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KEY POINTS

� A growing body of data supports shock wave therapy as a safe and effective treatment modality for
erectile dysfunction (ED), particularly in men who are responders to phosphodiesterase-5 inhibitor
(PDE5i) therapy.

� There are important distinctions regarding energy source and transfer that must be carefully
considered when interpreting existing data and applying them to practice.

� Published studies on shock wave treatment for ED are limited by short follow-up durations, lack of
heterogeneity in patient selection, and variability in shock wave treatment protocol.
INTRODUCTION reported to have discontinuation rates of approxi-
Erectile dysfunction (ED) is defined as the consis-
tent or recurrent inability of a man to attain and/
or maintain a penile erection sufficient for sexual
activity and is a common condition worldwide.1

ED has been shown to be associated with a variety
of comorbidities that affect both patients’ physical
and mental health, including cardiovascular dis-
ease, anxiety, and depression.2 The prevalence
of ED is expected to increase throughout the
world, with some estimates predicting that 322
million men will be affected globally by 2025, a
111% increase from 1995.3 Although there are
many therapeutic options available for men with
ED, management has changed little since the
approval of phosphodiesterase-5 inhibitors
(PDE5i) in 1998.4 Approximately, 30% of men do
not respond to PDE5i therapy and many others
find that these medications cause undesirable
side effects.5 As a result, PDE5is have been
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mately 4% per month and almost 50% after
1 year.6 In the setting of PDE5i failure, the next
steps in management typically involve more inva-
sive therapy, including injections of erectogenic
medications and penile prosthesis. Therefore,
there is a clear need for new, noninvasive treat-
ment options for men with ED.

Energy-based therapies have been proposed as
a novel, nonsurgical, restorative treatment option
for ED. A variety of energy sources have been
used, most prominently shock waves. Shock
waves are a form of acoustic energy that can be
targeted and focused on highly specific anatomic
regions.7 Shock waves are known to have me-
chanically disruptive effects, impacts on tissue
regeneration, and anti-inflammatory properties.
These properties have made shock wave energy
of interest for several medical applications.8 Ex-
amples of use include the management of
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nephrolithiasis, in calcific coronary plaque modifi-
cation, and musculoskeletal regeneration.9–11

Shock wave therapy for use in ED typically uses
either low-intensity extracorporeal shock wave
therapy (Li-ESWT) or radial shock wave therapy.
Li-ESWT is similar to extracorporeal shock wave
therapy (ESWT) that is used in other medical appli-
cations, except that it works at a lower energy level
and the shock waves are spread over a larger focal
volume.12 Radial shock waves, however, are pres-
sure waves that use maximum pressures that are
approximately 100 times lower and pulse dura-
tions that are about 1000 times longer than Li-
ESWT.13,14 Fig. 1 demonstrates the differences
in the waveforms between Li-ESWT and radial
shock wave therapy. Because of differences be-
tween these types of shock waves, radial shock
wave therapy is classified as an FDA Class I device
and does not require medical supervision,
whereas Li-ESWT is a class II device, requiring
medical supervision. As there is little to no peer-
reviewed published literature regarding the effi-
cacy of radial shock waves in the treatment of
ED, this technology will not be considered in this
article.
The mechanism by which Li-ESWTmay improve

erectile function remains unclear but is thought to
stem at least in part from stimulation of mechano-
sensors throughout the endothelium in the penile
vasculature. This stimulation in turn induces neo-
angiogenic processes allowing for greater blood
flow throughout the corpus cavernosum.15 In addi-
tion to neoangiogenesis, rat models of ED have
shown that Li-ESWT may induce migration of pro-
genitor cells that can improve microcirculation and
contribute to nerve regeneration.16 Li-ESWT has
also been thought to contribute to the overall
decline in cell stress responses and inflammation
in penile tissue, which can further contribute to
increased blood flow and smooth muscle relaxa-
tion.15 In fact, Lue et al. used a rat model of pelvic
neurovascular injuries to demonstrate that Li-
ESWT can induce endogenous progenitor cell
recruitment and subsequent Schwann cell activa-
tion allowing for angiogenesis along with tissue
and nerve regeneration.17 Similar findings have
been demonstrated in many other animal models
of ED and there have been numerous proposed
specific cellular pathways implicated.18 This is of
particular interest as Li-ESWT for the management
of ED is generally regarded as safe, with few to no
reported adverse effects.19

Since Li-ESWT was introduced in 2010, there
have been numerous randomized controlled trials
(RCTs), as well as meta-analyses evaluating, and
in most cases supporting, the efficacy of Li-
ESWT.20–23 Despite this, multiple sexual health
organizations and guidelines remain restrictive in
their endorsement of this technology, recom-
mending use only in the setting of an institutional
review board (IRB)-approved clinical trial.24–26

Nevertheless, interest in this technology for ED re-
mains quite high.27,28 In this article, we critically
analyze the literature to determine which men are
most likely to benefit from Li-ESWT for ED and to
delineate data necessary to establish whether or
not Li-ESWT will be a new standard of care in ED
management.29 Most studies of Li-EWT have
been conducted on men with vasculogenic ED.
Moreover, few if any studies have evaluated the ef-
ficacy of Li-ESWT in men with ED related to radical
pelvic surgery, neurogenic ED, and diabetes.
LITERATURE REVIEW
Phosphodiesterase-5 Inhibitor Responders

Many RCTs investigating the use of Li-ESWT in ED
treatment have focused on efficacy in men who
are responders to PDE5i therapy. This is an impor-
tant group to study as it represents the majority of
patients with ED and Li-ESWT has the potential to
reduce or even eliminate reliance on medication.
This is of particular import for men with contraindi-
cations to PDE5i use, such as those taking nitrates
for angina, and those who have moderate to se-
vere side effects.30

The first peer-reviewed published investigation
of Li-ESWT for ED was a prospective cohort study
by Vardi and colleagues in 20 PDE5i responsive
men with vasculogenic ED with International Index
of Erectile Function Erectile Function Domain
(IIEF-EF) scores between 5 and 19 as well as
abnormal nocturnal penile tumescence parame-
ters. All participants underwent a 4-week PDE5i
washout period. The participants were adminis-
tered LI-ESWT to the penile shaft and crura at 5
different sites for 2 sessions a week for 3 weeks
with a total of 1500 shocks per treatment. This pro-
tocol was repeated after a 3-week period of no
treatment. This pilot study was quite successful,
with a significant increase in mean IIEF-EF scores
from 13.5� 4.1 to 20.9� 5.8 at 1-month follow-up.
Improvements in mean IIEF-EF score remained
unchanged at 6-month follow-up, with half of the
participants no longer requiring PDE5i therapy.20

These promising results led to further study by
this same group. In 2012, the first randomized,
double-blind, sham-controlled trial of Li-ESWT
was reported. In this study, 67 men with ED who
were PDE5i responders were randomized to
receive Li-ESWT therapy or sham therapy after a
4-week PDE5i washout period. The Li-ESWT
cohort received 2 treatment sessions per week
for 3 weeks, which were repeated after a 3-week



Fig. 1. Waveforms of true shockwaves (Li-ESWT) versus radial shockwaves.
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period of no treatment. The participants received
1500 shocks in each treatment session. The au-
thors measured erectile function before the first
treatment as well as 1 month after the final treat-
ment. Both cohorts had similar baseline measures
of erectile function with a mean IIEF-EF score of
11.5 � 0.86 and 12.6 � 0.75 in the sham and treat-
ment group, respectively. There was a significant
improvement in erectile function in the treatment
group at 1-month follow-up, with a mean IIEF-EF
increase of 6.7 � 0.9 versus 3.0 � 1.4 in the Li-
ESWT and placebo cohorts, respectively. Impor-
tantly, more than 40% of the men in the treatment
group were newly able to achieve erections hard
enough for penetration in the treatment group
compared with none in the placebo.31

Numerous subsequent studies on Li-ESWT for
ED have yielded similar results. In a recent meta-
analysis conducted by Sokolakis and colleagues,
6 of the 13 RCTSs on Li-ESWT for ED were
focused on men who were PDE5i responders
and all of these studies demonstrated a positive
effect of Li-ESWT on ED compared with pla-
cebo.22 These results are encouraging but sub-
stantial limitations remain to be addressed. The
follow-up durations in the RCTs that have been
conducted have been quite short, with 4 of the 6
RCTs focusing on PDE5i responders in the afore-
mentioned meta-analysis having follow-up dura-
tions of under 6 weeks.21 This is important as
studies evaluating the efficacy of Li-ESWT in
patients with even mild forms of ED have shown
that the benefits of treatment are not durable at
2 years in at least a quarter of patients.32 There-
fore, it is essential that additional RCTs with longer
follow-up durations be conducted to understand
how the extent to which patients may experience
durable benefit from this therapy.
Phosphodiesterase-5 Inhibitor Nonresponders

PDE5i nonresponders represent a unique group
that could significantly benefit from Li-ESWT.33

Men who fail PDE5i often must turn to more inva-
sive treatment options, including intracorporal in-
jections or surgery for placement of an inflatable
penile prosthesis. Unfortunately, studies reporting
the efficacy of Li-ESWT in PDE5i nonresponders
are scant and until recently have been limited to
prospective single-arm cohort studies. Both of
the most recent meta-analyses by Dong and col-
leagues and Sokolakis and colleagues included
only one RCT by Kitrey and colleagues that
focused on PDE5i nonresponders.21,22,34 Since
these two meta-analyses were published, a more
recent randomized, double-blind, sham-controlled
trial was conducted in 2020 in which 76 patients
with vascular ED who were nonresponders to
PDE5i therapy were assigned to either Li-ESWT
or a sham probe. The participants had a baseline
median IIEF-EF score of 12 (IQR 8–17) and 13
(IQR 8–17) in the treatment and placebo group,
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respectively, as well a median baseline Erection
Hardness Score (EHS) score of 2 (IQR 1–3) in
both groups. At the 3-month follow-up, the median
change in IIEF-EF from baseline in the Li-ESWT
and sham group was 3.5 (IQR 0–10) and �0.5
(IQR -11 to 1) respectively. At 6 months, 52.5%
of participants in the treatment group had an
EHS of greater than 2, which is consistent with
erections sufficient for penetration, compared
with 27.8% in the sham group.35 Overall, this study
showed how Li-ESWT can provide a modest
improvement in erectile function in specific groups
of patients who are nonresponders to PDE5i ther-
apy. Nevertheless, similar to the majority of RCTs
studying Li-ESWT in PDE5i responders, this study
was limited by its short follow-up duration of only
6 months. In addition, this study did not reach a
clinically significant endpoint which is defined as
the minimally clinically important difference in
IIEF-EF scores, which varies with a baseline level
of erectile function, and is defined as 2, 5, and 7
in those with mild, moderate, and severe ED,
respectively.36 In addition, other than the study
by Kitrey and colleagues described below, this is
the only sham-controlled RCT evaluating the use
of Li-ESWT in PDE5i nonresponders.30,34

Li-ESWT was shown to convert men from PDE5i
nonresponders to PDE5i responders in one sham-
controlled RCT. Kitrey and colleagues conducted
a prospective, randomized, double-blind pla-
cebo-controlled study in 58 patients with vasculo-
genic ED who stopped using PDE5i therapy
because of a lack of efficacy. Participants had a
median IIEF-EF score of 7 and 8 in the treatment
and placebo group, respectively, and all partici-
pants had an EHS of 2 or less with PDE5i therapy.
At 1-month follow-up, 54.1% of participants in the
treatment group were able to achieve an erection
hard enough for vaginal penetration with PDE5i
therapy compared with 0% in the placebo
group.34 A therapy that may allow men to become
PDE5i responders may of great utility as an alter-
native to proceeding to invasive treatments.
Although these results are intriguing, data from
longer duration studies with a large sample size
are necessary before Li-ESWT can be recommen-
ded to men who are PDE5i nonresponders.
Erectile Dysfunction in Diabetic Men

In 2019, Spivak and colleagues identified and
analyzed 5 double-blind, sham-controlled trials
that did not exclude men with diabetes. The study
extracted data on 109 men with diabetes who un-
derwent Li-ESWT. Of these, 61 men were PDE5i
responders and 48 were nonresponders. Li-
ESWT was effective in both groups of diabetic
patients, with a mean change in IIEF-EF scores be-
tween the treatment and placebo groups of 6.4
(1.6 � 3.4 vs 8.0 � 5.5), 4.8 (3.6 � 5.2 vs
8.4 � 5.0), and 5.4 (5.4 � 0.5 vs 5.9 � 5.1) at 1,
6, and 12 months after the last shock wave treat-
ments, respectively. Among PDE5i nonre-
sponders, 55% were responsive to PDE5i after
Li-ESWT corresponding to a change in mean
IIEF-EF at 1 month follow-up from �0.5 � 2.0 to
5.4 � 5.9 in the placebo and experimental group
in this cohort, respectively. As would be expected,
PDE5i responders had better outcomes than the
PDE5i nonresponders.37 Although this study
speaks to the efficacy of Li-ESWT in this popula-
tion, dedicated RCTs for diabetic men need to
be conducted to better determine the extent to
which this therapy may be beneficial in this popu-
lation. Furthermore, men should be further classi-
fied by the extent and control of their diabetes to
better elucidate which diabetic men may most
benefit from Li-ESWT.
Erectile Dysfunction in Men after Pelvic
Surgery

There are certain patient populations for whom Li-
ESWT trials have failed to find any efficacy. This
has held especially true in men who have under-
gone radical prostatectomy or radical cystopros-
tatectomy. Radical pelvic surgery was an
exclusion criterion for most RCT evaluating Li-
ESWT for ED. Baccaglini and colleagues led the
first RCT of Li-ESWT for ED related to nerve-
sparing radical prostatectomy. The study enrolled
92 men who were randomly assigned to either
receive a PDE5i or combination therapy with Li-
ESWT and PDE5i postoperatively following
removal of the transurethral catheter. All men
received 5 mg/d of tadalafil postoperatively and
the Li-ESWT cohort received one session of Li-
ESWT per week with 2400 shocks per session
for a total of 8 weeks. At 8-week follow-up, the
men in the combination therapy cohort were found
to have an improvement in median IIEF-EF score
compared with the PDE5i only cohort with a me-
dian IIEF-EF score of 12 (IQR 9.3–15.8) and 10.0
(IQR 7.0–11.0), respectively. However, despite
statistical significance, the study did not reach
the primary clinical endpoint defined as a�4-point
difference in mean IIEF-EF scores between the
arms.38 A similar study by Zewin and colleagues
evaluated the role of Li-ESWT for ED in male pa-
tients who underwent nerve-sparing cystoprosta-
tectomy. The study included 128 patients who
were randomized to Li-ESWT, PDE5i, or control
arm. All men had received surgery within 5 years
of the date the study was conducted. The
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participants in the Li-ESWT cohort received 12
sessions of Li-ESWT with a total of 1500 shocks
per treatment session. Patients in the Li-ESWT
and control arms did not use adjunctive PDE5i.
Potency recovery rates, defined as �5 point in-
crease in IIEF-EF score and/or erection sufficient
for vaginal penetration, at 9-month follow-up
were 76.2%, 79.1%, and 60.5% in the Li-ESWT,
PDE5i, and control arms, respectively. The re-
searchers did not find a statistically significant dif-
ference in erectile function between these groups
at any follow-up periods.39 Furthermore, potency
recovery rates in this study were likely higher
than other nerve-sparing cystectomy series
because of the young age of the patients
(53 � 6 years) and because all surgeries were car-
ried out by a single expert surgeon. Overall, exist-
ing data suggest that although Li-ESWT may be
safe in postpelvic surgery patients, it is unlikely
to be effective as a monotherapy.

Erectile Dysfunction in Men after Renal
Transplant

ED is prevalent in over half of sexually active male
renal transplant patients.40 ED in renal transplant
patients is often multifactorial, involving vascular,
neurogenic, and pharmacologic causes.
Table 1
Summary of the limitations of current RCTs evaluatin

Limitation

Professional urologic and sexual health
associations have advised restricting Li-
ESWT use in ED to clinical trials.

Most RCTs evaluating Li-ESWT in ED have
limited follow-up durations.

Many of the RCTs evaluating Li-ESWT in ED are
not adequately powered or are missing
power calculations altogether.

Treatment protocols that have been used in
the RCTs evaluating Li-ESWT in ED have not
been consistent.

There are certain patient populations in
which Li-ESWT in ED has not been shown to
be effective or there is limited data.
Furthermore, there is some concern that PDE5i
may alter serum levels of immunosuppressive
drugs.41 In the only sham-controlled RCT in this
population, Yamacake and colleagues recruited
20 patients with a minimum interval of 6 months
postrenal transplant who were equally randomized
among a Li-ESWT and placebo group. All partici-
pants were required to discontinue PDE5i use at
least a month before treatment and throughout
the study period. The Li-ESWT cohort received 2
treatment sessions per week for 3 weeks with a to-
tal of 2000 shocks per session. The 2 cohorts had
similar baseline IIEF-EF scores of 10.9 � 5.1 and
14.9 � 3.0 and the mean change in IIEF-EF scores
at 4 month follow-up were 6.3 and 1.6 for the Li-
ESWT and placebo cohorts, respectively.41

Although small, this study suggests that renal
transplant patients with ED may benefit from Li-
ESWT.

Optimal Low-Intensity Extracorporeal Shock
Wave Therapy Protocols

The studies that have evaluated the efficacy of Li-
ESWT in ED treatment have had significant hetero-
geneity in their treatment protocols. Unfortunately,
the number of trials investigating unique treatment
protocols has also been quite limited. The recent
g Li-ESWT in ED treatment

Description

Lack of unequivocal evidence and long-term
follow-up duration have led to skepticism
about the true efficacy of Li-ESWT in ED.

The most recent meta-analyses of RCTs report
follow-up durations between 1 mo and 1 y.

Prospective cohort studies that have been
conducted with lengthier follow-up
durations report diminished efficacy after
1 y.

Approximately, half of the RCTs included in
the most recent meta-analyses are missing
power calculations.

Limited sample sizes and lack of appropriate
power calculations lead to uncertainty of
the trial’s statistical accuracy.

RCTs have used varying treatment durations,
number of shocks, and types of shockwave
lithotripters.

This leads to ambiguity as to the most
efficacious protocol in ED treatment.

The RCTs that have been conducted on men
who have underwent pelvic surgery have
not shown Li-ESWT to be effective. Limited
data exist in diabetic men.
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meta-analysis by Sokolakis and colleagues identi-
fied only 3 RCTs that compared two different Li-
ESWT protocols.22 In one of these RCTs, Katz
and colleagues compared a protocol involving 5
daily sessions of 720 shocks to 6 daily sessions
of 600 shocks for a period of 2 weeks. Men who
were taking a PDE5i were assigned a 4-week
washout period before starting the study and
remained free of PDE5i use throughout the study.
Although both protocols involved a total of 3600
shocks throughout the course of the study, the first
protocol failed to show any difference in IIEF
scores at 6 months while the second protocol
showed a significant increase of 4.2 points in
mean IIEF scores.29 This indicated that the intense
daily application of shocks failed to produce the
same results as distributing fewer shocks over a
longer period. Kalyvianakis and colleagues also
led an RCT involving 42 PDE5i responders in
which they tried to compare the efficacy of Li-
ESWT in patients who received either 6 (Group
A) or 12 (Group B) treatment sessions within a 6-
week period. Men who were taking PDE5is under-
went a 4-week washout period and remained free
of PDE5i use throughout the study. All participants
received 5000 shocks per treatment session.
Furthermore, those who completed 6-month
follow-up were offered 6 additional sessions. The
researchers found that when examining the impact
of the total number of sessions received, 62%,
74%, and 83% of patients achieved an MCID in
IIEF-EF score compared with baseline after 6,
12, and 18 sessions, respectively.42 As a whole,
this study demonstrated that the total number of
Li-ESWT sessions has a significant impact on the
efficacy of treatment. It also demonstrated that
there may be a benefit in retreating patients at spe-
cific intervals. Although the current literature gives
us some understanding of how to optimize treat-
ment protocols, a larger number of RCTs and
meta-analyses comparing protocols must be con-
ducted. This will allow for less heterogeneity and
the identification of specific protocols that can
best benefit patients.
� Li-ESWT is a noninvasive restorative treat-
ment option for ED with minimal adverse
effects.

� Numerous small RCTs have demonstrated the
efficacy and safety of Li-ESWT for the man-
agement of ED.

� The bulk of data on Li-ESWT for ED has been
focused on short-term efficacy in PDE5i re-
sponders, a population in which there is evi-
dence for substantial efficacy.
SUMMARY

Numerous RCTs have demonstrated the efficacy
of Li-ESWT in ED treatment. Furthermore, the
safety of Li-ESWT has been well-established with
none of the RCTs included in recent meta-
analyses reporting any significant adverse ef-
fects.21,22 Both urologists and patients have also
expressed great interest in this novel therapy.27,43

Nevertheless, RCTs that have been conducted
have not used consistent treatment protocols
and additional studies are required to determine
which treatment protocols (in terms of number of
shocks, location of shocks, intervals between
treatment, and frequency of treatment sessions)
are optimal. It is conceivable that patient factors
may modulate treatment response and that there
may not be an optimal “one-size-fits-all”
approach.
Currently, most of the successful studies on Li-

ESWT in ED treatment have been onmen with vas-
culogenic ED, particularly those who are still
responsive to PDE5i. Li-ESWT appears to lack ef-
ficacy in men who have undergone pelvic surgery.
Other populations, including diabetic men and
men who have had a renal transplant, have been
incompletely evaluated as to the efficacy of Li-
ESWT for ED. Therefore, additional studies in care-
fully categorized populations are necessary to
properly evaluate what populations may best
benefit from Li-ESWT.
It is also crucial to assess the long-term efficacy

of Li-ESWT to determine how it may best be incor-
porated into ED treatment. The short follow-up
duration of most current RCTs, as well as the small
number of men recruited, creates a disadvantage
in determining who would best benefit from Li-
ESWT and how it can be optimally incorporated
into treatment plans.
Overall, despite the growing evidence of effi-

cacy, these limitations have led major urologic
and sexual health societies to restrict Li-ESWT
as an experimental treatment.24,26 Table 1 sum-
marizes the limitations of the RCTs evaluating the
use of Li-ESWT in ED treatment. Appropriately
powered RCTs with longer follow-up durations,
homogenous treatment protocols, and diverse pa-
tient populations are required to determine the role
of Li-ESWT in ED management. Until such data
become available, clinicians should use Li-ESWT
only in the context of appropriate patient coun-
seling and safety protocols.
CLINICS CARE POINTS



� There are few RCTs on the use of Li-ESWT for
ED treatment in PDE5i nonresponders and
nonvascular ED.

� Limitations in existing clinical trials of Li-
ESWT for ED include short follow-up dura-
tions, small sample sizes, and variability in
treatment protocols.

� Future studies to expand the prime-time use
of Li-ESWT in ED will need to focus on con-
ducting additional RCTs withmore diverse pa-
tient populations, longer follow-up
durations, and larger sample sizes.
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