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Background: Low-intensity extracorporeal shock wave therapy (Li-ESWT) is an effective therapy for
erectile dysfunction (ED) but is not widely recognized and applied. This prospective nonrandomized study
aimed to investigate the efficacy and safety of Li-ESWT.
Methods: After a 4-week washout period of past ED treatment, patients entered one of 2 active treatment
groups, either 9-week Li-ESWT or 100 mg on-demand sildenafil. Patients were evaluated in the first- and
third-month following initiation of treatment. The Li-ESWT protocol comprised 2 sessions per week for
3 weeks, which were repeated after a 3-week interval. Patients in the drug group took self-administered
sildenafil at a dose of 100 mg before intercourse. The primary outcome was the effectiveness of Li-ESWT
measured by the International Index of Erectile Function-5 (IIEF-5) scores. Other measurements included
erection hardness score (EHS) and Self-Esteem And Relationship (SEAR).
Results: A total of 78 participants completed the study (46 in the Li-ESWT group and 32 in the sildenafil
group). Overall, 26.9% of the participants (21/78) included were psychogenic. In the third month, the
outcome measured by IIEF-5 was 21.52 in the Li-ESWT group and 21.26 in the sildenafil group (P>0.05).
Proportion of improvement defined by minimal clinically important difference (MCID) criteria was 52.2%
in the Li-ESWT group and 59.4% in the sildenafil group (P>0.05). The EHS and SEAR improvement
was similar in the 2 groups (P>0.05 at baseline and third month). Transient and mild adverse events were
observed in both groups.
Conclusions: In our study, a similar treatment efficacy and safety was shown by the application of LiESWT as on demand sildenafil.
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Introduction
Erectile dysfunction (ED) can be conceptualized as an
impairment in the sexual response's arousal phase and is
defined as the consistent inability to attain and/or maintain
penile erection sufficient for sexual satisfaction, including
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satisfactory sexual performance (1,2). It is a major male
sexual disorder affecting 52% of men aged 40–70 years,
which is predicted to be a population of 322 million by
2025 worldwide. It is a multifactorial disease that influences
the mental health and self-esteem of those affected and the
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satisfaction of sexual intercourse and quality of life for the
couple.
Phosphodiesterase type 5 inhibitor (PDE5i) is
considered a safe and effective therapy for ED, and works
by relaxing smooth muscle cells and filling penile corpora
cavernosa (3). However, the medication needs to be
taken on-demand before sexual activity, which may be
burdensome and inhibit sexual activity’s spontaneity. Also,
the medication needs to be taken long-term to maintain
sufficient erectile function. Furthermore, for various
reasons, 35% of patients may not respond to PDE5i (4).
Recently, low-intensity extracorporeal shockwave therapy
(Li-ESWT), which was originally applied to ischemic heart
disease, was introduced as a treatment for the penis (5).
Erectile function is altered by Li-ESWT mainly through
local neovascularization with multiple potential mechanisms,
reversing pathologic processes in erectile tissue such as
re-innervation, and reducing inflammation and oxidative
stress (6). Several studies have shown the efficacy and
safety of Li-ESWT for ED in both animal models (7,8)
and clinical trials (4,5,8-18). Systematic reviews have also
revealed that Li-ESWT could improve ED measured
by both patient self-reports and instrument monitored
outcomes (17,19).
The efficacy and safety of PDE5i have been validated
as a treatment for ED; Li-ESWT is also effective in
treating ED, but has not yet been widely recognized. To
our knowledge, there has been no comparative analysis of
these 2 treatments using validated instruments. Herein,
we designed a prospective nonrandomized interventional
study to compare the efficacy and safety of on-demand 100
mg oral sildenafil and Li-ESWT therapy for ED patients.
We present the following article in accordance with the
TREND reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1069).
Methods
We performed a prospective, nonrandomized, interventional
study of 110 men who underwent initial screening,
including medical history and physical examinations. One
hundred men met the inclusion criteria; 60 patients chose
Li-ESWT, and the other 40 chose sildenafil treatment. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Ethics Committee of the Peking Union Medical
College Hospital (#S-K696) and informed consent was
taken from all the patients.
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Enrollment inclusion and exclusion criteria
Patients ≥18 years of age, in a stable relationship, who
reported ≥ a 3-month history of ED and complained of
insufficient erection to finish sexual intercourse were
included. The diagnosis was made according to sexual and
medical history, clinical examination, laboratory test results,
and psychological evaluation. Patients were excluded on
the grounds of anatomical abnormality, unstable medical
(including clinically significant hepatobiliary or renal
disease, and unstable cardiovascular disease) or psychiatric
condition, a previous history of a neurological pathology,
radical pelvic surgery, irradiations, or hormonal therapy, as
well as ED caused by other sexual or endocrine disorders
such as premature ejaculation or hypogonadism.
Participants of diverse pathogeneses were enrolled,
including psychogenic, organic, and mixed ED, which
was diagnosed with a medical history and psychological
evaluation. Patients with positive findings, including
diabetes, cardiovascular comorbidities, and negative
nocturnal and morning erections, were diagnosed as
organic or vascular pathogenesis. Men who had significant
psychological evaluation changes with the presence
of nocturnal or morning erections were diagnosed as
psychogenic. Those who had both psychogenic and organic
manifestations were diagnosed as mixed ED (20).
Evaluation instruments
At baseline, written informed consent and demographic
data were provided by each participant. The study began
with a screening period including assessment of erectile and
sexual function, which was determined by several validated
questionnaires widely used in clinical trials and clinical
practice: International Index of Erectile Function-5 (IIEF-5)
score, erection hardness score (EHS), and the impact of ED,
which was determined using Self-Esteem And Relationship
(SEAR) questionnaires consisting of Confidence Domain
and Relationship Domain (17). The IIEF-5 score was
intended for medical therapy evaluation. An EHS score
of ≥3 was defined as treatment success. The SEAR
questionnaire was developed to indicate the negative effects
of ED on the psychological condition and positive effects
of successful treatment. Other indexes and parameters were
obtained on admission, including patient demographics and
other routine screening related to severe medical conditions.
Participants also underwent clinical psychological assessment
for anxiety and depression and nocturnal penile tumescence
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Figure 1 Study and treatment flow chart. IIEF-5, International Index of Erectile Function-5; EHS, Erectile Hardness Score; SEAR, SelfEsteem and Relationship Questionnaire; Li-ESWT, low-intensity extracorporeal shock wave therapy.

testing for 2 consecutive nights.
Interventions
After a 4-week washout period of past treatment and
detailed explanation, participants entered one of 2 active
treatment groups, either 9-week Li-ESWT or 100 mg
on-demand sildenafil therapy. The Li-ESWT protocol
comprised of 2 sessions per week for 3 weeks, which were
repeated after a 3-week interval, using Omnispec ED1000
(Medispec Ltd., Yehud, Israel) to produce low-intensity
shockwaves (5). Li-ESWT was applied to each treatment
session for 3 min at 5 different penile anatomical sites
(3 locations on the penile shaft and 2 on the penile crura).
Each Li-ESWT comprised 300 shocks per treatment point
at an energy density of 0.09 mJ/mm2 and a frequency of
120/min. Participants in the Li-ESWT group were not
permitted to take sildenafil or other kind of PDE5i pills
for the trial duration. Participants in the drug treatment
group self-administered sildenafil on-demand at a dose of
100 mg 1 hour before each event of intercourse. The IIEF5, EHS, and SEAR were assessed at the first and third
months following the initiation of treatment (Figure 1). Side
effect profile was assessed at every visit during the treatment
period. The primary outcome was effectiveness as measured
by IIEF-5 (21), with other measurements, including the
EHS and SEAR. The number of adverse events assessed
therapeutic safety. Participants of both groups were
encouraged to engage in intercourse with their respective
partners.
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Statistical analysis
This study was a non-inferiority trial with the following
null-hypothesis: Li-ESWT is non-inferior to sildenafil
in terms of IIEF-5 score after 3-month of treatment. In
a previous study, the mean IIEF-5 score after 3-month of
treatment with sildenafil was 15.54±2.27 (22). Therefore,
for our sample size calculation, we set the non-inferiority
margin of the difference between the 2 treatment groups
to 1.5 (10% of the mean IIEF-5 score after 3-month of
sildenafil treatment), and the standard deviation of 2.27.
The ratio of participant numbers in the Li-ESWT and
sildenafil groups were set at 2:1. Based on a two-group t-test
of equivalence in means, using a one-sided significance
level of 2.5%, and a type II error of 20% (80% power), this
yielded a sample size of 81 patients (54 in the Li-ESWT
group and 27 in the sildenafil group). To account for the
estimated 10% of patients lost to follow-up or dropouts, at
least 90 patients were required. Chi-Squared (χ2) (or Fisher’s
exact) tests and independent sample t-tests were used to
examine the distribution of key baseline characteristics
for categorical and continuous variables, as well as to test
the differences in dichotomous and continuous health
parameters between both groups. Descriptive statistics
for the duration of disease in both groups were shown as
median along with the 25th (P25) and 75th percentile (P75)
because of skewed distribution, and the Mann-Whitney U test
was used to compare the differences in median levels for the
duration of disease between both groups. To determine the
effect of the intervention on health parameters at the first- and
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Figure 2 Screening, randomization. and follow-up flow chart. Li-ESWT, low-intensity extracorporeal shock wave therapy.

third-month following commencement of treatment, the
estimated marginal mean in individuals of the 2 intervention
groups was calculated using the SPSS general linear model
(GLM) program (IBM, Armonk, NY, USA) adjusted for
age, educational level, marriage status, and their baseline
levels. A two-sided P value <0.05 was considered statistically
significant. All data were analyzed using the statistical
software SPSS version 20 (IBM Corp., Armonk, NY, USA).
Results
The first participant entered the study in April 2019, and
the last completed in July 2019. Of 110 patients screened,
100 were enrolled (Figure 2). A total of 78 patients
completed the study: the Li-ESWT group had 14 dropouts,
and the sildenafil treatment group had 8 dropouts. The
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study was quit by 22 of 100 participants due to various
reasons: unable to adhere to the treatment schedule (7/100,
7%), unable to have consistent regular sexual intercourse
with their partner due to separation or break-up (6/100,
6%), and other reasons (9/100, 9%). These participants
were not included in the data analysis. The included
participants strictly followed the Li-ESWT protocol or
reported sildenafil dosage during the trial. For 32 patients
in the sildenafil group, the median dosage was 3.3 pills
(100 mg sildenafil/pill) per week (1–6 pills) during the first
month before the first follow-up, and 3.2 pills per week
(1–6 pills) during the 2 months before the second followup. These patients’ demographic profile was representative
of the general population seen by urologists (Table 1).
Treatment group demographics were similar at the baseline
(P>0.05).
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Table 1 Baseline characteristics of participants in two treatment group
Li-ESWT (n=46)

Characteristics
n

Sildenafil (n=32)
%

Age [years, mean (SD)]

n

P value

%

33.4 (6.2)

30.7 (4.2)

<0.01

Body mass index [kg/m , mean (SD)]

24.3 (4.0)

26.0 (6.0)

>0.05

Duration of disease [months, median
(P25-P75)]

24.0 (12.0–36.0)

15.0 (6.0–24.0)

>0.05

2

Severity

>0.05

Mild to moderate

23

50

19

59.4

Moderate to severe

23

50

13

40.6

Elevated TC or TG

0

0.0

2

6.2

>0.05

Diabetes

2

4.3

1

3.1

>0.05

ED etiology

>0.05

Psychogenic

12

26.1

9

28.1

Organic

17

37

11

34.3

Mixed

17

37

12

37.5

Erectile function parameters
EHS

1.96±0.73

2.00±0.88

>0.05

IIEF-5

14.09±3.75

13.00±4.20

>0.05

SEAR

35.89±9.48

36.25±12.08

>0.05

ED, erectile dysfunction; Li-ESWT, Low-intensity extracorporeal shock wave therapy; TC, total cholesterol; TG, triglyceride; IIEF-5,
International Index of Erectile Function-5; EHS, Erectile Hardness Score; SEAR, Self-Esteem and Relationship Questionnaire.

Primary endpoint
At baseline, the IIEF-5 score was equal in both groups
(14.09±3.75 in the Li-ESWT group and 13.0±4.20 in the
sildenafil group, adjusted for age). The mean (SD) score
in IIEF-5 for Li-ESWT and sildenafil was 19.0±5.75 and
24.5±4.3 at first month follow-up (P<0.01), and 20.52±5.92
and 20.59±6.40 at third month follow-up (P>0.05).
Improvement of the IIEF-5 score was higher in the first
month follow-up in the sildenafil group, with no statistically
significant difference at the third month follow-up. The
EHS and SEAR were similar to IIEF-5, which was equal at
baseline, higher in the sildenafil group in the first month,
but equal again in the third month (Table 2).
Secondary endpoints
Improvements were reported in 69.6% (32/46) of patients
measured by IIEF-5 and 67.4% (31/46) by EHS and SEAR
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at the first month follow-up in the Li-ESWT group, and
96.8% (31/32) in the sildenafil group measured by IIEF5, 84.3% (27/32) by EHS and 90.6% (29/32) by SEAR
(Table 2). At third month follow-up, the response ratio was
higher than in the first month, with 78.3% (36/46) in EHS,
80.4% (37/46) in IIEF-5, and 71.7% (33/46) in SEAR in the
Li-ESWT group. Surprisingly, the response ratio was lower
in the third month than the first month, with 81.3% (26/32)
in IIEF-5, 78.1% (25/32) in EHS, and 62.5% (20/32) in
SEAR in the sildenafil group.
According to minimal clinically important difference
(MCID) criteria, a 7-score improvement of severe patients
and 5-score improvement of mild and moderate patients
were recorded as positive results. In the third month, 24
participants (52.2%) in the Li-ESWT group and 19 (59.4%)
in the sildenafil group reported positive results (P>0.05). In
the third month, the ratio of patients who achieved clinical
cure defined by IIEF-5 >26 was 21.9% in the sildenafil and
15.2% in the Li-ESWT group (κ2 =0.57, P>0.05).
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Table 2 The age-adjusted means of health parameters at the first- and third-month follow-ups after treatment by adjustment*
Health parameters

Li-ESWT (n=46), mean (95% CI)

Sildenafil (n=32), mean (95% CI)

F

P

2.62 (2.36–2.88)

3.37 (3.09–3.66)

16.35

<0.01

IIEF-5

19.03 (16.77–21.29)

24.31 (21.82–26.80)

10.71

<0.01

SEAR

44.31 (39.62–48.99)

54.14 (48.99–59.29)

8.67

<0.01

3.04 (2.77–3.31)

3.29 (2.99–3.58)

0.75

>0.05

IIEF-5

21.52 (18.90–24.14)

21.26 (18.38–24.14)

0.02

>0.05

SEAR

48.36 (42.75–53.96)

47.94 (41.77–54.11)

0.01

>0.05

First month
EHS

Third month
EHS

*, means were adjusted for age by GLM model. Li-ESWT, low-intensity extracorporeal shock wave therapy; CI, confidence interval; IIEF-5,
International Index of Erectile Function-5; EHS, Erectile Hardness Score; SEAR, Self-Esteem and Relationship Questionnaire.

Table 3 Adverse events in the 2 groups
Adverse event

Li-ESWT

Sildenafil

n

%

n

%

Flush

3

9.4

0

Headache and dizziness

1

3.1

1

2.2

Dyspepsia

1

3.1

1

2.2

Penile local pain

0

1

2.2

Others

0

0

Li-ESWT, low-intensity extracorporeal shock wave therapy.

Safety
All enrolled participants were included in the safety
evaluation. There was no participant discontinuation due
to adverse events. The most common treatment-emergent
adverse events in the sildenafil group were flushing,
headache and dizziness, and dyspepsia (Table 3). The most
common treatment-emergent adverse events in the LiESWT group were headache and dizziness, dyspepsia, and
local penile pain.
Discussion
According to our study and analysis, Li-ESWT showed
similar efficacy for general ED patients as sildenafil, with
minor safety concerns.
Oral therapy of on-demand sildenafil is effective in the
treatment of ED of diverse pathological origins and with
various comorbidities (20). In recent studies, attempts have
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been made to establish the safety and efficacy of Li-ESWT
in ED (4,5,8-18). More evidence is needed to support the
use of Li-ESWT for ED in clinical practice (23). In this
study, we have directly compared these 2 therapies for ED
treatment.
We observed that Li-ESWT showed a similar treatment
outcome to sildenafil as measured by IIEF-5 and other
instruments in general ED patients. At the third month
follow-up, similar outcomes were observed in both groups
as measured by IIEF-5, EHS, and SEAR after commencing
treatment. At first month follow-up, parameters were higher
in the sildenafil group, indicating immediate improvement
after medication. A longer duration may be required by LiESWT to show its efficacy, which, on the other hand, was
sustained over a longer period. Besides, patients were still
undergoing the second 3-week Li-ESWT therapy at the
first month follow-up assessment, and theoretical benefit
from Li-ESWT might not have been achieved by then.
The improvement proportion of patients defined by MCID
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criteria showed similar treatment effects. The improvement
proportion of SEAR and EHS also had no statistically
significant difference in both groups.
The improvements of IIEF-5 and EHS measurements
indicated both therapies were effective for improving
erectile function. Elevation of the SEAR score also indicated
that regular and voluntary treatment could improve the
psychological condition, especially regarding SEAR with
partner.
More time was required for Li-ESWT to achieve its
therapeutic effect. In secondary endpoints, we observed
continuous improvements in the Li-ESWT group at
third-month follow-up compared with the first month,
which was especially reflected by the SEAR score. Rather
than taking pills just before sexual intercourse, Li-ESWT
provided a new treatment pattern that was more stable
and proactive, helping participants to reestablish their
confidence. This novel therapeutic method has fulfilled part
of ED patients’ unmet need, including those who could not
take oral medication due to clinical concerns or subjective
rejection (24).
Our results indicated that Li-ESWT was another
alternative to PDE5i for ED patients. Compared to
sildenafil, Li-ESWT has shown more potential to achieve a
long-term therapeutic effect due to its addressing underlying
neovascularization mechanisms (25), which is advantageous
to this novel therapy. Sildenafil is dose-dependent, and
clinical dose adjustments depend on the condition of each
individual. The maximum dose of sildenafil was used in our
study to achieve a significant therapeutic effect.
We included ED patients of organic, psychogenic, and
mixed origins, general ED patients treated with sildenafil.
Improvement of erectile hardness could also significantly
elevate confidence during sexual intercourse (26). Thus,
it is reasonable to expect Li-ESWT also to be effective
for psychogenic ED (27). This study showed that organic,
psychogenic, and mixed origin participants all improved in
IIEF-5 and EHS with statistical significance. Improvements
in the SEAR score further substantiated this evidence.
Both therapies were shown to be safe for participants
included in this study. None of them quit the study due
to adverse events, despite various adverse events observed
in both groups. In the sildenafil group, 9.4% of patients
experienced transient flush at least once. Headache,
dizziness, and dyspepsia were also observed in both the
sildenafil group and the Li-ESWT group. One participant
in the Li-ESWT group reported transient penile local pain.
This prospective nonrandomized interventional

comparison study recapitulated clinical practice compared
with a perfectly designed placebo-controlled trial. Sildenafil
is a well-known therapy in clinical practice, while LiESWT treatment is novel. All patients included in the study
received free guidance and regular visits, which elevated the
participant compliance.
However, participants’ treatment outcomes were
multifactorial and determined by more than therapy. Other
factors such as severity and duration of ED, comorbidities,
lifestyle, and relationship influenced the compliance and
the outcome of treatment. Successful sexual intercourse is
a collaborative act between partners. Also, patients’ heavy
work may contribute to an unhealthy lifestyle, which
consequently results in unsuccessful or unsustainable
erections.
Our study had several limitations. First, our study
was single centered, with most patients from 1 hospital,
which might have introduced a participant selection. The
participants in our study were relatively young (mean
age 33.4 in Li-ESWT and 30.7 in sildenafil). They were
more likely to be affected by honeymoon impotence,
and may not have accurately represented a general ED
population; the enrolled participants were more likely to
quit ED treatment. Second, the number of participants
was not large enough for subgroup comparison concerning
psychogenic, vascular, and mixed causes. The participants
experiencing ED from different causative factors might
have had different responses and improvements to each
therapy. Finally, the participants elected to enter either
the Li-ESWT or sildenafil group after receiving a detailed
explanation of both therapies. As a result of this nonrandomization, participants were older overall in the LiESWT group. Analyses were performed after adjusting for
age using the GLM model. Besides, baseline characteristics
suggested no significant difference between the 2 groups
of patients. However, our study investigated Li-ESWT
in a Chinese population with large enrolments using
validated questionnaires. And the prospective design helped
eliminate information collection bias. We also performed
comprehensive evaluation of the enrolled participants,
which provided a more detailed description of patients’
baseline situation.
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Conclusions
Our study showed that Li-ESWT had similar efficacy as
on-demand sildenafil for general ED patients, as measured
by validated instruments. Therefore, Li-ESWT provides
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another option for patients experiencing ED. However,
future studies are needed to explore modifications for
therapeutic schemes and the improvement of parameters.
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