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Transperineal Laser Ablation for Treatment
of Lower Urinary Tract Symptoms in Benign
Prostate Enlargement: A Systematic Review and
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Purpose: This is a systematic review and meta-analysis of the outcomes of transperineal
prostate laser ablation (TPLA) in men with benign prostatic enlargement.
Materials and Methods: Pubmed, Embase, Scopus, and Cochrane Library databases were
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searched from inception to July 2024. Random-effects model was employed to compute

Prostatic Hyperplasia;
Transurethral Resection of
Prostate; Laser Therapy

mean differences for continuous endpoints. Heterogeneity was evaluated by prediction inter-
val and |-squared statistics. Results were reported following the PRISMA guidelines.
Results: Seventeen studies involving 777 patients with mean age of 62 to 80 years were in-
cluded. Over 12-month follow-up, TPLA decreased the International Prostate Symptom Score
(MD -12.62; 95% CI -14.87 to -10.37; p<0.001; 12 = 90%), post-void residual (MD -73.24 mL;
95% Cl -96.91 to —49.57; p<0.007; 12 = 89%), and prostate volume (MD -21.23 mL; 95% ClI
-32.65 to -9.81; p<0.0071; 12 = 84%). TPLA increased the maximum urinary flow rate (MD 6.32
mL/s; 95% CI 4.69 to 7.95; p<0.001; 12 = 81%). Ejaculatory and erectile functions were not
impacted. Compared to TURP, TPLA was associated with ejaculatory function preservation,
shorter operating time and length of stay. Risk of bias for the non-randomized studies was
moderate, and low for the randomized studies.
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Conclusions: TPLA demonstrated favorable outcomes for BPE without a negative impact on Editor in Chief

sexual function. This minimally invasive treatment was found to have advantages over TURP, Luciano Alves Favorito

such as, ejaculatory function preservation, reduced operative time, and shorter hospital stay.
Evidence for this MIST is emerging but remains predominantly retrospective with short fol-
low-up, highlighting the need for further comparative prospective studies.
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INTRODUCTION

Benign Prostatic Enlargement (BPE) fre-
quently causes lower urinary tract symptoms (LUTS)
in adult men, significantly affecting their quality of
life (QoL) (1). If untreated, BPE can lead to serious
complications such as acute urinary retention, hy-
dronephrosis, and acute kidney injury (2).

International guidelines recommend lifestyle
changes and pharmacological therapies as initial
management for male LUTS (3). Surgical options may
be indicated when pharmacotherapy fails or is not
tolerated (4). However, these treatments often impact
sexual function, particularly ejaculatory function,
leading to poor adherence or discontinuation, mostly
in young patients who want to preserve antegrade
ejaculation (5). Therefore, improvements in minimally
invasive and endoscopic methods for BPE have ex-
panded therapeutic options, to minimize side effects
and increase treatment efficacy (6).

Endoscopic laser treatments have made sig-
nificant advances, proving to be effective, but still
with significant adverse events and complications,
such as retrograde ejaculation (7). Minimally invasive
surgical therapies (MISTs) offer faster recovery and
effective relief from LUTS with minimal side effects
(8). Nevertheless, these newer methods generally
have inferior functional results compared to tradi-
tional transurethral treatments (9).

In this context, transperineal laser ablation of
the prostate (TPLA) has emerged as an alternative
option that could maintain ejaculatory function in
patients with BPE (10). Recent studies indicate prom-
ising perioperative and functional outcomes with
TPLA in carefully selected patients with BPE/LUTS
(11). This systematic review and meta-analysis aim to
assess TPLA efficacy in treating BPE/LUTS and its
influence on sexual function.

MATERIALS AND METHODS

Study Design
This systematic review and meta-analysis
follow the Cochrane Collaboration recommendations
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and is reported according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement guideline (Table-S1) (12). The
study protocol was registered on June 21st, 2024, in
the PROSPERO database, under the identification
number CRD42024556034.

Eligibility Criteria

Inclusion in this meta-analysis was restricted
to studies that met the following eligibility criteria: (1)
randomized controlled trials (RCTs) or nonrandom-
ized cohorts; (2) transperineal laser ablation of the
prostate in treating LUTS decurrent from BPE; and
(3) enroliment of male patients older than 18 years
with BPE. Additionally, studies were only included if
they reported any clinical outcomes of interest, in-
cluding primary outcome measures related to LUTS
relief and side effects. Exclusion criteria were applied
to studies with (1) potential overlapping populations;
(2) unavailable full text; and (3) publications in non-
English languages.

Search Strategy and Data Extraction

Two authors (I.Z. and M.P.) independently
conducted searches on PubMed, Embase, and Co-
chrane Central Register of Controlled Trials from
inception to June 2024, using specific search
terms: ‘benign prostatic enlargement;, 'BPE; ‘lower
urinary tract symptoms; ‘LUTS; ‘transperineal laser
ablation; and ‘TPLA. The complete and detailed
search strategy is available in supplementary ma-
terials. Reference lists from all included studies
were also manually searched for additional stud-
ies. Titles and abstracts of all electronic records
were screened for potential eligibility. Subsequent-
ly, the articles regarded as eligible were retrieved
as full texts. Then, any studies that did not report
the outcomes of interest or fulfilled inclusion cri-
teria were excluded. Three authors (1.Z., M.P,, and
M.G) independently extracted data following pre-
defined search criteria and quality assessment.
Disagreements were resolved through discussion
with a fourth author (R.S.) and, when necessary, by
consultation with the senior author (M.A.A).
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Endpoints

Primary endpoints consisted of the Interna-
tional Prostatic Symptoms Score (IPSS) and objec-
tive parameters, such as the maximum urinary flow
rate (Qmax), prostate volume (PV), and post-void re-
sidual (PVR). Secondary endpoints included ejacu-
latory and erectile function, evaluated by the Male
Sexual Health Questionnaire - Ejaculatory Dysfunc-
tion (MSHQ-EjD) and the International Index of Erec-
tile Function (IIEF-5); surgical aspects, comprised by
operating time and length of stay; and quality of life
reported by the IPSS Q8.

Quality Assessment

Randomized and nonrandomized studies
were evaluated using the Cochrane Collaboration's
risk-of-bias tools: RoB-2 (13) and ROBINS-I (14), re-
spectively. Two independent authors (T.M. and M.G.)
adhered to the Grading of Recommendations, As-
sessment, Development, and Evaluation (GRADE)
handbook guidelines to assess the evidence's cer-
tainty level, utilizing categorizations ranging from
high to very low (15). Publication bias was investi-
gated by funnel-plot analysis of point estimates ac-
cording to study weights (16).

Statistical Analysis

Data was synthesized using a random ef-
fects meta-analysis through a restricted maximum
likelihood estimator. The random effects model was
employed to account for potential clinical, method-
ological, and statistical heterogeneity since no as-
sumption can be made that there would be no het-
erogeneity and that the intervention’s true effect will
be the same in the included studies (16, 17). Continu-
ous endpoints were summarized using mean differ-
ence (MD). Additionally, a subgroup analysis was
performed to compare outcomes between TPLA and
TURP, the conventional standard therapy, from avail-
able randomized trials. Statistical significance was
established by a 95% confidence interval (Cl) and a
p-value under 0.05. Evidence of heterogeneity was
assessed with the Chi2 test, Tau and Tau2. To avoid
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misleading interpretation with a pre-determined
threshold for 12 statistics, the extent of heterogeneity
was evaluated by associating it with the prediction
interval (PI) (18, 19). Additionally, a “leave-one-out”
sensitivity analysis was performed to identify poten-
tial sources of heterogeneity. All statistical analyses
were performed in R software version 4.4.1 (R Foun-
dation for Statistical Computing) (20).

For outcome data presented in medians and
interquartile ranges (IQRs), we used the most recent
calculator to convert them into means and standard
deviations (21). Additionally, for the study by Chen
et al. (22), which reported outcomes using change
scores rather than direct means and SDs, we em-
ployed an additional specialized calculator to facili-
tate the conversion, available at https://www.statsto-
do.com/CombineMeansSDs.php.

RESULTS

Study Selection and Baseline Characteristics

As reported in Figure-1, the initial search
yielded 510 results. After excluding 223 duplicates,
257 articles were excluded based on title and ab-
stract review. Subsequently, 30 articles were fully
evaluated. In this comprehensive analysis, 9 articles
were excluded due to full-text unavailability, 2 for pro-
tocol or design analysis and technical specification,
and the last 2 excluded had overlapping populations.
In this case, we selected the studies with the larger
number of participants or the number of reported
outcomes. Finally, 17 studies with 777 patients with
BPE were included (22-38). These comprised 3 RCTs
and 14 cohort studies, published from 2017 to 2024.

The baseline characteristics of the included
studies are shown in Table-1.

Operative and Perioperative Aspects

All the patients were placed in lithotomy po-
sition. An 18Fr three-way vesical catheter was placed
and continuous saline irrigation for urethral cooling
was applied. The procedure was performed under
transrectal ultrasound (TRUS) guidance. The use of
a multi-channel needle applicator with a dedicated

3/40



Figure 1. PRISMA flow diagram of study screening and selection. Flow diagram illustrating the process of
literature identification, screening, eligibility assessment, and inclusion. Of 510 records initially retrieved, 17
studies met the inclusion criteria and were analyzed in the meta-analysis.
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Abbreviations: PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

software display grid overlapping the ultrasound images
could also aid the procedure (23, 37). Local anesthesia
was administered in 16 studies (22, 24-38), with concur-
rent conscious sedation or optimal sedation used in 13
studies (25-30, 32-38). One study performed standard
spinal anesthesia (23).

TPLA was performed using EcholLaser
(SoractelLite) and Asclepion. The diode laser generator
with four independent channels, provided by Elesta, was
employed for all procedures, except Chen et al. 2023
(22), where Asclepion Laser Technologies was provided.
A 21G trocar needle was used to accommodate the 300-
um flat-tip optical fiber and a continuous mode with a
wavelength of 1064 nm was employed. Lo Re, Sessa, De
Rienzo, and Manenti (30, 31, 37, 38) initially set the power
at a higher level (5 W, 4.5 W, and 5 W, respectively) and
then reduced it after 1-2 minutes, while others used a
fixed power setting of 3 W. The power deployed by Chen
varied from 3 to 5 W (22).
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The energy setting for the single fiber was 1800
J, except for Patelli and Sessa (34, 38), who reported
settings ranging from 1200 to 1800 J. Up to three fibers
per lobe were used with simultaneous laser emission,
depending on prostate volume and surgeon preference.
A second ablation cycle, called pull-back, was executed
in larger prostates. This involved retracting the fiber 10
mm along its trajectory to deliver an additional 1200-
1800)J (22, 24, 26-29, 31-35, 37, 38).

Ten studies used antibiotic prophylaxis (26-29,
31, 33-35, 37, 38). At the end of the treatment, four
studies utilized dexamethasone to reduce edema and
inflammatory reactions, (6, 25, 27, 33) while two stud-
ies prescribed prednisone (31, 37). Chen et al. and
Sessa et al. applied one dose of dexamethasone and
methylprednisolone intravenously after treatment,
respectively (22, 38). The mean procedural time
ranged from 16 to 60.9 minutes (24, 25). Additionally,
the mean length of stay ranged from 1.5 hours to 2.5
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days (22, 24), while the catheterization period ranged
from 4 to 22.8 days (23, 35).

Table-S2 summarizes the technical parameters
of all selected studies.

Inclusion and Exclusion Criteria of the Included Studies

The inclusion and exclusion criteria differed be-
tween the studies. Eligible studies normally included pa-
tients over 18 years old with a PV ranging from 30 to 100
mL, measured by TRUS or magnetic resonance imaging
(MRI), who were candidates for treatment with TPLA.
The usual inclusion criteria also involved LUTS with an
IPSS of 8 or more, a Qmax of 15 mL/s or less, or a PVR
of 50 to 400 mL.

Ten studies reported the pharmacological treat-
ments used for BPE (23, 26-31, 35, 37, 38). One study (31)
focused exclusively on patients using combination ther-
apy, while another did not describe the pharmacological
treatment (35).

Common exclusion criteria included previous
procedures on the urethra or prostate, prostate-specific
agent levels higher than 4 ng/mL or suspected pros-
tate cancer, a history of urethral stricture, neurological
diseases, allergies to ultrasound contrast, underactive
detrusor, bladder cancer, anterior prostatic abscess,
acute or chronic prostatitis, active urinary tract infec-
tion, gland volume greater than 100 mL, bladder stones
and active hematuria. Table-S3 provides a detailed list
of these conditions. Some studies did not contraindicate
the treatment for patients with a median lobe / intravesi-
cal prostatic protrusion (IPP) (27, 28, 33, 34, 37) or taking
anticoagulants or antiplatelet agents (23, 25-27, 30, 33,
36-38). However, Minafra et al. (32) reported that a pre-
dictive factor for treatment failure in their cohort was the
presence of the median lobe/IPP.

Functional Outcomes by Follow-up Time

In our pooled analysis, improvement in Qmax was
observed after three months of treatment (MD 3.42 mL/s;
95% Cl 2.44 to 4.40; p<0.007; 12 = 31%. Figure-2). Within six
and twelve months, Qmax increased progressively (MD 5.02
mL/s; 95% CI: 3.80 to 6.24; p<0.001; 12 = 72%, and MD 6.32
mL/s; 95% Cl 4.69 to 7.95; p<0.001; 12 = 81%. Figure-2). TPLA
was associated with a significant decrease in IPSS as of
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one-month follow-up (1 month: MD -4.48; 95% Cl —6.92 to
—-2.03; p<0.001; 12 = 41%. 3 months: MD —11.11; 95% Cl -12.72
to —9.51; p<0.007; 12 = 66%. 6 months: MD -12.46; 95% Cl
-14.25 to -10.66; p<0.001; 12 = 82%; 12 months: MD -12.62;
95% Cl -14.87 to —10.37; p<0.0071; 12 = 90%. Figure-3; Figure
S13 and S14). Reduction in prostate volume was observed
within twelve months (MD -21.23 cm? 95% Cl —32.65 to
—-9.81; p<0.001; 12 = 84%. Figure-S1). PVR also decreased
over twelve months (3 months: MD -46.09 mL; 95% Cl
—65.66 to —26.51; p < 0.001; 12 = 62%. 6 months: MD -48.30
mL; 95% Cl —60.53 to —36.07; p < 0.007; 12 = 57%. 12 months:
MD -73.24 mL; 95% Cl —96.91 to —49.57; p<0.007; 12 = 89%.
Figure-S2). However, in the first month after the surgery, it
had no statistically significant change (MD -28.78 mL; 95%
Cl -5791t0 0.35; p = 0.053; 12 = 55%. Figure-S2). TPLA was
associated with better quality of life by decreasing the IPSS
Q8 score in six, twelve, and thirty-six months (MD -2.60;
95% Cl —2.99 to -2.22; p < 0.001; 12 = 70%. MD -3.07; 95%
Cl -3.51t0 -2.62; p < 0.0071; 12 = 89%. MD -319; 95% Cl -4.06
t0-2.32; p < 0.001; 12 = 83%. Figure-S3).

Sexual Function by Follow-up Time

Eight studies analyzed ejaculatory dysfunction by
MSHQ-E|jD. At one-month follow-up, there was no statisti-
cally significant change (MD 1.91; 95% CI -0.29 to 4.10; p
= 0.089; 12 = 62%. Figure-S4). After three and six months,
there was a significant improvement in ejaculatory func-
tion (MD 2.01; 95% CI 0.71to 3.31; p = 0.002; 12 = 32%, and
MD 3.28; 95% CI 1.93 to 4.6; p < 0.007; 12 = 0%. Figure-S4).
After twelve months, the ejaculatory function remained
stable compared to baseline (MD 1.64; 95% Cl -047 to
3.75; p = 0127; 12 = 85%. Figure-S4). The IIEF-5 was per-
formed in nine studies to evaluate erectile function. There
was no significant statistical alteration in erectile function
after the surgery during twelve months (MD 0.54; 95% ClI
-0.62 10 1.69; p = 0.363; 12 = 0%. Fugire-S5).

Comparative Analysis Studies (TPLA x TURP)

In our subgroup analysis of RCTs comparing
TPLA against TURP, there was no significant differ-
ence in the treatment of LUTS, as assessed by the
IPSS (MD 1.81; 95% CI -2.14 to 5.76; p = 0.369; 12 =
84%. Figure-4A). Additionally, TPLA was demon-
strated to be more effective in preserving ejaculatory
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IBJU | TRANSPERINEAL LASER ABLATION FOR BPE: A SYSTEMATIC REVIEW

Figure 2. Forest plots of changes in Qmax at different follow-up intervals after TPLA. TPLA produced a
consistent and statistically significant improvement in urinary flow over time, reflecting enhanced bladder
emptying capacity.

Qmax
1 month
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Kollenburg, 2024 921 345 20 970 350 20 336% -0489 [-2.64; 1.66]
Rienzo, 2021 1210 640 21 920 340 21 21.6% 290 [-0.20; 6.00]
Sessa, 2022 1145 370 34 979 278 34 44.7% 1.66 [ 0.10; 3.22)
Total (95% CI) 75 75 100.0% 1.20 [-0.53; 2.94)
Prediction interval [-16.32; 18.73]
Heterogeneity: Tau® = 1.1189; Chi® = 3,88, df = 2 (P = 0.15); I¥ = 48%
Test for overall effect: Z = 1.36 (P = 0.173) -15-10-5 0 5 10 15
3 months
After TPLA At Baseline Mean Difference
Study Mean SD Tetal Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Chen, 2023 8242 7.44 25 7714 61N 25 55% 5.28 [ 1.51; 9.05]
Destefanis, 2023  11.84 323 40 TA2 346 40 18.3% 4.12 [ 2.65; 5.59]
Frego, 2021 1343 643 22 883 556 22 6.1% 480 [ 1.05 8.15)
Kollenburg, 2024 12.80 6.10 20 970 350 20 76% 3.10 [ 0.02; 6.18]
Lagana, 2023 13.20 570 63 860 350 63 16.5% 4.60 [ 295; 6.25]
Lo Re, 2024 12.18 5.00 100 990 424 100 203% 228 [ 1.00; 3.56]
Patelli, 2017 1330 T76.20 18 TEQ 270 18 01% 570 [-29.52;40.92)
Rienzo, 2021 13.30 6.70 21 920 340 2 71% 4.10 [ 0.89; 7.31]
Sessa, 2022 11.64 i 34 979 278 34 185% 1.85 | 0.40; 3.30]
Total (95% CI) 343 343 100.0% 3.42 [ 2.44; 4.40) L
Prediction interval [ 1.00; 5.84)
Heterogeneity: Tau’ = 0.7983; Chi® = 1183, df =8 (P=0.17); P = 31% I 1 ' T 1
Test for overall effect: Z = 6.86 (P < 0.001) -40 -20 1] 20 40
6 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% Cl IV, Random, 95% CI
Bertolo, 2023 1596 373 26 1030 258 26 14.2% 566 [3.92; 7.40) ]
Cai, 2021 1520 4.80 20 850 3.00 20 10.9% 6.70 [4.22; 9.18] =
Destefanis, 2023 1156 221 38 782 346 40 164% 374 [2486; 502 -]
Frego, 2021 16.74 764 22 883 556 2 6.5% 7.81 [3.96; 11.86] —a—
Kollenburg, 2024 1210  6.10 20 970 350 20 8.8% 240 [-0.68; 548) -
Lo Re, 2024 12.85 6.65 100 980 424 100 15.1% 285 [1.40; 4.50] =
Minafra, 2023 2378 2852 20 933 235 20 0.9% 1445 [1.91,26.99]
Pacella, 2019 14.30 390 160 800 380 160 18.3% 6.30 [5486; 7.14] [ -]
Rienzo, 2021 13.90 6.20 21 920 340 il 9.0% 470 [168; 772 -
Total (95%: CI) 427 429  100.0% 5.02 [3.80; 6.24] *
Prediction interval [1.42; 862] —
Hetarogeneity: Tau® = 1.9328; Chi* = 28,50, df = 8 (P < 0.01); ¥ = 72% T T
Test for overall effect: Z = 8,07 (P < 0.001) -20 =10 0 10 20
12 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Canat, 2023 1426 373 25 873 AT 25 13.9% 553 [345 7.61) -
Frego, 2021 1950 7.04 10 883 556 22 B8% 1067 [5731561) N
Kollenburg, 2024 1490 6.00 20 970 350 20 1M1% 520 [2.16 8.24) ——
Lagana, 2023 1620 4.30 63 860 350 63 16.0% 760 [6.23 897 =
Lo Re, 2024 1280 623 100 990 424 100 15.7% 290 [142 4.38) -
Manenti, 2021 1620 490 44 760 420 44 14.5% 860 [6.69;10.51) [ 3
Pacella, 2019 1500 4.00 83 800 380 160 168% 700 [596 8.04] | -]
Patelli, 2024 1280 740 10 980 620 10 5.3% 300 [-298 B.98) —t—
Total (95% CI) 355 444 1000% 632 [4.69; 7.95) L 4
Prediction interval [ 1.10; 11.53) —
Heterogeneity: Tau® = 3.8486; Chi® = 36.28, df = 7 (P < 0.01); F = 81% T 1 — 1 1
Tes! for overall effect Z = 7.59 (P < 0.001) =15 =10 -5 0 5 10 15
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IBJU | TRANSPERINEAL LASER ABLATION FOR BPE: A SYSTEMATIC REVIEW

Figure 3. Forest plots of changes in IPSS at different follow-up intervals after TPLA. Pooled analysis
demonstrates progressive and significant reduction in IPSS from baseline to 12 months, indicating sustained
symptomatic relief in LUTS.

TPLA x TURP
a) IPSS
TPLA TURP Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% ClI IV, Random, 95% CI
Bertolo, 2023 1222 6.00 26 6.67 4.45 25 34.2% 555 [ 2.66; B.44] ]
Canat, 2023 10.14 3.1 25 1095 4.33 25 37.4% -0.81 [-2.92; 1.30]
Chen, 2023 897 B8.16 25 821 7.8 26 28.3% 0.76 [-3.46; 4.98]
Total (95% Cl) 76 76 100.0% 1.81 [-2.14; 5.76]
Prediction interval [-45.30; 48.92] -
Heterogeneity: Tau® = 8.6846; Chi* = 12.19, df = 2 (P < 0.01); ¥ = 84% I T I T 1
Test for overall effect: Z = 0.90 (P = 0.369) -40 -20 0 20 40
Favors TPLA Favors TURP
b) MSHQ-EjD
TPLA TURP Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Bertolo, 2023 2792 392 26 1833 11.12 25 265% 9.59 [ 4.98; 14.20] i §
Canat, 2023 1033 2.3 25 593 4.01 25 368% 440 [ 259; 6.21]
Chen, 2023 658 4.00 25 489 2.38 26 BT% 1.69 [-0.13; 3.51]
Total (95% CI) 76 76 100.0% 4.78 [ 0.65; B.91] &
Prediction interval [-45.55; 55.11]
Heterogeneity: Tau? = 11.2438; Chi® = 11.46, df = 2 (P < 0.01); I = 83% f ' T '
Test for overall effect: Z = 2.27 (P = 0.023) =40 =20 0 20 40
Favors TURP Favors TPLA
c) Qmax
TPLA TURP Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Bertolo, 2023 1596 3.73 26 37.27 27.94 25 20.9% -21.31 [-32.36; -10.26] -I—J
Canat, 2023 1426 3.73 25 21.37 6.40 25 42.9% -T7.11 [-10.01; -4.21]
Chen, 2023 8242 7.44 25 9133 1165 26 362% -8.91 [-14.25; -357] =
Total (95% Cl) 76 76 100.0% -10.73 [-17.55; -3.92] L 4
Prediction interval [-89.14; 67.67)
Heterogeneity: Tau® = 25.9876; Chi’ = 6.02, df = 2 (P = 0.05); I* = 67% f 1
Test for overall effect: Z = -3.09 (P = 0.002) -50 0 50
Favors TURP Favors TP
d) IIEF-5
TPLA TURP Mean Difference
Study Mean SD Total Mean SD Total Weight MD 85% ClI IV, Random, 95% CI
Bertolo, 2023 1835 7.50 26 2025 3.88 25 235% -190 [-5.16; 1.36]
Canat, 2023 1468 392 25 1344 453 25 39.6% 1.24 [=1.11; 3.59]
Chen, 2023 959 458 25 10.18 4.38 26 36.9% -059 [-3.05; 1.87]
Total (85% Cl) 76 76 100.0% -047 [-1.89; 1.55]
Prediction interval [-14.53; 14.18]
Heterogeneity: Tau® = 0,5076; Chi® = 2.57, df = 2 (P = 0.28): I° = 22% [ .
Test for overall effect: Z = —0.20 (P = 0.843) -0 -5 0 5 10

Favors TURP Favors TPLA

Abbreviations: IPSS - International Prostate Symptom Score; Cl - Confidence Interval; MD - Mean Difference; LUTS - Lower Urinary
Tract Symptoms; TPLA - Transperineal Prostate Laser Ablation.
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Figure 4. Comparative forest plots between TPLA and transurethral resection of the prostate (TURP): (a) IPSS;
(b) Ejaculatory function (MSHQ-EjD); (c) Maximum urinary flow rate (Qmax); (d) Erectile function (lIEF-5).
There was no significant difference in LUTS relief (IPSS), and TPLA preserved ejaculatory function (MSHQ-
EjD). TURP achieved greater improvement in urinary flow (Qmax), while erectile function (IIEF-5) remained

comparable between techniques.

IPSS
1 month
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Kollenburg, 2024 1940 6.60 20 2130 520 20 288% =190 [-5.58, 1.78] i
Rienzo, 2021 1200 560 21 1830 3.90 21 38.0% -630 [-9.22;-3.38] L ]
Sessa, 2022 16.50 6.63 34 2112 7.8 34 332% -462 [-T.90;-1.34] -
Total (95% CI) 75 75 100.0% -4.48 [-6.92;-2.03] *>
Prediction interval [~28.06; 19.11] =———
Heterogeneity: Tau® = 1.8854; Chi* = 3.37, df = 2 (P = 0.19) I = 41% =1
Test for overall effect: Z = ~3.58 (P < 0.001) =20 -0 0 10 20
3 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Chen, 2023 895 B8.16 25 2314 538 25 B7% =1419 [-18.02; -10.36) ——
Destefanis, 2023 10.33 4.08 40 2464 B45 40 11.0% -14.31 [-17.22;-11.40] -}
Frego, 2021 7.83 482 22 2254 438 22 11.5% =1471 [-17.43;-11.99) -B
Kollenburg, 2024 12.80 6.00 20 2130 520 20 9.5% -850 [-11.98; -5.02) -~
Lagana, 2023 11.00 660 63 2080 7.40 63 123% -9.80 [-12.25; -7.35) -
Lo Re, 2024 967 5.19 100 1936 6.43 100 14.6% -969 [-11.31, -8.07] »
Patelli, 2017 1070 4.70 18 2190 6.20 18 92% =-11.20 [-14.79; -761] —l—
Rienzo, 2021 8.30 3.80 21 1830 3.90 21 126% -10.00 [-12.33; -7.67] -
Sessa, 2022 1264 543 34 21142 T.18 34 10.7% -848 [-11.51; -545) -
Total (85% CI) 343 343 100.0% -11.11  [-12.72; -9.51] >
Prediction interval [-16.18; ~6.05) se—
S I

Heterogeneity: Tau® = 3.9115; Chi* = 23.41, df = 8 (P < 0.01); I = 66%
Test for overall effect: Z = -13.57 (P < 0.001)

-15-10-5 0 5 10 15

6 months
After TPLA At Baseline Mean Difference

Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 35% CI
Bertolo, 2023 1222 600 26 2292 1019 26 79% -1070 [-15.25; -6.15) —@—

Cai, 2021 910 320 20 2270 530 20 11.7% -1360 [-16.31,-10.80] -

Destefanis, 2023 925 4.87 38 2464 845 40  11.0% ~-1539 [-18.43; -12.35] -

Frego, 2021 6.80 6.19 22 2254 438 2  107% -1574 [-18.91; -12.57]

Kollenburg, 2024 11.70 520 20 2130 520 20 106% -9.60 [-12.82; -6.38] i

Lo Re, 2024 990 615 100 1936 643 100 139% =946 [-11.20; -7.72] L |

Minafra, 2023 1017 1393 20 1751 3867 20 54% -7.34 [-13.65; -1.03] -o.

Pacella, 2019 770 330 160 2250 510 160 154% -1480 [-1574;-1386) W

Rienzo, 2021 610 2860 21 1830 390 21 134% -1220 [-14.20;-10.20]

Total (95% CI) 427 429 100.0% -12.46 [-14.25; -10.66] @

Prediction interval [~1B.27; ~6.64] ‘e

Heterogeneity: Tau® = 52052 Chi* = 4342 di =8 (P <0.01); F=82% LI T 1
Test for overall effect: Z = -13.62 (P < 0.001) -15-10-5 0 5 10 15
12 months

After TPLA At Baseline Mean Difference

Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Canat, 2023 10.14 321 25 2014 6.02 25 11.9% -10.00 [-1267; -7.33] -

Frego, 2021 575 204 10 2254 438 22 128% ~-1678 [-19.01;-1457]

Kollenburg, 2024  10.90 5.50 20 2130 520 20 1098% ~-10.40 [-13.72; -7.08) -~

Lagana, 2023 B840 590 63 2080 7.40 63 124% -1240 [-14.74;-10.06] E 3

Lo Re, 2024 1181 898 100 1936 643 100 127% -745 [-9.61; -5.29) E 3

Manenti, 2021 6.20 380 44 1850 550 44 129% =-1230 [-14.28;-10.32] L

Pacella, 2019 7.00 290 83 2250 510 160 14.0% ~-1550 [-1651;-1440] [

Patelii, 2024 7.02 535 40 2249 511 40 125% ~-1547 [-17.76:-13.18] W

Total (35% CI) 385 474 100.0% -12.62 [-14.87T;-10.37] >

Prediction interval
Heterogeneity: Tau® = 8.1843; Chi* = 88.27, df = 7 (P < 0.01); I* = 80%
Test for overall effect: Z = =10.99 (P < 0.001)

[-20.55; -4.69]

Abbreviations: TPLA - Transperineal Prostate Laser Ablation; TURP - Transurethral Resection of the Prostate; IPSS - International
Prostate Symptom Score; MSHQ-EjD - Male Sexual Health Questionnaire for Ejaculatory Dysfunction; Qmax - Maximum Urinary Flow
Rate; IIEF-5 - International Index of Erectile Function; Cl - Confidence Interval; MD - Mean Difference.
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function, as measured by the MSHQ-EjD (MD 4.78;
95% ClI 0.65 to 8.91; p = 0.023; 12 = 83%. Figure-4B).
Conversely, TURP was more effective in improving
the Qmax (MD -10.73mL/s; 95% Cl -17.55 to -3.92;
p = 0.002; 12 = 67%. Figure-4C). IIEIF-5 did not dif-
fer and showed no statistically significant difference
between the procedures (MD -0.17; 95% CI -1.89 to
1.55; p = 0.843; 12 = 22%. Figure-4D). TPLA presented
lower operating time and length of stay compared to
TURP (MD -43.46min; 95% Cl —47.26 to —-39.65; p <
0.001; 12 = 4%, and MD -0.54 days; 95% CI -0.73 to
-0.35; p < 0.001; 12 = 0%. Figure-S6 A and B)

Leave-one-out analysis

To explore heterogeneity, a sensitivity analy-
sis was performed to detect studies contributing to
the 1? value. In the Qmax and PVR outcomes at one
month, after omitting the study by Kollenburg, a sig-
nificant result was found, with heterogeneity reduced
to zero. Additionally, omitting Kollenburg et from IPSS
outcome at 1 month follow up, the heterogeneity re-
duced to zero. Still in the first month, regarding the
IIEF outcome, after omitting Kollenburg, the heteroge-
neity resulted in zero, and regardless of the excluded
study, no significance was observed. At 12 months of
follow up, Canat et al. significantly contribute to the
high heterogeneity in the MSHQ-EjD outcome. Exclud-
ing this study, TPLA demonstrated to significantly im-
prove the ejaculatory function by 12 months (MD 2.75;
Cl 95% 1.63 to 3.86; 12 = 0%). The sensitivity analysis
of the single arm outcomes by follow up is illustrated
in Figures S7, S8, and S9. The leave-one-out sensitiv-
ity analysis of the RCTs did not identify a study for the
possible source of heterogeneity for most of the out-
comes. However, omitting Bertolo et al. of the Qmax
analysis, the heterogeneity reduced to zero, and omit-
ting Chen et al. from the PVR outcome, the heteroge-
neity, also, was zero, but the results in both outcomes
were still the same. The sensitivity analysis of the RCTs
is shown in Figure-S10.

Complications
Fourteen studies described the type and the
number of complications (22-24, 26-34, 37, 38), and

Int Braz J Urol. 2026; 52(2): €20250423

eight classified it according to the Clavien-Dindo
system (26-30, 33, 36, 37). Sessa et al. (38) did not
describe postoperative complications or sequelae in
detail; nevertheless, they specified that no Clavien-
Dindo grade =2 complications were experienced.
Acute urinary retention, urinary tract infection, he-
maturia, and prostatic abscess were the most fre-
quent complications. According to Chen et al. (22),
TPLA had fewer complications than TURP (16% vs.
19.23%). Most of TPLA complications were Clavien-
Dindo grade | and Il. Table-S4 specifies all the report-
ed complications.

Risk of Bias and Certainty of Evidence

The overall risk of bias for most of the non-
randomized studies was moderate (Figure-S11), and
low for the randomized studies (Figure-S12). The full
GRADE assessment of the certainty of evidence is
available in the supplementary materials (Table-S5).

DISCUSSION

The novel therapeutic options for BPE aim to
treat non-neurogenic LUTS and avoid sexual side ef-
fects, which are a major source of dissatisfaction for
men undergoing treatments for BPE. Therefore, the
sexual side effects should be carefully considered,
and the patient should be properly counseled before
starting medical or surgical therapies. MISTs are be-
coming a new promise, especially with the concern
of preserving sexual function and improving urody-
namics parameters.

In this systematic review and meta-analysis
of 17 studies and 777 patients, TPLA was assessed
as a single-arm intervention and against the conven-
tional TURP strategy. Our analysis demonstrated that
TPLA was able to decrease IPSS and prostate volume
from baseline while increasing the maximum urinary
flow rate. Concerning the ejaculatory function, evalu-
ated by the MSHQ-E|D, TPLA did not impose a nega-
tive effect. No changes were observed in the erectile
function measured by the IIEF-5. In addition, TPLA
was associated with a shorter operating time and
length of stay than TURP. According to Chen et al,,
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there was a minimum per-protocol hospitalization
time in the TPLA group of up to 2.5 days. However,
there was a benefit in terms of short hospital stays
in the studies evaluating the new technology in gen-
eral, as evidenced in the comparison of TPLA versus
TURP in the RCTs (22).

A usual indication for the surgical treatment
of BPE is moderate or severe voiding symptoms
refractory to drug therapy. Although TURP has re-
mained the gold standard due to its well-established
technique and efficacy, it has been linked with nu-
merous complications, (39) while MISTs are generally
associated with fewer adverse events. (6) However,
despite the American Urological Association (AUA)
and European Association of Urology (EAU) guide-
lines on non-neurogenic male LUTS included MISTs
as new therapeutic approaches for selected patients,
the recommendations are still low to moderate in
strength as they await more robust data (3).

Several trials have evaluated different MISTs
interventions as alternatives to TURP, observing fa-
vorable outcomes (22, 23, 25). Recent data from
a network meta-analysis of RCTs comparing new
MISTs with standard surgical methods demonstrated
similar symptom improvement profiles in the short
and medium term, with less sexual dysfunction. How-
ever, the same data indicated that TURP provided
greater benefits in increasing Qmax (40). Indeed, our
comparative analysis revealed a 10-point difference
in post-procedure Qmax favoring TURP. This could
be explained by the extent of tissue removal and the
immediate effect of TURP compared to the delayed
prostatic volume response to TPLA (41). Neverthe-
less, TPLA has shown a 5-point reduction in Qmax
in our analysis, consistent with what is expected
from currently available therapies (42). It is worth
noting that, while improvements in uroflowmetry pa-
rameters are important, patient-centered outcomes
are as crucial since LUTS heavily impacts patients’
QoL (43). As such, IPSS has been widely used as a
symptom index for BPE and should be repeated after
non-invasive and minimally invasive treatments (44).
Our pooled analysis revealed an 11-point reduction
in IPSS with TPLA treatment, along with no observ-
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able difference when compared to TURP, suggesting
a similar patient-perceived treatment response.

In regard to sexual function, TPLA did not
change erectile function from baseline, as evaluated
with the IIEF-5 score (45), nor did it differ when com-
pared to TURP. BPE procedures do not appear to im-
pact erectile function, as stated in a comprehensive
review of forty-five RCTs. However, there seems to
be lesser risk of retrograde ejaculation with the new
MISTs compared to TURP (46). In our pooled analysis,
the ejaculatory function, assessed with the MSHQ-
EjD form (47), did show a slight improvement from
baseline, although we acknowledge that a 1.5-point
change may not be clinically relevant. Nevertheless,
when compared to TURP, the new treatment was able
to preserve ejaculatory function, showing a clear
benefit of the procedure. Although the advantages of
TPLA over TURP, such as shorter operating time, and
preservation of sexual function, are notable, TURP
still is more effective in increasing Qmax and other
parameters in terms of clinical significance.

Recent data demonstrated that prolonged
surgical time may be a modifiable risk factor for
complications due to an incidence likelihood of 14%
for every additional 30 minutes of surgery, as re-
ported by a meta-analysis of sixty-six studies (48).
The impact of surgical time was further assessed
by a 10-year analysis of patients undergoing TURP,
which demonstrated a significant overall complica-
tion rate of 9%, and an increased complication risk
as surgical time prolongs (49). In our pooled analy-
sis, TPLA not only reduced operating time but also
resulted in a slight decrease in hospitalization time
compared to TURP, which could potentially improve
safety outcomes and patient willingness to undergo
the procedure (23). However, benefits are not limited
to patient-related outcomes. Along with technologi-
cal advancements, shortened operating time and
faster recovery may allow these procedures to be
performed in an office-based setting (50) and may
represent a cost-effective alternative to current stan-
dard approaches (30).

This study has limitations. Nearly all included
studies were single arm with no comparators, pos-
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ing a significant limitation to the scope of our analysis.
Only three RCTs were included in the analysis, which
limited the robustness of the results and affected the
certainty of evidence, since most of the included stud-
ies were non-randomized and had moderate risk of
bias. Furthermore, current literature on TPLA is lim-
ited by the short follow-up period (<12 months), unlike
other procedures, which have long follow-up periods
(51). This limits confidence in durability, retreatment
rates, possible late complications, and long-term sex-
ual/functional outcomes; consequently, we moderate
the conclusiveness of our statements to reflect these
limitations. Moreover, there was variability among pro-
cedure techniques. Significant variation in laser set-
tings, procedural protocols, and follow-up durations
across studies were noted. Differences in laser power
settings, ablation time and a greater number of fibers
potentially influence both the efficacy and safety of
the procedure, with higher intensities yielding better
results, but also increasing the risk of adverse effects.
The minimum distance from bladder neck, urethral and
between needles, also, had a few variations among
studies. This technical and methodological hetero-
geneity contributes to variability between studies in
terms of functional outcomes and complications.
Future evidence syntheses should stratify results by
key parameters (power/energy settings, fibers per
lobe, total energy delivered, and energy density ex-
pressed in joules/mL of baseline prostate volume)
and evaluate the device platform and perioperative
protocols as additional moderators to identify tech-
nically optimized and patient-centered protocols, as
well as clarify trade-offs between efficacy, ejacula-
tion preservation, and complications. In addition,
discrepancies in the duration of follow-up can lead
to inconsistent assessments of long-term efficacy,
as some benefits or complications may only emerge
over time. To increase the clinical applicability of the
results, future analyses should consider comparing
studies with similar methodologies, grouping them
based on key parameters to identify more consis-
tent trends. This approach would provide clinicians
with clearer, evidence-based insights to optimize
laser treatments and minimize risks.
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Although this new technology is being exten-
sively researched, and many recent studies have been
published, our study presents significant advances
in terms of scope, methodological rigor, and analyti-
cal depth. First, among the reviews already published,
ours included a larger number of patients (n=777) and
studies (17), reflecting a broader and more up-to-date
literature search. In addition, we conducted a com-
plete quantitative meta-analysis with the application
of random effects models, subgroup analysis (includ-
ing direct comparisons between TPLA and TURP), as-
sessment of the certainty of evidence via the GRADE
approach, and leave-one-out sensitivity analysis to
investigate sources of heterogeneity. Another relevant
difference was the inclusion of functional data strati-
fied by follow-up time (1, 3, 6, and 12 months), allow-
ing a more detailed view of the clinical evolution of
patients. Our work also stood out by presenting qual-
ity of life and sexual function data based on validated
instruments (MSHQ-EjD and IIEF-5), which reinforces
the clinical relevance of the findings. Finally, by strictly
following the PRISMA guidelines and registering the
protocol in PROSPERO, we ensured transparency and
reproducibility. These characteristics consolidate our
review as a more comprehensive, current, and meth-
odologically robust contribution to the literature on
TPLA in the treatment of LUTS secondary to BPE.

This review provides the most complete quanti-
tative appraisal of TPLA for BPH, integrating symptomes,
flow, perioperative, and sexual outcomes with consis-
tent analytic standards (random-effects, sensitivity
analyses, GRADE) and head-to-head context versus
TURP when available. Beyond summarizing effects, it
maps key technical drivers (power/energy, fibers-per-
lobe, energy density) that may explain heterogeneity
and offers a framework for future studies. These contri-
butions enhance clinical interpretability—particularly
around ejaculatory preservation and recovery—while
highlighting evidence gaps (nonrandomized designs,
short follow-up) that should shape the next generation
of trials. Therefore, future randomized trials are advised
to be performed in a multicentric fashion with a greater
number of patients, comparing other treatment options
to increase the generalizability of the findings. Never-
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theless, observational studies often include a broader
and more diverse population, and allow for a longer
follow-up, thus, providing further insights into a real-
world clinical setting.

CONCLUSION

TPLA demonstrated favorable outcomes for LUTS/
BPE without a negative impact on sexual function. This
minimally invasive treatment was found to have advantag-
es over TURP, such as reduced operative time and shorter
hospital stay. The evidence on this new MIST is emerging,
but more comparative studies are required to understand
the role of this technology, as this study consists mainly of
retrospective studies. To date, this is the first meta-analysis
to compare TURP and TPLA, and a substantial number of
studies published in the literature have been included, al-
though the available evidence is limited.

CONFLICT OF INTEREST
None declared.
REFERENCES

1. Launer BM, McVary KT, Ricke WA, Lloyd GL. The rising
worldwide impact of benign prostatic hyperplasia. BJU Int.
2021;127(6):722-728. doi: 10.1111/bju.15246

2. Bengtsen MB, Heide-Jgrgensen U, Borre M, Knudsen JS,
Nergaard M. Acute urinary retention in men: 21-year trends
in incidence, subsequent benign prostatic hyperplasia-
related treatment and mortality: a Danish population-
based cohort study. Prostate. 2023;83(1):87-96. doi: 10.1002/
pros.24460

3. Sandhu JS, Bixler BR, Dahm P, Goueli R, Kirkby E, Stoffel
JT, et al. Management of lower urinary tract symptoms
attributed to benign prostatic hyperplasia (BPH): AUA
guideline amendment 2023. J Urol. 2024;211(1):11-19. doi:
10.1097/JU.0000000000003698

4. Omar MI, Lam TB, Alexander CE, Graham J, Mamoulakis
C, Imamura M, et al. Systematic review and meta-analysis
of the clinical effectiveness of bipolar compared with
monopolar transurethral resection of the prostate (TURP).
BJU Int. 2014;113(1):24-35. doi: 10.1111/bju.12318

Int Braz J Urol. 2026; 52(2): €20250423

10.

n.

12.

13.

Drake MJ, Bowditch S, Arbe E, Guralnick M, Harris C, DeWildt
M, et al. A retrospective study of treatment persistence and
adherence to a-blocker plus antimuscarinic combination
therapies in men with LUTS/BPH in the Netherlands. BMC
Urol. 2017;17:36. doi: 10.1186/512894-017-0223-5

van Kollenburg RAA, van Riel LAMJG, de Bruin DM, de
Rijke TM, Oddens JR. Novel minimally invasive treatments
for lower urinary tract symptoms: a systematic review and
network meta-analysis. Int Braz J Urol. 2023;49(3):411-427.
doi: 10.1590/S1677-5538.1BJU.2022.0425

Cornu JN, Ahyai S, Bachmann A, de la Rosette J, Gilling P,
Gratzke C, et al. A systematic review and meta-analysis
of functional outcomes and complications following
transurethral procedures for lower urinary tract symptoms
resulting from benign prostatic obstruction: an update. Eur
Urol. 2015;67(6):1066-1076. doi: 10.1016/j.eururo.2014.06.017
Sajan A, Mehta T, Desai P, Isaacson A, Bagla S. Minimally
invasive treatments for benign prostatic hyperplasia:
systematic review and network meta-analysis. J Vasc Interv
Radiol. 2022;33(3):359-367.e8. doi: 10.1016/jjvir.202111.017
Abt D, Mdillhaupt G, Hechelhammer L, Markart S,
Gusewell S, Kessler TM. Prostatic artery embolisation
versus transurethral resection of the prostate for benign
prostatic hyperplasia: 2-yr outcomes of a randomised,
open-label, single-centre trial. Eur Urol. 2021;80(1):34-42.
doi: 10.1016/j.eururo.2020.08.019

Nguyen DD, Li T, Ferreira R, Vian A, Bano S, Devi S, et al.
Ablative minimally invasive surgical therapies for benign
prostatic hyperplasia: a review of Aquablation, Rezum,
and transperineal laser prostate ablation. Prostate Cancer
Prostatic Dis. 2024,27(1):22-28.

Sessa F, Polverino P, Siena G, Bisegna C, Lo Re M,
Spatafora P, et al. Transperineal Laser Ablation of the
Prostate (TPLA) for Lower Urinary Tract Symptoms Due
to Benign Prostatic Obstruction. J Clin Med. 2023 Jan
19,12(3):793. doi: 10.3390/jcm12030793.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. Syst
Rev. 2021;10(1):89. doi: 10.1186/s13643-021-01626-4

Sterne JAC, Savovic¢ J, Page MJ, Elbers RG, Blencowe NS,
Boutron |, et al. RoB 2: a revised tool for assessing risk
of bias in randomised trials. BMJ. 2019;366:14898. doi:
10.1136/bm}.|14898

14 /40



14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman
ND, Viswanathan M, et al. ROBINS-I: a tool for assessing
risk of bias in non-randomised studies of interventions.
BMJ. 2016,;355:i4919. doi: 10.1136/bm;|.i4919

Granholm A, Alhazzani W, Mealler MH. Use of the GRADE
approach in systematic reviews and guidelines. Br J
Anaesth. 2019;123(5):554-559. doi: 10.1016/j.bja.2019.08.017
Cumpston M, Li T, Page MJ, Chandler J, Welch VA,
Higgins JPT, Thomas J. Updated guidance for trusted
systematic reviews: a new edition of the Cochrane
Handbook for Systematic Reviews of Interventions.
Cochrane Database Syst Rev. 2019;10:ED000142. doi:
10.1002/14651858.ED000142

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR.
A basic introduction to fixed-effect and random-
effects models for meta-analysis. Res Synth Methods.
2010;1(2):97-111. doi: 10.1002/jrsm.12

Borenstein M, Higgins JPT, Hedges LV, Rothstein HR.
Basics of meta-analysis: 1% is not an absolute measure
of heterogeneity. Res Synth Methods. 2017;8(1):5-18.
doi: 10.1002/jrsm.1230

IntHout J, loannidis JPA, Rovers MM, Goeman JJ. Plea
for routinely presenting prediction intervals in meta-
analysis. BMJ Open. 2016;6(7):e010247. doi: 10.1136/
bmjopen-2015-010247

R Core Team. R: A language and environment for
statistical computing. Vienna: R Foundation for
Statistical Computing; 2021. Disponivel em: https://
www.r-project.org/. Acessado em 7 Jul 2024,

McGrath S, Zhao X, Steele R, Thombs BD, Benedetti A;
DEPRESsion Screening Data (DEPRESSD) Collaboration.
Estimating the sample mean and standard deviation
from commonly reported quantiles in meta-analysis.
Stat Methods Med Res. 2020;29(9):2520-2537. doi:
10.1177/0962280220912544

Chen L, Zhang W, Meng Z, Zhang Z, Wu X, Wu J, et al.
Efficacy and safety of ultrasonography-guided transperineal
percutaneous laser ablation for treating benign prostatic
hyperplasia: a randomized controlled trial. Res Square. 2023;
published online Jan 4. doi: 10.21203/rs.3.rs-2433606/v1
Bertolo R, lacovelli V, Cipriani C, D'Hondt F, Peretti
D, D'Agostino S, et al. Ejaculatory function following
transperineal laser ablation vs TURP for benign prostatic
obstruction: a randomized trial. BJU Int. 2023;132(1):100-108.

Int Braz J Urol. 2026; 52(2): €20250423

24,

25,

26.

27.

28.

29.

30.

31

Cai HJ, Fang JH, Kong FL, Xu CK, Chen CH, Wang W,
et al. Ultrasound-guided transperineal laser ablation
for percutaneous treatment of benign prostatic
hyperplasia: a new minimally invasive interventional
therapy. Acta Radiol. 2022;63(4):553-558. doi:
10.1177/02841851211003289

Canat HL, Gurbuz C, Bozkurt M. Transurethral resection
of the prostate (TURP) versus transperineal laser ablation
(TPLA) due to benign prostatic hyperplasia (BPH):
prospective and comparative study. Int Urol Nephrol.
2023;55(12):2747-2752.

Destefanis P, Sibona M, Vitiello F, Ciccariello M, Tagliabue
E, Pizzuto A, et al. Trans-perineal laser ablation of the
prostate in high-surgical-risk patients affected by severe
lower urinary tract symptoms related to benign prostatic
obstruction. Prostate Cancer Prostatic Dis. 2023;27(4):693-
699.

Frego N, Saita A, Casale P, Diana P, Contieri R, Avolio PP,
Lazzeri M, Hurle R, Buffi NM, Guazzoni GF, Lughezzani
G. Feasibility, safety, and efficacy of ultrasound-guided
transperineal laser ablation for the treatment of benign
prostatic hyperplasia: a single institutional experience.
World J Urol. 2021 Oct;39(10):3867-3873. doi: 101007/
s00345-021-03685-7.

van Kollenburg R, van Riel L, Bloemen P, de Bruin D, Oddens
J. Transperineal laser ablation as treatment for benign
prostatic obstruction: safety, feasibility and functional
outcomes - a pilot study. BJUI Compass. 2024;5(1):52-59.
Lagana A, Di Lascio G, Di Blasi A, Broggi G, Barresi
V, Muscara G, et al. Ultrasound-guided Soractelite™
transperineal laser ablation (TPLA) of the prostate for the
treatment of symptomatic benign prostatic hyperplasia:
a prospective single-center experience. World J Urol.
2023;41(5):1157-1162. doi: 10.1007/s00345-023-04322-1

Lo Re M, Polverino P, Rivetti A, Saladino M, Arcaniolo D,
De Michele F, et al. Transperineal laser ablation (TPLA)
of the prostate for benign prostatic obstruction: the
first 100-patient cohort of a prospective, single-center
study. World J Urol. 2024,42(3):402-4009.

Manenti G, Perretta T, Calcagni A, Ferrari D, Ryan
CP, Fraioli F, et al. 3-T MRI and clinical validation
of ultrasound-guided laser ablation
of benign prostatic hyperplasia. Eur Radiol
2021;5(1):41. doi: 10.1186/s41747-021-00239-9

transperineal
Exp.

15 /40



32.

33.

34,

35.

36.

37.

38.

39.

40.

Minafra P, de Rienzo G, Gerbasi S, Cindolo L, Battaglia
M, Ditonno P. Three-year outcomes of transperineal
laser ablation of the prostate. Minerva Urol Nephrol.
2023,75(4):471-478. doi: 10.23736/S2724-6051.23.06218-4
Pacella CM, Patelli G, lapicca G, Mauri G, De Bernardi
F, Manenti G, et al. Transperineal laser ablation for
percutaneous treatment of benign prostatic hyperplasia:
a feasibility study. Results at 6 and 12 months from a
retrospective multicentric study. Prostate Cancer Prostatic
Dis. 2020;23(3):356-363.

Patelli G, Ranieri A, Paganelli A, Mauri G, Pacella CM. Transperineal
laser ablation for percutaneous treatment of benign prostatic
hyperplasia: a feasibility study. Cardiovasc Intervent Radiol.
2017,40(9):1440-1446. doi: 101007/s00270-017-1662-9

Patelli G, Altieri VM, lerardi AM, Cantone MC, Monfardini
L, Floridi C, et al. Transperineal laser ablation of the
prostate for symptomatic benign prostatic hyperplasia:
long-term follow-up in 40 patients. J Vasc Interv Radiol.
2024,35(8):1187-1193.

Polverino P, Lo Re M, Saladino M, Rivetti A, Arcaniolo D,
De Michele F, et al. Could transperineal interstitial laser
ablation of the prostate be the right option for highly
comorbid patients with lower urinary tract symptoms due
to benign prostatic obstruction? A preliminary single-center
experience focusing on functional and safety outcomes.
Minerva Urol Nephrol. 2023;76(5):646-649.

de Rienzo G, Lorusso A, Minafra P, Cindolo L, Bortolus R,
Simone G, et al. Transperineal interstitial laser ablation of
the prostate, a novel option for minimally invasive treatment
of benign prostatic obstruction. Eur Urol. 2021;80(1):95-103.
doi: 10.1016/j.eururo.2020.08.016

Sessa F, Polverino P, Bisegna C, Arcaniolo D, Lo Re M,
Ciccariello M, et al. Transperineal laser ablation of the
prostate with EcholLaser™ system: perioperative and
short-term functional and sexual outcomes. Front Urol.
2022;2:969208. doi: 10.3389/fruro.2022.969208
Rassweiler J, Teber D, Kuntz R, Hofmann R. Complications of
transurethral resection of the prostate (TURP) - incidence,
management, and prevention. Eur Urol. 2006;50(5):969-
979. doi: 10.1016/j.eururo.2005.12.042

Cornu JN, Zantek P, Burtt G, Martin C, Martin A, Springate C, et
al. Minimally invasive treatments for benign prostatic obstruction:
a systematic review and network meta-analysis. Eur Urol.
2023;83(6):534-547. doi: 101016/jeururo.2023.02.028

Int Braz J Urol. 2026; 52(2): €20250423

41.

42.

43.

44,

45,

46.

47.

48,

49,

Liu RQ, Liu JB, Duan SB, Duan T, Tian Y, Wang J, et
al. Dynamic prostatic and laser-ablated lesion volume
change after transperineal laser ablation in canine:
preliminary observation and its clinical significance.
Int ) Hyperthermia. 2020;37(1):1260-1267.  doi:
10.1080/02656736.2020.1842517

Lerner LB, McVary KT, Barry MJ, Bixler BR, Dahm P,
Das AK, et al. Management of lower urinary tract
symptoms attributed to benign prostatic hyperplasia:
AUA guideline part | - initial work-up and medical
management. J Urol. 2021,206(4):806-817.

Coyne KS, Wein AJ, Tubaro A, Sexton CC, Thompson
CL, Kopp ZS, et al. The burden of lower urinary tract
symptoms: evaluating the effect of LUTS on health-
related quality of life, anxiety and depression: EpiLUTS.
BJU Int. 2009;103(Suppl 3):4-11.

Barry MJ, Fowler FJ Jr, O'Leary MP, Bruskewitz RC,
Holtgrewe HL, Mebust WK, et al. The American
Urological Association symptom index for benign
prostatic hyperplasia. J Urol. 1992;148(5):1549-1557.
Rhoden EL, Teloken C, Sogari PR, Vargas Souto CA.
The use of the simplified International Index of Erectile
Function (IIEF-5) as a diagnostic tool to study the
prevalence of erectile dysfunction. Int J Impot Res.
2002;14(4):245-250.

Manfredi C, Garcia-Gémez B, Arcaniolo D, Vezzoli V,
Napolitano L, Borrelli A, et al. Impact of surgery for
benign prostatic hyperplasia on sexual function:
a systematic review and meta-analysis of erectile
function and ejaculatory function. Eur Urol Focus.
2022;8(6):1711-1732.

Rosen RC, Catania JA, Althof SE, Pollack LM, O'Leary M,
Seftel AD, et al. Development and validation of four-item
version of Male Sexual Health Questionnaire to assess
ejaculatory dysfunction. Urology. 2007;69(5):805-809.
Cheng H, Clymer JW, Chen P-H, Sadeghirad B, Ferko NC,
Cameron CG, Hinoul P. Prolonged operative duration
is associated with complications: a systematic review
and meta-analysis. J Surg Res. 2018;229:134-144.
Riedinger CB, Fantus RJ, Matulewicz RS, Werntz
RP, Rodriguez JF, Smith ND. The impact of surgical
duration on complications after transurethral resection
of the prostate: an analysis of NSQIP data. Prostate
Cancer Prostatic Dis. 2019;22(2):303-308.

16 / 40



50. van Riel LAMJG, van Kollenburg RAA, Vis AN, van
Leeuwen PJ, de Reijke TM, de Bruin DM, et al. Safety
and feasibility of Soractelite transperineal focal laser
ablation for prostate cancer and short-term quality of
life analysis from a multicenter pilot study. Eur Urol
Open Sci. 2022;39:48-54,

51. Manfredi C, Napolitano L, Ditonno F, Arcaniolo D,
Vezzoli V, Borrelli A, et al. Long-term functional
outcomes and surgical retreatment after thulium laser
enucleation of the prostate: a 10-year follow-up study.
Int Braz J Urol. 2024;50(3):309-318.

Correspondence address:

Marcio Augusto Averbeck, MD

Department of Urology,

Sao Lucas Hospital, PUCRS, Porto Alegre, Brazil
Av. Ipiranga, 6690 - Partenon

Porto Alegre, RS, 90610-001, Brasil

E-mail: marcio.averbeck@portoalegre.rs.gov.br

Int Braz J Urol. 2026; 52(2): €20250423 | 17/ 40



IBJU | TRANSPERINEAL LASER ABLATION FOR BPE: A SYSTEMATIC REVIEW

SUPPLEMENTARY MATERIAL

Figure S1. Changes in prostate volume at each follow-up period after TPLA. A progressive and statistically
significant decrease in PV was observed up to 12 months, indicating sustained reduction in gland size.
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Figure S2. Changes in post-void residual urine volume at each follow-up period. TPLA significantly reduced
PVR from baseline at 3, 6, and 12 months, showing improved bladder emptying over time.
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Destefanis, 2023  30.00 46.13 40 57.02 49.04 40 16.0% -27.02 | -47.88; -6.16] E 3
Frego, 2021 66.13 82.89 22 7741 69.01 22 96% -11.28 [ -56.35; 33.79] 1
Kollenburg, 2024 64.80 70.40 20 61.80 58.30 20 10.7% 3.00 [ -37.06; 43.06]
Lagana, 2023 4360 5360 63 12480 115.40 63 13.0% -81.20 [-112.62;-49.78] s B
Lo Re, 2024 5580 4654 100 10969 7962 100 168% ~-53.89 |[-71.97;-3581] 0
Patelli, 2017 8150 9780 18 199.90 147.30 18 44% -11840 [-200.08; -36.72] —=——
Rienzo, 2021 18.70 21.20 21 81.80 62.60 21 13.9% -63.10 [ -91.37, -34.83) -
Sessa, 2022 75.41 7290 34 11968 74.79 34 120% -4427  [-79.38, -9.16) N =
Total (95% CI) 343 343 100.0% -46.09 [-65.66; -26.51] -
Prediction interval [-104.49; 12.32) —
Heterogeneity: Tau® = 510.3339; Chi® = 21.26, df = 8 (P < 0.01); I = 62% ! ' ! '
Test for overall effect: Z = -4.61 (P < 0.001) -200 -100 O 100 200
6 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% Cl IV, Random, 95% CI
Bertolo, 2023 1.78 3.92 26 63.33 50.00 26 142% -61.55 [-8083;-4227] —W—
Cai, 2021 30.30 34.20 20 78.70 58.80 20 95% -48.40 [-78.21;-18.59] —i—
Destefanis, 2023 30.00 46.22 38 57.02 49.04 40 13.3% -27.02 [-48.16, —-5.88] ——
Frego, 2021 3067 3484 22 77.41  69.01 22 8.7% -=37.74 [-70.04; -5.44] ——
Kollenburg, 2024 74.20 87.40 20 61.80 5830 20 5.3% 12.40 [-33.64, 58.44) —t—
Lo Re, 2024 64.90 58.99 100 10969 T7T9.62 100 14.2% -44.79 [-64.21; -25.37] ——

Minafra, 2023 21.91 30.89 20 86.30 69.83 20 7.8% -64.39 [-99.64;-20.14] —@—
Pacella, 2019 27.20 44.50 160 89.50 84.60 160 16.7% -62.30 [-77.11; -47.49] -

Rienzo, 2021 14.00 17.70 21 81.80 62.60 21 10.3% -67.80 [-95.62;-39.98] —l—
Total (95% CI) 427 429 100.0% -48.30 [-60.53; -36.07] ->
Prediction interval [-83.04; -13.57]
Heterogeneity: Tau® = 176.8330; Chi’ = 18.63, df = 8 (P = 0.02); I* = 57% f 1
Test for overall effect: Z=-7.74 (P < 0.001) -50 0 50
12 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Canat, 2023 46.88 32.40 25 12500 6850 25 12.2% -78.12 [-107.82; -48.42) ——
Frego, 2021 28.33 33.36 10 77.41 69.01 22 11.3% -49.08 [-84.56: -13.60] ——
Kollenburg, 2024 44.20 55.80 20 6180 5830 20 113% -1760 [-52.97; 17.77] —-
Lagana, 2023 4060 53.60 63 12480 11540 63 12.0% -84.20 [-115.62; -52.78] ——
Lo Re, 2024 6398 7486 100 10969 7962 100 135% -4571 [-67.13; -24.29] R B
Manenti, 2021 18.80 8.50 44 13840  40.80 44 146% -11960 [-131.91;-107290]
Pacella, 2019 17.80 51.00 83 8950 8460 160 14.1% -71.70 [-88.79;, -54.61]
Patelii, 2024 1829 31.14 40 13074 11691 40  11.0% -11245 [-149.94; -74.96) —l—
Total (95% CI) 385 474 100.0%  -T3.24 [-96.91; -49.57] -
Pradiction interval [-154.65; 8.16] o
Heterogeneity: Tau® = 961.0444; Chi* = 65.58, df = 7 (P < 0.01); ¥ = 89% rri LI
Test for overall effect Z = —6.06 (P < 0.001) -150-100-50 O 50 100 150

Abbreviations: PVR - Post-Void Residual; TPLA - Transperineal Prostate Laser Ablation; Cl - Confidence Interval; MD - Mean Difference.
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Figure S3. Changes in quality-of-life IPSS Question 8 following TPLA at each follow-up. The IPSS-Q8 domain,
which assesses patients perceived quality of life, improved significantly across all follow-up intervals,
reflecting symptom relief and better daily functioning.

IPSS Q8
6 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% ClI IV, Random, 95% CI
Bertolo, 2023 271 156 26 428 156 26 92% -157 [-242,-0.72] ——
Cai, 2021 230 1.30 20 490 170 20 8.3% -260 [-3.54;-1.66] ——
Destefanis, 2023 200 3.08 38 564 076 40 7.7% =364 [-4.65 -2.63 ——
Frego, 2021 100 158 22 435 0.79 22 10.3% -335 [-4.09;-261] W
Kollenburg, 2024 180 1.00 20 490 090 20 120% -3.10 [-3.69;-251]
Lo Re, 2024 200 1.48 100 400 148 100 14.0% -200 [-241;-1.59] =
Minafra, 2023 200 148 20 435 0.79 20 10.3% =235 [-3.09;-1.61] —-
Pacella, 2019 180 1.00 160 450 1.10 160 158% =270 [-2.93;-247) (]
Rienzo, 2021 170 080 21 410 1.00 21 124% -240 [-2.95;-1.85) E 3
Total (95% CI) 427 429 100.0% -2.60 [-2.99;-2.22] >
Prediction interval [-3.82; -1.39)
Heterogeneity: Tau® = 0.2270; Chi = 26.37, df = 8 (P < 0.01); I = 70% f T ' !
Test for overall effect: Z = -13.37 (P < 0.001) -4 -2 0 2 4
12 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Canat, 2023 150 0.90 25 475 0.75 25 114% -325 [-3.71;,-279) &
Frego, 2021 136 0.86 10 435 0.79 22 103% =299 [-362;-236 -
Kollenburg, 2024 190 1.10 20 490 0.90 20 104% -3.00 [-3.62;-238] &
Lagana, 2023 120 0.80 63 470 140 63 11.8% -3.50 [-3.90;-3.10]
Lo Re, 2024 200 148 100 400 148 100 11.7% =200 [-2.41;-1.59] =
Manenti, 2021 210 1.10 44 580 1.40 44 11.0% =370 [-4.23;-3.17] &
Pacella, 2019 160 0.90 83 450 1.10 160  125% -2.90 [-3.16;-2.64] -]
Patelli, 2024 064 076 40 464 0.76 40  121% -400 [-4.33;-367] B
Polverino, 2023 200 1.48 23 400 148 23 8.8% -200 [-2.86;-1.14] ——
Total (95% Cl) 408 497 100.0% -3.07 [-3.51;-262] @
Prediction interval [~4.65; =1.49)] s—
Heterogeneity: Tau® = 0.3850; Chi® = 73.55, df = 8 (P < 0.01); I = 88% J | ' 1
Test for overall effect: Z = -13.53 (P < 0.001) -4 -2 0 2 4
36 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% Cl IV, Random, 95% CI
Minafra, 2023 160 0.79 20 435 079 20 504% -275 [-324;-226] -
Patelli, 2024 1.00 148 40 464 076 40 496% -364 [-4.16;-3.12] 1k
Total (95% CI) 60 60 100.0% -3.19 [-4.06;-2.32] =
T T

Heterogeneity: Tau® = 0.3302; Chi’ = 6.02, df = 1 (P = 0.01); I* = 83%

Test for overall effect: 2 = -7.17 (P < 0.001)

-4 -2 0 2 4

Abbreviations: IPSS - International Prostate Symptom Score; Cl - Confidence Interval; MD - Mean Difference; TPLA - Transperineal Prostate

Laser Ablation.

Int Braz J Urol. 2026; 52(2): €20250423 | 20 /40



IBJU | TRANSPERINEAL LASER ABLATION FOR BPE: A SYSTEMATIC REVIEW

Figure S4. Changes in MSHQ-EjD after TPLA. Ejaculatory function showed mild improvement within 3-6
months after the procedure and remained stable thereafter, suggesting preservation of sexual function.

MSHQ-EjD
1 month
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Bertolo, 2023 2792 392 26 2792 392 26 35.6% 0.00 [-2.13; 2.13)
Rienzo, 2021 960 4.10 21 570 4.50 21 306% 3.90 [ 1.30; 6.50] E 3
Sessa, 2022 8.11 342 34 6.00 590 34 338% 211 [-0.18; 4.40]
Total (95% CI) 81 81 100.0% 1.91 [-0.29; 4.10]
Prediction interval [-22.23; 26.04] -
Heterogeneity: Tau® = 2.3500; Chi® = 5.30, df = 2 (P = 0.07); I = 62% ' I I I L
Test for overall effect: Z = 1.70 (P = 0.089) -20 -10 0 10 20
3 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Chen, 2023 6.58 4.00 24 6.09 3.84 25 241% 049 [-1.71;2.69) —i——
Lo Re, 2024 933 593 100 6.33 6.67 100 322% 3.00 [1.25; 4.75]) .
Rienzo, 2021 6.80 3.50 21 570 450 21 208% 1.10 [-1.34; 3.54] —r
Sessa, 2022 9.05 3.33 34 6.00 5.90 34 229% 3.05 [0.77; 5.33] ——
Total (95% CI) 179 180 100.0% 2.01 [0.71; 3.31] -
Prediction interval [~2.33; 6.36]
Heterogeneity: Tau® = 0.5776; Chi® = 4.39, df = 3 (P = 0.22); I = 32% ' J o
Test for overall effect: Z = 3.03 (P = 0.002) 6 -4 =2 0 2 4 8§
6 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Lo Re, 2024 10.00 86.67 100 6.33 6.67 100 53.7% 3.67 [1.82; 5.52] E B
Minafra, 2023 9.00 593 20 6.34 6.30 20 12.8% 2.66 [-1.13; 6.45] -t
Rienzo, 2021 8.60 3.10 21 570 450 21 33.6% 2.90 [0.56; 5.24] ——
Total (95% CI) 141 141 100.0% 3.28 [1.93; 4.64] <>
Prediction interval [~5.50; 12.06]
Heterogeneity: Tau® = 0; Chi’ = 0.38, df = 2 (P = 0.83); I = 0% ! ! J !
Test for overall effect: Z = 4.75 (P < 0.001) -10 -5 0 5 10
12 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Canat, 2023 1033 2.31 25 1075 242 25 348% -042 [-1.73; 0.89]
Lo Re, 2024 9.00 5.93 100 6.33 6.67 100 31.5% 267 [ 0.92; 442] =
Manenti, 2021 7.70 3.20 44 490 3.70 44 33.8% 2.80 [ 1.35; 4.25] =
Total (95% CI) 169 169 100.0% 164 [ -0.47; 3.75)
Prediction interval [-23.90; 27.18]
Heterogeneity: Tau® = 2.8835; Chi‘ = 13.03, df = 2 (P < 0.01); I° = 85% J ! J ! 1
Test for overall effect: Z = 1.52 (P = 0.127) -20 -10 0O 10 20

Abbreviations: MSHQ-EjD - Male Sexual Health Questionnaire for Ejaculatory Dysfunction; Cl - Confidence Interval; MD - Mean Difference;
TPLA - Transperineal Prostate Laser Ablation
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Figure S5. Changes in IIEF-5 following TPLA. No significant differences were observed at any follow-up,
indicating that TPLA does not adversely affect erectile function.

lIEF-5
1 month
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% Cl IV, Random, 95% CI
Bertolo, 2023 18.35 7.50 26 17.71 470 26 28.1% 0.64 [-2.76; 4.04]
Kollenburg, 2024 14.70 13.40 20 3540 2360 20 17.9% -20.70 [-3259;-881] —H—
Rienzo, 2021 17.40 5.00 21 1780 6.60 21 27.9% =0.40 [=3.94; 3.14)
Sessa, 2022 15.00 9.64 34 1533 1260 34 26.1% -0.33 [-5.66; 5.00]
Total (95% CI) 101 101 100.0% =3.72 [-11.70; 4.27]
Prediction interval [~40.41; 32.98] v
Heterogeneity: Tau® = 56.1429; Chi® = 11.50, df = 3 (P < 0.01); I* = 74% f J L ' '
Test for overall effect: Z = -0.91 (P = 0.362) =40 =20 0 20 40
3 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Chen, 2023 9.59 458 25 9.86 431 25 409% -0.27 [-2.74; 2.20]
Frego, 2021 2162 3.37 22 2072 538 22 35.3% 0.90 [-1.75; 3.55]
Kollenburg, 2024 36.90 24.80 20 3540 2380 20 1.1% 150 [-13.50; 16.50]
Rienzo, 2021 17.70 6.70 21 17.80 6.60 21 154% -0.10 [-4.12; 3.92]
Sessa, 2022 16.67 11.86 34 1533 1280 34 7.3% 1.34 [-4.48; 7.16]
Total (95% CI) 122 122 100.0% 0.31 [-1.27; 1.88]
Prediction interval [-2.25; 2.87)
Heterogeneity: Tau® = 0; Chi” = 0,59, df = 4 (P = 0.96); I° = 0% U
Test for overall effect: Z = 0.38 (P = 0.703) -15-10 -5 0 5 10 15
6 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Frego, 2021 22.30 268 22 2072 5.38 22 62.6% 1.58 [-0.93; 4.09] -h-
Kollenburg, 2024 40.50 23.30 20 3540 2360 20 1.9% 510 [-9.43;19.63] —_—t
Minafra, 2023 15.33 16.31 20 18.07 472 20 71% =274 [-10.18; 4.70] —_—
Rienzo, 2021 1830 570 21 17.80 6.60 21 284% 050 [-3.23; 423
Total (95% CI) a3 83 100.0% 1.03 [-0.96; 3.02]
Prediction interval [-3.33; 5.39)]
Heterogeneity: Tau® = 0; Chi? = 1.65, df = 3 (P = 0.67); I° = 0%
Test for overall effect: Z = 1.02 (P = 0.309) =10 0 10
12 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Canat, 2023 14.68 3.92 25 1484 3.93 25 283% =0.16 [=2.34; 2.02)
Frego, 2021 20.67 4.73 10 20.72 5.38 22 98% -0.05 [-3.74; 3.64]
Kollenburg, 2024 31.10 24.40 20 3540 2360 20 0.6% -4.30 [-19.18;10.58]
Manenti, 2021 22.00 3.00 4  21.00 4.00 44 61.3% 1.00 [ -0.48; 2.48]
Total (95% Cl) 99 111 100.0% 054 [ =0.62; 1.69]
Prediction interval [ -2.00; 3.08]

Heterogeneity: Tau® = 0; Chi® = 1.27, df = 3 (P = 0.74); I = 0%
Test for overall effect: Z = 0.91 (P = 0.363)

I I 1 I I i 1

-156-10-5 0 5 10 15

Abbreviations: IIEF-5 - International Index of Erectile Function; CI - Confidence Interval; MD - Mean Difference; TPLA - Transperineal Prostate
Laser Ablation.
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Figure S6. Comparative analysis between TPLA and TURP: (a) Operating time; (b) Length of hospital stay.
Compared to TURP, TPLA demonstrated shorter operative times and reduced hospitalization periods,

confirming the minimally invasive nature of the procedure.

MSHQ-EjD
1 month
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Bertolo, 2023 2792 392 26 2792 392 26 356% 0.00 [=2.13; 2.13]
Rienzo, 2021 960 4.10 21 570 4.50 21 306% 390 [ 1.30; 6.50] E 3
Sessa, 2022 8.11 342 34 6.00 590 34 338% 211 [ =0.18; 4.40]
Total (95% CI) 81 81 100.0% 1.91 [-0.29; 4.10]
Prediction interval [-22.23; 26.04) -
Heterogeneity: Tau® = 2.3500; Chi® = 5.30, df = 2 (P = 0.07); I* = 62% ' ! ! ! !
Test for overall effect: Z = 1.70 (P = 0.089) =20 -10 0O 10 20
3 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Chen, 2023 6.58 4.00 24 609 384 25 241% 049 [-1.71;2.69) —i—
Lo Re, 2024 933 593 100 6.33 6.67 100 322% 3.00 [1.25; 4.75] -
Rienzo, 2021 6.80 3.50 21 570 450 21 208% 1.10 [-1.34;3.54] — i
Sessa, 2022 9.05 3.33 34 6.00 5890 34 229% 3.05 [0.77; 5.33] —i—
Total (95% CI) 179 180 100.0% 2.01 [0.71; 3.31] -
Prediction interval [-2.33; 6.36]
Heterogeneity: Tau® = 0.5776; Chi® = 4.39, df = 3 (P = 0.22); I* = 32% ' : v B
Test for overall effect: Z = 3.03 (P = 0.002) -6 -4 -2 0 2 4 B
6 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Lo Re, 2024 10.00 6.67 100 6.33 6.67 100 53.7% 3.67 [1.82; 5.52] -
Minafra, 2023 9.00 593 20 6.34 6.30 20 128% 2.66 [-1.13; 6.45] —t——
Rienzo, 2021 8.60 3.10 21 570 450 21 33.6% 290 [0.56; 5.24] ——
Total (95% CI) 141 141 100.0% 3.28 [1.93; 4.64] <>
Prediction interval [-5.50; 12.06]
Heterogeneity: Tau? = 0; Chi’ = 0.38, df = 2 (P = 0.83); I° = 0% T T T !
Test for overall effect: Z = 4.75 (P < 0.001) =10 =5 0 5 10
12 months
After TPLA At Baseline Mean Difference
Study Mean SD Total Mean SD Total Weight MD 95% CI IV, Random, 95% CI
Canat, 2023 1033 2.31 25 1075 242 25 348% =042 [=1.73; 0.89]
Lo Re, 2024 9.00 5.93 100 6.33 6.67 100 31.5% 267 [ 0.92; 4.42)] .
Manenti, 2021 7.70 3.20 44 490 3.70 44 33.8% 2.80 [ 1.35; 4.25] =
Total (95% CI) 169 169 100.0% 164 [ -0.47; 3.75)
Prediction interval [-23.90; 27.18) -
Heterogeneity: Tau® = 2.8835; Chi* = 13.03, df = 2 (P <0.01); I* = 85% ! ' J ! !
Test for overall effect: Z = 1.52 (P = 0.127) =20 =10 O 10 20

Abbreviations: TPLA - Transperineal Prostate Laser Ablation; TURP - Transurethral Resection of the Prostate; Cl - Confidence Interval; MD -

Mean Difference.
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Figure S7. Risk of bias assessment for non-randomized studies using the ROBINS-I tool. Most studies were
classified as having moderate risk of bias, primarily due to non-randomized design and potential confounding.
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Abbreviations: ROBINS-I - Risk Of Bias In Non-randomized Studies of Interventions

Int Braz J Urol. 2026; 52(2): 20250423 | 24 /40



IBJU | TRANSPERINEAL LASER ABLATION FOR BPE: A SYSTEMATIC REVIEW

Figure S8. Risk of bias assessment for randomized controlled trials using the RoB 2 tool. All included randomized
trials demonstrated low risk of bias across major domains, supporting the robustness of comparative findings.
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Abbreviations: RoB 2 - Revised Cochrane Risk of Bias tool for Randomized Trials.
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Figure S9. Funnel plot for IPSS change at 3 months after TPLA. The scatter appears approximately symmetric
around the pooled mean difference, with no prominent visual asymmetry. Given the limited number of studies
at this time point, we cannot exclude small-study effects; observed dispersion is compatible with between-
study heterogeneity in technique and follow-up.
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Abbreviations: TPLA - Transperineal Prostate Laser Ablation; IPSS - International Prostate Symptom Score; MD - Mean Difference; SE - Standard
Error; Cl - Confidence Interval.
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Figure S10. Funnel plot for IPSS change at 6 months after TPLA. A broadly symmetric distribution is observed
around the summary effect, without a clear directional pattern of small studies. The wider spread among less
precise studies is expected and may reflect variability in power/energy settings and fibers-per-lobe across
studies.
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Abbreviations: TPLA - Transperineal Prostate Laser Ablation; IPSS - International Prostate Symptom Score; MD - Mean Difference; SE - Standard
Error; Cl - Confidence Interval.

Int Braz J Urol. 2026; 52(2): €20250423 27/ 40



Figure S11. Funnel plot for PVR change at 3 months after TPLA. No marked visual asymmetry is evident. The
dispersion among smaller studies likely reflects clinical and technical heterogeneity (e.g., energy per fiber,
inter-fiber spacing). Caution is warranted due to the limited number of contributing studies.
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Abbreviations: PVR - Post-Void Residual; TPLA - Transperineal Prostate Laser Ablation; MD - Mean Difference; SE - Standard Error; Cl -
Confidence Interval.
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Figure S12. Funnel plot for PVR change at 6 months after TPLA. The plot shows approximate symmetry around
the pooled estimate with a typical funnel shape. Any subtle imbalance in the wings is insufficient to assert
publication bias and may instead indicate heterogeneity of technique and perioperative protocols.
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Figure S13. Funnel plot for Qmax change at 6 months after TPLA. Visual inspection suggests near-
symmetric scatter; however, a slightly broader spread among less precise studies is noted, consistent with
methodological/technical variability. Small-study effects cannot be ruled out.
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Figure S14. Funnel plot for Qmax changes 12 months after TPLA. The distribution is broadly symmetric with few
studies near the base of the funnel, limiting the ability to detect asymmetry. Findings should be interpreted
with caution given sample size and heterogeneity across techniques and follow-up schedules.
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IBJU | TRANSPERINEAL LASER ABLATION FOR BPE: A SYSTEMATIC REVIEW

Table S1. PRISMA 2020 checklist of items for systematic reviews. Checklist of 27 items used to ensure
transparency and completeness of reporting according to PRISMA 2020 guidelines.

Section and Topic ttem Checklist item Location where item is
# reported
TITLE
Title | 1 | Identify the report as a systematic review. Page 01
ABSTRACT
Abstract | 2 | See the PRISMA 2020 for Abstracts checklist. Page 02
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. Page 03
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 03
METHODS
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the Page 04
syntheses.
Information sources 6 Specify all databases, registers, websites, organisations, reference lists and other sources Page 04
searched or consulted to identify studies. Specify the date when each source was last searched
or consulted.
Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters Page 04
and limits used.
Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, Page 04
including how many reviewers screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation tools used in the process.
Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers collected Page 05
data from each report, whether they worked independently, any processes for obtaining or
confirming data from study investigators, and if applicable, details of automation tools used in the
process.
Data items 10a List and define all outcomes for which data were sought. Specify whether all results that were Page 05
compatible with each outcome domain in each study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used to decide which results to collect.
10b List and define all other variables for which data were sought (e.g. participant and intervention Page 05
characteristics, funding sources). Describe any assumptions made about any missing or unclear
information.
Study risk of bias n Specify the methods used to assess risk of bias in the included studies, including details of the Page 09
assessment tool(s) used, how many reviewers assessed each study and whether they worked independently,
and if applicable, details of automation tools used in the process.
Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the Page 05
synthesis or presentation of results.
Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. Page 05
tabulating the study intervention characteristics and comparing against the planned groups for
each synthesis (item #5)).
13b Describe any methods required to prepare the data for presentation or synthesis, such as Page 05
handling of missing summary statistics, or data conversions.
13¢ Describe any methods used to tabulate or visually display results of individual studies and Page 05
syntheses.
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If Page 05
meta-analysis was performed, describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. | Page 05
subgroup analysis, meta-regression).
13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Page 05
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Checklist item

Location where item is

reported

Reporting bias assessment | 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising Page 09
from reporting biases).
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an Page 09
outcome.
RESULTS
Study selection 16a Describe the results of the search and selection process, from the number of records identified in Page 06
the search to the number of studies included in the review, ideally using a flow diagram.
16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and Page 06
explain why they were excluded.
Study characteristics 17 Cite each included study and present its characteristics. Page 06
Risk of bias in studies 18 Present assessments of risk of bias for each included study. Page 09
Results of individual 19 For all outcomes, present, for each study: (a) summary statistics for each group (where Page 07
studies appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally
using structured tables or plots.
Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing Page 06
studies.
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for Page 06
each the summary estimate and its precision (e.g. confidence/credible interval) and measures of
statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c Present results of all investigations of possible causes of heterogeneity among study results. Page 06
20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized Page 07
results.
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each | Page 09
synthesis assessed.
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome Page 09
assessed.
DISCUSSION
Discussion 23a Provide a general interpretation of the results in the context of other evidence. Page 10
23b Discuss any limitations of the evidence included in the review. Page 11
23c Discuss any limitations of the review processes used. Page 11
23d Discuss implications of the results for practice, policy, and future research. Page 11
OTHER INFORMATION
Registration and protocol 24a Provide registration information for the review, including register name and registration number, Page 01
or state that the review was not registered.
24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 04
24c Describe and explain any amendments to information provided at registration or in the protocol. Page 04
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders Page 12
or sponsors in the review.
Competing interests 26 Declare any competing interests of review authors. Page 12
Availability of data, code 27 Report which of the following are publicly available and where they can be found: template data Page 05
and other materials collection forms; data extracted from included studies; data used for all analyses; analytic code;
any other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit
https://creativecommons.org/licenses/by/4.0/

Abbreviations: PRISMA - Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.
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