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Abstract 
Vasculogenic erectile dysfunction (ED) is highly prevalent and frequently refractory to first-line 
therapies such as phosphodiesterase type 5 inhibitors (PDE5-Is). Low-intensity shockwave therapy 
(Li-SWT) has emerged as a regenerative modality that promotes angiogenesis and endothelial 
repair, offering potential long-term benefits. This study evaluated the efficacy and safety of Li-SWT 
in patients with vasculogenic ED unresponsive or partially responsive to PDE5-Is, and explored 
predictors of treatment response. In this prospective, open-label, single-arm trial, patients 
diagnosed with vasculogenic erectile dysfunction (ED) were enrolled between 2023 and 2024. 
Participants underwent 4 to 6 weekly sessions of low-intensity shockwave therapy (Li-SWT) using 

the Piezowave2 device, which delivered 4,000 shocks per session, complemented by a daily dosage 
of tadalafil at 5 mg. Efficacy was evaluated using the International Index of Erectile Function-5 
(IIEF-5) and the Erection Hardness Score (EHS) at baseline and following the treatment. Twenty 
patients participated in this study, with a mean age of 55.9 years (±13.5). The mean baseline 
scores for the IIEF-5 and EHS were 10.9 (±4.5) and 2.1 (±0.8), respectively. Post-treatment, the 
IIEF-5 increased to 14.9 (±6.1), representing a mean difference of +3.95 (95% CI 1.56–6.34, 
p=0.002), and the EHS rose to 2.65 (±1.31), with a mean difference of +0.60 (95% CI 0.10–1.10, 
p=0.022). Six patients (30%) achieved “no ED,” while 40% displayed no clinically meaningful 
response. Responders (40%) were significantly younger (46.6 vs. 61.8 years, p=0.005), exhibited 

higher baseline IIEF-5 scores (14.1 vs. 8.8, p=0.003), and had fewer instances of hypertension 
(12.5% vs. 58.3%, p=0.047). Additionally, age showed a negative correlation with treatment 
response (r = −0.624, p=0.003). Li-SWT shows promise as a safe and moderately effective treatment 
for vasculogenic erectile dysfunction, especially in younger patients with mild to moderate baseline 
severity. Despite encouraging results, the lack of a control group, concurrent PDE5-I use, and 
small sample size limit generalizability.  
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Introduction 

Erectile dysfunction (ED) is defined as the persistent inability to achieve or maintain an erection sufficient 

for satisfactory sexual activity. The term ED has replaced the older term "impotence" [1]. Erection requires 
a complex process involving sexual stimulation, the central nervous system, and a peripheral neuro-

vascular pathway, involving hormones, which has to occur [2]. Six integrated vascular processes result in 

a penile erection: flaccidity, filling phase, tumescence, full erection, rigidity, and detumescence [3]. 

Vasculogenic ED is the subtype concerned with filling failure (arteriogenic) or venous leakage (venogenic) 

or a combination of both [4]. Low-intensity shockwave therapy (Li-SWT) is relatively novel for ED but has 

been used in other medical fields, including orthopedics, urology, cardiovascular, and gastrointestinal 
disorders, since the late 1970s [5]. As a non-invasive regenerative procedure, Li-SWT utilizes low-energy 

acoustic waves to induce angiogenesis and restore penile vascular function [6]. 

This is the first trial in Libya to evaluate Li-SWT in patients with vasculogenic ED who show poor response 

to phosphodiesterase type 5 (PDE5) inhibitors. There is a clinical need for alternatives to invasive 

treatments. Therefore, rigorous evaluation of Li-SWT is required to establish its safety, efficacy, and 
predictors of treatment response. Global statistics show statistics estimate that ED will affect 

approximately 322 million by 2025 [7]. Among men younger than 40 years old, the prevalence of ED 

ranges from 1% to 10%, mostly attributed to psychogenic etiology [8,9].  Specifically, the studies report 

that the prevalence among patients aged 29–30 is about 5.1% [8,9]. In contrast, ED prevalence increases 

substantially after age 40, which affects about 40.56% of men, with organic ED forming the majority [10]. 

Age-specific prevalence rates are approximately 14.8% in men aged 40–59, 44% in those aged 60–69, and 
more than 50% of patients over 70, with most of them considered to be of vasculogenic origin, since it 

represents the largest portion of organic ED [11,12]. 

Vasculogenic ED is a term inclusive of arterial causes, which relate to impaired arterial inflow, and venous 

causes, which relate to abnormality of corporal smooth muscle structure, or a combination of both, 

termed arteriovenogenic ED [13-15]. ED prevalence is particularly high among patients with vascular 
comorbidities, including coronary artery disease (CAD), hypertension (HTN), cerebrovascular disease, and 

peripheral arterial disease (PAD) [16-19]. This association is largely explained by atherosclerosis, where 

gradual arterial plaque buildup impairs penile blood flow [20]. Macrophages induce the formation of 

plaques in blood vessels, contribute to vascular injury, and impair penile perfusion [21]. Furthermore, 
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Abnormal lipid metabolism and monocyte–macrophage interactions further accelerate atherosclerosis, 

which is strongly linked to ED development [22]. Reduced blood flow leads to relative hypoxia, which 
further leads to thickening and an increase in collagen and fiber content of vascular smooth muscles, 

which narrows the vessel lumen, causing ED [11]. Other conditions beyond atherosclerosis may also 

promote fibrosis of the cavernosal tissue, causing failure of the veno-occlusive mechanism, and 

subsequently, venous leakage occurs [23].  

The International Index of Erectile Function-5 (IIEF-5) is a validated self-reported questionnaire that is 
considered the gold standard for ED treatment outcome measurement, regardless of the type of 

investigated treatment [24]. It consists of five items assessing erectile function over the past four weeks; 

each item can get a score ranging from one to five, making the overall range of 5-25 [25]. Severity is 

categorized as follows: severe ED in scores of 5-7, moderate ED for 8-11 scores, mild to moderate ED in 

12-16 scores, mild ED in 17-21 scores, and no erectile dysfunction is denoted in 22-25 scores [25]. The 

self-reported Erection Hardness Score (EHS) is another commonly self-reported tool with a single-item 
[26]. It uses a four-point scale to measure the hardness of an erection: EHS1 = increase in size of penis, 

but no hardness; EHS2 = increase in size and slight increase in hardness, but insufficient for intercourse; 

EHS3 = increase in hardness sufficient for sexual intercourse, but not fully hard and rigid; EHS4 = fully 

rigid erection [26]. 

Laboratory testing alone cannot confirm the diagnosis of ED, yet it provides an opportunity to identify 
comorbid conditions that might be critical and influence management  [27]. If there are no medical records 

in the past 12 months, lipid profile and hemoglobin A1c should be measured [28]. Hormonal evaluation 

should include total fasting testosterone in the early morning [28]. Prostate-specific antigen, pituitary 

hormone prolactin, and luteinizing hormone are not routinely conducted unless there are other indicative 

findings [28]. Color Doppler duplex ultrasound (CDDU), performed after intracavernosal vasoactive drug 

injection, is the first-line diagnostic tool for vascular arterial erectile dysfunction. It combines high-
resolution imaging with pulse-Doppler assessment of flow, requiring the usage of values of peak systolic 

velocity (PSV), end diastolic velocity (EDV), resistance index (RI), and cavernous artery diameter to assess 

function. Variability may arise from measurement site, proximity, laterality, and the injection procedure 

itself, and incomplete relaxation of smooth muscles from anxiety or inadequate dosing can produce false 

positives [10]. Selective penile angiography is the choice when greater details of anatomical structures are 
required, due to its ability to visualize pelvic and penile vasculature, facilitating detection of traumatic 

arterial injury, stenosis, anatomic variants, and collateral networks [10]. Magnetic resonance 

arteriography (MRA) is a less expensive alternative that provides a high-resolution three-dimensional 

option that helps with proximal iliac and pudendal vessels yet is limited in evaluating distal pudendal and 

penile branches [10]. Advances such as virtual endoscopic reconstruction with multi-slice CT angiography 

(CTA) and 3D-CT cavernosography have improved noninvasive visualization of penile anatomy and venous 
drainage [10]. 

Dynamic infusion cavernosometry and cavernosography (DICC) combines cavernosometry (functional 

pressure/flow testing) and cavernosography (direct imaging of venous reflux), typically reserved for 

patients suspected of venous ED or for preoperative mapping of venous fistulae, and it records induced 

flow, maintained flow, and pressure decay. Ultrasound elastography is a sensitive technique for assessing 
tissue stiffness and has recently been refined to allow quantitative measurement [10]. Shear waves travel 

faster in stiffer tissue and slower in softer tissue [10]. Shear wave elastography (SWE) has recently been 

used to assess penile tissue stiffness in both healthy individuals and ED patients. Studies suggest it can 

objectively evaluate erection hardness and erectile function [10]. Despite having variable treatment options 

for ED, all of them are palliative in nature.  Li-SWT is unique in that it aims to restore reperfusion and 

angiogenesis, aiming to restore the ability to achieve spontaneous erection [29]. The mechanism of action 
is thought to mimic fluid shear stress, stimulating vascular endothelial growth factor (VEGF) and other 

local factor expression to enhance local angiogenesis, particularly at low energy settings [30]. In vitro 

studies demonstrated that Li-SWT increased levels of VEGF and endothelial nitric oxide synthase (eNOS), 

and that caveolin-1 and ß1-integrin, constitutive proteins, are necessary for angiogenesis [30].  

Since there are still questions regarding the reliability of evidence, the American Urological Association 

(AUA) stated that provided data are not sufficient to consider Li-SWT as standard treatment for ED 
patients and that it should be investigational with/without PDE5 inhibitors response [31]. The European 

Association of Urology has been more permissive, enlisting it in the treatment algorithm specifically for 

vasculogenic ED after PDE5 inhibitors [28]. However, the recommendation is based on weak evidence due 

to variability in trial designs and outcomes. The purpose of this open-label, single-arm, prospective clinical 

trial was to evaluate the safety and efficacy of Li-SWT in the treatment of vasculogenic ED. The study also 
explored associations with comorbidities and other factors influencing treatment efficacy at Al-Safwa 

Hospital. 
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Methods 

Study Design and Patients 

In this open-label, single-arm, prospective study, patients with ED were enrolled between January 2023 

and December 2024 at the Department of Urology, Al-Safwa Hospital, Misrata, Libya. All participants 

underwent physical examination and detailed medical history documentation. All patients provided written 

informed consent after being informed about Li-SWT based on contemporary literature regarding its use in 
the ED. 

 

Inclusion and Exclusion Criteria 

Inclusion criteria 

Adult married men (≥18 years) with known vasculogenic ED for at least one year duration, patient with 

baseline IIEF-5 score < 22 and refractory or partially responsive to PDE5 inhibitor treatment. 
 

Exclusion criteria 

Patient with a previous history of diagnosis of severe neurological ED, history of radical pelvic surgery, 

history of penile prosthesis and previous diagnosis of severe Peyronie's disease. 

 
Li-SWT Protocol 

The treatment was performed using Piezowave2 of (Richard Wolf) with tadalafil 5 mg (Cialis®, Eli Lilly) 

once daily throughout the treatment course. A single experienced urologist performed all treatments. Each 

session, lasting approximately 8 minutes, was performed once per week for 4-6 consecutive weeks in the 

outpatient setting. In each treatment session, a total of 4000 shockwaves is divided into 2000 shockwaves 

each applied to the corpora cavernosa and the crus of the penis. Shockwaves were applied at an energy 
flux density of 0.2 mJ/mm² and a frequency of 8 Hz. By the end of the treatment course, patients had 

received a total of 16,000 shocks (4 sessions) or 24,000 shocks (6 sessions). This corresponded to a 

cumulative treatment time of approximately 33 or 50 minutes, with a total applied energy of 3,200 or 

4,800 mJ. The variation of session number accounts for the varied condition of patients on initial 

assessment. 
 

Assessment of Li-SWT Efficacy Using Erectile Function (EF) Indices 

Treatment response was assessed using two validated, self-reported questionnaires of erectile function: 

International Index of Erectile Function (IIEF), a patient-reported measure of erectile dysfunction and 

other sexual issues, and Erection Hardness Score (EHS). EF assessments were performed at baseline (pre-

treatment) and post-treatment. 
For treatment success, a "Responder" was defined as a patient achieving both: 1) an IIEF-5 score ≥ 17, and 

2) an improvement of ≥4 points from baseline. 

 

Data collection 

The full medical record included demographics of age and marital status, special habits of medical 
importance, history of comorbidities, findings of the clinical assessment, and important values of 

investigational (Laboratory and radiology) tests. Additionally, the assessment of Li-SWT efficacy and safety 

outcome collection is described above. 

 

Statistical Analysis 

All statistical analyses were performed using Jamovi software (version 2.3.28). Descriptive statistics for all 
variables were conducted, with continuous data presented as mean ± standard deviation (SD), and 

categorical data summarized using frequencies and percentages. For comparative analyses, independent t-

tests were used to compare means between groups when data were normally distributed, while the Mann-

Whitney U test was applied for non-normally distributed variables. Statistical significance was defined as p 

< 0.05. Additionally, correlation analysis using Pearson’s r was performed to explore the association 
between baseline variables and post-treatment IIEF-5 scores. 

 

Results 

Characteristics of the Included Population 

A total of 20 patients were included in this study. The mean age was 55.9 (±13.5) with a range of 27.0 - 
75.0 years. Most of the patients were smokers (85.0%), while 25.0% were regular alcohol consumers. The 

most prevalent comorbidity was Diabetes Mellitus (DM) affecting 12 patients (60%), followed by HTN 8 

(40.0%), and other conditions combined (30%). The details are shown in (Table 1).  

Regarding clinical assessment and investigation, the mean duration of ED for the population was 6.85 

years, and 15 patients reported use of PDE5 inhibitors. The mean IIEF5 and EHS were 10.9 (range 5.0 – 
18.0) and 2.1 (range 1.0 – 3.0), respectively. Laboratory testing showed that serum testosterone had a 
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mean of 300 ng/dL with a range of 150 – 400 ng/dL. Penile Doppler revealed venous leakage in 3 patients 

(15%), while 17 (85%) had normal findings (Table 1).    
 

Table 1. Characteristics of Included Population (n = 20). 

Variable Value 

Age   

   Mean (±SD)  55.9 (±13.5) 

   Range  27.0 - 75.0 

Habits of medical importance, n (%)  

    Smoking  17 (85.0%) 

Alcohol  5 (25.0%) 

Comorbidities  

DM  12 (60.0%) 

HTN  8 (40.0%) 

Heart Disease (CHD/IHD)  3 (15.0%) 

Others  3 (15.0%) 

Duration of ED (Years, mean (±SD)) 6.85 (±4.02) 

History of PDE5 inhibitors usage, n (%)  15 (75.0%) 

IIEF-5   

   Mean (±SD)  10.9 (±4.5) 

   Range  5.0 - 18.0 

EHS   

   Mean (±SD)  2.1 (±0.8) 

   Range  1.0 - 3.0 

Morning erection, n (%) 11 (55.0%) 

S. testosterone   

   Mean (±SD)  300 (±90) 

   Range  150 - 400 

S. prolactin  

   0  17 (85.0%) 

   7  1 (5.0%) 

   8  2 (10.0%) 

Penile Doppler findings   

   Venous leakage  3 (15.0%) 

Normal  17 (85%) 

 

Li-SWT Significant Improvement of Erectile Function 

Post-treatment Outcomes  

The entire population (n = 20) completed the treatment course. Mean IIEF-5 increased to 14.85 ± 6.14, 

and mean EHS increased to 2.65 ± 1.31. Patient satisfaction was reported by 11 patients (55%). Ten 
patients (50%) reported morning erections, and 11 (55%) continued tadalafil use (Table 2). 

 

Table 2. Post-treatment Outcomes. 

Variable Value 

Total sessions per patient, n (%) 
 

   Four sessions 10 (50.0%) 

   Six sessions 10 (50.0%) 

IIEF-5 (Mean (±SD)) 14.85 (±6.14) 

EHS (Mean (±SD)) 2.65 (±1.31) 

Pt. satisfaction, n (%)  
 

   Dissatisfied  9 (45.0%) 

   Satisfied 11 (55.0%) 

Morning erection, n (%)  10 (50.0%) 

Continued tadalafil, n (%) 11 (55.0%) 

 

Significant Erectile Function Improvement Compared with Baseline 

As shown in (Figure 1), patients in the mild to moderate and moderate ED groups demonstrated 

improvement, with six patients (30%) achieving proper IIEF-5 scores to be categorized as "No ED". 
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Although substantial improvement was observed, the severe group remained unchanged, with six (30%) 

patients. 

 
Figure 1. Comparison of pre- and post-treatment IIEF-5 scores. 

 
(Table 3) shows that the mean IIEF-5 score significantly increased by +3.95 (95% CI 1.56–6.34, p=0.002). 

Also, the EHS had a significant improvement, with a mean change of +0.60 (95% CI 0.10 to 1.10, p = 

0.022. In contrast, morning erection with the same value in both phases and a p-value of 1.000 showed no 

change, probably due to minimal conscious suppression or distraction (e.g. stress, anxiety, or 

environmental factors) which occur during sleep.  

 
Table 3. Analysis of pre- and post-treatment means of erectile function outcomes.  

Outcome Measure 

Pre-

Treatment 
Mean ± SD 

Post-

Treatment 
Mean ± SD 

Mean Difference 
(95% CI) 

p-value 

IIEF-5 10.90 ± 4.52 14.85 ± 6.14 +3.95 (1.56 to 6.34) p = 0.002 

EHS 2.05 ± 0.89 2.65 ± 1.31 +0.60 (0.10 to 1.10) p = 0.022 

Patients with 

Morning Erections 
10 (55%) 10 (55%) 0 p = 1.000 

 

Risk Factors and Predictors of Treatment Response 
Responders and Non-responders 

Only eight out of 20 fulfilled criteria to be termed a responder, and 12 were non-responders, based on the 

total score. The mean age of the responder group compared to non-responders was markedly lower, 

expressed in a p-value of 0.005. A significant difference in baseline IIEF-5 score between the two groups, 

(14.1 ± 2.50) for responders and (8.8 ± 4.3) for non-responders. Hypertension was more prevalent among 
non-responders (58% vs 12.5%, p=0.047), suggesting it may reduce treatment efficacy. No statistically 

significant difference was observed between the two groups in venous leakage or DM (Table 4).   

 

Table 4. Comparison of risk factors between responders and non-responders. 

Variable  
Responders 

(n=8) 

Non-Responders 
(n=12) 

p-value 

Age (years), Mean ± SD 46.6 ± 10.8 61.8 ± 10.5 p = 0.005 

Venous Leakage, n (%) 0 (0%) 3 (25%) p = 0.244 

Baseline IIEF-5, Mean ± SD 14.1 ± 2.5 8.8 ± 4.3 p = 0.003 

DM, n (%) 3 (37.5%) 9 (75%) p = 0.170 

HTN, n (%) 1 (12.5%) 7 (58.3%) p = 0.047 

 
Predictors of IIEF-5 score 

Age demonstrated a strong negative correlation, thus older age predicts less improvement (r = −0.624, p = 

0.003). Baseline IIEF-5 score showed a moderate negative correlation, which means a worse baseline ED 

predicts greater improvement (r = −0.531, p = 0.016). Finally, ED duration had a modest negative 

correlation, not enough to reach statistical significance (r = −0.378, p = 0.101). 
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Table 5. Correlation analysis (Pearson's r) of treatment predictors.  

Variable  
Correlation 

Coefficient (r) 
p-value 

Age vs. IIEF-5 -0.624 p = 0.003 

Baseline IIEF-5 vs. IIEF-5 -0.531 p = 0.016 

ED Duration vs. IIEF-5 -0.378 p = 0.101 

 

Discussion 

This study achieved its primary aim of assessing efficacy and safety outcomes of Li-SWT in the treatment 

of vasculogenic ED by using two disease-specific scoring systems widely used to quantify treatment 

response. For a secondary outcome, analyses of risk factors were performed for a secondarily outcome of 
detecting negative and positive predictors of the pre-specified primary outcomes. Li-SWT demonstrated 

efficacy mainly in patients with mild to moderate ED. Analysis also provided evidence that younger age is 

a positive predictor affecting treatment response. Out of all the comorbidities recorded, only HTN showed a 

meaningful clinical implication. 

Since Li-SWT targets local tissue to activate biological cascades that involve the expression of VEGF and 
eNOS, ultimately leading to angiogenesis, the condition of local tissue is the determinant of the magnitude 

of this reaction [30]. Fibrosis and loss of smooth muscle cells have always been a part of vasculogenic ED, 

whether it be arteriogenic or venogenic, particularly illustrated by prior observations in three cases of 

venous leakage [23]. Severely damaged condition of the erectile tissue can resist repetitive stimulations of 

SWT. Similar findings in the literature indicate that individuals with mild to moderate ED tend to show 

better responses than those with severe ED, regardless of study design [32,33]. With age, there is a 
progressive decrease in functional corporal smooth muscle. The mechanism(s) underlying this aging-

related loss are believed to be due mainly to an apoptotic process that is primarily triggered by oxidative 

stress [34]. Aging is a distinct contributor to erectile dysfunction, responsible for another subtype of ED 

[34]. Therefore, when vasculogenic ED coexists with older age, prognosis is generally poorer [34].  

The role of oxidative stress in explaining the pathogenic effects of different factors continues with HTN 
[35]. Endothelial dysfunction is a common link between HTN and ED [36]. During hypertension, the 

sustained release of pro-contractile factors impairs the balance between vasoconstrictors and vasodilators, 

leading to detrimental impairment of vascular and erectile structures. This pro-hypertensive state 

enhances the reactive oxygen species, with no internal antioxidant countering mechanisms [35]. Vascular 

and hypertensive anomalies support the development of ED. Another mechanism for oxidative stress is the 

innate immune system sustaining a low-grade inflammatory state, thus inducing oxidative stress [35]. 
There is also an additional effect of antihypertensive drugs on EF [36].   

 

Strengths and Limitations 

This is the first study from Libya providing preliminary clinical data on Li-SWT treatment for the 

vasculogenic ED population with poor response to PDE5 inhibitors. Employment of internationally 
validated assessment tools (IIEF-5 and EHS) ensures reliable outcome measurement. The deployed 

standard treatment protocol was elaborated in all details of the treatment course, including the energy flux 

density, duration, frequency, and shock count mentioned concerning individual sessions and totals at the 

end of treatment. These details help reproducibility and allow comparisons with future studies [37]. The 

findings of the appropriate correlation analysis we conducted further aid policymakers through valuable 

clinical insights to develop helpful screening programs. The major limitation in this study is the absence of 
a control group; having a control group to compare outcomes with makes measurement more reliable. 

Being an open label may have affected patient reporting of outcomes, subsequently affecting the overall 

evidence. Although the protocol had high standards, concurrent administration of tadalafil 5mg limits the 

ability to solely attribute findings to Li-SWT. With 20 patients in this sample size, many clinically 

significant differences and risk factors could not undergo testing and analysis to contribute to the 
evidence generated; the existing evidence is vulnerable to selection bias and lack of generalizability. 

Finally, the short follow-up duration limits the conclusion about a long-term aspect to monitor the effect 

duration, as included in some of the previous literature [38].  

 

Conclusion 

This prospective study demonstrated that LiSWT is both effective and safe in improving erectile function in 

patients with vasculogenic erectile dysfunction. Patients experienced significant improvement in erectile 

function scores, with benefits maintained during the six-month follow-up period. Importantly, no major 

adverse effects were reported, supporting the favorable safety profile of this therapy. These findings 

suggest that LiSWT may serve as a promising non-invasive treatment option for men with vasculogenic 
erectile dysfunction, particularly for those who are unresponsive or intolerant to conventional 

pharmacologic therapies. Nevertheless, the single-arm design and relatively small sample size limit the 

generalizability of the results, underscoring the need for larger, randomized controlled trials with extended 
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follow-up to confirm efficacy, define patient selection criteria, and establish standardized treatment 

protocols. 
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