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Abstract

We conducted a meta-analysis to evaluate the efficacy of low-intensity extracorporeal shock wave therapy (LI-
ESWT) in the treatment of erectile dysfunction (ED). From July 2011 to June 2021, we finally selected 16 randomized
controlled trials (RCTs) including 1,064 participants to evaluate the efficacy of LI-ESWT in the treatment of ED from
PubMed, EMBASE, and Cochrane databases. The data are analyzed by Review Manager Version 5.4. Fifteen articles
mentioned International Index of Erectile Function (IIEF), in the follow-up of | month (mean difference [MD] = 3.18,
95% confidence interval [CI] = [1.38, 4.98], p = .0005), 3 months (MD = 3.01, 95% CI = [2.04, 3.98], p < .00001),
and 6 months (MD = 3.20, 95% Cl = [2.49, 3.92], p < .00001). After treatment, the improvement of lIEF in the LI-
ESWT group was better than that in the control group. Besides, eight of the 16 trials provided data on the proportion
of patients with baseline Erectile Hardness Score (EHS) = 2 improved to EHS = 3. The LI-ESWT group was also
significantly better than the placebo group (odds ratio [OR] = 5.07, 95% CI = [1.78, 14.44], p = .002). The positive
response rate of Questions 2 and 3 of the Sexual Encounter Profile (SEP) was not statistically significant (SEP2: OR
= 1.27, 95% Cl = [0.70, 2.30], p = .43; SEP3: OR = 4.24, 95% C| = [0.67, 26.83], p = .13). The results of this meta-
analysis suggest that treatment plans with an energy density of 0.09 m}/mm? and pulses number of 1,500 to 2,000 are
more beneficial to IIEF in ED patients. In addition, IIEF improvement was more pronounced in patients with moderate
ED after extracorporeal shockwave therapy.

Keywords
low-intensity extracorporeal shockwave therapy, erectile dysfunction, randomized controlled trials, meta-analysis,
International Index of Erectile Function, Erectile Hardness Score

Received November 24, 2021; revised January 23, 2022; accepted February 25, 2022

Introduction ineffective, and some patients will have various side

effects, such as flushing and headache (Hatzimouratidis
et al., 2010; Washington & Shindel, 2010).
Extracorporeal shock wave (ESW) is a two-way sound
wave carrying energy. According to the different energy
density levels of ESW, ESW has different functions in

Erectile dysfunction (ED) refers to the inability of the
penis to continuously achieve or maintain sufficient erec-
tion to meet a satisfactory sexual life (Burnett et al.,
2018). The incidence rate of ED is increasing and the

prevalence of ED is 30% to 65% among men aged 40 to
80 years (Ayta et al., 1999; Corona et al., 2010). The most
common clinical treatment for ED is oral phosphodiester-
ase 5 inhibitor (PDESI; Hatzimouratidis et al., 2010).
However, some literatures reported that when PDESI is
used to treat ED patients, some patients say it is

clinical application (Rassweiler et al., 2011). High energy
density ESW has focused on mechanical damage charac-
teristics, so it is often used in the treatment of stones.
Medium energy density ESW has anti-inflammatory
function and it is often used in surgery, such as synovial
bursitis and nonbinding fracture. Low energy density
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ESW can promote angiogenesis and improve its blood
supply and it is often used in chronic injury, musculoskel-
etal recovery, and cardiovascular disease (Nishida et al.,
2004; Vardi et al., 2010; Wang et al., 2002). Studies have
reported that the important mechanism of ED is vascular
endothelial function injury or disorder (Gandaglia et al.,
2014; Shindel et al., 2008) and low-intensity extracorpo-
real shock wave therapy (LI-ESWT) can stimulate the
expression of angiogenesis-related factors, such as vascu-
lar endothelial growth factor (VEGF), so as to promote
vascular regeneration (Cooper & Bachoo, 2018; Klomjit
etal., 2020; Sundaram et al., 2018). As a result, LILFESWT
has been widely used in clinical treatment of ED (Rizk
et al., 2018).

We carried out a meta-analysis of randomized con-
trolled trials (RCTs) to systematically evaluate the effi-
cacy of LI-ESWT in the treatment of ED.

Materials and Methods

Search Strategy

Under the guidelines of Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA; Moher
etal.,2009), we searched three databases, namely, PubMed,
Embase, and Cochrane, by computer and the retrieval time
was limited from July 2011 to June 2021. The retrieval
strategy is to search for the following Medical Subject
Headings (MeSH) terms: shock wave, erectile dysfunc-
tion, the international index of erectile function, and the
erection hardness scores. In addition, the researcher also
traced all references involved in the included literature to
supplement and obtain relevant literature. This study only
included published articles and had no restrictions on the
language of the articles. All articles were read indepen-
dently by two researchers. In case of disagreement, an
agreement will be reached through discussion or inviting
the assistance of a third researcher.

Inclusion Criteria and Article Selection

Included articles should meet the following inclusion cri-
teria: (a) all RCTs describing LI-ESWT treatment for ED;

(b) the content and data of any article are available; (¢) all
the data in the paper are true and valid; (d) no matter
whether the test adopts blind method and allocation con-
cealment or not; (¢) no matter whether the patients are
complicated with other complications; and (f) the sever-
ity of ED patients is not limited. Case reports, review
articles, conference reports and abstracts, and some stud-
ies with incomplete data were excluded. The PRISMA
flowchart of literature screening is presented in Figure 1.

Quality Assessment

We mainly used Cochrane bias risk assessment tool to
evaluate all randomized controlled studies, supplemented
by Jadad scale for reference (Cumpston et al., 2019;
Moher et al., 1996). Each article was evaluated according
to the following three quality evaluation criteria: (+) bias
is low, (?) not mentioned or no sufficient information to
judge bias, and (—) bias is high. All authors independently
participated in the evaluation of each RCT and exchanged
results. If there is any objection, it will be resolved
through discussion and negotiation until all the results are
consistent.

Data Extraction

The two authors extracted data from the included studies
according to the predetermined criteria independently,
and recorded the data on the premade data extraction
table. The extracted data include (a) author’s name (pub-
lication time), (b) country, (c) number of participants, (d)
age, (e) PDESI response or not, (f) treatment setup, (g)
control group setup, (h) follow-up time, and (i) outcome
indicators. This study does not need ethical approval
because it is a retrospective analysis of existing studies.

Statistical Analyses

This study uses Review Manager Version 5.4 (Cochrane
Collaboration, London, UK) for data analysis. We use
fixed effect model or random effect model for analysis.
The dichotomous data are expressed in odds ratios
(ORs) and 95% confidence interval (Cls), whereas the
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Figure |. Flowchart of Selection PRISMA

Note. RCTs = randomized controlled trials; LI-ESWT = low-intensity extracorporeal shock wave therapy; ED = erectile dysfunction.

continuous outcomes are expressed in mean difference
(MD) and 95% CI. We usually used I-square (I?) to
assess the heterogeneity of the study. If the p value is
greater than .05 in the Q-value statistic test and the I
value is less than 50%, we believe that the study is
homogeneous and can be analyzed by the fixed effect
model. While the results with I test value are greater
than 50% and significant heterogeneity, the random
effect model is used for analysis. Results of this meta-
analysis are presented in forest plots and the data with
p < .05 were considered statistically significant.

Results

Study Selection, Search Results, and
Characteristics of the Trials

We searched according to the above search strategy and
finally retrieve 318 articles. A total of 279 articles were
excluded by deleting duplicate literature and screening

abstracts and titles. Of the remaining 39 articles, 23 arti-
cles were excluded because they are not RCT or lack of
effective data. Finally, the remaining 16 articles were
included in the study to evaluate the effectiveness of
LI-ESWT in the treatment of ED (Baccaglini et al., 2020;
Fojecki et al., 2017; Kalyvianakis & Hatzichristou, 2017;
Kim et al., 2020; Kitrey et al., 2016; Ladegaard et al.,
2021; Olsen et al., 2015; Ortac et al., 2021; Shendy et al.,
2021; Sramkova et al., 2020; Srini et al., 2015; Vardi
et al., 2012; Vinay et al., 2021; Yamagake et al., 2019;
Yee et al., 2014; Zewin et al., 2018). The details of each
study are presented in Table 1. There was no significant
difference in mean age and severity of ED between the
LI-ESWT group and the placebo group.

Risk of Bias

All included studies in meta-analysis were RCTs. The
summary and graph of bias risk are presented in Figure 2
and Supplemental Figure S1.
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Figure 2. The Risk of Bias Graph.

International Index of Erectile Function (IIEF)

Among the 16 included studies, 12 articles provided IIEF
data at 1 month follow-up after treatment, eight provided
data at 3 months follow-up, and four provided data at 6
months follow-up. Heterogeneity test proved that there
was statistical heterogeneity among trials in each group,
so random effect model was used for meta-analysis. The
results reported that after 1| month (MD = 3.18, 95% CI
= [1.38, 4.98], p = .0005), 3 months (MD = 3.01, 95%
CI = [2.04, 3.98], p < .00001), and 6 months follow-up
(MD = 3.20, 95% CI = [2.49, 3.92], p < .00001), the
treatment group can significantly increase the IIEF of ED
patients compared with the control group, and the results
are statistically significant (Figure 3). The IIEF data ana-
lyzed are all variation values and some data with negative
change values are replaced by their final values.

Erection Hardness Scores

Overall, eight of the 16 articles provided data on the
improvement of patients with baseline Erectile Hardness
Score (EHS) = 2 to EHS = 3 after treatment. The ran-
dom effect model was used for the meta-analysis. The
results identified that there was a significant difference in
the number of people of EHS improvement between the
treatment group and the control group (OR = 5.07, 95%
CI = [1.78, 14.44], p = .002), indicating that the treat-
ment group can significantly improve the EHS of patients
compared with the control group (Supplemental Figure
S2).

Sexual Encounter Profile (SEP)

Questions 2 and 3 of the SEP are usually used as another
evaluation criterion. These two questions were mentioned
in three studies. The results identified that compared with
the control group, the “yes” response rate of the LI-ESWT

group was not statistically significant (SEP2: OR = 1.27,
95% CI = [0.70, 2.30], p = .43; SEP3: OR = 4.24, 95%
CI = [0.67, 26.83], p = .13; Supplemental Figure S3).

Subgroup Analysis

lIEF Baseline. According to the IIEF baseline value, the
articles were divided into severe group (IIEF baseline
value < 12), moderate group (IIEF baseline value 12—17),
and mild group (IIEF baseline value > 17). We use the
existing data to analysis and found that no matter in which
subgroup, the improvement of IIEF in the treatment group
was higher than that in the control group (severe: MD =
4.07, 95% CI = [0.49, 7.64], p = .03; moderate:
MD = 4.24, 95% CI = [2.88, 5.59], p < .00001;
mild: MD = 3.87, 95% CI = [3.37, 4.36], p < .00001;
Figure 4).

Energy Density. Because two of the 16 RCTs did not men-
tion specific energy density or IIEF index, only the
remaining 14 experiments were analyzed. According to
the set energy density, it is divided into two groups: the
energy density is equal to 0.09 mJ/mm? and the energy
density is between 0.1 and 0.2 mJ/mm?. The results sug-
gested that in the two subgroups, the treatment group
could significantly increase the IIEF of patients com-
pared with the control group (0.09 mJ/mm? MD = 3.81,
95% CI = [2.07, 5.55], p < .0001; 0.1-0.2 mJ/mm?: MD
= 3.01, 95% CI = [0.89, 5.12], p = .005; Figure 5).

Pulses. We divided 14 RCTs into three groups according to
the number of pulses per treatment: the number of pulses is
equal to 600, the number of pulses is between 1,500 and
2,000, and the number of pulses is greater than 3,000. The
results of the 600 pulses group reported that the treatment
group could increase the IIEF of patients compared with
the control group, but the difference was not statistically
significant (MD = 1.50,95% CI = [-1.44, 4.43], p = .32).
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Figure 3. Forest Plots Showing the Improvement of IIEF by LI-ESWT at Different Follow-Up Times After Treatment: (A) |
Month Follow-Up; (B) 3 Months Follow-Up; (C) 6 Months Follow-Up

Note. LI-ESWT = low-intensity extracorporeal shock wave therapy; IIEF = International Index of Erectile Function; SD = standard deviation;
IV = inverse variance; Cl = confidence interval; df = degrees of freedom.

The results of the group with pulse number between 1,500
and 2,000 suggested that the treatment group could signifi-
cantly increase the IIEF of patients (MD = 4.80, 95% CI
=[2.61,7.00], p < .0001). In the group with pulse number
greater than 3,000, compared with the control group, the
treatment group can also significantly increase the IIEF of
patients and the difference is statistically significant (MD
= 3.46, 95% CI = [1.89, 5.03], p < .0001; Figure 6).

Discussion

We conducted a meta-analysis of 16 studies including
1,064 participants to compare the efficacy of LI-ESWT

and placebo in the treatment of ED. It was found that the
improvement of IIEF and EHS after LI-ESWT treatment
was greater than that of placebo group, but there was no
significant difference in SEP2 and SEP3. These results
suggest that LI-ESWT is more effective than placebo in
improving the symptoms of ED patients.

At present, the clinical treatment methods of ED
include oral PDESI, injection of vasodilator into corpus
cavernosum of penis, transurethral administration of
prostaglandin E, penile prosthesis implantation, and vac-
uum assisted erection device (Salonia et al., 2021). One
of the most commonly used regimes is PDESI drug
treatment, but this plan cannot correct the potential
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Figure 4. Forest Plots Showing the Subgroup Analysis of Different IIEF Baselines
Note. lIEF = International Index of Erectile Function; SD = standard deviation; IV = inverse variance; Cl = confidence interval; df = degrees of

freedom.

pathophysiological mechanism of the penis, and many
patients are insensitive or even ineffective to it. LILESWT
is noninvasive and rehabilitative compared with the sec-
ond-line or third-line treatment of ED, and patients who
are ineffective in PDESI treatment can also benefit from
LI-ESWT treatment (Chung & Cartmill, 2015; Gruenwald
et al., 2012; Kitrey et al., 2016).

The mechanism of LI-ESWT improving IIEF in the
treatment of ED is not clear. In recent years, it has been
identified that ESW can produce “cavitation effect,” open
up physiologically closed micro vessels, and accelerate
capillary microcirculation (Maisonhaute et al., 2002).
ESW can also promote neovascularization and the expres-
sion of angiogenic markers, so as to promote tissue remod-
eling (Holfeld et al., 2016; Young Academic Urologists
Men’s Health Group et al., 2017). However, there is con-
troversy about whether LI-ESWT is associated with neuro-
nal nitric oxide synthase (nNOS) synthesis. Studies have
identified that LI-ESWT can promote the regeneration of
in endothelial, smooth muscle, and neural expression of
nNOS (Liu et al., 2013; Qiu et al., 2013), but there are also

studies reported that LI-ESWT does not rely on nitric oxide
and cyclic guanosine monophosphate to improve erectile
function (Assaly-Kaddoum et al., 2016). One study
described that LI-ESWT can also reduce the activity of
sympathetic nervous system (Sokolakis et al., 2019). Most
studies only report preliminary results, but there is no clear
answer to the actual mechanism of LI-ESWT.

By analyzing our results, we found that LI-ESWT had
different effects on erectile function with different energy
density or pulses. When the energy density is 0.09 mJ/
mm?, the improvement of IIEF is better than that in the
energy density between 0.1 and 0.2 mJ/mm?. And 1,500
or 2,000 pulses per treatment bring more improvement
than 600 or 3,000 pulses. The improvement of IIEF in
patients with different severity of ED after LI-ESWT
treatment is also different. Through our meta-analysis,
we found that the improvement was more obvious in
patients with moderate ED than in patients with mild or
severe ED. In addition, the improvement of IIEF is differ-
ent under different follow-up times. The improvement
after 6 months follow-up is better than that after 1 month
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Figure 5. Forest Plots Showing the Subgroup Analysis of Different Energy Density Treatments
Note. SD = standard deviation; IV = inverse variance; Cl = confidence interval; df = degrees of freedom.
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Figure 6. Forest Plots Showing the Subgroup Analysis of Treatment With Different Pulse Numbers

Note. SD = standard deviation; IV = inverse variance; Cl = confidence interval; df = degrees of freedom.
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and 3 months. However, because only one RCT men-
tioned the follow-up results after 12 months, the long-
term effect of LI-ESWT still needs further follow-up
investigation.

In the process of data extraction, some reports reported
neither IIEF final average data and standard deviation nor
IIEF change data. Instead, they provide data such as inter-
quartile range (IQR), sample median, and sample size.
For the consistency and comparability of statistical data,
the sample mean and standard deviation were estimated
using the methods provided by the researchers (Luo et al.,
2018; Wan et al., 2014).

The minimum clinically important difference (MCID)
is considered to be an ideal method to evaluate the real
clinical efficacy of interventions. It has been determined
that the MCID in IIEF score is 4 points, indicating a 4
points difference may be clinically significant to patients
(Rosen et al., 2011). For the trials included in this study,
the comprehensive improvement of IIEF score in some
groups after LI-ESWT treatment is less than 4 points,
which may not have clinical value. With the publication
of more and more RCTs, MCID is very important as an
evaluation standard. Therefore, it is recommended to use
MCID as an accurate and meaningful tool for evaluating
LI-ESWT treatment in the future.

Compared with previous meta-analyses, our study
excluded studies with high heterogeneity and included
many latest studies, which is more convincing. Although
the articles included in this meta-analysis are high-quality
RCTs, there are still some limitations as follows: (a)
Some experiments did not use double-blind research in
the research process, and some patients withdrew from
the research because they could not tolerate the interven-
tion measures. These bias factors will affect our final
research results. (b) Some experimental data only provide
median and IQR, so we must use formulas to convert
them into mean and standard deviation, and there may be
some errors in this process. (¢) Because most study end-
points were evaluated only 1 to 6 months after treatment,
we could not infer the long-term efficacy of LI-ESWT
treatment. (d) Our study did not report other indicators to
evaluate ED, such as quality of sexual life, peak whole-
body velocity, and resistance index because only one or
two RCTs reported these indicators, and the results were
not convincing. Therefore, further research and relevant
data are needed to help us demonstrate the impact of
LI-ESWT treatment on these indicators. (¢) We did not
assess the potential impact of age, hypertension, diabetes,
hyperlipidemia, and coronary artery disease on IIEF.

Conclusion

This meta-analysis that contains 16 RCTs identified that
LI-ESWT could significantly increase IIEF and EHS in

ED patients, especially in moderate ED group, but had no
significant improvement in positive response rate of
SEP2 and SEP3. In general, LI-ESWT has become a pop-
ular choice for the treatment of ED because of its effec-
tiveness and low risk, but more clinical experiments,
longer follow-up, and more detailed data are still needed
to support this conclusion.
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