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Abstract
Purpose Over the last decade, penile low-intensity extracorporeal shockwave therapy (LI-ESWT) has emerged as a promis-
ing alternative for the treatment of erectile dysfunction (ED). The aim of this trial is to assess the effect of electromagnetic 
LI-ESWT on the erectile function of vascular phosphodiesterase type 5 inhibitor (PDE5I) refractory ED patients.
Methods Randomized, double-blind, sham-controlled study. 76 patients with vascular PDE5I-refractory ED completed the 
study. 40 men were treated with LI-ESWT (1 session/week for 4 weeks, 5000 shocks/session, 0.09 mJ/mm2 energy density) 
and 36 were treated with a sham probe. Baseline and post-treatment (1, 3 and 6 months) evaluations were performed using 
validated erectile function questionnaires (IIEF-EF, EHS, SEP2, SEP3 and GAQ1). The groups were compared using Mann–
Whitney–Wilcoxon and chi-squared tests, with results considered statistically significant at p < 0.05.
Results At the 3-month follow-up, median change in IIEF-EF score for active and sham groups was 3.5 (IQR 0–10) and 
− 0.5 (IQR − 11 to 1), respectively (p < 0.05). Six months after treatment, 52.5% of patients (21/40) in the active group and 
27.8% of patients (10/36) in the sham group presented an EHS > 2 (p < 0.05). At the same evaluation, 40.0% (16/40) and 
13.9% (5/36) of patients had positive answers to GAQ-1, in the treated and sham groups, respectively (p < 0.05). No adverse 
events were observed during the study.
Conclusion This study showed that penile electromagnetic shockwave therapy may improve erectile function, to a modest 
extent, on certain patients that do not respond to PDE5I; making it an alternative for vascular ED patients that reject more 
invasive therapies.
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Introduction

Approximately 52% of men over 40 years old experience 
erectile dysfunction (ED) and the prevalence of ED increases 
with age [1]. Several treatments are available, including 
oral phosphodiesterase type 5 inhibitors (PDE5I), vacuum 
devices, intraurethral and topical alprostadil, intra-cavernous 
injection therapy and penile implants [2].

There is a large number of disorders known to contrib-
ute to the development of ED, including diabetes, hypo-
gonadism, metabolic syndrome, hypertension, ischemic 
heart disease, smoking, pelvic nerve injury, and local penile 
abnormalities [3]. The most prevalent ED causes can be 
attributed to vascular disorders, sharing multiple risk factors 
with cardiovascular disease (CVD). Endothelial dysfunction 
has been defined as one of the main components of both ED 
and CVD pathophysiology [4].

Traditional treatments carry risks of adverse events 
and complications, and most available treatments take the 
spontaneity out of sex [1]. Furthermore, these modalities 
are solely providing symptom relief and do not provide a 
permanent improvement by targeting underlying pathophysi-
ological events [3].

Over the last decade, penile low-intensity extracorporeal 
shockwave therapy (LI-ESWT) has emerged as a promis-
ing option for the treatment of ED [5]. Originally used to 
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treat other conditions like bone fractures, musculoskeletal 
disorders, CVD and chronic wounds; LI-ESWT already has 
been used in ED protocols all over the world [6]. The exact 
mechanism of action of LI-ESWT is still not completely elu-
cidated, but energy from the acoustic waves is hypothesized 
to activate cellular pathways that increase the expression of 
local growth factors, improving endothelial function, angio-
genesis and potentially regenerating nerve fibers [1, 7].

There has been a low number of sham-controlled ran-
domized trials, and only one of them has presented data 
regarding ED patients that do not respond to PDE5I therapy 
[3]. The current study aimed to assess the effect of LI-ESWT 
on vascular PDE5I-refractory ED patients in a sham-con-
trolled manner.

Materials and methods

This is a prospective, randomized, double-blind, sham con-
trolled study of 80 men with PDE5I-refractory ED. They 
were randomized on a 1:1 ratio to LI-ESWT (n = 40) or sham 
treatment (n = 40). All patients completed the study protocol 
in the active LI-ESWT group. There were 4 dropouts in the 
sham group. This study was reviewed and approved by the 
Institutional Ethics Review Board. Participants provided 
written informed consent before enrolling in the study.

Inclusion and exclusion criteria

All participants included in this study were recruited from 
the Andrology Clinic of a University Hospital. They pre-
sented a history of ED of more than 6 months not respond-
ing to PDE5I drugs. PDE5I non-responders were defined 
as patients with an inadequate erectile response after at 
least four attempts using the highest tolerated drug [8]. All 
patients were correctly treated with on-demand use of at 
least two of the following drugs: sildenafil 100 mg, tadalafil 
20 mg or vardenafil 20 mg.

At baseline all patients had an International Index of 
Erectile Function–Erectile Function domain (IIEF-EF) 
score < 26. Men were excluded from the study if they had 
any penile anatomical abnormality, an unstable medical 
condition, neurological/hormonal abnormalities, history 
of pelvic surgery/radiotherapy, current use of psychotropic 
drugs or a diagnosis of a specific ED etiology different to 
vascular ED.

Study protocol

At the first visit, patients were evaluated with IIEF-EF and 
Erection Hardness Score (EHS) questionnaires as well as 
the Questions 2 and 3 of the Sexual Encounter Profile (SEP2 
and SEP3). Patients who met study inclusion criteria were 

assigned in a 1:1 ratio (using a randomization software) to 
the active LI-ESWT group and the sham group. Each sub-
ject then began the 4-week treatment protocol. The protocol 
included 1 session per week for 4 weeks. The safety of the 
LI-ESWT was monitored throughout the study and adverse 
events were evaluated in each visit. Response to therapy was 
measured 1, 3 and 6 months after the last session using IIEF-
EF, EHS, SEP2, SEP3 and the Global Assessment Question 
(GAQ1). All patients stopped using ED drugs during study 
protocol and follow-up, with a wash-out period of 2 months. 
In each of the four LI-EWST sessions and three post-treat-
ment evaluations, patients were questioned about the use of 
ED drugs.

LI‑EWST specifications

Patients were treated with the  RENOVA® electromagnetic 
device (Direx Group, Wiesbaden, Germany) which produces 
linear low intensity shock waves (0.09 mJ/mm2 with a fre-
quency of 120 shock waves per minute). Each session com-
prised 5000 pulses using a specialized probe divided in 4 
foci: 900 shocks to each corpora cavernosa and 1600 shocks 
to each crus. No analgesia was needed. When treating the 
control group, the device probe was replaced with one that 
had the same shape, weight and sound, but did not generate 
shockwaves. Both patient and probe operator were blind to 
the procedure.

Outcome measures

The primary outcome measurement was the median change 
of IIEF-EF score from baseline. Secondary outcome 
measurements consisted of percentage of patients with an 
EHS > 2 (which indicates the penis is hard enough for pene-
tration) and with positive answers to SEP2, SEP3 and GAQ1 
questions. All of the erectile function (EF) questionnaires 
were applied at baseline and during the three post-treatment 
evaluations (1, 3 and 6 months after final session).

Statistical analysis

Quantitative parameters were presented as medians with 
interquartile range (IQR) and compared between the groups 
using Mann–Whitney–Wilcoxon test. The change of IIEF-
EF scores has been used by several authors to compare LI-
ESWT effects between active and sham treated patients [9, 
10]. Linear regression analysis was performed on IIEF-EF 
results. Qualitative parameters were shown as absolutes 
numbers and percentages. The groups were compared 
using the Chi-square test. Sample size was calculated to 
detect a change in IIEF-EF score of 4 points at 80% power. 
All results with p < 0.5 considered statistically significant. 
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 SPSS® software (IBM Statistics, Armonk, New York, USA) 
was used for analysis.

Results

In the active LI-ESWT and sham groups 40 and 36 patients, 
respectively, completed the study. Table 1 shows the base-
line parameters for both groups, with no statistically sig-
nificant differences between them. Subjects were, predomi-
nantly, middle-aged men with a high prevalence of multiple 
cardiovascular risk factors. Both active and sham groups 
were consisting of patients with largely moderate ED, with 
median IIEF-EF scores of 12 (IQR 8–17) and 13 (IQR 
8–17), respectively.

There were not significant differences in EF questionnaire 
scores between groups at the 1-month follow up evaluation 
(Table 2). The median change in IIEF-EF domain score was 
1 (IQR − 1 to 6) in the active group and 0 (IQR − 8 to 4) in 
the sham group (p = 0.066). No significant differences were 
observed between groups regarding the percentage of men 
with an EHS > 2 or the number of positive answers to SEP2, 
SEP3 and GAQ1 during the first month evaluation.

At the 3-month follow-up, there was a median change in 
IIEF-EF score of 3.5 (IQR 0–10) and − 0.5 (IQR − 11 to 1) 
in the active and sham groups, respectively (p = 0.004). Dif-
ferences between patients with EHS > 2 or positive answers 
to SEP2, SEP3 and GAQ1 were not significant at this spe-
cific time-point.

The percentage of subjects in the active group that 
described an EHS > 2 showed an increasing trend through 
the study (Fig. 1).

At the 6-month follow-up, the proportion of patients 
with EHS > 2 was 52.5% (21/40) in the LI-ESWT group 
and 27.8% (10/36) in the sham group (p = 0.028). Patients 
with positive answers to GAQ-1 were 16/40 (40.0%) and 
5/36 (13.9%) in the active and sham groups, respectively 
(p = 0.011). SEP2 and SEP3 positive answers did not present 
significant differences between groups in any of the follow-
up evaluations (Table 2).

Linear regression analyses adjusted for baseline param-
eters was performed on IIEF-EF changes. It showed that 
being in the active treatment group is predictive of a higher 

Table 1  Baseline characteristics of study population at randomization

ED Erectile dysfunction, BMI Body mass index, IIEF-EF Interna-
tional Index of Erectile function–erectile function domain, EHS Erec-
tion hardness score, SEP-2 Question 2 of the sexual encounter profile, 
SEP-3 Question 3 of the sexual encounter profile

Active Sham p-value

Number of patients 40 36
Median age [years] (IQR) 60 (54–66) 60 (53–65) 0.826
Median ED duration [years] 

(IQR)
3 (2–6) 4.5 (3–6) 0.099

Median BMI [kg/m2] (IQR) 27 (25–30) 28 (26–29.8) 0.313
Cardiovascular risk factors (%)
 Diabetes mellitus 12 (30.0%) 11 (30.6%) 1.000
 Ischemic heart disease 1 (12.5%) 4 (11.1%) 0.184
 Hypertension 23 (57.5%) 27 (75.0%) 0.491
 Dyslipedemia 14 (35.0%) 19 (52.8%) 0.165
 Median IIEF-EF score (IQR) 12 (8–17) 13 (8–17) 0.352
 Median EHS (IQR) 2 (1–3) 2 (1–3) 0.478
 Patients with positive SEP-2 

(%)
17 (42.5%) 19 (52.8%) 0.491

 Patients with positive SEP-3 
(%)

6 (15.0%) 8 (22.2%) 0.556

Table 2  Post-treatment erection function parameters

IIEF-EF International Index of Erectile Function–Erectile Func-
tion domain, EHS Erection hardness score, SEP-2 Question 2 of the 
Sexual Encounter Profile, SEP-3 Question 3 of the Sexual Encounter 
Profile
*p < 0.05

Active Sham p-value

Median IIEF-EF score (IQR)
 Baseline 12 (8–17) 13 (8–17) 0.352
 1 month 11 (8–20) 10 (6–19)
 Change 1 (− 1–6) 0 (− 8–4) 0.066
 3 months 15 (9–23) 9 (5–21)
 Change 3.5 (0–10) − 0.5 (− 11–1) 0.004*
 6 months 15 (7–22) 8 (6–17)
 Change 1 (− 1–7) 0 (− 4–2) 0.246

Patients with EHS >2
 Baseline 13 (32.5%) 14 (38.9%) 0.561
 1 month 18 (45.0%) 12 (33.3%) 0.378
 3 months 18 (45.0%) 15 (41.7%) 0.807
 6 months 21 (52.5%) 10 (27.8%) 0.028*

Patients with positive SEP-2 
(%)

 Baseline 17 (42.5%) 19 (52.8%) 0.491
 1 month 23 (57.5%) 21 (58.3%) 0.884
 3 months 18 (45.0%) 22 (61.1%) 0.258
 6 months 21 (52.5%) 20 (55.6%) 0.821

Patients with positive SEP-3 
(%)

 Baseline 6 (15.0%) 8 (22.2%) 0.556
 1 month 9 (22.5%) 8 (22.2%) 0.762
 3 months 12 (30.0%) 11 (30.6%) 0.864
 6 months 11 (27.5%) 5 (13.9%) 0.146

Patients with positive GAQ-1 
(%)

 1 month 15 (37.5%) 14 (38.9%) 0.878
 3 months 18 (45.0%) 11 (30.6%) 0.342
 6 months 16 (40.0%) 5 (13.9%) 0.011*
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magnitude of IIEF-EF increase with a β coefficient of 3.44 
[95% Confidence interval 0.23–6.57] (p = 0.028).

There were not any adverse events described by the par-
ticipants, in neither group, during the 4-week treatment or 
the 6-month follow up period.

Discussion

Although LI-ESWT has been studied for more than a dec-
ade in ED patients, this is still a controversial therapy with 
different degrees of recommendation depending on the 
specific clinical guideline of scientific societies [11]. For 
example, position statements and clinical guidelines from 
the American Urological Association, the European Soci-
ety of Sexual Medicine and the Sexual Medicine Society of 
North America recommend that LI-ESWT should be con-
sidered an experimental therapy and be used under research 
protocols [11–13]. On the other hand, for the first time the 
European Association of Urology in their 2020 Guidelines 
recommend the use of LI-ESWT as a first-line therapy for 
mild vasculogenic ED [14] clearly acknowledging the recent 
evidence supporting the use of shockwave therapy in this 
specific ED etiology.

In the last 10 years, several in vitro and animal trials 
have shown that LI-ESWT may improve EF through neo-
angiogenesis, recruitment of progenitor cells, modulation of 
vasodilation and nerve regeneration [1, 15–18]. It seems that 
LI-EWST induces synthesis of pro-angiogenic factors and 
chemokines [19]. Other studies have exhibited the effects of 
LI-ESWT on restoring normal penile histology after pelvic 
neurovascular damage [20].

The current study shows a modest improvement in EF 
parameters after 3 and 6 months following penile shockwave 
therapy. Median change in IIEF-EF scores are significantly 
higher in the active group after 3 months of LI-ESWT. The 

decrease of control group scores could be explained because 
subjects do not experience any improvements and become 
gradually frustrated without being able to use PDE5I. At 
6 months of follow-up, the proportion of patients with 
EHS > 2 and the number of patients that feel that LI-ESWT 
improved their EF (positive answer to GAQ-1) is signifi-
cantly higher in the active group (Table 2). The significant 
difference in penile rigidity between the two groups (Fig. 1) 
is relevant, as other authors have considered the EHS one of 
the most robust parameters to evaluate EF [11].

These results are similar to the ones presented in other 
clinical trials. However, studies differ in ED etiology, type 
of device used (source of energy, focal vs linear), shockwave 
protocol (duration, energy intensity, number and frequency 
of shocks) and patient-reported outcomes evaluated [3, 11]. 
Moreover, several studies have important limitations, drop-
out rates and biases, making it difficult to draw conclusions 
or recommendations from those results [11, 21].

The optimal patient and treatment protocol are yet to be 
determined. It appears that more shocks and stronger shocks 
typically lead to greater improvements in EF [22]. Linear 
distribution of shockwaves may provide a better coverage 
of the corpora cavernosa than focal devices thus improving 
treatment outcomes [3].

To this date, there is only 13 randomized placebo con-
trolled clinical trials investigating LI-ESWT as a treatment 
for ED [9, 10, 21, 23–31]. Additionally, there has been 
five meta-analyses published regarding LI-ESWT studies 
[32–36]. Some of them have not excluded studies at high 
risk of bias or have included studies with equivocal data. 
Since the studies most burdened with a high risk of bias also 
have the largest reported effects size, the inclusion of these 
trials distorts the results of meta-analyses towards positive 
results for LI-ESWT compared to placebo [3]. Taking the 
five recent meta-analyses into account, and in spite of meth-
odological flaws, most of these analyses report a modest 

Fig. 1  Percentage of patients 
with EHS > 2. EHS erection 
hardness score, LI-ESWT 
low-intensity extracorporeal 
shockwave therapy. *p < 0.05
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statistically significant benefit for active treatment vs pla-
cebo group. IIEF-EF improvements of 2.00, 2.54 and 4.57 
are presented in the Lu et al., Angulo et al. and Clavijo et al. 
meta-analyses, respectively [1, 32, 34, 35].

This study has been designed because PDE5I non-
responders are seldomly considered in shockwave studies 
[35]. There is only one sham-controlled randomized clinical 
trial that has included the same PDEI-refractory population 
as in the current study. In 2016 Kitrey et al. conducted a 
randomized study on a small sample of 55 refractory ED 
patients (active group = 37, sham group = 18) with only 
1 month of follow-up. The median change from baseline in 
the IIEF-EF score was 5 points in the treatment group and 
0 points in the sham treatment group (P = 0.0006), while 
the percentage of EHS = 3 patients was 54% in the active 
group vs 0% in the sham group (P < 0.0001) [9, 11]. In this 
study, LI-ESWT effect was evaluated only during obliga-
tory PDE5I treatment. They aimed to convert PDE5I non-
responders into responders. The current study aims to show 
the changes in several EF parameters without using any ED 
drugs. This pivotal difference makes the comparison of both 
studies difficult.

Several clinical guidelines still consider shockwaves as 
an experimental therapy [11, 13]. This could be explained 
by the high level of heterogeneity and risk of biases of pub-
lished clinical trials. Meta-analyses currently available show 
important methodological flaws, by including unpublished 
data, studies at high risk of bias, studies with ED as a sec-
ondary end point, non-randomized trials [1] and incorrect 
citation of IIEF data (confusion of IIEF with IIEF-EF) [37].

The current clinical trial shows that this specific linear 
electromagnetic shockwave protocol may improve EF, to a 
modest extent, on certain patients that do not respond to oral 
therapy. Hence, it could be an alternative for vascular ED 
patients that do not respond to traditional first line PDE5I 
and reject more invasive therapies.

The study has several limitations. There was a limited 
sample size; however, this is common among LI-ESWT 
clinical trials. Penile hemodynamics were not measured to 
diagnose vasculogenic ED or to confirm the improvement 
of cavernous blood inflow or penile rigidity. Penile doppler 
ultrasound could be considered to measure arterial inflow 
and venous outflow. Although 6 months of follow-up is 
higher than the duration of several other trials, > 1 year of 
follow-up would be better to correctly assess the long-term 
effects of this therapy.

Conclusion

This randomized double-blind sham-controlled trial showed 
moderate improvement in different EF parameters at 3 and 
6 months of follow-up. It is of the utmost importance to 

elaborate randomized sham-controlled studies with long fol-
low ups, that compare different ED etiologies and protocol 
characteristics, to elucidate the real role of LI-EWST in the 
treatment of ED.
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