I2 > 50% or of C2 < 0.1. Analysis
with a p value < 0.05 was categorized as significant.
2.2 Results

Summarization of the article selection is described in
Fig. 1. PRISMA diagram of the meta-analysis. Initial
databases searching results in 247 studies, and all were
imported into the Endnote application to remove duplicate records. The remaining 170 articles were assessed
and selected based on the inclusion criteria through
abstract and title screening. Eleven articles were further
analyzed for eligibility and result in five articles from
which the data were extracted for meta-analysis.
2.2.1 Study characteristics

From five studies that were analyzed [12–16], four were
conducted in South Korea [12–15], and one study in the
USA [16] (Table 2). All of the studies have minimal follow-up six months after the operation. Comparison of
BPH patients with and without DUA are analyzed in two
studies [12, 13]. One study was comparing the usage of
HoLEP and photoselective vaporization of the prostate
(PVP) [16], and one study was comparing HoLEP and
TURP [15]. One study by Cho et al. [14] comparing both

Fig. 1 PRISMA diagram of the meta-analysis
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BPH patients with and without DUA and also comparing
HoLEP and PVP in the same study. A total of 2.180 subjects participated in all of the studies included.
2.2.2 Summary of study finding

The summary of studies results is detailed in Table 2. A
study comparing patients with and without detrusor
underactivity result in better postoperative outcomes for
patients without detrusor underactivity [12]. One study
comparing HoLEP with PVP [16] and one study comparing HoLEP with TURP [15], found that patients with
HoLEP surgery had better outcomes in the follow-up
in the form of IPSS, Qmax, PVR, and catheter-free rate.
Table 3 showed the result of the quality assessment in
assessing the risk of bias. All of the studies included have
good quality based on the Newcastle–Ottawa scoring.
2.2.3 Meta‑analysis

All of the studies were reported using estimated mean
differences. Figure 2. is about forest plot of comparison
between patients with and without detrusor underactivity in patients who underwent HoLEP, showed the
patient’s result with and without detrusor underactivity, while Fig. 3 presents a forest plot for the HoLEP and

Retrospective Cohort South Korea

Retrospective Cohort South Korea

Retrospective Cohort South Korea

Choi et al. (2011) [13]

Cho et al. (2016) [14]

Woo et al. (2017) [15]

Jaeger et al. (2014) [16] Retrospective Cohort United States of
America

Retrospective Cohort South Korea

Pyun et al. (2017) [12]

Location

Study Design

Author

Table 2 Study characteristics and results

103 patients

56 patients

1423 patients

371 patients

227 patients

Holmium laser enucleation of the prostate
(HoLEP) (n = 72)

Holmium laser enucleation of the prostate
(HoLEP) n = 24)

Holmium laser enucleation of the prostate
(HoLEP) divided into
groups without detrusor underactivity (B1)
(n = 329) or with detrusor underactivity (B2)
(n = 423)

Patients with bladder
outlet obstruction
(BOO) and detrusor
underactivity (DU)
that underwent PVP
(n = 132)

Patients with detrusor
dysfunction (56 with
detrusor overactivity
and 33 with detrusor
underactivity) that
underwent HoLEP
(n = 89)

Sample Numbers Exposure

Photoselective vaporisation of the prostate
(PVP) (n = 31)

Transurethral resection
of prostate (TURP)
(n = 32)

Photoselective
vaporisation of the
prostate (PVP) divided
into groups without
detrusor underactivity
(A1) (n = 239) or with
detrusor underactivity
(A2) (n = 432)

Patients with bladder
outlet obstruction
(BOO) that underwent
PVP (n = 132)

Patients only with bladder outlet obstruction
(BOO) (n = 138)

Comparator

AUA Symptom Index
(AUASI), Qmax, PVR,
catheter-free rate

IPSS, Qmax, and PVR

IPSS, uroflowmetry
component (Qmax and
PVR) and prostate-specific antigen (PSA)

IPSS, Qmax, and PVR

IPSS, Quality of Life,
Qmax, and PVR

Outcome

After six months follow
up, HoLEP group subjects
(99%) had higher catheter-free rate (p < 0.01) than
PVP group (74%). There
was improvement in
AUASI, maximum urinary
flow rate and PVR in both
groups

After six months follow up, HoLEP group
subjects had higher Qmax
(p = 0.005) and lower PVR
values (P = 0.022) than
TURP group

After one month follow
up, A1 and BI group
had higher increases in
maximum flow rate than
A2 or B2. B2 had better
improvements in maximum flow rate and IPSS
score than A2

There is no significant difference in group with DU
or not in outcome parameter at 1 and 12 months
after the operation

Patients in BOO-only
group had greater IPSS
improvement than detrusor dysfunction group
(p = 0.023). Post-operative
IPSS voiding (4.5 vs 7.0)
and Qmax (18 vs 13.7) is
significantly better in
BOO-only group than
detrusor underactivity
group

Results
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Table 3 Risk of assessment bias using Newcastle–Ottawa Scale
Author Selection

Comparability

Outcome

Score

Representativeness
of the Exposed
Cohort

Selection
of the
Nonexposed
Cohort

Ascertainment
of Exposure

Demonstration
that Outcome
of Interest Was
Not Present at
Start of Study

Comparability
of Cohorts

Assessment
of Outcome

Follow-up
Long
Enough
for
Outcome
to Occur

Adequacy
of
Follow-Up

Pyun
et al.
(2017)
[12]

1

1

1

1

1

1

1

1

8

Choi
et al.
(2011)
[13]

1

1

1

1

1

1

1

1

8

Cho
et al.
(2016)
[14]

1

1

1

1

2

1

1

1

9

Woo
et al.
(2017)
[12]

1

1

1

1

1

1

1

1

8

Jaeger
et al.
(2014)
[13]

1

1

1

1

1

1

1

1

8

non-HoLEP comparison. All of the forest plots had 95%
CIs and were presented in the mean difference.
2.2.4 Detrusor underactivity vs non‑detrusor underactivity

Three studies comparing patients with DUA and nonDUA with the same postoperative outcome are analyzed [12–14] (Fig. 3. Forest plot of comparison between
HoLEP and non-enucleation operations). IPSS analysis found that the patients without detrusor underactivity had a significantly lower IPSS score (Mean
Difference = 3.28, 95% CI 1.91 to 4.64, p < 0.01). Qmax is
also higher in patients without DUA, albeit it is not significant (Mean Difference = − 1.99, 95% CI − 4.36 to
0.38, p = 0.10). On the other hand, PVR (Mean Difference = − 1.61, 95% CI − 0.15.83 to 12.60, p = 0.82), and
favor the patients with detrusor underactivity the difference is not significant.
2.2.5 HoLEP vs non‑enucleation operations

Three studies analyzed include IPSS, PVR, and Qmax as
the outcome of the study [14–16] (Fig. 2). From the IPSS
measurement, it was found that the patients treated
with HoLEP had significantly higher reduction in both
comparison with PVP (Mean Difference = − 2.47, 95%
CI − 4.47 to − 0.47, p = 0.02) and TURP (Mean Difference = − 4.80, 95% CI − 7.83 to − 1.77, p = 0.002). From
the subgroup analysis, there is no difference between

different operation methods (Mean Difference = − 3.18,
95% CI − 4.85 to − 1.51, p = 0.21) which indicates that
there is no difference between TURP and PVP. Similar finding is also found in Qmax, which HoLEP had
higher Qmax compared to PVP (Mean Difference = 2.31,
95% CI 0.34 to 4.28, p = 0.02) and TURP (Mean Difference = 4.20, 95% CI 0.58 to 7.82, p = 0.02) with no significant result in subgroup analysis (Mean Difference = 2.74,
95% CI 1.01 to 4.47, p = 0.37). There are no differences in
PVR in between laser and non-enucleation operations.
2.3 Discussion

BPH is a condition that can be treated conservatively or
through a surgical approach. According to the European
Association of Urology (EAU) guideline, TURP is still
the golden standard in BPH management [17]. However,
currently, there is no clear statement from the guideline
regarding surgical management for BPH patients with
DUA. Masumori et al. studied the effect of bladder outlet obstruction (BOO), DUA, and detrusor overactivity
for the outcome of TURP and resulted in no influence of
DUA in the change of IPSS and QOL. [18].
Prolong obstruction due to prostate enlargement is
contributed to the occurrence of the DUA. In the animal model study that induced bladder outlet obstruction (BOO), the bladder was distended due to the rise in
intravesical pressure. The detrusor muscle will become
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Fig. 2 Forest plot of comparison between patients with and without detrusor underactivity in patients underwent HoLEP

hypertrophy and increase vascularization as a compensation mechanism. However, if the obstruction is not
relieved for some time, the bladder cannot compensate
anymore and result in DUA due to impaired contractility. The mechanism underneath it is caused by cyclic
ischemic and reperfusion injury resulting in the formation of reactive oxygen species (ROS) that impair cellular
contractile function. Collado et al. also found that bladder obstruction caused detrusor remodeling that characterized by the deposition of collagen and elastic fibers in
interfasciular and intrafasciular [19, 20].
Laser enucleation is hypothesized to have a better
outcome in those patients. A study found that photoselective vaporization of the prostate and simultaneous
suprapubic cystostomy can be options for BPH patients
with DUA [6]. HoLEP is one of a type of laser enucleation
and a newer alternative for BPH surgical treatment with
better perioperative results such as lower blood loss and
shorter length of stay. A previous study was conducted
in determining the effect of HoLEP in patients with nonneurogenic impaired bladder contractility, and the results
recommend HoLEP to be performed in those patients [8,
21].

Our meta-analysis compared two different surgical approaches and two different kinds of patients in
understanding the effect of HoLEP in BPH patients
with DUA. From the analysis in two other groups of
patients, IPSS score reduction is also better in patients
without DUA, with the average decline is around 3
points. We found contradictory findings in the PVR
(p = 0.82) and Qmax (p = 0.10), which tend to be better
in the patients without DUA, even though the result
is not significant. This finding has a similar result with
a previous meta-analysis by Kim et al. that concludes
that the absence of DUA is predictive for postoperative outcomes in BPH patients who underwent TURP
[22]. In comparing HoLEP with PVP and TURP, IPSS
score reduction and Qmax improvement are better in
the patients who underwent HoLEP than the other two
approaches. The subgroup analysis result confirms that
the difference between PVP and TURP does not affect
the result. A meta-analysis by Kim et al. showed a similar benefit of HoLEP compared to TURP in the result of
better Qmax and IPSS score reduction for BPH patients
with DUA and recommended HoLEP as the alternative
to TURP [6].
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Fig. 3 Forest plot of comparison between HolEP dan non-enucleation operations

The strength of the articles that were analyzed is that
the parameter that was used to determine the study result
is measured properly with the proper method (IPSS questionnaire, uroflowmetry, or PSA) in determining the BPH.
The weakness of the articles that were analyzed is that
most of the studies had short follow-up after the operation.
Some of the articles are also retrospective studies, therefore the patients’ baseline may be different in each group.

The strengths of the review are that, to our knowledge,
this is one of the few meta-analyses comparing the surgical approaches in BPH patients with DUA. The review itself
has also included a comprehensive search strategy with two
independent reviewers for the article collections. All of the
studies were a retrospective cohort and had the risk of loss
to follow-up. Fortunately, all of the reviews complete the
patients’ follow-up until the designated time. All studies
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also had a low risk of bias based on the Newcastle–Ottawa
Scale. The study has several limitations, such as the number of studies is still relatively low based on the database
searching. There are several other studies aside that are
used in this meta-analysis, but the focus of the research
or the outcome measure does not suitable for this review
criteria. The studies are also not randomized due to their
study feasibility and ethical issues.

3 Conclusion
In conclusion, both the surgical modality and absence of
detrusor dysfunction can be used as the prognosis factor
in the postoperative outcome of BPH surgery. HoLEP is a
better procedure in the BPH patients with DUA for better
outcomes for the patients.
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