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Purpose: This study was conducted to evaluate the efficacy of bladder outlet surgery in patients with detrusor underactivity 
(DU) and to identify factors associated with successful outcomes.
Methods: We conducted a retrospective review of men diagnosed with DU in urodynamic studies who underwent bladder 
outlet surgery for lower urinary tract symptoms between May 2018 and April 2023. The International Prostate Symptom Score 
(IPSS) questionnaire, uroflowmetry (UFM), and multichannel urodynamic studies were administered. Successful treatment 
outcomes were defined as either an IPSS improvement of at least 50% or the regaining of spontaneous voiding in patients ure-
thral catheterization prior to surgery.
Results: The study included 93 male patients. Men diagnosed with significant or equivocal bladder outlet obstruction (BOO) 
experienced significant postoperative improvements in IPSS (from 20.6 to 6.0 and from 17.4 to 6.5, respectively), maximum 
urine flow rate (from 5.0 mL/sec to 14.4 mL/sec and from 8.8 mL/sec to 12.2 mL/sec, respectively) and voiding efficiency (from 
48.8% to 86.0% and from 61.2% to 85.1%, respectively). However, in the group without obstruction, the improvements in IPSS 
and UFM results were not significant. The presence of detrusor overactivity (odds ratio [OR], 3.152; P=0.025) and preoperative 
urinary catheterization (OR, 2.756; P=0.040) were associated with favorable treatment outcomes. Conversely, an unobstructed 
bladder outlet was identified as a negative prognostic factor.
Conclusions: In men with DU accompanied by equivocal or significant BOO, surgical intervention to alleviate the obstruc-
tion may enhance the IPSS, quality of life, and UFM results. However, those with DU and an unobstructed bladder outlet face 
a comparatively high risk of treatment failure. Preoperative detrusor overactivity and urinary catheterization are associated 
with more favorable surgical outcomes. Consequently, active deobstructive surgery should be considered for patients with DU 
who are experiencing urinary retention.
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INTRODUCTION

Bladder outlet deobstructive procedures, such as transurethral 
resection of the prostate (TURP) or laser prostatectomy, are ef-
fective in treating voiding dysfunction that is refractory to med-
ical treatment [1, 2]. However, the efficacy of deobstructive sur-
gery may differ among patients with detrusor underactivity 
(DU) [3-5]. This condition is characterized by contractions of 
reduced strength and/or duration, leading to prolonged bladder 
emptying and/or the inability to achieve complete emptying 
within a typical timeframe [6]. The variability in research find-
ings regarding these surgical procedures may stem from certain 
factors that have been overlooked, such as the presence and se-
verity of bladder outlet obstruction (BOO). However, few stud-
ies have explored prognostic factors in these cases. The present 
study was conducted to assess the efficacy of surgical interven-
tion for BOO in patients with DU, as well as to identify factors 
associated with postoperative success. This was achieved by in-
tegrating preoperative clinical data with comprehensive urody-
namic assessments. The ultimate objective was to identify suit-
able candidates for surgery and consequently enhance surgical 
outcomes.

MATERIALS AND METHODS

We conducted a retrospective review of patients diagnosed with 
DU, characterized by a bladder contractility index (BCI) of less 
than 100 in a preoperative pressure-flow study, who underwent 
surgery for BOO at our institution from May 2018 to April 
2023. We excluded patients with urethral stricture, those who 
had undergone repeated surgery for BOO, and those with a 
clear neurogenic bladder etiology, including spinal cord injury 
and multiple sclerosis. Prior to surgery, all patients underwent a 
baseline assessment of lower urinary tract function, which in-
cluded uroflowmetry (UFM), a postvoid residual (PVR) urine 
test, and a multichannel urodynamic study. The multichannel 
urodynamic study, consisting of filling cystometry and a pres-
sure-flow study, was conducted preoperatively in accordance 
with International Continence Society recommendations for 
good urodynamic practice [7]. UFM parameters such as voided 
volume (VV), maximum flow rate (Qmax), bladder capacity, 
and voiding efficiency were obtained from the UFM and PVR 
data. Bladder capacity was calculated as the sum of VV and 
PVR, while voiding efficiency was determined by dividing VV 
by bladder capacity. During the multichannel urodynamic study, 

we recorded bladder sensation, compliance, and the presence of 
detrusor overactivity (DO) as filling phase parameters. Voiding 
phase parameters included detrusor pressure at maximum flow 
rate (PdetQmax), Qmax, VV, bladder capacity, and PVR. We 
stratified patients using the bladder outlet obstruction index 
(BOOI), calculated as PdetQmax−2Qmax [8], with a BOOI 
greater than 40, which is generally accepted as indicative of clin-
ical obstruction in men. Equivocal obstruction was defined as a 
BOOI between 20 and 40.

All patients underwent surgery for BOO, with procedures in-
cluding TURP, GreenLight photoselective vaporization of the 
prostate (GLPVP), and transurethral incision of the bladder 
neck (TUIBN). Three months postoperatively, the International 
Prostate Symptom Score (IPSS) questionnaire, UFM, and PVR 
testing were administered. Treatment success was defined as a 
reduction in the total IPSS of at least 50% compared to baseline 
or the restoration of spontaneous voiding in patients who re-
quired urinary catheterization before surgery.

Data and Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 
ver. 25.0 (IBM Co., Armonk, NY, USA). Continuous variables 
are presented as mean±standard deviation, while categorical 
variables are expressed as numbers and percentages. For statisti-
cal comparisons between groups, the Kruskal-Wallis and Mann-
Whitney U-tests were employed for continuous variables, while 
the chi-square and McNemar tests were used for categorical 
variables. The Fisher exact test was applied when more than 
20% of the expected frequencies were less than 5. Within-group 
differences between baseline and follow-up were analyzed using 
the paired t-test for continuous variables and the McNemar test 
for categorical variables. Univariate and multivariate logistic re-
gression analyses were utilized to identify potential predictors of 
treatment success. A 2-tailed P-value of less than 0.05 was con-
sidered to indicate statistical significance for all analyses.

RESULTS

The study included a total of 93 male patients. The demographics 
of participants who underwent TURP, GLPVP, and TUIBN are 
detailed in Supplementary Table 1. Of these patients, 49 (52.7%) 
had significant BOO, 33 (35.5%) had equivocal BOO, and 11 
(11.8%) had no obstruction. Regarding urodynamic parameters, 
the presence of DO during the storage phase, mean PdetQmax, 
and BCI all decreased progressively with lower grades of BOO. A 
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lower Qmax was observed among those with significant obstruc-
tion compared to the equivocally obstructed and unobstructed 
groups. The clinical baseline demographics and preoperative 

urodynamic parameters, stratified by BOOI, are presented in Ta-
ble 1.

Table 2 summarizes the therapeutic outcomes among patients 

Table 1. Baseline demographics and urodynamic parameters in patients with detrusor underactivity stratified by bladder outlet ob-
struction index (BOOI)

Variable BOOI>40 20≤BOOI≤40 BOOI<20 P-valuea)

Case number 49 (53) 33 (35) 11 (12)

Age (yr) 72.2±10.5 69.8±12.4 64.7±12.1

Total prostate volume (mL) 63.9±34.4 50.6±32.6 43.4±33.8

IPSS total scores 20.5±6.6 18.9±8.3 23.0±6.7

QoL index 5.1±0.7 4.5±0.9 5.0±0.9 0.008*

Urinary catheterization 29 (59) 12 (36) 4 (36)

Comorbidities

   Diabetes mellitus 11 (22) 14 (42) 2 (18)

   Cerebral vascular disease 1 (2) 2 (6) 2 (18)

   Hypertension 27 (55) 20 (63) 4 (36)

   Chronic kidney disease 10 (20) 6 (18) 2 (18)

   Coronary artery disease 4 (8) 10 (30) 1 (9) 0.022*

   COPD 3 (6) 3 (9) 0 (0)

Medication

   Alpha blocker 42 (86) 27 (82) 9 (82)

   5ARI 22 (45) 19 (58) 7 (64)

   Bethanechol 11 (22) 11 (33) 5 (46)

   Antimuscarinics or mirabegron 8 (16) 4 (12) 1 (9)

Uroflowmetry

   Qmax (mL/sec) 4.4±2.8 7.6±5.8 6.2±3.1 0.006*

   Voiding volume (mL) 92±86 166±144 118±111 0.024*

   PVR (mL) 227±210 113±130 116±142 0.013*

   Voiding efficacy (%) 40.1±31.8 60.2±39.4 58.9±39.9 0.041*

Pressure-flow study

   First sensation (mL) 134±60 142±92 185±37

   Compliance 27±22 50±63 41±32

   Capacity (mL) 289±119 281±147 343±114

   DO 40 (82) 21 (64) 4 (36) 0.008*

   DOI 14 (29) 8 (24) 3 (27)

   PdQmax (cm H2O) 62.9±12.2 42.8±6.3 25.5±10.1 <0.001**

   Qmax (mL/sec) 3.2±2.4 5.5±2.7 7.6±3.9 <0.001**

   BCI 79.1±15.1 70.1±17.6 63.2±26.0 0.009*

Values are presented as number (%) or mean±standard deviation.
IPSS, International Prostate Symptom Score; QoL, quality of life; COPD, Chronic obstructive pulmonary disease; 5ARI, 5 alpha reductase inhibitor; 
Qmax, maximum flow rate; PVR, postvoid residual; DO, detrusor overactivity; DOI, Detrusor overactivity incontinence; PdQmax, detrusor pres-
sure at the maximum flow rate; BCI, bladder contractility index.
*P<0.05. **P<0.01. a)Kruskal-Wallis or chi-square test, and those with P≥0.05 are left blank.
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with DU who underwent surgery for BOO, categorized by 
BOOI. Both the IPSS—which included the total score, storage 
subscore, voiding subscore, and quality-of-life index —and 
each parameter showed significant improvement after surgery 
in the group with obstruction (all P<0.05). UFM parameters 
also significantly improved following surgery, with VV increas-
ing from 115 mL to 170 mL (P=0.017), Qmax improving from 
5.0 mL/sec to 14.4 mL/sec (P<0.001), PVR decreasing from 204 

mL to 44 mL (P<0.001), and voiding efficiency improving from 
48.8% to 86.0% (P<0.001), in patients who presented with sig-
nificant BOO. Conversely, among the patients without obstruc-
tion, improvements in IPSS and UFM were not significant apart 
from Qmax, which increased from 6.9 mL/sec to 14.7 mL/sec 
(P=0.039). Among the patients with obstruction, the propor-
tions requiring α-blockers and 5α-reductase inhibitors signifi-
cantly decreased after surgery, from 86% to 22% (P<0.001) for 

Table 2. Changes of subjective and objective parameters at baseline and at follow-up in patients with detrusor underactivity stratified 
by bladder outlet obstruction index (BOOI)

Variable Operation BOOI>40 20≤BOOI≤40 BOOI<20

Successful treatment 37 (76) 21 (64) 3 (27)

IPSS

   Total scores Pre 20.6±6.8 17.4±7.9 21.5±5.4

Post 6.0±7.0** 6.5±7.3** 14.3±9.6

   Storage subscore Pre 9.1±3.8 7.2±4.0 6.9±3.7

Post 4.3±3.4** 4.1±3.5* 4.9±2.9

   Voiding subscore Pre 12.3±4.1 11.4±5.4 14.6±3.5

Post 2.9±4.0** 3.9±4.4** 9.4±7.1

   QoL index Pre 5.1±0.7 4.3±0.7 4.9±0.8

Post 2.4±1.3** 2.9±1.6* 3.8±2.4

Uroflowmetry

   Qmax (mL) Pre 5.0±2.9 8.8±6.4 6.9±3.1

Post 14.4±8.5** 12.2±5.1* 14.7±8.7*

   Voiding volume (mL) Pre 115±90 204±141 151±114

Post 170±107* 197±122 223±123

   PVR (mL) Pre 204±191 101±126 49±69

Post 44±74** 31±43* 83±72

   Voiding efficacy (%) Pre 48.8± 31.3 61.2±40 68.8±36.4

Post 86.0±18.9** 85.1±17.2* 62.5±32.3

Medication

   Alpha blocker Pre 42 (86) 27 (82) 9 (82)

 Post 11 (22)** 5 (15)** 6 (55)

   5ARI Pre 22 (45) 19 (58) 7 (64)

Post 8 (16)* 3 (9)** 2 (18)

   Bethanechol Pre 11 (22) 11 (33) 5 (46)

Post 6 (12) 3 (9)* 4 (36)

   Antimuscarinics or β3 agonists Pre 8 (16) 4 (12) 1 (9)

Post 11 (22) 7 (21) 2 (18)

Values are presented as number (%) or mean±standard deviation.
IPSS, International Prostate Symptom Score; Pre, preoperation; Post, postoperation; QoL, quality of life; Qmax, maximum flow rate; PVR, postvoid 
residual; 5ARI, 5 alpha reductase inhibitor.
*Differences in changes after treatment <0.05. **Differences in changes after treatment <0.01. 



www.einj.org    63

 Chuang, et al.  •  DU Receiving BOO Surgery INJ

Int Neurourol J  March 31, 2024

α-blockers and from 45% to 16% (P=0.003) for 5α-reductase 
inhibitors. A similar trend was observed in the equivocal group, 
with the proportion of patients taking α-blockers dropping from 
82% to 15% (P<0.001) and those on 5α-reductase inhibitors 
falling from 58% to 9% (P <0.001). However, no significant 
postoperative reduction in the use of these medications was ob-
served among the patients with no obstruction.

Table 3 presents the preoperative clinical characteristics and 
multichannel urodynamic parameters of the patients who un-
derwent surgery for BOO, categorized by treatment outcome. 
Of these patients, 61 (65.6%) experienced an IPSS reduction of 
at least 50% or regained spontaneous voiding within 3 months 
following surgery. The patients with successful outcomes dis-
played significantly higher DO prevalence (80% vs. 50%, P= 
0.002), PdetQmax (54.5 cm H2O vs. 45.4 cm H2O, P=0.012), 
and BOOI (46.1 vs. 34.9, P=0.008) compared to those with un-
successful treatment. No significant differences were observed 
in baseline IPSS score, Qmax, PVR, or voiding efficacy prior to 
surgery. Multivariate analysis indicated that the presence of DO 
(odds ratio [OR], 3.152; P=0.025) and preoperative urethral 
catheterization (OR, 2.756; P=0.040) were associated with fa-
vorable treatment outcomes. Conversely, an unobstructed blad-
der outlet was identified as a factor negatively associated with 
treatment success (OR, 4.599; P=0.049) following surgery for 
BOO (Table 4).

DISCUSSION

The benefit of bladder outlet surgery for the treatment of lower 
urinary tract symptoms in patients with DU is unclear. Our 
study revealed that 66% of these patients reported subjective 
improvement following bladder outlet surgery. BOOI repre-
sented a key prognostic factor. Patients with positive or equivo-
cal BOO experienced benefits from deobstructive surgery, 
whereas those without obstruction did not show significant im-
provement. Additionally, the presence of DO and the preopera-
tive use of urethral catheterization were favorable prognostic 
indicators for patients with DU undergoing bladder outlet sur-
gery. These findings suggest that careful patient selection could 
optimize the outcomes of bladder outlet surgery in clinical 
practice.

Several explanations have been proposed for DU [9, 10]. One 
theory suggests that DU may arise from bladder decompensa-
tion following chronic BOO caused by collagen deposition 
within the bladder wall. This accumulation leads to progressive 

Table 3. Baseline demographics and urodynamic parameters 
stratified by outcomes

Variable Success (n=61) Failure (n=32) P-valuea)

Age> 65 yr 49 (80) 20 (63) 0.082

Prostate volume>30 mL 52 (85) 23 (72) 0.167

Prostate volume>45 mL 35 (57) 13 (41) 0.125

IPSS total scores 20.0±7.6 20.6±6.8 0.696

   IPSS≥20 32 (52) 16 (50) 0.468

   Storage subscore 7.9±4.2 8.3±3.8 0.688

   Voiding subscore 12.0±5.2 12.3±5.0 0.773

   QoL index 5.0±0.7 4.6±1.0 0.112

Urinary catheterization 35 (57) 10 (31) 0.017*

Comorbidities

   Diabetes mellitus 20 (33) 7 (22) 0.271

   Stroke 2 (3) 3 (9) 0.335

   Dementia 4 (6) 0 0.295

   Hypertension 34 (57) 17 (53) 0.745

   Chronic kidney disease 12 (20) 6 (19) 0.915

   Coronary artery disease 10 (16) 5 (16) 0.924

   COPD 4 (7) 2 (6) 1.000

Uroflowmetry

   Qmax (mL/sec) 5.4±3.4 6.7±5.8 0.268

   Voiding volume (mL) 115±108 139±135 0.357

   PVR (mL) 190±195 145±166 0.266

   Voiding efficacy (%) 49±38 52±36 0.724

Pressure-flow study

   First sensation (mL) 137±70 153±77 0.311

   Compliance 33±31 44±60 0.351

   Capacity (mL) 289±129 300±133 0682

   DO 49 (80) 16 (50) 0.002*

   DOI 16 (26) 9 (28) 0.845

   PdQmax (cm H2O) 54.5±14.9 45.4±18.5 0.012*

   Qmax (mL/sec) 4.2±2.9 5.3±3.3 0.105

   BCI 75.3±16.8 71.6±20.9 0.397

   BOOI 46.1±17.7 34.9±21.5 0.008*

   BOOI ≥20 (%) 58 (95) 24 (75) 0.007*

Values are presented as number (%) or mean±standard deviation.
IPSS, International Prostate Symptom Score; QoL, quality of life; COPD, 
Chronic obstructive pulmonary disease; Qmax, maximum flow rate; 
PVR, postvoid residual; DO, detrusor overactivity; DOI, Detrusor over-
activity incontinence; PdQmax, detrusor pressure at the maximum flow 
rate; BCI, bladder contractility index; BOOI, bladder outlet obstruction 
index.
*P<0.05. **P<0.01. a)Mann-Whitney U-test or chi-square test.
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bladder fibrosis and a subsequent reduction in bladder contrac-
tility [10, 11]. Outcomes of deobstructive surgery among pa-
tients with DU have been inconsistent. Some studies have re-
ported IPSS improvements, benefits to urine flow, or restora-
tion of spontaneous voiding after surgery [12-15]. In contrast, 
other research indicates that patients with DU are less likely to 
see improvements or may even experience worse outcomes fol-
lowing surgery compared to those without DU [4, 16]. The 
variability in surgical outcomes may stem from differing defini-
tions of treatment success. Although improvements after deob-
structive surgery were less pronounced among patients with 
DU than in those without this condition, they were still signifi-
cant [16-18]. Furthermore, not all studies have reported the 
proportion of patients who did not have BOO. Logic indicates 
that patients without BOO may not benefit from deobstructive 
surgery.

BOOI is a key predictor of operative outcomes in patients 
undergoing surgery to alleviate prostate obstruction [19]. It has 
also been identified as an important parameter in patients with 
DU who undergo deobstructive surgery [20, 21]. BOO is impli-
cated in complex cases of voiding dysfunction, and alleviating 
the obstruction can partially address this condition. Addition-
ally, a higher BOOI may indicate a relatively early stage of blad-
der decompensation, which preserves more bladder contractili-
ty relative to patients without obstruction. Patients with higher 
BOOI may therefore benefit from early correction of BOO, be-
fore bladder decompensation occurs [9]. However, further re-
search is necessary to validate the 3-stage model hypothesis and 
to ascertain the optimal timing for surgical intervention in pa-
tients with BOO. Deobstructive surgery may offer minimal 
benefit to patients without obstruction, as BOO is not a prima-

ry cause of voiding dysfunction.
The role of DO in bladder outlet surgery remains a subject of 

debate. Liu et al. [22] and the present findings indicate that pre-
operative DO is a positive prognostic factor in patients with 
DU undergoing bladder outlet surgery. In contrast, a recent 
meta-analysis found no correlation between preoperative DO 
and surgical outcomes in male patients with BOO [23]. More-
over, a large-scale study demonstrated that both age and BOO 
are independently associated with the presence of DO [24]. DO 
may represent a secondary response of the bladder to BOO 
during the compensated phase, and surgical relief of the ob-
struction may reverse DO along with symptoms of overactive 
bladder [9, 25, 26]. This could account for our observation that 
patients with preoperative DO experienced better outcomes 
than those without DO. Further research is necessary to eluci-
date the impact of preoperative DO on the results of bladder 
outlet surgery.

Regaining spontaneous voiding is often the primary goal of 
patients experiencing urinary retention during catheterization. 
The characteristics of patients who undergo catheterization dif-
fer markedly from those who are capable of spontaneous void-
ing. In our cohort, patients with catheters exhibited a compara-
tively poor quality of life, reduced bladder compliance, lower 
BCI, and higher BOOI, as detailed in Supplementary Table 2. 
Furthermore, treatment goals differ between patients with and 
without urethral catheterization. Urinary catheterization can 
cause substantial discomfort and severely diminish quality of 
life and self-esteem. Patients with urinary catheters may focus 
primarily on regaining spontaneous voiding, whereas those 
without catheters often aim to achieve improved voiding quali-
ty—a goal that may present greater challenges. In the present 

Table 4. Logistic regression for predictors of good subjective outcomes before bladder outlet deobstruction surgery

Variable
Univariate logistic regression Multivariate logistic regression

OR 95% CI P-value OR 95% CI P-value

Age>65 yr 2.450 0.943–6.362 0.066 - - -

Prostate volume>30 mL 2.261 0.794–6.436 0.126 - - -

Prostate volume>45 mL 1.967 0.825–4.692 0.127 - - -

Urinary catheterization 2.962 1.200–7.310 0.019* 2.756 1.046–7.264 0.040*

DO 4.083 1.599–10.426 0.003* 3.152 1.154–8.615 0.025*

BCI 1.011 0.988–1.035 0.359 - - -

BOOI≥20 6.444 1.574–26.386 0.010* 4.599 1.005–21.041 0.049*

OR, odds ratio; CI, confidence interval; DO, detrusor overactivity; BCI, bladder contractility index; BOOI, bladder outlet obstruction index.
*Differences in changes after treatment <0.05.
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study, we observed that 78% of patients who underwent ure-
thral catheterization prior to deobstructive surgery regained 
spontaneous voiding. A similarly high success rate for postop-
erative de-catheterization was reported by Thomas et al. [15], 
who evaluated patients with DU and urinary retention after 
GLPVP. Given this success rate, coupled with the reduced risk 
of urinary tract infections and improvements in quality of life 
after catheter removal, it seems reasonable to recommend de-
obstructive surgery for patients experiencing urine retention 
due to DU, particularly when positive or equivocal BOO is 
present and the patient can tolerate the procedure.

The present study highlighted the usefulness of multichannel 
urodynamic parameters in patients with DU who underwent 
surgery for BOO. However, the research had several limitations. 
First, the study was retrospective; additionally, although its 
sample was large, this sample size was comparable to those of 
prior studies investigating interventions for DU. Second, the 
absence of a conservative control group means that we cannot 
confirm the benefits of deobstructive surgery. Nevertheless, the 
comparison of preoperative and postoperative outcomes sheds 
light on the surgical effects. Third, the lack of postoperative 
urodynamic studies precluded us from fully evaluating the 
changes in urodynamic parameters following surgery. To over-
come these limitations and provide stronger evidence for future 
research, further prospective studies with a randomized design 
are necessary.

In conclusion, surgery for BOO may be advantageous in 
terms of IPSS, quality of life, and UFM parameters for patients 
with DU who also have equivocal or significant BOO. However, 
those with DU and an unobstructed bladder outlet face a high-
er risk of treatment failure. The presence of urodynamic DO 
and preoperative urethral catheterization were found to be as-
sociated with favorable operative outcomes. Therefore, surgery 
for BOO can be considered for patients with DU following 
urodynamic evaluation and appropriate counseling, particular-
ly for those experiencing urinary retention.

SUPPLEMENTARY MATERIALS

Supplementary Tables 1 and 2 can be found via https://doi.org/ 
10.5213/inj.2346252.126.
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Supplementary Table 1. Baseline demographics urodynamic parameters in patients with detrusor underactivity categorized by the 
type of surgery

Variable Bipolar TURP GLPVP TUIBN P-valuea)

Case number 44 (47) 36 (39) 13 (14)

Age (yr) 72.0±9.5 72.9±10.7 58.6±13.7 <0.01**

Total prostate volume (mL) 51.4±30.9 74.8±32.9 22.0±5.7 <0.01**

IPSS total scores 19.4±8.7 19.9±5.2 23.3±7.5

QoL index 5.0±0.8 4.7±0.8 4.6±1.1

Urinary catheterization 24 (55) 17 (47) 4 (31)

Comorbidities

   Diabetes mellitus 13 (30) 10 (28) 4 (31)

   Cerebral vascular disease 3 (7) 0 2 (15)

   Hypertension 24 (55) 21 (60) 6 (46)

   Chronic kidney disease 9 (21) 6 (17) 3 (23)

   Coronary artery disease 8 (18) 6 (17) 1 (8)

   COPD 4 (9) 1 (3) 1 (8)

Uroflowmetry

   Qmax (mL/sec) 5.3±3.2 6.1±5.2 7.3±5.6

   Voiding volume (mL) 114±93 120±117 164±187

   PVR (mL) 193±219 176±160 106±111

   Voiding efficacy (%) 53.0±38.9 44.6±31.9 55.1±42.8

Pressure-flow study

   First sensation (mL) 139±69 132±56 188±107 0.047*

   Compliance 29±31 41±47 52±62

   Capacity (mL) 283±129 294±120 323±158

   DO* 29 (66) 30 (83) 6 (46) 0.032*

   DOI 9 (21) 11 (31) 5 (39)

   PdQmax (cm H2O) 49.0±18.1 56.8±12.3 44.2±19.2 0.027*

   BCI 71.6±18.1 79.9±15.3 66.1±22.5 0.030*

   BOOI 39.9±21.0 47.6±16.0 35.4±22.5

Values are presented as number (%) or mean±standard deviation.
TURP, transurethral resection of the prostate; GLPVP, GreenLight photoselective vaporization of the prostate; TUIBN, transurethral incision of the 
bladder neck; IPSS, International Prostate Symptom Score; QoL, quality of life; COPD, chronic obstructive pulmonary disease; Qmax, maximum 
urine flow rate; PVR, postvoid residual; DO, detrusor overactivity; DOI, Detrusor overactivity incontinence; PdQmax, detrusor pressure at the max-
imum flow rate; BCI, bladder contractility index; BOOI, bladder outlet obstruction index.
*P<0.05. **P<0.01. a)Kruskal-Wallis or chi-square test, and those with P≥0.05 are left blank. 
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Supplementary Table 2. Baseline demographics and urody-
namic parameters stratified by urinary catheterization

Variable
Urinary 

catheterization 
(n=45)

Self-voiding 
(n=48) P-valuea)

Age>65 yr 37 (82) 32 (67) 0.087
Prostate volume>30 mL 41 (91) 34 (71) 0.018*
Prostate volume>45 mL 23 (52) 25 (52) 0.925
IPSS total scores 20.5±8.9 19.9±6.0 0.265
   IPSS≥20 24 (53) 24 (50) 0.725
   Storage subscore 8.0±4.5 8.1±3.7 0.841
   Voiding subscore 12.5±6.1 11.8±4.2 0.309
   QoL index 5.2±0.8 4.6±0.8 0.002*
Treatment success 35 (78) 26 (54) 0.017*
Comorbidities
   Diabetes mellitus 15 (33) 12 (25) 0.376
   Stroke 2 (4) 3 (6) 1.000
   Dementia 2 (4) 2 (4) 1.000
   Hypertension 26 (58) 25 (53) 0.658
   Chronic kidney disease 9 (20) 9 (19) 0.879
   Coronary artery disease 9 (20) 6 (13) 0.326
   COPD 4 (9) 2 (4) 0.425
Uroflowmetry
   Qmax (mL/sec) 3.6±2.4 7.6±4.9 <0.001*
   Voiding volume (mL) 61±51 174±133 <0.001*
   PVR (mL) 265±182 87±144 <0.001*
   Voiding efficacy (%) 27±28 69±32 <0.001*
Pressure-flow study
   First sensation (mL) 141±69 144±76 0.782
   Compliance 25±24 48±54 0.001*
   Capacity (mL) 293±141 292±120 0.791
   DO 34 (76) 31 (65) 0.249
   DOI 14 (31) 11 (23) 0.373
   PdQmax (cm H2O) 54.8±19.0 48.0±13.7 0.109
   Qmax (mL/sec) 2.9±2.2 6.1±2.9 <0.001*
   BCI 69.3±18.9 78.5±16.7 0.021*
   BOOI 49.1±20.8 35.9±16.5 0.005*
   BOOI≥20 41 (91) 41 (85) 0.395

Values are presented as number (%) or mean±standard deviation.
IPSS, International Prostate Symptom Score; QoL, quality of life; COPD, 
Chronic obstructive pulmonary disease; Qmax, maximum urine flow 
rate; PVR, postvoid residual; DO, detrusor overactivity; DOI, Detrusor 
overactivity incontinence; PdQmax, detrusor pressure at the maximum 
flow rate; BCI, bladder contractility index; BOOI, bladder outlet obstruc-
tion index.
*P<0.05. **P<0.01. a)Mann-Whitney U-test or chi-square test.


