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Purpose: To evaluate and compare the safety, efficacy, and patient-centered outcomes of three enucleation techniques—bipolar 
transurethral enucleation of the prostate (B-TUEP), thulium laser enucleation (ThuLEP), and robotic-assisted simple prostatectomy 
(RASP)—in older adult patients (>60 years) with large-volume benign prostatic hyperplasia (BPH >80 cm3), a population at increased 
surgical risk and underrepresented in prior comparative studies.
Patients and Methods: This study retrospectively analyzed 127 patients aged 60 to 90 years who underwent B-TUEP (n=43), 
ThuLEP (n=58), or RASP (n=26) between 2014 and 2024. All procedures were performed by a single surgeon. Preoperative and 12- 
month postoperative outcomes—including IPSS, Qmax, post-void residual (PVR), and quality of life (QoL)—were assessed. 
Complication profiles, including urinary tract infection (UTI), prolonged analgesic requirement (PAR), and unexpected return visits 
(URV), were evaluated to reflect real-world risks in the older adults population.
Results: All three surgical techniques resulted in significant and sustained improvements in IPSS, Qmax, and PVR, with no significant 
intergroup differences at 12 months. ThuLEP demonstrated the lowest postoperative pain and analgesic use, RASP had the lowest UTI 
incidence, and B-TUEP was associated with the shortest operative time. Kaplan–Meier analysis showed comparable long-term 
medication-free survival across groups (p = 0.085). Quality of life scores improved in all groups, with numerically better outcomes 
observed in the RASP group.
Conclusion: In older adult patients with large BPH, B-TUEP, ThuLEP, and RASP all offer effective and durable symptom relief with 
distinct perioperative advantages. Given the heightened risks associated with aging—including infection, delayed recovery, and 
medication burden—this study underscores the importance of tailored surgical decision-making in patients over 60. All three 
techniques are viable, and selection should be guided by individual patient priorities and risk profiles.
Keywords: prostatic hyperplasia, laser therapy, prostatectomy, robotic surgery, aged

Introduction
Benign prostatic hyperplasia (BPH) is a common, non-cancerous enlargement of the prostate in aging men, affecting 
about 10% in their 40s and up to 90% over age 80.1 Its development is influenced by hormones like dihydrotestosterone 
(DHT), along with aging, genetics, regional, and metabolic factors.2 BPH presents with lower urinary tract symptoms 
(LUTS), including voiding (eg, weak stream, hesitancy) and storage (eg, frequency, urgency, nocturia) issues.2 Treatment 
depends on symptom severity and patient preference, ranging from medication to surgery.3 Common medications for 
BPH include α-adrenergic antagonists, which relax smooth muscles, and 5α-reductase inhibitors, which reduce prostate 
size via hormonal modulation.3–5 If medications fail or complications arise (eg, retention, infections), procedures like 
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TURP or other minimally invasive options are considered.5 Older adult patients are particularly vulnerable to periopera
tive complications and may experience different postoperative recovery patterns than younger patients.6 Surgical risks 
increase with age and larger prostate volumes; studies show older adults patients, especially those ≥75, have higher risks 
of hemorrhage, cardiovascular events, and blood transfusion after TURP.6–10 The 2020 AUA and 2022 EAU guidelines 
recommend HoLEP, ThuLEP, and simple prostatectomy over conventional TURP for large prostates (>80 mL), due to 
TURP’s lower efficacy, longer operative time, and higher risks of bleeding and TUR syndrome.11,12 Recent studies have 
compared these advanced techniques in patients with prostate volumes exceeding 80 g.13–16 In our prior study, we 
conducted a comprehensive comparison of B-TUEP, ThuLEP, and RASP for prostates >80 cm3, all performed by a single 
surgeon.17 Building on our previous work, we compared B-TUEP, ThuLEP, and RASP in prostates >80 cm3, all 
performed by a single surgeon. Unlike earlier studies, we included both functional and patient-centered outcomes. 
This study further extends our findings in a larger cohort of patients aged ≥60, with longer follow-up, aiming to inform 
personalized surgical selection based on patient characteristics.

Materials and Methods
Study Design and Patient Selection
From January 2014 to June 2024, this study prospectively enrolled patients diagnosed with symptomatic BPH at a single 
tertiary center. Eligible individuals subsequently underwent retrospective analysis if they received one of the following 
procedures: robotic-assisted simple prostatectomy (RASP), thulium laser enucleation (ThuLEP), or bipolar transurethral 
enucleation of the prostate (B-TUEP). This study was reviewed and approved by the Institutional Review Board of 
Chang Gung Memorial Hospital, Taiwan (IRB No. 202500702B0). As patient consent to review their medical records 
was not required by the Institutional Review Board, all data were fully anonymized before analysis, and no identifiable 
personal information was used. The study was conducted in accordance with the ethical principles of the Declaration of 
Helsinki. All surgeries were performed by a single urologist proficient in all three procedures. Surgical decision-making 
was patient-centered, employing a shared decision-making (SDM)18 framework that incorporated detailed counseling 
regarding surgical options. Preoperative assessment included a comprehensive review of medical history, physical 
examination, digital rectal examination (DRE), prostate-specific antigen (PSA) testing, and transrectal ultrasound 
(TRUS). In cases of suspicious findings on DRE or TRUS, prostate biopsies were performed to exclude malignancy. 
Following our protocol, antiplatelet agents were stopped 7 days before surgery, while warfarin or direct oral antic
oagulants were withheld for 3–5 days depending on the drug type and renal function, with surgery performed after 
confirming normal coagulation. All antithrombotic agents resumed for about 7 days postoperatively once hemostasis was 
secured. Baseline assessments included urodynamic parameters—voided volume (VV), post void residual urine (PVR), 
and peak urinary flow rate (Qmax)—as well as symptom and quality-of-life scores (IPSS and IPSS-derived QoL).

Inclusion and Exclusion Criteria
Patients were included if they met the following criteria: ECOG (Eastern Cooperative Oncology Group) performance 
status19 of 0 or 1, age between 60 and 90 years, IPSS ≥ 20, Qmax ≤ 15 mL/s, and prostate volume ≥ 80 g. All participants 
had received at least three months of pharmacological treatment and met the surgical criteria for bladder outlet 
obstruction (BPO) as defined by EAU guidelines.20 Exclusion criteria comprised active malignancy, prior prostate 
surgery, and LUTS attributed to non-BPH etiologies such as neurogenic bladder.

Operative Techniques
B-TUEP procedures utilized the Olympus SurgMaster UES-40 generator and OES-Pro bipolar resectoscope, with 
settings standardized at 200 W (cutting), 120 W (coagulation), and 60 W for enucleation. ThuLEP was performed 
using a 120-W thulium: YAG laser (Vela XL, Boston Scientific) delivered through a 600-μm LightTrail fiber via a 26F 
continuous-flow resectoscope, with isotonic saline used for irrigation. Tissue was morcellated using a Wolf Piranha 
morcellator. RASP was conducted using the da Vinci Si robotic system via a suprapubic transvesical approach. 
Techniques for each modality were based on established protocols described in prior literature.21–23

https://doi.org/10.2147/CIA.S558277                                                                                                                                                                                                                                                                                                                                                                                                                                                                Clinical Interventions in Aging 2025:20 2438

Hou et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Postoperative Management and Follow-Up
All patients received a 22 Fr three-way Foley catheter for irrigation. Catheters were removed on postoperative day 2 for 
B-TUEP and ThuLEP, and on day 7 for RASP, unless complications required adjustment. Antibiotic prophylaxis and 
postoperative treatment were administered by established clinical guidelines.24 Pain was managed with oral acetamino
phen for 7 days, and pain severity was documented using the numeric rating scale (NRS)25 on postoperative days 1 and 2. 
Preoperative voiding-related medications were routinely discontinued one week after surgery, unless specific clinical 
conditions required ongoing use. The need for continuation was reassessed during follow-up based on the patient’s 
voiding function. Enucleation efficiency was calculated as the ratio of the enucleated tissue weight to the preoperative 
transition zone (T zone) volume measured by transrectal ultrasound (TRUS), expressed as a percentage. The functional 
and clinical follow-up was conducted for 12 months postoperatively for all patients. Patients returned for evaluation at 
2 weeks, 3 months, 6 months, and 12 months, and outcomes included IPSS, QoL, Qmax, voided volume (VV), and post- 
void residual (PVR). Complications were tracked and categorized as follows: Prolonged Analgesic Requirement (PAR) 
referred to analgesic use beyond one week postoperatively due to persistent pain; urinary tract infection (UTI) was 
defined as the presence of clinical symptoms such as dysuria, urgency, frequency, or fever ≥38°C, accompanied by pyuria 
(≥10 white blood cells per high-power field) on urinalysis and requiring antibiotic treatment during follow-up; and 
Unexpected Return Visits (URV) included any unplanned clinic or emergency visits due to surgery-related events. 
Medication-free survival, defined as the proportion of patients remaining off BPH medications postoperatively, was 
analyzed up to 60 months using follow-up data from electronic medical records to assess long-term efficacy across the 
three surgical groups.

Statistical Analysis
Descriptive data were expressed as mean ± standard deviation for continuous variables and as frequencies with 
percentages for categorical variables. Categorical variables were compared using the chi-square test, while continuous 
variables were analyzed using one-way analysis of variance (ANOVA). When significant differences were detected by 
ANOVA, post hoc comparisons were conducted using Dunnett’s test to identify pairwise differences among the three 
groups. Changes in numeric rating scale (NRS) pain scores over time were assessed using repeated-measures ANOVA. 
A p-value of less than 0.05 was considered statistically significant. All analyses were performed using SPSS software 
(version 25.0; IBM Corp., Armonk, NY, USA).

Results
A total of 644 patients underwent prostate enucleation procedures during the study period. Of these, 168 (26%) patients 
with prostate volume greater than 80 mL were identified and considered for analysis. After excluding patients with 
prostate cancer confirmed by pathology (n = 6), those lost to follow-up (n = 23), and those with incomplete data (n = 12), 
a total of 127 patients completed the 12-month follow-up and were included in the final analysis. Patients were 
categorized into B-TUEP (n = 43), ThuLEP (n = 58), and RASP (n = 26) groups. The patient selection process is 
illustrated in Figure 1.

Baseline demographic and clinical characteristics of the study population are presented in Table 1. A significant 
difference in mean age was observed among the groups (p = 0.043), with RASP patients being notably younger 
compared to those in the B-TUEP and ThuLEP cohorts. Prostate volume was significantly greater in the RASP group 
(117.3 ± 23.9 cc) compared to B-TUEP (92.1 ± 13.1 cc) and ThuLEP (90.0 ± 10.7 cc) groups (p < 0.001). No statistically 
significant differences were observed in preoperative PSA levels, duration of prior medical therapy, IPSS scores, QoL 
scores, Qmax, PVR, or history of urinary retention. However, the Charlson Comorbidity Index (CCI) was significantly 
lower in the RASP group compared to the ThuLEP group (p = 0.027), suggesting that RASP patients had fewer baseline 
comorbid conditions.

The perioperative and postoperative outcomes across the three surgical groups are summarized as Table 2. Operative 
time differed significantly among groups (p < 0.001), with the RASP group demonstrating the longest duration (197.6 ± 
46.5 minutes), followed by ThuLEP (120.4 ± 27.3 minutes) and B-TUEP (102.4 ± 29.3 minutes). Hospital stay was also 
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significantly longer in the RASP group compared to the endoscopic groups (p < 0.001). The proportion of prostate tissue 
enucleated was highest in the RASP group (106.0 ± 36.6%), with statistically significant differences compared to 
B-TUEP and ThuLEP (p = 0.002). Postoperative pain, assessed via the numeric rating scale (NRS), was significantly 
lower in the ThuLEP group on both postoperative day 1 and day 2 (p < 0.001 and p = 0.019, respectively), with the 

Figure 1 The patient selection flowchart. Of 644 patients, 168 had prostate volume >80 cc. After excluding 6 with prostate cancer, 23 lost to follow-up, and 12 with 
incomplete data, 127 patients completed 12-month follow-up: B-TUEP (n=43), ThuLEP (n=58), RASP (n=26).

Table 1 Patient Characteristics

Parameter (mean, SD) B-TUEP  
(n=43)

ThuLEP  
(n=58)

RASP  
(n=26)

P value Tukey’s HSD

Age (years) 70.8 (8.2) 70.8 (8.9) 66.2 (5.6) 0.043 RASP< B-TUEP 

RASP< ThuLEP
Prostate volume (cc) 92.1 (13.1) 90.0 (10.7) 117.3 (23.9) <0.001 RASP> B-TUEP 

RASP> ThuLEP

PSA (μg/L) 10.3 (7.7) 9.3 (7.1) 9.9 (6.7) 0.831
Medication duration (months) 21.9 (35.6) 21.1 (25.3) 20.4 (27.4) 0.980

IPSS score 25.5 (4.9) 24.2 (4.8) 25.5 (4.2) 0.420

IPSS QoL 4.9 (0.7) 5.1 (0.9) 4.9 (0.7) 0.538
Qmax 7.3 (3.3) 7.9 (4.5) 6.9 (3.7) 0.498

PVR 52.0 (50.4) 69.7 (66.7) 61.9 (60.6) 0.326

History of UR (%) 34.9 41.2 26.92 0.433
CCI 0.68 (0.82) 0.79 (0.93) 0.19 (0.40) 0.027 RASP < ThuLEP

Abbreviations: SD, Standard Deviation; B-TUEP, Bipolar Transurethral Enucleation of the Prostate; ThuLEP, Thulium Laser Enucleation of the 
Prostate; RASP, Robot-Assisted Simple Prostatectomy; HSD, Honestly Significant Difference; PSA, Prostate-Specific Antigen; IPSS, International 
Prostate Symptom Score; QoL, Quality of Life; Qmax, Maximum Flow Rate; PVR, Post-Void Residual Volume; UR, Urinary Retention; CCI, 
Charlson Comorbidity Index.
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highest pain scores observed in the RASP cohort. Use of intramuscular or intravenous analgesics was most common in 
the RASP group (38.5%) and least in the ThuLEP group (6.9%) (p < 0.001). The incidence of prolonged analgesic 
requirement (PAR) was significantly higher in RASP (30.8%) compared to B-TUEP and ThuLEP (p = 0.001). 
Conversely, the rate of urinary tract infection (UTI) was lowest in the RASP group (7.7%) and significantly higher in 
the endoscopic groups (p = 0.001). The trial without catheter (TWOC) success rates and unexpected return visits (URV) 
did not differ significantly among groups. Among patients with unexpected return visits, most in the B-TUEP group were 
due to hematuria and managed conservatively, corresponding to Clavien–Dindo grade I. In the ThuLEP group, causes 
included hematuria (5), UTI (3), UR (2), dizziness (1), herpes zoster (1), and abdominal bloating (2), all of which were 
treated without invasive intervention (Clavien I–II). In the RASP group, one patient with persistent bleeding required 
reoperation for endoscopic hemostasis (Clavien IIIb), while the remaining cases were managed conservatively 
(Clavien I).

As illustrated in Figure 2, IPSS scores significantly improved across all surgical groups following the intervention and 
remained stable throughout the 12-month follow-up period. While the RASP group exhibited a slightly greater reduction 
in IPSS at 3 months, no statistically significant differences were observed among the three groups at any postoperative 
time point (preoperative p = 0.420; 3 months p = 0.103; 6 months p = 0.445; 12 months p = 0.252), indicating that all 
procedures provided comparable symptomatic relief. Figure 3 demonstrates that all surgical approaches resulted in 
a substantial increase in Qmax from baseline to 3 months, with the improvement sustained over 12 months. Although 
Qmax values increased significantly in each group, no significant intergroup differences were detected at any follow-up 
point (3 months p = 0.995; 6 months p = 0.981; 12 months p = 0.924), suggesting equivalent efficacy in improving 
urinary flow across all surgical modalities. As shown in Figure 4, mean post-void residual (PVR) volumes decreased 
significantly in all groups after surgery, with the greatest reduction occurring by the 3-month mark. This effect remained 
consistent through the 12-month follow-up. No statistically significant differences in PVR were observed among the 
groups at any time point (preoperative p = 0.326; 3 months p = 0.962; 6 months p = 0.976; 12 months p = 0.545), 
indicating that each technique was similarly effective in improving bladder emptying. Finally, Figure 5 illustrates that 
quality of life (QoL) scores improved significantly postoperatively in all groups. At 3 months, QoL improvements were 

Table 2 Perioperative and Postoperative Parameters

Parameter (mean, SD) B-TUEP  
(n=43)

ThuLEP  
(n=58)

RASP  
(n=26)

P value Tukey’s HSD

OP time (min) 102.4 (29.3) 120.4 (27.3) 197.58 (46.5) <0.001 B-TUEP<ThuLEP<RASP

Post-op stays (days) 2.1 (1.1) 1.8 (0.9) 3.2 (1.6) <0.001 B-TUEP<RASP 

ThuLEP<RASP
Enucleation efficiency (%) 68.5% (9.7) 74.4% (33.2) 106.0% (36.6) 0.002 B-TUEP<RASP 

ThuLEP<RASP

IM/IV analgesics 16.3% (7/43) 6.9% (4/58) 38.5% (10/26) <0.001 B-TUEP<RASP 
ThuLEP<RASP

Post-op1 NRS > 2 48.8% (21/43) 20.7% (12/58) 84.6% (22/26) <0.001 ThuLEP<B-TUEP<RASP

Post-op2 NRS > 2 16.3% (7/43) 1.7% (1/58) 15.4% (4/26) 0.019 ThuLEP<B-TUEP 
ThuLEP<RASP

TWOC 97.7% (42/43) 87.9% (51/58) 92.3% (24/26) 0.202
PAR 11.6% (5/43) 3.4% (2/58) 30.8% (8/26) 0.001 B-TUEP<RASP 

ThuLEP<RASP

UTI 37.2% (16/43) 48.3% (28/58) 7.7% (2/26) 0.001 RASP<B-TUEP 
RASP<ThuLEP

URV 14.0% (6/43) 24.1% (14/58) 11.5% (3/26) 0.266

Notes: Continuous variables were analyzed using one-way ANOVA. Categorical variables were analyzed using chi-square or Fisher’s exact test 
where appropriate. Post hoc pairwise comparisons were performed using Tukey’s HSD. 
Abbreviations: SD, Standard Deviation; B-TUEP, Bipolar Transurethral Enucleation of the Prostate; ThuLEP, Thulium Laser Enucleation of the Prostate; 
RASP, Robot-Assisted Simple Prostatectomy; HSD, Honestly Significant Difference; OP, Operation; IM/IV, Intramuscular/Intravenous; NRS, Numeric 
Rating Scale; TWOC, Trial Without Catheter; PAR, Prolonged Analgesics Requirement; UTI, Urinary Tract Infection; URV, Unexpected Return Visits.
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comparable (p = 0.287); however, at 6 months, the RASP group demonstrated a significantly greater reduction in QoL 
scores compared to B-TUEP and ThuLEP (p = 0.026). Although the RASP group maintained numerically lower (better) 
QoL scores in 12 months, this difference did not reach statistical significance (p = 0.054). No patients in the three groups 
developed postoperative stress or urgency urinary incontinence during the 12-month follow-up. Similarly, no urethral 
stricture or bladder neck contracture was identified among the 127 patients with prostate volumes >80 g included in this 
study. Figure 6 reveals the Kaplan-Meier plot representing medication-free survival over 60 months following B-TUEP, 
ThuLEP, and RASP for BPH treatment. All three surgical methods demonstrated comparable long-term medication-free 
outcomes, with survival probabilities remaining relatively high throughout the follow-up period. The Log rank test 

Figure 2 Changes in International Prostate Symptom Score (IPSS) total scores over time. IPSS scores significantly improved in all three groups: B-TUEP, ThuLEP, and RASP— 
after surgery and remained stable throughout 12 months of follow-up. No statistically significant differences were observed among the groups at any time point (p > 0.05). 
Data are presented as mean ± standard deviation.

Figure 3 Maximum urinary flow rate (Qmax) changes over time. All groups showed significant and sustained improvement in Qmax after surgery, with no significant 
differences between B-TUEP, ThuLEP, and RASP at any time point.
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showed no significant difference among the groups (p = 0.085), indicating similar effectiveness in maintaining medica
tion-free status.

Discussion
The surgical recommendations for large-volume BPH (>80 mL) have evolved notably in the AUA guidelines. In 2010, 
open simple prostatectomy (OSP) was the primary recommendation for large prostates, as conventional TURP was 
considered insufficient for managing glands of this size.26 Minimally invasive techniques were not yet incorporated. By 
contrast, the 2020 AUA guideline amendment includes holmium and thulium laser enucleation (HoLEP, ThuLEP) and 
robotic-assisted simple prostatectomy (RASP) as effective alternatives to OSP.11 These procedures are now supported for 
their comparable efficacy and reduced perioperative morbidity. The updated guideline emphasizes individualized 

Figure 4 Post-void residual (PVR) over time. PVR significantly decreased in all groups after surgery and remained low during follow-up. No significant differences were 
observed among B-TUEP, ThuLEP, and RASP at any time point.

Figure 5 Quality of life (QoL) scores over time. QoL scores improved significantly in all groups postoperatively. At 6 months, RASP showed significantly better QoL 
compared to B-TUEP and ThuLEP (p = 0.026), though this difference was not significant at 12 months (p = 0.054).
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treatment planning, integrating patient factors, surgeon expertise, and institutional resources. This shift reflects broader 
trends in urologic surgery toward minimally invasive approaches and shared decision-making, offering more options with 
improved recovery profiles for patients with large prostates. However, current literature contains relatively few head-to- 
head comparative studies evaluating the advantages and disadvantages of different surgical approaches. Previously, we 
published a study comparing B-TUEP, ThuLEP, and RASP,17 from which several important conclusions were drawn: All 
three procedures were found to be effective and safe for large prostates, with unique advantages depending on the clinical 
priority: functional outcome (RASP), recovery and pain (ThuLEP), or efficiency (B-TUEP). Compared to our previous 
publication, the current study represents significant methodological and clinical advancement. It features a larger cohort, 
focuses on older adult patients, extends the follow-up period to 12 months, and incorporates broader safety and patient- 
centered outcome measures. While both studies found that B-TUEP, ThuLEP, and RASP effectively improve LUTS and 
flow rates in large prostate patients, the 2025 study offers a more comprehensive evaluation by incorporating longer 
follow-up, detailed pain and safety endpoints (eg, PAR, UTI, URV), and a focused analysis on older adults patients. The 
new findings highlight ThuLEP as the most favorable for perioperative comfort and RASP as the safest in terms of 
infection risk, supporting individualized, patient-centered surgical planning. The 2025 study concludes that the three 
surgical approaches—B-TUEP, ThuLEP, and RASP—provide comparable improvements in symptom severity (IPSS) and 
urinary flow rates (Qmax), with no statistically significant differences among them. Importantly, it also reports similar 
medication-free survival across all procedures, further supporting their long-term therapeutic equivalence.

In our study, the ThuLEP group demonstrated the lowest pain scores on postoperative days 1 and 2, along with the 
lowest rates of prolonged analgesic use and injectable analgesic administration. We believe this may be attributed to the 

Figure 6 Kaplan–Meier curves of medication-free survival. Medication-free survival over 60 months was comparable among B-TUEP, ThuLEP, and RASP groups. No 
significant difference was observed (Log rank test p = 0.085), indicating similar long-term efficacy in maintaining symptom control without BPH-related medications.
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shallower depth of thermal penetration associated with thulium laser. Comparative studies on the thermal effects of 
bipolar energy and laser in prostatic tissue have shown that bipolar energy results in a thermal penetration depth of 
approximately 2.4 ± 0.84 mm, whereas thulium laser exhibits a much shallower penetration depth of around 0.2 mm.27,28 

Bipolar energy produces a deeper and thicker layer of thermal necrosis compared with thulium laser, which may induce 
greater local inflammation and postoperative discomfort, explaining the observed difference in pain levels. The lower 
incidence of postoperative UTI observed following RASP in our study may be explained by the reduced urethral 
manipulation and less high-pressure irrigation, which in endoscopic procedures can raise intravesical pressure, disrupt 
the mucosa, and facilitate bacterial invasion.29

This study has several limitations. All procedures were performed by a single surgeon at a tertiary center, which may 
limit generalizability. Although patients were prospectively enrolled, data were collected retrospectively, introducing 
potential bias. Patients in the RASP group had a significantly lower Charlson Comorbidity Index (CCI) compared with 
the endoscopic groups, suggesting a potential selection bias, as healthier individuals with fewer systemic comorbidities 
and their physicians were more likely to choose the robotic approach when considering surgical options for large 
prostates. The 12-month functional outcome follow-up may not capture long-term results, and the smaller RASP group 
size may reduce statistical power. In addition, the non-randomized design and unequal sample sizes among groups may 
have limited the ability to detect subtle intergroup differences. Future multicenter studies with longer follow-up, patient- 
reported outcomes, and cost-effectiveness analyses are needed. Nonetheless, this study offers practical guidance for 
surgical selection in large BPH, being the first to compare B-TUEP, ThuLEP, and RASP using consistent metrics and 
introducing medication-free survival as a long-term efficacy measure. Our findings support individualized decision- 
making: ThuLEP for patients concerned about pain, RASP for those with very large prostates or recurrent UTIs, and 
B-TUEP for faster recovery. All three techniques demonstrated comparable long-term outcomes.

Conclusions
This study demonstrates that B-TUEP, ThuLEP, and RASP are all effective for treating large-volume BPH, with 
comparable improvements in LUTS, urinary flow, and medication-free survival over 12 months. Each technique offers 
unique advantages—ThuLEP for lower postoperative pain, RASP for reduced infection risk, and B-TUEP for procedural 
efficiency. These findings highlight the value of individualized surgical planning based on patient characteristics and 
preferences, supporting all three as viable options for managing large prostates in older adults.
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