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Abstract

Background/Objectives: Benign prostatic hyperplasia (BPH) with lower urinary tract
symptoms (LUTS) affects up to 60% of men by age 90. With Singapore’s aging population,
minimally invasive surgical therapies (MIST) have emerged as effective alternatives for
patients unsuitable for traditional surgery. We sought to evaluate real-world outcomes
of MIST procedures: Water Vapor Thermal Therapy (WVTT) and Prostatic Urethral Lift
(PUL) in treating BPH-related LUTS. Methods: This is a retrospective analysis of 62 MIST
patients treated at a tertiary hospital in Singapore between August 2021 and February 2025,
with a minimum of three-month follow-up. Primary outcomes included improvements
in maximum urinary flow rate (Qmax), International Prostate Symptom Score (IPSS), and
Quality of Life (QoL) scores. Secondary outcomes included complications, re-treatment
rates, and healthcare utilization metrics. Results: Thirty-six patients underwent WVTT,
and 26 underwent PUL. Median age was 67 years, with a mean prostate volume of 61 cm?.
At three months, both procedures showed improvements: Qmax increased by 4.28 mL/s
(WVTT, p < 0.001) and 3.46 mL/s (PUL, p = 0.06); IPSS decreased by 12.8 (WVTT, p < 0.001)
and 12.5 (PUL, p < 0.001); QoL scores improved by 2.53 (WVTT, p < 0.001) and 3.31 (PUL,
p < 0.001). The complication rate was 32.3%, with complications being predominantly
Clavien-Dindo grades 1-2. Day surgery was achieved in 83.9% of cases, with only 4.8%
requiring readmission within 30 days. At three months, 98.4% were catheter-free, and
excluding prior catheter-dependent patients, 82.4% were medication-free. At a median
follow-up of 5.9 months, the re-treatment rate was 3.2%. Conclusions: MIST procedures
are safe and effective for BPH-LUTS, showing comparable outcomes between WVTT and
PUL while optimizing healthcare resource utilization.

Keywords: benign prostatic hyperplasia; minimally invasive surgical therapy; water
vapour thermal therapy; Prostatic Urethral Lift; LUTS

1. Introduction

Benign prostatic hyperplasia (BPH) represents one of the most common urological
conditions affecting aging men, with lower urinary tract symptoms (LUTS) impacting
up to 60% of men by the age of 90 years [1]. The demographic transition toward an
aging population in developed nations, including Singapore, has resulted in an increasing
prevalence of BPH-related LUTS. Local epidemiological studies have demonstrated a
concerning rise in prevalence from 14% to 16.5%, reflecting Singapore’s rapidly aging
demographic and the associated escalating healthcare burden [2].
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Traditional management approaches for BPH-LUTS have historically ranged from
conservative medical therapy to more invasive surgical interventions such as transurethral
resection of the prostate (TURP). However, the growing population of elderly patients
with increasing comorbidities has created a significant clinical challenge, as many are
unsuitable candidates for conventional surgical procedures due to increased perioperative
risks. Moreover, a significant proportion of BPH patients wish to avoid medical therapy in
general or to avoid sexual side effects associated with medical therapy or standard BPH
surgery [3]. Specifically, medications such as alpha-1 blockers are associated with postural
hypotension and retrograde ejaculation, while 5x-reductase inhibitors are associated with
loss of libido and erectile dysfunction [4].

In response to this clinical need, minimally invasive surgical therapies (MIST) have
emerged as a paradigm-shifting alternative, offering a middle ground between medical
management and traditional surgery. These procedures aim to provide symptomatic relief
while minimizing anesthetic risks. Among the most promising MIST options are Water
Vapor Thermal Therapy (WVTT) and Prostatic Urethral Lift (PUL), both of which have
gained recognition from regulatory bodies such as the National Institute for Health and
Care Excellence (NICE) [5,6]. Notably, there are more recent reports of MIST such as WVTT
and PUL being performed under local anesthesia (LA) alone [7,8]. This offers a potential
solution for patients who decline or are unable to tolerate general anesthesia (GA).

The WVTT system utilizes convective radiofrequency water vapor energy to achieve
targeted thermal therapy of prostatic tissue, resulting in controlled coagulative necrosis
and subsequent tissue remodeling [9]. Conversely, the PUL system employs permanent
implants to mechanically lift and hold the enlarged prostatic lobes away from the urethra,
thereby relieving obstruction without tissue ablation [10].

While clinical trial data have established the efficacy and safety of these procedures,
real-world evidence from diverse healthcare settings remains limited, particularly in Asian
populations. Furthermore, the comparative effectiveness of these two distinct MIST ap-
proaches in routine clinical practice requires further elucidation. Understanding the prac-
tical outcomes, resource utilization, and patient selection criteria for these procedures is
crucial for informed clinical decision-making and healthcare policy development.

This study aims to evaluate the real-world outcomes of MIST procedures at a regional
hospital in Singapore, providing insights into their effectiveness, safety profile, and impact
on healthcare resource utilization in a contemporary Asian healthcare setting.

2. Materials and Methods
2.1. Study Design

A retrospective observational study was conducted at the Department of Urology,
Khoo Teck Puat Hospital, Singapore, a 795-bed regional hospital serving the northern
region of Singapore.

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of National Healthcare Group Domain Specific Review Board
(NHG DSRB Ref: 2025-0313) on 2 July 2025 for studies involving humans. The study
involved anonymised data and did not require formal NHG DSRB review.

2.2. Study Population

All consecutive patients who underwent MIST procedures (WVTT or PUL) between
30 August 2021 and 11 February 2025 were included in the analysis. Inclusion criteria
comprised (1) diagnosis of BPH with LUTS, (2) completion of MIST procedure (WVTT
or PUL), (3) a minimum of 3 months of post-operative follow-up, and (4) availability of
complete clinical records. Patients without a minimum of 3 months of clinical follow-up
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were excluded. For each outcome measure, analyses were restricted to patients with both
baseline and follow-up measurements for that specific outcome.

2.3. Procedures

WVTT (Rezam™): Water Vapor Thermal Therapy was performed using the WVTT
System (Boston Scientific, Marlborough, MA, USA). Radiofrequency-generated water vapor
was delivered transurethrally to targeted prostatic tissue under cystoscopic visualization.
Treatment was individualized based on prostate anatomy, with treatment sessions lasting
15-30 min. PUL (UroLift™): Prostatic Urethral Lift was performed using the PUL System
(Teleflex, Wayne, PA, USA). Under cystoscopic guidance, permanent nitinol implants
were placed to lift obstructing prostatic tissue away from the urethra. The number of
implants varied based on prostate size and configuration. Selection between WVTT and
PUL was non-randomized and based on shared decision-making between the surgeon and
patient, taking into account patient-specific factors such as prostate size, prostate anatomy
(presence of a median lobe or presence of high bladder neck), patient preference, and
physician expertise.

2.4. Anesthesia and Perioperative Management

The anesthetic approach was individualized based on patient comorbidities, procedure
complexity, and preference. Options included general anesthesia, regional anesthesia,
local anesthesia with sedation, or local anesthesia only. Perioperative antibiotics were
administered per institutional protocols.

Outcome Measures
Primary Outcomes:

e  Change in maximum urinary flow rate (Qmax) measured by uroflowmetry at a mini-
mum follow-up of 3 months,

e  Change in International Prostate Symptom Score (IPSS),

e  Change in Quality of Life (QoL) score related to urinary symptoms.

Secondary Outcomes:

Complication rates classified according to the Clavien-Dindo system,
Hospital length of stay and day surgery rates,
30-day readmission rates,

BPH medication (alpha blockers and 5-alpha-reductase inhibitors) independence rates
at 3 months,
Catheter-free rates at 3 months,

e  Re-treatment rates during the follow-up period.

2.5. Data Collection and Follow-Up

Baseline demographic data, clinical characteristics, procedural details, and outcome
measures were extracted from electronic medical records. Patients were routinely followed
at 1 month and 3 months post-procedure, with additional visits as clinically indicated.
Uroflowmetry and validated symptom questionnaires (IPSS and QoL) were completed at
baseline and follow-up visits.

2.6. Statistical Analysis

Descriptive statistics were used to characterize the study population. Continuous
variables were expressed as means and standard deviations. Categorical variables were
presented as frequencies and percentages. Changes in outcome measures from baseline to
the 3-month follow-up were calculated. Analysis for each outcome was performed only
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for patients with both baseline and follow-up measurements for that specific outcome,
using paired-samples t-tests. Statistical significance was defined as a two-sided p < 0.05.
Statistical analyses were performed using jamovi (the jamovi project, 2025) [11].

3. Results
3.1. Patient Characteristics (Table 1)

A total of 62 patients met the inclusion criteria and were included in the final analysis.
Thirty-six patients (58.1%) underwent WVTT therapy, while 26 patients (41.9%) received
PUL treatment. The mean age of the cohort was 67 years (range: 52-85 years), reflecting
the typical demographic affected by symptomatic BPH. The mean prostate volume was
61 cm3 (range: 32-120 cm?), indicating moderate to severe prostatic enlargement.

Table 1. Patient characteristics, indications for surgery, and peri-operative management.

WVTT PUL Overall
Number of Patients 36 26 62
Mean Age 68 66 67
Prostate volume (cm?) 68 52 61
Indication
Failed medical therapy 15 12 27 (43.5%)
Declined medical therapy 15 9 24 (38.7%)
Catheter-dependent 6 5 11 (17.7%)
Anesthesia
LA only 5 2 7 (11.3%)
LA with sedation 2 1 3 (4.8%)
Sedation only 4 1 5 (8.1%)
Regional +/ — sedation 0 1 1 (1.6%)
GA 25 21 46 (74.2%)

WVTT: Water Vapor Thermal Therapy; PUL: Prostatic Urethral Lift; LA: local anesthesia; GA: general
anesthesia.

3.1.1. Indications for Treatment (Table 1)

The most common indication for MIST was “failed medical therapy”—defined in
this study as persistent or worsened symptoms despite medication, accounting for 43.5%
(n = 27) of cases. This was followed by “patient-declined medical therapy” in 38.7% (n = 24)
of cases; among this group were patients who preferred procedural intervention over
long-term pharmacological management and those who were unable to tolerate medication
side effects. Eleven (1 = 11) patients, representing 17.7% of the cohort, underwent MIST
due to “catheter dependence” following prior recurrent urinary retention.

3.1.2. Perioperative Management (Table 1)

General anesthesia was utilized in 74.2% (n = 46) of cases, while the remaining 25.8%
(n = 16) were managed with alternative approaches including local anesthesia only (n =7,
11.3%), local anesthesia with sedation (n = 3, 4.8%), sedation only (n = 5, 8.1%) and regional
anesthesia only (n = 1, 1.6%). This flexibility in anesthetic approach demonstrates the
adaptability of MIST procedures to patients with varying risk profiles and comorbidities,
including the possibility of performing them with local anesthesia only, without sedation.

3.2. Primary Outcomes (Table 2)

Both MIST procedures demonstrated notable functional improvements at the three-
month follow-up. Objective urodynamic parameters showed a statistically significant
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enhancement in the WVTT group, with Qmax increasing by 4.28 mL/s (+/—5.03 standard
deviation [S.D.], p < 0.001). The PUL group also saw an increase in Qmax of 3.46 mL/s
(+/—=7.735.D., p = 0.06), and while this did not reach statistical significance, this showed a
trend toward improved Qmax.

Despite the difference in objective flow rates, subjective symptom assessments revealed
comparable and significant benefits between the two procedures. Both groups experienced
substantial improvements in IPSS scores, decreasing by 12.8 points (+/—7.37 S.D., p < 0.001)
in the WVTT group and 12.5 points (+/—7.74 S.D., p < 0.001) in the PUL group. QOL
scores followed a similar pattern, with significant reductions of 2.53 points (+/—1.77 S.D.,
p <0.001) and 3.31 points (+/—1.54 S.D., p < 0.001), respectively, indicating a meaningful
enhancement in patient-reported well-being for both treatments.

Table 2. Primary outcomes.

WVTT (n = 36) PUL (n = 26) Overall (1 = 62)
Mean improvement in Qmax +4.28 mL/s (+/—5.035.D.) +346mL/s (+/—7.735.D.) +5.00mL/s (+/—6.17S.D.)
(>three-month follow-up) 1 (p <0.001) n =31 (p=0.06)n=20 (p <0.001) n =51
Mean improvement in IPSS —12.8 (+/—-7.375.D.) —125(+/-7.745.D.) —12.6 (+/—-7.43S.D.)
(>three-month follow-up) (p<0.001) n =17 (p <0.001) n =15 (p <0.001) n =32
Mean improvement in QoL —2.53 (+/—1.77S.D.) —3.31(+/—1.54S.D.) —291(+/—1.68S.D.)
(>three-month follow-up) (p<0.001)n=17 (p<0.001)n =16 (p<0.001) n =33

! Paired results compared to baseline. WVTT: Water Vapor Thermal Therapy; PUL: Prostatic Urethral
Lift; Qmax: maximum urinary flow rate; IPSS: International Prostate Symptom Score; QoL: quality
of life; S.D.: standard deviation.

3.3. Complications and Safety Profile (Table 3)

The overall complication rate was 33.9% (n = 21), with the vast majority represent-
ing minor complications. The complication spectrum included urinary tract infection,
hematuria, temporary urinary retention, and persistence or temporary worsening of LUTS.
Notably, all complications were classified as Clavien-Dindo grades 1-2, indicating minor
complications not requiring surgical intervention.

No major complications (Clavien-Dindo grades 3-5) were observed in the series,
underscoring the excellent safety profile of MIST procedures. The absence of significant
bleeding, major infectious complications, complications requiring intervention, or mortality
demonstrates the low-risk nature of these interventions.

Table 3. Complications.

WVTT (n = 36) PUL (n = 26) Overall (n = 62) Percentage

Early Complications
Post-op UTI 2 0 2 3.2%
Hematuria 0 3 3 4.8%

Retention of urine after successful o

trial-off catheter 4 ! > 8.1%

Late Complications
Persistent Dysuria (>three months) 1 0 1 1.6%
Persistent Urgency (>three months) 6 3 9 14.5%
Any complication 13 - 20 32.3%

(All Clavien-Dindo, 1-2)
WVTT: Water Vapor Thermal Therapy; PUL: Prostatic Urethral Lift; UTIL: urinary tract infection.
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3.4. Healthcare Utilization Outcomes (Tuble 4)

The impact on healthcare resource utilization was notably favorable. Day surgery was
successfully achieved in 83.9% (n = 52) of patients, including 94.4% (n = 34) of WVTT and
69.2% (n = 18) of PUL patients, highlighting the outpatient feasibility of these procedures.
All WVTT patients were discharged with a urethral catheter as per protocol, while 28%
(n = 10) of PUL patients required a catheter for more than 24 h either due to gross hematuria
requiring monitoring (n = 3) or an unsuccessful same-day trial without a catheter (n = 7).

Only 4.8% (n = 3) of patients required readmission within 30 days of the procedure.
Two were admitted for urinary tract infection, and one was admitted for hematuria. The
median follow-up period was 5.9 months (range: 3—40 months), providing adequate time
for the assessment of durability and identification of treatment failures.

At the three-month follow-up, 67.7% (n = 42) of patients were completely medication-
free, representing successful liberation from chronic pharmacological therapy. This outcome
has significant implications for medication costs, side effect burden, and patient quality of
life. Additionally, 96.8% (n = 60) of patients were catheter-free at three months, indicating
resolution of urinary retention and restoration of normal voiding function. One catheter-
dependent patient was unable to undergo a successful trial without a catheter despite
WVTT, necessitating a re-treatment with a suprapubic catheter (SPC); the other patient
successfully underwent a trial without a catheter at four months.

The re-treatment rate was low at 3.2% (n = 2) over the median follow-up of 5.9 months,
suggesting durable therapeutic benefit. Other than the patient who was re-treated with a
SPC, another patient underwent TURP at around three years post-WVTT due to recurrence
of symptoms. This finding is particularly important given the follow-up duration, as it
indicates sustained efficacy beyond the immediate post-operative period.

Table 4. Healthcare utilizations outcomes.

WVTT (n = 36) PUL (n = 26) Overall (n = 62)
Day Surgery 34/36 (94.4%) 18/26 (69.2%) 52/62 (83.9%)
Required catheter >24 h 36/36 (100%) ! 10/26 (28.5%) 46/62 (74.2%)
30-day readmission 2/36 (5.6%) 1/26 (3.8%) 3/62 (4.8%)
Medication free by 3 months 2 23/36 (63.9%) 19/26 (73.1%) 42/62 (67.7%)
Medlccittl}‘l’;effge'?; i;e‘ﬁi‘g;i‘:r‘ftls“dmg 23/30 (76.7%) 19/21 (90.5%) 42/51 (82.4%)
Catheter free by 3 months 3 35/36 (97.2%) 26/26 (100%) 61/62 (98.4%)
Retreatment 4 2 0 2/62 (3.2%)

1 All patients who underwent WVTT had a urethral catheter for 1 week per protocol. 2 All patients
who were catheter-dependent were kept on benign prostatic hyperplasia (BPH) medication. 3 One
catheter-dependent patient was unable to trial-ff catheter during follow up and underwent retreatment
with suprapubic catheter (SPC) insertion at 6-months follow up. 4 Other than the patient who had a
SPC, one patient was retreated with transurethral resection of the prostate (TURP) at 3 years follow up;
WVTT: Water Vapor Thermal Therapy; PUL: Prostatic Urethral Lift.

4. Discussion

This real-world study demonstrated the effective and safe implementation of MIST,
specifically WVTT and PUL, for patients with BPH-LUTS at a regional Southeast Asian
hospital. The results provide valuable insights into the practical application of these
technologies in a contemporary Asian healthcare setting.
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4.1. Patient Selection and Clinical Application

In recent years, there has been a trend toward early management of BPH to prevent the
onset of bladder dysfunction and consequential obstructive uropathy [12]. While medical
therapy for BPH is effective and in many cases considered first-line, side effects can be
debilitating, and MIST should be considered in men who have failed medical therapy, or who
want to avoid conventional surgery such as TURP, or who are poor candidates for conventional
surgery [13]. The diverse indications for treatment in this cohort reflect the broad applicability
of MIST procedures. The high proportion of patients who failed or declined medical therapy
(82.2% combined) illustrates the important role of MIST as a bridge between conservative
management and conventional surgery. We also established that a high proportion of patients
who elected to undergo MIST (38.7%) declined medical therapy, either refusing to initiate BPH
treatment or being unable to tolerate the side effects of medication.

Furthermore, there is growing evidence supporting the use of MIST (WVTT and PUL) in
the management of catheter-dependent men. Recent studies showed that WVTT could lead to
a successful trial without a catheter in 70.3% of catheter-dependent men [14], and PUL could
be similarly successful in 73% to 80% of cases [15]; these outcomes were similar to the success
rate of conventional surgery (70.8%) for catheter dependence [16]. In our study, 17.7% of
patients who underwent MIST were catheter-dependent, reflecting a clinical need for a suitably
low-risk procedure for catheter-dependent men who were poor candidates for conventional
surgery. While this represented a small proportion, 10 out of 11 (90.9%) catheter-dependent
patients in our study were successfully weaned from their urinary catheters.

Six out of 11 (54.5%) catheter-dependent men underwent MIST under LA alone, indicating
that these patients were poor candidates for both surgery and general anesthesia. Following
best practices for LA MIST, our technique included the transrectal ultrasound-guided transrectal
periprostatic nerve block “white mountain” or “Mt Everest” and pelvic plexus block “clouds
above the white mountain” [17]. The combination of LA and MIST provides a highly viable
option for individuals at high anesthetic risk needing treatment for BPH.

Applying our understanding of best practices and our experience in the utility of MIST
for BPH, we have now implemented a management pathway to help guide decision-making
in selecting treatment options for our patients (Figure 1).

BPH with LUTS
Accgpt NO Decline medical therapy,
medical
At onset
therapy
Decline medical therapy,
YES After trial
Trial 3-months Failed medical therapy, — Offer MIST
Alpha blocker Side effects
Failed medical therapy,
No improvement
Unfit, complicated BPH

R

Figure 1. Management pathway for BPH. BPH: benign prostatic hyperplasia; LUTS: lower urinary
tract symptoms; MIST: minimally invasive surgical therapies. TURP: transurethral resection of
the prostate.
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4.2. Efficacy Outcomes

The functional improvements observed in this study align closely with published litera-
ture. Both WVTT and PUL demonstrated clinically meaningful improvements in objective
(Qmax) and subjective (IPSS, QoL) outcome measures. The combined overall improvement in
IPSS (—12.6), QoL (—2.91), and Qmax (+5.00 mL/s) at three-month follow-up was consistent
with the findings of randomized controlled trials involving WVTT and PUL [10,16].

Overall, both MIST options yielded improvements in urinary flow, though the degree
of statistical certainty and clinical impact varied between the two. The WVTT group
demonstrated superior efficacy with a mean Qmax increase of 4.28 mL/s (+/—5.03 S.D.),
reaching high statistical significance (p < 0.001).

The PUL procedure showed a trend toward improvement in our study. This group
showed a smaller mean improvement of 3.46 mL/s (+/—7.73 S.D.), which did not meet the
threshold for statistical significance (p = 0.06).

The outcomes of WVTT and PUL suggest that both procedures remain viable options,
with treatment selection ultimately guided by patient-specific factors such as prostate
size, prostate anatomy, including the presence of a median lobe or a high bladder neck,
patient preference, and physician expertise. The efficacy profiles support a personalized
approach to MIST selection rather than a one-size-fits-all strategy. Key considerations for
WVTT include the need for urethral catheterization and prolonged irritation of the urethra
for up to a few weeks. PUL considerations include the presence of a protruding middle
lobe, prostate size, and the introduction of permanent implants with risks of steel struts
degrading the image quality of magnetic resonance imaging (MRI) [18].

4.3. Safety and Complications

The safety profile demonstrated in this study reinforces the minimally invasive nature
of these procedures. The 32.3% complication rate consisted predominantly of minor, self-
limiting complications that did not require surgical intervention. In our study, the most common
complication was persistent urgency beyond three months (14.5%), followed by urinary retention
after an initially successful trial without a catheter (8.1%), and significant gross hematuria (4.8%).
This complication rate closely resembles the real-world outcomes of high-volume centers that
perform WVTT and PUL [19,20]. Even though our institution had previously reported an
excellent safety profile following bipolar TURP [21], there remain significant concerns with
traditional surgical approaches such as TURP, which carry higher risks of bleeding, infection,
and sexual dysfunction [22]. This risk-benefit profile supports the use of MIST in patients who
might otherwise be considered unsuitable for surgical intervention.

4.4. Healthcare Resource Utilization

In a recent local cost-effectiveness study, WVTT was shown to be superior to medical
management as a first-line treatment for patients with moderate or severe BPH [23]. The
present study now provides further insights into the practically achievable healthcare
resource utilization outcomes related to the use of MIST. One of the most significant findings
of our study relates to healthcare efficiency. MIST was performed as day surgery 83.9% of
the time, with a low readmission rate of 4.8%. Interestingly, PUL patients who required
catheterization for >24 h due to an unsuccessful initial trial without a catheter (10/26, 28.5%)
or had significant hematuria (3/26, 11.5%) were likely to be admitted overnight for a repeat
trial without a catheter or bladder irrigation, respectively. These findings were consistent
with the understanding that 75% of patients who need catheterization would be successful
in a trial without a catheter the following day [24], and that 12% of PUL patients practically
required a one-night stay [25]. These situations accounted for the day surgery rate of
69.2% (18/26) for PUL. On the other hand, WVTT cases were routinely counseled regarding
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the need for a urethral catheter post-operatively and were able to be discharged the same
day without issues (34/36, 94.4%). Overall, the combination of LA MIST and day-surgery
MIST may allow these procedures to be performed as outpatient office interventions that
reduce hospital bed utilization and associated costs while improving patient convenience.

Patients who were originally catheter-dependent prior to MIST were routinely kept on
long-term BPH medications post-operatively. The rationale for this regimen was the lack
of long-term data on the effect of MIST on reducing progression of BPH. Despite this, the
overall high medication independence rate (67.7%) represents both a clinical success and
an economic benefit, as it reduces the ongoing costs and potential side effects of chronic
BPH medications. In particular, 5x-reductase inhibitors are associated with reduced libido,
erectile dysfunction, and mood disturbances, while «-blockers are associated with ortho-
static hypotension and ejaculatory dysfunction. Excluding catheter-dependent patients,
the medication-free rate at three months was 82.4%. This result compares favorably with
a prior healthcare utilization study, which showed that the rate of medication therapy
post-TURP was 6.2% at one year and 10.6% at five years of follow-up [26]. Also, if we use
the medication-free rate as a surrogate measure for the ability to discharge such patients
from the specialist outpatient clinic setting, MIST represents an effective procedure to
reduce healthcare utilization of specialist services.

4.5. Limitations

Several limitations should be acknowledged. The retrospective design inherently
limits the strength of the conclusions. During the pre-operative phase and follow-up, it
was noted that some patients did not complete all patient-reported outcome measures
or uroflowmetry. Therefore, complete case analyses were performed for each outcome
separately, and the number of paired observations differed between outcome measures.
These limitations of the retrospective design, relatively short follow-up, incomplete paired
outcome data, and non-random treatment allocation limited the utility of formal between-
group comparisons in this study. The absence of a control group prevents direct compar-
ison with standard-of-care treatment modalities. The relatively short follow-up period,
while adequate for the assessment of immediate outcomes, may not capture longer-term
durability or late complications. The medication-free rate in this study was limited to
alpha blocker and 5-alpha-reductase inhibitor use and did not include anticholinergics
with which some patients with prolonged urgency were treated. The single-center design
may limit generalizability, although the diverse patient population and real-world setting
enhance external validity.

4.6. Future Directions

Longer-term follow-up studies are needed to establish the durability of MIST proce-
dures and identify predictors of treatment success or failure. Comparative effectiveness
research directly comparing MIST procedures with traditional surgical approaches would
provide valuable guidance for treatment selection. Economic analyses incorporating both
direct and indirect costs would further inform healthcare policy decisions.

5. Conclusions

This real-world study demonstrates that minimally invasive surgical therapies, specif-
ically WVTT and PUL, represent safe and effective treatment options for patients with
BPH-LUTS. While both procedures achieved high statistical significance in all subjective
symptom assessments (p < 0.001), the objective efficacy profile was more pronounced in the
WVTT group, which demonstrated a significant increase in Qmax (p < 0.001). In contrast,
the PUL group showed a notable trend toward flow improvement (p = 0.06), though it
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did not meet the threshold for objective statistical significance. Despite these variations in
flow dynamics, the excellent safety profile and overall symptom relief support the use of
these procedures as viable alternatives for patients, including those considered high-risk
for traditional surgery.

The favorable healthcare utilization metrics, including high day surgery rates, low
readmission rates, and high medication independence rates, demonstrate the potential
for MIST to optimize resource utilization while maintaining excellent clinical outcomes.
The low re-treatment rate suggests durable therapeutic benefit, although longer-term
studies are needed to confirm sustained efficacy. Additionally, the limitations of this study
restrict direct comparative analyses between WVTT and PUL, and future studies would be
beneficial for determining their relative effectiveness.

These findings support the integration of MIST procedures into standard urological
practice as effective alternatives to both medical therapy and traditional surgical approaches.
The choice between WVTT and PUL can be individualized, as both showed comparable
outcomes in this real-world setting.
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