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Background and objective: Symptomatic benefit and urodynamic obstruction relief rep-
resent relevant outcomes of therapies for lower urinary tract symptoms suggestive of
benign prostatic hyperplasia (LUTS/BPH). We summarized evidence from studies con-
currently assessing variations in terms of symptoms severity and invasive urodynamic
measures of obstruction following medical and surgical therapies for LUTS/BPH.
Methods: We performed a systematic review of PubMed, Scopus, and Web of Science in
June 2023.
Key findings and limitations: We identified 29 publications: 14 (872 patients) and 15
(851 patients) studies addressing medical and surgical therapies, respectively. The mean
percentage total International Prostate Symptom Score (IPSS) improvements ranged
from �2.5% to 56.3% and from 35.1% to 82.1% following medical and surgical therapies,
respectively. The corresponding mean percentage Bladder Outlet Obstruction Index
(BOOI) improvements ranged from 7.8% to 53.5% and from 22.4% to 138.6%, respectively.
Holmium laser enucleation of the prostate (HoLEP) provided IPSS improvements in the
higher range and the greatest BOOI reduction.
Conclusions and clinical implications: Globally, based on available evidence, more pro-
nounced symptomatic benefits are observed following treatments providing greater
ogy. Published by Elsevier B.V. All rights reserved.
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deobstructive effect. In detail, patients undergoing surgery exhibit greater IPSS and BOOI
improvements than those receiving medical therapy.
� 2024 European Association of Urology. Published by Elsevier B.V. All rights reserved.
ADVANCING PRACTICE

What does this study add?
This study provides an updated summary of available evidence assessing both urodynamic efficacy in terms of obstruction relief and
symptomatic improvement following medical and surgical therapies for LUTS/BPH. Results show as more pronounced symptomatic ben-
efits are observed following treatments providing greater deobstructive effect.

Clinical Relevance
(GianlucaGiannarini)With amyriad of options currently available for themanagement of LUTS/BPH, patient counselling and tailoring treat-
ment to individual circumstances is of utmost importance. Using data from 29 studies combiningmedical and surgical treatments for LUTS/
BPH, the investigators showed a wide range in urodynamic and symptomatic improvement, depending on the specific medical or surgical
therapy.Moreover, they showed a greater symptomatic benefit following those BPH therapies resulting in greater de-obstruction, favouring
surgical treatment overmedical therapy, and HoLEP, in particular, over other surgical options. Despite the limitations of the data in terms of
heterogeneity in patient characteristics as well as urodynamic and symptomatic assessments, this review provides insights to guide coun-
selling of patients with LUTS/BPH in terms of individual treatment, and, potentially, of appropriate switch frommedical to surgical therapy.
Associate Editor: Gianluca Giannarini, M.D.

Patient Summary
Treatments for lower urinary tract symptoms suggestive of benign prostatic hyperplasia providing greater urodynamic improvements
also provide greater symptomatic benefit. Surgical procedures provide greater symptomatic and urodynamic outcomes than medical ther-
apies. Maximal obstruction relief, together with symptomatic benefits in the higher ranges, is observed following holmium laser enucle-
ation of the prostate.
1. Introduction

Goals of therapies for patients complaining of lower urinary
tract symptoms (LUTS) suggestive of benign prostatic hyper-
plasia (BPH) include amelioration of symptoms and of quality
of life as well as prevention of disease progression and BPH-
related complications [1–3]. Benign prostatic obstruction
(BPO), defined as high-pressure/low-flow micturition pattern
on invasive urodynamic investigations and diagnosed when
the bladder outlet obstruction index (BOOI) is >40, is tradi-
tionally considered a key pathophysiological link between
BPH and LUTS [1–3]. Moreover, increased detrusor pressure,
typically observed in patients with BPO, has been hypothe-
sized to contribute to the morphofunctional pathological
remodeling of both the lower and the upper urinary tract
observed in patients suffering from BPH [3].

In recent years, the therapeutic armamentarium for the
management of LUTS/BPH has increased considerably, thus
allowing more personalized approaches. Medical therapy
represents the first-line option in men with moderate to
severe LUTS and involves mainly three classes of drugs:
alpha-1 adrenergic antagonists (ABs), 5-alpha reductase
inhibitors, and phosphodiesterase type 5 inhibitors [4].

Surgery is usually recommended as a relative indication
in patients who have not obtained adequate improvement
of voiding LUTS following conservative or medical options,
or as an absolute indication in patients with bladder stones,
refractory or recurrent urinary retention, recurrent urinary
mail.com) en National Library o
o se permiten otros usos sin auto
tract infections, overflow incontinence, BPH-related upper
urinary tract obstruction, or macroscopic hematuria [4].
Surgical approaches include resection, vaporization, enucle-
ation, and more recent alternative ablative and nonablative
minimally invasive surgical therapies [1,4]. Most available
studies describe the outcomes of therapies for LUTS/BPH
in terms of symptom scores and variations of noninvasive
urodynamic parameters [4]. Only few authors concurrently
addressed the benefits of therapies in terms of invasive uro-
dynamic outcomes and symptomatic benefits [4]. Herein,
we summarized evidence from clinical studies describing
variations in terms of both symptom severity and BPO mea-
sures following medical or surgical therapies for LUTS/BPH.
2. Methods

2.1. Evidence acquisition

We registered the protocol in the PROSPERO database (ID
CRD42022353890) and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
guidance [5].
2.2. Search strategy

Two authors (M.C. and F.F.) conducted a comprehensive
bibliographic search on MEDLINE, Scopus, and Web of
Science Core Collection databases in June 2023 to identify
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
rización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.
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studies published since 2000 describing variations in terms
of both symptoms and invasive urodynamic measures of
BPO following available medical or surgical therapies for
LUTS/BPH. The literature search strategy is provided in Sup-
plementary Table 1. We included publications that met the
following criteria: reporting original research, English lan-
guage, human studies, enrolling LUTS/BPH patients, and
reporting symptoms and outcomes of pressure/flow studies
before and after treatment. We also screened reference lists
in relevant articles and reviews for additional studies. Dis-
crepancies were resolved by consensus with the coauthors.

2.3. Study selection

We used the population, intervention, comparator, out-
come, study (PICOS) model to define study eligibility [6].
PICOS criteria were set as follows: population—LUTS/BPH
patients (baseline evidence of BPO was not a mandatory
inclusion criterion); intervention—medical or surgical ther-
apies for LUTS/BPH; comparator—none; outcome—varia-
tions in terms of maximum urinary flow (Qmax), detrusor
pressure at maximum urinary flow (PdetQmax), BOOI, post-
void residual volume (PVR), and symptom score; and
study—retrospective and prospective studies. No minimum
number on patient population was applied.

2.4. Data extraction

We recorded the following items: first author, study design,
sample size, baseline parameters (patients’ age, prostate
volume, Qmax, PdetQmax, BOOI, number of patients with
detrusor overactivity [DO], PVR, and symptoms), type of
treatment, time interval between the treatment and the last
urodynamic evaluation, and post-treatment parameters
recorded at the time of the last urodynamic evaluation
(Qmax, PdetQmax, BOOI, number of patients with DO, PVR,
symptom score, and qualitative description of symptom
variation). We calculated the mean percentage changes in
terms of Qmax, PdetQmax, BOOI, PVR, and symptom score
according to the following formula: ([follow-up mean value
- baseline mean value]/baseline mean value) � 100.
Descriptive analyses were performed using SPSS version
29 (IBM Corporation, Armonk, NY, USA). Discrepancies were
resolved by consensus with the coauthors.

2.5. Risk of bias

Two authors (G.I.R. and M.C.) assessed the risk of bias, and
discrepancies were resolved by consensus with the coau-
thors. We used the Cochrane Collaboration’s Risk of Bias
tool [7] for the assessment of the risk of bias of randomized
trials using the following criteria: random sequence gener-
ation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias. For com-
parative nonrandomized studies, we used the Risk of Bias in
Non-randomized Studies of Interventions (ROBINS-I) tool
using the following criteria: confounding, selection of par-
ticipants, measurement of interventions, departures from
intended interventions, missing data, measurement of out-
comes, selection of the reported results, and overall risk of
bias [8]. For single-arm studies, we assessed the risk of bias
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
2024. Para uso personal exclusivamente. No se permiten otros usos sin autori
with the tool suggested by the European Association of
Urology Guidelines Office using the following criteria: a pri-
ori protocol, selection of participants, missing data handled
adequately, specification of outcomes/selective reporting,
and measurement of outcomes [9].
3. Results

3.1. Description of the studies included

A total of 153 abstracts were screened and 39 full-text arti-
cles were assessed, of which 29 were included in the review
(Supplementary Fig. 1 and Supplementary Table 2) [10–38].
Fourteen studies (five randomized controlled trials [RCTs]
and nine prospective studies including a total of 872
patients) and 15 studies (six RCTs, seven prospective stud-
ies, and two retrospective studies including a total of 851
patients) described the outcomes in patients receiving med-
ical and surgical therapies, respectively. Supplementary Fig-
ures 2 and 3, and Supplementary Table 3 illustrate the risk
of bias of the included studies.
3.2. Baseline clinical and urodynamic characteristics

3.2.1. Patients undergoing medical therapies for LUTS/BPH
Table 1 describes the baseline characteristics of patients
enrolled in the studies evaluating the outcomes of medical
therapies for LUTS/BPH. Treatments included the following:
ABs (n = 586), dutasteride (n = 97), tadalafil (n = 99), tamsu-
losin + tadalafil (n = 20), silodosin + dutasteride (n = 57), and
Eviprostat (n = 13). Among ABs, the outcomes of the follow-
ing drugs were available: silodosin (n = 229), tamsulosin
(n = 121), terazosin (n = 86), alfuzosin (n = 80), and nafto-
pidil (n = 70).
3.2.2. Patients undergoing surgical therapies for LUTS/BPH
Table 2 describes the baseline characteristics of patients
enrolled in the studies evaluating the outcomes of surgical
therapies for LUTS/BPH. Procedures included the following:
holmium laser enucleation of the prostate (HoLEP; n = 268),
transurethral resection of the prostate (n = 239), laser vapor-
ization (n = 219), aquablation (n = 57), prostatic urethral lift
(PUL; n = 20), holmium laser bladder neck incision (n = 20),
prostatic arterial embolization (n = 11), and Rezum (n = 17).
3.3. Outcome data

3.3.1. Patients undergoing medical therapies for LUTS/BPH
Table 3 describes the outcomes of medical therapies for
LUTS/BPH. The time interval between the treatment and
the last urodynamic evaluation ranged from 1 to 24 mo. A
decrease of at least 3 points as well as a >25% improvement
from baseline in terms of the mean total International Pros-
tate Symptom Score (IPSS) was observed in all studies
except for one evaluating patients who received alfuzosin
and the only study evaluating patients who received Evipro-
stat. BOOI improved in all studies, with a mean BOOI per-
centage improvement ranging from 7.8% (following
tadalafil) to 53.5% (following silodosin). DO prevalence after
treatments ranged from 6.7% to 68.9%. Mean BOOI percent-
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
zación. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Table 1 – Baseline data of patients who received medical therapies for LUTS/BPH

Study Design Size
(n)

Age (yr),
mean (SD)

PV (ml),
mean (SD)

Urodynamic features IPSS, mean (SD) Drug

Qmax (ml/s),
mean (SD)

PdetQmax

(cmH2O),
mean (SD)

BOOI,
mean
(SD)

PVR (ml),
mean (SD)

DO, n (%)

Total Storage Voiding QoL

Rossi [10] P 37 61.0 (54-68) a 31.0 (22-41) a 6.0 (5-10) a 51.0 (39-68) a 39.0 (NA) a 12.0 (0-79) a NA 17.0 (12-25) a NA NA 4.0 (3-5) a Tamsulosin
Regadas [11] RCT 20 59.2 (2.0) 42.4 (2.1) 7.4 (2.6) 49.7 (15.8) 35.1 (16.6) NA 8 (40.0) 20.4 (4.3) 5.7 (3.4) 14.1 (3.2) NA Tamsulosin
Arnold [12] P 30 68.9 (6.8) 22.8 (9.1) 7.0 (0.7) 82.1 (3.3) 68.1 (4.0) 101.8 (15.0) NA 18.1 (1.1) 8.1 (0.6) 10.0 (0.8) 3.9 (0.2) Tamsulosin
Nishino [13] RCoT 34 72.4 (4.3) 19.8 (3.3) 9.9 (0.6) 74.9 (8.9) 55.1 (NA) 54.1 (22.1) NA 20.4 (3.5) 8.6 (2.0) 9.7 (3.8) 4.9 (0.7) Tamsulosin
Yamanishi [14] P 36 69.9 (7.3) 45.6 (24.5) 6.7 (3.0) 80.6 (37.8) 70.2 (38.1) 169.9 (119.5) 23 (65.7) 20.7 (7.4) 7.6 (4.0) 10.3 (4.4) 4.8 (1.2) Silodosin
Matsukawa [15] P 60 68.5 (51-84) 42.0 (25-120) 5.9 (2.8) 72.5 (26.6) 60.6 (28.9) 67.0 (54.4) 14 (58.3) 18.2 (6.4) NA NA 4.8 (0.8) Silodosin
Fusco [16] P 30 63.1 (9.2) 58.2 (17.4) 7.8 (3.1) 86.1 (19.7) 70.6 (18.9) 71.1 (33.1) 4 (13.3) 21.6 (3.1) 8.3 (1.8) 13.2 (2.2) 4.6 (0.8) Silodosin
Matsukawa [17] P 103 69.2 (8.2) 46.8 (21.0) 7.5 (3.7) 75.7 (21.7) 60.7 (24.2) 56.0 (56.0) 61 (59.2) 18.6 (6.4) NA NA 4.7 (0.9) Silodosin
Rossi [10] P 60 64.0 (58-71) a 32.0 (27-50) a 7.0 (5-8) a 50.0 (33-59) a 36.0 (NA) a 40.0 (3-95) a NA 19.0 (14-24) a NA NA 4.0 (3-4) a Alfuzosin
De Nunzio [18] P 20 63.0 (10.0) 40.0 (25.0) 9.1 (4.1) 64.4 (22.9) 46.2 (NA) 64.0 (105.8) 7 (35.0) 14.9 (6.8) NA NA 2.6 (1.5) Alfuzosin
Rossi [10] P 66 64.0 (55-72) a 33.0 (25-48) a 7.0 (5-8) a 50.0 (35-67) a 36.0 (NA) a 40.0 (10-95) a NA 18.0 (14-23) a NA NA 4.0 (3-4) a Terazosin
Tanaka [19] P 20 68.0 (NA) 28.5 (NA) 9.7 (3.6) 61.4 (19.8) 42.0 (NA) 46.8 (42.3) NA 17.3 (6.2) NA NA 4.9 (0.6) Terazosin
Yamanishi [20] RCT 36 67.5 (8.2) 29.7 (14.9) 9.8 (4.4) 82.9 (24.0) 64.2 (26.2) 47.9 (70.7 14 (38.8) 15.4 (5.7) 8.5 (4.2) 6.9 (3.1) 3.9 (1.1) Naftopidil
Nishino [13] RCoT 34 72.4 (4.3) 19.8 (3.3) 9.9 (0.6) 74.9 (8.9) 55.1 (NA) 54.1 (22.1) NA 20.4 (3.5) 8.6 (2.0) 9.7 (3.8) 4.9 (0.7) Naftopidil
Regadas [11] RCT 20 61.6 (1.7) 44.3 (1.8) 6.2 (2.6) 59.3 (18.1) 53.1 (27.6) NA 12 (60.0) 20.6 (3.9) 7.3 (3.2) 13.4 (3.7) NA Tamsulosin

+ tadalafil
Matsukawa [21] P 97 68.8 (7.4) 57.6 (21.2) 8.1 (4.0) 81.2 (23.1) 65.1 (25.6) 67.0 (67.0) 50 (51.5) 17.6 (6.1) 7.0 (2.8) 10.6 (4.1) 4.8 (0.8) Dutasteride
Dmochowski [22] RCT 99 58.2 (8.8) NA 10.3 (4.5) 56.2 (29.2) 35.6 (32.7) 52.6 (68.9) NA 21.3 (5.5) 9.7 (2.9) 11.6 (4.2) NA Tadalafil
Matsukawa [23] RCT 57 70.1 (7.4) 57.0 (19.4) 7.6 (2.5) 82.9 (21.8) 67.7 (24.4) 80.0 (70.0) 28 (49.1) 17.4 (5.5) NA NA 4.7 (0.8) Silodosin

+ dutasteride
Yamanishi [20] RCT 13 69.0 (6.5) 29.5 (15.9) 8.5 (4.4) 84.3 (24.6) 75.3 (24.6) 60.2 (68.7) 5 (38.4) 16.0 (6.9) 7.3 (4.1) 8.7 (5.4) 4.2 (1.5) Eviprostat

BOOI = Bladder Outlet Obstruction Index; BPH = benign prostatic hyperplasia; DO = detrusor overactivity; IPSS = International Prostate Symptom Score; LUTS = lower urinary tract symptoms; NA = not available;
P = prospective; PdetQmax = detrusor pressure at maximum urinary flow; PV = prostate volume; PVR = postvoid residual volume; Qmax = maximum urinary flow; QoL = quality of life; RCT = randomized controlled trial;
RCoT = randomized cross-over trial; SD = standard deviation.
a Median (range or interquartile range).
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Table 2 – Baseline data of patients of patients who received surgical procedures for LUTS/BPH

Study Design Size
(n)

Age (yr),
mean (SD)

PV (ml),
mean (SD)

Urodynamic features IPSS, mean (SD) Procedure

Qmax (ml/s),
mean (SD)

PdetQmax

(cmH2O),
mean (SD)

BOOI,
mean (SD)

PVR (ml),
mean (SD)

DO,
n (%)

Total Storage Voiding QoL

Wilson [24] RCT 30 70.3 (1.0) 70.0 (5.0) 8.3 (0.4) 85.8 (5.4) 69.2 (NA) NA NA 23.7 (1.2) NA NA 4.7 (0.2) TURP
Thomas [25] P 137 NA NA 7.6 (5-10) 45.0 (32-50) 85.0 (55-110) 80.0 (91.1) a 55 (40.0) NA NA NA NA TURP
Rigatti [26] RCT 48 64.5 (6.4) 56.2 (19.4) 7.8 (3.6) 81.8 (NA) 66.2 (NA) NA NA 21.9 (7.2) NA NA 4.7 (1.0) TURP
Pereira-

Correia [28]
RCT 10 63.5 (NA) 47.0 (NA) 6.4 (NA) 60.4 (NA) 49.7 (NA) NA NA 25.0 (NA) NA NA NA TURP

Han [29] P 14 65.6 (5.2) 69.5 (27.1) 9.0 (3.7) 92.9 (32.5) 76.9 (32.7) 85.4 (120.1) NA 22.2 (8.7) 8.7 (3.9) 13.5 (5.1) NA TURP
Wilson [24] RCT 31 71.7 (1.1) 77.8 (5.6) 8.4 (0.5) 73.2 (4.4) 56.4 (NA) NA NA 26.0 (1.1) NA NA 4.8 (0.2) HoLEP
Rigatti [26] RCT 52 65.1 (7.3) 60.3 (36.7) 8.2 (3.2) 77.3 (NA) 60.9 (NA) 126.7 (21.3) NA 21.6 (6.7) NA NA 4.6 (1.1) HoLEP
Kwon [30] P 165 68.3 (6.2) 71.1 (30.8) 9.1 (4.5) NA 54.9 (30.2) NA 74 (44.9) 20.7 (7.6) 8.2 (3.5) 12.5 (4.9) 4.6 (1.1) HoLEP
Aho [31] RCT 20 65.1 (11.5) 30.3 (6.6) 8.3 (3.0) 72.0 (29.1) 55.4 (NA) NA NA 25.2 (5.9) NA NA 5.2 (0.8) HoLEP
Wille [32] R 62 66.0 (8.1) a 35.0 (12.3) a 7.2 (2.9) a 83.1 (39.7) a 68.7 (NA) a NA NA 24.0 (7.5) a NA NA 5.0 (0.9) a LV
Pereira-

Correia [28]
RCT 10 66.4 (NA) 43.4 (NA) 10.0 (NA) 73.1 (NA) 60.0 (NA) 177.0 (NA) NA 22.0 (NA) NA NA NA LV

Han [29] P 53 65.6 (6.2) 49.5 (16.3) 11.1 (5.9) 68.7 (23.3) 48.8 (25.6) 92.3 (56.2) NA 22.3 (7.4) 9.2 (3.2) 13.1 (5.2) NA LV
Hamann [33] P 45 67.2 (NA) 47.6 (NA) 7.9 (5.2) 75.0 (26.2) 59.2 (NA) 74.0 (80.0) 10 (22.0) 20.7 (7.6) NA NA 4.5 (1.0) LV
Abolazm [34] RCT 24 59.6 (5.0) 56.5 (13.3) 8.7 (3.4) 95.0 (40.0) 87.0 (38-136) a 22.0 (0-240) NA NA NA NA NA LV
Abolazm [34] RCT 25 58.9 (5.0) 55.3 (15.6) 7.9 (3.0) 81.0 (26.0) 64.0 (21-207) a 26.0 (0-300) NA NA NA NA NA LV b

Pimentel [27] RCT 43 NA 53.0 (14.6) NA 71.0 (NA) NA NA NA 23.7 (6.1) NA NA NA Aquablation
Gilling [35] P 14 73.0 (7.0) 54.0 (18.0) 8.6 (2.0) 66.0 (24.0) 49.0 (25.0) 131.8 (124.0) NA 23.1 (4.9) NA NA 5.0 (0.9) Aquablation
Muller [36] P 20 60.0 (NA) 65.0 (NA) 4.5 (NA) 62.9 (17.4) 53.9 (NA) 114.0 (100.0) NA 22.2 (4.9) NA NA 3.7 (0.5) PUL
Antunes [37] P 11 68.5 (5.2) 69.7 (15.6) 4.2 (NA) 85.7 (NA) 77.3 (NA) 91.0 (77.7) NA (63) c c c NA PAE
Aho [31] RCT 20 64.9 (10.1) 30.5 (5.9) 9.7 (1.3) 71.0 (30.2) 51.6 (NA) NA NA 24.4 (5.1) NA NA 5.0 (1.0) HoBNI
Martinelli [38] R 17 65.0 (59-73) a 50.0 (35-65) a 11.0 (6.7-13.1) a NA 64.7 (57.2-73.5) a 130.0 (50-120) a NA 18.0 (17-21.7) a NA NA 4.0 (3-5) a Rezum

BOOI = Bladder Outlet Obstruction Index; BPH = benign prostatic hyperplasia; DO = detrusor overactivity; HoBNI = holmium laser bladder neck incision; HoLEP = holmium laser enucleation of the prostate; IPSS = International
Prostate Symptom Score; LUTS = lower urinary tract symptoms; LV = laser vaporization; NA = not available; P = prospective; PdetQmax = detrusor pressure at maximum urinary flow; PAE = prostate artery embolization;
PUL = prostate urethral lift; PV = prostate volume; PVR = postvoid residual volume; Qmax = maximum urinary flow; QoL = quality of life; R = retrospective; RCT = randomized controlled trial; SD = standard deviation.
a Median value (range or interquartile range).
b Ejaculatory hood sparing technique.
c All patients were catheterized.
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Table 3 – Outcomes of patients who received medical therapies for LUTS/BPH

Study FU
(mo) a

Qmax (ml/s) PdetQmax (cmH2O) BOOI PVR (ml) DO, n (%) IPSS

Mean
(SD)

D%,
mean

Mean
(SD)

D%,
mean

Mean
(SD)

D,
mean

D%,
mean

Mean
(SD)

D%,
mean

Total Storage,
mean
(SD)

Voiding,
mean
(SD)

QoL,
mean
(SD)

Mean
(SD)

D,
mean

D%,
mean

Tamsulosin
Rossi [10] 6 7.0 (NA) b 16.6 b 51.0 (NA) b 0 b 37.0 b 2.0 b 5.1 b 12.0 (NA) b 0 b NA 12.0 (NA) b,c 5.0 b 29.4 b NA NA 3 (NA) b,c

Regadas [11] 1 8.8 (NA) 18.9 48.5 (NA) 2.4 30.8 (NA) 4.3 12.2 NA NA 5 (25.0) 14.4 (NA) 6.0 29.4 4.2 (NA) 9.9 (NA) NA
Arnold [12] 3 9.6 (0.6) c 37.1 71.7 (3.1) c 12.6 52.4 (3.4) c 15.7 23.0 59.4 (10.0) 41.6 NA 11.4 (1.0) c 6.7 37.0 5.8 (0.5) c 5.6 (0.8) c 3.0 (0.3) c

Nishino [13] 2 13.2 (1.6) c 33.3 61.2 (8.0) c 18.2 34.8 (NA) 20.3 36.8 9.4 (4.7) c 82.6 NA 9.3 (3.0) c 11.1 54.4 5.5 (2.1) c 2.6 (2.3) c 2.7 (1.1) c

Silodosin
Yamanishi [14] 3 8.4 (3.5) c 25.3 48.6 (25.3) c 39.7 32.6 (29.2) c 37.6 53.5 NA NA 20 (68.9) 12.8 (8.0) c 7.9 38.1 5.0 (3.0) c 6.5 (5.1) c 3.7 (1.4) c

Matsukawa [15] 1 8.8 (3.0) c 49.1 51.4 (17.9) c 29.1 33.8 (20.4) c 26.8 44.2 34.0 (33.0) c 49.2 8 (13.3) 12.0 (6.1) c 6.2 34.0 NA NA 3.3 (0.8) c

Fusco [16] 2 9.5 (3.8) c 21.7 58.2 (17.3) c 32.4 39.2 (18.3) c 31.4 44.4 52.5 (23.2) c 26.1 2 (6.7) 10.9 (2.2) c 10.7 49.5 4.4 (1.0) c 6.5 (1.5) c 1.5 (0.7) c

Matsukawa [17] 12 9.9 (5.7) c 32.0 60.9 (22.5) c 19.5 41.1 (29.3) c 19.6 32.3 41.0 (44.0) 26.7 32 (31.0) 12.2 (6.9) c 6.4 34.4 NA NA 3.3 (1.2) c

Alfuzosin
Rossi [10] 6 8.0 (NA) b,c 14.2 b 46.0 (NA) b 8.0 b 30.0 b 6.0 b 16.6 b 25.0 (NA) b,c 37.5 b NA 13.0 (NA) b,c 6.0 b 31.5 b NA NA 4 (NA) b

De Nunzio [18] 24 10.7 (4.4) c 17.5 53.5 (12.3) c 16.9 32.1 (NA) 14.1 30.5 28.8 (43.7) 55.0 6 (30.0) 13.3 (5.2) 1.6 10.7 NA NA 2.2 (1.2)
Terazosin
Rossi [10] 6 8.0 (NA) b,c 14.2 b 45.0 (NA) b,c 10.0 b 29.0 b 7.0 b 19.4 b 40.0 (NA) b 0 b NA 11.0 (NA) b,c 7.0 b 38.8 b NA NA 3 (NA) b,c

Tanaka [19] 1 12.1 (5.8) c 24.7 50.1 (16.7) c 18.4 25.9 (NA) 16.1 38.3 45.8 (71.4) 2.1 NA 10.2 (7.1) c 7.1 41.0 NA NA 3.2 (1.4) c

Naftopidil
Yamanishi [20] 1-1.5 13.5 (NA) c 37.7 74.0 (NA) 10.7 49.6 (NA) c 14.6 22.7 19.8 (NA) c 58.6 11 (30.5) 9.5 (NA) c 5.9 38.3 6.5 (NA) c 3 (NA) c 2.4 (NA) c

Nishino [13] 2 13.5 (1.5) c 36.3 64.3 (9.7) c 14.1 37.3 (NA) 17.8 32.3 11.4 (6.6) c 78.9 NA 8.9 (3.2) c 11.5 56.3 4.8 (2.1) c 3.1 (2.5) c 2.6 (1.1) c

Tamsulosin + tadalafil
Regadas [11] 1 7.2 (NA) 16.1 46.3 (NA) 21.9 36.3 (NA) 16.8 31.6 NA NA 5 (25.0) 10.8 (NA) 9.8 47.5 3.4 (NA) 7.1 (NA) NA
Dutasteride
Matsukawa [21] 12 9.9 (4.4) c 22.2 61.8 (19.2) c 23.8 42.1 (23.7) c 23.0 35.3 43.0 (43.0) c 35.8 27 (27.8) 10.6 (5.7) c 7.0 39.7 4.4 (2.5) c 6.2 (4.0) c 2.7 (1.2) c

Tadalafil
Dmochowski [22] 3 10.7 (NA) 3.8 54.1 (NA) 3.7 32.8 (NA) 2.8 7.8 42.2 (NA) 19.0 NA 12.1 (NA) 9.2 43.1 6.1 (NA) 6.0 (NA) NA
Silodosin + dutasteride
Matsukawa [23] 24 10.0 (3.2) c 31.5 61.8 (16.2) c 25.4 41.8 (20.4) c 25.9 38.2 43.0 (43.0) c 46.2 13 (22.8) c 10.4 (5.4) c 7.0 40.2 4.4 (2.2) c 6.0 (3.7) c 2.9 (1.2) c

Eviprostat
Yamanishi [20] 1-1.5 9.0 (NA) 5.8 74.1 (NA) 12.0 64.5 (NA) 10.8 14.3 54.9 (NA) 8.8 5 (38.4) 16.4 (NA) -0.4 -2.5 7.7 (NA) 8.7 (NA) 4.2 (NA)

D = absolute improvement compared with baseline; D% = percentage improvement compared to baseline; BOOI = Bladder Outlet Obstruction Index; BPH = benign prostatic hyperplasia; DO = detrusor overactivity;
FU = follow-up; IPSS = International Prostate Symptom Score; LUTS = lower urinary tract symptoms; NA = not available; PdetQmax = detrusor pressure at maximum urinary flow; PVR = postvoid residual; Qmax = maximum
urinary flow; QoL = quality of life; SD = standard deviation.
a Time interval between the treatment and the last urodynamic evaluation.
b Median.
c Statistically significant variation compared with baseline.
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Fig. 1 – Mean BOOI percentage improvement in relation to mean total IPSS percentage improvement for each of the inluded studies allowing the extraction of
mean values: (A) overall population, (B) patients undergoing medical therapies, and (C) patients undergoing surgical therapies. BOOI = Bladder Outlet
Obstruction Index; HoBNI = holmium laser bladder neck incision; HoLEP = holmium laser enucleation of the prostate; IPSS = International Prostate Symptom
Score; LV = laser vaporization; PUL = prostatic urethral lift; TURP = transurethral resection of the prostate.
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Table 4 – Outcomes of patients who received surgical therapies for LUTS/BPH

Study FU
(mo) a

Qmax (m/s) PdetQmax (cmH2O) BOOI PVR (ml) DO,
n (%)

IPSS

Mean (SD) D%,
mean

Mean
(SD)

D%,
mean

Mean
(SD)

D,
mean

D%,
mean

Mean
(SD)

D%,
mean

Total Storage,
mean
(SD)

Voiding,
mean
(SD)

QoL,
mean
(SD)

Total,
mean
(SD)

D,
mean

D%,
mean

TURP
Wilson [24] 6 18.9 (2.8) 127.7 40.7 (2.7) 52.5 2.9 (NA) 66.3 95.8 46.6 (4.4) NA NA 4.8 (0.7) 18.9 79.7 NA NA 1.5 (0.2)
Thomas [25] 156

(mean)
12.2 (8-15) 60.5 NA NA 21.0 (6-32) 64.0 75.2 41.0 (0-45) 57.7 87 (64.0) NA b NA b NA b NA b NA b NA

Rigatti [26] 12 24.7 (10.0) 216.6 38.5 (NA) c 52.9 -10.9 (NA) 77.1 116.4 NA NA NA 3.9 (3.6) 18.0 82.1 NA NA 0.8 (1.2)
Pereira-

Correia
[28]

24 18.6 (NA) c 190.6 40.7 (NA) c 32.6 1.1 (NA) c 48.6 97.7 6.0 (NA) c 96.6 NA 6.0 (NA) 19.0 76.0 NA NA NA

Han [29] 6 15.3 (7.7) c 70.0 51.5 (NA) c 44.5 18.6 (NA) c 58.3 75.8 51.5 (61.9) c 44.2 NA 6.8 (8.7) c 15.4 69.3 4.0 (3.8) c 3.0 (5.4) c NA
HoLEP
Wilson [24] 6 21.3 (2.1) 153.5 20.8 (2.8) 71.5 -21.8 (NA) 78.2 138.6 28.4 (1.8) NA NA 6.0 (1.0) 20.0 76.9 NA NA 1.6 (0.3)
Rigatti [26] 12 25.1 (7.2) 206.0 36.2 (NA) c 53.1 -14.0 (NA) 74.9 122.9 NA NA NA 4.1 (2.3) 17.5 81.0 NA NA 1.4 (0.9)
Kwon [30] 6 19.8 (10.9) 117.5 NA NA -3.4 (17.4) c 58.3 106.1 24.1 (28.0) 71.7 39 (36.1) 5.5 (4.8) 15.2 73.4 3.4 (2.5) 2.1 (2.9) 1.2 (1.1)
Aho [31] 6 20.2 (8.0) 143.3 29.1 (11.1) c 59.5 -11.3 (NA) 66.7 120.3 NA NA NA 7.9 (6.6) 17.3 68.6 NA NA 2.0 (1.4)
LV
Wille [32] 2 18.1 (5.2) d NA 40.4 (17.3) d NA 4.2 (NA) d 64.5 d 93.8 d 20.0 (59.0) d NA NA 6.0 (7.8) d 18.0 NA NA NA 2.0 (1.5) d

Pereira-
Correia
[28]

24 20.5 (NA) c 105.0 27.7 (NA) c 62.1 -4.5 (NA) c 64.5 107.5 4.0 (NA) c 97.3 NA 7.0 (NA) 15.0 68.1 NA NA NA

Han [29] 6 16.0 (7.2) c 44.1 40.6 (NA) c 40.9 9.8 (NA) c 39.0 79.9 36.1 (38.6) c 51.2 NA 10.8 (7.1) c 11.5 51.5 5.2 (3.1) c 5.6 (4.6) c NA
Hamann [33] 12 18.6 (4.8) 135.4 36.6 (9.4) 51.2 - 0.6 (NA) 59.8 101.0 28.4 (40.2) 78.4 4 (8.8) 7.3 (3.6) 13.4 64.7 NA NA 1.5 (0.8)
Abolazm [34] 6 NA NA NA NA 19.5 (7-51) c,d 67.5 d 77.5 NA NA NA ; NA NA ; ; ;
Abolazm [34] 6 NA NA NA NA 23.5 (10-539 c,d 40.5 d 63.2 NA NA NA ; NA NA ; ; ;
Aquablation
Pimentel [27] 6 NA 102.0 36.0 (NA) c 51.0 NA 48.0 NA 17.2 (NA) NA NA NA 6.5 NA NA NA NA
Gilling [35] 6 18.6 (7.9) c 116.2 45.0 (NA) c 31.8 24.0 (NA) c 25.0 51.0 30.0 (18.0) c 67.0 NA 8.6 (5.1) c 14.5 62.7 NA NA 2.5 (1.8) c

PUL
Muller [36] 3 7.2 (3.3) c 60.0 56.2 (21.9) 10.6 41.8 (NA) 12.1 22.4 136.0 (118.0) -19.2 NA 14.4 (8.0) c 7.8 35.1 NA NA 2.4 (1.4) c

PAE
Antunes [37] 12 10.8 (4.6) c 157.1 51.5 (26.2) c 39.9 29.9 (NA) 47.4 61.3 NA NA NA (45.0) 2.8 (NA) NA NA NA NA NA
HoBNI
Aho [31] 6 17.4 (7.3) 79.3 43.2 (25.4) c 39.1 8.4 (NA) 43.1 83.7 NA NA NA 9.1 (8.4) 15.3 62.7 NA NA 2.1 (1.5)
Rezum
Martinelli [38] 3 17.3

(10.4-20.6) c,d
57.2 d NA NA 15.1

(-5.5-40.5) c,d
53.8 d 76.6 d 20 (5-100) c,d 84.6 d NA 10 (3-14) c,d 11.0 d 44.4 d NA NA 1.5 (1-2.7) c,d

D = absolute value improvement compared with baseline; D% = percentage improvement compared to baseline; ; = decreased (absolute value not provided); BOOI = Bladder Outlet Obstruction Index; BPH = benign prostatic
hyperplasia; DO = detrusor overactivity; FU = follow-up; HoBNI = holmium laser bladder neck incision; HoLEP = holmium laser enucleation of the prostate; LUTS = lower urinary tract symptoms; LV = laser vaporization;
IPSS = International Prostate Symptom Score; NA = not available; PAE = prostate artery embolization; PdetQmax = detrusor pressure at maximum urinary flow; PUL = prostate urethral lift; PVR = postvoid residual;
Qmax = maximum urinary flow; QoL = quality of life; SD = standard deviation; TURP = transurethral resection of the prostate.
a Time interval between the treatment and the last urodynamic evaluation.
b Authors reported a statistically significant decrease of the number of patients with decreased stream, hesitancy, straining, urgency, urge incontinence, frequency, nocturia, and incomplete emptying.
c Statistically significant variation compared with baseline.
d Median value (range or interquartile range).
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age improvement in relation to mean total IPSS percentage
improvement is showed in Fig. 1 (A,B).

3.3.2. Patients undergoing surgical therapies for LUTS/BPH
Table 4 describes the outcomes of surgical therapies for
LUTS/BPH. The time interval between the treatment and
the last urodynamic evaluation ranged from 2 to 156 mo.
A decrease of at least 3 points as well as a >25% improve-
ment from baseline in terms of the mean total IPSS was
observed in all studies for which IPSS values were available.
The mean BOOI improved in all studies, with a mean BOOI
percentage improvement ranging from 22.4% to 138.6%.
Lower values were observed following PUL (22.4%) and
aquablation (51.0%), and higher values were observed fol-
lowing HoLEP (138.6%). DO prevalence after treatments ran-
ged from 8.8% to 64.0%. Mean BOOI percentage
improvement in relation to mean total IPSS percentage
improvement is showed in Fig. 1 (A,C).

4. Discussion

To our knowledge, we summarized, for the first time, evi-
dence from studies concurrently assessing both symp-
tomatic benefits and BPO-related invasive urodynamic
outcomes following medical and surgical therapies for
LUTS/BPH. As expected, a clinically meaningful improve-
ment in terms of the total IPSS, defined as a decrease of
�3 points or a �25% reduction, was observed in the major-
ity of studies following both treatment modalities [39,40].
Additionally, in line with previous systematic reviews and
meta-analyses, a concomitant BOOI decrease was also evi-
dent [2,41,42]. However, the magnitude of these improve-
ments varied considerably across treatments. Globally,
treatments providing more robust urodynamic deobstruc-
tion also provided greater symptomatic benefits. In detail,
patients undergoing surgical procedures exhibited greater
mean percentage improvements in terms of both BOOI
and total IPSS than those receiving medical therapy
(Fig. 1). Overall, HoLEP provided the greatest mean percent-
age improvement in terms of BOOI and a mean percentage
total IPSS improvement within the higher ranges. Results
from this systematic review have pathophysiological and
clinical implications.

The development of LUTS inmale patients is amultifacto-
rial process resulting from a complex interplay between
multiple cofactors such as urine overproduction, bladder
dysfunctions, inflammation, and outflow obstruction, giving
rise to heterogeneous clinical pictures in terms of specific
symptoms prevalence [43–46]. Therapies currently avail-
able have the potential to act via different pathways [4,42–
46]. However, the exact pathophysiology of LUTS relief
remains a matter of debate [4,42–46]. Globally, surgical pro-
cedures mainly aim to remove obstruction, while additional
mechanisms have been reported to mediate the symp-
tomatic benefits in patients receiving medical therapies
such as the modulation of molecular pathways located in
the detrusor muscle, in the vasculature of the pelvis, as well
as in the central and peripheral nervous systems [42–46].
Findings from evidence summarized in the present review
highlight the potential role of obstruction relief and of its
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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magnitude as contributors to symptomatic improvement.
Unfortunately, the mechanisms of obstruction relief associ-
ated with various therapies remain controversial. Although
it can be hypothesized that the greater amount of adenoma-
tous tissue removed in patients undergoing HoLEP may con-
tribute to its robust urodynamic efficacy, further studies are
needed to confirm this theory [23]. Silodosin, among medi-
cal therapies, provided the greatest BOOI reduction. The pos-
itive relationship between a1A/a1B adrenergic receptor
affinity ratio and BOOI reduction was proposed previously
as a contributor to the robust BOOI improvement observed
in these patients [4,41]. Baseline heterogeneity in terms of
prevalence and severity of obstruction may also contribute
to differences observed between patients undergoing medi-
cal and surgical therapies for LUTS/BPH. Indeed, patients
receiving medical therapies had lower baseline BOOI and
in some series mean/median BOOI was <40, thus suggesting
the existence of a considerable percentage of unobstructed/
equivocal patients. The potential impact of the placebo
effect should also be taken into account when evaluating
outcomes. Out of 29 studies included in this systematic
review, two were placebo controlled and one had a 2-wk
placebo run-in period [11,12,22]. In the study by Regadas
et al [11], the combination treatment tamsulosin 0.4 mg/-
tadalafil 5 mg improved PdetQmax and IPSS significantly com-
pared with tamsulosin 0.4 mg/placebo. However, no change
was observed in Qmax in both groups. In the study by Dmo-
chowski et al [22], neither tadalafil 20mg once daily nor pla-
cebo changed any urodynamic measure. However, both
treatments improved IPSS compared with baseline (-9.2
and -5.1 points, respectively) even if tadalafil was statisti-
cally superior. In the study by Arnold [12], Qmax increased
by 0.6 ml/s and IPSS increased by 3.2 points at the end of
the 2-wk placebo run-in period compared with entry evalu-
ation. Therefore, although the placebo effect seems to have
minimal effects on urodynamic measures, its impact on IPSS
change is relevant and should never be underestimated
when evaluating the outcomes of medical treatments for
LUTS/BPH patients. Taken together, results from the present
review allow us to hypothesize that a robust reduction of
BOOI, that is, after surgical procedures in clearly obstructed
patients, is a main contributor to symptomatic improve-
ments, while other mechanisms are predominantly involved
when medical therapies are prescribed to palliate LUTS in
patients with a variable degree of obstruction. However, fur-
ther studies are needed to corroborate this theoretical
model. Clinical implications of data summarized should also
be taken into account. The Urodynamics for Prostate Surgery
Trial: Randomised Evaluation of Assessment Methods
(UPSTREAM) study showed that the inclusion of urodynamic
investigations in the routine diagnostic evaluation of
uncomplicated male LUTS did not influence the rates of sur-
gery for treating BOO and resulted in a noninferior symptom
outcome to routine care [47,48]. However, its role remains
valuable in specific clinical scenarios prior to invasive treat-
ments for LUTS or in men with history of previous unsuc-
cessful invasive treatments [4,47,48]. Moreover, beyond
the clinical role of urodynamic tests, BOOI reduction may
constitute a critical goal in some circumstances. Patients
with absolute indication to surgery due to BPH-related com-
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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plications represent a subset of patients for whom greater
BOOI improvements could be of benefit in terms of risk
reduction concerning the morphofunctional deterioration
of the lower and upper urinary tracts due to increased detru-
sor pressures [3]. On the contrary, patients for whom nonab-
lative minimally invasive surgical therapy has been planned
should be counseled about the potential marginal BOOI
improvement. Therefore, we provided additional elements
to assist the counseling of patients concerning the expected
benefits of therapies for LUTS/BPH and to aid the decision-
making process to personalize approaches [49].

Limits of the present review reflect mainly the draw-
backs related to primary literature: a small number of stud-
ies characterized in many cases by limited sample sizes and
a lack of control groups or randomized design. Unfortu-
nately, considerable heterogeneity in terms of populations
(mainly in terms of prevalence of urodynamic obstruction
at baseline), interventions (such as duration of medical
treatments and timing of outcome assessment), and consid-
erable dispersion of outcome data that characterize avail-
able evidence precluded the possibility of operating both
adequate correlation analyses and meta-analytical compar-
isons. Furthermore, potential limits concerning both symp-
tom and urodynamic assessments exist. The total IPSS was
adopted by the majority of studies to evaluate symptom
improvement. Although widely used since 1992 as a
patient-reported outcome measure to evaluate the severity
of LUTS/BPH, a number of limits potentially compromise its
performance. Indeed, LUTS include a range of storage, void-
ing, and postmicturition symptoms recognizing heteroge-
neous and multifactorial pathophysiology, with BPO being
responsible mainly for voiding ones. Theoretically, interven-
tions relieving obstruction should have a predominant
effect on this subset of LUTS and influence others indirectly.
Unfortunately, the total IPSS represents a composite score
grouping all types of LUTS that has been reported to corre-
late poorly with LUTS pathophysiology such as BPO or over-
active bladder [50]. The International Consultation on
Incontinence Questionnaire Male LUTS (ICIQ-MLUTS), has
been reported to give a much better picture of the problems
that symptoms cause, particularly because it includes key
bothersome symptoms such as postmicturition dribble
and urgency urinary incontinence [51]. Accordingly, data
from the UPSTREAM study showed the voiding subscale of
the ICIQ-MLUTS to be the strongest predictor of symptom
improvement following BPO surgery [48,49]. The quality
of urodynamic findings may be affected by the lack of
adherence to the more recent technical standard methods
defined by the International Continence Society [52]. Addi-
tionally, only few studies allowed data extraction on
changes in patient classification from one obstruction class
to another, and change in DO prevalence could be assessed
only in a few studies.

Despite these limitations, our first attempt to provide a
contemporary descriptive picture of both clinical and uro-
dynamic outcomes of therapies for LUTS/BPH is in line with
and seems to support the common empirical thinking that
greater deobstruction is associated with a greater clinical
benefit.
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Although adequate data granulation concerning both
specific LUTS components and urodynamic findings for each
treatment option is theoretically expected to break down
the overall LUTS/BPH picture and the benefits of related
therapies, such high-quality studies are objectively hard to
conduct in the midterm.
5. Conclusions

Both medical and surgical therapies for LUTS/BPH provide
concomitant relief of symptoms and BPO. However, the
magnitude of improvements varies across available options
and, globally, treatments providing greater urodynamic
improvements also provide greater symptomatic benefit.
In detail, both symptom improvement and BOO reduction
are more pronounced following surgery and patients under-
going HoLEP exhibit the greatest mean percentage BOOI
improvement as well as a mean percentage total IPSS
improvement in the higher range. Although current evi-
dence does not allow to formulate clear recommendations
in favor of specific treatments in the overall population of
LUTS/BPH patients, these results provide additional ele-
ments to integrate patients’ counseling and treatment tai-
loring processes mainly in scenarios where improvement
of chronically elevated detrusor pressures would be of addi-
tional clinical benefit.
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