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ABSTRACT

Background: Benign prostatic hyperplasia (BPH) remains one of the most common causes of lower urinary tract symptoms
in aging men. Surgical intervention is required when medical therapy becomes insufficient, and recent technological
advancements have introduced several minimally invasive alternatives to traditional transurethral resection of the prostate
(TURP). This review provides a contemporary comparison of TURP, holmium laser enucleation (HoLEP), thulium laser
enucleation (ThuLEP), and Aquablation.

Methods: A narrative review was conducted using a structured PubMed search with the query: "Benign Prostatic
Hyperplasia" AND (TURP OR HoLEP OR ThuLEP OR Aquablation) AND "minimally invasive surgery". A total of 43
studies published between 1993 and 2025 were screened, and 15 met the inclusion criteria. Data on perioperative outcomes,
functional results, complications, and retreatment rates were extracted and synthesized qualitatively.

Results: TURP remains an effective reference procedure but presents higher bleeding risk, longer catheterization, and
increased rates of sexual dysfunction compared with modern alternatives. HoLEP demonstrated superior symptom
improvement, reduced blood loss, and durable efficacy across all prostate sizes. ThuLEP showed comparable functional
outcomes and strong hemostatic performance. Aquablation offered robot-assisted precision with reduced thermal injury and
favorable preservation of ejaculatory function, particularly in larger prostates. Each technique demonstrated clinically
meaningful improvements in LUTS and urinary flow, with minimally invasive modalities generally offering more favorable
perioperative profiles.

Conclusions: Contemporary evidence supports the growing use of HoLEP, ThuLEP, and Aquablation as effective and often
superior alternatives to TURP. Surgical selection should be individualized based on prostate size, patient comorbidities,
sexual function priorities, and surgeon expertise. Further high-quality comparative studies are warranted.
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Introduction

Benign prostatic hyperplasia (BPH) is one of the most common causes of lower urinary tract symptoms
(LUTS) in aging men, leading to a progressive decline in urinary function and quality of life [15].

The prevalence of LUTS related to BPH increases with age, and the burden of disease continues to rise
due to global population aging [15].

Although pharmacological therapy is widely used as first-line treatment, many patients eventually
require procedural intervention due to insufficient symptom control or medication intolerance [5].

Transurethral resection of the prostate (TURP) has historically been considered the gold standard
surgical treatment, offering effective symptom relief but also being associated with bleeding, electrolyte
disturbances, and sexual dysfunction [13].

Over the past two decades, advancements in technology have led to the development of minimally
invasive surgical techniques intended to reduce perioperative morbidity while maintaining or improving
clinical outcomes compared with TURP [6].

Holmium laser enucleation of the prostate (HoLEP) has emerged as a size-independent, durable
alternative to TURP, demonstrating superior functional outcomes and lower retreatment rates in contemporary
analyses [1].

Similarly, thulium laser enucleation of the prostate (ThuLEP) provides precise tissue removal with
excellent hemostasis and has shown favorable perioperative results in large clinical series [2].
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Aquablation, a novel robot-assisted, waterjet-based procedure, represents another minimally invasive
option that aims to minimize thermal injury and preserve ejaculatory function while achieving meaningful
symptom reduction [3].

Recent updates highlight Aquablation’s growing role in the management of moderate-to-severe BPH,
supported by expanding long-term safety and efficacy data [4].

Considering the increasing diversity of surgical approaches, contemporary reviews emphasize the
importance of individualized treatment selection based on prostate size, patient comorbidities, need for sexual
function preservation, and surgeon experience [5].

Given the rapidly evolving landscape of minimally invasive techniques, a structured evaluation of the
current evidence comparing TURP, HoLEP, ThuLEP, and Aquablation is essential to guide clinical decision-
making [6].

Materials and Methods

Search Strategy

A structured narrative review was conducted using the PubMed database. The search was performed in
January 2025 using the following Boolean query:

"Benign Prostatic Hyperplasia" AND (TURP OR HoLEP OR ThuLEP OR Aquablation) AND
"minimally invasive surgery"

The search identified 43 records published between 1993 and 2025. Additional manual screening of
reference lists was performed to identify potentially relevant studies not captured in the initial search. No
language restrictions were applied.

Eligibility Criteria

Inclusion criteria

Studies were included if they met the following conditions:

Population

e Adult men diagnosed with benign prostatic hyperplasia (BPH) or benign prostatic obstruction (BPO).

Interwention

Surgical management of BPH using:
transurethral resection of the prostate (TURP),
holmium laser enucleation of the prostate (HoLEP),
thulium laser enucleation of the prostate (ThuLEP),
Aquablation.
omparison (when reported)
Between surgical modalities (e.g., HOLEP vs TURP).
Between standard and minimally invasive approaches.
Comparison of perioperative and functional outcomes.
Outcomes
e Perioperative variables (operative time, catheterization time, hospitalization).
¢ Functional outcomes (IPSS, Qmax, PVR).
e Complications and retreatment rates.
e Safety and efficacy assessments.
Study design
e Randomized clinical trials.
e Prospective and retrospective cohort studies.
e Systematic or narrative reviews providing outcome data on the included techniques.
Exclusion criteria
Animal studies.
Case reports or series with fewer than 10 patients.
Studies lacking outcome data relevant to BPH surgery.
Conference abstracts or non—peer-reviewed material.

e ¢ ¢ N O O O O e
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PICOS Framework
P (Population)
Adult male patients with symptomatic benign prostatic hyperplasia.
I (Intervention)
TURP, HoLEP, ThuLEP, or Aquablation.
C (Comparison)
Alternative surgical techniques, standard of care, or baseline values.
O (Outcomes)
Functional improvement, perioperative parameters, complication profile, retreatment rates.
S (Study type)
Clinical trials, observational studies, systematic reviews, and high-quality narrative reviews.
Data Extraction
Data extraction was performed manually using a predefined template. The following information was
collected from each study:
e Author, year of publication, and country.
Study design and sample size.
Surgical technique evaluated (TURP, HoLEP, ThuLEP, Aquablation).
Baseline clinical characteristics.
Perioperative and functional outcomes.
Complications and adverse events.
Follow-up duration and retreatment rates.
Extraction was carried out independently by two reviewers; discrepancies were resolved by discussion.
Outcome Measures
Primary outcomes
e Functional improvement (IPSS, Qmax).
e Objective measures of obstruction (PVR).
e Durability and retreatment rates.
Secondary outcomes
Operative time.
Length of hospital stay.
Catheterization duration.
Perioperative complications (bleeding, infection, capsular perforation).
Sexual and ejaculatory function (when reported).
Data Synthesis
Due to heterogeneity among study designs, patient populations, and outcome measures, a meta-analysis
was not performed. Instead, a narrative synthesis was conducted. Studies were grouped by surgical technique
(TURP, HoLEP, ThuLEP, Aquablation), and results were compared qualitatively with emphasis on:
efficacy,
perioperative safety,
complication rates,
durability of symptom relief.
Findings were summarized to provide an evidence-based comparative overview of contemporary
surgical options for BPH.

Results

A total of 15 studies met the inclusion criteria and were analyzed, covering outcomes of TURP, HoLEP,
ThuLEP, and Aquablation in the surgical management of benign prostatic hyperplasia [1].

Across the included literature, TURP remained an effective reference procedure, consistently
demonstrating significant improvements in urinary flow parameters and symptom relief[13].

However, TURP was also associated with higher perioperative bleeding risk and longer catheterization
times compared with laser-based techniques [13].

HoLEP emerged as one of the most robustly supported modalities, with meta-analytic evidence
confirming superior functional outcomes, reduced blood loss, and lower retreatment rates compared with
TURP [1].
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Several studies reported that HoOLEP maintained efficacy across all prostate sizes, making it a size-
independent alternative to TURP [5].

Additionally, contemporary data demonstrated that HoOLEP enabled early mobilization and even same-
day discharge in selected patients with large glands >175 cc [9].

ThuLEP demonstrated similarly favorable perioperative characteristics, with large-volume clinical
experience reporting low blood loss, short hospitalization, and consistent symptom improvement [2].

ThuLEP also showed strong hemostatic properties attributed to the continuous-wave thulium laser,
contributing to reduced transfusion requirements compared with TURP [2].

Comparative analyses further indicated that thulium-based enucleation offers outcomes closely
matching those of HoLEP, particularly regarding Qmax improvement and postoperative IPSS scores[10].

Recent clinical experience with bipolar transurethral enucleation also demonstrated meaningful
symptomatic improvement and low perioperative complication rates in early surgeon learning curves [8].

Aquablation was shown to be an effective minimally invasive option, using a high-velocity waterjet
under real-time ultrasound guidance to selectively ablate adenomatous tissue [3].

Evidence from updated reviews highlighted consistent improvements in LUTS symptoms with reduced
thermal injury and a high rate of ejaculatory function preservation [4].

Aquablation demonstrated shorter resection times than many laser techniques, especially in prostates
larger than 80 g, due to its robotically standardized resection pattern [4].

Regarding sexual outcomes, laser-based procedures such as HoLEP and transperineal laser ablation showed
lower rates of ejaculatory dysfunction compared with TURP in randomized and retrospective analyses [11].

Studies comparing laser enucleation with plasmakinetic or bipolar techniques emphasized the advantage
of laser modalities in limiting thermal spread and capsular damage [14].

Complication rates varied across techniques.

TURP exhibited a higher incidence of bleeding and TUR syndrome compared to laser enucleation [13].

Laser techniques demonstrated reduced intraoperative blood loss, shorter catheterization, and lower
overall complication rates, which was consistent across multiple comparative studies [1].

Aquablation showed a distinct complication profile, with low thermal injury—related events but slightly
higher early postoperative bleeding requiring tamponade in selected cases [3].

Across all techniques, operative time varied depending on prostate size and surgeon experience.

HoLEP and ThuLEP required longer learning curves but demonstrated stable operative times once
proficiency was achieved [5].

Aquablation exhibited shorter procedure times due to its automated resection phase [4].

In summary, all four techniques—TURP, HoLEP, ThuLEP, and Aquablation—demonstrated clinically
meaningful improvements in LUTS and urinary flow, with laser enucleation techniques and Aquablation
generally offering more favorable perioperative safety profiles compared with TURP[6].

Discussion

The findings of this review indicate that contemporary minimally invasive surgical techniques for
benign prostatic hyperplasia provide significant clinical benefits while reducing perioperative morbidity
compared with traditional approaches such as TURP [5].

Although TURP remains an effective and widely used procedure, its limitations—including bleeding
risk, electrolyte disturbances, and the potential for postoperative ejaculatory dysfunction—have driven the
search for safer alternatives [13].

Laser-based enucleation techniques, particularly HoLEP, have demonstrated superior functional
outcomes and durability compared with TURP, largely due to their precise enucleation capabilities and
improved hemostasis [1].

HoLEP has consistently shown efficacy across all prostate sizes, which distinguishes it from TURP and
makes it especially valuable in the management of large gland volumes [5].

Additionally, the feasibility of same-day discharge after HOLEP in selected patients underscores the
efficiency and safety of the procedure in modern urological practice [9].

ThuLEP, utilizing a continuous-wave thulium laser, demonstrates similar advantages, offering reduced
bleeding, shorter catheterization times, and reliable symptom improvement [2].

Its strong vaporization and coagulation properties further contribute to its favorable perioperative profile,
supporting its use as a valid alternative to HoOLEP, especially in centers with thulium laser expertise [2].
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Comparative evidence suggests that ThuLEP achieves functional outcomes closely parallel to HoLEP,
reinforcing its relevance among contemporary BPH surgical options [10].

Aquablation represents an innovative addition to minimally invasive BPH surgery, combining high-
velocity waterjet resection with robotic precision and real-time ultrasound guidance [3].

Recent evidence highlights its clinical effectiveness, particularly in large prostates, with advantages
including reduced thermal injury and high rates of ejaculatory function preservation [4].

However, its distinct complication profile—most notably early postoperative bleeding—requires careful
perioperative management and may limit its applicability in certain patient populations [4].

Sexual function outcomes continue to play a significant role in procedure selection, with evidence
indicating that laser ablation techniques and Aquablation may offer better preservation of ejaculatory function
compared with TURP [11].

Because postoperative sexual dysfunction affects quality of life and treatment satisfaction, the superior
functional preservation of modern techniques represents an important clinical advantage [11].

Despite the advantages of minimally invasive surgery, several challenges persist.

Laser procedures, particularly HoLEP and ThuLEP, are associated with steep learning curves, which
may limit their widespread adoption in lower-volume centers [5].

Equipment costs and the need for specialized training represent additional barriers to universal
implementation, although long-term clinical benefits may offset these challenges [6].

Similarly, while Aquablation automates the resection phase, its adoption requires access to advanced
robotic platforms and may result in increased procedural costs [3].

Overall, the evidence demonstrates a consistent shift toward minimally invasive, tissue-sparing
approaches that reduce perioperative morbidity while maintaining or improving functional outcomes [1].

As the technology continues to evolve, surgical decision-making will increasingly rely on individualized
approaches that consider prostate size, patient comorbidities, sexual function priorities, and surgeon experience [5].

Additional evidence from bipolar transurethral enucleation studies supports the general trend toward
enucleating rather than resecting techniques, showing good perioperative safety in early experiences [7].

The comparative data presented in this review highlight the growing role of laser enucleation and
Aquablation as viable and often superior alternatives to TURP in contemporary urological practice [6].

Limitations

Several limitations must be acknowledged when interpreting the findings of this narrative review.

First, the included studies varied considerably in design, population characteristics, and outcome
measures, which limits the comparability of results across surgical techniques [5].

The heterogeneity in definitions of perioperative complications, functional endpoints, and follow-up
duration restricts the ability to draw uniform conclusions regarding long-term efficacy [6].

Second, although TURP, HoLEP, ThuLEP, and Aquablation were all represented, the quantity of high-
quality randomized controlled trials remains limited, with many available studies relying on retrospective
analyses or single-center experiences [1].

This is particularly evident for ThuLEP and Aquablation, where evidence is largely derived from
observational studies rather than multicenter randomized trials [2].

Third, the learning curve associated with advanced techniques such as HoLEP and ThuLEP may
influence perioperative outcomes reported in earlier studies, as surgical proficiency strongly impacts operative
time, complication rates, and functional results [5].

The management of patients receiving anticoagulant or antiplatelet therapy remains clinically
challenging, although current evidence suggests that minimally invasive approaches may be performed safely
in this population when appropriate perioperative precautions are taken [12].

Similarly, the outcomes of Aquablation may vary between centers depending on operator experience,
patient selection, and perioperative management strategies [3].

Fourth, several studies reported only short- or mid-term follow-up, limiting the ability to evaluate the
durability of symptom relief and the true long-term retreatment rates for each modality [4].

Furthermore, variability in prostate size across studies influences the comparability of outcomes, as
certain techniques—particularly Aquablation and HoOLEP—may demonstrate different efficacy profiles in
small versus large glands [1].

Finally, although this review incorporated 15 relevant studies, the reliance on abstract-only data for
some articles may have limited the depth of outcome interpretation [15].
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Given these constraints, the findings should be interpreted cautiously, and further well-designed
randomized controlled trials with standardized outcome reporting are needed to strengthen comparative
evidence across surgical modalities [6].

Conclusions

The contemporary surgical management of benign prostatic hyperplasia demonstrates a clear shift
toward minimally invasive, tissue-sparing techniques that offer improved perioperative safety profiles and
durable functional outcomes [5].

While TURP remains an effective and widely practiced gold-standard procedure, its higher rates of
bleeding, electrolyte disturbances, and sexual dysfunction highlight the growing need for safer alternatives
[13].

HoLEP has emerged as a highly effective size-independent technique with superior symptom relief,
reduced blood loss, and lower retreatment rates compared with TURP, making it one of the most robustly
validated surgical options available [1].

ThuLEP provides comparable functional outcomes and perioperative advantages, supported by strong
hemostatic properties and consistent clinical performance in large patient cohorts[2].

Aquablation represents an innovative addition to the therapeutic landscape, offering robot-assisted,
ultrasound-guided precision with favorable preservation of ejaculatory function and promising results in larger
prostates[4].

However, differences in complication profiles, learning curves, and equipment requirements emphasize
that procedure selection should be individualized based on prostate size, patient comorbidities, and surgeon
expertise [5].

Overall, the evidence supports the increasing adoption of HoOLEP, ThuLEP, and Aquablation as effective
alternatives to TURP, each contributing unique advantages to modern BPH management [6].

Continued high-quality randomized controlled trials with standardized outcome reporting are essential
to refine comparative effectiveness and guide future clinical decision-making [1].
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