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Abstract

evaluated.

Background: Benign prostatic hyperplasia (BPH) is a common urological condition in aging men, often requiring surgical intervention when medical therapy
fails. The 1470 nm diode laser enucleation of the prostate (DiLEP) has emerged as a promising technique, but its efficacy and safety remain to be systematically

Methods: A systematic literature search was conducted in PubMed, Embase, Web of Science, and Cochrane Library to identify Randomized Controlled

Trials (RCTs) investigating 1470 nm DiLEP in the treatment of BPH. Primary outcomes included functional parameters such as International Prostate Symptom
Score (IPSS), quality of life (QoL), maximum urinary flow rate (Qmax), and post-void residual urine volume (PVR). Secondary outcomes included intraoperative
and perioperative indicators (e.g., operative time, hemoglobin decrease, catheterization duration, bladder irrigation time) and complication rates. Effect sizes
were synthesized using appropriate fixed- or random-effects models based on heterogeneity, and reported as Mean Difference (MD) or Odds Ratios (OR)
with 95% Confidence Intervals (Cl).

Results: Four RCTs involving 533 patients were included. 1470 nm DiLEP was associated with significantly shorter operative time (MD = -24.43, P <
0.0001), reduced hemoglobin loss (MD = -2.77, P = 0.02), shorter bladder irrigation time (MD = -13.23, P < 0.0001), and reduced catheterization duration
(MD = -2.29, P < 0.0001). Functional outcomes such as IPSS, Qol, and Qmax were comparable between groups, but DILEP showed superior reduction in PVR

INTRODUCTION

Benign prostatic hyperplasia (BPH) is a prevalent non-
cancerous condition among aging men, characterized by
progressive enlargement of the prostate gland [1,2]. This
condition often results in lower urinary tract symptoms
(LUTS), including urinary frequency, urgency, nocturia,
and weak stream, which can significantly impair patients’
quality of life [3,4]. For individuals with moderate-to-
severe symptoms who fail to respond adequately to
pharmacological therapy, surgical intervention remains
the standard treatment. In recent years, diode laser
enucleation of the prostate has emerged as a minimally
invasive and technologically advanced surgical approach
for BPH [5]. Among the various diode laser wavelengths,

at 6 and 12 months. No significant differences in complication rates were observed.

Conclusion: The 1470 nm DiLEP appears to be a safe and effective surgical option for BPH, with advantages in perioperative outcomes and potential
mid-term functional benefits, particularly in improving bladder emptying. Further large-scale, long-term RCTs are needed to confirm these findings.

the 1470 nm laser has gained particular attention due to
its unique biophysical properties. This wavelength offers
high absorption in both water and hemoglobin, enabling
precise tissue dissection and superior hemostasis during
enucleation [6-8]. These advantages translate into potential
clinical benefits such as reduced intraoperative bleeding,
shorter catheterization time, and faster recovery, making
1470 nm diode laser enucleation of the prostate (1470
DIiLEP) an increasingly adopted technique in urologic
surgery [9,10]. Although several randomized controlled
trials (RCTs) have evaluated the clinical outcomes of
1470 DiLEP, the results remain heterogeneous, and a
comprehensive synthesis of the evidence is lacking. This
meta-analysis aims to critically evaluate the efficacy
and safety of 1470 nm DiLEP in the treatment of BPH,
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based on current evidence from RCTs. By analyzing
perioperative parameters, postoperative symptom relief,
and complication rates, this study seeks to provide robust
clinical evidence to support the use of 1470 DIiLEP as an
effective surgical option for patients with BPH.

METHODS

The review protocol was registered with PROSPERO
CRD420251056180 following the guidelines outlined in
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).

Search strategy

We conducted a comprehensive literature search in the
PubMed, Embase, Web of Science, and Cochrane Library
databases, following the PRISMA guidelines. The search
included studies published from database inception up
to April 2025. Our strategy was developed based on the
PICOS framework (Population, Intervention, Comparator,
Outcomes, Study design). The primary search terms
included “diode laser”, “enucleation”, and “prostate”. Two
independent reviewers performed the database searches
using a predefined strategy, and their results were cross-
checked for consistency. Disagreements regarding study
selection were resolved through consultation with a third
reviewer. Furthermore, reference lists of relevant articles
were manually screened to identify additional eligible
studies.

Inclusion criteria and data extraction

Studies were included based on the following criteria:
(1) Population: Male patients diagnosed with BPH
and indicated for surgical treatment; (2) Intervention:
1470nm DiLEP; (3) Comparator: Any other established
surgical technique for prostate enucleation, including
but not limited to transurethral resection of the prostate
(TURP), holmium laser enucleation (HoLEP), thulium
laser enucleation (ThuLEP), bipolar enucleation of the
prostate (BEEP), 980 nm DiLEP, and open prostatectomy;
(4) Outcomes: Studies that reported at least one of
the following—operative time, hemoglobin loss,
catheterization time, bladder irrigation time, IPSS, QoL
score, Qmax, PVR, or complication rates; (5) Study design:
Randomized controlled trials (RCTs). We excluded non
randomized studies, retrospective or observational
designs, animal studies, case reports, reviews, conference
abstracts, and studies with inappropriate comparators.

Quality assessment

Two reviewers independently assessed the risk of
bias of the included RCTs using the Cochrane Risk of

Bias 2.0 tool. The evaluation focused on five domains:
the randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome,and selection of the reported result. Discrepancies
between reviewers were resolved through discussion with
a third investigator. Each domain was rated as having “low
risk,” “some concerns,” or “high risk” of bias. The overall
risk of bias for each study was determined by the highest
level of risk found in any domain.

Data extraction and outcome measures

Two authors independently extracted relevant data
from the selected studies, including first author, year of
publication, country, sample size, surgical techniques
used, follow-up duration, perioperative indicators,
functional outcomes, and adverse events. The primary
outcomes assessed were postoperative functional
outcomes, including the International Prostate Symptom
Score (IPSS), Quality of Life (QoL) score, maximum urinary
flow rate (Qmax), and postvoid residual urine volume
(PVR). These parameters reflect the efficacy of 1470 nm
DIiLEP in improving urinary symptoms and functional
recovery in patients with BPH. The secondary outcomes
included perioperative parameters such as operative
time, hemoglobin loss, catheterization duration, and
bladder irrigation time, as well as complication rates
(e.g., bleeding, capsule perforation, urinary incontinence,
urethral stricture). These outcomes were used to evaluate
the surgical safety and procedural efficiency of 1470 nm
DiLEP compared with other surgical modalities.

Statistical analyses

Statistical analysis was performed using Review
Manager version 5.3 (The Cochrane Collaboration). For
continuous variables, mean difference (MD) with 95%
confidence interval (CI) was calculated; for dichotomous
outcomes, odds ratios (OR) with 95% CI were used.
Heterogeneity among studies was assessed using Cochran'’s
Q test and the I? statistic. Significant heterogeneity was
defined as I? > 50% or p < 0.05. A fixed-effects model was
used when heterogeneity was low; otherwise, a random-
effects model was applied. P-value of less than 0.05 was
considered statistically significant.

RESULTS
Characteristics of included studies

Atotal of 46 articles were initially identified through our
systematic search. After screening titles and abstracts, 18
studies were excluded. Of the 10 full-text articles assessed
for eligibility, 5 articles were excluded for not meeting the
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predefined inclusion criteria, and 1 additional study was
removed due to insufficient or incomplete outcome data.
Consequently, 4 randomized controlled trials [11-14],
were included in the final analysis to evaluate the efficacy
and safety of 1470 nm diode laser enucleation of the
prostate for BPH. The study selection process is illustrated
in Figure 1, and the detailed characteristics of the included
studies are summarized in Table 1.

Risk of bias

The risk of bias assessment for each study is
summarized in Figure 2. Among the four included
randomized controlled trials, three were judged to have
some concerns, while the remaining one is considered
to have a low risk of bias. The most frequent sources of

potential bias were related to the randomization process
and the selection of reported outcomes. The funnel plot
(Figure 3), showed a relatively symmetrical distribution,
suggesting a low likelihood of publication bias among
the studies evaluating the efficacy and safety of 1470 nm
DiLEP.

Intraoperative and Perioperative Outcomes

We extracted data on perioperative parameters
including operative time, hemoglobin decrease, serum
sodium decrease, irrigation time, catheterization
duration, and hospital stay from the included studies. The
forest plots demonstrated that 1470 nm DiLEP showed
significant advantages over the PKRP group in terms of
operative time, hemoglobin decrease, bladder irrigation

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ Identification of studies via databases and registers

Records identified from:
b (n =46)

L4

Identification

Records removed before screening:
Duplicate records removed (n =14)

— ]

Records screened
(n=32)

Records excluded (n =18)

!

Reports sought for retrieval
(n=14) .

Reports not retrieved (n =4)

l

Screening

Studies for eligibilit
(n=10)

| Studies excluded:

980 nm diode laser (n =5)
Lack data(n=1)

Studies included in network
meta-analysis(n=4)

[ Included ] [

Figure 1 PRISMA flow diagram.

Table 1: Characteristics of included studies.

. IPSS Qmax Prostate Laser Postoperative
Study(years) Treatment @ Age(year) Patients baseline baseline QoL data PVR (ml) ) | e | Rl petied
Jiang2017 DilEP 71.5+9.4 90 23.4+6.6 7.8+2.1 5.1+0.7 57.3+36.8 70.3+8.7 NA
1 and 3 months
PKRP 70.3+8.7 90 22.1+6.3 7.5£2.0 5.2+0.9 65.2+42.7 54.9+23.5 160W
Lin 2025 DilEP 69.248.7 41 24.5+3.7 5.2+3.5 4.9+0.7 115.6£117.9 75.1+£35.8 150W 12 th
months
PKRP 70.7£7.5 40 23.4+2.8 4.742.9 4.7+0.6 104.8+110.2 72.8+22.4 280W
Shao2023 DilEP 77.60+3.6 60 25.3£3.0 6.5+1.3 4.9+0.8 221.5+80.1 71.8+23.0 150W
3 and 6 months
PKRP 77.3%£3.2 60 25.1+2.5 6.5+1.4 4.9+0.8 217.5+83.1 71.5+24.1 280w
Zhang 2019 DilEP 73.748.4 76 24.5%3.2 5.7£2.2 4.7+0.7 204.6x191.1 56.2+11.9 120w
3,6, and 12 months
PKRP 71.5+8.9 76 25.24#3.0 6.2+2.5 4.9+0.7 199.5+186.8 55.5+13.1 180W
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Figure 2 The assessment of risk of bias (RoB). (A) Risk of bias domain for each included study; (B) Summary of risk of bias assessment.
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time, and catheterization duration (MD = -24.43, 95% CI
(-32.42--16.43), P < 0.0001; MD = -2.77,95% CI (-5.10-
-0.44), P =0.02; MD = -13.23,95% CI (-14.33--12.14), P
< 0.0001; MD = -2.29, 95% CI (-2.51--2.08), P < 0.0001,
respectively; Figure 4). For serum sodium decrease and
hospital stay, no statistically significant differences were
observed between the two groups. These findings suggest
that 1470 nm DIiLEP may offer superior perioperative
outcomes, with reduced surgical trauma, faster recovery

indicators, and potentially improved patient tolerance
compared to PKRP.

Postoperative Outcomes

Functional outcomes including symptom scores
(IPSS, QoL) and voiding parameters (Qmax, PVR) were
reported preoperatively and postoperatively across all
included studies. We extracted follow-up data at 3, 6,
and 12 months postoperatively for analysis. Overall, no
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Figure 4 Forest plots showing the pooled results of operative time, hemoglobin decrease, sodium decrease, bladder irrigation time, catheterization
duration and hospital stay between 1470 nm DiLEP and PKRP group. (A) operative time; (B) hemoglobin decrease; (C) sodium decrease; (D)
bladder irrigation time; (E) catheterization duration; (F) hospital stay; MD, mean difference; CI, confidence intervals.
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significant differences were observed between groups
in most follow-up outcomes (Figures 5 and 6); however,
1470 nm DIiLEP was associated with significantly better
PVR at both 6 and 12 months (MD = -4.29,95% CI (-7.61-
-0.97), P=0.01; MD = -7.79, 95% CI (-13.10--2.47), P =
0.004, respectively; Figure 6). These results indicate that
although both techniques yield comparable functional
recovery overall,1470 nm DiLEP may provide additional
benefit in mid- and long-term bladder emptying efficiency.

Perioperative Complication

Perioperative complications, including TUR syndrome,
bladder injury, capsule perforation, secondary bleeding, re-
catheterization, transient incontinence, urethral stricture,
and irritative symptoms, were documented in all included
studies. The pooled results revealed no statistically
significant differences between the two procedures in the
incidence of any of the assessed complications (Figure 7).
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Figure 6 Forest plots showing the pooled results of QoL and PVR between 1470 nm DiLEP and PKRP group. (A) QoL; (B) PVR; QoL, Quality of
Life; PVR, postvoid residual urine volume.
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Figure 7 Forest plots showing the pooled results of bladder injury, capsule perforation, secondary bleeding, re-catheterization, transient
incontinence, urethral stricture, and irritative symptoms between 1470 nm DiLEP and PKRP group. (A) bladder injury; (B) capsule perforation;
(C) secondary bleeding; (D) re-catheterization; (E) transient incontinence; (F) urethral stricture; (G) irritative symptoms.
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These findings suggest that 1470 nm DiLEP is comparable
to PKRP in terms of perioperative safety, with a similar
risk profile for both minor and major adverse events
(Supplementary Materials).

DISCUSSION

BPH is a common condition among aging men and
often leads to LUTS that impair quality of life [15,16]. For
patients with moderate-to-severe symptoms who do not
respond well to medical therapy, surgical intervention
remains the primary treatment [17,18]. TURP has long
been considered the gold standard for treating BPH in men
with prostate volumes between 30 and 80 ml [19]. Despite
its high clinical success rate, concerns remain regarding
perioperative complications, particularly bleeding, which
limit its applicability in patients with large prostates or
those on anticoagulation therapy [20,21]. To address these
limitations, various alternative surgical techniques have
been developed. PKRP was introduced as an advancement
over monopolar TURP, offering better hemostasis and a
reduced risk of TUR syndrome [22]. Nonetheless, PKRP still
presents risks of bleeding and prolonged catheterization,
particularly in cases involving significantly enlarged
prostates [23,24]. Among the newer modalities, DiLEP
has gained attention as a promising endoscopic technique
due to its precise tissue cutting, effective hemostasis,
and favorable safety profile [25]. DiLEP encompasses
various diode laser systems categorized by their emission
wavelengths, such as 980 nm, 1318 nm, and 1470 nm [26].
It is well recognized that the 1470 nm diode laser stands
out because it has the highest absorption in water, which
allows it to efficiently vaporize tissue and provide superior
coagulation [14]. Due to these physical properties, 1470
nm DiLEP is expected to offer clinical advantages including
reduced intraoperative blood loss, shorter catheterization
time, and decreased hospitalization duration. Our meta-
analysis comprehensively evaluated both the efficacy
and safety of 1470 nm DiLEP. In terms of perioperative
efficacy, 1470 nm DiLEP was associated with significantly
shorter operative time, reduced hemoglobin loss, shorter
bladder irrigation time, and reduced catheterization
duration. These findings suggest that DiLEP may provide
a less invasive and faster recovery surgical option
without compromising clinical effectiveness. With regard
to postoperative functional outcomes, no significant
differences were observed between 1470 nm DiLEP and
PKRP in most symptom and voiding parameters during
follow-up. However, 1470 nm DIiLEP showed superior
improvement in QoL at 6 months and significantly
greater reduction in PVR at both 6 and 12 months.
These findings indicate that although the two techniques
provide broadly comparable long-term outcomes, 1470

nm DiLEP may offer modest advantages in mid-to-long-
term symptom relief and voiding efficiency. From a safety
perspective, our analysis found no statistically significant
differences between the two techniques in perioperative
complications including TUR syndrome, bladder
injury, capsule perforation, secondary bleeding, re-
catheterization, transient incontinence, urethral stricture,
or irritative symptoms. This highlights the favorable safety
profile of 1470 nm DIiLEP, comparable to that of PKRP.
The potential advantages of DILEP may be attributed
to the specific properties of the 1470 nm wavelength,
which has high absorption in both water and hemoglobin,
leading to precise ablation and effective hemostasis with
minimal collateral damage [27, 28]. In addition to its
clinical benefits, 1470 nm DiLEP may also offer economic
advantages by reducing operative time, minimizing the
need for blood transfusion, shortening catheterization and
hospitalization durations, and potentially lowering the
overall healthcare burden associated with postoperative
complications and recovery time [29]. However, it is
important to acknowledge certain limitations. First, all
included randomized controlled trials were conducted in
Asia, which may limit the generalizability of the results.
Second, the follow-up durations varied among studies
and did not exceed one year, restricting our ability to
evaluate long-term outcomes. Third, there is a lack of
direct comparisons regarding the learning curves and
cost-effectiveness between 1470 nm DiLEP and PKRP.
Fourth, heterogeneity may exist due to variations in laser
types, energy settings, surgeon experience, and outcome
assessment methods across studies. Although we applied a
random-effects model to account for this variability, it may
still affect the stability of the results. Additionally, the small
number of included studies (only four) limited our ability
to conduct sensitivity analyses or subgroup analyses to
assess potential biases.

CONCLUSION

In conclusion, 1470 nm DiLEP demonstrates
comparable safety and at least equivalent, if not superior,
efficacy to PKRP in the treatment of BPH. It offers specific
advantages in perioperative parameters and mid-term
functional outcomes, suggesting it may be a valuable
surgical option for appropriately selected patients. Future
large-scale, high-quality randomized trials with long-term
follow-up are warranted to confirm these findings and
optimize patient selection.
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