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treatment modalities for patients with ED.10,11 The rationales behind 
this treatment involve tissue regeneration and neoangiogenesis.12 
Evidences from in vitro experiments demonstrated that vascular 
shear stress induced by extracorporeal shockwaves stimulates the 
release of angiogenic factors such as vascular endothelial growth 
factor, endothelial nitric oxide synthase, and proliferating cell nuclear 
antigen, thus ameliorating local blood supply and hemodynamics.12 
The controlled generated microtrauma can also increase macrophage 
activity and synthesis of cellular proteins and may potentially enhance 
the recruitment and differentiation of stem cells.12 From a clinical 
point of view, the efficacy of extracorporeal shockwaves in the field of 
andrology has been demonstrated by several studies.13–16 Moreover, this 
treatment is well tolerated and can be performed without anesthesia 
in an outpatient setting.14–16 Despite the positive results of LiESWT 
in the general ED population, to date, there are very few evidences 
about its efficacy in combination with type 5 phosphodiesterase 
inhibitors (PDE5Is) in more difficult cases of ED. Nowadays, various 
LiESWT devices are available in the market based on electrohydraulic, 

INTRODUCTION
Diabetes mellitus (DM) is one of the most prevalent chronic disorders 
in humans. According to the World Health Organization Global 
Report on Diabetes, the number of patients with DM has risen from 
108 million in 1980 to 422 million in 2014.1 Over the same period, 
the global prevalence of the disease among adults has risen from 
4.7% to 8.5%.1–5 DM exerts detrimental effects on multiple body 
systems including blood vessels, heart, eyes, kidneys, hormones, and 
nerves.1–5 Moreover, it has been associated with physical, cognitive, 
and emotional disabilities.2–6 Erectile dysfunction (ED) represents a 
well-known complication of DM. The prevalence of ED in men aged 
40–70 years was estimated to be 52% in the Massachusetts Male Aging 
Study.7 This percentage grows up to 59.1% in men with DM and is 
significantly higher among patients suffering from type 2 DM (T2DM).8 
Diabetic patients with ED represent a subset of difficult-to-treat ED 
population because the efficacy of oral therapies is lower if compared 
to non-diabetic individuals.4,9 Low-intensity extracorporeal shockwave 
therapy (LiESWT) represents one of the newest and most promising 
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electromagnetic, and piezoelectric generators. Moreover, although 
different LiESWT setup parameters and treatment protocols have 
been published, to date, the optimal treatment strategy remains to 
be defined.17,18 We aimed to investigate the efficacy of the combined 
approach involving LiESWT performed with an electrohydraulic 
source and tadalafil 5 mg once daily in patients with T2DM and ED 
and to compare LiESWT protocols characterized by different numbers 
of shockwaves administered during each session.

MATERIALS AND METHODS
Study design
We performed a retrospective matched-pair comparison analysis using 
a prospectively maintained database (T2DM-ED Dataset, University 
of Naples “Federico II,” Naples, Italy). The sample sizes were calculated 
fixing α = 0.05 as the probability of rejecting the null hypothesis, β = 0.2 
as the probability of failing to reject the null hypothesis, and expecting 
a mean difference between groups of 1 with a standard deviation (s.d.) 
of 2 points of International Index of Erectile Function (IIEF) score. 
A minimum number of 63 patients for each group would have been 
enough; however, 15 patients for each group have been added to 
minimize the approximation effect. The medical charts of 78 men with 
T2DM and ED who underwent therapy with tadalafil 5 mg once daily 
bedtime for 12 weeks and LiESWT performed with an electrohydraulic 
source between December 2015 and September 2018 were recorded 
(Group A). Control group consisted of 78 patients with T2DM and ED 
who received therapy with tadalafil 5 mg once daily bedtime alone for 
12 weeks (Group B). Patients were matched in a one-to-one fashion 
according to age, baseline IIEF-5 score, and smoking (pack-years) 
status. Exclusion criteria were previous therapy for ED, incomplete 
data, follow-up <24 weeks, hypogonadism, and previous pelvic 
surgery. LiESWT was performed using an electrohydraulic unit with a 
focused shockwave source (Omnispec ED1000, Medispec Ltd., Yehud, 
Israel). Shockwaves were delivered to the distal, mid, and proximal 
penile shaft, as well as to the left and right crura. The duration of 
each LiESWT session was about 20 min. Energy density was set at 
0.09 mJ mm−2 and frequency at 120 min−1. The number of shockwaves 
delivered during each session varied from 1500 to 2400. Treatment 
protocol consisted of two treatment sessions per week for 3 weeks, 
3 days apart within the week. Patients in Group A received LiESWT 
during the first 3 weeks of treatment with tadalafil. The following 
data were extracted and compared: age, body mass index (BMI), 
smoking status, duration of DM, hypertension, triglyceride level, 
glycated hemoglobin (HbA1c) levels, baseline IIEF-5 score, number 
of shockwaves delivered during each LiESWT session, mean IIEF-5 
scores recorded at 4, 12, and 24 weeks after the end of the treatment, 
and complications. A subgroup analysis was performed according to 
the number of shockwaves delivered during each session: subgroup A1 
(1500 shockwaves, n = 26), subgroup A2 (1800 shockwaves, n = 26), 
and subgroup A3 (2400 shockwaves, n = 26). The man IIEF-5 score 
variation with respect to baseline was investigated as primary outcome. 
The secondary outcome was mean IIEF-5 variation according to the 
number of shockwaves delivered during each session.

Statistical analyses
Descriptive data of continuous variables were expressed as mean and 
s.d. and were compared using Student’s t-test or Mann–Whitney U test, 
as appropriate. Proportions were expressed as absolute numbers and 
percentages and compared using the Chi-squared test or the Yates’ or 
Fisher’s test, as appropriate. The one-way analysis of variance (ANOVA) 
was performed to compare the mean IIEF-5 score changes with respect 

to baseline in subgroups A1, A2, A3, and B. P < 0.05 was taken to 
indicate statistical significance. All statistical analyses were performed 
using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA) software.

Ethics code
The study was performed in accordance with the ethical standards laid 
down in the 1964 Declaration of Helsinki and its later amendments. 
All patients gave their informed consent to the collection of clinical 
data in a prospectively maintained database and to the use of these data 
for research purposes. Formal approval by the Institutional Review 
Boards was not required as we retrospectively used data that were 
completely anonymous.

RESULTS
The baseline patients’ characteristics are reported in Table 1. The mean 
baseline IIEF-5 scores (mean±s.d.) in Groups A and B were 15.5 ± 2.8 
and 15.3 ± 2.2, respectively. The baseline IIEF-5 scores (mean±s.d.) in 
subgroups A1, A2, and A3 were 15.2 ± 3.7, 16.4 ± 1.5, and 14.9 ± 2.7, 
respectively (P = 0.160). The IIEF-5 scores  (mean±s.d.) recorded in 
the four subgroups at 4, 12, and 24 weeks’ intervals after the end of the 
treatments are shown in Figure 1.

A statistically significant improvement of mean IIEF-5 scores with 
respect to baseline was evident in all groups at 4-week follow-up. In 
details, the IIEF-5 scores (mean±s.d.) improved by 3.9 ± 1.9 and by 
2.9 ± 1.5 in Groups A and B, respectively. The changes (mean±s.d.) 

Table  1: Baseline patients’ characteristics

Variable Group A (n=78) Group B (n=78) P

Age (year), mean±s.d. 56.0±9.6 58.2±3.2 0.063

Diabetes duration (year), mean±s.d. 9.1±6.0 10.0±4.6 0.327

HbA1c (mg dl−1), mean±s.d. 7.0±1.3 6.7±0.5 0.072

Smokers, n (%) 39 (50.0) 45 (57.7) 0.064

Packs per year, mean±s.d. 36.4±14.0 40.9±21.9 0.263

Hypertension, n (%) 31 (39.7) 38 (48.7) 0.259

BMI (kg cm−2), mean±s.d. 27.4±4.0 28.3±3.8 0.132

Triglycerides (mg dl−1), mean±s.d. 128.7±35.4 121.1±52.8 0.291

IIEF‑5 score, mean±s.d. 15.5±2.8 15.3±2.2 0.621

BMI: body mass index; IIEF: International Index of Erectile Function; s.d.: standard 
deviation; HbA1c: glycated hemoglobin

Figure 1: Mean IIEF-5 scores in various subgroups at different follow-ups 
(f.u.). P values refer to the results from the intergroup ANOVA performed to 
compare mean changes with respect to baseline. IIEF-5: International Index 
of Erectile Function-5; ANOVA: one-way analysis of variance. Group A1: 
tadalafil 5 mg once daily + 1500 shockwaves; A2: tadalafil 5 mg once daily 
+ 1800 shockwaves; A3: tadalafil 5 mg once daily + 2400 shockwaves per 
session; Group B: tadalafil 5 mg once daily.
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recorded in the subgroups A1, A2, and A3 were +3.4 ± 2.5, +4.4 ± 1.6, 
and +3.9 ± 1.3, respectively (P < 0.001 with respect to baseline in all 
groups). The ANOVA analysis failed to find statistically significant 
intergroup differences in terms of mean IIEF-5 improvement at this 
follow-up interval (P = 0.078).

At 12-week follow-up, the IIEF-5 score (mean±s.d.) variations with 
respect to baseline were +4.3 ± 2.3 and +3.3 ± 1.6 in Groups A and 
B, respectively (P < 0.001 in both groups). At this follow-up interval, 
the IIEF-5 score (mean±s.d.) improvement was significantly higher in 
patients belonging to the A3 subgroup (+5.0 ± 2.1, P < 0.001) (Figure 1).

At 24-week follow-up, the IIEF-5 (mean±s.d.) variations with 
respect to baseline in Groups A and B were +3.8 ± 2.4 and +1.8 ± 
1.7, respectively (P < 0.001 in both groups). The IIEF-5 (mean±s.d.) 
improvement with respect to baseline was higher among patients in 
the A3 subgroup (+4.7 ± 2.3) and lower in the Group B (+1.8 ± 1.7) 
(both P < 0.001; Figure 1). All patients tolerated the treatments well 
and there were no serious treatment-related adverse events.

DISCUSSION
To our knowledge, we investigated for the first time the efficacy of 
the combination of LiESWT and tadalafil 5 mg once daily in patients 
with T2DM and ED as well as the impact of the number of shockwaves 
delivered during each session in this clinical scenario. Our results 
demonstrate that the combined approach provides advantages in 
terms of both magnitude of mean IIEF-5 score improvement and 
durability of results if compared to tadalafil 5 mg once daily alone. 
These results have relevant pathophysiological and clinical implications. 
The etiology of ED in DM patients is multifactorial.19 The proposed 
mechanisms include vasculopathy, neuropathy, visceral adiposity, 
insulin resistance, and hypogonadism.20 Microvascular impairment is 
responsible for ischemic damages involving the peripheral circulation.20 
Moreover, both somatic and autonomic neuropathies may contribute to 
DM-induced ED due to the impairment of sensory impulses from the 
penis to the reflexogenic erectile center and to the reduced or absent 
parasympathetic activity necessary for relaxation of the smooth muscle 
of the corpus cavernosum.20 Men with DM tend to present with more 
severe ED and all PDE5Is are less efficacious in this clinical scenario.20–22 
Although preclinical evidences on diabetic rats demonstrated that 
chronic low-dose administration of tadalafil is associated with 
substantial morphological improvement of the structure of penile 
cavernous tissue with increased smooth muscles and elastic tissue, 
evidences in humans are controversial and the management of diabetic 
ED patients remains challenging in many cases.22 In the last decade, 
LiESWT has emerged as a potential treatment strategy for patients 
with severe ED who are inadequate responders or nonresponders to 
PDE5Is.18 The current guidelines recommend this treatment modality 
in patients with mild organic ED of poor responders to PDE5Is.18 
Results from a recently published survey showed that about 91.2% of 
experts in sexual medicine would consider the treatment specifically 
for vasculogenic ED and that 81.6% would combine it with PDE5Is.23 
Preclinical studies have demonstrated that LiESWT can improve 
DM-associated ED by promoting regeneration of neuronal nitric 
oxide synthase-positive nerves, endothelium, and smooth muscle in 
the penis.24 These beneficial effects appear to be in part mediated by 
recruitment of endogenous mesenchymal stem cells.24 Results from the 
present study point out some relevant clinical findings.

First, although both tadalafil 5 mg once daily alone and the 
combined approach involving tadalafil 5 mg once daily and LiESWT 
provided statistically significant improvements in terms of mean 
IIEF-5 score, the magnitude of variation observed in patients 

receiving the latter treatment modality was significantly greater 
at 12- and 24-month follow-up in the subgroup of patients who 
received 2400 shockwaves per session. These results corroborate data 
from a recently published meta-analysis demonstrating a statistically 
significant higher improvement of erectile function in patients 
receiving LiESWT combined with PDE5Is with respect to patients 
receiving LiESWT alone.25 The rationales behind these findings are 
poorly understood. Preclinical evidences deriving from rat models 
with T2DM have demonstrated a synergistic effect of LiESWT and 
PDE5Is and that the benefits provided by LiESWT are independent 
from nitric oxide and cyclic guanosine monophosphate pathways.26 
In humans, both synergistic and/or an additive interaction could be 
hypothesized and further investigations are needed to elucidate these 
aspects. Several studies demonstrated that the biological efficacy of 
LiESWT is dosage dependent. The meta-analysis performed by Man 
and Li showed that protocols adopting greater number of shockwaves 
per treatment reported a significant increase of erectile function 
compared with protocols delivering fewer shockwaves.25 However, 
a substantial heterogeneity exists in terms of devices adopted and 
patients’ characteristics, and the optimal treatment protocol remains 
to be defined.

Durability of the response following cessation of treatments for 
ED represents a further relevant finding. In their exploratory study, 
Porst et al.27 investigated the durability of the response following 
treatment with tadalafil 5 mg once daily. Sixty-three (46.3%) of the 136 
patients had a durable response 4 weeks after cessation of the treatment. 
Interestingly, more patients who experienced durability of response had 
organic ED than those who did not.27 To date, however, the issue of 
durability following ED treatment remains largely underinvestigated.27 
Results from the present study confirm existing evidences about the 
durability of efficacy of chronic PDE5Is in patients with organic ED 
and provide novel data about combined treatments involving chronic 
PDE5Is and LiESWT and longer follow-up. Indeed, the considerable 
increase in IIEF-5 score we observed in the control group after 
4 weeks from the end of treatment was in line with findings from 
the aforementioned study. Moreover, we confirmed the durability of 
efficacy with tadalafil 5 mg once daily alone also at 12-week follow-up. 
Interestingly, at 24-week follow-up, a decline was evident in patients 
who received tadalafil alone while efficacy remained stable in patients 
who received the combined approach. Further investigations are 
needed to elucidate the pathophysiology underlying the slow decline 
of ED in the long term in patients with organic ED after therapy 
with tadalafil 5 mg. The proposed mechanisms of action of LiESWT 
in ED patients may represent the rationale behind the durability of 
the results observed in patients undergoing the combined approach. 
Indeed, energy from the acoustic waves delivered by LiESWT has been 
hypothesized to stimulate cellular and molecular pathways increasing 
the expression of local growth factors, improving endothelial function, 
angiogenesis, and regeneration of nerve fibers.28 Consequently, 
LiESWT has the potential to restore natural erections and to cure the 
disease.28 Based on the results from the present study, diabetic ED 
patients should be counseled about the potential advantages provided 
by a combined approach involving LiESWT and daily tadalafil in terms 
of IIEF-5 improvement and durability of clinical efficacy.

The main limitations of the present study are the retrospective 
design and the limited number of patients regarding the analysis of 
the subgroups. The latter aspect impairs the possibility to identify 
potential predictive factors of treatment efficacy and persistence of the 
response. Overall, results from the present study should be considered 
preliminary and further, well designed, prospective randomized studies 
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with long-term follow-up are needed to confirm the benefits of LiESWT 
in combination with PDE5Is in diabetic patients with ED, to explore 
long-term durability of the efficacy, and to elucidate the synergistic 
and/or additive mechanisms of action.

CONCLUSIONS
The combined approach with tadalafil 5 mg once daily and LiESWT 
performed with a protocol involving 2400 shockwaves during each 
session provides significant advantages in terms of IIEF-5 improvement 
and durability of results with respect to tadalafil 5 mg once daily alone 
in patients with T2DM and ED.
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