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Variations in Low Intensity Shockwave Treatment
Protocols for Erectile Dysfunction: A Review of the
Literature and Guide to Offering Treatment
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Low-intensity shockwave therapy (LiSWT) for erectile dysfunction (ED) continues to gain popularity in both clinical practice
and the academic literature. The majority of trials and meta-analysis studies have shown LiSWT to be low risk with a trend
toward positive improvements in International Index of Erectile Function (IlEF) scores. However, there is still debate over the
clinical utility of LISWT and there is no agreed upon optimal treatment protocol. In this review article we summarize pub-
lished meta-analysis studies of LiSWT for ED, and review the treatment protocols from randomized sham-control trials pub-
lished in the last 10 years. We found the most common device settings were an energy of 0.09 m)/mm’ and a frequency of 5
Hz. Shock number and location varied, but the most common protocol was 1,500 shocks per session, with 900 shocks to the
penis (shaft, base, or hilum) and 600 shocks to the proximal corpora/crura. Protocols ranged from 4 to 12 treatment sessions.
We also describe our institutional experience with LiSWT, including patient counseling and treatment protocol.

Keywords: Erectile dysfunction; Hypertension; Phosphodiesterase inhibitors; Sexual dysfunction, physiological

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Erectile dysfunction (ED) is a common urologic com-
plaint. Prevalence ranges from 10% to 78% in healthy
individuals, with age and patient comorbidities increas-
ing the likelihood of the condition [1]. Men’s health
providers are expected to be up to date with treatment
options and management strategies, including risks,
benefits, costs, and efficacy of each option. Phosphodi-
esterase 5 inhibitors (PDE51) continue to be the main
stay of ED treatment, and are now more cost effective
due to generic formulations and cost-saving pharmacy

programs [2]. Still, PDE5i and other non-surgical ED
treatments such as intracavernosal injections (ICI), in-
traurethral suppositories, or vacuum erection devices
(VED) focus only on symptom management. Historical-
ly “restorative therapies” have been less well studied,
although data is evolving for treatments such as stem
cell therapy, platelet rich plasma, and low-intensity
shockwave therapy (LiSWT). The Sexual Medicine of
North America (SMSNA) has been guarded in their
view of these therapies, citing a paucity of data in a
2021 position statement. However, this document spe-
cifically notes that LiSWT is an established and safe
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intervention, with the “cumulative results of the trials
suggesting a promising degree of efficacy” [3].

LiSWT was introduced into the Men’s Health arena
in 2010 when Vardi et al [4] published their first series
treating patients with ED. Since that time there has
been a growing body of evidence regarding ED and
LiSWT, but there is still debate over the clinical utility
of LiSWT and no agreed upon optimal treatment pro-
tocol. In this article we summarize meta-analysis stud-
ies, report treatment protocols from published random-
ized sham-controlled trials, and review the treatment
pathway at our institution.

MAIN BODY

1. Background

Shockwave therapy is a clinical intervention which
uses sound waves to generate and transmit a positive
pressure force onto a treatment area. In the urologic
literature, shockwave was first used in the treatment
of nephrolithiasis, but has now emerged as a popular
treatment for other conditions in urology and other
medical specialties [4,5]. A shockwave is produced when
a wave moves through a surrounding material faster
than the spend of sound [6]. Shock waves are created
using one of three types of generators: piezoelectric,
electromagnetic, or electrohydraulic. Briefly, piezoelec-
tric devices generate a current across piezo crystals,
causing them to rapidly expand and contract. This leads
to a pressure pulse that is transmitted through water
to create a shock wave. Electromagnetic generators use
two conflicting magnetic fields to create a wave and an
acoustic lens to focus the resulting shockwave. Finally,
electrohydraulic devices use a high voltage across a ca-
pacitor to create a gas bubble. This propagates through
the surrounding water and leads to a shockwave that is
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focused using an acoustic lens [5-8].

The exact shockwave properties are variable depend-
ing on the source, but the overall result is a wave that
has a sharp onset of peak pressure. There is then a
slow decline in the wave amplitude, and a period of
negative pressure before the next wave begins (Fig. 1)
[6]. The cavitation bubble produced by the wave, along
with mechanical stress from the wave itself, transmits
force onto the treated tissue [9]. For the purposes of ED
treatment, this force is applied to the distal and proxi-
mal corpora. Although the exact mechanism of action
for ED treatment is not known, it is thought that
shockwaves cause sheer stress on the corporal endothe-
lium, possibly leading to neo-angiogenesis, vasodilation,
and recruitment of stems cells [7].

This article will focus on LiSWT for ED only, with
specific attention to the varying treatment protocols
used in the literature. We have excluded other uro-
logic uses for LiSWT such as penile pain or Peyronie’s
disease from this article. Furthermore we will report
on LiSWT, and not radial wave therapy, as the type of
waves differ and the evidence regarding radial wave
therapy is less promising [6,10].

2. Summary of evidence

There are undoubtedly differences in opinion about
the utility of LiSWT for ED [3]. However, over the
last several years there has been growing evidence on
the safety and efficacy of the treatment, resulting in
LiSWT being mentioned in the American and Europe-
an urology guidelines. The 2021 update on Male Sexual
Dysfunction from the European Association of Urology
(EAU) suggests that LiSWT is a potential treatment
options for patients with vasculogenic ED. Caveats in-
clude a thorough discussion about the efficacy of the
treatment, which is still being established [11]. The 2018

Fig. 1. An idealized pressure versus time
plot of a shockwave. Reproduced from
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the article of Katz et al (Sex Med Rev.
2020;8:100-5) [6] with original copyright
holder’s permission.
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American Urological Association (AUA) guidelines
on ED take a different approach, stating that LiSWT
should only be offered under an experimental context,
citing limited efficacy evidence [12]. However, given the
preponderance of studies on LiSWT published since
the guideline was created, it will be interesting to see
if these guidelines change with the next update, as
clinical practice patterns of many urologist and men’s
health professionals have adapted since its publication.

Critics of LiSWT for ED have pointed to the diffi-
culty in summarizing the data in the field. Most ran-
domized control trials (RCTs) have different protocols,
patient populations, sham mechanisms, outcome defini-
tions/measurements, and follow up. In an attempt to
answer questions about the utility of LiSWT for ED
there have been a large number of RCTs published
in the last 10 years, as well as approximately 10 meta-
analysis studies in about the last 7 years [13-22].

One of the first prominent meta-analysis studies was
published in 2017, evaluating 14 studies from 2005 to
2015. Interpretation of the data was limited due to vari-
able treatment protocols. 3 studies reported International
Index of Erectile Function (IIEF) outcomes 3 months af-
ter treatment, and found that the IIEF scores increased
significantly with LiSWT (mean difference: 2.71, 95%
confidence interval [CI}: 1.51-3.91; p<0.0001), however the
two studies that evaluated IIEF outcomes at 1 month
did not show significantly increased IIEF scores [13].

A 2019 study focused on 7 RCTs that specifically
looked at LiSWT for ED. They found that 1 month af-
ter treatment the mean difference in IIEF scores from
baseline was significantly higher in the LiSWT group
compared to the sham group 4.23 (p=0.012) [15]. Simi-
larly, a 2019 meta-analysis of 10 sham controlled RCTs
specifically for ED also revealed a 3.97 improvement
in IIEF scores (95% CI: 2.09-5.84; p<0.0001), with an
improved objective measure of peak systolic velocity on
penile Doppler ultrasound [17].

Specific patient populations have been evaluated via
a meta-analysis approach, with a 2022 study reporting
on the effects of LiSWT on ED for post-prostatectomy
patients. The meta-analysis showed that in the 4
studies reporting IIEF scores at 3 months, there was
a weighted mean difference of 2.04 (95% CIL. —3.72 to
—0.35; p=0.02) favoring the treatment group [20].

The most recent meta-analysis was published in 2022
by Yao et al [19]. This meta-analysis encompassed 16
RCTs, of which 8 reported IIEF scores at 3 months. The
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mean difference in IIEF scores was 3.2 (95% CI: 2.49,
3.92; p<0.00001) favoring the treatment arm over the
placebo arm.

There has even been a review published recently
that attempts to summarize the large number of meta-
analysis studies. Again, the overall trend was toward
positive treatment effects on IIEF, erection hardness
score, and peak systolic velocity scores. However, de-
spite all of these positive trials, the data was limited
due to significant heterogenicity in patient popula-
tions, comorbidities, causes of ED, treatment protocols,
and assessment measures. For this reason, the paper by
Yuan et al [23] concluded that nearly all of the recent
meta-analysis and systematic reviews are of “critically
low” evidence quality, with only one study by Dong et
al [22] rated as “low quality” evidence.

3. Treatment protocols

Due to the low risk of treatment and the general
trend toward positive results, many providers have
started to offer LiISWT as an alternative ED treatment
for select patients. However, when offering LiSWT, one
of the biggest questions in delivering LiSWT is which
protocol to use. Given the lack of consensus of a “best”
treatment protocol, we reviewed the literature for ran-
domized, sham-controlled trials of LiSWT for ED pub-
lished in the last 10 years. Table 1 [24-37] -summarizes
the treatment protocols used, specifically distinguish-
ing device settings, shock number, treatment sessions,
and shock location (a practical variable not reported in
prior LiISWT reviews). We included studies regardless
of patient population, origin of ED, or concurrent medi-
cation use. Studies that did not report shock location
or have a randomized sham-control methodology were
excluded. In the studies reviewed, there was an overall
trend was toward positive treatment effects. The most
common settings were an energy of 0.09 mJ/mm” and a
frequency of 5 Hz. Shock number and location varied,
but the most common protocol was 1,500 shocks per
session, with 900 shocks to the penis (shaft, base, or hi-
lum) and 600 shocks to the proximal corpora/crura. The
number of sessions ranged from 4 to 12, with variable
time intervals between treatments.
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4. Our experience: patient, counseling,
patient selection, and treatment protocol

1) Patient counseling

We began offering LiSWT at our institution with
guarded optimism in 2022, and have had an overall pos-
itive experience with the treatment. Although the AUA
and SMSNA are reserved in their evaluation of LiSWT,
we believe that with appropriate counseling and selec-
tion patients can make an informed decision regarding
LiSWT therapy. We counsel patients that LiSWT is an
emerging treatment modality, and that although the
initial data is promising, there is a lack of quality evi-
dence regarding the efficacy and long-term durability
of treatment. We explain that appropriately selected
patients will likely see a clinically meaningful improve-
ment within about 3 months, but that only about 50%
of patients will maintain that benefit two years after
treatment [38]. Prior to initiating LiSWT, patients are
encouraged to undergo a trial of PDE5L For those with
a poor response or side effects we then counsel heavily
on other forms of established ED treatment (combina-
tion PDEBSi, ICI, VED etc.) prior to offering LiSWT.

2) Patient selection

Based on prior evidence and our clinical experi-
ence, we believe the ideal patient is a male with mild
or moderate vasculogenic ED, as defined by an erec-
tile function score of 5—-8 on a 10-point scale. A well-
selected patient does not have a history of diabetes, as
this condition has been shown to be associated with
less efficacious treatment outcomes [38]. We will treat
patients with a history of a radical prostatectomy, but
we counsel heavily that their response may not be as
robust, with prior studies showing an increase in IIEF
scores, but not necessarily meaningful sexual func-
tion improvement [24]. All patients are encouraged to
continue use of other ED therapies during their treat-
ment course. This does cause heterogenicity in our
initial treatment cohort, and although we are not able
to track results between patients, specific patient re-
ported erectile function scores are followed closely and
reviewed during the treatment course.

3) Treatment protocol

We currently offer a non-FDA approved treatment
for ED with an MTS electrohydraulic device (MTS).
Treatment is not covered by insurance. The out-of-
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pocket cost is $2,400 for a series of 6 treatments, which
is substantially less than the average cost of treatment
by other providers [39]. Our treatment protocol was
chosen after discussion with the device company and
review of prior literature. We ultimately developed a
protocol based on a series published by Goldstein et al
[40], in which significant improvements in objective
erectile parameters were seen in patients treated with
weekly sessions of 3,000-5,000 shocks compared to pa-
tients treated with 5,000 shocks treated every 3 weeks.
When patients sign up for treatment, we recommend
they undergo LiSWT for 6 consecutive weeks. Most
patients follow this treatment schedule, however pa-
tient preference and scheduling logistics occasionally
lead to treatments over a longer duration. Each session
consists of 3,000 shocks. The initial treatment is at an
energy of 012 mJ/mm” with a frequency of 35 Hz. Five
areas are treated during each session. We start with
500 shocks to the right penile base, with an additional
500 shocks the mid/distal right corpora. This is repeat-
ed on the left side. Treatment is concluded with 1,000
shocks to proximal corpora in the perinium. In subse-
quent sessions, the energy is increased by 0.01 J per
session, to a maximum energy of 0.16 J (or lower pend-
ing patient tolerability). Patients are closely followed
after completion of treatment to assess their response.

CONCLUSIONS

There 1s an evolving debate regarding the efficacy of
LiSWT for ED. The results of studies are variable, but
one thing that is consistent across the literature is the
minimal harm and lack of side effects of LiSWT [41]. As
long as patients are appropriately selected and counseled
regarding cost, benefits, and long-term efficacy, we be-
lLieve that LiSWT is a reasonable and ethical treatment
option with anecdotally high patient satisfaction.

The field could undoubtedly benefit from further
randomized, sham-controlled trials, with a focus on
specific patient subsets and long-term follow-up. Future
practice patterns will be guided by emerging evidence,
as well as updated guidance from the AUA and EAU.
It is possible that other restorative therapies may
emerge in the future, but at this time we do not think
there is enough evidence to support the increased
cost to patients [3]. LISWT is a low-risk therapy with
mounting positive evidence, and is in our opinion the
most promising, accessible, and cost effective “restor-
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ative” treatment commercially available to patients.
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