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ABSTRACT

Introduction: Low-intensity extracorporeal shock wave therapy (Li-ESWT) has been proposed as an effective
non-invasive treatment option for erectile dysfunction (ED).

Aim: To use systematic review and meta-analysis to assess the efficacy of Li-ESWT by comparing change in
erectile function as assessed by the erectile function domain of the International Index of Erectile Function
(IIEF-EF) in men undergoing Li-ESWT vs sham therapy for the treatment of ED.

Methods: Systematic search was conducted of MEDLINE, EMBASE, and ClinicalTrials.gov for randomized
controlled trials that were published in peer-reviewed journals or presented in abstract form of Li-ESWT used for
the treatment of ED from January 2010 through March 2016. Randomized controlled trials were eligible for
inclusion if they were published in the peer-reviewed literature and assessed erectile function outcomes using the
IIEE-EF score. Estimates were pooled using random-effects meta-analysis.

Main Outcome Measures: Change in IIEF-EF score after treatment with Li-ESWT in patients treated with
active treatment vs sham Li-ESWT probes.

Results: Data were extracted from seven trials involving 602 participants. The average age was 60.7 years and
the average follow-up was 19.8 weeks. There was a statistically significant improvement in pooled change in
IIEF-EF score from baseline to follow-up in men undergoing Li-ESWT vs those undergoing sham therapy
(6.40 points; 95% CI = 1.78—11.02; I* = 98.7%; P < .0001 vs 1.65 points; 95% CI = 0.92—2.39;
I? = 64.6%; P < .0001; between-group difference, P = .047). Significant between-group differences were found
for total treatment shocks received by patients (P < .0001).

Conclusion: In this meta-analysis of seven randomized controlled trials, treatment of ED with Li-ESWT resulted
in a significant increase in IIEF-EF scores.
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INTRODUCTION

Erectile dysfunction (ED) is when a man is unable to achieve
or maintain an erection for satisfactory sexual performance. ED is
estimated to affect one in every five men and, given the aging
male population and increasing prevalence of comorbid
conditions, it is likely to become even more prevalent.'
Phosphodiesterase  type 5 (PDE5is) are

inhibitors often
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effective in treating patients with ED and are associated with few
side effects; however, a significant proportion of men do not
respond to therapy.” In men who do not respond to PDE5is or
cannot tolerate them because of side effects, options such as
medicated urethral suppositories for erection, intracorporal
injections, and penile prostheses are available.” Although these
treatment options can be effective, long-term usage rates are
hindered by side effects and potential complications.” Further-
more, these treatments attempt to improve erectile function

without treating the underlying pathophysiology of ED.’

Low-intensity extracorporeal shockwave therapy (Li-ESWT) has
been proposed as a treatment option for ED with minimal side
effects. Vardi et al® first reported on the use of Li-ESWT for ED;
their rationale was extrapolated from cardiac literature reporting
improvements in neovascularization. Recent studies of a diabetic
rat model have recently supported the notion that Li-ESWT indeed
might induce structural changes that regenerate penile tissue.”
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AIMS

Given the availability of several
treatment—controlled trials studying the effects of Li-ESWT in
the treatment of ED, we performed a meta-analysis to determine
whether this novel treatment improves erectile function in men
with ED when assessed by the International Index of Erectile

randomized sham-

Function erectile function domain (IIEF-EF) compared with
men undergoing sham therapy.gi14 In addition, from our review
of the literature, we sought to provide formal recommendations
for future randomized controlled trials.

METHODS

Search Strategy

Randomized controlled trials published from January 2010
(the year that SWT was first used as a treatment for ED°)
through March 2016 that reported on using the IIEF-EF sore for
men with ED receiving Li-ESWT were identified using elec-
tronic searches of MEDLINE, EMBASE, and Clinical Trials.gov.
Additional studies were identified by scanning the reference lists
of articles identified, searching relevant conference abstracts, and
corresponding with study investigators using the approach
recommended by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.15 A flow
diagram for study selection is presented in Figure 1. The
computer-based searches combined terms: “[(shockwave) OR
(shock wave) AND erectile dysfunction].”

Inclusion Criteria and Trial Selection

Studies were included if they were randomized controlled
trials of Li-ESWT for ED that reported on the use of the
IIEF-EF, a validated six-question questionnaire that assesses
erection frequency, erection firmness, penetration ability, main-
tenance frequency, maintenance ability, and erection confidence
on a scale of 0 to 5.'° The most comprehensive publication was
used when there were several involving the same study popula-
tion. Abstracts of randomized controlled trials from relevant
conferences were included in this analysis in accordance with
recommendations of the Cochrane Handbook for Systematic
Reviews section 6.2.2.4."7

Data Extraction

The following information was extracted independently by
two trained investigators using a standardized form: authors and
publication year, year of study, publication type, practice setting,
duration of follow-up, population, SWT regimen, IIEF-EF
(six-question form), participant inclusion and exclusion criteria,
sample size, geographic locale in which the study took place,
mean or median participant age, and model of Li-ESWT
machine. All discrepancies were resolved by discussion and
adjudication of a third reviewer. Study investigators from most
studies were contacted to obtain further information.
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197 Records identified through
database searching
57 MEDLINE
117 EMBASE
23 ClinicalTrials.gov

141 Excluded based on review of title
and abstract

i 70 Wrong population or outcome

71 Duplicates

56 Articles screened

49 Excluded after review of full text
35 Non-randomized control trial
13 Review article
1 Did not report IIEF-EF data

'

7 Manuscripts

Figure 1. Flow diagram for study selection.

Quality Assessment

The risk of bias in the included randomized trials was assessed
using the Cochrane Risk of Bias Assessment tool in the domains
of randomization, sequence generation, allocation concealment,
blinding, completeness of outcome data, selective outcome
reporting, and other potential sources of bias."” Domains were
independently assessed by two trained investigators (R.I.C. and
T.P.K). All discrepancies were resolved by discussion and
adjudication by a third reviewer (R.R.). A graph and a summary
for risk of bias were generated with RevMan 5.2.'%

Data Synthesis and Analysis

The mean differences in IIEF-EF scores measured before
initiating and then after treatment with Li-ESWT or placebo
were calculated for each study. Overall differences were
calculated by pooling the study-specific estimates using
that included between-study
heterogeneity.'” Between-study heterogeneity was assessed by
standard X tests and the I° statistic (ie, percentage of variability

random-effects meta-analysis

in prevalence estimates because of heterogeneity rather than
sampling error or chance)”””!
studies grouped according to prespecified study-level character-
istics (total treatment shocks, mean participant age, baseline

ITIEF-EF score, and duration of follow up) using stratified

and by comparing results from

meta-analysis and meta-regression.”””” The influence of indi-
vidual studies on the overall summary estimates was examined by
serially excluding each study in a sensitivity analysis.”* Bias
secondary to small study effects was investigated using the funnel
plot and the Egger test.””” All analyses were performed using
R 3.2.2 (R Foundation for Statistical Computing).27 Statistical
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tests were two-sided and used a significance threshold of a
P value less than .05.

MAIN OUTCOME MEASURES

Difference in pooled change in IIEF-EF score from baseline to
follow-up in men treated with Li-ESWT was compared with that
in those treated with sham therapy.

RESULTS
Study Characteristics

Seven randomized controlled trials involving 602 participants
were included in this meta-analysis (Table 1). Six studies used
the Omnispec ED1000 (Medispec Ltd, Yehud, Israel) and one
study used an ESWT device from Richard Wolf GmbH
(Knittlingen, Germany). The mean number of participants per
study was 86.4 (range = 53—135), the mean age was 60.7 years,
mean baseline IIEF-EF score was 9.2, and mean follow-up was
13—56). All seven studies used sham
therapy for the control group using shockwave probes that

19.8 weeks (range =

looked and sounded similar to the active treatment probe. All
seven studies included men with vasculogenic ED and excluded
men with neurogenic ED. Four studies included men with mild,
mild to moderate, moderate, and severe ED. One study included
only men with mild to moderate, moderate, and severe ED. One
study included only men with mild ED while on PDE5i. Two
studies did not specify the severity of ED for the included
patients. Seven studies consisted of regiments of two treatments
per week for 3 weeks, then 3 weeks without treatment, followed
by 3 weeks of two treatments per week—for a total of 18,000
total treatment shocks. One study had a regimen of one treat-
ment every 5 weeks, 4 weeks without treatment, followed by
5 weeks with one treatment per week—for a total of 6,000 total
treatment shocks. All studies included in the present analysis
used an energy flux density of 0.09 mJ/mm?. Five studies took
place in Asia, two in Europe, and one in North America. All
seven trials studied IIEF-EF score as a primary outcome. Five
studies were published as journal articles and two studies were
published as abstracts. Further inclusion and exclusion criteria
are listed in Table 1. For most studies, the risk of bias was low.
However, the risk of bias was unclear for several domains of

published abstracts (eFigures 1 and 2).

Effect of Li-ESWT on Change in IIEF-EF Score

There was a statistically significant improvement in pooled
change in IIEF-EF score from baseline to follow-up in men
treated with Li-ESWT compared with those receiving sham
therapy (6.40 points; 95% CI = 1.78—11.02; I* = 98.7%;
P < .0001 vs 1.65 points; 95% CI = 0.92—2.39; I* = 64.6%;
P < .0001; between-group difference, P = .047; Figure 2A, B).
For each study the control group was subtracted from the
treatment group to determine the between-group mean differ-
ence, which was meta-analyzed (4.17 points; 95% CI = —0.5 to
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8.3; I> = 98.8%; P < .0001; Figure 2C). The sensitivity analysis
demonstrated that, for the sham treatment group, no individual
study affected the overall prevalence estimate by more than an
absolute difference of 0.5 point. For the Li-ESWT group, two
studies (Fojecki and Osther'® and Sirini et al'") were found to

affect the overall prevalence estimate by an absolute difference of
0.5 point (¢Table 1).

Effect of Li-ESWT on Change in lIEF-EF Score
According to Study-Level Characteristics

Among the seven studies, no between-group differences
were noted in sub-analyses that controlled for the potential
confounders of duration of follow-up, age of participant, and
baseline IIEF-EF scores (P > .05 for all comparisons; Table 2).
A significant between-group difference was observed for total
treatment shocks when compared by stratified meta-analysis
(P < .001; Figure 3).

Assessment of Publication Bias

Visual inspection of the funnel plot showed minimal asym-
metry for the treatment group, suggesting that the pooled
estimates were unlikely to be importantly biased secondary to
small study effects (eFigure 3). The Egger regression asymmetry
test supported this finding (treatment: z = 0.14; P = .89). In
comparison, visual inspection of the funnel plot showed signif-
icant asymmetry for the sham group; the Egger regression
asymmetry test supported this (control: z = 2.11; P = .03). This
asymmetry occurs from an increased number of small studies that
reported improvement during sham therapy, which is opposite
any publication bias.

DISCUSSION

This systematic review and meta-analysis of seven randomized
controlled trials involving 691 men demonstrated a statistically
significant improvement in IIEF-EF score of men with ED
undergoing Li-ESWT compared with men undergoing sham
therapy. This positive result suggests that Li-ESWT might
clinically improve erectile function in men with ED.

It has been previously determined that a change of four points
in the IIEF-EF score is the minimum clinically important dif-
ference, which indicates a difference that might be clinically
meaningful to patients and potentially change management.”®
For the trials included in this study, the combined improve-
ment in IIEF-EF score was 4.17 after treatment with Li-ESWT,
which is greater than the minimum clinically important differ-
ence. Of note, one randomized controlled trial was not included
in the meta-analysis because pre- and post-treatment IIEF-EF
scores were not reported and were not available after attempting
to contact the investigators.”” This study found no difference
between the treatment and control groups at 5 weeks. This
study used a different device than the seven included studies
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Table 1. Selected characteristics of seven studies included in this systematic review o)
) Baseline Change in
Duration of Total Sample IIEF-EF score  IIEF-EF score  Age (y)
follow-up  Weeks of Treatments/ Shocks per treatment Exclusion Inclusion
Study Year (wk) treatment wk treatment shocks  Treatment Sham Treatment Sham Treatment Sham Treatment Sham criteria criteria
Kitrey et al® 2016 13 6 2 1,500 18,000 37 16 70 8.0 6.0 0.5 60.0 64.0  Penile anatomic  Previous PDESi
abnormality; responders;
unstable ED > 6 mo;
medical rigidity score
condition; < 3 during
neurologic or PDESi therapy;
hormonal SHIM <21
abnormalities; during PDESi
treated for therapy; non-
prostate cancer hormonal,
neurologic, or
psychological
pathology;
stable
heterosexual
relationship
> 3 mo
Feldman 2015 13 6 2 1,500 18,000 84 40 — — 6.1 25 — — — Responders to
et al’ PDESi
Fojecki and 2015 18 10 1 600 6,000 63 63 109 ns 0.6 15 65.4 63.3  Prostatectomy; ED > 6 mo; in
Osther'® radiotherapy in relationships;
pelvis; patient
hormonal accepts not
therapy against using any
prostate other therapy
cancer; against ED
anatomic penis
disorder; penile
prosthesis;
treatment with
anticoagulants
(except
acetylsalicylic
acid 75 mg);
psychiatric
disorder;
hypogonadism;
IIEF score > 25;
pregnant
partner or
delivered within
past 12 mo;
critical health
disease;
neurologic
disorders N
o
(continued) %:
o
L
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Table 1. Continued

) Baseline Change in
Duration of Total Sample IIEF-EF score  IIEF-EF score  Age (y)
follow-up  Weeks of Treatments/ Shocks per treatment Exclusion Inclusion
Study Year (wk) treatment wk treatment shocks  Treatment Sham Treatment Sham Treatment Sham Treatment Sham criteria criteria
Srini et al" 2015 13 6 2 1,500 18,000 95 40 9.5 9.2 125 1.4 40.1 31.8  Radical |lIEF-EF domain
prostatectomy; score < 18
pelvic after 4 wk;
radiotherapy; PDESi
any cause of washout
ED other than period; peak
vascular; systolic
chronic velocity
hematologic <30 cm
disease;
cardiovascular
condition;
cancer in
past Svy;
antiandrogen
treatment; any
anatomic,
neurologic, or
hormonal
abnormalities
Hatzichristou 2015 56 6 2 1,500 18,000 30 16 13.8 14.6 5.3 14 53.0 551 — Vasculogenic ED
and and positive
Kalyvianakis'? response to
PDESi
treatment
Yee et al” 2014 13 6 2 1,500 18,000 30 28 10.2 10.2 76 5.6 58.9 63.3  Known endocrine  >18 y old; >6-mo
disease; history of ED;
androgen in heterosexual
deprivation relationship
therapy; > 6 mo; SHIM
neurologic score < 21
disease; penile
structural
abnormality;
radical
prostatectomy;
penile implant
Vardi et al"* 2012 13 6 2 1,500 18,000 40 20 126 ns 6.7 3.0 58.0 570 Radical IIEF-EF score
prostatectomy; < 19 while on
pelvic PDES; stable
radiotherapy or heterosexual
hormonal relationship
therapy; > 3 mo
psychiatric
condition;
anatomic,
neurologic, or
hormonal

abnormalities

ED = erectile dysfunction; IlEF-EF = International Index of Erectile Function erectile function domain; PDESi = phosphodiesterase type 5 inhibitor; SHIM = Sexual Health Inventory for Men.

uonaunysAQ 9|132343 104 Adessy] saemydoyg [ealodiodesix] Alsusiul-moT]
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Studies Shockwave Group Control Group Between Group Mean Difference
MD 95%-Cl | MD 95%-Cl MD 95%-Cl
Kitrey, et al. 2016 6.00 [5.25; 6.75] - 0.50 [-0.28; 1.28] L 5.50 [4.42; 6.58]
Feldman, USA 2015 —=%—— 610 [1.03;11.17] ——— 250 [0.42; 4.58] —_ 3.60 [-1.88; 9.08]
Fojecki, et al. 2015 0.60 [0.26; 0.94] 1.50 [1.18; 1.82] -0.90 [-1.37;-0.43]
Sirini, et al. 2015 12.50 [11.85; 13.15] 1.40 [0.56; 2.24] S 11.10 [10.04; 12.16]
Hatzichristou, et al. 2015 E & 5.30 [3.67; 6.93] T 1.40 [-0.76; 3.56] — 3.90 [1.20; 6.60]
Yee, et al. 2014 — 7.60 [5.41; 9.79] —+— 560 [2.94; 8.26] T 2.00 [-1.45; 5.45]
Vardi, et al. 2012 — 6.70 [4.40; 9.00] —— 3.00 [0.22; 6.22] — 3.70 [-0.26; 7.66]
Random effects model _ 6.40 [1.78; 11.02] <> 1.65 [0.92; 2.39] _ 4.17 [-0.50; 8.83]
T T T 1 T T 1 T T T 1
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10

Heterogeneity: 1>=98.7%, tau?=37.35, p<0.0001

Heterogeneity: 1°=64.6%, tau?=0.4695, p<0.0001

Heterogeneity: 1°=98.8%, tau?=16.07, p<0.0001

Figure 2. Forest plot of change in International Index of Erectile Function erectile function score for men undergoing low-intensity

extracorporeal shockwave therapy vs sham therapy.

(Duolith SD1, Storz, Switzerland) and had a longer follow-up
time of 24 months.

The mechanism of action that leads to improvement in IIEF
scores in men treated with Li-ESWT has not been elucidated
completely. In vitro and animal studies have shown that SWT

expression of pro-
30—32

can promote neovascularization and
angiogenesis markers resulting in remodeling of dssue.
Studies on the effect of SWT on penile tissue in rats have
shown improvement in erectile function and regeneration of
endothelium, smooth muscle, and nerves expressing neuronal
nitric oxide synthase.””” Although no histologic or gene
expression studies have been carried out in human tissue, using
an established protocol, several groups have reported a statisti-
cally significant improvement in flow-mediated dilatation in
patients treated with Li-ESWT, indicating improvement in
penile hemodynamics and endothelial function.®'*** A recent
study of mice as a model of type 2 diabetes treated with
Li-ESWT found that Li-ESWT improved erectile function, but
not through the expected mechanism dependent on nitric oxide
and cyclic guanosine monophosphate.”” Thus, currently,
Li-ESWT is believed to be effective primarily by regenerating

microvasculature and improving penile hemodynamics; this

Table 2. Meta-regression by age and total shock energy

Lower  Upper
Meta-regression Slope Cl cl Q P value
Control arm
Duration of —-0.01 -0.07 0.06 0.080 .78
follow-up
Age (y) -0.04 -0.37 030 0.05 .83
Baseline IIEF-EF 05 -031 060 039 .53
score
Treatment arm
Duration of —-0.05 -036 0.26 0.0 75
follow-up
Age (y) -041 -095 014 216 14
Baseline IIEF-EF —-0.37 —-2.80 2.07 0.09 .77
score

IIEF-EF = International Index of Erectile Function erectile function domain.

could explain why it has been studied mainly in men with
vasculogenic ED and not in men with neurogenic ED.

This study is not the first meta-analysis to publish on
Li-ESWT and ED.”® In a meta-analysis published by Lu et al,”
men with ED, Peyronie’s disease, and chronic pelvic pain were
included. With this heterogeneous population, they found the
average IIEF-EF score difference between the treatment group
and the control group was 2.00. In the present study, the average
IIEF-EF score difference was 4.17, a clinically significant
improvement. In addition, Lu et al included randomized
controlled trials and cohort studies. With the inclusion of cohort
studies, Lu et al presented their meta-analytic findings at a level
of evidence of 2a. Although we emphasize that we are not the
first to report a systematic review and meta-analysis on the use of
Li-ESWT in the treatment of ED, our study differs in that it is
the first to publish on a homogenous population of men with
only ED. Furthermore, our meta-analysis includes only ran-
domized controlled trials and thus can be regarded as level
la evidence.

Our study has important strengths and limitations. This is the
first meta-analysis published on Li-ESWT that specifically
reports on only men with ED, demonstrating a significant
clinical and statistical improvement. All seven trials included
were randomized controlled trials with sham therapy. However,
most included trials had small samples; the largest study included
in our meta-analysis had only 135 men.'' Two studies were
published as abstracts. Study investigators for the abstracts were
contacted for further information, and we received, for our
review, a prepared report for one and a study protocol for the
other. Although we are uncertain of the current publication
status of these two abstracts, we are confident after thorough
review of the data presented that the quality of evidence pre-
sented is similar to those presented in the peer-reviewed articles.
Follow-up was limited to approximately 1 year in most studies
and only one study provided follow-up data beyond 1 year.'”
Data on the use of PDES5i during Li-ESWT treatment were
available in five studies; the remainder did not report these data.
The study by Kitrey et al® was the only one in which patients
used PDE5i during the SWT phase. Our study also had

J Sex Med 2017;14:27-35
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Study Mean difference MD 95%-Cl
Kitrey, et al. 2016 : 6.00 [5.25; 6.75]
Feldman, USA 2015 —_— 6.10 [1.03; 11.17]
Sirini, et al. 2015 12.50 [11.85; 13.15]
Hatzichristou, et al. 2015 - 5.30 [3.67; 6.93]
Yee, et al. 2014 - 7.60 [5.41; 9.79]
Vardi, et al. 2012 — 6.70 [4.40; 9.00]
[otal Shocks
Fojecki, et al. 2015 : 0.60 [0.26; 0.94]
Random effects model —— 6.40 [1.78; 11.02]
Heterogeneity: 12=99.4%, tau?=37.56, p<0.0001 :
I T T 1
-10 -5 0 5 10

Figure 3. Sub-analyses by total treatment shocks.

increased heterogeneity (12 = 99.4%), which can be attributed to
two studies (Fojecki and Osther'” and Sirini et al'") that, when
systematically omitted from the sensitivity analysis, caused the
overall effect to change by more than 0.5. One possible cause for
this heterogeneity could be treatment regimen and subject se-
lection. The study published by Fojecki and Osther showed
minimal difference between the treatment and sham groups,
which can be explained by the variation in treatment protocol.
Fojecki and Osther used a total of 6,000 treatment shocks over
10 weeks, whereas all other studies used 18,000 treatment shocks
over 9 weeks. Conversely, Sirini et al described a greater average
treatment effect compared with all other treatment groups, which
might be explained by their subject selection. The study by
Sirini et al is the only one that screened men by ultrasound for
vasculogenic ED; thus, they might have selected study partici-
pants who were more apt to respond to Li-ESWT. When these
two trials are omitted, the heterogeneity significantly decreases
(I = 0%) and the total treatment effect is 6.17, very similar to
the original calculated treatment effect of 6.40.

Currently, it is unclear where Li-ESWT fits in the current
treatment algorithm for ED. The most recent update to the
European Association of Urology guidelines on male sexual
dysfunction lists SWT as a potential treatment option for ED,
but the association refrains from giving any recommendations at
this time because of the immaturity of available data.” The
American Urological Association currently does not include
SWT in its guideline on management of ED. Because no prior
meta-analysis has been performed synthesizing only randomized
controlled trials, this study sheds light on the effectiveness of
Li-ESWT in treating ED.

However, as with many therapies, patient selection is likely
to be crucial in maximizing the benefits of Li-ESWT. Results of

J Sex Med 2017;14:27—35

the two randomized controlled trials in this study and the
single-arm studies show that factors such as older age, several
comorbidities, longer duration of ED,””® lower baseline
IIEF-EF score, and poor initial response to PDE5i can
undermine the overall effect of Li-ESWT in the improvement
of the IIEF-EF score.®!?31 Although our findings indicate
an improvement for those undergoing Li-ESWT, more ran-
domized controlled trials are warranted before the acceptance of
this treatment becomes widespread. From our review of the
literature, we put forth these recommendations for future
studies: future studies should be randomized; subjects should
be screened by penile Doppler ultrasound and nocturnal penile
tumescence to ensure only men with vascular ED are included;
the duration of follow-up should be longer than 3 months;
other treatment schedules ought to be trialed to determine
optimum effect; control groups should undergo sham treat-
ment; PDE5is should be stopped completely and with appro-
priate washout periods; all studies should be registered on trial
registry sites; and all studies should report all adverse events. It
seems reasonable that future trials should start with using
18,000 shocks. Because no significant adverse effects have been
reported, a more condensed protocol shorter than 6 weeks
could be attempted. However, spacing out treatments could
end up being more beneficial because of some yet unknown
effect on penile physiology.

CONCLUSION

In this meta-analysis of randomized controlled trials evaluating
the effect of Li-ESWT on ED, the improvement in IIEF-EF
scores was statistically significant for men who underwent
Li-ESWT compared with those who underwent sham therapy.
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However, more stringent randomized controlled trials are war-
ranted before there is widespread acceptance of this treatment.
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ABSTRACT

Background: Although several reports have documented the subjective improvement of erectile function after
low-intensity extracorporeal shockwave therapy (LI-ESWT) in patients with vasculogenic erectile dysfunction
(ED), objective assessment data of penile hemodynamics are lacking.

Aim: To assess penile hemodynamics before and 3 months after LIEESWT in a group of patients with docu-
mented vasculogenic ED.

Methods: This was a double-blinded, randomized, sham-controlled trial. Forty-six patients with ED were ran-
domized; 30 underwent LI-ESWT and 16 had a sham procedure in double-blinded fashion. All patients underwent
penile triplex ultrasonography by the same investigator immediately before and 3 months after treatment. Patient
demographics, International Index of Erectile Function erectile function domain (IIEF-ED) score, and minimal
clinically important difference were assessed at baseline and 1, 3, 6, 9, and 12 months after treatment.

Outcomes: Changes in peak systolic velocity and resistance index as measured by triplex ultrasonography at
baseline and 3 months after treatment were the main outcomes of the study. Secondary outcomes were changes
in the IIEF-EF score from baseline to 1, 3, 6, 9, and 12 months after treatment and the percentage of patients
reaching a minimal clinically important difference during the same period for the two groups.

Results: IIEF-EF minimal clinically important differences for the active vs sham group were observed for 56.7%
vs 12.5% (P = .005) at 1 month, 56.7% vs 12.5% (P = .003) at 3 months, 63.3% vs 18.8% (P = .006) at 6
months, 66.7% vs 31.3% (P = .022) at 9 months, and 75% vs 25% (P = .008) at 12 months. Mean peak
systolic velocity increased by 4.5 and 0.6 cm/s in the LI-ESWT and sham groups, respectively (P < .001).

Clinical Implications: Such results offer objective and subjective documentation of the value of this novel
treatment modality for men with vasculogenic ED.

Strengths and Limitations: Strengths include the prospective, randomized, sham-controlled type of study and
the assessment of penile hemodynamics. Limitations include the small sample and strict inclusion criteria that do
not reflect everyday clinical practice.

Conclusion: The present study confirms the beneficial effect of LI-ESWT on penile hemodynamics and the
beneficial effect of this treatment up to 12 months. Kalyvianakis D, Hatzichristou D. Low-Intensity
Shockwave Therapy Improves Hemodynamic Parameters in Patients With Vasculogenic Erectile
Dysfunction: A Triplex Ultrasonography-Based Sham-Controlled Trial. J Sex Med 2017;14:891—897.

Copyright © 2017, International Society for Sexual Medicine. Published by Elsevier Inc. All rights reserved.
Key Words: Low-Intensity Shockwave Therapy; Erectile Dysfunction; Peak Systolic Velocity; Penile Doppler

INTRODUCTION

Several treatment effective options are available for vasculo-
genic erectile dysfunction (ED); phosphodiesterase type 5
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(PDES5) inhibitors and intracavernosal injections are effective and
safe vasodilating agents." The main disadvantage of currently
available pharmacotherapy is the inability to alter the underlying
predominant pathology in patients with vasculogenic ED
(eg, cavernosal artery insufficiency). Furthermore, PDE5 in-
hibitors might be contraindicated or should be used with caution
in some patients.”

Low-intensity extracorporeal shockwave therapy (LI-ESWT)
has shown encouraging results for patients with ischemic heart
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disease,” chronic diabetic foot ulcers, or wound hc:z1[i11g.4’5 Basic
research has shown that low-intensity shockwaves act by pro-
voking microtrauma in the endothelium of the helicine arteries,
leading to the release of angiogenic factors, such as nitric oxide
synthase and vascular endothelial growth factor, and endothelial
cell proliferation factors, such as proliferating cell nuclear
antigen.”’

Recent sham-controlled clinical trials have reported subjective
improvement in erectile function and systemic endothelial
function measured by nocturnal penile tumescence and flow-
mediated dilatation, respectively.® '’ However, most of the
published studies did not assess penile hemodynamics. The
purpose of the study was to assess penile hemodynamics before
and after LI-LESWT and subjective long-term improvement of
erectile function.

METHODS

We recruited men who a history of vasculogenic ED for at
least 6 months. Diagnosis was based on sexual and medical
history, clinical examination, and laboratory test results. Eligible
subjects were at least 18 years old, had ED for at least 6 months,
and were at least partial responders to PDE5 inhibitors (able to
penetrate at least half the time while taking a PDES5 inhibitor).
For inclusion in the study, after a 4-week washout period, the
baseline International Index of Erectile Function erectile func-
tion domain (IIEF-EF) score had to be at least 6 (mild to
moderate ED) to 21 (moderate and severe ED). Patients with no
ED or with mild ED were excluded. All subjects had been in a
stable heterosexual relationship with the same partner for more
than 3 months. The exclusion criteria were radical prostatec-
tomy; psychogenic ED; penile anatomic abnormalities; neuro-
genic ED; hormonal abnormalities; antiandrogen therapy;
history of heart attack, stroke, or life-threatening arrhythmia
within 6 months before enrollment in the study; and recovery
from any cancer within the past 5 years. All patients accepted and
signed the informed consent form for the study, which was
approved by the institutional review board.

Study Sample

Sample size calculation was based on a difference of at least 3.5
in changes from baseline to month 12 in IIEF-EF score between
the study groups, with 80% power and 5% statistical signifi-
cance. The calculation assumes a common SD of the change of
3.5 and a ratio of 2:1 between the groups. A two-group t-test
with a 0.05 two-sided significance level would have 80% power
to detect the difference of at least 3.5 in IIEF-EF score between
groups when the sample sizes were 15 for the sham group and 30
for the active treatment group.

Study Protocol
The study consisted of the following phases. The screening
phase included a 4-week run-in phase of using PDE5 inhibitors

Kalyvianakis and Hatzichristou

to identify at least partial response to PDES5 inhibitors. Subjects
who met the inclusion criteria underwent a 4-week PDE5 in-
hibitor washout period and completed the IIEF questionnaire,
and data were selected by a research assistant. At the end of the
washout phase, eligible patients underwent triplex ultrasonogra-
phy of the cavernosal arteries by the same investigator to assess
penile hemodynamics.ll All patients were blindly randomized to
one of two active treatment groups or to a sham control group.
The groups were marked as A, B, and C, two of which indicated
active treatment groups and one of which indicated a sham
control group. The treatment protocol was applied by two in-
vestigators in double-blinded fashion and included biweekly
treatment sessions at the first, second, third, seventh, eighth, and
ninth weeks after the washout period, for a total of 12 treatments
(sessions). All patients underwent penile triplex ultrasonography
by the same investigator at baseline and 3 months after treat-
ment. Side effect profile was assessed at every visit during the
treatment period, and the IIEF score was assessed before and at
1, 3, 6,9, and 12 months after treatment (Figure 1).

Blinding and Randomization

Study procedures were identical for the active treatment and
sham control groups, but the sham treatment was conducted
using a distinctively designed shockwave applicator. The sham
shockwave applicator contained an element that blocked delivery
of shockwaves. The two types of shockwave applicator (active
and sham) looked identical. All patients were blindly randomized
using specific computer software into one of two active treatment
groups or into a sham control group in a 2:1 ratio, respectively.

LI-ESWT Methodology

We applied a standard commercial gel normally used for
sonography on the subject’s penis and on the membrane of the
shockwave applicator. The treatment included a standard
protocol of 300 shocks to each treatment location (three loca-
tions on the penile shaft and two locations on the penile crura for
a total of 1,500 shocks) using a specialized focused shockwave
probe (Omnispec ED1000, Medispec Ltd, Yehud, Israel) as
described in previous studies.”'’ The treatment was performed
at an energy intensity of 0.09 mJ/mm?; the energy level was
automatically predetermined by the device. The treatment was
performed at an energy intensity of 0.09 mJ/mm” and frequency
of 160 pulses/min. Each treatment session lasted approximately
20 minutes without local or systemic analgesia.

Penile Triplex Ultrasonography Protocol

Penile triplex ultrasonography was performed (BK Flex Focus
400, BK Ultrasound, Peabody, MA, USA) to assess penile he-
modynamics at baseline and 3 months after the final LI-ESWT
treatment. The test was performed as follows: 0.5 mL of vaso-
active agent (tri-mix solution) was injected into the corpus
cavernosum and the time of injection was recorded. Then, the
ultrasound B-mode probe was placed on the left and right

J Sex Med 2017;14:891-897
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Figure 1. Study flowchart. EHS = Erection Hardness Scale; IIEF = International Index of Erectile Function; IlEF-EF = International Index of
Erectile Function erectile function domain; m = months; PDESi = phosphodiesterase type 5 inhibitor; Us = ultrasonography.

cavernous arteries. By shifting to Doppler mode, focusing the
cursor, and adapting a right angle at 60°, the systolic and end-
diastolic velocities (centimeters per second) were determined.
Doppler angle was not changed during the evaluation. An eval-
uation of peak systolic velocity (PSV) to end-diastolic velocity
blood flow with automatic calculation of the resistance index
(RI) at various time points was followed for up to 30 minutes.
Flow measurements were performed at 5, 10, 15, and 20 mi-
nutes, reserving a measurement at 30 minutes for patients who
did not achieve adequate penile hardness or a purely erectile
response; in such cases, re-dosing with 0.5 mL of tri-mix solution
was followed and all measurements were repeated. The highest
values achieved were reported.

Main Outcome Measures

Changes in PSV and RI as measured by triplex ultrasonogra-
phy at baseline and 3 month after treatment were the main
outcomes of the study. The IIEF-EF score was used to evaluate
erectile function. Improvement in IIEF-EF score from baseline to
12-month follow-up; the minimal clinically important difference
in IIEF-EF score; and a change in IIEF-EF score equal to or
greater than 2, 5, and 7 points for mild, moderate, and severe
ED, respectively, were measured.'”

Statistical Analysis

Data were analyzed using IBM SPSS Statistics 20.0 (IBM
Corp, Armonk, NY, USA). Normality of measurements for PSV,
RI, and IIEF-EF score was tested using the Shapiro-Wilk test to
establish that normality was not violated in most cases. Para-
metric tests and models were used for analyses of the data. Study
parameters were summarized in tables by treatment and pre-
sented as mean + SD, median + range, or frequency (percentage)
according to the distribution of the parameter. Comparative
analysis of baseline characteristics was applied using the two-
sample t-test or median test for quantitative parameters and

J Sex Med 2017;14:891-897

the x* test for categorical parameters. The repeated measures
general linear model was applied for analyzing the difference in
ITIEE-EF scores and changes from baseline between treatments.
Changes from baseline in PSV and RI were analyzed within each
treatment using paired-samples t-test. The level of significance
for all analyses was set at 5%.

RESULTS

Fifty-nine patients were screened; 46 who met the inclusion
criteria were randomized into groups. All 46 patients completed
the study; the sham control group and the active treatment group
consisted of 16 and 30 randomly assigned patients, respectively.
Table 1 presents the baseline characteristics of the two study
groups.

IIEF-EF Score Changes

At baseline and 1, 3, 6, 9, and 12 months after the last
treatment, the IIEF-EF scores in the active treated group were
13.8 + 3.6, 18.46 + 3.6, 18.46 + 3.5, 19.0 + 3.3, 18.63 + 3.0
and 19.1 + 2.8, respectively. The IIEF-EF scores in the sham
group were 14.6 + 3.4, 16.43 + 3.5, 15.93 + 3.6, 16.12 + 2.6,
16.00 + 3.0, and 16.00 + 2.8 (Figure 2). One patient achieved
an ITEF-EF score of 26 (no ED). We tested whether there were
significant differences among the six repeated measurements of
IIEF-EF score over time. The model showed no difference
for the pretreatment measurement between the two groups
(P = .475). In addition, the difference in the mean IIEF-EF
score the first month after treatment showed a tendency to-
ward significance (P = .072) but became significant between the
two groups after month 3 (P = .02), whereas after months 6, 9,
and 12 months the differences were highly statistically significant
(P < .01 for all comparisons).

A minimal clinically important difference of the IIEF-EF score
for the active treatment vs sham group was 56.7% vs 12.5%
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Table 1. Baseline characteristics of study population at randomization (no phosphodiesterase type 5 inhibitor use)

Sham Treatment P value

Men, n 16 30
Age (y), median (range) 55.1 (38—72) 53.0 (31-72) 52°
ED (y), median (range) 5.5 (1-15) 5.5 (1-20) 99t
Concomitant condition, %

Cardiovascular risk factors* 56.3 50 69°

Diabetes mellitus 375 26.7 45°
IIEF-EF domain score, mean + SD 14.6 + 3.4 13.8 + 3.6 47°
EHSG score, mean + SD 2.75 + 045 2.95 + 0.41 70
PSV (cm/s), mean + SD 30.7 + 3.55 311 + 3.23 70*
EDV (cm/s), mean + SD 5.95 + 1.87 5.86 + 1.65 86
RI, mean + SD 0.81 + 0.07 0.80 + 0.05 53*

ED = erectile dysfunction; EDV = end-diastolic velocity; EHSG = Erection Hardness Grading Scale; IIEF-EF = International Index of Erectile Function erectile

function domain; PSV = peak systolic velocity; Rl = resistance index.

*Including at least one of the following: hypertension, metabolic syndrome, obesity, smoking, and hypercholesterolemia.

By median test.
By Student t-test.
5By x° test

(P = .005) at 1 month, 56.7% vs 12.5% (P = .003) at 3
months, 63.3% vs 18.8% (P = .006) at 6 months, 66.7% vs
31.3% (P = .022) at 9 months, and 75% vs 25% (P = .008) at
12 months (Figure 3).

Penile Hemodynamics Changes

Penile triplex ultrasonographic measurements were used as an
objective method to assess penile hemodynamics before and 3
months after treatment. The mean change of PSV was 4.5 and

0.6 for the treatment and sham-control groups, respectively,
from baseline to 3 months after the last treatment (Table 2). The
mean change of the RI was 0.04 and —0.01 for the treatment
and placebo groups, respectively, from baseline to 3 months after
treatment. We tested whether there was a significant difference
between baseline and post-treatment PSV and RI. P values were
greater than .05 for the sham control group and less than 0.001
for the active group. Individual plots describing maximal PSV at
baseline and at 3-month follow-up clearly showed an

17,50
265,00~ 22,50
15,00 =
20,00-{
o 20,00
< s =}
3 12,50 w w 17,50
g = 3
1] - |
10,00-{ 15001 16,00
o 12,50
7,50 S
10,00
L 10,00-{ 4
T T T T T T
Active Sham Active Sham Active Sham
30,00 —
24,00 24,00-1
22,00-{ 22,00
25,00 PRt
20,00-{ 20,001
=] 2 E
oo i 18,00 18,00
g 3 3
16,001 ~ 16,00
15,001 14,00 14,00
12,00 12,00
10,00 10,00 -4 10,00
T T T T T T
Active Sham Active Sham Active Sham

Figure 2. Twelve-month FU of International Index of Erectile Function

erectile function score. All analyses were done using Student t-test.

FU = follow-up; M = month. Figure 2 is available online at www.jsm.jsexmed.org.
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Figure 3. IIEF-EF score MCID in active and sham groups at 1-, 3-,
6-, 9-, and 12-month follow-up visits (P < .02 by x? test). IIEF-
EF = International Index of Erectile Function erectile function
domain; MCID = minimal clinically important difference. Figure 3 is
available online at www.jsm.jsexmed.org.

improvement in arterial inflow in all but one patient in the active
treatment group (Figure 4). No pain or any other side effect was
observed in any patient.

DISCUSSION

During the past decade, the use of LI-EESWT has been added as
novel therapy to the treatment algorithm of ED. The increased
reports and clinical studies of this therapy have emphasized
LI-ESWT as a therapeutic method for ED with great acceptance by
the research community and patients. The positive treatment effect
of LI-ESWT in patients with ED has been confirmed recently by
the first meta-analyses on this method.'>'* Nevertheless, in all
studies included in these meta-analyses, the treatment benefit of
LI-ESWT was evaluated mainly by improvement in IIEF score, a
patient-reported assessment that is purely subjective.

The present study clearly demonstrated the beneficial effects of
LI-ESWT on penile hemodynamics as measured by the most
commonly performed diagnostic test for the diagnosis of vascu-
logenic ED. Our finding that PSV increased in all but one
patient in the active group strengthens the clinical evidence that
LI-ESWT improves penile hemodynamics. The main disadvan-
tages of penile duplex ultrasonography include operator depen-
dence and inadequate smooth muscle relaxation; all
hemodynamic assessments were performed by the same experi-
enced investigator using a standardized protocol'' and adapting
the re-dosing principle to achieve maximum smooth muscle
relaxation. The scheme of the shockwave therapy was the same as
that used in cardiology'” and that used in all published
randomized control trials for the treatment of ED. Such meth-

odology allows comparison of the present data with previously

Table 2. Change from baseline in PSV and RI at 3-Month FU

895

published data. The present results were consistent with those of
previous studies for changes in IIEF-EF score.’ An important
finding of our study is that IIEF score and PSV increased
significantly at 3 months in a linear fashion. Patients with no
improvement in IIEF score had no improvement in PSV. The
increase in IIEF-ED score remained statistically significant even
at 12-month follow-up in the active treatment group, clearly
showing the long-term benefit of LI-ESWT.

The concept of improving endothelial function and
neovascularization using low-intensity shockwave energy is not

16
new.

Well-established therapeutic protocols have been estab-
lished in cardiology and diabetology to exploit this applica-
tion."”"”"® In sexual medicine, the application of LI-SWT is a
novelty and emerged by the unmet need for a non-
pharmaceutical therapy that could be used to supplement exist-
ing modalities.'’ Unfortunately, existing treatments for ED offer
only temporary symptomatic relief and none are curative. Tar-
geting the etiology of ED is an extremely demanding clinical feat
that appears to be served satisfactorily by LI-ESWT. In partic-
ular, clinical researchers have shown an overall improvement in
IIEF score and a very high rate of conversion of non-responders
to PDES5 inhibitors after application of LILEESWT.*'" Although
the exact mode of action of LI-ESWT is not known, it appears to
be mediated by a local induction of neoangiogenesis and
endothelial repair'”*’ by stimulating the expression of
angiogenesis-related growth factors (nitric oxide synthase and
vascular endothelial growth factor) and endothelial cell prolifer-
ation factors(proliferating cell nuclear antigen).”"** Further basic
research is urgently needed to gain insight into the mechanism of
action of LI-ESWT on cavernosal structures.

Our findings further support the growing evidence for the
clinical use of LI-ESWT in patients with vasculogenic ED. The
prospective, randomized, sham-controlled study, the assessment
of penile hemodynamics, and the report of patients who achieved
a minimal clinically important difference are the strengths of this
study. Limitations include the small sample and strict inclusion
criteria that do not reflect everyday clinical practice; however,
such criteria strengthen the results of this triplex-based study.
Future randomized clinical trials are important to identify the
best treatment protocol for each patient (timeframe and need for
maintenance therapy) depending on the severity of ED (patients

Sham group P value Active group P value

PSV (cm/s) 0.45 <.00™
Baseline 30.7 = 3.55 311+ 3.23
3-mo FU 311 + 3.50 355 + 3.60

RI 0.75 <.00T*
Baseline 0.81 + 0.07 0.80 + 0.05
3-mo FU 0.80 + 0.05 0.84 + 0.04

FU = follow-up; PSV = peak systolic velocity; Rl = resistance index.
*By paired-samples t-test.
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Figure 4. Individual plots of maximum PSV at baseline and at 3 months after low-intensity shockwave therapy. All but one patient
showed an increase in PSV in the active group. 3M FU = 3-month follow-up; Max PSV = maximum peak systolic velocity. Figure 4 is

available online at www.jsm.jsexmed.org.

with mild or moderate ED might need fewer treatment sessions)
and specific subpopulations such as those with diabetes and
different age groups. Such research will identify those who could
really benefit from this revolutionary therapy and make the

. . . . . 23'24
indications of this novel treatment modality more accurate.

CONCLUSIONS

The present study demonstrated the beneficial effect of
LI-ESWT on penile hemodynamics. Also, the study confirmed
previous findings that application of LI-ESWT to the penile shaft
is safe and effective for the treatment of vasculogenic ED.
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Abstract

Context: As a novel therapeutic method for erectile dysfunction (ED), low-intensity
extracorporeal shock wave treatment (LI-ESWT) has been applied recently in the clinical
setting. We feel that a summary of the current literature and a systematic review to
evaluate the therapeutic efficacy of LI-ESWT for ED would be helpful for physicians who
are interested in using this modality to treat patients with ED.

Objective: A systematic review of the evidence regarding LI-ESWT for patients with ED
was undertaken with a meta-analysis to identify the efficacy of the treatment modality.
Evidence acquisition: A comprehensive search of the PubMed and Embase databases to
November 2015 was performed. Studies reporting on patients with ED treated with LI-
ESWT were included. The International Index of Erectile Function (IIEF) and the Erection
Hardness Score (EHS) were the most commonly used tools to evaluate the therapeutic
efficacy of LI-ESWT.

Evidence synthesis: There were 14 studies including 833 patients from 2005 to 2015. Sev-
en studies were randomized controlled trials (RCTs); however, in these studies, the setup
parameters of LI-ESWT and the protocols of treatment were variable. The meta-analysis
revealed that LI-ESWT could significantly improve IIEF (mean difference: 2.00; 95%
confidence interval [CI], 0.99-3.00; p < 0.0001) and EHS (risk difference: 0.16; 95% CI,
0.04-0.29; p = 0.01). Therapeutic efficacy could last at least 3 mo. The patients with mild-
moderate ED had better therapeutic efficacy after treatment than patients with more
severe ED or comorbidities. Energy flux density, number of shock waves per treatment,
and duration of LI-ESWT treatment were closely related to clinical outcome, especially
regarding IIEF improvement.

Conclusions: The number of studies of LI-ESWT for ED have increased dramatically in
recent years. Most of these studies presented encouraging results, regardless of variation
in LI-ESWT setup parameters or treatment protocols. These studies suggest that LI-ESWT
could significantly improve the IIEF and EHS of ED patients. The publication of robust
evidence from additional RCTs and longer-term follow-up would provide more confi-
dence regarding use of LI-ESWT for ED patients.

Patient summary: We reviewed 14 studies of men who received low-intensity extra-
corporeal shock wave treatment (LI-ESWT) for erectile dysfunction (ED). There was
evidence that these men experienced improvements in their ED following LI-ESWT.

© 2016 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Phosphodiesterase type 5 inhibitors (PDE5-Is) are currently
the most widely used treatments for male erectile dysfunction
(ED); however, these medications merely treat ED symptoms.
They do not correct the underlying penile pathophysiology,
such as vascular lesions secondary to diabetes mellitus,
structural lesions secondary to trauma, or neurologic injury
secondary to prostatectomy, that is responsible for the ED
[1]. A novel method to prevent the deterioration of erectile
function due to these pathophysiologic processes is desper-
ately needed. Based on studies generated from other clinical
fields, low-intensity extracorporeal shock wave treatment (LI-
ESWT) has been used to treat ED for almost 10 yr, and
encouraging results have been reported.

Since the 1980s, when it was first introduced for renal
lithotripsy, shock wave therapy has been rapidly adopted all
over the world for different disease processes, producing
either destructive effects or promoting regenerative effects.
The shock wave is a kind of acoustic wave that carries
energy and that, when propagating through a medium, can
be targeted and focused noninvasively to affect a distant
selected anatomic region. When LI-ESWT is applied to an
organ, the shock waves interact with the targeted tissues
and induce a cascade of biological reactions. This results in
the release of growth factors, which in turn triggers
neovascularization of the tissue with subsequent improve-
ment of the blood supply [2]. LI-ESWT has been used to treat
musculoskeletal disorders [3], myocardial infarction [4],
nonhealing wounds [5], and ED [6].

Improvements in both International Index of Erectile
Function (IIEF) and Erection Hardness Score (EHS) have
been reported after using LI-ESWT for patients with ED. At
the beginning of research into LI-ESWT, most studies were
retrospective and included few patients. In the past 2 yr,
well-designed prospective studies have been conducted
and concluded that LI-ESWT is a feasible noninvasive
method for improving male ED.

We performed a systematic review of the current body of
literature investigating the application of LI-ESWT for ED.
Our goal was to analyze the available data to determine the
efficacy of LI-ESWT for ED.

2. Evidence acquisition
2.1. Search strategy

We performed a systematic search of PubMed and Embase
databases for studies on LI-ESWT and ED. The search terms
were shock wave AND (erectile dysfunction OR IIEF OR
EHS). We investigated the current studies of LI-ESWT for
patients with ED, the therapeutic efficacy of LI-ESWT for
patients with ED, and the relationship of therapeutic
efficacy and different setup parameters and protocols.

2.2. Inclusion and exclusion criteria

All clinical studies that investigated the efficacy of LI-ESWT
for ED were included regardless of study design. Both

randomized controlled trials (RCTs) and cohort studies were
included. No limitation was placed on PDE5-I consumption
during the LI-ESWT treatment period or on the severity of
ED. The follow-up data were abstracted from these studies.
If more than one study was published by a medical center,
only the last report was included in our review. All literature
reviews, editorial comments, background, animal models,
and case reports were excluded.

2.3. Data extraction and synthesis

The abstracts were independently reviewed by three
authors (Z.L., G.L, T.F.L.) to determine eligibility for
inclusion. The basic details of the study, setup parameters
of the LI-ESWT machine, treatment protocols, assessment
tools, and p values were abstracted manually from each of
the studies (G.L., Z.L.), and the data were verified (T.F.L.).

24. Study outcomes

Fourteen studies were included in our review. Seven studies
were RCTs and were included for meta-analysis. The patients
were distributed in different areas of the world, and there
were no overlaps of populations among the studies. Details
are shown in Table 1 and Supplementary table.

2.5. Meta-analysis

The abstracted data were analyzed with RevMan 5.3 software
(Cochrane Collaboration, London, UK). The risk of bias in the
included studies was assessed by the Cochrane Collabora-
tion’s tool. The proper effect sizes and statistical analysis
methods were chosen according to different data types and
evaluation purposes. For continuous variables, weighted
mean difference (MD) and a 95% confidence interval [CI]
were used. For discontinuous variables, risk difference (RD)
and a 95% CI were used. For the heterogeneity test between
studies, the I test was used. The data without significant
heterogeneity (p > 0.05, I < 50%) were analyzed by the
fixed-effects model. The data with heterogeneity that could
not be explained were analyzed by the random-effects
model. The data that could not be analyzed were described.
The results of the meta-analysis are presented in forest plots.
Publication bias is presented in funnel plots.

3. Evidence synthesis

A Preferred Reporting Items of Systematic Reviews and
Meta-analyses (PRISMA) flow chart of screening and
selection results is shown as Figure 1.

3.1. The current studies of low-intensity extracorporeal shock
wave treatment for erectile dysfunction

A total of 14 studies involving 833 patients were included in
this review. All of the studies were published between
2005 and 2015. These studies were performed by different
medical centers in different countries. Most of these ED
patients had an organic etiology, such as a vascular lesion
[7,8], a nerve injury [9], or a lesion of the cavernous body of
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Table 1 - Current studies of low-intensity extracorporeal shock wave treatment for erectile dysfunction patients

Study Year of Country Disease Setup of LESW Protocol of LESW treatment Follow-up, Evaluation p value of IIEF Study
publication mo tools for ED after LI-ESWT design

Energy No. of No. of No. of Total

density, pulses each treatments sites of treatment

mj/mm?  treatment each week treatment courses, wk
Olsen et al [19] 2015 Denmark ED 0.15 3000 1 6 5 1,3,6 I1IEF-5, EHS 0.67 RCT
Frey A 2015 Denmark ED after RP NA 3000 2 3 6 1,12 IIEF-5 0.0049 Cohort study
Bechara et al [15] 2015 Argentina ED 0.09 5000 1 4 4 3 IIEF-6, SEP2, SEP3, GAQ NA Cohort study
Chung and Cartmill [7] 2015 Australia ED 0.25 3000 2 4 6 1,4 IIEF-5, EDITS, overall <0.05 Cohort study

satisfaction score
Pelayo-Nieto et al [8] 2015 Mexico ED 0.09 5000 1 4 4 1,6 IIEF, SEP, GAQ 0.013 Cohort study
Hisasue 2015 Japan ED 0.09 1500 2 5 9 1,3,6 1IEF, EHS, MPCC <0.05 Cohort study
Srini et al [16] 2015 Indian ED NA NA NA NA NA 1,3,6,9,12 IIEF-EF, EHS, CGIC 0.0001 RCT
Yee et al [18] 2014 Hong Kong ED 0.09 1500 2 5 9 1 IIEF-ED, EHS, 0.001 RCT
Palmieri et al [10] 2012 Italy ED +PD 0.25 2000 1 NA 4 3,6 IIEF, quality of life <0.05 Cohort study
Vardi et al [17] 2012 Israel ED 0.09 1500 2 5 9 1 IIEF, EHS, penile blood 0.0322 RCT
flow
Zimmermann et al [14] 2009 Austria ED + chronic 0.25 3000 1 NA 4 1,3 IIEF 0.034 RCT
pelvic pain

Chitale et al [11] 2010 UK ED + PD NA 3000 1 NA 6 3,6 1IEF 0.249 RCT
Poulakis et al [12] 2006 Germany ED +PD 0.17 2000 1 NA 5 1,3,6 1IEF-5 0.205 RCT
Skolarikos et al [13] 2005 Greece ED + PD NA 3000 NA NA 6 3,12 IIEF-5 0.06 Cohort study

CGIC = Clinical Global Impression of Change; ED = erectile dysfunction; EDITS = Erectile Dysfunction Inventory of Treatment Satisfaction; EHS = Erectile Hardness Score; GAQ = Global Assessment Questionnaire;
IIEF = International Index of Erectile Function; LI-ESWT = low-intensity extracorporeal shock wave treatment; MPCC = maximal penile circumferential change; NA = not available; PD = Peyronie’s disease; RCT = randomized
controlled trial; RP = radical prostatectomy; SEP = Sexual Encounter Profile.
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PubMed and Embase were
searched by keywords: shock
wave AND (erectile OR IIEF OR
EHS)

34 records excluded:
13 not related papers
6 review articles
4 animal studies

3 papers came from the same
medical center

3 non-English papers

2 meeting highlights

48 records hits, titles and
abstracts reviewed by ZL..GL.
for inclusion criteria

2 editorial and comments

1 guideline

14 studies about the LI-ESWT
and ED were included. The
details were checked for meta-
analysis

7 of full-text articles excluded
for their cohort design

7 RCT studies were included
for further analysis (meta-
analysis)

Fig. 1 - The search terms were shock wave AND (erectile OR IIEF OR
EHS). Forty-eight records were enrolled. After review, 14 studies about
low-intensity extracorporeal shock wave treatment and erectile
dysfunction were included. Seven were randomized controlled trials
and were included in the meta-analysis.

ED = erectile dysfunction; EHS = Erection Hardness Score;

IIEF = International Index of Erectile Function; LI-ESWT = low-intensity
extracorporeal shock wave treatment; RCT = randomized controlled trial.

the penis (Peyronie’s disease [PD]) [10-13]. One study
focused on ED patients with chronic pelvic pain [14]. Most
of the studies prohibited the usage of PDE5-Is during the
treatment course. Some RCTs even set a washout period for
patients who had taken PDE5-I before they started LI-ESWT.
Only three studies did not limit the use of PDE5-Is during
the treatment [10,11,15]. One of these studies was included
for meta-analysis because of its RCT design.

Of the 14 included studies, 7 were RCTs, and the
remaining 7 were cohort studies (Table 1). According to
the conventions of evidence-based medicine, RCTs provide
level 1 evidence, the highest level of evidence. Consequent-
ly, the seven RCTs were included for meta-analysis.

The setup parameters of LI-ESWT were different among
studies. The energy flux density (EFD) varied from 0.09 to
0.25 mJ/mm?, and the number of shock wave pulses of each
treatment was between 1500 and 5000. In most of the
studies, LI-ESWT directed treatment at multiple sites on the
penis during each treatment. The treatment course of most
studies was not longer than 6 wk, and only three studies had
a longer treatment course of 9 wk.

The IIEF was the prevailing assessment tool for ED
patients, and all studies in our analysis provided the IIEF
before and after LI-ESWT. This made it possible to perform
further meta-analysis. Another frequently used assessment
tool was the EHS, which was provided by five studies. Other
tools, such as the Sexual Encounter Profile, the Global
Assessment Questionnaire, maximal penile circumferential
change, and the Clinical Global Impression of Change, were
not used consistently throughout multiple studies and so
were not used for further meta-analysis.

3.2. The quality evaluation of the studies and analysis for the
risk of bias

The Cochrane Collaboration’s tool was used for assessing
the quality of the study and the risk of bias. The RCTs
reported that the patients were assigned randomly into LI-
ESWT or control groups without describing the process of
randomization [16,17]. Most studies did not describe how
the physicians were blinded to the study participants. When
the patients in the control group received the sham
treatment, the LI-ESWT output energy would need to be
reduced to zero, thus it would be difficult to keep the
physician blinded to this change. Only the study by Yee et al
[18] reported the details of how the double blinding was
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Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) -
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Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

Other bias

0% 25% 50% 75%  100%

. Low risk of bias I:‘ Unclear risk of bias |:| High risk of bias

Fig. 2 - There were seven randomized controlled studies included in our
meta-analysis. The quality of studies was assessed with the Cochrane
Collaboration’s tool. This revealed that 57.1% of the studies had an
unclear risk of bias in randomization, and only 16.7% of studies had
good blinding for both patients and doctors.
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a LI-ESWT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
1.1.2 RCT: |IEF score after LI-ESWT
Chitale S 2010 19.9 438 16 157 75 20 6.1% 4.20[0.16, 8.24]
Poulakis V 2006 12 45 53 12 3.7 15 20.2% 0.00[-2.23,2.23] -1
Vardi Y 2012 126 6.5 40 115 55 20 10.2% 1.10[-2.04, 4.24] N
Yee CH 2014 17.8 4.8 30 15.8 6.1 28 12.5% 2.00[-0.84,4.84] - =
Zimmermann R 2009 20 24 30 17.3 3.1 30 51.0% 2.70[1.30,4.10] ——
Subtotal (95% CI) 169 113 100.0% 2.00 [0.99, 3.00]
Heterogeneity: x2 = 5.50, df =4 (p = 0.24); > =27%
Test for overall effect: Z = 3.91 (p < 0.0001)
Total (95% CI) 169 113 100.0% 2.00 [0.99, 3.00]
Heterogeneity: x2 = 5.50, df = 4 (p = 0.24); I = 27% L t t |
Test for overall effect: Z = 3.91 (p < 0.0001) =10 ‘e 0 5 10
= g Favours [control] Favours [LI-ESWT]
Test for subgroup differences: Not applicable
LI-ESWT Control Mean Difference Mean Difference
b Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
2.1.1 lIEF scores, 1 mo after LI-ESWT
Poulakis V 2006 12 45 53 12 37 15 20.2% 0.00[-2.23, 2.23] I
Vardi Y 2012 126 6.5 40 115 55 20 10.2% 1.10[-2.04, 4.24] - 1
Subtotal (95% CI) 93 35 30.4% 0.37 [-1.45,2.19]
Heterogeneity: x2=0.31, df = 1 (p = 0.58); = 0%
Test for overall effect: Z = 0.40 (p = 0.69)
2.1.2 lIEF scores, 3 mo after LI-ESWT
Chitale S 2010 19.9 438 16 157 75 20 6.1% 4.20[0.16, 8.24] -
Yee CH 2014 17.8 4.8 30 158 6.1 28 12.5% 2.00[-0.84,4.84] T =
Zimmermann R 2009 20 24 30 17.3 3.1 30 51.0% 2.70[1.30,4.10] ——
Subtotal (95% CI) 76 78 69.6% 2.71[1.51,3.91]
Heterogeneity: x2 = 0.76, df = 2 (p = 0.68); 1= 0%
Test for overall effect: Z = 4.42 (p < 0.00001)
Total (95% CI) 169 113 100.0% 2.00 [0.99, 3.00]
Heterogeneity: x2 = 5.50, df = 4 (p = 0.24); I = 27% f t f y
Test for overall effect: Z = 3.91 (p < 0.0001) =10 = 0 2 10
: Favours [control] Favours [LI-ESWT]
Test for subgroup differences: x2=4.42,df =1 (p =0.04), 1?=77.4%
LI-ESWT Control Mean Difference Mean Difference
C —Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
3.1.1 Basic lIEF score =11
Poulakis V 2006 12 45 53 12 3.7 15 20.2% 0.00 [-2.23, 2.23] I
Yee CH 2014 17.8 4.8 30 158 6.1 28 12.5% 2.00[-0.84, 4.84] 1T
Subtotal (95% CI) 83 43  32.7% 0.76 [-0.99, 2.52]

Heterogeneity: x2 = 1.18, df = 1 (p = 0.28); 1= 15%
Test for overall effect: Z=0.85 (p = 0.39)

3.1.2 Basic IIEF score 12-16
Vardi Y 2012 126 6.5 40 115 55 20 10.2% 1.10[-2.04, 4.24] -
Subtotal (95% Cl) 40 20 10.2% 1.10 [-2.04, 4.24]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.69 (p = 0.49)

3.1.3 Basic lIEF score 17-21

Chitale S 2010 199 48 16 157 75 20 6.1% 4.20[0.16, 8.24] -
Zimmermann R 2009 20 24 30 173 31 30 51.0% 2.70[1.30, 4.10] ——
Subtotal (95% Cl) 46 50 57.2% 2.86 [1.54, 4.19]

Heterogeneity: x2=0.47, df = 1 (p = 0.49); 2= 0%
Test for overall effect: Z = 4.23 (p < 0.0001)

Total (95% Cl) 169 113 100.0% 2.00 [0.99, 3.00]
Heterogeneity: x2=5.50, df = 4 (p = 0.24); 12 =27% L
Test for overall effect: Z =3.91 (p < 0.0001)

Test for subgroup differences: x2 = 3.85, df = 2 (p = 0.15), 1> = 48.0%

-10 -5 0 5 10
Favours [control] Favours [LI-ESWT]

Fig. 3 - Clinical outcomes. (a) Although some studies did not prove that low-intensity extracorporeal shock wave treatment (LI-ESWT) could increase
International Index of Erectile Function (IIEF), the meta-analysis results showed that LI-ESWT could improve IIEF significantly (mean difference [MD]:
2.00; 95% confidence interval [CI], 0.99-3.00; p < 0.0001). (b) Subgroup analysis: The studies that assessed the IIEF at 1 mo did not reveal a significant
improvement (MD: 0.37; 95% CI, —1.45 to 2.19; p = 0.69). However, the studies assessing IIEF at 3 mo showed significant improvement (MD: 2.71; 95%
CI, 1.51-3.91; p < 0.0001). (c) The IIEF in the group with mild erectile dysfunction (ED) increased significantly (MD: 2.86; 95% CI, 1.54-4.19; p < 0.0001),
but in the severe and moderate groups, it did not (p = 0.39 and p = 0.49, respectively). (d) The studies of ED patients without any comorbidities
revealed a significant increase of IIEF (MD: 2.36; 95% CI, 1.19-3.53; p < 0.0001) compared with the studies recruiting ED patients with Peyronie’s
disease. (e) The IIEF of patients in the group with LI-ESWT plus phosphodiesterase type 5 inhibitors improved more significantly (MD: 4.20; 95% CI,
0.16-8.24; p = 0.04).

CI = confidence interval; ED = erectile dysfunction; IIEF = International Index of Erectile Function; IV = inverse variance; LI-ESWT = low-intensity
extracorporeal shock wave treatment; PD = Peyronie’s disease; PDE5-I = phosphodiesterase type 5 inhibitor; RCT = randomized controlled trial; SD,
standard deviation.
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ensured. Figure 2 shows that 57.1% studies had an unclear
risk of bias in randomization and that only 16.7% of studies
had good blinding for both patients and doctors.

3.3. The evaluation of the therapeutic efficacy of low-intensity
extracorporeal shock wave treatment for patients with erectile
dysfunction

The IIEF, the prevailing assessment tool for ED patients, was
available for abstraction from five RCTs. The data included
mean value and standard deviation of the IIEF and the
number of patients in the treatment and control groups. The
studies by both Yee et al [18] and Poulakis et al [12]
concluded that the IIEF did not increase significantly in the
treatment group compared with the control group; the p
values were 0.156 and 0.205, respectively. The remaining
three RCTs reported that the IIEF increased significantly in
the LI-ESWT group compared with the control group
[11,14,17]; the p value was <0.05. The overall meta-
analysis of the data revealed that LI-ESWT improved the IIEF
significantly overall in the treatment groups (MD: 2.00; 95%

Cl, 0.99-3.00; p < 0.0001) (Fig. 3a).

Mean Difference

Subgroup analysis was performed. Figure 3b shows that
Poulakis et al [12] and Vardi et al [17] assessed IIEF at 1 mo
after LI-ESWT and that the IIEF did not increase significantly
(MD: 0.37; 95%Cl, —1.45 to 2.19; p=0.69). Three other
studies, however, assessed IIEF at 3 mo after treatment and
found that the IIEF increased significantly (MD: 2.71; 95% (I,
1.51-3.91; p < 0.0001). In Figure 3c, the studies were
divided into three groups by the IIEF before LI-ESWT—<11,
12-16, and 17-21—corresponding to severe, moderate, and
mild ED, respectively. The meta-analysis showed that the
IIEF of patients in the mild ED group increased significantly
after LI-ESWT (MD: 2.86; 95% CI, 1.54-4.19; p < 0.0001).
The patients in the severe and moderate groups did not
show a significant increase in IIEF (p = 0.30 and p = 0.49). In
Figure 3d, the studies were divided into two groups: the ED
group and the ED with PD group. The subgroup analysis
showed that the patients in the ED group improved
significantly in IIEF (MD: 2.36; 95% CI, 1.19-3.53;
p < 0.0001). The patients in the ED with PD group had no
significant improvement in IIEF (p=0.33). Finally, the
studies were divided into two groups by usage of PDE5-
Is. Figure 3e shows that the IIEF increased in both groups but

Mean Difference

IV, Fixed. 95% Cl IV, Fixed. 95% Cl

LI-ESWT Control

d Study or Subgroup Mean SD Total Mean SD Total Weight
4.1.1 ED only
Vardi Y 2012 126 6.5 40 115 55 20 10.2%
Yee CH 2014 17.8 4.8 30 15.8 6.1 28 12.5%
Zimmermann R 2009 20 24 30 17.3 31 30 51.0%
Subtotal (95% Cl) 100 78 73.7%
Heterogeneity: x> = 0.91, df = 2 (p = 0.64); I> = 0%
Test for overall effect: Z = 3.96 (p < 0.0001)
4.1.2 ED with PD
Chitale S 2010 19.9 4.8 16 157 75 20 6.1%
Poulakis V 2006 12 45 53 12 37 15 20.2%
Subtotal (95% Cl) 69 35 26.3%
Heterogeneity: 2 = 3.18, df = 1 (p = 0.07); I> = 69%
Test for overall effect: Z = 0.98 (p = 0.33)
Total (95% CI) 169 113 100.0%

Heterogeneity: x2 = 5.50, df =4 (p = 0.24); I?=27%
Test for overall effect: Z =3.91 (p < 0.0001)

Test for subgroup differences: x2 = 1.41, df = 1 (p = 0.23), 12 =29.3%

Mean Difference

1.10 [-2.04, 4.24]
2.00 [-0.84, 4.84]
2.70 [1.30, 4.10]
2.36 [1.19, 3.53]

T —

4.20[0.16, 8.24]
0.00 [-2.23, 2.23]
0.98 [-0.97, 2.93]

2.00 [0.99, 3.00]

-10 -5 0 5 10
Favours [control] Favours [LI-ESWT)

Mean Difference

IV, Fixed. 95% Cl IV, Fixed. 95% ClI

LI-ESWT Control

€ _ Study or Subgroup Mean SD Total Mean SD Total Weight
5.1.1 LI-ESWT
Poulakis V 2006 12 45 53 12 37 15 20.2%
Vardi Y 2012 126 6.5 40 115 55 20 10.2%
Yee CH 2014 17.8 4.8 30 15.8 6.1 28 12.5%
Zimmermann R 2009 20 24 30 17.3 31 30 51.0%
Subtotal (95% ClI) 153 93 93.9%
Heterogeneity: x> = 4.28, df = 3 (p = 0.23); I = 30%
Test for overall effect: Z = 3.51 (p = 0.0004)
5.1.2 LI-ESWT+PDE5-|
Chitale S 2010 19.9 4.8 16 157 75 20 6.1%
Subtotal (95% ClI) 16 20 6.1%
Heterogeneity: Not applicable
Test for overall effect: Z =2.04 (p = 0.04)
Total (95% CI) 169 113 100.0%

Heterogeneity: x2 = 5.50, df =4 (p = 0.24); I2=27%
Test for overall effect: Z=3.91 (p < 0.0001)

Test for subgroup differences: y2=1.22,df =1 (p = 0.27), 1?=17.8%

0.00 [-2.23, 2.23]
1.10 [-2.04, 4.24]
2.00 [-0.84, 4.84]
2.70[1.30, 4.10)
1.85[0.82, 2.89]

_
—_

—_ —

4.20[0.16, 8.24]
4.20 [0.16, 8.24]

2.00 [0.99, 3.00]

-10 -5 0 5 10
Favours [control] Favours [LI-ESWT]

Fig. 3. (Continued).
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increased more significantly in the group with LI-ESWT
combined with PDE5-I use (MD: 4.20; 95% CI, 0.16-8.24;
p=0.04).

These results indicate that LI-ESWT increased the IIEF
and improved the erectile function of ED patients. Accord-
ing to the results of the current studies, the patients treated
by LI-ESWT developed a good therapeutic effect by 3 mo.
The patients who had mild or moderate ED and the ED
patients who had no comorbidities benefited more from LI-
ESWT than the patients with severe ED or with comorbid-
ities.

Different LI-ESWT setup parameters, such as EFD and
number of pulses, and different treatment protocols,
including treatment frequency and length of course,
resulted in differences in reported efficacy. The studies
were divided into three groups according to EFD. The results
(Fig. 4a) showed that the studies using the highest EFD
(>0.2 mJ/mm?) reported significantly increased IIEFs (MD:
2.86; 95% (I, 1.54-4.19; p < 0.0001). The improvement of
IIEF in this ED and PD subgroup was partially due to the
improvement of PD. After excluding this subgroup, we
found that the improvement in IIEF was better in the group
with EFD 0.09 mJ/mm? compared with EFD 0.1-0.2 m]/
mm?, although neither group reached statistical signifi-
cance. Next, the studies were divided into two groups based
on the number of shock waves delivered during each
treatment. The results (Fig. 4b) showed that the studies
administering more shock waves reported a significant
increase in IIEF (MD: 2.86; 95% CI, 1.54-4.19’ p < 0.0001)
compared with the studies delivering fewer shock waves. To
compare different durations of treatment, the studies were
divided into two groups according to duration of treatment
of LI-ESWT. Figure 4c shows that the studies with a
treatment course of <6 wk reported a significant increase in
the IIEF (MD: 2.11; 95% CI, 0.98-3.25; p = 0.0003).

These results suggest that different setup parameters
and different treatment protocols of LI-ESWT have sub-
stantial influence on therapeutic efficacy. In summary,
within the scope of this review, lower energy density,
increased number of pulses, and shorter treatment courses
of <6 wk resulted in better therapeutic efficacy.

The EHS data were available for abstraction from four
RCTs. In the studies by Yee etal [18] and Olsen et al [19], EHS
was reported at 3 mo after LI-ESWT. In the study by Yee
et al, the EHS did not increase significantly. In subgroup
analysis (Fig. 5), at 1 mo after LI-ESWT, the EHS increased
significantly in three studies (RD: 0.47; 95% CI, 0.38-0.56;
p < 0.00001). EHS did not improve as significantly after
3 mo as itdid after 1 mo, but it still increased with statistical
significance (RD: 0.16; 95% CI, 0.04-0.29; p =0.01). These
results indicate that LI-ESWT improves the erectile hard-
ness of the penis for ED patients, especially at 1 mo after
treatment, and that this improvement lasts for at least 3 mo.

34. Discussion
LI-ESWT has been used as a novel therapy for ED patients for

the past 10 yr. Clinical studies and reports focused on this
topic have increased dramatically in past 5 yr, especially in

2015. This implies that LI-ESWT as a therapeutic method for
patients with ED has been increasingly adopted by both
physicians and patients.

The IIEF is a patient-reported assessment that is purely
subjective. In this review, we found that in some studies,
patients in the control group also reported improvement of
the IIEF [12,17,18]; however, patients in the LI-ESWT group
improved more significantly than those in the control
group. The range of improvement in the IIEF was from 5.3 to
7.6 points for the LI-ESWT group in our analysis [14,18]. It is
undeniable that some studies revealed improvement with
statistical significance; however, this improvement may
have no significant clinical value. The minimal clinically
important difference (MCID) of IIEF better assesses the true
clinical efficacy of LI-ESWT. We recommend that, in the
future, investigators use the MCID of I[IEF as a more accurate
and meaningful tool for evaluating the effect of LI-ESWT in
the treatment of patients with ED [20].

The clinical outcome of LI-ESWT is closely related to the
energy delivered to the target unit area, or EFD. The EFD
used varied from 0.09 to 0.25 m]/mm? among the studies
included in our analysis. Based on this review, we could not
determine the best EFD for ED therapy. Studies investigat-
ing the use of LI-ESWT for various regenerative purposes
have used varying energy densities. An investigation by
Goertz et al showed that an energy density of 0.04 mJ/mm?
could accelerate angiogenesis for skin burns [21]. The study
by Abe et al revealed that an energy density of 0.1 mJ/mm?
for a rat model of acute myocardial infarction suppressed
ventricular remodeling and had a good anti-inflammatory
effect [22]. The study by Tara et al found that an energy
density of 0.11-0.21 mJ/mm? could encourage therapeutic
angiogenesis for human ischemic tissues [23]. Ioppolo et al
reported that for some musculoskeletal disorders, energy
density could be increased to 0.3 mJ/mm? [24]. In the
current review, most of the included studies used an energy
density of 0.09 mJ/mm?2, which Vardi et al first reported in
2010 [17]. Most subsequent studies adopted this EFD and
presented encouraging results. Additional studies and a
longer duration of treatment are needed to establish
whether therapeutic efficacy is positively correlated with
energy density.

Some studies included in our review concluded that the
biological efficacy of LI-ESWT was dosage dependent [25]. It
seemed that more pulses would bring better biological
efficacy. With this hypothesis in mind, some studies
adopted multiple treatment sites, more frequent treat-
ments, and longer courses of treatment. Meta-analysis
showed that 3000 pulses per treatment brought more
improvement than 1500 or 2000 pulses per treatment;
however, more frequent treatment and longer treatment
course did not improve erectile function significantly. The
optimal treatment protocol remains to be defined. Whether
there may be a plateau stage of treatment remains
uncertain and requires further investigation. In addition,
based on the premise that more treatment sites would
produce better results, shock waves were delivered to
multiple sites, such as the dorsal surface, both sides, and
both crus of the penis. It seemed that more sites treated
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LI-ESWT Control Mean Difference Mean Difference
a Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
6.1.1 EFD 0.09 mJ/mm?2
Yee CH 2014 17.8 4.8 30 15.8 6.1 28 12.5% 2.00[-0.84,4.84] 1
Vardi Y 2012 126 65 40 115 55 20 10.2% 1.10[-2.04,4.24] - =
Subtotal (95% CI) 70 48  22.6% 1.60[-0.51,3.70]

Heterogeneity: x2=0.17, df = 1 (p = 0.68); > = 0%
Test for overall effect: Z = 1.48 (p = 0.14)

6.1.2 EFD 0.1=0.2 mJ/mm?

Poulakis V 2006 12 45 53 12 3.7 15 20.2% 0.00[-2.23, 2.23]
Subtotal (95% CI) 53 15 20.2% 0.00 [-2.23, 2.23]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (p = 1.00)

6.1.3 EFD >0.2 mJ/mm?2

Zimmermann R 2009 20 24 30 17.3 3.1 30 51.0% 2.70[1.30,4.10] L
Chitale S 2010 19.9 48 16 157 7.5 20 6.1% 4.20[0.16, 8.24]
Subtotal (95% CI) 46 50 57.2% 2.86[1.54,4.19]

Heterogeneity: x*=0.47, df =1 (p = 0.49); 7= 0%
Test for overall effect: Z = 4.23 (p < 0.0001)

Total (95% CI) 169 113 100.0% 2.00 [0.99, 3.00]
Heterogeneity: 32 = 5.50, df = 4 (p = 0.24); > = 27% 110 _‘5 5 5 10‘
Test for overall effect: Z = 3.91 (p < 0.0001) Favours [control] Favours [L-ESWT]
Test for subgroup differences: % = 4.85, df =2 (p = 0.09), I* = 58.8%
LI-ESWT Control Mean Difference Mean Difference
b Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
7.1.1 1500—2000 pulses/tretment
Poulakis V 2006 12 45 53 12 3.7 15 20.2% 0.00[-2.23,2.23] =
Vardi Y 2012 126 6.5 40 115 55 20 10.2% 1.10[-2.04, 4.24] -1
Yee CH 2014 17.8 4.8 30 15.8 6.1 28 12.5% 2.00[-0.84,4.84] 1T
Subtotal (95% ClI) 123 63 42.8% 0.84[-0.69, 2.37]
Heterogeneity: > = 1.21, df =2 (p = 0.55); I = 0%
Test for overall effect: Z=1.08 (p = 0.28)
7.1.2 3000 pulses/tretment
Chitale S 2010 199 48 16 157 75 20 6.1% 4.20[0.16,8.24] _—
Zimmermann R 2009 20 24 30 173 31 30 51.0% 2.70[1.30,4.10] ——
Subtotal (95% Cl) 46 50 57.2% 2.86[1.54,4.19]
Heterogeneity: x> = 0.47, df = 1 (p = 0.49); I = 0%
Test for overall effect: Z = 4.23 (p < 0.0001)
Total (95% CI) 169 113 100.0% 2.00 [0.99, 3.00]
Heterogeneity:x2 = 5.50, df = 4 (p = 0.24); I = 27% 110 _’5 B 5 10’

Test for overall effect: Z = 3.91 (p < 0.0001)

5 Favours [control] Favours [LI-ESWT]
Test for subgroup differences: x? = 3.81, df = 1 (p = 0.05), 1= 73.8%

LI-ESWT Control Mean Difference Mean Difference
C _Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed.95% Cl 1V, Fixed, 95% CI
8.1.14-6 wk
Chitale S 2010 19.9 4.8 16 157 7.5 20 6.1% 4.20[0.16, 8.24]
Poulakis V 2006 12 45 53 12 3.7 15 20.2% 0.00[-2.23, 2.23] - 1
Zimmermann R 2009 20 24 30 17.3 3.1 30 51.0% 2.70[1.30,4.10] ——
Subtotal (95% Cl) 99 65 77.4% 2.11[0.98, 3.25]

Heterogeneity: y* = 5.15, df =2 (p = 0.08); I* = 61%
Test for overall effect: Z = 3.64 (p = 0.0003)

8.1.29 wk

Vardi Y 2012 126 6.5 40 115 55 20 10.2% 1.10[-2.04,4.24] N
Yee CH 2014 178 4.8 30 158 6.1 28 12.5% 2.00[-0.84,4.84] T
Subtotal (95% CI) 70 48 22.6% 1.60[-0.51,3.70]

Heterogeneity: x> =0.17, df =1 (p = 0.68); I = 0%
Test for overall effect: Z = 1.48 (p = 0.14)

Total (95% Cl) 169 113 100.0%  2.00 [0.99, 3.00]

Heterogeneity: x2 = 5.50, df = 4 (p = 0.24); I = 27% ' ' t y
-10 -5 0 5 10

Test for overall effect: Z = 3.91 (p < 0.0001) Favours [control] Favours [L-ESWT]

Test for subgroup differences: y2 = 0.18, df =1 (p = 0.67), 2= 0%

Fig. 4 - Relationship of energy dosage and treatment procedures. (a) The studies using higher energy flux density (EFD; >0.2 mJ/mm?) resulted in
significantly increased International Index of Erectile Function (IIEF; mean difference [MD]: 2.86; 95% confidence interval [CI], 1.54-4.19; p < 0.0001) in
the erectile dysfunction (ED) and Payronie’s disease groups. In ED-only groups, the improvement of IIEF was better for the group with EFD 0.09 m]/
mm? compared with EFD 0.1-0.2 mJ/mm?, although it did not reach statistical significance. (b) The studies delivering more shock waves per treatment
resulted in an increased IIEF (MD: 2.86; 95% CI, 1.54-4.19; p < 0.0001). (c) The studies with total course of treatment <6 wk revealed significant IIEF
increase (MD: 2.11; 95% CI, 0.98-3.25; p = 0.0003) versus studies with longer courses of treatment (9 wk).

CI = confidence interval; EFD = energy flux density; IV = inverse variance; LI-ESWT = low-intensity extracorporeal shock wave treatment; SD, standard
deviation.
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LI-ESWT Control Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed. 95% CI
9.1.1 EHS score, 1 mo after LI-ESWT
Olsen AB 2015 29 51 5 54 24.2% 0.48[0.32, 0.63] i
Srini VS 2015 47 95 0 40 26.0% 0.49[0.39, 0.60] T
Vardi Y 2012 31 40 7 20 12.3% 0.431[0.18, 0.67] -
Subtotal (95% CI) 186 114  62.5% 0.47 [0.38, 0.56]
Total events 107 12

Heterogeneity: x? = 0.30, df = 2 (p = 0.86); I? = 0%
Test for overall effect: Z = 10.37 (p < 0.00001)

9.1.2 EHS score, 3 mo after LI-ESWT

Olsen AB 2015 12 51 5 54 24.2%
Yee CH 2014 20 30 13 28 13.4%
Subtotal (95% CI) 81 82 37.5%
Total events 32 18

Heterogeneity: x2 = 0.18, df = 1 (p = 0.67); I? = 0%
Test for overall effect: Z = 2.54 (p = 0.01)

Total (95% Cl) 267 196 100.0%
Total events 139 30
Heterogeneity: 2 = 19.55, df = 4 (p = 0.0006); 1> = 80%

Test for overall effect: Z = 9.55 (p < 0.00001)

0.14 [0.00, 0.28] =
0.20 [-0.05, 0.45] T
0.16 [0.04, 0.29]

0.36 [0.28, 0.43]

-1 -0.5 0 0.5 1
Favours [control] Favours [LI-ESWT]

Test for subgroup differences: 2 = 15.34, df = 1 (p < 0.0001), I = 93.5%

Fig. 5 — The Erection Hardness Score (EHS) increased significantly (risk difference [RD]: 0.47; 95% confidence interval [CI], 0.38-0.56; p < 0.00001) at
1 mo after treatment. Three months later, EHS slightly decreased but still improved with statistical significance (RD: 0.16; 95% CI, 0.04-0.29; p = 0.01).
CI = confidence interval; EHS = Erection Hardness Score; LI-ESWT = low-intensity extracorporeal shock wave treatment; M-H = Mantel-Haenszel.

might produce better results. It is well known that shock
waves can propagate 3-5cm in human tissue [26]. It
remains to be determined if it is necessary or beneficial to
deliver treatment to multiple sites. This is also an area of
potential future investigation.

The underlying mechanism of action of LI-ESWT is
currently under investigation. According to recent reports,
the effect is primarily related to the stimulation of cell
proliferation, tissue regeneration, and angiogenesis
[27,28]. In 2013, Qiu et al explored the therapeutic effect
of LI-ESWT on a diabetic animal model and demonstrated
that LI-ESWT can partially resolve diabetes mellitus—
associated ED by promoting regeneration of neuronal nitric
oxide synthase (nNOS)-positive nerves, endothelium, and
smooth muscle in the penis [28]. Meanwhile, Liu and
colleagues reported their results after treatment of a rat
model of ED with LI-ESWT. The expression of some proteins,
such as a-smooth muscle actin, von Willebrand factor, nNOS,
and vascular endothelial growth factor, was upregulated
[29].In 2013, Siegfried and colleagues reported that LI-ESWT
could stimulate the regeneration of injured nerve fibers.
They believed that the potential mechanism of LI-ESWT was
enhanced by neovascularization in the regenerating nerve
and that VEGF and transforming growth factor B were
associated with the process [30]. Very recently, it was
reported that LI-ESWT improved erectile function in a rat
model of pelvic neurovascular injury. Penile tissue compo-
nents, especially vascular and neuronal tissue, demonstrated
improved recovery after LI-ESWT therapy [27].

Several weaknesses contributed to the quality of the data
provided. As shown in Table 1, five of seven studies
published in 2015 were cohort studies. It is undeniable that
these cohort studies have good study designs and robust
data collection; each has an appropriate sample size and
clear comparison. In evidence-based medicine, however,
the evidence level of cohort studies is level 2, and thus
they have lower power than RCTs, which provide level

1 evidence. To evaluate the efficacy of LI-ESWT more
accurately, more RCTs with good study designs are needed.
In addition, even in the RCTs that were included in this
review, there were still some deficiencies. The details of
randomization, the implementation of double blinding, the
details of the treatment protocol, and the data from long-
term follow-up are fundamental factors for assessing the
quality of a study. As shown in Figure 2a and 2b, we found
that most of the included RCTs did not describe the details
of randomization or blinding, and the potential biases
involved are unclear. If bias existed, it would have a great
impact on the interpretation of the meta-analysis.

Most of the studies focused on the improvement of
erectile function after LI-ESWT. Nevertheless, the potential
impact of factors related to ED, such as age, hypertension,
diabetes, hyperlipidemia, and coronary artery disease, are
not discussed. Only four RCTs in our analysis provided the
age data comparing the patients in the treatment and
control groups [12,17-19]. No further investigation was
performed to determine the influence of age on the efficacy
of LI-ESWT. Three RCTs provided the profile of patient
comorbidities, such as hypertension, diabetes, hyperlipid-
emia, and coronary artery disease, but no further informa-
tion was provided about the relationship between the
clinical outcome of LI-ESWT and those comorbidities [17-
19]. In the future, more RCTs with stratification of age and
comorbidities will help determine the influence of these
factors on the efficacy of LI-ESWT for patients with ED.

With the aim of determining the efficacy of LI-ESWT
alone and to avoid confusion, most of the included studies
prohibited the usage of PDE5-Is during shock wave
treatment. Nevertheless, because the goal of treatment is
to maximize improvement of erectile function, a combina-
tion of LI-ESWT and PDE5-Is may be the best choice.
Gruenwald et al found that LI-ESWT effectively converted
PDE5-I nonresponders to responders [31], and our results
(Fig. 3e) support the use of LI-ESWT and PDE5-Is in
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combination. Additional clinical trials are needed to further
investigate this clinical question.

4. Conclusions

In recent years, LI-ESWT as a therapy for ED has attracted
extensive attention. Studies of this topic have increased
sharply, and most of these studies reveal encouraging results,
such as improved IIEF and EHS and an effect that lasts up to
3 mo. The setup parameters and the treatment protocols are
important for the therapeutic effects of LI-ESWT for patients
with ED. The mechanism of LI-ESWT is to improve or even
reverse the pathologic damage of tissue that causes ED.
Additional studies are needed to explore the influences of age
and comorbidities on response to LI-ESWT and to define the
effects of LI-ESWT in combination with PDE5-Is. From our
review, it is clear that LI-ESWT may have the potential to be
the first-choice noninvasive treatment for patients with ED.
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