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ABSTRACT
This  present  systemic  review  and  meta-analysis  was  conducted  to  assess  the  effectiveness  of  low-intensity  extracorporeal
shockwave therapy (Li-ESWT) on erectile dysfunction (ED) based on the relevant randomised controlled trials (RCTs). A compre-
hensive search of databases, including Medline and Embase databases, from 1st January 2012 to 31st July 2020, that investi-
gated the efficacy of Li-ESWT for ED, was searched. All the trials were divided into two groups: the experimental group received
a different shockwave treatment, and the control group received the same treatment as the corresponding experimental group
vibration, sound, etc) but no energy transmission. The primary endpoint was the International Index of Erectile Function-Erectile
Function domain (IIEF-EF) score/questionnaire or erectile hardness score (EHS). The average IIEF-EF score was increased with
statistical significance in the Li-ESWT group relative to the control group (p<0.001). Besides, the Li-ESWT group had evidently
elevated changes in IIEF-EF score (p<0.001). Altogether seven articles reported the remarkably elevated EHS score with
different total pulses (p<0.001). The favourable outcomes in terms of the average IIEF scores were observed in the cases developing
mild or moderate ED (p<0.001). Compared with placebo treatment, Li-ESWT alleviates ED symptoms in patients, particularly those
who have mild or moderate ED. Taken together, these results suggest that the Li-ESWT may hold promise for patients with ED.
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INTRODUCTION
Erectile  dysfunction  (ED)  is  the  most  common  male  sexual
dysfunction, which means that the penis cannot achieve or main-
tain sufficient erection to complete satisfactory sexual life. ED is
an obvious health issue affecting 52% males (aged 40–70 years)
and 22% males aged<40 years in terms of quality of their life.1,2

At present, treatment of ED mainly includes a step-wise method
to modify risk factors, optimise the medical comorbidities, and to
carry  out  medical  treatments,  like  vasoactive  agents  given
through cavernous body and phosphodiesterase type 5 (PDE5)
inhibitors administered orally; besides, a penile prosthesis may
also be implanted in advanced cases.3 While many patients are
satisfied with these treatments, others are dissatisfied due to the
poor efficacy or inability to use them. Furthermore, the above
therapeutic means mainly aim to enhance erectile function but
do not address the pathophysiological factors.4,5
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Li-ESWT has been proposed as the low-cost and low-risk minor
adverse effects therapy. In 2010, Vardi et al. first described its use
on  ED;6  after  that,  several  reports  have  been  published  with
encouraging results. Some researchers have established models
of erectile dysfunction in diabetic rats and found that low-energy
shockwaves promote penile tissue regeneration.7 The published
studies have different samples, different protocols, and different
inclusion criteria. There is still no evidence of what type of the
patient is the best candidate for Li-ESWT. The present meta-anal-
ysis was conducted aiming to examine the effectiveness of Li-
ESWT on improving ED in the male patients based on IIEF-EF score
or EHS relative in relationto those who received placebo treat-
ment, and provide a formal recommendations based on the litera-
ture review for future RCTs.

METHODOLOGY
The Medline and Embase databases were systemically searched,
from 1st January 2012 to 31st July 2020. This search strategy was as
follows: (Shock Wave) or (Shockwave) and (erectile dysfunction
or IIEF or EHS). Since this study was a systematic review of the
previous articles, ethical approval and informed consent were not
required. A flow diagram for the study selection process is outlined
in Figure 1.
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Figure 1: Flow diagram for study selection.

Those studies not published in the English language, not conducted
on  human  beings,  involving  cases  suffering  from  Peyronie’s
disease, and the non-RCTs were excluded. Altogether 11 RCTs were
finally selected for the subsequent analysis. To be specific, two
reviewers (Liu and Pu) read the titles and abstracts independently
to  examine whether  the studies  were eligible  according to  the
above exclusion criteria. Later, the two reviewers read the full texts
carefully  to  eliminate  articles  that  conformed  to  the  exclusion
criteria. A third reviewer settled down any disagreement between
them, and a consensus was reached by mutual negotiation and
discussion.

In this article, the Cochrane risk-of-bias assessment method was
utilised to assess the eligible RCTs quality and the risk of bias.8 The
Cochrane Collaboration standards (Cochrane collaboration Risk of
Bias Assessment Tool) were employed to evaluate the study quality
by the two researchers (Liu and Pu).9 In the present meta-analysis,
the following quality items, including concealment of allocation,
random sequence generation, participant and personnel blinding,
outcome  assessment  blinding,  selective  reporting,  incomplete
outcome data, along additional sources of bias were evaluated. For
all items, they were evaluated as adequate, inadequate, or unclear,
corresponding to low, high or uncertain risk of bias, respectively
according to Cochrane Handbook.9 RevMan 5.4 software (Review
Manager, 2014) was utilised to generate a graph and summarise the
risks of bias. Two trained investigators (Liu and Li) were responsible
for the independent assessment of each domain. Any disagreement
among them was settled down by another (Pu) researcher and a
consensus was reached by mutual negotiation and discussion.

Two authors (Liu and Pu) independently carried out data extraction
from  the  11  available  RCTs  involving  814  participants.  Items
abstracted pertained to study characteristics, patient characteris-
tics,  and  patient-reported  outcomes.  Data  obtained  from  the
eligible  studies  are  presented  in  Table  I.  The  Review  Manager
version 5.4 (The Nordic Cochrane Centre, The Cochrane Collabora-
tion, Copenhagen, Denmark) was adopted to analyse data from the
eligible articles.10 In this work, the primary endpoint was IIEF-EF

score  used  to  assess  the  efficacy  of  Li-ESWT  in  ED,  while  the
secondary endpoint was alterations of EHS. None of the enrolled
studies reported any severe adverse reaction. The Q-statistic deter-
mined upon the chi-square test was adopted to test the hetero-
geneity in the pooled results, while I2 index was used to calculate
inconsistency  for  determining  the  heterogeneity  effects.  When
obvious heterogeneity was detected, there was diversity in the
variety of study features, like ED severity, total pulse number, as
well as follow-up period. The fixed model was selected in the case of
no  significant  heterogeneity  (I2 < 60%,  p > 0.05);  otherwise,  the
random effect model was adopted, and subgroup analysis might be
conducted. In case of high heterogeneity in the subgroup analysis
(I2 > 60%, p < 0.05), the random effect model was adopted. The
continuous variables were expressed as 95% confidence interval
(CI) with the mean difference (MD), whereas dichotomous variables
were expressed as 95% CI with odds ratio (OR). In this meta-anal-
ysis, the results are presented in the form of a forest plot. A differ-
ence of p<0.05 indicated statistical significance.11

RESULTS
From the databases, 706 related documents were identified; 182
articles were repeats and based on the titles and abstracts review,
409 were excluded [either because they were non-human trials
(n =54) or non-English language articles (n=26)], non-RCT arti-
cles (n=268), and irrelevant studies (n=61). Two authors (Liu and
Pu) read the full texts of the remaining 115 articles, and 11 studies
were  finally  included in  the  analysis.12–22  Figure  1  exhibits  the
preferred reporting items for systematic reviews and meta-anal-
yses (PRISMA) flowchart,23  which illustrates the screening and
selection process.

According to the Cochrane Collaboration risk-of-bias estimation,
for random sequence generation, only 3 trials,17-19 uncertain of the
described method of randomisation sequence, were deemed to
be at unclear risk, and other trials were at low-risk. In four trials the
methods used to conceal the allocation were unclear,12-14,20 and in
the other seven trials, the allocation concealment methods were
determined  as  low-risk.15-19,21,22  In  one  trial,17  cases  that  were
unaware  of  whether  they  received  placebo  treatment  were
deemed as high-risk. Specifically, seven trials used a standard
double-blind format.12-15,20-22 Other three trials were uncertain, if
they described the method of blinding.16,18,19 Each study showed a
low-risk due to selective reporting or incomplete outcome data
(Figure 2).

The seven eligible studies suggested that relative to placebo treat-
ment,  male  ED  patients  receiving  Li-ESWT  had  markedly
increased IIEF-EF scores [(MD: 2.77 points; 95% CI (1.74, 3.79); I²=
66%,  p<0.001;  Figure  3a].12-15,17,21,22  Besides,  patients  were
followed up at 1, 3, 6, 9, and 12 months and 7 weeks, and it was
found that the patients receiving Li-ESWT had evidently elevated
IIEF  scores  [(MD:  2.96  points;  95% CI  [2.31,  3.61]  ;  I²=  48%,
p<0.001; Figure 3b)].

Four articles reported the changes in IIEF-EF scores.15,17,19,21 After
data  extraction  and  analysis,  the  patients  receiving  Li-ESWT
showed evidently elevated changes in IIEF-EF scores relative to
those  receiving  placebo  treatment  [(MD:  3.75  points;  95%  CI
(3.15, 4.35); I2 51%, p<0.001; Figure 4].
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Table I: Current studies of low-intensity extracorporeal shock wave treatment for erectile dysfunction patients.
Study authors Years of

publication
Number of
people design
included (n1/n2)

Setup of Li-ESWT Protocol of Li-ESW treatment Follow-up,
weeks

Evaluation tools for ED p-value
of IIEF
after Li-
ESWT

study
typeEnergy

density,
mJ/mm2

No. of pulses
each
treatment

No. Of
treatments
each week

Total
treatment
courses,
weeks

Fojecki et al.12 2017 58/60 0.09 600 1 10 4,18 IIEF, EHS, EDITS, SQoL-M 0.902 RCT
Kalyvianakis et al.13 2017 30/16 0.09 1500 2 6 4, 12, 24, 32, 48 IIEF, EHS <0.05 RCT
Kim et al.14 2019 38/40 20,15,12 3000 2 12              4, 7 IIEF, EHS, SEP2, SEP3 <0.001 RCT
Kitrey et al.15 2016 37/18 0.09 1500 2 6 4 IIEF, EHS, FMD, CGIC <0.05 RCT
Olsen et al.16 2015 51/54 0.15 3000 1 5 4, 12, 24 IIEF, EHS 0.67 RCT
Sramkova et al.17 2019 30/30 0.16 6000 2 2 4, 12 IIEF-5, EHS, GAQ, SEP2, SEP3 <0.05 RCT
Srini et al.18 2015 95/40 NA NA NA NA 4, 12, 24, 32, 48 IIEF, EHS, CGIC 0.0001 RCT
Vardi et al.19 2012 40/20 0.09 1500 2 6 4 IIEF, EHS, penile blood flow 0.0322 RCT
Vinay et al.20 2020 40/36 0.09 5000 1 4 4, 12, 24 IIEF-EF,EHS, SEP2,SEP3, GAQ1 <0.05 RCT
Yee et al.21 2014 30/28 0.09 1500 2 6 4 IIEF-ED, EHS 0.001 RCT
Yamaçake et al.22 2018 10/10 0.09 2000 2 3 4, 16, 48 IIEF, EHS <0.0001 RCT

Figure 2A:  Eleven  randomised  controlled  trials  included  in  this  meta 
analysis. Quality of studies was assessed with the Cochrane Collabora-
tion’s tool. A: Risk-of-bias graph.

Figure 2B: Eleven randomised controlled trials included in this meta analysis.
Quality of studies was assessed with the Cochrane Collaboration’s tool. B:
Risk-of-bias summary.

There were 9 articles that mentioned the ED severity, based on
IIEF score or responds to PDE5i.13-15,17-22 Some mentioned the IIEF-
EF scores among the cases with severe ED following the treat-
ment,15,21  whereas  others  mentioned those scores  among the
cases with mild or moderate ED.13,14,17,22

Figure  3a:  Clinical  outcomes of  meta-analysis  on the IIEF-EF score.
Mean IIEF-EF score.

Figure 3b: Clinical outcomes of-meta analysis on the IIEF-EF score mean
IIEF EF score of follow-up.

In  the  patients  receiving  Li-ESWT  treatment,  the  IIEF-EF
scores  were  elevated relative  to  those  receiving  placebo
treatment [(MD: 3.21 points; 95% CI (2.10, 4.31); I2=65%,
p<0.001; Figure 5a]. Some mentioned post-treatment EHS
scores  for  the  cases  developing  severe  ED,15,20  whereas
others mentioned those scores in the cases with mild or
moderate ED.14,18,19 Patients receiving Li-ESWT treatment had
dramatically  elevated  IIEF-EF  scores  in  relation  to  those
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taking placebo treatment [OR: 10.40 points; 95% CI (5.60,
19.31); I2 66%, p<0.001; Figure 5b].

Figure 4: Clinical outcomes of meta analysis on the IIEF EF score
change of IIEF EF score.

Figure 5a: Clinical outcomes of meta analysis on the IIEF EF score
mean of IIEF EF score on severity of ED.

Figure 5b: Clinical outcomes of meta analysis on the EHS score on
severity of ED.

There  were  7  RCTs  mentioning  EHS  scores  with  different
total pulses, which reported that the EHS scores evidently
elevated  following  the  Li-ESWT (OR:  9.37;  95% CI  [5.65,
15.52. ; I2 61%, p<0.001).14-16,18-20,22 Olsen et al.  used 15,000
shockwaves,16  whereas the other four articles used 18,000
pulses  shockwaves.14,15,18,19  Clearly,  Li-ESWT increased  the
penis EHS scores to different degrees among the ED cases,
no matter how many shockwaves were used (Figure 6).

DISCUSSION

Eleven RCTs, including 814 male patients, were enrolled in
the present  systematic  review and meta-analysis.12-22  The
pooled results suggested that ED patients, who received Li-
ESWT, had markedly improved IIEF-EF and EHS scores rela-
tive to those who received placebo treatment. Thus, Li-ESWT
may be adopted to be a treatment for ED cases.

Figure 6: Clinical outcomes of meta analysis on the EHS score with
different total pulses.

In  previous  studies,  the  minimal  clinically  important  differ-
ence was indicated by the change of 4 points in the IIEF-EF
score, and it stands for a potentially and clinically important
difference  to  the  patients  that  may  alter  the  treatment
strategy.24  The ED patients receiving Li-ESWT are reported
with improved IIEF and EHS scores. In the present meta-anal-
ysis, IIEF scores were also improved in the control group,19,21

but none of these improvements was clinically meaningful.

The specific mechanisms, by which Li-ESWT improves the IIEF
scores among the ED male patients,  remain controversial.
According to the some recent studies, these effects could be
exerted  by  promoting  cell  proliferation,  angiogenesis,  and
tissue regeneration.25,26 The studies on the Li-ESWT efficacy in
rat penile tissues reported that the erectile function, together
with regeneration of smooth muscles, NOS-expressing nerves
and endothelium, is improved after the treatment.27 Besides,
Li-ESWT also  up-regulates  certain  protein  levels,  including
nNOS,  von  Willebrand  factor,  vascular  endothelial  growth
factor (VEGF), and smooth muscle actin.8 Recently, Li-ESWT is
used to treat mouse models with type 2 Diabetes, which is
suggested to improve erectile function but not via the NO or
cyclic guanosine monophosphate-dependent mechanism.28 In
addition, it is indicated by in vitro animal research that Li-
ESWT mainly functions in angiogenesis and the improvement
of penile hemodynamics to exert its effects.

In  2016,  Lu  et  al.  were  the  first  to  carry  out  a  systematic
review and meta-analysis regarding the effect of Li-ESWT on
the ED treatment. More meta-analyses are conducted since
then.  29-32 In this meta-analysis, which presents an update of
the latest studies, it was demonstrated that the diverse treat-
ment  protocols  and  setup  parameters  of  Li-ESWT  greatly
affected the therapeutic effect.
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Further, age is also a factor affecting the ED severity, which is
possibly  associated  with  cytokine  production  by  Li-ESWT.
However,  the possible effects of ED-related factors,  like age,
diabetes, hypertension, coronary artery disease, or hyperlipi-
demia, have not been investigated yet.16,19,21 In the research
by  Lu  et  al.,  the  actual  association  of  Li-ESWT  with  ED
severity was not mentioned.29 Yet, it is reported that the Li-
ESWT  efficacy  is  tightly  correlated  with  EFD  or  the  energy
delivered to the target unit area. In the present meta-anal-
ysis,  0.09–0.25 mJ/mm2  EFD was used. More research and
long-term treatment should be conducted to determine the
relationship  between  the  therapeutic  effect  and  the  energy
density. In the research by Kim et al. the Li-ESWT therapeutic
effect was determined by its dosage.33 Fojecki et al. employed
the 6000 treatment shocks for ten weeks,12 while in the other
studies, 18,000 treatment shocks were used in nine weeks.
Clavijo’s work reported different results since, it was the first
published article on the ED male patients alone.30 Moreover,
only RCTs were enrolled in the meta-analysis, and that article
was deemed to be the level 1a evidence.30 Majority of the arti-
cles only carry out follow-up for about one year. Currently,
many  piezoelectric,  electromagnetic,  and  electrohydraulic
generators-based devices are commercially available. In the
future, research on Li-ESWT must concentrate on the basic
science and clinical researches. More investigation is needed
to examine the diverse influencing factors like age, follow-up
period, ED severity or devices. The investigators may adopt
the MCID of IIEF to accurately evaluate the Li-ESWT effect on
treating ED cases.24 Furthermore, according to the latest Euro-
pean  Association  of  Urology  (http://uroweb.org/guidelines/)
and American Urological Association (https://www.auanet.org/
guidelines-x15197) guidelines, Li-ESWT is being studied and
recommended as a new treatment option for men with erec-
tile dysfunction. This is not a standard treatment option but
should be considered worthy of study with an evidence level
of Grade C. In the future, Li-ESWT might be used in combina-
tion with other therapies as an auxiliary method,  such as
PDE5i and stem cells to maximise the therapeutic effects.

CONCLUSION

Based on this analysis results, Li-ESWT is a promising treat-
ment to improve erectile dysfunction significantly in patients
with  mild  or  moderate  severity  ED.  Nevertheless,  setup
parameters, period of treatment, and type of patients are
also very important for the efficacy of Li-ESWT in the treat-
ment.  Therefore, further controlled studies are needed to
determine which therapeutic options are the most beneficial.
However, the specific molecular mechanism(s) of this treat-
ment are unknown. Further studies are also needed to better
understand  the  specific  mechanisms  involved  in  Li-ESWT
effects  on  ED.
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