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Twelve-week, prospective, open-label, randomized 
trial on the effects of an anticholinergic agent or 
antidiuretic agent as add-on therapy to an alpha-
blocker for lower urinary tract symptoms

Purpose: The effects of an anticholinergic or antidiuretic agent as add-on therapy to an 

 alpha-blocker for lower urinary tract symptoms (LUTS) according to a voiding diary in 3 days are 

unknown. We prospectively investigated the efficacy of an anticholinergic or antidiuretic agent 

as add-on therapy for nocturia in men previously treated with an alpha-blocker for LUTS.

Subjects and methods: Patients were randomly subdivided into two groups. All patients 

had a 4-week washout. Group A had alpha-blocker for 4 weeks, then an alpha-blocker plus an 

anticholinergic agent for 4 weeks, and, finally, 4 weeks of an alpha-blocker plus an antidiuretic 

agent. Group B had an alpha-blocker for 4 weeks, then an alpha-blocker plus an antidiuretic 

agent for 4 weeks, and, finally, 4 weeks of an alpha-blocker plus an anticholinergic agent. In both 

groups, patients were subdivided into nocturnal polyuria, decreased nocturnal bladder capacity 

(NBC), or nocturia by both causes subgroups. A 3-day voiding diary, total International Prostate 

Symptom Score (IPSS), IPSS sub-scores, Overactive Bladder Symptom Score, uroflowmetry, 

and post-void residual urine volume, were assessed at baseline, and at 4, 8, and 12 weeks.

Results: A total of 405 patients completed the study. During treatment, the changes from 

baseline in total IPSS and IPSS sub-scores were significantly decreased at 4 weeks and were 

maintained for 12 weeks. In the nocturnal polyuria subgroup of Groups A and B, the number of 

episodes of nocturia in 3 days, nocturnal urine volume, and nocturnal index were significantly 

decreased using an alpha-blocker plus an antidiuretic agent. In the decreased NBC subgroup 

of Groups A and B, IPSS storage sub-score, Overactive Bladder Symptom Score, number of 

episodes of nocturia in 3 days, number of episodes of urgency in 3 days, and NBC index were 

all significantly decreased using an alpha-blocker plus an anticholinergic agent.

Conclusion: An anticholinergic agent or antidiuretic agent as an add-on therapy in men previ-

ously treated with an alpha-blocker improves nocturia including LUTS.

Keywords: LUTS, nocturia, nocturnal bladder capacity, benign prostatic hyperplasia

Introduction
Benign prostatic hyperplasia (BPH) often causes bladder-outlet obstruction (BOO) and 

commonly results in lower urinary tract symptoms (LUTS). LUTS diminish quality 

of life by interfering with daily activities and decreasing psychological well-being. 

In men, LUTS are typically treated initially with agents that target the prostate, such 

as an alpha-blocker. However, alpha-blockers may have limited efficacy in relieving 

overactive bladder (OAB) symptoms.1

Storage symptoms often independently occur and persist in many men after phar-

macologic treatment for BOO.2 Therefore, treatments that target the prostate often 

fail to alleviate OAB symptoms and may not be the most appropriate therapy for men 
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with storage LUTS.3 Treatment with an alpha-blocker and 

an anticholinergic agent improves LUTS compared with an 

alpha-blocker alone.4–6 LUTS are one of the major causes of 

nocturia in older men and are associated with a decreased 

bladder capacity due to detrusor overactivity or high post-

voiding residual volume (PVR), which results in decreased 

voiding volume and increased micturition frequency.7 Because 

BOO is a potential risk factor for nocturia, alpha-blockers 

are considered a potential treatment for nocturia. However, 

the relief of BOO is not sufficient to correct nocturia.8 While 

the pathophysiology of nocturia is considered multifactorial, 

nocturnal polyuria (NP) and decreased nocturnal bladder 

capacity (NBC) are the main mechanisms.9

The efficacy and safety of desmopressin in the treatment 

of adults with nocturia have been demonstrated in random-

ized trials.10–12 However, the effects of an anticholinergic 

agent or an antidiuretic agent as an add-on therapy to an 

alpha-blocker in patients with LUTS remain unknown. In 

the study reported here, we analyzed the efficacy of anti-

cholinergic agent and antidiuretic agent add-on therapy for 

refractory nocturia in men previously treated with an alpha-

blocker for LUTS, according to voiding disorders (nocturnal 

polyuria, decreased nocturnal bladder capacity [NBC], or 

nocturia by both causes subgroups).

Patients and methods
Patient selection and data collection
We obtained approval for the study from the institu-

tional review board at our hospital. Between July 2010 

and April 2013, men 50 years of age diagnosed with 

LUTS due to BOO, with a maximum urinary flow rate 

(Q
max

) 15 mL/second, nocturia (1 void/night), and a total 

International Prostate Symptom Score (IPSS) 14 (voiding 

sub-score 8 and storage sub-score 6) were treated with 

an alpha-blocker for at least 4 weeks.13

Four hundred and thirty five patients with persistent 

nocturia were prospectively/retrospectively enrolled after 

providing written informed consent. All patients had a 

4-week drug washout period before enrollment. Patients 

were excluded if they had neurogenic bladder dysfunc-

tion, hyponatremia, uncontrolled hypertension, congestive 

heart failure, history of prostate surgery, interstitial cystitis, 

elevated prostate specific antigen, or had been previously 

treated with anticholinergic drugs or diuretics. Patients were 

randomly divided into two groups at the time of enrollment. 

Group A had an alpha-blocker (tamsulosin 0.2 mg) at bedtime 

more than 4 weeks of an alpha-blocker plus an anticholinergic 

agent (solifenacin 5 mg) orally at bedtime, then, finally, 

4 weeks of an alpha-blocker plus an antidiuretic agent 

(desmopressin 0.2 mg). Group B had an alpha-blocker for 

4 weeks orally at bedtime followed by 4 weeks of an alpha-

blocker plus an antidiuretic agent (desmopressin 0.2 mg) 

orally at bedtime, then, finally, 4 weeks of an alpha-blocker 

plus an anticholinergic agent (solifenacin 5 mg). Patients 

were required to visit the outpatient clinic at the start of the 

study for screening and after 4, 8, and 12 weeks (Figure 1). 

If adverse events occurred, patients were excluded during  

the study without dose titration or drug resting time.

Assessment tools
All patients recorded a 3-day VD at baseline and at 4, 8, and 

12 weeks. Patients in both groups were subdivided into three 

subgroups: NP (voided urine volume during sleep 33% of 

the 24-hour output), decreased NBC (NBC index is greater 

than 0; NBC index corresponds to the actual number of voids 

subtracted by the predicted number of voids; predict number 

of voids, nocturia index –1; nocturia index is the nocturnal 

urine volume divided by functional bladder capacity; and 

functional bladder capacity is the single largest volume 

voided and recorded in VD), and nocturia due to both causes. 

Total IPSS and IPSS sub-scores (voiding and storage) and 

Overactive Bladder Symptom Score (OABSS) were ana-

lyzed at baseline and at 4, 8, and 12 weeks.14 Q
max

 and PVR 

were assessed using flowmetry and ultrasound (9032A0072, 

Medtronic, Skovlunde and TYPE 2202; B&K Medical, Her-

lev, Denmark), respectively. Safety was also evaluated from 

reported adverse events and laboratory data.

statistical analysis
All data are reported as the mean ± standard deviation. 

Data were analyzed using SPSS software (v 15.0; IBM 

BPH patients 

Refractory nocturia despite 
alpha-blocker  medication 

(n=435) 

Screening failure
(n=8)

 
 

Prospectively enrolled 
for the study 

(n=427) 

Withdrawals during follow-up
(n=22)

 
 

Completed study
(n=405)  

 

Figure 1 study design.
Abbreviation: BPh, benign prostate hyperplasia.
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Corporation, Armonk, NY, USA). A P-value of 0.05 was 

considered significant. One-way analysis of variance tests 

were used to compare the baseline data between the groups. 

Mean changes from baseline to 4 weeks, 4–8 weeks, and  

4–12 weeks in total IPSS score, IPSS sub-scores, OABSS, 

Q
max

, and PVR were analyzed using paired Student’s t-test.

Results
Among the 435 patients screened for the study, eight with-

drew due to screening failure. A total of 427 patients were 

prospectively enrolled and 405 patients completed the study 

(Figure 1). Twenty-two (5.4%) patients withdrew due to 

adverse events. Of those, nine withdrew from worse voiding 

by the addition of anticholinergic agent, seven experienced 

dry mouth, and one experienced constipation. Four withdrew 

due to dizziness and hyponatremia when taking an antidi-

uretic agent as add-on therapy. One patient withdrew due to 

uncontrolled hypertension during follow-up.

The baseline characteristics of IPSS and OABSS, uro-

flowmetry parameters, and 3-day VD details of Groups A 

and B are summarized in Table 1. In Groups A and B, the NP 

subgroup displayed significantly higher nocturnal urine vol-

ume and OABSS, while the number of episodes of urgency 

in 3 days and NBC index were lower in this subgroup than in 

the others (P0.05; Tables 2 and 3). In the decreased NBC 

subgroup, the IPSS storage sub-score was significantly higher 

than in the other subgroups in Groups A and B (P0.05; 

Tables 2 and 3). During the treatment, the changes from 

baseline in total IPSS significantly decreased at 4 weeks 

(P0.05; Tables 4 and 5, Figures 2 and 3). The IPSS storage 

sub-score was not significantly altered in any subgroup at 

4 weeks compared with at baseline. The IPSS voiding sub-

score was significantly decreased in the NP subgroup and 

decreased in the NBC subgroup but not in the nocturia due 

to both causes subgroups (Tables 4 and 5, Figures 2 and 3). 

Q
max

 and PVR were not changed at 12 weeks.

In the NP subgroup of Group A, the number of episodes 

of nocturia in 3 days, nocturnal urine volume, and nocturnal 

index were significantly decreased at 12 weeks compared 

with at 4 weeks (P0.05; Table 4 and Figure 4). In Group B,  

nocturnal urine volume and NP index were also decreased 

significantly at 8 weeks compared with at 4 weeks (P0.05; 

Table 5 and Figure 5).

In the decreased NBC subgroup of Group A, IPSS stor-

age sub-score, OABSS, number of episodes of nocturia in 

3 days, number of episodes of urgency in 3 days, and NBC 

index were significantly decreased at 8 weeks compared with 

at 4 weeks (P0.05; Table 4 and Figures 2 and 4). Also in 

Group B, IPSS storage sub-score, OABSS, number of epi-

sodes of nocturia in 3 days, number of episodes of urgency 

Table 1 Baseline characteristics in International Prostate Symptom Score (IPSS) and uroflowmetry parameters, 3-day voiding diary 
(VD) of groups Aa and Bb

Characteristic Group A Group B P-value

Patients 
n 209 196

Age, years 66.6±5.4 64.6±4.4 0.56

BMI, kg/m2 23.5±2.5 22.8±1.9 0.72

IPss 
Total 18.0±5.3 16.5±4.5 0.38

Voiding symptoms 9.0±3.2 8.4±3.5 0.64

storage symptoms 9.0±2.7 8.1±2.5 0.73

nocturia 2.9±0.5 2.8±1.1 0.86

OABss 11.4±5.2 12.8±5.7 0.23

Uroflowmetry 
Qmax, ml/second 13.5±4.7 14.9±5.9 0.17

PVr, ml 33.6±22.7 32.9±20.2 0.69

3-day VD 
nocturia episodes in 3 days, n 8.7±3.2 8.6±2.9 0.93

nocturnal urine volume, ml 666.0±132.9 710.0±152.1 0.14

nocturnal index 1.4±0.3 1.6±0.7 0.37

Urgency episodes in 3 days, n 5.6±2.9 5.9±1.9 0.54

nBC index 0.5±0.1 0.5±0.2 0.93

Notes: Values are mean ± standard deviation. aAlpha-blocker for 4 weeks, followed by alpha-blocker plus an anticholinergic agent for 4 weeks, then, lastly, an alpha-blocker 
plus an antidiuretic agent for 4 weeks; balpha-blocker for 4 weeks, followed by alpha-blocker plus an antidiuretic agent for 4 weeks, then, lastly, an alpha-blocker plus an 
anticholinergic agent for 4 weeks.
Abbreviations: BMI, body-mass index; nBC, nocturnal bladder capacity; OABss, Overactive Bladder symptom score; PVr, post-void residual urine; Qmax, maximum urinary 
flow rate; n, number.
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Table 2 Baseline characteristics of International Prostate Symptom Score (IPSS) and uroflowmetry parameters, 3-day voiding diary 
(VD) of group Aa

Characteristic NP Decreased NBC Nocturia due to  
both causes

P-value

Patients
n 83 51 75
Age, years 62.3±5.7 63.7±5.1 65.1±7.5 ns

BMI, kg/m2 23.8±2.3 25.3±1.5 22.1±3.5 ns

IPss
Total 16.7±6.5 20.2±5.7 18.2±7.4 ns

Voiding symptoms 9.3±3.7 8.3±3.8 9.3±4.9 ns

storage symptoms 7.4±2.5 11.9±2.5* 8.9±3.2 0.05
nocturia 2.7±0.6 3.0±1.3 3.2±1.3 ns

OABss 6.8±3.5* 15.5±7.2 13.8±5.6 0.05
Uroflowmetry

Qmax, ml/second 13.4±5.1 9.9±2.9 16.2±8.7 ns

PVr, ml 35.2±24.5 42.5±13.2* 25.9±20.4 0.05
3-day VD

nocturia episodes in 3 days, n 8.6±3.1 9.7±4.4 8.2±3.7 ns

nocturnal urine volume (ml) 768.0±126.5* 539.0±104.9 642.0±96.2 0.05
nocturnal index 1.5±0.4 1.2±0.6* 1.7±0.4 0.05
Urgency episodes in 3 days, n 1.2±0.3* 9.8±3.5 7.7±4.2 0.05
nBC index -0.3±0.1* 1.4±0.5 0.8±0.3 0.05

Notes: Values are mean ± standard deviation; *P0.05. aAlpha-blocker for 4 weeks, followed by alpha-blocker plus an anticholinergic agent for 4 weeks, then, lastly, an 
alpha-blocker plus an antidiuretic agent for 4 weeks.
Abbreviations: BMI, body-mass index; NBC, nocturnal bladder capacity; NP, nocturnal polyuria; NS, nonsignificant; OABSS, Overactive Bladder Symptom Score; PVR, 
post-void residual urine; Qmax, maximum urinary flow rate.

Table 3 Baseline characteristics of International Prostate Symptom Score (IPSS) and uroflowmetry parameters, 3-day voiding diary 
(VD) of group Ba

Characteristic NP Decreased  
NBC

Nocturia due  
to both causes

P-value

Patients
n 76 42 78
Age, years 65.2±4.3 62.5±3.2 65.3±6.7 ns

BMI, kg/m2 24.5±1.3 22.4±1.7 21.4±2.4 ns

IPss
Total 14.5±6.5 18.2±5.7 17.7±7.4 ns

Voiding symptoms 8.2±2.6 7.5±2.8 9.1±4.5 ns

storage symptoms 6.3±2.5 10.7±3.3* 8.6±2.8 0.05
nocturia 2.5±0.7 3.2±1.1 3.1±1.6 ns

OABss 7.2±4.1* 17.2±6.3 16.1±6.3 0.05
Uroflowmetry

Qmax, ml/second 15.3±5.4 9.2±2.2* 17.8±10.8 0.05
PVr, ml 33.8±22.3 37.2±11.1 29.8±22.5 ns

3-day VD
nocturia episodes in 3 days, n 8.3±3.5 9.2±5.1 8.6±2.9 ns

nocturnal urine volume (ml) 853.0±150.3* 562.0±93.7 651.0±95.8 0.05
nocturnal index 1.6±0.2 1.3±0.5* 1.8±0.7 0.05
Urgency episodes in 3 days, n 1.4±0.5* 9.6±4.2 8.3±3.4 0.05
nBC index -0.2±0.1* 1.3±0.5 0.9±0.2 0.05

Notes: Values are mean ± standard deviation; *P0.05. aAlpha-blocker for 4 weeks, followed by alpha-blocker plus an antidiuretic agent for 4 weeks, then, lastly, an alpha-
blocker plus an anticholinergic agent for 4 weeks.
Abbreviations: BMI, body-mass index; NBC, nocturnal bladder capacity; NP, nocturnal polyuria; NS, nonsignificant; OABSS, Overactive Bladder Symptom Score;  
PVr, post-void residual urine; Qmax, maximum urinary flow rate.
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Table 4 Changes in the International Prostate Symptom Score (IPSS) and uroflowmetry parameters, 3-day voiding diary (VD) after 
treatment in group Aa

Characteristic/parameter/score Baseline 4 weeks  
(alpha-blocker)

8 weeks (alpha-blocker +  
anticholinergic agent)

12 weeks (alpha-blocker + 
antidiuretic agent)

nP (n=83)
IPss

Total 16.7±6.5 14.2±3.2* 13.9±4.3 11.2±3.2‡

Voiding symptoms 9.3±3.7 7.7±4.2* 7.8±3.1 6.4±2.9
storage symptoms 7.4±2.5 6.5±2.5 6.1±3.3 4.8±1.5‡

nocturia 2.7±0.6 2.3±0.2* 2.4±0.6 1.8±0.1‡

OABss 6.8±3.5 6.1±2.7 5.5±2.9 5.7±2.2
Uroflowmetry

Qmax, ml/second 13.4±5.1 14.7±7.2 14.9±6.7 15.3±4.2‡

PVr, ml 35.2±24.5 32.1±22.3 33.5±21.7 29.1±15.3
3-day VD

nocturia episodes in 3 days, n 8.6±3.1 7.2±2.3* 8.0±3.7 6.2±2.3‡

nocturnal urine volume (ml) 768.0±126.5 732.0±103.1 751.0±117.2 526.0±96.2‡

nocturnal index 1.5±0.4 1.4±0.2 1.4±0.5 1.1±0.1‡

Urgency episodes in 3 days, n 1.2±0.3 1.0±0.4 1.1±0.3 1.2±0.2
nBC index -0.3±0.1 -0.3±0.2 -0.2±0.1 -0.3±0.1

Decreased nBC (n=51)
IPss

Total 20.2±5.7 18.4±7.3* 16.2±5.1‡ 18.1±9.5
Voiding symptoms 8.3±3.8 7.6±1.8* 7.6±1.7 7.9±3.3
storage symptoms 11.9±2.5 10.8±2.5 8.6±1.5‡ 10.2±2.5
nocturia 3.0±1.3 2.9±1.1 2.2±0.3‡ 2.8±1.2

OABss 15.5±7.2 14.7±6.3 12.9±6.7‡ 14.2±5.7
Uroflowmetry

Qmax, ml/second 9.9±2.9 12.4±3.5 15.3±2.9 12.2±1.7
PVr, ml 42.5±13.2 36.2±11.1 38.5±10.1 40.4±11.8

3-day VD
nocturia episodes in 3 days, n 9.7±4.4 8.2±2.9* 6.3±2.7‡ 8.1±3.4
nocturnal urine volume (ml) 539.0±104.9 568.0±86.2 553.0±97.9 543.0±85.1
nocturnal index 1.2±0.6 1.2±0.2 1.3±0.5 1.2±0.1
Urgency episodes in 3 days, n 9.8±3.5 9.7±4.1 7.2±2.6‡ 8.8±3.4
nBC index 1.4±0.5 1.3±0.3 0.9±0.3‡ 1.4±0.2

nocturia due to both causes (n=75)
IPss

Total 18.2±7.4 16.6±6.1* 17.1±7.4 16.2±3.6
Voiding symptoms 9.3±4.9 8.9±4.9 9.9±4.9 10.3±4.3
storage symptoms 8.9±3.2 7.7±3.2 5.9±3.2‡ 7.2±3.2
nocturia 3.2±1.3 2.5±1.1* 2.2±0.9‡ 2.2±1.4

OABss 13.8±5.6 13.9±5.2 9.7±3.2‡ 10.2±5.3‡

Uroflowmetry
Qmax, ml/second 16.2±8.7 18.8±12.7 19.4±12.3 22.7±40.8
PVr, ml 25.9±20.4 22.9±21.3 23.5±18.1 18.5±16.2

3-day VD
nocturia episodes in 3 days, n 8.2±3.7 7.2±2.9* 6.3±2.7‡ 8.1±3.4
nocturnal urine volume (ml) 642.0±96.2 595.0±78.8 601.0±94.2 543.0±85.1‡

nocturnal index 1.7±0.4 1.6±0.3 1.4±0.7 1.3±0.2‡

Urgency episodes in 3 days, n 7.7±4.2 7.2±3.9 5.4±2.3‡ 7.5±3.3
nBC index 0.8±0.3 0.8±0.3 0.5±0.1‡ 0.9±0.2

Notes: Values are mean ± standard deviation; *P0.05 changes from baseline; ‡P0.05 changes from 4 weeks. aAlpha-blocker for 4 weeks, followed by alpha-blocker plus 
an anticholinergic agent for 4 weeks, then, lastly, an alpha-blocker plus an antidiuretic agent for 4 weeks.
Abbreviations: nBC, nocturnal bladder capacity; nP, nocturnal polyuria; OABss, Overactive Bladder symptom score; PVr, post-void residual urine; Qmax, maximum 
urinary flow rate; VD, voiding diary.
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Table 5 Changes in the International Prostate Symptom Score (IPSS) and uroflowmetry parameters, 3-day VD after treatment in 
group Ba

Characteristic/parameter/score Baseline 4 weeks  
(alpha-blocker)

8 weeks (alpha-blocker +  
antidiuretic agent)

12 weeks (alpha-blocker + 
anticholinergic agent)

nP (n=76)
IPss

Total 14.5±6.5 12.1±3.2* 11.5±2.7‡ 13.7±5.2
Voiding symptoms 8.2±2.6 6.7±4.4* 7.2±3.3 7.9±4.1
storage symptoms 6.3±2.5 6.4±3.1 4.3±1.5‡ 5.8±2.6
nocturia 2.5±0.7 2.1±0.4 1.7±0.2‡ 2.5±0.7

OABss 7.2±4.1 6.8±2.7 6.5±2.4 7.0±3.5
Uroflowmetry

Qmax, ml/second 15.3±5.4 15.9±5.2 14.6±5.1 12.5±4.2
PVr, ml 33.8±22.3 31.5±15.2 29.7±12.5 33.5±21.7

3-day VD
nocturia episodes in 3 days, n 8.3±3.5 6.4±1.7* 5.8±2.6‡ 7.0±4.5
nocturnal urine volume (ml) 853.0±150.3 798.0±92.4 559.0±93.1‡ 815.0±106.5
nocturnal index 1.6±0.2 1.5±0.4 1.0±0.2‡ 1.4±0.7
Urgency episodes in 3 days, n 1.4±0.5 1.3±0.8 1.1±0.2 1.4±0.4
nBC index -0.2±0.1 -0.2±0.2 -0.2±0.1 -0.1±0.1

Decreased nBC (n=42)
IPss

Total 18.2±5.7 16.2±5.4* 16.1±9.5 13.2±5.1‡

Voiding symptoms 7.5±2.8 6.5±1.8* 6.4±3.3 6.9±1.7
storage symptoms 10.7±3.3 9.7±2.5 9.7±2.8 6.3±1.2‡

nocturia 3.2±1.1 2.8±1.3 2.7±0.9 2.0±0.6‡

OABss 17.2±6.3 15.8±7.1 15.5±6.7 13.1±7.4‡

Uroflowmetry
Qmax, ml/second 9.2±2.2 10.8±2.5 15.3±2.7 12.6±2.2
PVr, ml 37.2±11.1 30.3±13.2 23.1±10.7 32.1±13.2

3-day VD
nocturia episodes in 3 days, n 9.2±5.1 7.3±2.5* 7.4±2.4 6.1±2.5‡

nocturnal urine volume (ml) 562.0±93.7 571.0±89.1 533.0±82.1 623.0±121.9
nocturnal index 1.3±0.5 1.3±0.2 1.1±0.1 1.2±0.3
Urgency episodes in 3 days, n 9.6±4.2 9.7±3.5 9.3±3.7 7.1±5.3‡

nBC index 1.3±0.5 1.2±0.6 1.3±0.3 0.5±0.1‡

nocturia due to both causes (n=78)
IPss

Total 17.7±7.4 14.3±5.9* 13.0±3.1 12.4±7.4‡

Voiding symptoms 9.1±4.5 6.9±2.5 7.1±3.9 6.2±4.9
storage symptoms 8.6±2.8 7.4±3.2 5.9±2.5 5.2±3.2‡

nocturia 3.1±1.6 2.3±1.2* 2.2±1.7 2.3±0.5
OABss 16.1±6.3 14.8±7.5 13.2±6.1‡ 12.4±4.8‡

Uroflowmetry
Qmax, ml/sec 17.8±10.8 20.1±13.4 20.5±10.6 18.2±10.9
PVr, ml 29.8±22.5 25.7±20.7 21.5±18.3 25.5±17.3

3-day VD
nocturia episodes in 3 days, n 8.6±2.9 7.0±2.1* 6.8±3.3 6.9±2.5
nocturnal urine volume (ml) 651.0±95.8 623.0±89.8 521.0±64.7‡ 631.0±92.3
nocturnal index 1.8±0.7 1.5±0.6 1.4±0.3 1.4±0.8
Urgency episodes in 3 days, n 8.3±3.4 7.9±2.8 8.1±2.9 6.5±3.2‡

nBC index 0.9±0.2 0.9±0.5 0.8±0.5 0.8±0.1

Notes: Values are mean ± standard deviation; *P0.05 changes from baseline. ‡P0.05 changes from 4-weeks. aAlpha-blocker for 4 weeks, followed by alpha-blocker plus 
an antidiuretic agent for 4 weeks, then, lastly, an alpha-blocker plus an anticholinergic agent for 4 weeks.
Abbreviations: nBC, nocturnal bladder capacity; nP, nocturnal polyuria; OABss, Overactive Bladder symptom score; PVr, post-void residual urine; Qmax, maximum 
urinary flow rate; VD, voiding diary.
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Figure 2 Changes in International Prostate symptom score (IPss), IPss sub-scores and Overactive Bladder symptom score (OABss) after treatment in group A.
Notes: *P0.05 changes from baseline; ‡P0.05 changes from 4 weeks.
Abbreviations: dt, due to; nBC, nocturnal bladder capacity; nP, nocturnal polyuria; T, tamsulosin; T + D, tamsulosin + desmopressin; T + s, tamsulosin + solifenacin.
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Figure 3 Changes in 3-day voiding diary after treatment in group A.
Notes: *P0.05 changes from baseline; ‡P0.05 changes from 4 weeks.
Abbreviations: dt, due to; nBC, nocturnal bladder capacity; nP, nocturnal polyuria; T, tamsulosin; T + D, tamsulosin + desmopressin; T + s, tamsulosin + solifenacin.

in 3 days, and NBC index were decreased significantly at 

12 weeks compared with at 4 weeks (P0.05; Table 5 and 

Figures 3 and 5).

In the nocturia due to both causes subgroup of Group A, 

IPSS storage sub-score, OABSS, and number of episodes of 

urgency in 3 days were significantly decreased at 8 weeks 

compared with at 4 and 12 weeks, while nocturnal urine 

volume and OABSS were significantly decreased at 12 weeks 

compared with at 4 weeks (P0.05; Table 4 and Figures 2 

and 4). In Group B, IPSS storage sub-score, OABSS, and 
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Notes: *P0.05 changes from baseline; ‡P0.05 changes from 4 weeks.
Abbreviations: dt, due to; nBC, nocturnal bladder capacity; nP, nocturnal polyuria; T, tamsulosin; T + D, tamsulosin + desmopressin; T + s, tamsulosin + solifenacin.
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Figure 4 Changes in International Prostate symptom score (IPss), IPss sub-scores, and Overactive Bladder symptom score (OABss) after treatment in group B.
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Abbreviations: dt, due to; nBC, nocturnal bladder capacity; nP, nocturnal polyuria; T, tamsulosin; T + D, tamsulosin + desmopressin; T + s, tamsulosin + solifenacin.
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number of episodes of urgency in 3 days were decreased 

significantly at 12 weeks compared with at 4 weeks, and 

nocturnal urine volume and OABSS were significantly 

decreased at 8 weeks compared with at 4 weeks (P0.05; 

Table 5 and Figures 3 and 5).

Discussion
LUTS include OAB symptoms like frequency, urgency, and 

incontinence. OAB symptoms are generally more bothersome 

and represent an important target in the management of BPH. 

Incontinence frequency, urgency, and urge have been attributed 

to detrusor overactivity, which reportedly occurs in 40%–70% 

of patients with BOO.15 Alpha-blockers, which promote relax-

ation of the bladder neck and prostate smooth muscle, have had 

limited success in the treatment of OAB-related symptoms.16 

Kaplan et al demonstrated that relative to subjects receiving 

placebo, men receiving extended-release tolterodine and 

tamsulosin had significant improvements in the total IPSS and 

quality-of-life scores, number of urgency episodes and urge 

incontinence episodes.6 Lee et al reported benefits for men with 

OAB symptoms from an initial combination treatment of an 

alpha-blocker with anticholinergics, without increased risk of 

voiding difficulty and acute urinary retention.17

In our study, the combination treatment of an alpha-

blocker plus an anticholinergic agent proved beneficial for 

the decreased NBC subgroup of Groups A and B. The IPSS 

storage sub-score, OABSS, number of episodes of nocturia 

in 3 days, number of episodes of urgency in 3 days, and NBC 

index were significantly decreased in these subjects.

Nocturia cannot be explained based on BPH alone, but 

can be consecutive to polyuria, diabetes mellitus, neurogenic 

bladder, cardiac failure, polydipsia, reduced bladder capac-

ity, insomnia, or psychiatric problems. To reduce nocturia, 

actions can be directed at BOO, bladder sensitivity by anti-

cholinergics, sleepiness by hypnotic drugs, or urinary volume 

by antidiuretics.18 The serum concentration of the antidiuretic 

agent vasopressin increases during the night, which decreases 

urine secretion. Secretion of this hormone diminishes with 

age, when the renal response to antidiuretic agents decreases 

and the reduction of the total amount of nephrons limit the 

renal response to the hormone.18 Antidiuretic agents reduce 

nocturnal diuresis and the number of nocturnal voids, and 

increase the time between going to bed and the first noctur-

nal void. Several clinical trials investigating the benefits of 

desmopressin therapy for patients with nocturia have been 

completed.10–12 In our study, the combination treatment of an 

alpha-blocker with an antidiuretic agent provided benefits for 

the NP subgroup of Groups A and B. The number of episodes 

of nocturia in 3 days, nocturnal urine volume, and nocturnal 

index were significantly decreased.

Objective measurement of subjective LUTS has proven to 

be a clinical challenge. A patient-completed 3-day VD is com-

monly used in clinical trials as a primary tool for measuring 

these symptoms. Frequency-volume chart records the volumes 

voided as well as the time of each micturition, day and night, for 

at least 24 hours, while a VD records the times of micturitions 

and voided volumes, incontinence episodes, pad usage, and 

other information, such as the degree of urgency and degree of 

incontinence.19 These measures are noninvasive, inexpensive, 

and accurate. As the 3-day VD is usually recorded during nor-

mal daily activities, it can also provide important information 

on a patient’s voiding problem.20 The 3-day duration seems 

to be the most commonly used form to ensure the accuracy 

of the VD, as well as minimizing the burden of recording.21 

Combined with other clinical findings and diagnostic tools, the 

3-day VD might provide additional information.

Our study did not show a benefit with the medication 

order of anticholinergic agent or antidiuretic agent as add-on 

therapy for nocturia in men previously treated with an alpha-

blocker for LUTS. An anticholinergic agent or an antidiuretic 

agent added to alpha-blocker therapy, according to voiding 

disorder (nocturnal polyuria, decreased NBC, or nocturia 

by both causes subgroups), was found to provide benefits to 

refractory nocturia in men previously treated with an alpha-

blocker for LUTS.

There are some limitations to our study that should 

be considered when interpreting the results. First, 5-alpha 

reductase inhibitors were not considered as a medication for 

LUTS. A 5-alpha reductase inhibitor along with an anticho-

linergic agent or antidiuretic agent added to an alpha-blocker 

could be helpful to patients with refractory nocturia. Second, 

the period of treatment for each sequence was limited to 4 

weeks. A longer period for each sequence could have pro-

vided more information and should be assessed. Third, the 

collection of information was based on a self-reported VD, 

so reporting bias was inevitable. A monitoring system should 

be considered in subsequent studies to bolster the results.

Notwithstanding these limitations, as far as we are aware, 

the present study is the first to report that adding an anticho-

linergic or antidiuretic agent to an alpha-blocker provides bet-

ter results in terms of improving LUTS, especially nocturia, 

than an alpha-blocker alone.
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