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Supplementary online material  

4.13 Non-invasive tests in diagnosing bladder outlet obstruction in men with LUTS 
 
4.13.4 The diagnostic performance of non-invasive tests in diagnosing bladder outlet obstruction in 
men with LUTS compared with pressure-flow studies 

Summary: 

A total of 40 studies met our strict criteria and were included in this review. The majority were prospective 
cohort studies, and the diagnostic accuracy of the following non-invasive tests were assessed: 

1. Penile cuff test 
2. Uroflowmetry 
3. Detrusor/bladder wall thickness 
4. Bladder weight 
5. External condom catheter method 
6. Intravesical prostate protrusion 
7. Doppler ultrasound 
8. Prostate volume/height 
9. Near-infrared spectroscopy 

Five studies investigating the diagnostic accuracy of the penile cuff test were assessed. Two studies used the 
nomogram developed by Griffiths et al. to define bladder outlet obstruction (BOO), one used a different 
nomogram developed by the authors, and two used a penile urethral compression-release (PCR) index of either 
160% or 100%. A total of 476 patients were included. The two studies using the Griffiths nomogram to define 
BOO reported a median sensitivity and specificity of 82% and 72%, respectively, with a positive predictive value 
(PPV) and negative predictive value (NPV) of 67.8% and 89%.  

Uroflowmetry was assessed in a total of 2,580 patients across 16 studies. Thirteen studies used a cut-off value 
of 10mL/s to diagnose BOO and reported a median sensitivity and specificity of 68.3% and 70.5%, respectively, 
with a PPV and NPV of 74.3% and 68%.  

Detrusor wall thickness was studied in 848 patients across 8 studies, 5 of which used a cut-off of 2mm to define 
BOO with a median sensitivity and specificity of 82.7% and 92.6%, respectively, with a PPV and NPV of 90.5% 
and 85%.  

Bladder weight was only assessed in 2 studies, both utilising different threshold values to define BOO. The best 
diagnostic accuracy was reported for a threshold value of 35 g, with a sensitivity and specificity of 85.3% and 
87.1%, respectively, and a diagnostic accuracy of 86.2%. 

The external condom catheter method was assessed in one study of 56 men with lower urinary tract symptoms 
(LUTS). The test was successful in 75% of patients with failures due to leakage from the condom catheter, 
inability to void, discomfort during the measurement, and failure of storage of the non-invasive signals. It was 
found that up to 73% of patients could be correctly diagnosed with the external condom catheter technique 
which was higher than for flow rate alone in this study (63%). 

Intravesical prostatic protrusion was studied in a total of 1,013 patients across 10 studies. Five studies used a 
cut-off of 10mm to define BOO and reported a similar diagnostic accuracy to uroflowmetry alone with a 
median sensitivity and specificity of 67.8% and 74.8%, respectively and a PPV and NPV of 73.8% and 69.3%, 
respectively.  

Studies analysing the role of doppler ultrasound (US) of detrusor blood flow and prostate volume and height 
were highly variable in the threshold values used to define BOO and so their results could not be combined.  

Near-infrared spectroscopy was assessed in 5 studies, 3 of which used the NIRS algorithm to define BOO. In 
these 3 studies of 195 patients, diagnostic accuracy for BOO was relatively high with a median sensitivity and 
specificity of 85.71% and 87.1%, respectively, and a PPV and NPV of 88.89% and 84%.  

Overall, data regarding the diagnostic accuracy of these non-invasive tests is limited by the heterogeneity of 
the studies in terms of the threshold values used to define BOO and the different urodynamic definitions of 
BOO used across different studies. Furthermore, diagnostic accuracy is defined with reference to the 'gold 
standard' invasive urodynamics, which itself has limitations.  
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Figure S.1: Systematic review flow-chart 
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Table S.1: Summary of results table (overall) for the diagnostic performance of non-invasive tests in diagnosing BOO. 

Test No. of 
studies 

No. of 
patients 

Median 
sensitivity (IQR) 

Range Median 
specificity (IQR) 

Range Median 
PPV 

Range Median 
NPV 

Range 

Penile Cuff test 5 476 90.7 (78-100) 64 - 100 70.2 (63-81) 55.6 - 84 69 (68 - 
71.4) 

67.7 - 
73.6 

94.6 (86.4-
100) 

78 - 100 

Uroflowmetry 16 2580 72 (58.4 - 89.9) 16 - 100 64 (38.5 -81) 25 - 100 70 (57.5 - 
79) 

32.5 - 
100 

70 (57.7 - 
85.2) 

46.5 - 100 

Detrusor wall 
thickness 

8 848 69 (64-82.8) 43 - 100 88 (72-93.8) 15 - 100 89.5 (82.7-
93.1) 

64 - 100 75.5 (63.8-
85.7) 

50 - 100 

Bladder weight 2 258 73.6 61.9 - 85.3 73.45 59.8 -  87.1 60.85 33.8 - 
87.9 

83.5 82.6 - 84.4 

External condom 
catheter 

1 56 90.9  92.3  96.7  80  

Intravesical prostatic 
protrusion 

10 1013 75.5 (60.9-80) 46 - 95 78.5 (69.2-81.3) 50 - 92 73.8 (72.4-
85) 

69.6 - 
100 

69.6 (69 - 
85) 

46 - 85.1 

Doppler ultrasound 2 51     97.5 (96.2-
98.7) 

95 - 100 57  

Prostate volume 3 245 72 (61.5-79.5) 51 - 87 38 (33.8-49.5) 29.6 - 61 65 (58.1-
74.5) 

51.3 - 84 44 (43-
58.3) 

42 - 72.7 

NIRS 5 282 85.71 (68.3-86) 61.1 - 100 87.5 (62.5-87.5) 40 - 87.5 88.89 
(82.7-89.2) 

78.6 - 
93.8 

84 (42.9-
85.71) 

22.2 - 100 
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Table S.2: Summary of results table  for the diagnostic performance of non-invasive tests in diagnosing BOO. 

Test Threshold 
value 

No. of 
studies 

No. of 
patients 

Median 
sensitivity 

(IQR) 

Range Median 
specificity 

(IQR) 

Range Median 
PPV 

Range Median 
NPV 

Range 

Penile Cuff test Griffiths 
nomogram 

2 192 82 (73-91) 64 - 100 72 (67.5 - 
76.5) 

63 - 81 67.85 
(67.78 - 
67.93) 

67.7 - 68 89 (83.5 - 
94.5) 

78 - 100 

Uroflowmetry 10ml/s 13 2257 68.3 (55.1 -
74.2) 

29 - 100 70.5 (62.3 
-89.7) 

37 - 100 74.3 (66-
89.5) 

38.4 - 100 68 (54-
76) 

46.5 - 100 

Detrusor wall 
thickness 

2mm 5 467 82.7 (65.7-
83) 

63.6 - 92 92.6 (76-
95) 

68 - 97.3 90.5 (81-
94) 

65.7 - 95.5 85 (76-
86) 

75 - 86.2 

Intravesical 
prostatic 
protrusion 

10mm 5 473 67.8 (56.2-
77) 

46 - 80 74.8 (67.4-
84) 

65 - 92 73.8 (72-
94) 

69.6 - 94 69.3 
(63.2-
71.9) 

46 - 78.9 

NIRS NIRS 
algorithm 

3 195 85.71 (77-
85.8) 

68.3 - 86 87.5 (75-
88.1) 

62.5 - 88.9 88.89 
(85.7-89) 

82.7 - 89.2 84 (63.4-
84.8) 

42.9 - 
85.71 

 

Table S.3: Summary of results table for the diagnostic performance of the penile cuff test in diagnosing BOO 

Study  Threshold value Reference standard definition 
of BOO 

No. of 
patients 

Mean 
age, yr 

Age range, 
yr 

Mean IPSS 
(range) 

Sensitivity Specificity PPV NPV 

Bianchi et 
al. 2014 [1] 

Griffiths 
nomogram 

BOOI >40 48 61.5 NR NR 100 63 67.7 100 

Griffiths et 
al. 2005 [2] 

Griffiths 
nomogram 

BOOI >40 144 NR NR NR 64 81 68 78 

Kazemeyni 
et al. 2015 
[3] 

Griffiths 
nomogram 

BOOI>40 51 66.5 NR NR 88.89 75.7 66.7 93 

Harding et 
al. 2004 [4] 

PCR index 160% BOOI >40 101 63 20 - 88 NR 78 84 69  

Matulewicz 
et al. 2015 
[5] 

Modified ICS 
nomogram 

NR 19 NR NR 16 (6-30) 75 66 92 NR 
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Salinas et al. 
2003 [6] 

Nomogram 
described in 

paper 

BOOI >40 93 NR NR NR 100 55.6 71.4 100 

Sullivan et 
al. 2000 [7] 

PCR 100% outlet obstruction was 
defined as a voiding 
profilometry gradient across 
the bladder neck and prostatic 
urethra of >5 cm H2O in the 
absence of distal obstruction. 

90 NR NR NR 90.7 70.2 73.6 89.2 

 

Table S.4: Summary of results table for the diagnostic performance of uroflowmetry in diagnosing BOO 

Study Threshold 
value 

Reference 
standard 

definition of BOO 

No. of 
patients 

Mean age, 
yr 
 

Age range, 
yr 

Mean IPSS (range) Sensitivity Specificity PPV NPV 

Aganovic et al. 
2004 [8] 

10ml/s LPURR>2 102 64.68 NR 14.48 63 88 94 42 

LPURR>3 72 69 69 72 

LPURR>2 + 
URA>29 

72 92 94 68 

Qmax<15 and 
pDetQmax >50 

67 45 50 63 

Botkor-
Rasmussen et 
al. 1999 [9] 

10ml/s BOOI >40 29 66 
(median) 

51 - 85 DAN-PSS 4 33 100 100 58 

Chia et al. 2003 
[10] 

10ml/s BOOI >40 200 64.6 50 - 94 20.3 90 48 74 75 

Dicuio et al. 
2005 [11] 

10ml/s DAMPF score 25 67.9 47 - 86 22.4 (6 - 35)   100  

ElSaied et al. 
2013 [12] 

10ml/s BOOI >40 50 61.7 53 - 76 13.4 (4 - 22) 100 37 57.5 100 

Griffiths et al. 
2005 [2]  

10ml/s BOOI >40 144 NR NR NR 59 89 77 77 

Harding et al. 
2009 [13] 

10ml/s BOOI >40 101 63 20 - 88 NR 81 64 51  
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Hirayama et al. 
2002 [14] 

10ml/s BOOI >40 36 67.7 50 - 83 17.1 (9 - 33)   65  

Ku et al. 2009 
[15] 

10ml/s BOOI >40 212 68 
(median) 

44 - 89 18.1 (no BOO), 19.7 
(BOO) 

57.9 65.8 38.4 81 

12ml/s 77.2 54.2 38.3 86.6 

15ml/s 94.7 27.7 32.5 93.5 

Madersbacher 
et al. 1997 [16] 

5ml/s LinPURR>2 253 66.5 53 - 81 16 16 96 85.1 46.9 

Oelke et al. 
2002 [17] 

15ml/s CHESS 70 63 42 - 82 14.4 (2 - 29) 100 25 55 100 

Oelke et al. 
2007 [18] 

15ml/s BOOI >40 160 62 
(median) 

40 - 89 15 (2 - 30) 
(median) 

99 39 59 97 

10ml/s 68 73 69 72 

Poulsen et al. 
1994 [19] 

10ml/s BOOI >40 153 68 32 - 90 DAN-PSS 10 (No 
BOO), 11 (BOO) 

68.7 57.4 74.7 50 

15ml/s 89.9 31.5 70.6 62.9 

Reynard et al. 
1998 [20]  

10ml/s Shafer nomogram 897 66.5 45 - 88 NR 47 70 70 46.5 

15ml/s 82 38 67 57.6 

Reynard et al. 
1996 [21] 

10ml/s 1st 
void 

BOOI >40 148 NR NR NR 71 71 79 61 

10ml/s 4th 
void 

29 96 93 47 

 

Table S.5: Summary of results table for the diagnostic performance of detrusor and bladder wall thickness in diagnosing BOO 

Study Index 
test 

Threshold 
value 

Reference standard 
definition of BOO 

No. of 
patients 

Mean age, 
yr 

Age 
range, yr 

Mean IPSS 
(range) 

Sensitivity Specificity PPV NPV 

Abdel-Aal et al. 
2011 [22] 

DWT 2mm BOOI >40 85 58.65 50 - 72 12.45 (6.5 - 25) 65.7 76 65.7 76 

ElSaied et al. 
2013 [12] 

DWT 2mm BOOI >40 50 61.7 53 - 76 13.4 (4 - 22) 82.7 92.6 90.5 86.2 

Franco et al. 2010 
[23] 

DWT 6mm BOOI >40 100 67 48 - 80 15 (9 - 25) 73 82 90 50 

Kessler et al. DWT 1.5mm BOOI >40 102 67 59 - 77 17 (no BOO), 22 100 15 64 100 



7 
 

2006 [24] 2mm (median) (BOO) (median) 92 68 81 85 

2.5mm 69 88 89 65 

2.9mm 43 100 100 54 

Oelke et al. 2007 
[25] 

DWT 2mm CHESS 70 63 42 - 82 14.4 (2 - 29) 63.6 97.3 95.5 75 

Oelke et al. 2002 
[26] 

DWT 2mm BOOI >40 160 62 
(median) 

40 - 89 15 (2 - 30) 
(median) 

83 95 94 86 

Aganovic et al. 
2012 [27] 

BWT 5mm BOOI >40 111 65.4 48 - 82 18.2 (6 - 31) 64.5 59.2   

Manieri et al. 
1998 [28] 

BWT 5mm URA>29 170 64.5 34 - 88 14.91 (0-29) 55.4 91 87.9 63.4 

 

Table S.6: Summary of results table for the diagnostic performance of bladder weight in diagnosing BOO 

Study Index test Threshold 
value 

Reference standard 
definition of BOO 

No. of 
patients 

Mean 
age, yr 

Age range, 
yr 

Mean IPSS 
(range) 

Sensitivity Specificity PPV NPV 

Han et al. 
2011 [29] 

Corrected UEBW 
(UEBW/BSA) 

27.86gm BOOI >40 193 63.5 NR 19.9 61.9 59.8 33.8 82.6 

Kojima et 
al. 1997 
[30] 

UEBW 35gm BOOI >40 65 71 45 - 89 NR 85.3 87.1 87.9 84.4 

 

Table S.7: Summary of results table for the diagnostic performance of external condom method in diagnosing BOO 

Study Threshold 
value 

Reference 
standard 
definition 
of BOO 

No. of 
patients 

Mean age, 
yr 

Age 
range, 

yr 

Mean 
IPSS 

(range) 

Sensitivity Specificity PPV NPV Comments 

Pel et al. 
2002 
[31] 

Qmax/Pext
Max 

BOOI >40 56 62 (no BOO), 
51 

(equivocal), 
62 (BOO) 

NR NR 90.9 92.3 96.7 80 This is in the 46 out of 75 
patients (61.3%) who were able 
to successfully perform the non-

invasive test 
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Table S.8: Summary of results table for the diagnostic performance of intravesical prostatic protrusion in diagnosing BOO 

Study Threshold 
value 

Reference standard 
definition of BOO 

No. of 
patients 

Mean age, 
yr 

Age range, yr Mean IPSS 
(range) 

Sensitivity Specificity PPV NPV 

Aganovic et al. 
2012 [27] 

10mm BOOI >40 111 65.4 48 - 82 18.2 (6 - 31) 59.6 81.4 73.8 69.6 

Chia et al. 
2003 [10] 

10mm BOOI >40 200 64.6 50 - 94 20.3 76 92 94 69 

Dicuio et al. 
2005 [11] 

10mm DAMPF score 25 67.9 47 - 86 22.4 (6 - 35)   100  

Lim et al. 2006 
[32] 

10mm BOOI >40 95 66 
(median) 

52 - 88 12 (1-32) 
(median) 

46 65 72 46 

Reis et al. 
2008 [33] 

10mm BOOI >40 42 64 56 - 73 13 (6 - 20) 80 68.2 69.6 78.9 

Abdel-Aal et 
al. 2011 [22] 

8mm BOOI >40 85 58.65 50 - 72 12.45 (6.5 - 25) 80 80 73.7 85.1 

Aganovic et al. 
2012 [34] 

12mm BOOI >40 110 65.3 48 - 80 18.2 (6 - 31) 59.6 81.3 73.8 69.6 

Franco et al. 
2010 [23] 

12mm BOOI >40 100 67 48 - 80 15 (9 - 25) 65 77 88 47 

Keqin et al. 
2007 [35] 

8.5mm BOOI >40 206 71 55 - 84 16.8 ( grade 1-2 
IPP) v 18.6 (grade 

3 IPP) 

75 82.6   

Pascual et al. 
2011 [36] 

10.5mm BOOI >40 39 61.6 (BOO), 64.7 ( No BOO) 14.7 (BOO)   
13.7 (No BOO) 

90.5 72.2 76 85 

Reis et al. 
2008 [33] 

5mm BOOI >40 42 64 56 - 73 13 (6 - 20) 95 50 63.3 91.7 
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Table S.9: Summary of results table for the diagnostic performance of Doppler ultrasound in diagnosing BOO 

Study Threshold 
value 

Reference 
standard 

definition of BOO 

No. of 
patients 

Mean age, yr Age range, yr Mean IPSS 
(range) 

Sensitivity Specificity PPV NPV 

Belenky et al. 
2003 [37] 

RI T>0.05 BOOI >40 29 65.6 46 - 76 NR   95 57 

Ozawa et al. 
2000 [38] 

VR >1.6 BOOI >40 22 NR NR NR   100  

 

Table S.10: Summary of results table for the diagnostic performance of prostate volume or height in diagnosing BOO 

Study Index test Threshold 
value 

Reference 
standard 

definition of 
BOO 

No. of 
patients 

Mean age, 
yr 

Age range, 
yr 

Mean IPSS 
(range) 

Sensitivity Specificity PPV NPV 

ElSaied et al. 
2013 [12] 

Prostate volume 25ml BOOI >40 50 61.7 53 - 76 13.4 (4 - 22) 87 29.6 51.3 72.7 

Franco et al. 
2010 [23] 

Prostate height 40mm BOOI >40 100 67 48 - 80 16 (9 - 25) 68 54 82 48 

Prostate volume 38ml 72 61 84 44 

Lim et al. 
2006 [32] 

Prostate volume 40ml BOOI >40 95 66 
(median) 

52 - 88 12 (1-32) 
(median) 

51 38 65 42 

Watanabe et 
al. 2002 [39] 

Prostate volume 
and H:W 

30ml and 
0.8 

LinPURR ≥3 51 66.4 49 - 84 NR 42 100   

 

Table S.11: Summary of results table for the diagnostic performance of near-infrared spectroscopy in diagnosing BOO 

Study Threshold 
value 

Reference 
standard 

definition of BOO 

No. of 
patients 

Mean age, 
yr 

Age range, yr Mean IPSS 
(range) 

Sensitivity Specificity PPV NPV 

Macnab et 
al. 2008 
[40] 

NIRS 
algorithm 

Not defined 55 67.3 (BOO), 
56.8 (No 

BOO) 

50 - 91 (BOO), 
40 - 77 (No 

BOO) 

20.2 (no 
BOO), 19.6 

(BOO) 

85.71 88.89 88.89 85.71 
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Yurt et al. 
2012 [41]  

NIRS 
algorithm 

BOOI >40 53 58.8 NR 17.8 86 87.5 89.2 84 

Zhang et 
al. 2013 
[42] 

NIRS 
algorithm 

BOOI >40 87 68.5 56 - 85 NR 68.3 62.5 82.7 42.9 

Chung et 
al. 2010 
[43] 

Downward 
pattern on 
free flow 

BOOI >40 33 67 NR 19 34.6 42.9 69.2 15 

Chung et 
al. 2010 
[43] 

Downward 
pattern on 

pressure-flow 
study 

BOOI >40 23 NR NR NR 61.1 40 78.6 22.2 

Stothers 
et al. 2010 
[44] 

CART model BOOI >40 64 62 49 - 91 19 (12-34) 100 87.5 93.8 100 
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5.1 Conservative management 
5.1.2 Behavioural and dietary modifications 
 
Table S.12: Self-management as part of watchful waiting reduces symptoms and progression [45]. 
 

Trial Duration 
(weeks) 

Treatment Patients IPSS Qmax 
(mL/s) 

PVR 
(mL) 

LE 

Brown et al. 
(2007) [45] 

52 Standard care 67 -1.3 - - 1b 

Standard care plus 
self-management 

73 -5.7 * 
†
 - - 

IPSS = International Prostate Symptom Score; PVR = post-void residual urine; Qmax = maximum urinary flow 
rate during free uroflowmetry. *significant compared with standard care (p < 0.05); 

Ϟ
significant compared with 

baseline (p < 0.05). 
 
5.2 Pharmacological management 
5.2.1 h м-Adrenoceptor antagonists (h м-blockers) 
 
Table S.13: Key pharmacokinetic properties and standard doses of α1-blockers licensed in Europe for treating 
symptoms of BPH. 
 

Drug tmax 
(hours) 

t½ 
(hours) 

Recommended daily 
dose (mg) 

Alfuzosin IR 1.5 4-6 3 x 2.5 

Alfuzosin SR 3 8 2 x 5 

Alfuzosin XL 9 11 1 x 10 

Doxazosin IR 2-3 20 1 x 2-8 

Doxazosin GITS 8-12 20 1 x 4-8 

Silodosin 2.5 11-18 1 x 4-8 

Tamsulosin MR 6 10-13 1 x 0.4 

Tamsulosin OCAS 4-6 14-15 1 x 0.4 

Terazosin 1-2 8-14 1 x 5-10 

tmax = time to maximum plasma concentration; t½ = elimination half-life; IR = immediate release; SR = sustained 
release; GITS = gastrointestinal therapeutic system; MR = modified-release; OCAS = oral-controlled absorption 
system. 
 
Table S.14: Randomised, placebo-controlled trials with h 1-blockers in men with LUTS 
 

Trials  Duration 
(weeks) 

Treatment 
(daily dose) 

Patients 
(n) 

Change in 
symptoms 
(%) 

Change 
in Qmax 
(mL/s) 

PVR 
change 
(%) 

LE 

Jardin et al. 
(1991) [46] 

24 Placebo 
Alfuzosin 3 x 2.5 mg 

267 
251 

-32
a
 

-42
a,b

 
+1.3

a
 

+1.4
a
 

-9 
-39

a,b
 

1b 

Buzelin et al. 
(1997) [47] 

12 Placebo 
Alfuzosin 2 x 5 mg 

196 
194 

-18 
-31

a,b
 

+1.1 
+2.4

a,b
 

0 
-17

a,b
 

1b 

van Kerre-
broeck et al. 
(2000) [48] 

12 Placebo 
Alfuzosin 3 x 2.5 mg 
Alfuzosin 1 x 10 mg 

154 
150 
143 

-27.7 
-38.1

a,b
 

-39.9
a,b

 

+1.4 
+3.2

a,b
 

+2.3
a,b

 

- 
- 
- 

1b 

MacDonald 
and Wilt 
(2005) [49] 

4-26 Placebo 
Alfuzosin: all 
formulations 

1039 
1928 
 

-0.9
b
 

(Boyarski)
†
 

-1.8
b 
(IPSS)

†
 

+1.2
b
 -  1a 

Kirby et al. 
(2001) [50] 

13 Placebo 
Doxazosin 1 x 1-8mg IR 
Doxazosin 1 x 4-8 mg 
GITS 

155 
640 
651 

-34
a
 

-45
a,b

 
-45

a,b
 

+1.1
a
 

+2.6
a,b

 
+2.8

a,b
 

- 
- 
- 

1b 

McConnell et 234 Placebo 737 -29 +1.4 - 1b 
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al. (2003) [51] Doxazosin 1 x 4-8 mg 756 -39
b
 +2.5

a,b
 - 

Marks et al. 
(2009) [52] 

12 Placebo 
Silodosin 1 x 8 mg 

457 
466 

-16.0 
-30.0

b
 

+1.5 
+2.6

b
 

- 
- 

1b 

Chapple et 
al. (2011) 
[53] 

12 Placebo 
Tamsulosin 1 x 0.4 mg 
Silodosin 1 x 8 mg 

185 
376 
371 

-25.0 
-35.0

b
  

-37.0
b
 

+2.9 
+3.5 
+3.7 

- 
- 
- 

1b 

Cui et al. 
(2012) [54] 

12 Placebo 
Tamsulosin 1 x 0.4 mg 
or 1 x 0.2 mg 
Silodosin 1 x 8mg or 2 x 
4 mg 

2543 sign. only vs 
placebo 

sign. 
only vs 
placebo 

- 
- 

1a 

Chapple et 
al. (1996) [55] 

12 Placebo 
Tamsulosin MR 1 x0.4 
mg 

185 
364 

-25.5 
-35.1

a,b
 

+0.6 
+1.6

a,b
 

-13.4 
-22.4

a
 

1b 

Lepor (1998) 
[56] 

13 Placebo 
Tamsulosin MR 1 x 0.4 
mg 
Tamsulosin MR 1 x 0.8 
mg 

253 
254 
 
247 

-28.1 
-41.9

a,b
 

 
-48.2

a,b
 

+0.5 
+1.8

a,b
 

 
+1.8

a,b
 

- 
- 
 
- 

1b 

Chapple et 
al. (2005) 
[57] 

12 Placebo 
Tamsulosin MR 1 x 0.4 
mg 
Tamsulosin OCAS 1 x 
0.4 mg 
Tamsulosin OCAS 1 x 
0.8mg 

350 
700 
 
354 
 
707 

-32 
-43.2

b
 

 
-41.7

b 

 
-42.4

b
 

- 
- 
 
- 
 
- 

- 
- 
 
- 
 
- 

1b 

Wilt et al. 
(2002) [58] 

4-26 Placebo 
Tamsulosin 1 x 0.4-0.8 
mg 

4122 -12
b
 (-1.1 

Boyarski
†
) 

-11
b
 (-2.1 

IPSS
†
) 

+1.1
b
 - 1a 

Brawer et al. 
(1993) [59] 

24 Placebo 
Terazosin 1 x 1-10 mg 

72 
69 

-11 
-42

a,b
 

+1.2 
+2.6

a,b
 

- 
- 

1b 

Roehrborn 
et al. (1996) 
[60] 

52 Placebo 
Terazosin 1 x 1-10 mg 

973 
976 

-18.4 
-37.8

a,b
 

+0.8
a
 

+2.2
a,b

 
- 
- 

1b 

Wilt et al. 
(2002) [61] 

4-52 Placebo 
Terazosin (different 
doses) 

5151 -37
b
 (-2.9 

Boyarski
†
) 

-38
b
 (IPSS

†
) 

+1.7
b
 - 1a 

Novara et al. 
(2014) [62] 

12 Placebo 
Silodosin 1 x 8mg 

647 
847 

-3.8 (IPSS
†
) 

-6.5
b
 (IPSS

†
) 

+1.9 
+2.7

b
 

- 1a 

GITS = gastrointestinal therapeutic system; IPSS = International Prostate Symptom Score; IR = immediate 
release; MR = modified-release; OCAS = oral-controlled absorption system; PVR = post-void residual urine;  
Qmax = maximum urinary flow rate (free uroflowmetry).  
a
 significant compared with baseline (indexed wherever evaluated); 

b 
significant compared with placebo;  

Ϟ
absolute value. 

 
5.2.2 5 -hreductase inhibitors 
 
Table S.15Υ рʰ-reductase inhibitors licensed in Europe for treating benign prostatic enlargement (BPE) due to 
BPH; key pharmacokinetic properties and standard doses 
 

Drug tmax 
(hours) 

t½ 
 

Recommended daily 
dose (mg) 

Dutasteride 1-3 3-5 weeks 1 x 0.5 

Finasteride 2 6-8 hours 1 x 5 
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tmax = time to maximum plasma concentration; t½ = elimination half-life. 
 
Table S.16: Randomised trials with 5α-reductase inhibitors in men with LUTS and benign prostatic 
enlargement due to BPH 
 

Trials Duration 
(weeks) 

Treatment 
(daily dose) 

Patient 
(n) 

Change in 
symptoms 
(% IPSS) 

Change 
in Qmax 

(mL/s) 

Change in 
prostate 
volume (%) 

LE 

Lepor et al. 
(1996) [63] 

52 Placebo 305 -16.5a +1.4 +1.3 1b 

Finasteride 1 x 5mg 310 -19.8a +1.6 -16.9
b
 

Kirby et al. 
(2003) [64] 

52 Placebo 253 -33.1 +1.4 - 1b 

Finasteride 1 x 5mg 239 -38.6 +1.8 - 

Andersen et 
al. (1995) 
[65] 

104  Placebo 346 +1.5 -0.3 +11.5
a
 1b 

Finasteride 1 x 5mg 348 -14.9
a,b

 +1.5
a,b

 -19.2
a,b

 

Nickel et al. 
(1996) [66] 

104 Placebo 226 -4.2 +0.3 +8.4
a
 1b 

Finasteride 1 x 5mg 246 -13.3
a,b

 +1.4
a,b

 -21.0 

McConnell 
et al. (1998) 
[67] 

208 Placebo 1503 -8.7 +0.2 +14.0
a
 1b 

Finasteride 1 x 5mg 1513 -22.0
a,b

 +1.9
a,b

 -18.0
a,b

 

Marberger 
et al. (1998) 
[68] 

104 Placebo 1452 -9.8
†
 0.8 +9.0 1b 

Finasteride 1 x 5mg 1450 -21.4
†b

 +1.4
b
 -15.0

b
 

McConnell 
et al. (2003) 
[51] 

234 Placebo 737 -23.8 +1.4
a
 +24.0

a
 1b 

Finasteride 1 x 5mg 768 -28.4
a,b

 +2.2
a,b

 -19.0
a,b

 

Roehrborn 
et al. (2002) 
[69] 

104 Placebo 2158 -13.5
a
 +0.6 +1.5

a
 1b 

Dutasteride 1x0.5 mg 2167 -26.5
a,b

 +2.2
a,b

 -25.7
a,b

 

Roehrborn 
et al. (2008) 
[70] 

104 Tamsulosin 1x0.4mg 1611 -27.4
a
 +0.9 0 1b 

Dutasteride 1x0.5mg 1623 -30.5
a
 +1.9 -28.0

b
 

Roehrborn 
et al. (2010) 
[71] 

208 Tamsulosin 1x0.4mg 1611 -23.2
a
 +0.7 +4.6 1b 

Dutasteride 1x0.5mg 1623 -32.3
a
 +2.0 -28.0

b
 

IPSS = International Prostate Symptom Score; vƳŀȄ Ґ ƳŀȄƛƳǳƳ ǳǊƛƴŀǊȅ Ŧƭƻǿ ǊŀǘŜ όŦǊŜŜ ǳǊƻŦƭƻǿƳŜǘǊȅύ Ϟ.ƻȅŀǊǎƪƛ 
score; asignificant compared with baseline (indexed wherever evaluated); bsignificant compared with 
placebo/active control. 
 
5.2.3 Muscarinic receptor antagonists 
 
Table S.17: Antimuscarinic drugs licensed in Europe for treating overactive bladder/storage symptoms; key 
pharmacokinetic properties and standard doses 
 

Drug tmax 
(hours) 

t½ 
(hours) 

Recommended daily dose 
(mg) 

Darifenacin ER
a
 7 12 1 x 7.5-15 

Fesoterodine
a,b

 5 7 1 x 4-8 

Oxybutynin IR 1 2-5
c
 2-3 x 5 

Oxybutynin ER 4-6 13 1 x 5-30 

Propiverine IR 2 14-22 2 x 15 

Propiverine ER 10 20 1 x 30 

Solifenacin 3-8 45-68 1 x 5-10 

Tolterodine IR
a
 1-2 2 2 x 2 

Tolterodine ER
a
 4 7-10 1 x 4 
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Trospium IR 5 18 2 x 20 

Trospium ER 5 36 1 x 60 

tmax = time to maximum plasma concentration; t½ = elimination half-life; ER = extended release (in some 
countries some manufacturers may have assigned different designators to the ER formulation); IR = immediate 
release. 
a 
higher exposure can occur in CYP 2D6 poor metabolisers; 

b 
only the active metabolite 5-hydroxy-methyl-tolterodine is detectable in blood after oral administration of 

fesoterodine; 
c 
t½ is age-dependent, values taken from [72]. 

 
Notes: the gel and patch formulations of oxybutynin have not been included in this table; detailed information 
on other pharmacokinetic parameters and their alteration in renal or hepatic impairment on drug metabolism 
and pharmacokinetic drug-drug interactions has been summarised [73], all data refer to drug use in adults; 
where applicable, pharmacokinetic properties may differ in paediatric populations. 
 
Table S.18: Trials with antimuscarinic drugs only in elderly men with LUTS, predominantly with OAB 
symptoms 
 

Trials Duration 
(weeks) 

Treatment n Voiding 
frequency 
(%) 

Nocturia 
(%) 

Urgency 
incontinence 
(%) 

IPSS 
(%) 

LE 

Kaplan et al. 
(2005) [74] 

25 Tolterodine 
1 x 4 mg/d 
(after 
-blocker 

failure) 

43 -35.7
a
 -29.3

a
 - -35.3

a
 2b 

Roehrborn 
et al. (2006) 
[75] 

12 Placebo 86 -4 - -40 - 1b 

Tolterodine 
1 x 4 mg/d 

77 -12 - -71
b
 - 

Kaplan et al. 
(2006) [76] 

12 Placebo 374 -7.9 -17.6 - - 1b 

Tolterodine 
1 x 4 mg/d 

371 -10.8
b
 -18.8 - - 

Kaplan et al. 
(2006) [77] 

12 Placebo 215 -13.5 -23.9 -13 -44.9 1b 

Tolterodine 
1 x 4 mg/d 

210 -16.5 -20.1 -85
b
 -54 

Dmochowski 
et al. (2007) 
[78] 

12 Placebo 374 -5.6 -17.6 - - 1b 

Tolterodine 
1 x 4 mg/d 

371 -8.7
b
 -18.8 - - 

Höfner et al. 
(2007) [79] 

12 Tolterodine 
1 x 4 mg/d 

741 -20
a
 -42.9

a
 -100

a
 -37.9

a
 2b 

Herschorn 
et al. (2010) 
[80] 

12 Placebo 124 -10.2 - -59.3 - 1b 

Fesoterodine 
1 x 4 mg/d 

111 -13.2
b
 - -84.5

b
 - 

Fesoterodine 
1 x 8 mg/d 

109 -15.6
b
 - -100

b,c
 - 

Chapple et 
al. (2014) 
[81] 

12 Placebo 386 -12.5 - -53.6 - 1b 

Fesoterodine 
1 x 4 mg/d 

790 -19.8 - -74.3 - 

Fesoterodine 
1 x 8 mg/d 

779 -23.6 - -79.5 - 

IPSS = International Prostate Symptom Score. 
a
 = significant compared with baseline (p < 0.01; indexed wherever evaluated); 

b 
= significant compared with 

placebo (p < 0.05); 
c 
= significant compared with fesoterodine 4 mg (p < 0.05). 
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5.2.4 Phosphodiesterase 5 inhibitors 
 
Table S.19: Efficacy of PDE5Is in adult men with LUTS who participated in high level clinical trials 
 

Trials Duration 
(weeks) 

Treatment Patient
s 

IPSS Qmax 
(mL/s) 

PVR 
(mL) 

LE 

PDE5Is in monotherapy 

McVary et 
al. (2007) 
[82]

‡
 

12 Placebo 180 -1.93 +0.16 - 1b 

Sildenafil 1 x 50-100 mg/day 
or 1 x 50-100 mg before sexual 
intercourse 

189 -6.32* +0.31 - 

McVary et 
al. (2007) 
[83] 

12 Placebo 143 -1.7 
(-9.3%) 

+0.9 -2.16 1b 

Tadalafil 1 x 5-20 mg/day 148 -3.8 
(-21.7%)* 

+0.5 +1.4 

Roehrborn 
et al. (2008) 
[84] 

12 Placebo 211 -2.3 
(-13.3%) 

+1.2 +4.81 1b 

Tadalafil 1 x 2.5 mg/day 208 -3.9 
(-22.2%)* 

+1.4 +12.1 

Tadalafil 1 x 5 mg/day 212 -4.9 
(-28.2%)* 

+1.6 +6.6 

Tadalafil 1 x 10 mg/day 216 -5.2 
(-29.1%)* 

+1.6 +10.6 

Tadalafil 1 x 20 mg/day 209 -5.2 
(-30.5%)* 

+2.0 -4 

Stief et al. 
(2008) [85] 

8 Placebo 113 -3.6 
(-20.0%) 

+1.0 +1.92 1b 

Vardenafil 2 x 10 mg/day 109 -5.8 
(-34.5%)* 

+1.6 -1.0 

Porst et al. 
(2009) [86]

‡
 

12 Placebo 115 -2.1 +1.9 -6.8 1b 

Tadalafil 1 x 2.5 mg/day 113 -3.6* +1.4 +8.6* 

Tadalafil 1 x 5 mg/day 117 -4.2* +1.7 -1.8 

Tadalafil 1 x 10 mg/day 120 -4.7* +1.3 +3.8 

Tadalafil 1 x 20 mg/day 120 -4.7* +2.0 -14.0 

Egerdie et 
al. (2012) 
[87]‡ 

12 Placebo 200 -3.8 
(-20.9%) 

+1.2 -3.0 1b 

Tadalafil 1 x 2.5 mg/day 198 -4.6 
(-25.3%) 

+1.7* -8.4 

Tadalafil 1 x 5 mg/day 208 -6.1* 
(-33,0%) 

+1.6 -2.0 

Oelke et al. 
(2012) [88]‡ 

12 Placebo 172 -4.2 
(-24.1%) 

+1.2 -1.2 1b 

Tamsulosin 1 x 0.4 mg/day 168 -5.7* 
(-33.9%) 

+2.2* -10.2 

Tadalafil 1 x 5 mg/day 171 -6.3* 
(-36.6%) 

+2.4* -4.6 

Yokoyama 
et al. (2012) 
[89]‡ 

12 Placebo 154 -3.0 
(-17.9%) 

+2.2 -1.2 1b 

Tadalafil 1 x 2.5 mg/day 151 -4.8* 
(-28.9%) 

+1.6 -0.1 

Tadalafil 1 x 5 mg/day 155 -4.7* 
(-27.3 %) 

+1.3 -2.9 

Meta-analysis on PDE5Is 
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Gacci et al. 
(2012) [90] 

6-12 Placebo 964    1a 

PDE5I (any) 2250 D -2.8* 0.0 - 

α1-blocker 107    

α1-blocker + PDE5I 109 D -1.8
•
 D +1.5

 •
  

IPSS = International Prostate Symptom Score; Qmax = maximum urinary flow rate during free uroflowmetry; 
PVR = post-ǾƻƛŘ ǊŜǎƛŘǳŀƭ ǳǊƛƴŜΤ ϟǘǊƛŀƭ ƛƴŎƭǳŘŜŘ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ōƻǘƘ ŜǊŜŎǘƛƭŜ ŘȅǎŦǳƴŎǘƛƻƴ ŀƴŘ [¦¢{Τ ϝǎƛƎƴƛŦƛŎŀƴǘ 
compared with placebo (p < лΦлрύΤ ϞǎƛƎƴƛŦƛŎŀƴǘ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ōŀǎŜƭƛƴŜ όǇ < 0.05 [indexed wherever evaluated]); 
°significant compared with PDE5I alone; 

•
significant compared with α1-blocker alone. 

 
5.2.5 Plant extracts - phytotherapy 
 
Table S.20: Trials with plant extracts in patients with BPH-LUTS (selection) 
 

Trials Duration 
(weeks) 

Treatment Patients 
(n) 

Change 
symptoms 
(IPSS)† 

Change 
Qmax 
(mL/s) 

PVR 
(mL) 

LE 

Bach (2000) 
[91] 

52 Placebo 243 -5.5 NS NS 1b 

Cucurbita pepo 
(Prosta Fink™forte) 

233 -6.7
a
 NS NS 

Berges et al. 
(1995) [92] 

24 Placebo 100 -2.3 +1.1 -16.8 1b 

Hypoxis rooperi 
(Harzol™) 

100 -7.4
a
 +5.2

a
 -35.4

a
 

Klippel et al. 
(1997) [93] 

26 Placebo 89 -2.8 +4.3 -4.1 1b 

Hypoxis rooperi 
(Azuprostat™) 

88 -8.2
a
 +8.8

a
 -37.5

a
 

Wilt et al. 
(2000) [94] 

4-26 Placebo 475 -4.9
b
 +3.9

b
 -28.6

b
 1a 

Hypoxis rooperi     

Wilt et al. 
(2002) [95] 

4-18 Placebo 1562 RR 2.07
b
 +2.5

b
 -13.2

b
 1a 

Pygeum africanum 

(b-sitosterol) 

    

Wilt et al. 
(2000) [96] 

12-24 Placebo 444 RR 2.4
b
 -1.6 -14.4 1a 

Secale cereale 
(Cernilton™) 

    

Tacklind et al. 
(2012) [97] 

6-18 Placebo 661 -0.16
b
 

NS 
+0.40

b
 

NS 
NA 1a 

Serenoa repens     

Tacklind et al. 
(2012) [97] 

6-18 Tamuslosin 582 -0.52
b
 

NS 
+0.14

b
 

NS 
NA 1a 

Serenoa repens     

Carraro et al. 
(1996) [98] 

26 Finasteride 545 -6.2 +3.2
a
 - 1b 

Serenoa repens 
(Permixon™) 

553 -5.8 +2.7 - 

Safarinejad 
(2005) [99] 

26 Placebo 316 -1.5 +3.4 0 1b 

Urtica dioica 305 -8.0
a
 +8.2

a
 -37 

Lopatkin et al. 
(2005) [100] 

24 Placebo 126 -4.0 +1.9 - 1b 

Sabal serrulata 
+ Urtica dioica 
(Prostatgutt™ forte) 

127 -6.0
b
 +1.8 - 

Sökeland 
and Albrecht 
(1997) [101] 

48 Finasteride 244 -5.6 +2.8 -17.1 1b 

Sabal serrulata 
+ Urtica dioica 
(Prostatgutt™ forte) 

245 -4.8 +2.0 -10.2 

Vahlensieck 
et al. (2015) 

52 Pumpkin seed extract 481 -5.4 +3.6 -1.8 1b 

Pumpkin seed 475 -4.2 +4.3 -2.4 
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[102] Placebo 474 -4.0 +3.6 +1.2 

IPSS = International Prostate Symptom Score; n = number of patients; NA = not available; NS = not significant; 
PVR = post-void residual urine; Qmax = maximal urinary flow rate (free uroflowmetry); RR = relative risk. 
Ϟ
absolute values; 

a 
significant reduction compared with placebo/comparison treatment arm (p < 0.05); 

b 
in 

favour of plant extract. 
 
Efficacy 
Analysis of each drug class: 
 
Cucurbita pepo: Only one trial has evaluated the efficacy of pumpkin seed extract (Prosta Fink™ forte) in 
patients with BPH-LUTS [103]. A total of 476 patients were randomly assigned to placebo or Prostat Fink™ 
forte. After a follow-up of 12 months, IPSS and daytime voiding frequency were significantly reduced in the 
pumpkin seed group. However, uroflowmetry parameters (Qmax), PVR urine, prostate volume, PSA 
concentration, nocturia and QoL were not statistically different between the groups. 
 
Hypoxis rooperi: These phytopharmacological extracts contain a mixture of phytosterols bonded with 
glycosides, of which ß-sitosterol is the most important compound (Harzol™, Azuprostat™). Four randomised, 
placebo-controlled trials with durations of between 4 - 26 weeks were published and summarised in a 
Cochrane report [94]. Daily doses of plant extracts ranged from 60 - 195 mg. Two trials evaluated symptoms 
[92, 93] and all four trials investigated Qmax and PVR urine. A meta-analysis calculated weighted mean 
differences of -4.9 IPSS points, +3.9 mL/s in terms of Qmax and -28.6 mL in terms of PVR urine in favour of ß-
sitosterol. Prostate size remained unchanged in all trials. No further trials have been carried out since the 
Cochrane report was published in 2000. 
 
Pygeum africanum: A Cochrane report dealing with the clinical results of Pygeum africanum extracts (monoor 
combination preparations) summarised the results of 18 randomised, placebo-controlled trials [95]. Most trials 
used the Pygeum africanum extract Tadenan™. The meta-analysis comprised 1,562 men, but individual trials 
were small in size and lasted only between 30 - 122 days. Most trials were performed in the 1970s and 1980s 
and did not use validated questionnaires such as the IPSS. Men treated with Pygeum africanum were twice as 
likely to report symptom improvement (relative risk [RR] 2.07) than were those treated with placebo. The 
mean weighted difference of Qmax was +2.5 mL/s, and of PVR volume -13.2 mL, in favour of Pygeum 
africanum. No further trials have been published since the Cochrane report in 2002. 
 
Secale cereale: A Cochrane report dealt with the clinical results of the main Secale cereale product Cernilton™. 
It comprised 444 men who were enrolled in two placebo-controlled and two comparative trials (Tadenan™, 
Paraprost™) lasting between 12 and 24 weeks [96]. Men treated with Cernilton™ were twice as likely to report 
a benefit from therapy than those treated with placebo (RR 2.4). However, there were no significant 
differences between Cernilton™ and placebo with regard to Qmax, PVR urine, or prostate volume. No 
additional placebo-controlled trial with a monopreparation of Secale cereale has been published since the 
Cochrane report in 2000. 
 
Serenoa repens/Sabal serrulata: A recently updated Cochrane report summarised the clinical results of 30 
RCTs comprising 5,222 men [97]. Serenoa repens (mainly Permixon™ or Prostaserene™) was compared as a 
mono- or combination preparation with placebo, other plant extracts (Pygeum africanum, Urtica dioica), the 5-
ARI finasteride, or the α-blocker tamsulosin. Mean follow-up of these trials varied between 4 - 60 weeks. The 
Cochrane report concluded that Serenoa repens was not superior to placebo, finasteride, or tamsulosin with 
regard to IPSS improvement, Qmax, or prostate size reduction. Similar levels of IPSS or Qmax improvements in 
trials with finasteride or tamsulosin might be interpreted as treatment equivalence [58]. For nocturia, Serenoa 
repens was significantly better than placebo (mean weighted difference -0.78). 
 
Urtica dioica: Two trials compared the efficacy of stinging nettle monopreparations with placebo [99, 104]. 
One trial investigated 246 men with BPH-LUTS over a period of 52 weeks [104]. Only IPSS decreased 
significantly in the phytotherapy group (Bazoton™ uno), whereas Qmax and PVR urine were not statistically 
different between the groups at the end of the trial. The second trial investigated 620 patients with BPH-LUTS 
over a period of 26 weeks [99]. IPSS, Qmax and PVR urine significantly improved compared with placebo. 
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Combination preparations: Various trials have been carried out, especially with the extract combination of 
Sabal serrulata and Urtica dioica (PRO 160/120, Prostatgutt™ forte). A 24-week placebo-controlled trial 
demonstrated a significant improvement in IPSS in the phytotherapy arm (-2 IPSS points difference) [100]; 
Qmax reduction was similar in both groups. A 24-week open label extension trial of the same patients, in which 
all patients were treated with PRO 160/120, showed similar improvements of IPSS at week 48 in both groups (-
7 IPSS points). A second trial, in which PRO 160/120 was randomised against finasteride, showed similar results 
for IPSS and Qmax in both groups [101]. 
 
 
5.2.7 Combination therapies 
5.2.7.1 α1-blockers + 5α-reductase inhibitors 
 
Table S.21: Randomised trials using α1-blocker, 5α-reductase inhibitor, and the combination of both drugs in 
men with LUTS and benign prostatic enlargement due to BPH 
 

Trials Duration 
(weeks) 

Treatment 
(daily dose) 

Patient 
(n) 

Symptom 
change 
(% IPSS) 

Change in 
Qmax 
(mL/s) 

Change in 
prostate 
volume 
(%) 

LE 

Lepor et al. 
(1996) [63] 

52 Placebo 305 -16.5
a
 +1.4 +1.3 1b 

Terazosin 1 x 10 mg 305 -37.7
a,b,d

 +2.7
b,d

 +1.3 

Finasteride 1 x 5 mg 310 -19.8
a
 +1.6 -16.9

b,c
 

Terazosin 1 x 10 mg + 
finasteride 1 x 5 mg 

309 -39.0
a,b,d

 +3.2
b,d

 -18.8b,c 

Debruyne 
et al. (1998) 
[105] 

26 Alfuzosin 2 x 5 mg 358 -41.2
d
 +1.8 -0.5 1b 

Finasteride 1 x 5 mg 344 -33.5 +1.8 -10.5
c
 

Alfuzosin 2 x 5 mg + 
finasteride 1 x 5 mg 

349 -39.1
d
 +2.3 -11.9

c
 

Kirby et al. 
2003 [64] 

52 Placebo 253 -33.1 +1.4 - 1b 

Doxazosin 1 x 1-8 mg 250 -49.1b,d +3.6
b,d

 - 

Finasteride 1 x 5 mg 239 -38.6 +1.8 - 

Doxazosin 1 x 1-8 mg + 
finasteride 1 x 5 mg 

265 -49.7b,d +3.8
d
 - 

McConnell 
et al. (2003) 
[51] 

234 Placebo 737 -23.8
a
 +1.4

a
 +24.0

a
 1b 

Doxazosin 1 x 1-8 mg 756 -35.3
a,b,d

 +2.5
a,b

 +24.0
a
 

Finasteride 1 x 5 mg 768 -28.4
a,b

 +2.2
a,b

 -19.0
a,b,c

 

Doxazosin 1 x 1-8 mg + 
finasteride 1 x 5 mg 

786 -41.7
a,b,c,d

 +3.7
a,b,c,d

 -19.0
a,b,c

 

Roehrborn 
et al. (2008) 
[70] 

104 Tamsulosin 1 x 0.4 mg 1611 -27.4 +0.9 0.0 1b 

Dutasteride 1 x 0.5 mg 1623 -30.5 +1.9 -28.0
c
 

Tamsulosin 1 x 0.4 mg + 
dutasteride 1 x 0.5 mg 

1610 -39.2
c,d

 +2.4
c,d

 -26.9
c
 

Roehrborn 
et al. (2010) 
[71] 

208 Tamsulosin 1 x 0.4 mg 1611 -23.2 +0.7 +4.6 1b 

Dutasteride 1 x 0.5 mg 1623 -32.3 +2.0 -28.0
c
 

Tamsulosin 1 x 0.4 mg + 
dutasteride 1 x 0.5 mg 

1610 -38.0
c,d

 +2.4
c
 -27.3

c
 

Roehrborn 
et al. (2015) 
[106] 

104 FDC of Tamsulosin 0.4 
mg and dutasteride 0.5 
mg X1* 

369 -40.9
a,c

 NA NA 1b 

WW-All* 373 -27.9 NA NA 

Note: [70] and [71] reflect different timepoints in the same study 
IPSS = International Prostate Symptom Score; Qmax = maximum urinary flow rate (free uroflowmetry). 
a 
significant compared with baseline (indexed wherever evaluated); 

b 
significant compared with placebo; 

c
 significant compared with α-blocker monotherapy; 
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d
 significant compared with 5α-reductase inhibitor monotherapy.  

FDC = Fixed Dose combination; WW-All=  Watchful waiting with initiation of tamsulosin if symptoms did not 
improve; *Both treatment arms received lifestyle advice. 
 
5.2.7.2 α1-blockers + muscarinic receptor antagonists 
 
Table S.22: Efficacy of muscarinic receptor antagonists together with α1-blockers 
 

Trials Duration 
(weeks) 

Treatment Patients 
(n) 

Voiding 
frequency 
(% 

Nocturia 
(%) 

IPSS 
(%) 

LE 

Saito et al. 
(1999) [107] 

4 Tamsulosin 1 x 0.2 mg/d 59 -29.6 -22.5 - 1b 

Tamsulosin 1 x 0.2 mg/d + 
propiverine 1 x 20.0 mg/d 

75 -44.7 -44.4
a
 - 

Lee et al. 
(2005) [108] 

8 Doxazosin 1 x 4.0 mg/d 67 -11.8 -37.5 -54.9 1b 

Doxazosin 1 x 4.0 mg/d + 
propiverine 1 x 20.0 mg/d 

131 -27.5
a
 -46.7 -50.7 

Kaplan et al. 
(2006) [77] 

12 Placebo 215 -13.5 -23.9 -44.9 1b 

Tolterodine 1 x 4.0 mg/d 210 -16.5 -20.1 -54.0 

Tamsulosin 1 x 0.4 mg/d 209 -16.9 -40.3 -64.9
b
 

Tolterodine 1 x 4.0 mg/d + 
tamsulosin 1 x 0.4 mg/d 

217 -27.1
b
 -39.9

b
 -66.4

b
 

MacDiarmid 
et al. (2008) 
[109] 

12 Tamsulosin 1 x 0.4 mg/d + 
placebo 

209 - - -34.9 1b 

Tamsulosin 1 x 0.4 mg/d + 
oxybutynin 1 x 10.0 mg/d 

209 - - -51.9
b
 

Kaplan et al. 
(2005) [74]

‡
 

25 Tolterodine 1 x 4.0 mg/d 43 -35.7
a
 -29.3

a
 -35.3 2b 

Yang et al. 
(2007) 
[110]

‡
 

6 Tolterodine 2 x 2.0 mg/d 33 - - -35.7
a
 2b 

Chapple et 
al. (2009) 
[111]

‡
 

12 Tolterodine ER 4.0 mg/d + 
α-blocker 

283 -15.8
b
 -29.4 -25.1 1b 

Placebo + α-blocker 292 -10.5 -23.5 -23.5 

Kaplan et al. 
(2009) 
[112]

‡
 

12 Tamsulosin 1 x 0.4 mg/d + 
placebo 

195 -6.2
a
 - -29.0 1b 

Tamsulosin 1 x 0.4 mg/d + 
solifenacin 5.0 mg/d 

202 -9.1
a
 - -31.8 

Kaplan et al. 
(2013) [113] 

12 Tamsulosin 0.4 mg + 
solifenacin 6 mg 

74 -17.8 - -45.7 1b 

Tamsulosin 0.4 mg + 
solifenacin 9 mg 

74 -17.8 - -39.0 

Placebo 74 -9.5 - -36.0 

Cho et al. 
(2014) [114] 

8 Alfuzosin 10 mg + 
Propiverine 10 mg 

48 - - -23.6 1b 

Alfuzosin 10 mg + 
Propiverine 20 mg 

44 - - -35.6 

Alfuzosin 10 mg 43 - - -25.6 

Van 
Kerrebroeck 
et al. (2013) 
[115] 

12 Tamsulosin 0.4 mg + 
solifenacin 6 mg 

327 -20.0 -20.8 -38.3 1b 

Tamsulosin 0.4 mg + 
solifenacin 9 mg 

339 -17.0 -16.7 -34.9 

Tamsulosin 0.4 mg 327 -14.5 -16.0 -33.1 

Placebo 341 -9.6 -12.5 -28.4 
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Drake et al. 
(2015) [116] 

52 Tamsulosin 0.4 mg 

+solifenacin 6 or 9 mg 

1066 -21.9 - -48.1 2 

ER = extended-release; IPSS = International Prostate Symptom Score. 
a 
significant compared with baseline (p < 0.05, indexed wherever evaluated); 

b 
significant reduction compared 

with placebo (p < 0.05); 
ϟ
persisting LUTS during α1-blocker treatment (add-on approach). 

 
5.2.6 Beta-3 agonist 
 
Table S.39: Efficacy of beta-3 agonist together with α1-blockers 
 

Trials Duration 
(weeks) 

Treatment n Voiding 
frequency 
(%) 

Nocturia 
(%) 

Urgency 
incontinence 
(%) 

IPSS 
(%) 

LE 

Ichihara et 
al. (2015) 
[117]  

8 Tamsulosin 
0.2 mg + 
Mirabegron 
50mg 

47 - - - -16.7 2b 

 Tamsulosin 
0.2 mg 

47 - - - -2.0  

 

 
5.3 Surgical treatment 
5.3.1 Transurethral resection of the prostate and transurethral incision of the prostate 
 
Table  S.23: Efficacy and safety of transurethral resection of the prostate or transurethral incision of the 
prostate in level 1 trials at 12 or 24 months. Absolute and relative changes compared to baseline with regard 
to symptoms (Madson-Iverson or IPSS) and maximum urinary flow rate  
 
 

Trials Inter-
vention 

Patient 
(n) 

Decrease in 
symptoms at 12 

months 

Qmax (mL/s) at 12 
months 

Blood 
trans-
fusion 
(%) 

Reoperati
on rate at 
12 months 
(%) 

LE 

Absolute % Absolute % 

Dorflinger 
et al. 1992 
[118] 

TURP 31 -11.6
a
 -88

a
 +22.9

a,b
 +294

a,b
 13 3.2

b
 1b 

TUIP 29 -12.6
a
 -85

a
 +16.3

a
 +223

a
 0

c
 20.7 

Jahnson et 
al. 1998 
[119] 

TURP 43 -13
a
 -82

a
 +19.5

a,b
 +229

a,b
 2.4 7.1

b
 1b 

TUIP 42 -11.8
a
 -77

a
 +13.8

a
 +148

a
 0 23.2 

Riehmann 
et al. 1995 
[120] 

TURP 61 -9.5
a
 -67

a
 NS  16  1b 

TUIP 56 -10
a
 -63

a
   23   

Saporta et 
al. 1996 
[121] 

TURP 20 -9.4
a
 -63

a
 +17.3

a
 +266

a
  0

b
 1b 

TUIP 20 -9.3
a
 -64

a
 +14.6

a
 +197

a
  15 

Soonawalla 
et al. 1992 
[122] 

TURP 110   +20.1
a
 +251

a
 34.5  1b 

TUIP 110   +19.5
a
 +246

a
 0

c
  

Tkocz et al. 
2002 [123] 

TURP 50 -12*
a
 -70* 6.9*

a
 +255

a
   1b 

TUIP 50 -13
*a

 -77* 7.6*
a
 +222

a
   

Lourenco 
et al. 2009 
[124] 

TURP 345 NS NS   28.3 7.2
b
 1a 

TUIP 346     1.1
c
 18 

Yang et al. TURP 403 -11.2 to -63 to +17.3 to +266 to 25.1 5.5 1a 
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2001 [125] -13  -82 +22.9
b
 +352

b
 

TUIP 392 -10 to  
-13.5 

-63 to  
-83 

+13.8 to 
+16.3 

+189 to 
+223 

0.87
c
 9.3 

IPSS = International Prostate Symptom Score; NS = No significant difference between groups; Qmax = maximum 
urinary flow rate; TUIP = transurethral incision of the prostate; TURP = transurethral resection of the prostate. 
* = 24 months post operatively; 

a 
= significantly different compared to baseline; 

b
 = significantly different in favour of TURP; 

c 
= significantly different in favour of TUIP. 

 
5.3.1.1 Modifications of TURP: bipolar TURP 
 
Table S.24: Mid-term (follow-up longer than 12 months) results from randomised controlled trials comparing 
monopolar and bipolar transurethral resection of the prostate 
 

Trials Inter-
vention 

Patients 
(n) 

Follow-
up 
months 

IPSS 
Decrease 

Qmax 
(mL/s) 

US/ 
BNC 
(%) 

LE 

Absolute (%) Absolute (%) 

Autorino 
et al. 2009 
[126] 

M-TURP 31 48 -17.9
a
 -74

a
 +15.0

a
 +242

a
 6.5/3.2 1b 

B-TURP 
(Gyrus) 

32 -17.3
a
 -72

a
 +12.7

a
 +179

a
 3.1/3.2 

Chen et al. 
2010 [127] 

M-TURP 50 24 -18.0
a
 -83

a
 +16.9

a, b
 +214

a
 6.0/4.0 1b 

B-TURP 
(TURiS) 

50 -19.1
a
 -84

a
 +18.4

a
 +259

a
 4.0/2.0 

Geavlette 
et al. 2011 
[128] 

M-TURP 170 18 -15.9
a
 -66

a
 +14.2 +222 5.1/4.1 1b 

B-TURP 
(TURiS) 

170 -16.1
a
 -67

a
 +14.5

a
 +238

a
 6.3/3.4 

Xie et al. 
2012 [129] 

M-TURP 79 60 -16.2
a
 -71

a
 +15.2

a
 +157

a
 5.1/10.1 1b 

B-TURP 
(Gyrus) 

78 -16.6
a
 -70

a
 +16.5

a
 +167

a
 5.1/5.1 

Mamoulakis 
et al. 2012 
[130] 

M-TURP 108 36 -16.0
a
 -69

a
 +10.8

a
 +126

a
 9.3/1.9 1b 

B-TURP 
Autocon 

122 -15.4
a
 -66

a
 +10.7

a
 +122

a
 8.2/6.6 

Giulianelli 
et al. 2013 
[131] 

M-TURP 80 36 -19.4
a
 -83

a
 +13.5

a
 +208

a
 NA/13.3 1b 

B-TURP 
(Gyrus) 

80 -20.3
a
 -91

a
 +14.1

a
 +158

a
 NA/2.5 

Komura et al. 

(2015) [132] 

M-TURP 61 36 -16.9
a 

-72
a 

+18.6
a 

+258
a 

1.6
b
/6.6

c 
1b 

B-TURP 
(TURiS) 

63 - -15.8
a 

-71
a 

+17.0
a 

+246
a 

17.5
b
/3.2

c 

BNC = bladder neck contracture; B-TURP = bipolar TURP; IPSS = International Prostate Symptom Score;  
M-TURP = monopolar TURP; Qmax = maximum urinary flow rate; TURP = transurethral resection of the prostate; 
US = urethral stricture. 
a 
= significantly different compared to baseline; NA = not available. 

 
5.3.2 Open prostatectomy 
 
Table S.25: Results of OP studies for treating BPH-LUTS or BPO 
 
 

Studies Duration 
(weeks) 

Patient 
(n) 

Change in 
symptoms 
(IPSS) 

Change in 
Qmax 

Change in PVR Change in 
prostate 
volume 

LE 

Absolute % mL/s % mL % mL % 

Kuntz et al. 

2008 [133] 

260 32 -18.2 86 21.4 677 -287 98   1b 

Skolarikos 78 60 -12.5 63 7 86 -77 86 -86 88 1b 
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et al. 2008 

[134] 

Naspro et 
al. 2006 

[135] 

104 39 -13.2 62 15.9 291     1b 

Varkarakis 
et al. 2004 

[136] 

151 232 -23.3 84 16.5 329 -104 90   3 

Gratzke et 
al. 2007 

[137] 

 868   13 218 -128 88 85 88 2b 

BPH = benign prostatic hyperlasia; BPO = benign prostatic obstruction; IPSS = International Prostate Symptom 
Score; LE = level of evidence; LUTS = lower urinary tract symptoms; n = number of patients; OP = open 
prostatectomy; PVR = post-void residual urine; Qmax = maximum urinary flow rate (free uroflowmetry). 
 
5.3.3 Transurethral microwave therapy 
 
Table S.26: Efficacy of TUMT. Absolute and relative changes compared to baseline are listed for IPSS, Qmax, 
PVR and PVol 
 

Trials Duration 
(weeks) 

Patients 
(n) 

Change 
in IPSS 
(absolute 
[%]) 

Change 
in Qmax 
(mL/s, 
[%]) 

Change 
in QoL 
(absolute 
[%]) 

Change 
in PVR 
(absolute 
[%]) 

Change 
in PVol 
(absolute 
[%]) 

LE 

Hoffman et al. 

2007 [138] 

52 322 -12.7
a
 

(-65.0) 
5.6

a
 

(70.0) 
-2.4

a
 

(58.5) 
NA NA 1a 

Gravas et al. 

2005 [139] 

52 183 -14.5
a
 

(-69.0) 
8.4

a
 

(109.0) 
-2.97

a
 

(70.9) 
NA -17.0

a
 

(-33.0) 
1b 

Mattiasson et 

al. 2007 [140] 

260 100 -13.6
a
 

(-61.5) 
3.8

a
 

(50.0) 
-3.2

a
 

(-74.4) 
-36.0 
(-34.0) 

-4.0  
(-8.1) 

1b 

Floratos et al. 

2001 [141] 

156 78 -8.0
a
 

(-40.0) 
2.7

a
 

(29.3) 
-2.0

a
 

(-50.0) 
NS NA 1b 

Thalmann et al. 

2002 [142] 

104 200 -20.0
a
 

(-87.0) 
7.0

a
 

(116.6) 
-4.0

a
 

(-80.0) 
-143

a
 

(-84.1) 
-17.7

a
 

(-30.7) 
2b 

Miller et al. 

2003 [143] 

260 150 -10.6
a
 

(-47.0) 
2.4

a
 

(37.0) 
-2.3

a
 

(-54.7) 
NA NA 2b 

Trock et al. 

2004 [144] 

208 541 -8.9
a
 

(-42.7) 
2.8

a
 

(35.0) 
-2.1

a
 

(-50.1) 
NA NA 2b 

IPSS = International Prostate Symptom Score; LE = level of evidence; PVol = prostate volume; PVR = post-void 
residual urine; Qmax = maximum urinary flow rate (free uroflowmetry); QoL = quality of life; TUMT = 
transurethral 
microwave therapy; 

a
 = significant compared to baseline (indexed whenever evaluated); n = number of patients; 

NS = not significant; NA = not available. 
 

Table S.27Υ {ǳƳƳŀǊȅ ƻŦ ŎƻƳǇŀǊŀǘƛǾŜ [9Υм Řŀǘŀ ŦƻǊ ¢¦b!ϰ ǾŜǊǎǳǎ ¢¦wt [145] 
 

 ¢¦b!ϰ TURP ¢¦b!ϰ ǾǎΦ ¢¦wt όфр҈ /Lύ LE 

Symptoms (IPSS): mean (% improvement) 

3 months (8,10) -12 (56%) -14 (62%) -2 (-0.9 to 3.1) 1b 

1 year (9-11) -12 (55%) -15.5 (70%) 3.4 (2.1 to 5.2)
a
 1b 

3 years (9,11) -10 (45%) -15 (67%) 4.8 (4.2 to 5.4)
a
 1b 

Quality of life scores: mean (% improvement) 

3 months (8,10) -4.5 (54%) -3.7 (48%) -0.8 (-1.3 to 0.5) 1b 

1 year (9-11)  -4 (50%)  -4.3 (56%)  0.63 (0.1 to 1.2)
a
 1b 

3 years (9,11)  -4.2 (50%) 5.2 (67%) 1 (0.2 to 1.9)
a 
 1b 
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Qmax (mL/s): mean (% improvement) 

3 months (8,10) 4.7 (54%) 11.5 (150%) -5.8 (-6.3 to -5.4)
a
 1b 

1 year (9-11) 6.5 (76%) 12.2 (160%) -5.9 (-7.7 to -4.1)
a
 1b 

3 years (9,11) 5.6 (66%) 10.8 (141%) -5.3 (-6.8 to -3.9)
a
 1b 

PVR (mL): mean (% improvement) 

1 year (10,11) -20 (22%) -42 (41%) 22 (-18 to 27)
a
 1b 

IPSS = International Prostate Symptom Score; LE = level of evidence; Qmax = maximum urinary flow rate; 
PVR = post-ǾƻƛŘ ǊŜǎƛŘǳŀƭ ǳǊƛƴŜΤ ¢¦b!ϰ Ґ ǘǊŀƴǎǳǊŜǘƘǊŀƭ ƴŜŜŘƭŜ ŀōƭŀǘƛƻƴΤ  
TURP = transurethral resection of the prostate. 

a 
Ґ ¢¦wt ǎƛƎƴƛŦƛŎŀƴǘƭȅ ōŜǘǘŜǊ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ¢¦b!ϰΦ 

 
5.3.5 Laser treatments of the prostate 
 
Table S.28: Efficacy of different lasers for the treatment based on the highest-quality study for each of the 
treatment options. Absolute and relative changes compared to baseline, with regard to symptoms (AUA-
SI/IPSS) and maximum urinary flow rate (Qmax)  
 

Trials Duration 
(months) 

Patients 
(n) 

Surgery Change symptoms (IPSS) Change Qmax (mL/s) LE 

Absolute (%) WMD Absolute (%) WMD 

Bachmann 
et al. 2015 

[146] 

12 130 XPS 14.2 -67 - 13.5 - - 1b 

126 TURP 16 -73 - 14.6 - - 

Tooher et 
al. 2004 

[147] 

12 231 HoLRP NA NA -0.4 NA NA +4.2 1a 

TURP NA NA NA NA 

Tan et al. 

2007 [148] 

12 232 HoLEP -17.5 to 
-21.7 

-81 to 
-83 

NA +13.4 to 
+23.0 

+160 to 
+470 

+0.59 1a 

228 TURP -17.7 to 
-18.0 

-76 to 
-82 

 +10.1 to 
+21.8 

+122 to 
+370 

 

Lourenco 
et al. 2008 

[149] 

12 277 HoLEP -17.7 to 
-21.7 

-82 to 
-92 

-0.82 +13.4 to 
+23.0 

+160 to 
+470 

+1.48 1a 

270 TURP -17.5 to 
-18.7 

-81 to 
-82 

 +10.1 to 
+21.8 

+122 to 
+370 

 

Thang-
asamy et 
al. 2012 

[150] 

12 176 KTP  
(80 W & 
120 W) 

-15.9 to 
-16.1 

-64 to 
-66 

-0.7 +9.8 to 
+14.5 

+111 to 
+181 

+1.1 1a 

164 TURP -14.1 to 
-14.4 

-56 to 
-63 

 +10.5 to 
+13.7 

+118 to 
+154 

 

Lusuardi 
et al. 2011 

[151] 

6 30 Diode 
laser 
enuclea-
tion 

-22.7 -84  +14.8 +218  1b 

30 B-TURP -21 -83  +15.2 +237  

Xu et al. 

2013 [152] 

12 40 Diode 
laser 
enuclea-
tion 

-18.6 -79  +15.5 +196  1b 

40 PKERP -18.5 -77  +15.6 +200  

Xia et al. 

2008 [153] 

12 52 ThuVaRP -18.4 -84  +15.7 +196  1b 

48 TURP -16.9 -81  +15.8 +190  

Peng et al. 

2013 [154] 

3 50 ThuVaRP -13.2 -65  +16.2 +205  1b 

50 B-TURP -12.1 -63  +16.2 +198  

Zhang et 
al. 2012 

[155] 

18 71 ThuLEP -19.4 -79  +16.6 +244  1b 

62 HoLEP -16.6 -73  +16.9 +232  
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Yang et al. 

2013 [156] 

18 79 ThuLEP -17 -75  +14.2 +163  1b 

79 B-TURP -18.2 -78  +14.1 +154 

AUA-SI = American Urological Association Symptom Index; B-TURP = bipolar transurethral resection of the 
prostate; HoLEP = holmium laser enucleation; HoLRP = holmium laser resection of the prostate; IPSS = 
International Prostate Symptom Score; KTP = greenlight laser vaporisation; NA = not available; Qmax = maximum 
urinary flow rate; TURP = transurethral resection of the prostate; ThuVaP = Tm:YAG vaporisation of the 
prostate; ThuVaRP = Tm:YAG vaporesection; ThuLEP = Tm:YAG laser enucleation of the prostate; ThuVEP = 
Tm:YAG vapoenucleation; WMD = weighted mean difference. 
 

5.3.6 Prostatic stents 
 
Table S.29: Efficacy of stents: key studies 
 

Stent n Symptoms Qmax (mL/s) Failure rate 
(follow-up in 
months) 

LE 

Pre-
operative 

Post-
operative 

Pre-
operative 

Post-
operative 

Urolume et al (P) 

[157] 

91 14.1 4.7 9.3 17.1 Overall 3 

44 R 4.6 R 13.7 15.5% (18) 

Memotherm et al 

(P) [158] 

123 24.0 6.1* 7.4 16.1* 4% (48) 3 

Titan et al (P) [159] 85 15.9ª 9.33
1
  8.59* 11.43

1
 Overall 3 

59 18.0 5.21 R 11.34
1
 19% (24) 

Spanner et al (T) 

[160] 

30 22.3 7.1 8.2 11.6 0% (2) 3 

Memokath et al (T-

P) [161] 

211 20.3 8.2
2
 NA NA 23% (84) 3 

Horizon Bell-

shaped (T) [162] 

108 22.0 15.0 9.1 9.6 46% (3) 3 

Qmax = maximum urinary flow rate (free uroflowmetry); (P) = permanent stent; R = retention; (T) = temporary 
stent; NA = not available. * = immediately after insertion; ª = Madsen score;

 1
 = at 2 years; 

2
 = at 3 months 
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5.3.7 Prostatic Urethral Lift 
 
Table S.30: Clinical outcome measures after prostatic urethral lift.   
Data are shown as mean changes and percent changes (where reported), statistical significant changes are depicted in bold values; IPSS= International Prostate Symptom Score;  

AUASI=American Urological Association Symptom Index; HRQOL=Health-related Quality of Life; IIEF-5=International Index of Erectile Function; SHIM= Sexual Health Inventory for Men; MSHQ-

EjD = Male Sexual Health Questionnaire-Ejaculatory Dysfunction; MSHQ-bother= Male Sexual Health Questionnaire-Bother;  Qmax= peak urinary flow rate [mL/sec]; PVR=post void residual 

urine volume [mL]; n=not reported; m=months; A=0.5, B=1, C=1.5, D=3 

Study Study design n IPSS / AUASI HRQOL IIEF-5 / SHIM MSHQ-EjD MSHQ-bother Qmax PVR 

 follow-up  m(A,B,C) 12 m m(A,B,C) 12 m m(A,B,C) 12 m m(A,B,C) 12 m m(A,B,C

) 
12 m m(A,B,C) 12 m m(A,B,C) 12 m 

Cantwell et a. [163] crossover 
trial 

53 - 10.9A 
(46%) 

- 8.7 
(37%) 

- 2.2A 
(43%) 

- 2.0 
(41%) 

0.5B 0.9 1.4B 0.8 - 0.5B - 0.4 2.5D 
(34%) 

2.5 
(35%) 

-13.23D 
(9.26%) 

-11.23 
(4.67%) 

Chin et al. [164] prospective 
cohort 

64 - 9.4A 
(42%) 

- 10.4 
(46%) 

- 2.1A 
(44%) 

- 2.4 
(49%) 

1.6C 
(9%) 

1.8 
(10%) 

1.7C 
(16%) 

0.2 
(2%) 

- 0.8C 
(51%) 

- 0.7 
(48%) 

3.8A 
(45%) 

2.6 
(32%) 

- 5A 
(5%) 

8    
(9%) 

McNicholas et al. 

[165] 

prospective 
cohort 

120 - 8.2A 
(36%) 

- 12.3 
(52%) 

- 1.9A 
(39%) 

- 2.6 
(53%) 

n n n n n n 3.7A 
(38%) 

4.0 
(51%) 

- 11A 
(10%) 

3 (3%) 

McVary et al RCT 206 - 9.8B - 10.8 n n 0.6B 0.4 2.1B 1.3 - 0.7B - 0.8 4.4D 4.0 n n 

Roehrborn et al. 

[166] 

RCT 206 - 4.1A 
(17%) 

- 10.8 
(49%) 

- 1A  
(17%) 

- 2.4 
(51%) 

      4.4D 
(64%) 

4.0 
(59%) 

- 11D 
(40%) 

- 12 
(18%) 

Shore et al. prospective 
cohort 

51 - 5.71A 
(23.7%) 

- 10.47B 
(47.5%) 

- 1.65A 
(32.5%) 

- 2.12B 
(43.8%) 

n 0.35B 
(2.3%) 

n 1.59B 
(18.6%) 

n 0.76B 
(56.3%) 

 3.30B 
(47%) 

n n 

Woo et al. [167] prospective 
cohort 

19 - 8.1A 
(37%) 

- 8.6 
(39%) 

- 1.9A 
(40%) 

- 2.2 
(48%) 

n n n n n n 2.4A 
(32%) 

2.5 
(34%) 

- 79A 
(49%) 

- 39 
(23%) 

Woo et al. [168] prospective 
cohort 

64 - 14.1C 
(62%) 

- 10.4 
(46%) 

n n 1.6C 
(9%) 

1.7 
(10%) 

1.7C 
(16%) 

0.2 
(2%) 

- 0.8C 
(51%) 

- 0.7 
(48%) 

n n n n 

Sonksen et al. 

[169] 

RCT 80  -11.4 
(51%) 

 -2.8 
(60%) 

 -0.1 
(0.5%) 

 +1.3 
(12%) 

 -0.5 
(29%) 

    

 

5.3.8 Investigational operations 
5.3.8.1 Intra-prostatic botulinum toxin injections (see supplemental online material) 
 
Table S.31: Clinical outcome measures after intraprostatic injection with BoNT/A 
Data are shown as mean changes and percent changes (where reported), statistical significant changes are depicted in bold values, IPSS= International Prostate Symptom 
Score;  AUASI=American Urological Association Symptom Index; HRQOL=Health-related Quality of Life; PV_total prostate volume; PVR=post void residual urine volume [mL]; 
PSA=prostate specific antigen; Qmax= peak urinary flow rate [mL/sec]; NTX=neurotoxin; n=not reported; m=months 
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Study n route of 
administration 

units of        
BoNT/A 

IPSS / AUASI HRQOL PV PVR PSA          Qmax 

  follow-up  mA-F mA-F mA-F mA-F mA-F mA-F mA-F mA-F mA-F mA-F mA-F mA-F 

Maria et al. 

[170] 

30 transperineal 200 -12.6A 
(54%) 

-15.2B 
(65%) 

n n -28.8A 
(54%) 

-35.8B    
(68%) 

-76.7A 
(60%) 

-105.3B 
(83%) 

-1.6A 
(42%) 

-1.9B 
(51%) 

6.8A 
(84%) 

7.3B 

(90%) 

Marberger    

et al. [171] 

380 transperineal 
transrectal 

100 
200 
300 

-6.6C 

-6.3 C 

-5.6 C 

-4.7F 

-4.1F 
-5.0F 

n n -3.54C 

-3.65C 
-3.40C 

-1.77F 
-2.82F 

-3.58F 

-1.4C 

9.0C 

7.5C 

14F 

-12.4F 

10.9F 

n n 2.7C 
2.0C 
1.8C 

2.0F 

2.4F 
2.0F 

Arnouk et al. 

[172] 

34 transurethral 100 
200 

-14.1C 

-13.3C 

-14.6D 

-13.6D 

n n -3.4C 

-3.3C 

-3.7D 

-5.3D 

-92.7C 

-73C 

-93.3D 

-69.4D 

-0.7C 

-1.1C 

-0.9D 

-1.4D 

4.2C 

2.8C 

2.3D 

3.0D 

Brisinda et al. 

[173] 

77 transperineal 200 -15.4B 
(63.9%) 

-10.1E 
(19.5%) 

n n -23.2B 
(42.8%) 

-22.1E 
(21.3%) 

-51.5B 
(55.9%) 

-27.4E 
(15.5%) 

-3.2B 
(51.6%) 

-2.1E 
(36.6%) 

7.9B 
(91.9%) 

2.8E 
(20%) 

Crawford et 

al. [174] 

134 transrectal 100 
300 

-6.8A 

-7.0A 

-6.9E 

-7.1E 

n n n n n n n n 2.6A 

2.2A 

2.5E 

2.3E 

Chuang et al. 

[175] 

16 transperineal 100 -9.9A -9.8D -1.7A -1.7D -2.6A 3.2D -42.6A -40.9D n n 4.5A 5.3D 

Chuang et al.  

[176] 

41 transperineal 100 
200 

-8.9A 
-9.8A 

-9.7E 

-11E 

-1.8A 

-2.1A 

-2.1E 

-1.7E 

-3.1A 

-8.0A 

-4.1E 

-7.1E 

-28.5A 

-116.5A 

-24.2E 

-68.1E 

n n 4.1A 

3.3A 

5.5E 

4.1E 

Hamidi et al. 

[177] 

10 transurethral 100-300 -11.1C n n n -11.1C n -12.1C n -1.41C n 8.32C n 

Kuo et al. 

[178] 

10 transurethral 200 n n n n -19.6C -15.9D -189.1C -206.2D n n 2.3C 4.0D 

Kuo et al. 

[179] 

60 transperineal 200-600 -9.0D -9.3E -1.89D -2.07E -9.9D -12.9E 9.5D 21E -0.14D -3.87E 1.8D 2.3E 

de Kort et al. 

[180] 

15 transrectal 200 -4.0C -9.0E -3.0C -3.0E n 0.0E -100C -90E 0.2C -0.4E 2.2C 2.3E 

Nikoobakht   

et al. [181] 

72 transperineal 300-600 
Dysport™ 

-8.5A -10E -1.0A -1.5E n n -22.7A -32.5E n n 7.5A 6.3E 

Park et al. 

[182] 

52 transperineal 100-300 -5.7A 
(23.8%) 

-9.3D 
(38.8%) 

-1.2A 
(25.8%) 

-1.7D 
(35.5%) 

-3.8A 
(8.1%) 

-6.7D 
(14.2%) 

-25.9A 
(24.0%) 

-49.3D 
(45.3%) 

-0.2A 
(9.0%) 

n 1.0A 
(24%) 

2.0D 
(27.6%) 

Sacco et al. 

[183] 

64 transperineal 200 -9.7C 
(49.2%) 

 -1.87C 
(44.8%) 

   -70.1C 
(80%) 

 -0.06C 

(2.7%) 
 3.2C 

(33%) 
 

Silva et 21 transrectal 200 n n n n -13A -23C n 12C -0.2A -1.0C n 1.3C 
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al.[184] 

Silva et al. 

[185] 

21 transrectal 200 n -1.5E n -0.1E -23.1C -18.4E 9.0C -9.0E -1.6C -1.3E 0.7C 0.1E 

Silva et al. 

[186] 

16 transtectal 200 -5.4A -10.6D -1.06A -1.68D -25.7A -36.9D -38A -64D -0.1A -0.1D 2.6A 2.5D 

Yokoyama    

et al. [187] 

10 transperineal 
transrectal 

100-200 
purified 

NTX 

-7.5A -6,9E -1.8A -0.9E -7.6A -6.8E 2.0A 27.1E n 0.05E -0.2A 0.9E 

 

5.3.8.2  Minimal invasive simple prostatectomy 
 
Table S.32: Key studies on laparoscopic and robot-assisted simple prostatectomy. Mean values of variables are provided. 
 

Study Method N Change 
in IPSS 
 

Change 
in 
Qmax 
(ml/s) 

PV 
(mL) 
 

Operative 
Time 
(min) 
 

Blood 
loss 
(mL) 
 

Catheter 
time 
(Days) 
 

Hospital 
stay 
(Days) 
 

Asimakopoulos 

[188] 

LSP 626 Range 
from -
10.9 
to -23.2 

Range 
from 
11.0 
to 20.7 

107 118 314 5.1 5.0 

Vora [189] RASP 13 -12.9 14.8 NA 179 219 8.8 2.7 

Matei [190] RASP 35 -19.0 12.3 107 186 121 7.4 3.2 

John [191] RASP 13 NA 23* NA 210 500 6.0 6.0 

Uffort [192] RASP 15 -15.7 NA 71 129 139 4.6 2.5 

Autorino [193] RASP / 
LSP 

1330 -19 +17 75 100 NA 5 4 

Pokorny [194] RASP 67 -22 +16 NA 97 200 3 4 

Leslie et al  [195] RASP 25 -85% -77% 88 214 143 9 4 

*Only postoperative Qmax was available. 
LSP: laparoscopic simple prostatectomy; PV: prostate volume; RASP: robot-assisted simple prostatectomy 
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5.4 Patient selection 
 
Table S.33: Speed of onset and influence on basic parameters with conservative, medical or surgical  
treatment modalities for the management of non-neurogenic male LUTS 
 

Treatment Speed of Onset LUTS 
(IPSS) 

Uroflowmetry 
(Qmax) 

Prostate size PVR Disease 
progression 

Conservative and 
drug treatments 

  

Watchful waiting, 
behavioural 
treatment 

months + - - - ? 

(-1.3 to -
5.7 
points) 

α1-adrenoceptor 
antagonists 

days ++ ++ - - / + +++ 

(-31 to -
48.2%) 

(+1.4 to +3.2 
ml/s) 

(-17 to -
39%) 

(symptoms) 

5α-reductase 
inhibitors 

months + ++ + - ++ - +++ 

(-13.3 to  
-38.6%) 

(+1.4 to +2.2 
ml/s) 

(-15 to -28%) (retention) 

Muscarinic 
receptor 
antagonists 

Weeks ++ - - + ? 

(storage 
symptom
s) 
(-35.3 to 
-54%) 

(0 to 
+49ml) 

PDE5Is (tadalafil) Days ++ 
(-17 to -
37%) 

- / + - - / + 
(+9 to -
19 ml) 

? 

α1-adrenoceptor 
antagonists +  
5α-reductase 
inhibitors 

Days ++ ++ + - ++ - / + +++ 

(-38 to -
49.7%) 

(+2.3 to 3.8 
ml/s) 

(-11.9 to  
-27.3%) 

(symptoms + 
retention) 

α1-adrenoceptor 
antagonists +  
muscarinic receptor 
antagonists 

Days ++ ++ -  ? 

(-31.8 to 
-66.4%) 

 

Surgical treatments After catheter removal 

TURP–TUIP Hours ++++ ++++ +++ ++++ ++++ 

(-63 to -
88%) 

(+6.9 to 22.9 
ml/s) 

Open 
prostatectomy 

Hours ++++ ++++ ++++ ++++ ++++ 

(-62 to -
86%) 

(+7.0 to +21.4 
ml/s) 

(-88%) (-86 to -
98%) 

TUMT Weeks +++ +++ ++ ++ +++ 

(-40 to -
87%) 

(+2.4 to 8.4 
ml/s) 

(-8.1 to 33.0%) (-34 to -
84.1%) 

TUNA™ Weeks +++ +++ ++ + ++ 

(-45 to -
56%) 

(+4.7 to 6.5 
ml/s) 

(-20 ml 
or 
 -22%) 

HoLEP/HoLRP Hours ++++ ++++ ++++ ++++ ++++ 

(-66 to -
92%) 

(+10.9 to 23.0 
ml/s) 

(-34 to -54%) (-68 to -
98%) 

KTP/Greenlight Days +++ +++ +++ +++ +++ 

(-31 to -
75%) 

(+4.7 to 14.9 
ml/s) 

(-44 to -63%) (-57 to -
91%) 
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Diode laser hours +++ 
(-55 to -
84.3%) 

+++ 
(+5.1 to 13.7 
ml/s) 

+++ 
(-30.3 to -
58.1%) 
PSA based 
reduction 

+++ 
(-58.1 to  
-87.7%) 

+++ 

Thulium 
LaserThuVaP, 
ThuVaRP, and 
ThuVEP 

hours +++ 
(-63 to 
85.4%) 

+++ 
(+12.8 to 18.7 
ml/s) 

+++ 
(-35.7 to  
-88%) 
PSA based 
reduction 

+++ 
(-72.4 to  
-94.4%) 

+++ 

Prostate stents hours ++ ++ - +++ ? 

(-10 to -
19 
points) 

(+3 to 13.1 
ml/s) 

- no influence; + mild influence; ++ moderate influence; +++ strong influence; ++++ very strong influence; ? 
Unknown; BTX: Botulinum Toxin; HoLEP: Holmium Laser Enucleation of the Prostate; HoLRP: Holmium Laser 
Resection of the Prostate; IPSS: International Prostate Symptom Score; KTP: K+-titanyl-ǇƘƻǎǇƘŀǘŜΣ άƎǊŜŜƴƭƛƎƘǘέ 
laser vaporization; LUTS: Lower Urinary Tract Symptoms; PDE5I: phosphodiesterase 5 inhibitor; PVR: Post- 
Void Residual urine; ThuVaP: Tm:YAG vaporization of the prostate; ThuVaRP: Tm:YAG vaporesection; 
ThuVEP:Tm:YAG vapoenucleation; TUMT: TransurŜǘƘǊŀƭ aƛŎǊƻǿŀǾŜ ¢ƘŜǊŀǇȅΤ ¢¦b!ϰΥ ¢ǊŀƴǎǳǊŜǘƘǊŀƭ bŜŜŘƭŜ 
Ablation; TUIP: Transurethral Incision of the Prostate; TURP: Transurethral Resection of the Prostate. 

 

5.5 Management of nocturia in men with lower urinary tract symptoms 
 
Introduction 
This first iteration of an EAU Guideline for Nocturia in Male LUTS reports a systematic review of therapy for 
nocturia in men, and emphasizes the need to consider the wide range of non-urological and urological causes 
of nocturia. Future iterations will undertake structured review of the diagnostic pathway.  
 
Nocturia is defined by the International Continence Society (ICS) as the complaint of waking at night to void 

[196]. It reflects the relationship between the amount of urine produced while asleep, and the ability of the 
bladder to store the urine received. Nocturia can occur as part of lower urinary tract dysfunction (LUTD), 
notably in overactive bladder (OAB) and chronic pelvic pain syndrome. The presence of the respective 
symptoms of urgency or pelvic pain in a presenting patient signify the possibility that nocturia is truly a LUTS or 
part of a mixed aetiology. In addition, impaired filling compliance of the bladder may influence storage 
function, and this can be a feature of various situations, such as neurological disease, previous pelvic 
radiotherapy or chronic catheterization. Nocturia can also occur in association with other forms of LUTD, such 
as bladder outlet obstruction (BOO), but here it is debated whether the link is one of causation or simply the 
co-existence of two common conditions. Conversely, the absence of a link to LUTD in an individual makes it 
inappropriate to refer to nocturia as a LUTS for that person, and other factors have to be sought. These can be 
categorized as: behavioural factors, sleep disturbance (primary or secondary) or systemic causes. Nocturia as 
an isolated symptom is rarely a manifestation of LUTD. Where a medical condition causes excessive production 
of urine at all times (global polyuria) or primarily at night (nocturnal polyuria), nocturia is effectively a systemic 

symptom [197, 198]. For example, cardiovascular, endocrine and renal disease can affect water and salt 

homeostasis [199], leading to over-production of urine.  
 
Thus there are four component categories of nocturia (behavioural, systemic, sleep disturbance and LUTD; 
Table 1), which each have to be considered in all cases, since they often co-exist. Only where LUTD is evident 
and causative (or contributing in conjunction with other causes) should nocturia be termed a lower urinary 
tract symptom (LUTS). 
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Table S.34: Categories of nocturia 
 

CATEGORY  Disproportionate urine production (at all times, 
or during sleep) 

Low volume of each void (at all times, or 
overnight) 

Behavioural Inappropriate fluid intake “Bladder awareness” due to secondary 
sleep disturbance 

Systemic Water, salt and metabolite output  

Sleep disorder  Variable water and salt output “Bladder awareness” due to primary sleep 
disturbance 

LUTD  Impaired storage function and increased 
filling sensation 

 
 
5.5.1 Diagnostic assessment 
In general, nocturia cases are commonly referred to urology departments, even though the underlying 

mechanisms may be multifactorial [200], and LUTD may not be causative. Due to the nature of the condition, a 

bladder diary (e.g. the validated ICIQ bladder diary [201]) is a mandatory component of the assessment of 
nocturia. 
 
The receiving urologist should undertake evaluation as outlined in Figure 1, with the following considerations; 

1. Evaluate for LUTD according to the relevant guidelines. Nocturia in men should be assessed within the 
context of non-neurogenic LUTS. Important aspects are to ensure the assessment evaluates the 
severity and bother of individual LUTS. Symptom scores able to do this efficiently and reliably have 
been developed. Where a more general symptom score, e.g. the IPSS, is used, the urologist must ask 
directed questions to the severity and bother of nocturia specifically, separately from other LUTS. 

2. Review whether behavioural factors affecting fluid balance and sleep are contributing, by directed 
questioning and checking the bladder diary.  

3. Review of medical history and medications is required. Directed evaluation for key conditions should 
be considered, such as renal failure, diabetes mellitus, cardiac failure, and obstructive sleep apnoea. 
Identify cases where systemic factors or sleep disorders are potentially important, and consider 
involving appropriate medical expertise (see Shared Care Pathway). This is appropriate where; 

¶ A known condition is sub-optimally managed, e.g. a patient known to have diabetes mellitus 
found to have poor glucose control. 

¶ Symptoms and signs suggest a systemic condition which has not previously been diagnosed, 
e.g. glycosuria in a patient not known to have diabetes mellitus, or patients who drink large 
quantities because of constant thirst. 

 
Figure S.2: Adaptation for nocturia patients of the diagnostic pathway for Non-neurogenic Male LUTS. 

Urological assessment must establish whether the patient primarily has global or nocturnal 
polyuria, LUTS, sleep disorder, or a combination (mixed features). As in the LUTS pathway, 
therapy may largely be driven by the bother resulting from the symptom, but non-bothersome 
nocturia may warrant assessment of a frequency volume chart (FVC), (indicated by the dotted 
line), depending on history and clinical examination, since potential presence of a serious 
underlying medical condition must be considered. DRE: digital rectal examination; NP: nocturnal 
polyuria; MoA: mechanism of action; PVR: post void residual. 

 



31 
 

 
 
5.5.2 Medical conditions and sleep disorders Shared Care Pathway 

Causative categories for nocturia have been proposed by the International Consultation on Male LUTS [202] to 
comprise:  

1. Bladder storage problems,  
2. 24-hour (global) polyuria (>40 ml/kg urine output over a 24-hour period),  
3. Nocturnal polyuria (NP; nocturnal output exceeding 20% of 24-hour urine output in the young, or 33% 

of urine output people aged over 65 [196]),  
4. Sleep disorders,  
5. Mixed aetiology.  

Typical referral patterns mean that urologists may receive patients with nocturia where the symptom results 
from systemic conditions rather than specific urological conditions. Such conditions may reflect any condition 
which impairs physiological fluid balance, causing global polyuria or NP. Consequently a substantial range of 
potential factors may be relevant: levels of free water, salt, other solutes and plasma oncotic pressure; 
endocrine regulation e.g. by antidiuretic hormone (ADH), natriuretic peptides; cardiovascular and autonomic 
control; renal function; neurological regulation, e.g. circadian regulation of the pineal gland, and renal 
innervation. In some cases, NP does not always cause nocturia (where bladder capacity is substantial), and 

professional consensus on optimum definitions for NP is not fully established [203, 204]. 
 
Due to the wide range of potentially relevant systemic conditions, and likely lack of familiarity with their 
diagnosis and management, the managing urologist needs to evaluate nocturia patients in a context where 
additional medical expertise is available (Figure 2). They should not proceed along any LUTD management 
pathway unless a causative link with LUTD is justifiably suspected, and systemic or sleep abnormalities have 
been considered, particularly avoiding interventional (irreversible) therapy. The high prevalence of LUTS and of 
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some of the systemic conditions affecting urine production means that many patients will have more than one 
relevant factor. Accordingly, the managing urologist needs to avoid attributing nocturia solely to LUTD, since 
this may lead to inappropriate therapeutic escalation, giving poor therapy outcomes, complications and failure 
to manage potentially serious health issues.  
 
Figure S.3: Shared care pathway for nocturia, highlighting the need to manage potentially complex patients     
  using relevant expertise for the causative factors.  
 

 
 
In patients with non-bothersome nocturia, the medical evaluation (history and physical examination) should 
consider the possibility of early stages of systemic disease, and whether there is possibility of earlier diagnosis 

or therapy adjustment. Given that increasing nocturia severity is associated with worsening prognosis [205], 
presumably more due to the causative condition more than the nocturia itself, it is clear that general health 
assessment is warranted in nocturia patients. For example, nocturia may be a prognostic marker of life 

expectancy or morbidity in cardiovascular disease [206]. 
 
Some important potentially treatable non-urological causes of nocturia include; 

a) Undiagnosed obstructive sleep apnoea (OSA); the episodes of apnoea lead to release of natriuretic 
peptide, and good improvement of nocturia can often be achieved with treatment of OSA 

b) Congestive cardiac failure; this is associated with various relevant mechanisms, for example 
development of dependent oedema, which may resorb when the patient lies down, leading to 
orthopnoea and NP.  

c) Poorly controlled diabetes mellitus; the sugar load leads to osmotic diuresis, and this can occur 
overnight if the patient’s sugar control regime leaves inadequate cover at that time.  

d) Psychiatric patients receiving lithium can develop nephrogenic diabetes insipidus.  
 
 
Systematic review of nocturia therapy 
Method 
The aim of the systematic review of treatment was to assess and compare available treatment options for 
nocturia in terms of improving symptom severity and quality of life.  
The objectives were:  

¶ To determine the relative benefits and harms of various treatment options for nocturia. 
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¶ To perform relevant subgroup and/or sensitivity analysis. 
 
The Embase, Medline, Cochrane SRs, Cochrane Central (Cochrane HTA, DARE, HEED) were searched with no 
restriction on date of publication. The search strategy is detailed in appendix 1. Comparative studies were 
included (including RCTs, and non-randomised comparative studies (both prospective and retrospective, 
interventional or observational), studying adult men (≥18 years old) categorised within the following symptom 
groups: 

1. Nocturia as the primary presentation (i.e. nocturia as the predominant bothersome symptom). 
2. Nocturia as a secondary component of lower urinary tract symptoms (LUTS) i.e. LUTS including 

nocturia. 
3. Nocturnal incontinence as a secondary component of incontinence. 
4. Patients with (1) and (2), or elements of (1) and (2), or as defined by trialist. 

5. Nocturnal polyuria (following International Continence Society definition [207], or as defined by 
trialist) 

 
Interventions included; 

¶ Medical treatment: anticholinergic drug, mirabegron, alpha blockers (in men only), 5-alpha reductase 
inhibitors (in men only), oral phosphodiesterase-5 inhibitors (in men only), desmopressin, diuretics (all 
types), sleep promoting agents (e.g. hypnotics – diazepam, etc.), oestrogens (topical or hormone 
replacement therapy), treatment for pain (e.g. Cystistat bladder instillations, etc.), testosterone 
treatment (men only), phytotherapy (e.g. herbal treatment). 

¶ Surgical treatment: botulinum toxin Type A, neuromodulation (sacral nerve stimulation, etc.), 
neurostimulation (e.g. PTENS), surgery to relieve bladder outlet obstruction in men (e.g. TURP, etc.) 

¶ Any other treatment judged relevant by reviewer (e.g. acupuncture, Continuous Positive Airway 
Pressure machine (CPAP), etc.), stockings, psychotherapy, hypnotherapy, lifestyle modification (e.g. 
moderating fluid intake at night, leg elevation, avoiding caffeine, etc.). 

¶ Comparator controls were: no treatment; Placebo/Sham; Alternative experimental treatment (within 
an Experimental vs. Experimental comparison). 
 

The primary outcomes were:  

¶ Symptom severity for nocturia (outcome measure defined as <2 episodes, or cure (i.e. no episodes of 
nocturia), or reduction in nocturia episodes, or as defined by trialist). 

¶ Symptom severity for nocturnal incontinence (outcome measure defined as cure (i.e. dry), reduction in 
episodes, or as defined by trialist). 

¶ Quality of life for nocturia (as defined by trialist, e.g. ICIQ-NQOL, NNESQ, etc.). 

¶ Quality of life for nocturnal incontinence (as defined by trialist, NNESQ, etc.) 
 
The secondary outcomes were:  

¶ Harms: Adverse events of treatment (ad hoc listing of events, e.g. dry eyes, blurring of vision, 
constipation, etc.), and events leading to potential harm (e.g. hyponatraemia, voiding difficulties), 
withdrawal or drop-out rates in trials. 

¶ Any other outcomes judged relevant by reviewer. 
 

Two review authors independently screened the titles and abstracts of identified records for eligibility. The full-
text of all potentially eligible records was retrieved and screened independently by two review authors using a 
standardised form, linking together multiple records of the same study in the process. Disagreements were 
resolved by discussion or by consulting a third review author.  
 
Two review authors working independently assessed the ‘risk of bias’ of each included study, including the 
assessment of random sequence generation; allocation concealment; blinding of participants and personnel; 
blinding of outcome assessment; incomplete outcome data; selective reporting and other sources of bias. For 
non-RCT comparative studies, an extra item was included to assess the risk of findings being explained by 
confounding. A list of potential confounders for outcomes was developed a priori with clinical content experts 
(EAU Treatment of Non-neurogenic male LUTS guideline panel). The potential confounding factors considered 
were; age, gender, description of primary pathology, severity or bother of nocturia. In this Guideline, studies 
were included which had male-only or mixed gender study populations. 
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Figure S.4: Systematic review flow-chart 
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Results 
Study populations and effect sizes 
The discussion above indicates the wide range of factors relevant in nocturia, yet few studies have followed a 
systemic shared care pathway. Nocturia research often includes diverse study recruits, hence detection of 
positive response may be overlooked due to potential sub-groupings with varied response. Duration of 
response beyond the short term is not often reported. Objective markers are scientifically preferable, but some 
studies have used patient perception (such as the IPSS question 7: “How many times did you typically get up at 
night to urinate?”), and these are known not to be uniformly consistent with objective markers. Furthermore, 
reported effect sizes are sometimes greater than perceived in clinical practice, so findings of many studies 
merit independent corroboration and follow up with real-life studies. Effect size is also likely to be affected by 
baseline severity, and this should be considered in the evaluation of trial outcomes. Identifying a population for 
study thus becomes problematic, and hinders research into therapies aimed at counteracting specific 
pathophysiological mechanisms. Small reductions in nocturia severity have been reported as statistically 
significant, but may not be regarded as clinically significant. In such a setting, responder analysis may help 
identify whether a subgroup did get a larger (and hence clinically more useful) reduction in nocturia severity.  
 
Conservative management 
One study investigated a systematized behavioural modification program with desmopressin therapy in 

comparison with desmopressin monotherapy in patients with nocturnal polyuria (LoE 1b) [208]. Nocturia was 
defined as an average of 2 or more nightly voids. 200 patients were screened (141 male) and 76 were excluded 
so that 124 patients were randomized (gender proportions not given). Nocturnal voids declined by -1.5 with 
combined therapy, compared with -1.2 on desmopressin alone (not significant), and combination treatment did 
not yield clear additional benefits, though compliance with desmopressin appeared to be better in the 
combination arm. 
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5.5.3 Treatment for Nocturia 
5.5.3.1 Antidiuretic therapy 
The antidiuretic hormone arginine vasopressin (AVP) plays a key role in body water homeostasis and control of 
urine production by binding to V2 receptors in the renal collecting ducts. AVP increases water re-absorption 
and urinary osmolality, so decreasing water excretion and total urine volume. AVP also has V1 receptor 
mediated vasoconstrictive/ hypertensive effects and a very short serum half-life, which makes the hormone 
unsuitable for treating nocturia/ nocturnal polyuria.  
 
Desmopressin is a synthetic analogue of AVP with high V2 receptor affinity and no relevant V1 receptor affinity. 
Antidiuretic therapy using desmopressin, with dose titration to achieve clinical response, is more effective than 
placebo in terms of reduced nocturnal voiding frequency (Table 2). Hours of undisturbed sleep is another 
observed parameter for which desmopressin is more effective than placebo (Table 3), reported as this may 
improve overall quality of the night’s sleep.  
 
Table S.35: Effect of desmopressin (with dose titrated against response) on nocturnal voiding frequency. 
 

 
 
 
Table S.36: Effect of desmopressin (with dose titrated against response) on hours of undisturbed sleep 
 

 
 

An RCT evaluated desmopressin in adults aged >18 yr with nocturia more than twice /night (LoE 1b) [209]. 
Desmopressin tablets (0.1, 0.2, or 0.4 mg) were escalated according to response during a 3 week dose-titration 
period. The 127 patients (85 men) achieving >20% reduction in nocturnal diuresis, and a return of nocturnal 
diuresis to >80% of baseline levels during washout, entered a double-blind placebo controlled efficacy phase. 
Twenty (33%) desmopressin-treated patients compared with seven (11%) placebo-treated patients showed a 
clinical response, specifically a >50% reduction in the number of nocturnal voids compared with baseline. 
Desmopressin resulted in a significant reduction in the mean number of nocturnal voids (39% reduction with 
desmopressin vs. 15% with placebo; absolute difference -0.84 voids per night) and duration of the first sleep 
period (prolonged by 108 min with desmopressin vs. 41 min with placebo). Adverse events were mainly mild.  
 

The effect size of titrated desmopressin treatment was reported by Asplund and colleagues [210]. Following an 
initial dose titration study, 17 patients (12 male), underwent a short-term crossover study of oral desmopressin 
or placebo. Desmopressin was associated with a reduced nocturnal diuresis of 0.59 mL/min and fewer 
micturitions at night than had those on placebo (1.1 and 1.7, respectively; P < 0.001; mean difference = 0.59). 
The 24-h diuresis was unaffected. The time from falling asleep to first awakening was increased by 1.4 h in 
patients treated with desmopressin. No serious adverse events were reported.  
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Men aged above 18 years with nocturia more than twice per night and nocturnal urine production greater than 
their maximum functional bladder capacity were studied for 3 weeks, following a dose titration phase (LoE 1b) 

[211]. 151 patients entered the double-blind period (86 desmopressin, 65 placebo). Nocturnal voids decreased 
from 3.0 to 1.7 on desmopressin and from 3.2 to 2.7 on placebo, with 34% and 3% experiencing fewer than half 
the number of nocturnal voids relative to baseline respectively. Mean duration of the first sleep period 
increased from 2.7 to 4.5 hours on desmopressin, as opposed to 2.5 to 2.9 hours in the placebo group. Most 
adverse events were mild. A fall in serum sodium level to <130 mmol/L was seen in 4% of subjects, these 
changes being detected during demopressin dose-titration. 
 
A study reported a strategy of furosemide and desmopressin in the treatment of nocturia (at least two voids 

per night) in the elderly (LoE 1b) [212]. After a 3-week desmopressin dose-titration phase and a 1-week 
washout period, responding patients (82 patients, 58 male) were randomized double blind to receive 
furosemide (20 mg, taken 6 hours before bedtime) and the individual’s optimal dose of desmopressin (at 
bedtime) or placebo for 3 weeks. Reduced nocturnal voids (3.5 vs. 2.0, P<0.01) and urine volume (919.6 ml vs. 
584.2 ml, P<0.01) were observed in the active treatment arm. The mean duration of the first sleep period was 
improved by 70 min (133.6 vs. 203.2, P<0.01). Monotherapy arms were not included in the study.  
 
Antidiuretic therapy adverse effects are summarised in Table 4. The key adverse effect of hyponatraemia 
means that baseline sodium level is a key factor in the selection criteria of the research studies, and review of 
sodium levels is essential during treatment.  
 
Table S.37: Adverse effects during desmopressin treatment where dose titration was undertaken. 
 

NR: Not reported. 
* One death was unlikely to de study related (patient experienced night time respiratory insufficiency and fully 
recovered after withdrawal and subsequently died.  For the other death, the main cause of the fatal outcome 
was probably related to the patienΩts underlying disease (late diabetic complications); However, the initial 
causal relation between the onset of the events (pneumonia and respiratory insufficiency) cannot be excluded 
or ruled out.  
** Unlikely to be study related (Exacerbation of chronic lung infection). 
 
Excluding titration of dose against response, an RCT of 115 men older than 65 years with nocturia, nocturnal 
polyuria and International Prostate Symptom Score 14 compared placebo or 0.1 mg desmopressin orally at 

STUDY Fu et al. [212]  Mattiasson et al. [211]  Van Kerrebroek et al. [209]  

Patients Exposed 122 224 184 

Total AE 62 (50) 107 (48) 93 (51) 

Serious  AE 3 (3) 1 (<1) 3 (2) 

Deaths 0 1 (<1)** NR 

AE related to study 
medication 

37 (39) 60 (27) 52 (28) 

Headache 10 (8) 26 (12) 17 (9) 

Nausea 5 (4) 10 (4) NR 

Hyponatraemia 3 (3) 8 (4) 6 (3) 

Abdominal Pain NR NR 8 (4) 

Dry mouth NR NR 5 (3) 

Micturition frequency 0 NR NR 

Dizziness 6 (5) NR 1(1) 

Fatigue NR NR NR 

Peripheral Oedema NR NR NR 

Hypertension 4 (3) NR 3 (2) 

Diarrhea NR 9 (4) NR 

Insomnia NR NR 3(2) 

Diplopia NR NR 1(<1) 

Depression NR NR 1(<1) 
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bedtime (LoE 1b) [213]. Desmopressin significantly decreased nocturnal urine output and the number of 
nocturia episodes, and prolonged the first sleep period (p <0.01). One patient developed clinically significant 
hyponatraemia, and withdrew from the study. Asymptomatic hyponatremia occurred in 10 patients in the 
placebo group and in 9 in the desmopressin group, but the serum sodium level of desmopressin group was 
always lower than the placebo group. The authors stated their results indicate that long-term desmopressin 
might induce gradual hyponatremia and that serum sodium should be assessed carefully even in patients 
without initial hyponatremia. Another RCT looked at 60 men receiving 0.1 mg desmopressin or placebo at bed 

time for 8 weeks (LoE 2b) [214]. Mean number of nocturia episodes with desmopressin reduced from 2.6 to 
1.6, while placebo changed from 2.5 to 2.3. 
 
Options for formulation and reduced dose level have been further investigated. A 4 week placebo-controlled 
exploratory study described outcomes with low doses (10-100 mcg) of desmopressin in 757 people (55% men) 

[215] (LoE 1b).  Nocturia severity was around 3 episodes per night, and 90% of patients had nocturnal polyuria. 
Increasing doses of desmopressin were associated with decreasing numbers of nocturnal voids and voided 
volume, greater proportions of subjects with >33% reduction in nocturnal voids, and increased duration of first 
sleep period. Post hoc analysis showed a gender effect, with a lower minimum effective dose for women. 
Reductions in serum sodium to <125mmol/L occurred in two men (aged 67 and 82) taking 100 mcg 
desmopressin. Subsequently, a 3 month RCT reported the efficacy and safety of 50 and 75 mcg desmopressin 

orally disintegrating tablets or placebo in 385 men with 2 or more nocturnal voids (LoE 1b) [216]. 50 mcg (-
0.37) and 75 mcg (-0.41) desmopressin significantly reduced the number of nocturnal voids, increasing the time 
to first void by approximately 40 minutes compared to placebo. 2 subjects on 50 mcg desmopressin and 9 on 
75 mcg developed a serum sodium level of less than 130 mmol/L. A separate study in Japan supported the 
dose-response relationship for desmopressin oral disintegrating tablet and the gender-specific therapeutic 

window (LoE 1b) [217]. 
 
Route of administration is another option with antidiuretic therapy. Twenty men (aged 52-80 years) with 
nocturnal polyuria participated in a short-term cross-over RCT comparing placebo or 20mcg intranasal 

desmopressin, followed by an open 2-week treatment period with 40mcg desmopressin (LoE1b) [218]. 
Desmopressin reduced in nocturnal urine volume and the percentage of urine passed at night. However, the 
reduction in nocturnal frequency was only significant during unblinded treatment with 40mcg desmopressin. 
Four patients on desmopressin experienced side-effects, three of which were thought to be due to fluid 
retention.  
 
One study comparing 2 mg doxazosin at night for two weeks increasing to 4 mg for a further two weeks, versus 

20 mcg intranasal desmopressin at night [219] found improvements in number of nocturia, residual urine 
volume, quality of life scores and peak urinary flow rates weren't statistically significant between two groups, 
whereas change in IPSS was more significant in the doxazosin group.  
 
Practical considerations 
Desmopressin is taken once daily before sleeping. Because the optimal dose differs between patients, 
desmopressin treatment should be initiated at a low dose (0.1 mg/day) and may be gradually increased up to a 
dosage of 0.4 mg/day every week until maximum efficacy is reached. Patients should avoid drinking fluids at 
least one hour before and for eight hours after dosing. In men aged 65 years or older, desmopressin should not 
be used if the serum sodium concentration is below normal: all patients should be monitored for 
hyponatremia. Men with nocturia should be advised regarding off-label use. 
 
5.5.3.2 Medications to treat LUTD 

 

Selective Alpha-1 Adrenergic Antagonists 
A placebo-controlled, 8-week assessed tamsulosin (oral controlled absorption system formulation: OCAS) 
against placebo in terms of nocturia, the hours of undisturbed sleep and quality of life in men with LUTS (LoE 

1b) [220]. Men were aged over 45 years, had IPSS>13, maximum flow rate 4-12 ml/s and >2 nocturnal voids per 
night. The mean increase in hours of undisturbed sleep from baseline was 60 minutes for placebo and 82 
minutes for tamsulosin OCAS (p = 0.198). The mean decrease in number of nocturnal voids was -0.7 for placebo 
and -1.1 for tamsulosin OCAS (p = 0.099). The mean reduction in IPSS was 8.0 for tamsulosin OCAS and 5.6 for 
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placebo (p = 0.0099). 18 treatment-emergent adverse events were reported, 8 in the tamsulosin OCAS group 
and 10 in the placebo group.  
 
One study randomized 31 men with benign prostate enlargement (BPE) and nocturia at least 3 times per night 
to receive 2 mg doxazosin at night for two weeks increasing to 4 mg for a further two weeks, versus 20 mcg 

intranasal desmopressin at night [219]. In the doxazosin group, nocturia reduced from 3.2 +/- 0.4 times to 1.2 
+/- 0.8 times per night. In the desmopressin group, nocturia fell from 3.4 +/- 0.5 to 1.5 +/- 0.6 times per night. 
In the doxazosin group, mean residual urine volumes were 44.3 +/- 35.9 ml and 23.1 +/- 18.8 ml before and 
after treatment. In the desmopressin group, mean residual urine volumes were 36.6 +/- 32.4 ml and 14.0 +/- 
26.9 ml respectively.  
 
A pooled analysis of three placebo-controlled studies of silodosin 8 mg looked at responses to question 7 of the 

IPSS (LoE 1b) [221]. Compared to placebo, more men treated with silodosin reported nocturia improvement 
(53.4 vs. 42.8 %, p < 0.0001) and fewer patients worsening (9.0 vs. 14.3 %, p < 0.0001). In men with > 2 
nocturnal voids at baseline, 61 and 49 % of patients with silodosin and placebo had reductions of > 1 voids/ 
night, respectively (p = 0.0003), and significantly more patients with silodosin had <2 nocturia episodes at study 
end compared to placebo (29.3 vs. 19.0%). 
An RCT compared the effect of tamsulosin versus TURP for the management of nocturia in 66 men with LUTS 

suggestive of BPE and no other predisposing factors for nocturia (LoE 2b) [222]. Both tamsulosin and TURP 
improved nocturia, with a greater response seen with TURP in the number of nocturnal awakenings and in the 
IPSS, ICIQ-N and ICIQ-NQol scores. 
 
Antimuscarinics  
A post hoc analysis of two 12-week RCTs of tolterodine 4 mg daily extended release (ER), evaluated 745 men 

with 2.5 or more nocturia episodes/night using a 7 day capturing urgency scores for each void (LoE 1b) [223]. 
Tolterodine significantly reduced the weekly values for night-time severe OAB micturitions. Adverse events 
showed a higher incidence of dry mouth for tolterodine (11% versus 4%). 
 
Using bladder diaries in which urgency of each void was scored 1-5, and attributed as “non-OAB” (1 to 2), or 

OAB (3 to 5), tolterodine ER 4 mg was randomised against placebo (LoE 1b) [224]. In this study, tolterodine did 
not significantly reduce the total number of nocturnal micturitions, but it reduced OAB-related nocturnal 
micturitions. 
 
A 3 month RCT of 963 subjects (men and women) evaluated fesoterodine efficacy and safety of flexible dosing 
for nocturnal urgency (at least 2 episodes per night) in subjects with nocturia and overactive bladder (LoE 1b) 

[225]. Active medication started at fesoterodine 4 mg daily for 4 weeks, with the option to increase to 8 mg 
subsequently. Change from baseline in mean number of micturition related nocturnal urgency episodes per 24 
hours at week 12 (the primary end point) was greater with fesoterodine than placebo (−1.28 vs −1.07), and 
likewise for nocturnal micturitions per 24 hours (-1.02 vs -0.85).  
A separate post hoc analysis of a 12-week RCT of fesoterodine studying 555 Asian adults reporting more than 
one nocturnal micturition/ 24 h as a sub-group of people with more than 8 micturitions and more than one 

urgency urinary incontinence episodes per 24 hours at baseline (LoE 2b) [226]. Reductions in nocturnal 
micturitions with fesoterodine 4 mg (-0.63) and 8 mg (-0.77) were numerically greater vs placebo (-0.56), but 
differences were not significant. When patients with a nocturnal polyuria index >33% were excluded, the 
decrease in nocturnal micturitions was significantly greater with fesoterodine 8 mg vs placebo. Increases in 
nocturnal voided volume/micturition were greater with fesoterodine 4 (38 mL) and 8 mg (42 mL) than placebo 
(15 mL).  
 
Subgroup analysis of data from an RCT solifenacin (5 or 10 mg) OAB patients (male and female) in Japan has 

been reported (LoE 2b) [227]. Solifenacin 10 mg decreased nocturia by 0.46 episodes. Solifenacin 5 and 10 mg 
increased night-time volume voided per micturition by 30 and 41 ml (p = 0.0033 and <0.0001, respectively).  
 
5 alpha reductase inhibitors (alone or in combination) 
Pooled data from dutasteride phase III studies looking at results of IPSS question 7 has been reported for 4,321 

patients with a mean age of 66 years (LoE 1b) [228]. Improvements in overall nocturia parameters were 
significantly superior with dutasteride vs placebo from 12 months onwards. The largest treatment group 
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differences were seen in subjects with a baseline nocturia score of 2 or 3.  An analysis of the Medical Therapy 
of Prostatic Symptoms trial evaluated men with LUTS and benign prostate enlargement randomised to 
doxazosin or finasteride monotherapy, combination therapy or placebo, describing self-reported nocturia at 1 

and 4 years (LoE 1b) [229]. Mean nocturia was reduced by -0.35, -0.40, -0.54 and -0.58 in the placebo, 
finasteride, doxazosin and combination groups at 1 year. Reductions with doxazosin and combination therapy, 
but not finasteride, were significantly greater than with placebo at 1 and 4 years.  
 
A secondary analysis of the Veterans Affairs Cooperative Study Program Trial evaluated 1,229 men randomised 

to receive terazosin, finasteride, combination or placebo for 1 year (LoE 2b) [230]. 1,078 men completed the 
trial, of whom 96.5% had at least one episode of nocturia at baseline and 75.8% had two or more episodes. 
From a baseline mean of 2.5, nocturia decreased to 1.8, 2.1, 2.0 and 2.1 in the terazosin, finasteride, 
combination and placebo groups, respectively. Of men with two or more episodes of nocturia, 50% reduction 
was seen in 39%, 25%, 32% and 22% in the terazosin, finasteride, combination and placebo groups, 
respectively.  
 
PDE5 inhibitor 
Individual studies using the phosphodiesterase type 5 inhibitor tadalafil did not show significant improvement 
in nocturia. An analysis of four registrational RCTs of tadalafil for LUTS/BPH evaluated pooled responses to IPSS 

question 7 (LoE 1b) [231]. Overall severity of nocturia was 2.3 +/- 1.2, and the mean treatment change was -0.4 
with placebo and -0.5 with tadalafil. Improved nocturnal frequency was seen in 47.5% on tadalafil (41.3% with 
placebo), and worse in 11.5% (13.9% on placebo). These small differences were not considered clinically 
meaningful. 
 
5.5.3.3 Other medications 

 

Diuretics 
A double blind RCT compared daytime diuretic therapy (azosemide 60 mg) against diazepam (5mg) in 51 

patients (47 men) with nocturia three or more times per night and no daytime urological problems [232]. For 
those people with a higher atrial natriuretic peptide (ANP) at baseline, daytime diuretic decreased the 
nocturnal frequency, in conjunction with reduced levels of ANP. Minor tranquilizer administration decreased 
nocturia in 22 out of 29 patients. The plasma ANP level at the first visit was significantly lower in the patients 
who improved (p = 0.0021).  
 
The efficacy of 1 mg bumetanide on nocturia was compared with placebo in an RCT in general practice (LoE 2b) 

[233]. 28 patients (15 male), completed two treatment periods of 2 weeks; during the placebo period the 
weekly number of nocturia episodes was 13.8 and during bumetanide treatment the number was reduced by 
3.8. Ten men with BPE did not improve with bumetanide. An RCT of 49 men with nocturnal polyuria (NP) 

evaluated furosemide 40 mg or placebo given 6 hours before sleep (LoE 1b) [234]. Patients on furosemide 
experienced a decrease of 0.5 voids/night, versus 0 voids/night for placebo. 
 
Non-steroidal Anti-inflammatory Agents (NSAIDs) 
The efficacy of diclofenac (50 mg enteric-coated tablet) taken at the late evening was compared against 

placebo in the treatment of nocturnal polyuria [235]. 26 patients (20 male) with a mean age of 72 years (range 
52-90) received 2 weeks of either placebo or active medication taken at 21:00 h. Following one-week rest 
period, patients were crossed over to the other medication for a further 2 weeks. The mean nocturnal 
frequency decreased from 2.7 to 2.3 (p < 0.004) and the mean ratio of night-time to 24 h urine volume 
decreased from 44% to 39% (p < 0.001). No significant side effects were reported. 
 
An RCT of Celecoxib, a cyclooxygenase-2 inhibitor, 100 mg at 9 pm vs placebo was undertaken in 80 men with 

BPE and nocturia more than twice nightly (LoE 1b) [236]. In the celecoxib group, mean nocturnal frequency 
decreased from 5.2 to 2.5 compared with 5.3 to 5.1. No significant side effects were reported.  
 
Tamsulosin (0.4 mg) alone, versus tamsulosin plus meloxicam (15 mg), have been compared in patients with 

LUTS and nocturia (LoE 1b) [237]. Four hundred male patients received double blind treatment for three 
months. Total IPSS, IPSS-QoL, PVR, nocturia, and sleep quality score were significantly lower in the combination 
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therapy group. The study concluded that cyclooxygenase-2 inhibitors in combination with an alpha blocker may 
decrease LUTS and increase sleep quality without serious side effects. 
 
An RCT randomised 40 men to therapy with loxoprofen, alpha-blocker and 5-ARI vs. alpha-blocker and 5-ARI 

(LoE 2b) [238]. The group receiving the combination including NSAID experienced a greater reduction in 
nocturia (-1.5 ± 0.9 vs -1.1 ± 0.9; p=0.034), but with a higher incidence of gastrointestinal side-effects. 
 
Phytotherapy 
An 8 week placebo-controlled RCT looked at SagaPro, a product derived from Angelica archangelica leaf, in 69 

men with at least two nocturnal voids (LoE 1b) [239]. The study found no significant difference between the 
treatment groups. Post hoc subgroup analysis showed that SagaPro reduced the nocturnal bladder capacity 
(NBC) index and nocturnal voids per sleeping hour in men with baseline NBC index above 1.3.  
 
In a crossover trial of furosemide and gosha-jinki-gan, 36 patients were reported to have improved symptom 

score, QoL, nocturnal frequency and hours of undisturbed sleep with both medications (LoE 2b) [240].  Gosha-
jinki-gan was thought to achieve mild improvement of nocturnal polyuria, although further study is required to 
confirm its efficacy. 
 
Agents to Promote Sleep 
A crossover RCT of 20 men with bladder outflow obstruction and nocturia (3 episodes per night) compared 2 

mg controlled release melatonin with placebo (LoE 1b) [241]. Melatonin and placebo caused a decrease in 
nocturia of 0.32 and 0.05 episodes per night (p = 0.07). Nocturia responder rates (a reduction from baseline of 
at least -0.5 episodes per night) differed between the active medication and placebo groups (p = 0.04). Daytime 
urinary frequency, IPSS, relative nocturnal urine volume, maximum urinary flow rate and post-void residual 
were minimally altered. The study reported a significant nocturia response rate, improvement in nocturia 
related bother and a good adverse effect profile, but queried whether the observed changes were clinically 
significant. 
 
A double blind RCT comparing diazepam 5mg in comparison with azosemide 60 mg in people with nocturia 
three or more times per night found that those patients with a higher ANP at baseline experienced decreased 

nocturia  and ANP level (LoE 1b) [242]. 
 
Summary of medical therapy of nocturia in men 
A summary of the effect of medical therapy on nocturnal voiding frequency is given in Table 5.  
 
Table S.38: Effect of drug therapies on nocturnal voiding frequency 

 
 

Recommendation LE  GR 

Treatment should aim to address underlying causative factors, which may be behavioural, 4 A* 
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systemic condition(s), sleep disorders, lower urinary tract dysfunction, or a combination of 
factors. 

Lifestyle changes to reduce nocturnal urine volume and episodes of nocturia, and improve 
sleep quality should be discussed with the patient.  

3 A* 

Desmopressin may be prescribed to decrease nocturia due to nocturnal polyuria in men 
under the age of 65. Screening for hyponatremia must be undertaken at baseline, during 
dose titration and during treatment. 

1a A 

α-1 adrenergic antagonists may be offered to men with nocturia associated with lower 
urinary tract symptoms. 

1b B 

Anti-muscarinic drugs may be offered to men with nocturia associated with overactive 
bladder. 

1b B 

5α-Reductase inhibitors may be offered to men with nocturia who have moderate-to-severe 
LUTS and an enlarged prostate (>40 mL). 

1b C 

PDE5 inhibitors should not be offered for the treatment of nocturia. 1b B 

A trial of timed diuretic therapy may be offered to men with nocturia due to nocturnal 
polyuria. Screening for hyponatremia should be undertaken at baseline and during 
treatment. 

1b C 

Agents to promote sleep may be used to aid return to sleep in men with nocturia. 2 C 
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