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Introduction: VED is a handheld pump that
creates negative pressure around the penis to
draw blood into the corpora cavernosa. Although included in
guidelines as a noninvasive option, its uptake is limited by frag-
mented evidence. Current Grade C recommendations are largely
based on post-prostatectomy studies, and no systematic
review/meta-analysis has evaluated VED across other ED etiolo-
gies (diabetic, cardiovascular, idiopathic) or compared it head-
to-head with pharmacotherapy using the IIEF.

Methods: We searched PubMed, Science Direct, and Cochrane
Library using relevant keywords to identify studies assessing
VED’s effects on erectile dysfunction patients. The primary out-
come we assessed in this systematic review was erectile function
based on the International Index of Erectile Function (IIEF).
Study quality was assessed using the Revised Cochrane Risk of
Bias tool (RoB2) for Randomized Controlled Trial (RCT) study
and using ROBINS-I for non-RCT study. Meta analyses were
conducted using Review Manager 5.4.

Results: The meta-analysis results of this study showed that
when VED was used as a single therapeutic modality compared
with Phosphodiesterase-5 (PDES5) inhibitors (PDES5Is), there was
no significant difference (p = 0.77). However, when compared
with the placebo group (no intervention), VED provided signifi-
cantly better outcomes [MD: 4.44 (95% CI: 3.04-5.84)

p < 0.001). Similarly, when VED was combined with PDES5i, its
effectiveness was significantly better than PDE5i therapy alone
[MD: 4.19 (95% CI: 0.81-7.57; p < 0.001)]. In terms of safety,
VED is also relatively safe and has mild and reversible side
effects.

Conclusions: VED is effective as a therapy either alone or as an
adjunct to PDES5i therapy in patients with erectile dysfunction.

Summary

KEey woRDS: Erectile dysfunction; Meta-analysis; Vacuum erectile
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INTRODUCTION

Globally, erectile dysfunction (ED) affects hundreds of
millions of men with its prevalence projected to reach
322 million by 2025, severely impairing quality of life

and psychosocial well-being (1). It is a common disor-
der, especially in middle-aged and older men, with
prevalence increasing with age and often accompanying
chronic conditions such as diabetes, hypertension and
cardiovascular disease (2). Current first-line therapies for
ED, including Phosphodiesterase-5 inhibitors (PDE5i)
and intracavernosal injections, demonstrate substantial
discontinuation rates in clinical practice due to various
factors including insufficient therapeutic response,
adverse effects, and cardiovascular contraindications (3,
4). In such cases (or in patients unwilling or unable to
take medication), non-drug therapies are used.

A vacuum erection device (VED) is a hand-held pump that
creates negative pressure around the penis to draw blood
into the corpora cavernosa, usually followed by an elastic
constriction band at the base to maintain the erection (1).
Despite guideline recognition of vacuum erection devices
(VEDs) as a non-invasive alternative, their clinical adop-
tion remains limited by fragmented evidence. VEDs hold
Grade C recommendations in major guideline, primarily
based on studies in post-prostatectomy populations (5).
No systematic review has evaluated VED efficacy across
broader ED etiologies (such as: diabetes mellitus, cardio-
vascular, and idiopathic), in which erectile function out-
comes are evaluated using the gold standard question-
naire, the IIEF score.

Existing systematic reviews of VEDs exhibit important
limitations: which predominantly only focus on post-rad-
ical prostatectomy cohorts and therefore do not capture
the full spectrum of ED etiologies (5, 6).

Furthermore, few reviews provide rigorous comparator
meta-analyses using standardized IIEF endpoints. To
address these evidence gaps, this review evaluated whether
VED therapy (used alone or in combination with standard
treatments) yields greater improvement in IIEF scores com-
pared with pharmacotherapy, other standard interventions,
or no intervention across heterogeneous ED populations.
Synthesizing high-grade evidence on this question is
essential for optimizing rehabilitation protocols and guid-
ing clinical decision-making for patients who are refrac-
tory to or unsuitable for first-line pharmacotherapy.
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MATERIALS AND METHODS

Protocol

Eligibility criteria

The study criteria that were included in this systematic
review are as follows:

* Participants/population
Patients with ED or patients who will undergo pro-
cedures that risk reducing ED

¢ Intervention(s)
VED either alone or in combination with other stan-
dard therapies

e Comparator(s)/control
Control group included other standard therapies or
no intervention (placebo)

¢ Qutcome
ED based on International IIEF.

Literature search

In this systematic review, a literature search was con-
ducted on May 281 2024 from various databases,
PubMed, Science Direct, and Cochrane Library with lim-
itation by English language. All of these searches were
conducted on Google Chrome web browser. The search
was carried out using the following keywords: [(Vacuum
Erectile Device) OR (Vacuum Device) OR (Vacuum
Constriction Device) OR (Penis pump) OR (Erectile dys-
function pump) OR (Vacuum erection assistance devices)
OR (VED) AND (Erectile dysfunction) OR (Impotence)].

Selection process

The study selection process was carried out by two
reviewers independently using a web-based application
(rayyan.ai). One reviewer (AT) will initially screen records
for inclusion based on predetermined inclusion criteria.
This will be done by screening titles and abstracts, fol-
lowed by full-text assessment for eligibility. A second
reviewer (MA) will then check decisions independently.
Disagreements will be discussed to reach a consensus.
Furthermore, one additional reviewers with relevant
expertise will be called in. The results of the screening of
studies will be reported using Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA).

Data collection

Data will be extracted by one reviewer (AT), including
information on study design and methodology, participant
characteristics, VED intervention characteristics [e.g. dose,
duration of intervention, intervention status (single or
combination)], and outcomes of the study. A second and
third reviewer (MA & AA) will check the extracted data.
Differences of opinion will be discussed to reach consen-
sus. Next, one additional reviewer with relevant expertise
will be called. Data will be recorded in an Excel spread-
sheet. If in the included studies there are incomplete data,
the reviewer (AT) will contact the corresponding author of
the study; if the corresponding author does not respond,
the study is then excluded with the reviewer’s agreement.

Risk of bias (quality) assessment

The quality assessment of included studies was conduct-
ed using two methods depending on the study type. RCT
studies were assessed using the revised Cochrane risk of
bias tool (RoB2), while non-RCT studies were assessed
using the Risk of Bias in Non-randomized Studies of
Interventions (ROBINS-I). The quality assessment of each
study was conducted by two independent reviewers. Any
discrepancies in the assessments were discussed together.
If unresolved, a third reviewer assisted in the decision.

Statistical analysis

The meta-analysis will be conducted to compare inter-
vention group with control group. The data used in this
study is continuous data so we entered the mean IIEF
change (Post intervention value-Pre intervention value) in
the meta-analysis along with its standard deviation to cal-
culate the overall mean difference with 95% confidence
intervals (CI). We will use fixed-effects models for all
meta-analyses. However, if the heterogeneity value (I
square) is high > 50%, it will be converted to a random-
effects model. We will perform subgroup analysis based
on the treatment duration (< 6 months and > 6 months).

Publication bias

Publication bias is evaluated subjectively by looking at
the funnel plot. Publication bias is high if the distribution
of studies in the funnel plot is not symmetrical.
Conversely, if the study distribution is evenly distributed
and symmetrical in the funnel plot, it can be said that
publication bias is low.

REsuLTS

Literature search and result of screening

After searching for studies from various databases using
appropriate keywords, we found a total of 814 studies.
Before screening, 17 duplicate studies were excluded, leav-
ing 797 studies that underwent title and abstract screening.
A total of 746 studies were excluded because they did not
meet the eligibility criteria. Furthermore, 51 studies were
further assessed in full-text and 32 studies were excluded
because they did not meet the criteria, leaving 19 studies
included in this systematic review. (Figure 1).

Characteristics of the included studies

A total of 19 studies were included in this systematic
review, consisting of 9 RCTs (7-15) and 10 non-RCTs.
(7, 16-23). ED was diagnosed in all studies using the
IIEF questionnaire. The use of VEDs varied widely
among the included studies. Six studies assessed the
effects of VED therapy as penile rehabilitation after radi-
cal prostatectomy, six others assessed VED therapy in
patients with general ED, three studies assessed the
effects of VED therapy in patients with spinal cord
injury-induced ED, and one study each assessed the
effects of VED therapy in patients with DMED, penile
rehabilitation after PFUI, adjuvant therapy in patients
with psychogenic ED, and therapy before penile implan-
tation. All studies reported self-reported primary out-
comes using the IIEF questionnaire. Full details of the
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characteristics of the included studies are presented in
Table 1.

Quality assessment result

Quality assessment of included studies was carried out by
two reviewers independently (AZT and RR) according to
the Cochrane risk of bias tool (RoB 2) for RCT studies. In
general, domain one (Bias arising from the randomization
process), domain four (Bias in measurement of the out-
come), and domain five (Bias in selection of the reported
result) have a low risk for each study. In general, the
process of randomizing samples, determining interven-
tion groups, and assessing outcomes in all included stud-
ies was carried out well and had minimal risk of bias. In
domain two (Bias due to deviations from intended inter-
vention) There are two studies that fall into the high-risk

category and two other studies that fell into the ‘some
concern’ category. This is because the study provided
self-intervention in the form of VED to patients without
explaining any prior assistance or training. In domain
three (Bias due to missing outcome data) there are two
studies that fall into the "High risk" category because the
number of participants lost to follow-up was > 10%.
Overall, 4 of the included studies were in the "Low risk"
of bias, 2 studies were in the "Some concern" category, and
3 studies were in the "High risk" of bias (Figure 2A).

In non-RCT studies, quality assessment was performed
using the ROBINS-I tool. The results showed that
domains three (Bias in classification of interventions),
domain four (Bias due to deviations from intended inter-
ventions), domain five (Bias due to missing data), and
domain seven (Bias in selection of the reported result)
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Table 1.
Characteristics of Included Studies.
No | Author Country | Studydesign | Participants Grouping Total sample Age (Mean, SD) Durationn Follow up
of intervention | time
Intervention Control Intervention Control
1 Tnang 0L, 2019 | China non-RCT ED after primary posterior 1) Group L: VED 10 min (twice/dey) + Tadalafil 10 mg/day | 36 [] 0311 $9:72 6 monhs 6 manths
urethroplasty (PFUI) ) Group 2: Tadalafil 10 mg/day
1 Ihang W, 2022 (hina RCT Patents with localized prostate | 1) GroupT Tadalafl 5 mg 1) (GroupT): 25 P 1) GroupT: 63.6 £ 4.5 672451 12 months 6 months
cancer priorto surgery 2) Group V: VED 15 min (twice/day) 2) (Group V): 25 2) Group V; 6.9 ¢ 6.6 and 12 months
3) Group T +V: Combination 3) (Group T+V): 25 3) GroupT+V: 637474
4) Group C: Control
(No inervention)
3 Wy, 2003 England RCT Psychogenic erectle disorder | 1) Group 1: VED + Psychotherapy i Jl| A NA  weeks 6 weeks
(ED) 2) Group 2: Psychotherapy only
(40-50 minutes every 2 weeks)
4 Watanabe, 1996 | US non-RCT £D due to SCI 1) Group 1:VED 1) VED: 28 1 N/A NA Not specified Not specified
2) Group 2: Penil inection 1) Phamacological
3) Group 3: VED + Penle injection penil inction: 26
4) Group 4: Counseling only 3) Combination: 5
5) Group 5: Penil prosthesis
6) Group 6: Topical itrogycerin
1) Group 7: Other therapy
5 Tumer, 1992 05 non-RCT General ED Patients Group A: VED 3 4 58,1 544 12 months 12 months
b Tao, 2002 (hing RCT Diahete melius-induced 1) Group A: VED Intervention (L5 min, daily) 1) GroupA =34 k) 1) GroupR=4797£569 | 46.70£493 9 wegks 12 weeks
rectile dysfunction (OMED) | 2) Group B: Li-ESWT (Twice a week) (Control) 2) Group C=33 2) Group €= 4830 £ 3.49
3) Group C: VED + Li-ESWT
1 Soderdah), 1997 | US RCT Untreated Erectle Dysfunction | 1) Group L: VED un P 62.3 (36-84) years 62.3 (38-84) years | After 15 timesuse | 24 months
) Group 2: Inracavemosal selfnjecton (1C) VED
8 Sten, 2013 (hing non-RCT Patents with PCa who under- | 1) Group 1: VED (5 min, ice) 1) Group 1: 12 14 60.1 years 66.5 years 18 months 18 months
Went radical prostatectomy (RP) | 2) Group 2: PDE-5i (Sidenafil 50 mg, daily) 2) Group 2: 25
3) Group 3: Combination 3) Group 3: 6
9 Salem, 2012 Egyot RCT Organic ED 1) Group A: VCD {twice/week) Group A: 54 1) Group B <40 years <40 years 3 months 4 months
2) Group B: IC (twice/week) (ICl): 56
3) Group C: Sildenail (twice/week) 2) Group €
(Sildenil: 55
10| Raina, 2005 [ RCT £D after AP 1) Group A:VCD Group (Daiy, after catheter removal/2 [ 3 58.650-71) years 58,6 (50-71) years | 9 months 9 months
weeks after surgery)
) Group B: No Treatment
11| Moemen, 2007 Egynt non-RCT £D due to SCI 1) Group A: Sidenafil 25-50 mg 0 1)A=20 15 1)A=2852 2 months 2 months
) Group B: IC1 (Prostaglandin E1) 2)8=20 (34.9047.75) (35.55£6.35)
3) Group C: VCD 1)B=24-48
(3270 £ 6.67)
12| Hassan, 2008 Egyot non-RCT General ED Patients 1) Group A: Oral testosterone 120 mejday Grl =51 No control (rl=3112¢152 NA 12 months 12 months
2) Group B: Sildenafilctrate 100 mg,day (r2 = 156 (r2=31511.15
3) Group C: IC! (Papaverine + Phentolamine + Prsotaglandin) | Gr3 =105 (r3=3515£5.12
4) Group D:VCD (rd=3 Grd= 4367 7.3
5) Group E: Penile prosthesis frh=10 (rh=49.2118.12
13 Engel, 2011 [§ RCT Patients with prostate cancer | 1) Group L:Tadalafl lone (20 mg, threg times per week) 13 10 <65 years <65 years 12 months Pre-0p, 1,3,6,9,
(PCa) who underwent radical | 2) Group 2 Tadalafl + VED and 12 month
prostatectomy (RP) (5 days/week, 10 minutes daily)
14| Deng 2017 (hina non-RCT Patients who were scheduled | 1) Group I No Intervention (Control) 1) Group $=29 i T Troup =125 £6.5 50194 T months 35,
(Prospective forTME ) Group 2: Sidenafil 25 mg/day 2) Group S +VED = 17 2) Group $ +VED = and 12 months
controlled til) 3) Group 3: Sidenafil 25 mg)/day +VED 10-15 minute/day 3010 after surgery
15 | Chen 2004 Israel RCT General ED Patients 1) Group L: Sidenafl 25, 50, or 100 mg (45-60 minutes 1)VED =51 3 T)VED =64 (35-82) years | 67 (43-85) years | 2 months 2 months
hefore sexual actity) 2) VED + Sildenail = 41 2) VED + Sildenafil =
2) Group 2:VED 58 (41-72) years
3) Group 3: Combination
16 | Chen 2001 Israel non-RCT (General ED Patients 1) Group 1: Preffered using VED 1 ! 59 years (35-11) 59 years (35-77) | 6 months 6 months
IS (Crossover tils) ) Group 2: Preffred using Sidenai
1 Chancellor, 1994 | Qatar non-RCT £D due to SCI 1) Group A: 1 ml of a 2% Minoidil topical 18 NA 15-65 years NA Same time (Onlyto | SameTime
2) Group B:VCD (Median age 29) assess erectile
3) Group C: 10 mg intracorporeal papavering ijection Tesponse)
18 | Changuen, 2016 | US RCT Severe ED seeking PP insertion | 1) Group A: VED Intervention (10-15 min, daily) ] 26 56.12 ¢ 10.59] years 5419 (+12.35) | L month before Unspecfied
2) Group B: non-VED years surgery
19 | Basal 2003 Retrospectively Patents with PCa who A 1) Group 1= 48 N/A 1) Group T=6192£659 | NAA Untl 3 years after | Unspecified
uncontrolled study | underwent RP 2) Group 2= 48 2) Group 2=58.56 £ 7.30 surgery

3) Group 3= 107

3) Group 3=58.17.£ 7.43

ED: Erectile Dysfunction; ESWT: Extracorporeal Shock Wave Therapy; RCT: Randomized Controlled Trial; PP: Penile Prosthesis; PCa: Prostate Cancer; RP: Radical Prostectomy;
VCD: Vacuum constriction device; SCI: Spindal Cord Injury; TME: Total Mesorectal Excision); US (United States).
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Figure 2.
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Graph and summary of risk of bias of included studies. A) Randomized controlled trials (RCT) studies; B) Non-RCT.
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showed a "Low risk" result for all studies. In domain one
(Bias due to confounding), three studies were reported
as "Serious risk" and two studies as "Moderate risk" This
was because the characteristics and baseline data were
not reported in the serious risk studies, while studies
with moderate risk did not report some of the baseline
characteristics or baseline values before the intervention.
In domain two (Bias due to participant selection), one
study was reported as "Serious risk" because it did not
explain the participant selection method or sample ori-
gin, while one study was reported as "Moderate risk"
because it only mentioned the sample origin but did not
explain how it was recruited. In domain six (Bias in the
measurement of outcomes), one study was reported as
"Serious risk" and one study was reported as "Moderate
risk" because the outcome measurement method was not
reported.

Overall, 5 of the included studies were in the "Low risk"
of bias category, 4 studies were in the "High risk" of bias
category, and 1 study was in the "Some concern" catego-
ry (Figure 2A).

Statistical test results (meta-analysis)

e VED vs PDE5i

We conducted a meta-analysis including four studies to
assess the difference in effectiveness between VED therapy
alone and PDE5i.

The meta-analysis results showed no significant difference
in erectile function outcomes between patients given VED
therapy as a single treatment compared with PDE5i with
an overall mean difference of 0.52 (95% CI: -2.98-4.03;
p=0.77;12 = 80%).

This indicates that VED therapy as a single modality is
equivalent in effectiveness to PDE5i (Figure 3).

* VED Alone vs No Intervention

We conducted a meta-analysis by including two studies.
The meta-analysis results showed a significant difference
in erectile function outcomes between patients receiving
VED therapy as a single treatment compared to patients
not receiving any treatment for ED.

The results showed superiority in VED with an overall mean
difference of 4.44 (95% CI: -3.04-5.84, p < 0.001, 12 = 0%).
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Figure 3.
Meta-analysis of VED vs PDEb5I.
VED PDESI Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight I, Random, 95% CI I, Random, 95% CI
Chen (2001) 287 B32 12 278 998 24 18.3% 0.90 (5.27,7.07]
Chen (2004) 1202 2.34 56 95 252 64 41.2% 257 [1.685, 339 ——
Moemen (2007) 955 3.06 20 1167 398 20 383% -212[-4.3Z 0008] ——
Zhang (2022) -11.3 M2 25 -134 438 25 42% 21011414,1834) +
Total (95% CI) 113 133 100.0% 0.52 [-2.98, 4.03]

Helerogeneity. Tau®=7.55, Chi"= 14 87, dl= 3 (P = 0.002), = B0%
Teslfor overall effect Z=029(P=077)

5 5
PDESI VED

This suggests that VED therapy as a single modality is
effective in improving erectile function (Figure 4).

ence of 4.19 (95% CI: 0.81-7.57; p = 0.02; I = 96%).
Furthermore, subgroup analysis results showed that com-

Figure 4.
Meta-analysis of VED Alone vs No Intervention.
VED No Intervention Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Tatal Weight IV, Random, 95% Cl IV, Random, 95% CI
Raina (2005) 11.2 635 74 637 314 5 621% 4 .83 [3.05, 6.61] ——
Zhang (2022) -113 412 25 -151 411 25 379% JHO0 (152, 608] —
Total (95% CI) 99 60 100.0% 4,44 [3.04, 5.84] i
Heleroganeity Tau*=0.00; ChiF= 049, di=1 (P=049),F=0% ; -‘2 5 % é
Testfor overall effect Z=86.20(F = 0.00001) No Interventian VED

* VED + PDE5i vs PDE5i alone

We conducted a meta-analysis including four studies to
assess the difference in effectiveness between VED thera-
py combined with PDE5i and PDE5i alone. Two of the
four included studies had two consecutive data sets with
different timelines.

The meta-analysis results showed a difference in out-
comes, with significantly better erectile function in
patients treated with VED in combination with PDE5i
compared to PDES5i alone, with an overall mean differ-

Figure 5.
Meta-analysis of VED Combination vs PDES5i inhibitor.

bination VED therapy given for more than 6 months pro-
vided better outcomes, although there was no significant
difference compared to interventions given for less than 6
months (p = 0.12) (Figure 5).

Adbverse events of VED

One study out of 9 studies specifically evaluated the
adverse events that occurred during the usage of Vacuum
Erectile Device (VED) therapy. Chen et al. 2001), in a non-
RCT study with 36 total ED patients with various aetiolo-

VED + PDESI Another Treatment Mean Dilference Mean Difference
Study or Subgroup Mean SD Total Mean S0 Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.1.1 <= 6 months
Chen {2004) 17.2 287 a1 95 1582 B4 17 4% T70[663,B77] "=
Engel (2011) 1 Month 0.7 0.EB 13 1.5 1.75 10 174% -0 B0 [-1.94, 0.34] .-
Zhang (2022) B Manth -14.7 3.39 25 -161 3.29 25 1668% 1.40[-0 45, 3.29] e
Zhang DI (2019) g5 177 36 54 38 47 17.0% 310[1.42, 474 ——
Subtotal {95% CI) 115 141 68.6%  2ZB6[-1.45 7.17] o
Helerogeneity Tau®=18.75, Chi*=118.08, df= 3 (P < 0.00001), P=87%
Test for overall effect Z=1.30 (F=019)
1.1.2 > 6 months
Engel (20113 12 Month 177 303 13 93 487 10 150%  B.40([4.96 11 84] —
Zhang (2022) 12 Month -7.5 155 25 -134 438 25 165% 590[370,B10] —
Subtotal (95% CIj 3u 35 314% 6.79 [4.44, 8.13] B -
Helerogeneity, Tau*=0.95 Chi"=144, df=1(P=023) F=31%
Tes! far overall effect Z= 567 (P < 0.00001)
Total {95% CI) 153 176 100.0% 4.19[0.81, 7.57] =i
Helerogeneity, Tau®=16.77, Chi*=130.33, df= 5 (P = 0.00001), F= 96% f" =5 5 é IID
Testfor overall effsct 2= 2.43 (P = 0.02) Standard Therapy VED+Standard Therapy
Tesl for subgroup differences: Chif= 246, df=1 (P=012), F=394%
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gies, reported that VED has a relatively low incidence of
side effects, with the most frequent being penile numb-
ness, bruising, and ejaculatory dysfunction. In addition,
VED is also contraindicated for ED patients with bleeding
disorder, anatomical penile deformities, or unexplained
priapism. Of the 36 patients observed, side effects includ-
ed pain in 3 patients, hematoma in 2 patients, numbness
in 1 patient, and maceration in 1 patient. Chen et al.
explained that none of the patients withdrew from the
study due to these side effects (22).

Along with these findings, studies by Raina et al. (12) and
Zhang et al. (24) also explained that the main reasons
patients discontinued the VED therapy in most cases
were adverse effects associated with the constriction ring,
such as bruising and petechiae (5%), numbness (5%),
and pain (10%). These findings indicate that VED thera-
py may cause mild and transient side effects, but it is gen-
erally well tolerated and did not lead to treatment dis-
continuation in the majority patients (12, 24).

Publication Bias

Publication bias was assessed subjectively using a funnel
plot. A meta-analysis comparing VED monotherapy ver-
sus other therapies found a symmetrical distribution of
studies, indicating a low risk of publication bias
(Supplementary Figure 1). Meanwhile, a meta-analysis
comparing VED monotherapy versus placebo also
showed a symmetrical distribution, indicating a low risk
of publication bias (Supplementary Figure 2).
Furthermore, a meta-analysis comparing VED combina-
tions versus standard therapy also showed a symmetrical
distribution, indicating a low risk of publication bias
(Supplementary Figure 3).

DiscussioN

The results of this current meta-analysis showed that VED
combined with PDES5i is significantly more effective to
better erectile function in ED patients, compared to
PDES5i alone. Meanwhile, the effect of VED therapy as
monotherapy shows satisfactory results in patients with
ED but with limited clinical evidence.

Previous studies have explored the potential of VED ther-
apy but were limited by sample size and study design. For
example, Ma et al. demonstrated that two consecutive
VED therapy 5 minutes treatment protocols were optimal
to increase the smooth muscle: collagen ratio, upregulate
of endothelial Nitric Oxide (NO) synthase, and reduce
hypoxia-related and fibrotic markers. However, the
study’s limitations include use of an animal model and
small sample size (25).

In another study, Zhang et al. conducted an RCT study on
scheduled PDE5i and VED for ED patients after nerve
sparing prostatectomy; they found that tadalafil 5 mg
once a day combined with VED can help improve IIEF5
score in nerve-sparing radical prostatectomy (ndRP)
patients after 6 and 12 month therapy (7). Nevertheless,
their study was constrained by a small sample size, focus
on treatment of the primary disease rather than ED itself,
and low enrolment due to extremely minimal sexual
demand of elderly female partners.

Compared to these previous studies, our meta-analysis

has a larger and more homogenous population, with a
total of 732 human participants in 9 RCTs. Broader rep-
resentation could increase the level of evidence on the
topic.

Effect on sexual function of a VED post-prostatectomy.
VED uses the negative pressure produced by the mechan-
ical device to induce penile tumescence by passively
increasing blood perfusion in the penile corpus caver-
nosum. VED treatment can increase arterial and venous
blood in the corpus cavernosum simultaneously, mainly
increasing arterial blood perfusion and resembling the
physiology of spontaneous nocturnal erection. Later it can
improve the hypoxia of corpus cavernosum (9, 25-27).
VED is primarily indicated for patients with organic ED
and has been reported to achieve a high success rate with
minimal side effects. Early initiation of VED therapy may
facilitate earlier sexual activity, improve both patient and
partner satisfaction, preserve penile length, and poten-
tially accelerate the return of spontaneous erections (12).
In addition, is considered as a simple, user friendly, and
cost effective device compared to other treatment modal-
ities (22).

In this systematic review, we conducted a meta-analysis
which include 4 studies that compared patients treated
with VED therapy alone with PDE5i, who were followed
up for several weeks to months. Difference is not signifi-
cant, with overall mean difference of 0.52 (95% CI: -
2.98-4.03; p = 0.77) and substantial heterogeneity (I> =
80%). Although some individual studies suggested poten-
tial benefit of VED, most findings of the studies were not
statistically significant. For example, Chen et al. (22)
reported no improvement in sexual desire or patient sat-
isfaction after 6 months of VED compared with sildenafil.
Similarly, Moemen et al. (19) in a 2-month follow-up and
Zhang et al. (7) in a 6- and 12-month follow-up found no
significant differences when comparing VED with PDE5i
and Tao et al. (9) also observed no significant advantage
of VED over ESWT after 4 and 8 weeks. On the other
hand, Chen et al. (14) showed that neither sildenafil nor
VED improve sexual desire and patient satisfaction, but
the combination of both significantly enhanced all
domains of the IIEF and improved patient satisfaction
according to the global assessment question (GAQ). This
finding suggests that improvement in erectile function
alone may not be sufficient to enhance overall patient sat-
isfaction (14).

The heterogeneity in this analysis is high, which may be
attributed to differences in study design, duration of ther-
apy, and patient population.

Our systematic review also compared the effectiveness of
VED treatment alone versus no intervention, and the
pooled analysis showed significant difference. However,
more consistent and larger-scale trials are needed to con-
firm the role of VED compared to no intervention.

This systematic review also included 4 studies that com-
pared the effectiveness of VED + PDE5i combination with
PDES5i alone, showing that the use of VED as an adjuvant
therapy significantly improves erectile function, especial-
ly when given > 6 months.

The previous clinical research on the use of PDE5i, such as
5 mg tadalafil daily in ED after nsRP patient, have shown
improvement in patients’ satisfaction of the penis conges-
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tion in the morning, however, after 12 month follow up,
without any significant assisted erectile function after a 6
weeks withdrawal period. Moreover, PDE5i monotherapy
is not effective in preventing the penile shortening, a com-
mon complication occurring 4-8 months after radical
prostatectomy. The gradual shortening effect can affect the
patients standing urination ability and causing a serious
psychological burden. In contrast, VED can prevent this
condition by improving the peak flow velocity and vascu-
lar diameter of the cavernous arteries of patient with
organic ED, which will prevent the penis corpus cavernous
fibrosis. However, the effect of fully erection function
recovery with VED only is not always significant.
Therefore, combining PDE5i and VED could act synergis-
tically to promote the erection function and prevent the
anatomical damage, for a better short-long prognosis in ED
patients (7). This additive effect is supported by Engel et al.
(13), who found that combination therapy not only
improved sexual function earlier in the recovery process
but also enhanced patient compliance, confidence, and
satisfaction, without dropout due to lack of efficacy. These
findings suggest that dual therapy may provide compre-
hensive rehabilitation benefits by addressing both func-
tional and structural aspects of ED (13).
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Despite the significant improvement in erectile function
and the high rates of partner satisfaction with VED therapy
in patients with ED, studies have reported discontinuation
rates of approximately 10-56% within one year of VED use.
The main reasons for dropout include side effects such as
bruising and petechiae (5%), numbness (5%), and pain
(10%) (24). Some patients complain that the combination
therapy of VED with other modalities (sildenafil) is cum-
bersome and chose to discontinue this treatment modality.
Other reported contraindications to this treatment modali-
ty, including bleeding disorders, anatomical deformation
of the penis, and priapism of unclear aetiology.

Finally, we acknowledge that our study has several short-
comings. The included studies consisted of non-RCTs,
which reduces the quality of the evidence base.
Furthermore, there is a high degree of heterogeneity of
the meta-analysis due to differences in the doses, dura-
tions, and types of VEDs used.

Therefore, we recommend conducting larger studies with
similar doses, durations, and types of VEDs to assess the
adjuvant effects of VED therapy in patients with ED.

CoNCLUSIONS

VED is effective when used alone and there is no signifi-
cant difference in effectiveness between VED and PDES5i.
However, when VED is combined with PDE5i, it provides
significantly better outcomes compared to PDES5i therapy
alone, especially when administered for > 6 months.
While acknowledging the need for further research,
results of this systematic review meta-analysis suggest
that VED as an adjunctive therapy may provide addition-
al benefit for men with ED.
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