ORIGINAL RESEARCH | UROLOGY

SYNERGISTIC EFFICACY OF LOW-INTENSITY EXTRACORPOREAL SHOCK WAVE
AND PLATELET-RICH PLASMA ON ERECTILE DYSFUNCTION
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Erectile dysfunction (ED), an unusual sexual condition in which the person fails to attain or sustain an erectile penis, severely impacts personal relationships, confidence, and
efficiency. To date, low-intensity extracorporeal shock wave therapy (Li-ESWT) is an option to manage ED; however, it is associated with adverse events such as bruising,
redness, and pain. Hence, in this study, we applied platelet-rich plasma (PRP), a blood-derived biomaterial containing cargo of growth factors, to enhance the therapeutic
efficacy of LI-ESWT on ED. We assessed the synergistic effect of PRP+Li-ESWT, in which Li-ESWT was extracorporeally applied simultaneously with PRP. They were evaluated
clinically at 22 + 2, 50 + 2 and 78 + 2 days. Statistical analysis was performed using a non-parametric test, Friedman repeated measures as an alternative non-parametric test
of ANOVA test. The international index of erectile function (IIEF-5) and erection hardness score (EHS) were recorded. IIEF-5 score in the pre-treated group was 8.36 + 1.44.
After 22 + 2 days of synergistic PRP+Li-ESWT treatment, the score was 14.45 + 2.12 (p < 0.028). This score further increased to 15.45 + 1.93 (p < 0.008) and 16.18 + 1.48
(o < 0.001) after 50 + 2 days and 78 + 2 days of treatment, respectively. The mean pre-treated EHS was 1.64 + 0.20 (p < 0.002), which increased to 2.81 + 0.26 (p < 0.002),
3.09 + 0.25 (p < 0.0002) and 3.18 + 0.12 (p < 0.000) on day 22 + 2, 50 + 2 and 78 + 2 days, respectively. Conclusively, our study demonstrated potent synergistic therapy of
PRP+Li-ESWT in ED treatment by improving llEF-5 and EHS scores. However, extensive mechanism-based clinical studies are needed to reach a consensus.
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Erectile dysfunction (ED) is an unusual sexual condition in
which the person fails to attain or sustain an erectile penis
[1]. It could severely affect sexual health and activity, which
negatively impacts personal relationships, psychological status,
and quality of life [1, 2]. Penile erection is regulated by oxygen
tension, and its lower levels decrease cavernous trabecular
smooth muscle content, resulting in venous leakage, oxidative
stress, inflammation, structural change in the penile interstitium
and neural structures due to vasoconstriction, endothelial
dysfunction, veno-occlusive disease, and in the long-term may
cause initiation and progression of ED [3].

It has been projected that the incidence of ED may
influence the population of 322 million by 2025 [1, 4]. Recent
longitudinal epidemiological data suggest that the prevalence
of ED could range from 32-80%, depending on the age [5]. As
the age increases, the risk and incidence of ED also elevate,
particularly in the age group of 40-70 years [5]. To date, though
various traditional ED therapies, including pharmaceutical and
surgical alternatives, have been employed, the results either
demonstrated an inadequate efficacy or adverse events.
Hence, a complete therapeutic solution is urgently needed.

Low-intensity extracorporeal shockwave therapy (Li-ESWT)
is a therapeutic approach that has the potential to regenerate
endothelium, smooth muscle cells, and neuronal nitric oxide
synthase-positive nerves [6]. Shock waves are acoustic waves
with a frequency range of 16-20 MHz with a period of up to 10
microseconds and are collected in the focal zone, which could
be a targeted tissue or organ for therapeutic purposes [7].
Low-intensity shockwaves are low-energy waves of less than
0.1mJ/mm? energy flux density (EFD), though no consensus
has yet been reached on the EFD range [8]. Additional changes
include the proliferation of T cells, recruitment of stem cells,
increase in endothelial capillary connections, regeneration of
nerve and axonal cells, collagen matrix alteration, and decrease
in inflammation and oxidative stress [9].

PRP is a blood-derived product rich in growth factors such
as vascular endothelial growth factor (VEGF), basic fibroblast
growth factor (bFGF), transforming growth factor B-1 (TGF-1),
platelet-derived growth factors (PDGF), hepatocyte growth
factor (HGF), insulin-like growth factor-1 (IGF-1), epidermal
growth factor (EGF), and various cytokines. These factors
participate in tissue growth and healing through activation
and the proliferation of fibroblasts, smooth muscle cells, and
neutrophils, in addition to mesenchymal stem cell differentiation
[1, 10]. PRP also contains biomolecules such as adenosine
triphosphate, adenosine diphosphate, dopamine, serotonin,
histamine, and Ca*? ions, which play a crucial role in tissue
homeostasis [11]. Based on the above-mentioned therapeutic
activities, the potential of PRP is being explored in ED treatment.
However, a few studies have suggested that PRP therapeutic
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efficacy could be enhanced by supplementing other alternative
therapies, such as low-intensity extracorporeal shockwave
therapy (Li-ESWT). Moreover, pre-clinical and clinical studies
limit their wide therapeutic applications in ED. Therefore, we
examined the synergistic impact of PRP and Li-ESWT-based
regenerative treatment for ED.

METHODS
Patients

Between 20 May 2020 and 22 Feb 2022, 11 ED patients
underwent a combination therapy of Li-ESWT and PRP for
78 + 2 days. All patients were informed in detail about the
synergistic treatment of Li-ESWT and PRP, as illustrated in the
schematic design of the study (Fig. 1).

The patients’ demographic characteristics such as age,
material status, ED duration, mean body mass index (BMI),
triglyceride level, high-density lipoprotein (HDL), prostate
serum antigen (PSA), and testosterone levels were evaluated.
Additionally, hypertension, diabetes mellitus (DM), BPH,
dyslipidemia, and antiplatelet therapy use were also recorded.

Inclusion and exclusion criteria

This study included patients suffering from impotence for more
than 3 months, with an international index of erectile function
(IIEF) less or equal to 21, erectile hardness score (EHS) of 0, < 3,
and age over 30 years old. Whereas the patients were excluded
if they patients have characteristics such as hypogonadism,
bleeding tendency, could not cooperate with the treatment,
AIDS, syphilis, condyloma victim, received radical prostatectomy,
prostate cancer or pelvis malignant tumor victim, gonad
dysfunction, penis deformities, penile prosthesis implantation,
psychiatric disease victim, neural disease (multiple myeloma,
brain atrophy, etc.), pacemaker implantation, not suitable to join
this trial judged by the investigation, alcohol or drug abuse.

Li-ESWT application

Treatment of Li-ESWT using PiezoWave 2 (Richard Wolf GmbH,
Knittlingen, Germany) machine was performed on days 1, 8,
15, 29, 36, and 43. In each treatment, 2,000 shockwaves (SW)
(0.16 mJ/ mm?, 6-8 hertz (Hz) were applied to the penile shafts
and 2,000 SW to the perineal corpus cavernosum.

Preparation and injection of human platelet-rich plasma (PRP)

To prepare PRP, we employed a specialized platelet concentrate
separator containing ACD-A as an anticoagulant and a specific
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Fig. 1. The experimental schedule. ED — Erectile dysfunction. Li-ESWT — Extracorporeal shockwave therapy. PRP — Platelet-rich plasma.
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Table 1. Patients’ demographics. ED — Erectile dysfunction, BMI — Body mass index, DM — Diabetes melli-tus, HDL — High-density lipoprotein, TG — Triglycerides,

BPH — Benign prostate hyperplasia, PSA — Prostate-specific antigen

Variable N Value p-value (Shapiro-Wilk)
Age (years) 11 60.3 £ 10.4 0.154
Duration ED (year) 11 2 [1-8] 0.001
Mean BMI (kg/m?) 11 25.2 + 3.06 0.391
TG (mg/dl) 9 187 £ 119 0.198
HDL (mg/dl) 8 47.3+10.8 0.524
PSA 10 1.10 [0.925-2.60] 0.005
Testosterone level 11 5.02 +1.55 0.322
Marital status (y/n) 11 8d/3n
Hypertension (y/n) 11 5d/6n
DM 11 5d/6n
Dyslipidemia 11 4d/7n
Usage antiplatelets 11 3d/8n
BPH 1 10d/1n

separator gel to harvest platelets and plasma to prevent
contamination from other blood components, including red
blood cells and leukocytes. In brief, we collected 7 milliliters
(mL) of autologous human peripheral blood into a PLTenus PLUS
Platelet Concentrate Separator (TCM Biotech International
Corp., Taipei, Taiwan) through a sterile venipuncture. Then, the
collected blood was centrifuged at 500~1200G for 8 minutes.
Thereafter, approximately 4 mL of mixed plasma and platelets,
which remained over the thixotropic gel layer, were isolated and
then collected in a falcon tube for therapeutic application. The
0.5 ml PRP was then injected intracorporeally at 6 sites on the
penile shaft, and the therapeutic efficacy was evaluated using
IIEF-5 and EHS scores.

Outcome measurements

We evaluated treatment outcomes using the IlEF-5 and EHS
scores. lIEF-5 is a self-assessment score-based questionnaire
to determine the erectile function and severity of ED [12]. It

20

specifically employs five domains to measure erectile function,
sexual desire, orgasmic function, intercourse satisfaction, and
overall satisfaction. Erection hardness is assessed through EHS,
a four-point scale self-report based on a single item [13]. This
reliable score system also indicates a direct relation between
erection hardness and intercourse. Pre-treatment scores were
compared with post-treatment scores to assess the efficacy
of this synergistic treatment. The post-treatment scores were
measured at 22 + 2 and 50 + 2 days and 78 + 2 days.

Statistical analysis

The statistical analysis was performed using non-parametric
test, Friedman repeated measures as an alternative non-
parametric test of ANOVA test, which is suitable for non-normal
distribution data/small sample. Further, pairwise comparison by
Durbin-Conovar tests was done as post-hoc test (alternative
non-parametric test of student t-test). The values were
considered significant only when less than 0.05.
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Fig. 2. IIEF-5 score at pre-treatment, 22 + 2, 50 + 2, and 78 + 2 days post-treatment. IIEF-5 — International index erectile function-5. * p < 0.05 and *** p < 0.001
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Table 2. Pre-treatment and post-treatment scores of IlEF-5 and EHS
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Timeline 1 t2 3 t4 Significant
median [q1-q3]; median [q1-qg3]; median [q1-q3]; median [q1-q3]; Q (p-value) post-hoc
Variable mean + SD mean + SD mean + SD mean + SD (p-value)
t1-t2 (<0.001).
t2-t3 (<0.001).
7 [56-10.5]; 13 [10-20.5]; 15 [13-20.5]; 17 [13-19.5]; ~
IIEF-5 8.36 + 4.80 14.5+7.05 15,5+ 6.42 16.2+ 492 22.5<0.001) 1114 (=0.000).
(0.011)
t1-t2 (<0.001).
t2-t3 (<0.001).
2 [1-2]; 3[2.5-3]; 3[3-3.5]; 3 [3-3]; B
EHS 1.64 + 0.674 2.82 +0.874 3.09 + 0.831 3.18 £ 0.405 22.2 (0.001) t t4té<_?4001)'
(0.043)
RESULTS t1-2, 1118 and t1-t4 (p < 0.001), indicating the efficacy

Demographics of patients

The study involved 11 patients treated with a combination
of Li-ESWT and PRP. As shown in Table 1, no significant
difference was observed for the age, BMI, TG, HDL, PSA, and
testosterone; however, ED duration was significant. Out of 11
patients, 8 (72.73%) were married, and 5 (45.46%) suffered
from hypertension and DM. Three patients (27.27%) had been
using antiplatelets. After the treatment, the IIEF-5 and EHS
scores were assessed.

Effect of PRP+Li-ESWT on IIEF-5 scores

The median [q1-g3] and mean+SD value of lIEF-5 (Fig. 2) at
different time points are shown in Table 2 for the two groups
(pre-treatement and PRP+LI-ESWT treatment). In the PRP+Li-
ESWT group, the median [q1-g3] IIEF-5 scores significantly
increased during t1-t2, t1-t3 and t1-t4 (o < 0.001).

Impact of PRP+Li-ESWT on erection hardness

Further, erection hardness score (EHS) (Fig. 3) also showed
similar pattern the median [q1-g3] values significantly during

of PRP+LI-ESWT in gaining erection hardness, which is a
fundamental component of erectile function.

DISCUSSION

Li-ESWT is considered a safer alternative in ED treatment,
especially in the case of mild vasculogenic ED or when patients
are less responsive to PDE-5i [6]. It promotes neo-angiogenesis,
improves blood circulation in cavernosal tissues, and suppresses
inflammation and stress [14]. In DM patients, Li-ESWT mimics
shear stress, affects membrane permeabilization, and regulates
signal cascades, resulting in an inhibited inflammatory response,
secretion of nitric oxide, mobilization of endothelial and stem
cells, and improved NNOS-positive nerves in corpora cavernosa
and endothelial content in cavernous arteries and sinusoids [15].
Based on this evidence, we anticipate that all the therapeutic
impacts, particularly neovascularization, could be elevated
through supplementing PRP.

PRP is rich in trophic growth factors and regenerative
molecules, which may promote stem cell recruitment,
angiogenesis, nitric oxide synthesis, and cavernosal nerve
regeneration. In the murine model, PRP has been demonstrated
with neuroprotective and neuro-regenerative effects by lowering
the expression of caspase-3 and TGF-B1, resulting in PDGF

IIEF-5
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Fig. 3. EHS at pre-treatment, 22 + 2, 50 + 2, and 78 + 2 days post-treatment. EHS: Erection hardness score
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levels [16]. The PRP-contained VEGF and BDNF promote nerve
regeneration, upregulation of nNOS, and axon growth [17].
Li-ESWT also induces the expression of VEGF and its receptor
FIt-1(vascular endothelial growth factor receptor-1)[18], which
could be further accelerated through PRP-contained VEGF. In
addition, BDNF activates the Janus kinase signal transducer
and activator of the transcription (JAK-STAT) pathway, which
promotes neurite growth in the pelvic ganglion region [17, 19].
The BDNF, IGF-1, VEGF, and bFGF present in PRP have
effectively restored penile hemodynamics in the pre-clinical
models [20].

In our study, some of the patients showed characteristics
of hypertension, diabetes, and high triglyceride levels (Table 1).
[t has been evident that 25% and 60% of patients treated for
hypertension and diabetes, respectively, suffered from ED [21].
Aging reduces the level of testosterone, smooth muscle cells in the
penis, and elastic fibers in tunica albuginea, which results in ED [22].
Endothelial dysfunction due to dyslipidemia is a prominent cause
of ED [23]. It has been further observed that ED is associated with
at least one of the co-morbidities such as depression (11.1%), DM
(20.2%), hyperlipidemia (42.4%), and hypertension (41.6%). Thus,
the presence of above-mentioned characteristics/demographics
in our patients is associated with ED.

Our study combined both Li-ESWT and PRP therapies to
evaluate the synergistic effect of the combination therapy. The
therapeutic outcomes, i.e., erectile function and hardness, were
assessed using IlEF-5 and EHS scores, respectively (Table 2).
The median changes in IIEF-5 score using Li-ESWT among ED
patients are +3.5 (p = 0.0049) and +1 (p = 0.046) after 1 month
and 1 year post-treatment [24]. Li-ESWT improved the baseline
IIEF-5 score from 8.27+2.741 1o 10.43 + 8.43 after one month
of the treatment, and the therapeutic effect was sustained for
6 months at a similar level [25]. Another randomized clinical
study indicates that weekly Li-ESWT treatment for five weeks
of courses improves EHS and IIEF-5 scores. The EHS score
increases by 0.35 and 0.50, whereas the lIEF-5 score improves
by 2.40 and 3.45 after 4 and 12 weeks of treatment [26].
A 14-week Li-ESWT treatment (once a week), which includes
a gap of 4 weeks after 5 weeks, reported improvement in
IIEF-EF score from baseline 11.5 to 13 and 12.6 after 5 and

10 sessions, respectively [27]. The above-mentioned studies
showed an improvement in IIEF-5 and EHS in the range of
2-5 and 0.3-2 points, respectively. However, our study has
recorded an increment of 6-8 points in the mean baseline
IIEF-5 score of 8.36 + 1.44, which was significantly elevated
to 14.45 + 212, 15.45 + 1.93, and 16.18 +1.48 after 22 + 2,
50 + 2 and 78 + 2 days post-treatment, respectively. Similarly,
the mean EHS baseline score of 1.64 + 0.20 increased to
2.81+0.26,3.09 +0.25,and 3.18 + 0.12 at22 + 2,50 + 2, and
78 + 2 days post-treatment, respectively. This data indicates
improvement in erectile function in our combined treatment of
Li-ESWT+PRP, which is comparatively better than previously
reported monotherapy of Li-ESWT.

The enhanced therapeutic impact may be attributed
to PRP, which promotes natural healing. The IIEF score is
improved without adverse events when used to treat ED [28].
A prospective study showed the significant efficacy of PRP in
improving IIEF score after treatment (p = 0.02)[1]. However, a
fibrotic plaque develops on the ventral side in the middle of
the penile shaft. However, intravaginal ejaculatory latency
time significantly improved due to the combination treatment.
The regenerative therapeutic efficacy of PRP has been widely
evaluated among various disorders and is linked to the growth
factor and other bioactive molecules present in the PRP.
VEGF, a PRP component, has shown that it could effectively
recover erectile function among CN injury animal models [29]. In
coherence, a double-blinded, randomized, placebo-controlled
clinical trial evidenced that PRP significantly attained minimal
clinically important difference (MCID) in the IIEF-EF (erectile domain)
post 6 months of treatment [30]. Moreover, the satisfaction level
was evident without any hemorrhagic adverse events.

It has been demonstrated that PRP improves erectile
function among diabetic rat models by inhibiting the atrophy
of corporal smooth muscle cells, corpus cavernosum safety,
and regenerating CN fiber [16]. In addition, PRP also restores
tissue and improves all parameters of erectile function and
myelinated nerve regeneration among DM rats [16]. Thus, PRP
could effectively minimize post-surgical complications due to
DM in ED treatment. Similarly, the PRP treatment significantly
improves intracavernous pressure, mean arterial pressure, IGF-1,
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BDNF, and VEGF levels among hyperlipidemia-associated
ED rats [31]. Moreover, the PRP treatment also improves
endothelial cells, neuronal nitric oxide synthase, and endothelial
nitric oxide synthase in the corporal tissues, resulting in lower
oxidative stress and apoptotic index. Based on our results, we
infer that PRP could improve the Li-ESWT-treated ED owing to
its wound-healing potential for microtrauma developed during
Li-ESWT (Fig. 4).

Limitations of the study

Apart from various positive therapeutic outcomes, our study
includes limitations like the lack of a control group such as
Li-ESWT, which will be investigated in the future. However, a
previous study on monotherapy of Li-ESWT [32] demonstrated
an effective and safer profile for diabetic as well as non-diabetic
ED patients. Hence, combined Li-ESWT and PRP treatment is
anticipated to offer an enhanced therapeutic efficacy on ED. The
pain score while injecting PRP was not recorded, which will also be
the focus of our future study. Small sample size is another limitation
of the study; however, we have conducted statistical analysis using
non-parametric test, Friedman repeated measures as alternative
non-parametric test of ANOVA test, which is suitable for non-
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