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INTRODUCTION
The Erectile Dysfunction (ED) is defined as the inability to maintain an 
erection for sexual intercourse and is commonly encountered in the 
field of urology [1,2]. Diabetes is a known risk factor for ED, with a 
prevalence rate 3 times higher (35%-90%) among diabetic patients 
compared to non diabetic individuals [3]. The cause of diabetes-
associated ED is multifactorial, but mainly includes endothelial 
dysfunction and impaired vascular structure [4]. In diabetic patients, 
there is an impairment of endothelium-dependent vasodilation 
due to endothelial Nitric Oxide Synthase (eNOS) deficiency [4]. 
Current non surgical treatment options for ED include the use of 
oral Phosphodiesterase 5 inhibitors (PDE5I) and intracavernosal 
injections of vasodilating agents [1]. However, these treatments do 
not alter the underlying pathophysiology of erectile tissues nor do 
they improve spontaneous erections [5,6]. The ideal aim for treating 
patients with ED should be to recover from the pathological changes 

in the corpus cavernosum and enable them to regain spontaneous 
sexual activity with few adverse effects [7].

In 1996, Butz and Teichert introduced a modality of treatment known 
as ESWT. The investigators looked into advanced technologies 
that would affect endothelial function and help improve penile 
haemodynamics. The researchers were in search of a new treatment 
modality that would have a curative or rehabilitative effect on ED 
[8]. ESWT has been used in the treatment of a variety of conditions 
such as kidney stones (high-intensity waves) [9], tendonitis (medium-
intensity waves) [10], Peyronie’s disease [11], peripheral neuropathy, 
cardiac and peripheral vascular disease (low-intensity waves) [12].

The mechanism of action of LI-ESWT is still unclear. It has been 
shown that this low-intensity energy induces non enzymatic 
production of physiologic amounts of nitric oxide and activates a 
cascade of intracellular signaling pathways that lead to the release 
of angiogenic factors. At low energy density (0.03 mJ/mm2), ESWT, 
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ABSTRACT
Introduction: Erectile Dysfunction (ED) has a strong association 
with diabetes mellitus in men. The role of Extracorporeal Shock 
Wave Therapy (ESWT) in patients with ED is being evaluated and 
used as a treatment option by many urologists. It is considered 
a treatment modality intermediary between pharmacotherapies 
and prosthesis surgery. Literature on ESWT in patients with 
Diabetes Mellitus (DM) refractory to pharmacotherapy remains 
scarce.

Aim: To evaluate the role of ESWT in patients with angiogenic ED 
associated with diabetes mellitus refractory to pharmacotherapy.

Materials and Methods: The prospective observational study was 
carried out in the Outpatient Department of Urology (OPD) of 
Ruby Hall Clinic, Pune, Maharashtra, India between February 2020 
and September 2021 on 40 patients fulfilling the inclusion criteria. 
Total 20 patients in each were randomised to the control group, 
and the ESWT group in a ratio of 1:1. Each patient was evaluated 
pre- and post-ESWT with colour Doppler imaging of the penis 
after injecting 30 mg to 40 mg of papaverine intracavernosally. 
Validated sexual function questionnaires such as the International 
Index of Erectile Function (IIEF)- Erectile Function (EF) domain, 
Sexual Health Inventory for Men (SHIM), and Erectile Hardness 
Score (EHS) were used. The IIEF questionnaire was administered 
to each patient at baseline, 3 months, 6 months, 9 months, and 
12 months. Colour Doppler imaging of the penis, SHIM score, 
and EHS score were used to evaluate each patient at baseline, 

6 months, and 12 months. Data were collected and tabulated in a 
Microsoft Excel sheet. Results were presented as mean±standard 
deviation. Repeated Analysis of Variance (ANOVA) tests, paired 
t-tests, and independent sample t-tests were utilised in the study. 
A p-value of less than 0.05 was considered statistically significant.

Results: The most common age group among the study 
population was 41 to 50 years (40%). When comparing the mean 
IIEF score- EF domain between the ESWT and control groups at 
3, 6, 9, and 12 months, the difference was statistically significant 
(p-values obtained at 3, 6, 9, and 12 months were 0.009, 
0.0001, 0.0001, and 0.0001, respectively). Comparing the mean 
SHIM score and EHS between the ESWT and control groups 
at 6 and 12 months, the difference was statistically significant 
(for SHIM score, p-values obtained at 6 and 12 months were 
0.005 and 0.0001 respectively; for EHS, p-values obtained at 
6 and 12 months were 0.0008 and 0.0001 respectively). The 
improvement in mean peak systolic velocity of the right and left 
cavernosal arteries at 6 months and 12 months was statistically 
significant in the ESWT group compared to the control group 
(p-value=0.001).

Conclusion: The ESWT for ED in diabetic patients is a novel 
treatment option with promising results. Clinicians and patients 
need to be aware about the various management strategies 
available for diabetic individuals who have not had success with 
pharmacotherapy alone.
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probe attached to a compact electrohydraulic unit with a focused 
shockwave source (Omnispec ED; Medispec, Germantown, MD, 
USA). The penis was manually stretched, and shockwaves were 
delivered to the distal, mid, and proximal penile shaft, as well as 
both the left and right crura. The duration of each ESWT session 
was approximately 20 minutes, with each session comprising 
300 shocks per treatment point (1500 per session) at an energy 
density of 0.09 mJ/mm2 and a frequency of 120/min. The volume 
of penile tissue exposed to shockwaves at each site was cylindrical 
(diameter: 18 mm; height: 100 mm). No analgesia was necessary 
during the procedure.

For the control group, the same probe used in ESWT therapy was 
utilised but the energy setting was set to 0 during treatment. Similar 
noise was produced during the procedure. The treatment course 
lasted for two months for both groups, with weekly treatments. 
Patients were followed-up at 3, 6, 9, and 12 months after therapy.

Each patient was evaluated pre- and post-ESWT with colour doppler 
of the penis and validated sexual function questionnaires: International 
IIEF-EF domain, SHIM, and EHS [16-18]. The IIEF questionnaire EF 
domain was used to assess each patient at baseline, 3 months, 
6 months, 9 months, and 12 months. Colour Doppler of the penis, 
SHIM score, and EHS score were used to evaluate each patient at 
baseline, 6 months, and 12 months [Table/Fig-1].

originally developed for clinical lithotripsy, has successfully been 
used for the anti-inflammatory treatment of soft-tissues. Since, Nitric 
Oxide (NO) plays a critical role in inflammation, it was hypothesised 
that ESWT induces neovascularisation and improves the flow in 
cavernosal arteries and increases NO production in cells [13].

Several recent studies have reported that ESWT has been developed 
for treating ED and has the potential to affect pharmacotherapy non 
responders [14,15]. Being a non invasive modality, it offers a good 
treatment option to patients. However, at the moment, evidence in 
this area is still scarce in the literature.

Therefore, the aim of present study was to evaluate the role of 
ESWT in patients with angiogenic ED associated with diabetes 
mellitus refractory to pharmacotherapy.

MATERIALS AND METHODS
The present study was a prospective observational study conducted 
between February 2020 and September 2021 among all diabetic 
patients presenting to the Urology Outpatient Department (OPD) of 
Ruby Hall Clinic, Pune, Maharashtra, India, with ED refractory to 
pharmacotherapy.

Sample size calculation: The sample size was determined using 
effect sizes from a previously published study by Yee CH et al., [15]. 
The total sample size to be enrolled for this study was 40 with the 
help of the following formula:

n=(Zα/2+Zβ)
2

(D/S)2

Where, n=Sample size (per group). Zα/2=Standard normal variant 
at 5% level of significance=1.96. Zβ=cut-off value for power 
(1-β)=0.84. D/s=effect sizes in SD units=0.62.

s=pooled standard deviation=2.4

D=mean difference of pre and post intervention IIEF ED score=1.5

n=(1.96+0.84) 2/(0.78/1.63)2

n=20.07

n=20

Thus, the sample size according to this formula was 20.07, rounded 
up to 20 (minimum per group). Therefore, the included sample 
size was 40.

After obtaining Institutional Ethical Clearance in February 2020, 
written informed consent was obtained from the patients.

inclusion criteria: The inclusion criteria were male patients aged 
18 years or older, with a history of ED lasting atleast 6 months, 
involved in a heterosexual relationship for atleast 6 months, 
diagnosed cases of diabetes mellitus with ED, and undergoing 
pharmacotherapy for 3 to 6 months.

exclusion criteria: The exclusion criteria were ED due to other 
endocrine diseases, drug treatments (such as psychiatric medications, 
antihypertensive drugs, recreational drugs, and antihistamines), 
neurological diseases, psychogenic ED, penile structural abnormalities, 
history of pelvic surgery or radical prostatectomy, history of pelvic 
irradiation, and patients with penile implants.

Study Procedure
The study procedures and follow-up were carried out on an outpatient 
basis for all 40 patients. The patients were assigned to either the 
treatment group (ESWT) or the control group in a 1:1 ratio i.e., 
20 each using a computer-generated table of random numbers.

For patients who were receiving phosphodiesterase 5-inhibitor 
pharmacotherapy, they underwent a 2-week washout period before 
inclusion in the study. Each patient was evaluated pre- and post-
ESWT with colour doppler of the penis after injecting 30 mg to 
40 mg of papaverine intracavernosally.

The ESWT protocol was similar to the protocol suggested by Vardi 
Y et al., [14]. During each session, ESWT was delivered by a special 

[Table/Fig-1]: ED 1000 machine used for ESWT.

STATISTICAL ANALySIS
Data was collected using a predesigned form and later tabulated 
in a Microsoft Excel sheet. Results for categorical data were 
presented as n (%) cases, and data for continuous measurements 
were expressed as mean±standard deviation. The model included 
change from baseline as the response variable, treatment given, 
visit as independent variables, and treatment multiplied by visit as 
interaction. Subject was considered as a random effect, and baseline 
was included as a continuous covariate. Repeated ANOVA was 
used in the mixed model for comparison between the ESWT group 
and the control group. Paired t-test was used for comparison in 
right and left PSV, and percent change was calculated. Independent 
sample t-test was used for comparison in scores between the ESWT 
group and the control group. Throughout the tests, a p-value of less 
than 0.05 was considered statistically significant.

RESULTS
The most common age group among the study population was 
41 to 50 years (40%), followed by 51 to 60 years (37.5%) and 
31 to 40 years (15%) [Table/Fig-2]. Total 23 (57.5%) patients 
presented with symptom duration between 12 to 23 months, 
15 (37.5%) patients presented with symptom duration between 24 
to 35 months, while only 2 (5%) patients presented with a symptom 
duration of more than or equal to 36 months [Table/Fig-3].
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The control group had a mean age of 49.7±6.86 years, and the 
ESWT group had a mean age of 49.1±8.64 years. The mean 
symptom duration for the control group was 21.4±7.24 months, 
and for the ESWT group, it was 21.4±7.07 months [Table/Fig-4].

Comparing the mean EHS between the two groups at six months, 
the ESWT group achieved a score of 3.3±0.55, and the control 
group achieved a score of 2.7±0.49, the difference of which was 
statistically significant (p-value=0.0008). The percent change in 
the ESWT group was 22.22%. At 12 months, the ESWT group 
achieved a score of 3.9±0.31, and the control group achieved a 
score of 2.7±0.49, the difference of which was statistically significant 
(p-value=0.0001). The percent change in the ESWT group was 
44.44% [Table/Fig-7].

duration (months) Frequency (n) percentage (%)

12 to 23 23 57.5

24 to 35 15 37.5

≥36 2 5

Total 40 100

[Table/Fig-3]: Duration of symptoms.

patient demographics
Control group 

(n=20)
eSWT group 

(n=20)
overall 
(n=40)

p-
value

Age (years) 49.7±6.86 49.1±8.64 49.4±7.71 0.796

Symptom duration (months) 21.4±7.24 21.4±7.07 21.4±7.07 0.910

[Table/Fig-4]: Patient demographics.

iieF score-eF 
(erectile Function) 
domain

mean±Sd
% 

change 
in eSWT 

group
p-

value

Control 
group 
(n=20)

eSWT 
group 
(n=20)

overall 
(n=40)

Baseline 16.3±3.14 17.4±3.47 16.8±3.32 - 0.278

3 months 17.8±2.86 20.3±2.92 19.1±3.12 16.66 0.009

6 months 17.2±3.05 22.5±2.48 19.9±3.84 29.31 0.0001

9 months 17.4±3.12 24.3±2.20 20.8±4.39 39.65 0.0001

12 months 17.3±3.09 25.9±1.53 21.6±4.98 48.85 0.0001

[Table/Fig-5]: Comparison of mean IIEF score- EF domain between ESWT group 
and control group. (Independent sample t-test was used for comparison in scores 
between ESWT group and control group, p-value <0.05 was considered as 
 statistically significant).

Comparing the mean SHIM score between the two groups at six 
months, the ESWT group achieved a score of 16.8±3.0, and the 
control group achieved a score of 13.6±2.23, the difference of which 
was statistically significant (p-value=0.005). The percent change 
in the ESWT group was 29.23%. At 12 months, the ESWT group 
achieved a score of 20.5±2.46, and the control group achieved 
a score of 13.1±2.48, the difference of which was statistically 
significant (p-value=0.0001). The percent change in the ESWT group 
was 57.69% [Table/Fig-6].

Shim 
score

mean±Sd % 
change 
in eSWT 

group p-value
Control group 

(n=20)
eSWT group 

(n=20)
overall

Baseline 12.1±2.40 13±3.28 12.6±2.87 - 0.328

6 months 13.6±2.23 16.8±3.0 15.2±3.07 29.23 0.0005

12 months 13.1±2.48 20.5±2.46 16.8±4.49 57.69 0.0001

[Table/Fig-6]: Comparison of mean SHIM score between ESWT group and control 
group. (Independent sample t-test was used for comparison in scores between ESWT 
group and control group, p-value <0.05 was considered as statistically significant).

ehS

mean±Sd
% change 
in eSWT 

group
p-

value
Control group 

(n=20)
eSWT group 

(n=20) overall

Baseline 2.4±0.60 2.7±0.59 2.5±0.60 - 0.190

6 months 2.7±0.49 3.3±0.55 3.0±0.60 22.22 0.0008

12 months 2.7±0.49 3.9±0.31 3.3±0.75 44.44 0.0001

[Table/Fig-7]: Comparison of mean EHS between ESWT group and control group. 
(Independent sample t-test was used for comparison in scores between ESWT 
group and control group, p-value <0.05 was considered as statistically significant).

The mean right cavernosal artery peak systolic velocity at baseline 
was 19.39±3.15, at six months was 33.24±3.58, and at 12 months 
was 45.20±3.79 for the ESWT group. The change was statistically 
significant (p-value=0.001). The p-value was calculated by paired 
t-test, with a p-value <0.05 considered statistically significant. The 
mean left cavernosal artery peak systolic velocity at baseline was 
19.97±2.96, at six months was 34.74±3.83, and at 12 months was 
46.43±3.61 for the ESWT group. The change was statistically significant 
(p-value=0.001). The p-value was calculated by paired t-test, with a 
p-value <0.05 considered statistically significant [Table/Fig-8].

parameters mean±Sd p-value

Right cavernosal artery PSV at baseline 19.39±3.15

Right cavernosal artery PSV at 6 months 33.24±3.58 0.001

Right cavernosal artery PSV at 12 months 45.20±3.79 0.001

Left cavernosal artery PSV at baseline 19.97±2.96

Left cavernosal artery PSV at 6 months 34.74±3.83 0.001

Left cavernosal artery PSV at 12 months 46.43±3.61 0.001

[Table/Fig-8]: Comparison of mean right and left cavernosal artery peak systolic 
velocity at 6 months and 12 months from baseline for ESWT group. (p-value was 
calculated by paired t test, p-value <0.05 considered as statistically significant).

The mean right cavernosal artery peak systolic velocity at baseline was 
18.84±3.01, at six months was 18.45±2.62, and at 12 months was 
18.93±2.92 for the control group. The change was statistically not 
significant (p-value=0.076). The p-value was calculated by paired t-test, 
with a p-value <0.05 considered statistically significant. The mean left 
cavernosal artery peak systolic velocity at baseline was 19.42±2.83, 
at six months was 19.55±2.79, and at 12 months was 19.42±3.08 
for the control group. The change was statistically not significant 
(p-value=0.412). The p-value was calculated by paired t-test, with a 
p-value <0.05 considered statistically significant [Table/Fig-9].

parameters mean±Sd p-value

Right cavernosal artery PSV at baseline 18.84±3.01

Right cavernosal artery PSV at 6 months 18.45±2.62 0.076

Comparing the mean IIEF score- EF domain between the two 
groups at three months, the ESWT group achieved a score of 
20.3±2.92, and the control group achieved a score of 17.8±2.86, 
the difference of which was statistically significant (p-value=0.009). 
The percent change in the ESWT group was 16.66%. At six months, 
the ESWT group achieved a score of 22.5±2.48, and the control 
group achieved a score of 17.2±3.05, the difference of which was 
statistically significant (p-value=0.0001). The percent change in the 
ESWT group was 29.31%. At 9 months, the ESWT group achieved 
a score of 24.3±2.20, and the control group achieved a score of 
17.4±3.12, the difference of which was statistically significant 
(p-value=0.0001). The percent change in the ESWT group was 
39.65%. At 12 months, the ESWT group achieved a score of 
25.9±1.53, and the control group achieved a score of 17.3±3.09, 
the difference of which was statistically significant (p-value=0.0001). 
The percent change in the ESWT group was 48.85% [Table/Fig-5].

age group (years) Frequency (n) percentage (%)

31 to 40 6 15

41 to 50 16 40

51 to 60 15 37.5

61 to 70 3 7.5

Total 40 100.00

[Table/Fig-2]: Age distribution amongst study population.
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DISCUSSION
In the present study, when comparing the mean IIEF score- EF 
domain, SHIM score, and EHS between the ESWT and control 
groups, the ESWT group achieved a higher score when followed-up 
at regular intervals, and the difference between the two groups was 
statistically significant. The improvement in mean systolic velocity 
of the right and left cavernosal artery was statistically significant in 
the ESWT group compared to the control group when the patients 
were followed-up.

In the present study, the most common age group among the study 
population was 41 to 50 years (40%), followed by 51 to 60 years 
(37.5%), 31 to 40 years (15%), and 61 to 70 years (7.5%). The 
control group had a mean age of 49.7±6.86, and the ESWT group 
had a mean age of 49.1±8.64. in the study conducted by Yee CH 
et al., which included 58 participants, with the control group having 
a mean age of 63.3±6.4 and the ESWT group having a mean age 
of 58.9±7.6 [15] whereas in a study conducted by Vardi Y et al., on 
20 patients, the mean age of the patients was 56.1±10.7 years [14].

In the present study, 23 (57.5%) patients presented with symptom 
duration between 12 to 23 months, while 15 (37.5%) patients 
presented with symptom duration between 24 to 35 months, and 
only 2 (5%) patients presented with a duration of symptoms more 
than or equal to 36 months. The control group had a mean duration 
of symptoms of 21.35±7.24 months, while the ESWT group had a 
mean duration of symptoms of 21.35±7.07 months. The duration 
of symptoms was less in the study conducted by Chi-Hang Yee 
et al., in their study, the participants in the control group had a 
mean duration of symptoms of 7.4±4.3 years, and the ESWT group 
had a mean duration of symptoms of 6.5±2.8 years [15]. However, 
Vardi Y et al., reported the patients’ mean duration of symptoms 
as 34.7 months [14].

In the present study, when comparing the mean IIEF score- EF 
domain between the two groups at 3 months, 6 months, 9 months, 
and 12 months, the ESWT group achieved a higher score, and 
the difference between the two groups was statistically significant. 
Comparing the mean SHIM score and EHS between the two 
groups at 6 months and 12 months, the ESWT group achieved 
a higher score, and the difference between the two groups was 
statistically significant. Yee CH et al., investigated the role of LI-
ESWT in the treatment of ED. This was a double-blinded single-
centre, prospective, randomised, placebo-controlled trial. After a 
2-week PDE5I washout period patients were assessed with the 
SHIM, IIEF-ED domain scores, and erection hardness score. After 
the 9-week treatment period, patients were followed-up four weeks 
later. A total of 70 patients were recruited in the study, with 58 
patients completing the study. Total 28 patients were randomised 
into the sham therapy arm, and 30 patients were randomised into 
the low-intensity ESWT arm. The trial showed the tolerability and 
clinical efficacy of low-intensity ESWT in a subgroup of patients 
with ED [15].

In the present study, the improvement in mean peak systolic velocity 
of the right and left cavernosal artery at six months and 12 months 
was statistically significant in the ESWT group compared to the 
control group. In the study conducted by Lurz K et al., there was 
an increase in mean cavernosal artery peak systolic velocity post-
treatment, but it was not statistically significant [19].

In the present study, none of the patients developed any pain during 
the treatment period and follow-up and no adverse events were 
recorded. These findings were consistent with studies conducted 
by Vardi Y et al., and Yee CH et al., [14,15].

Recently, ESWT has been considered a potential modality for the 
treatment of ED [20]. The mechanism by which ESWT acts to improve 
ED symptoms is incompletely understood [21]. Based on animal 
studies, it is tempting to suggest that ESWT may be beneficial for 
patients with diabetes-induced ED. From the present study, ESWT 
induces neovascularisation and improves the flow in cavernosal 
arteries thus supporting the hypothesis. Few studies exist regarding 
the role of ESWT as a treatment modality in patients with ED [14,15]. 
The results are promising, but still in the investigational stage.

Limitation(s)
The present study was a single-centre study; further randomised 
studies with larger sample sizes, standardised treatment protocols, 
optimal treatment targets, and long-term follow-up are required to 
confirm present findings.

CONCLUSION(S)
The ESWT can be considered as a treatment in patients with 
diabetes mellitus and ED, as pharmacological therapies alone are 
not as successful and surgical interventions may pose higher risks 
for these patients. Further human studies should be conducted 
to fully understand the mechanism of this shock wave therapy so 
that non pharmacological and non surgical therapeutic modalities 
become recognised curative treatments for patients with ED.
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