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PERSPECTIVE

Li-Eswt improves hemodynamic parameters thus suggesting
neoangiogenesis in patients with vascular erectile dysfunction
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Abstract
Extracorporeal treatment with low intensity shock-wave therapy (LI-ESWT) is a recently introduced non-invasive method
which purposes the restoration of the pathophysiological alterations at the base of vasculogenic ED in male patients. The
evidence in favour of the neoangiogenic potential of this treatment derived from in vitro studies and on animal models. The
purpose of this study, in which the Power Doppler method was applied, is to demonstrate ‘objectively’ the real efﬁcacy of
LI-ESWT at the level of the microcirculation of the corpora cavernosa (neoangiogenesis) in patients affected by
vasculogenic ED. Data from this study show, for the ﬁrst time, that LI-ESWT treatment promotes neovascularisation of the
functional arteries in patients affected by vasculogenic ED.

Introduction
Vasculogenic erectile dysfunction (ED) is an organic form of
impotence resulting from an insufﬁcient arterial supply to the
penis which predominantly occurs in patients with cardiovascular risk factors [1, 2]. The characterisation of vascular
ED is based, predominantly, on medical history, targeted
objectivity and laboratory investigations. In this context,
penile Doppler ultrasound has established itself as an instrumental method suitable for supporting the diagnosis of ED
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with vascular origins. This is a minimally invasive method
able to detect penile hemodynamic alterations and to assess
the morphological parameters of the cavernosal arteries
associated with a vascular-based ED [3].
The introduction of Power Doppler (PD) has additionally
permitted the extension of the ﬁeld of study into the
microcirculation of the corpora cavernosa [4], enabling the
assessment of the vessels with a low speed of ﬂow, such as
the helicine arteries, which escape the standard DopplerPulsated evaluation [5]. This is of particular interest as the
qualitative/quantitative alterations in the microcirculation
can be associated with morpho-dynamic alterations of the
cavernosal arteries and, in some cases, can constitute the
only objective feedback of vasculogenic ED [6].
LI-ESWT is a recently introduced non-invasive method
which proposes the restoration of the pathophysiological
alterations at the base of vasculogenic ED The angiogienic
effect of Low Intensity Shock-Wave Therapy (LI-ESWT)
on cavernosal tissue have been comprehensively investigated in clinical practice [7, 8].
Shock waves, focused on a “target” tissue, generates a
micro-trauma (sheer-stress) that is deemed to encourage the
release of proangiogenic factors and the local recruitment of
progenitor cells. This results in a neo-vascularisation and a
greater inﬂux of blood into the treated tissue [9]. The evidence in favour of the neoangiogenic potential of LI-ESWT
acquired in in-vitro studies and on animal models [10, 11],
along with the promising results obtained from the
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application of LI-ESWT in patients with ischaemic cardiopathy, have encouraged experimentation with LI-ESWT in
the ﬁeld of ED [7, 12].
From 2010 onwards, other randomised clinical trials
(RCTs) and cohort studies have documented that LI-ESWT
is able to induce a signiﬁcant clinical improvement of
vasculogenic ED, mainly using subjective parameters
resulting from validated questionnaires or scales as IIEF/
EHS (International Index of Erectile Function / Erection
Hardness Score) and Doppler-pulse evaluations with controversial ﬁndings [8, 13].
The purpose of this study, in which the PD method was
applied together with a pulse¬wave Doppler, is to objectively demonstrate the effect of LI-ESWT at the level of the
microcirculation of the corpora cavernosa in patients
affected by vasculogenic ED, through the instrumental
Doppler ultrasound and PD assessment.

Methods
Overall, 30 patients have been included in this prospective,
single-arm open study, belonging to a single specialist clinic
from May 2018 until June 2019, aged between 39 and 65
years (average 52.8).
Inclusion criteria were: a stable sexual relationship; ED
of moderate severity with an IIEF-5 score between 11 and
16 (average 13.63); non-responders to PDE5is; evidence of
blood hypoafﬂux in the cavernosal arteries deﬁned as a peak
systolic velocity (PSV) < 30 cm/sec. All patients were
screened for the presence of common cardiovascular risk
factors: type 2 diabetes, arterial hypertension and dyslipidaemia, smoking history (> 5 cigarettes per day) and obesity (BMI > 31). Exclusion criteria included: penile
deformations, neurological defects, hormonal alterations
(total testosterone < 3.5 ng/ml -prolactin > 20 ng/ml), history of radical prostatectomy and/or pelvic radiotherapy. A
penile Doppler ultrasound, with associated PD method, was
performed after an intracavernosal injection with 20 mcg
PGE1 in accordance with the guidelines of the International
Society of Sexual Medicine (ISSM-2013) concerning the
standard operating procedure for the method (SOP) [14].
The vascular dynamics of the patients included in this study
were further investigated by measuring their baseline Penile
Brachial Pressure Index (PBPI) [15]. The PSV was calculated using the average of the two arteries [16, 17].
The treatment protocol followed Frey A. et al. 2016 [18]
and consisted of two sessions of LI-ESWT every other
week for a total period of 6 weeks. Each section were
delivered a total of 3000 shocks to the distal penis
(1000 shocks), proximal penile shaft (1000 shocks) and
perineum (500 shocks for both left and right crura), at an
energy density of 0,25 mJ/mm2 and a frequency of 3 Hz.

Each treatment duration was approximately 20 mins. It was
not necessary to suspend the treatment or to modulate the
energy used for any of the patients, nor were any side
effects reported.
The protocol included:
An assessment of the number of ramiﬁcations of the
cavernosal arteries higher than the second degree, the
manifestation of arterial/helicine circulatory conditions
and any eventual “neoangiogenesis” by PD.
A comparison of PSV at the cavernosal level and in the
dynamic phase (after pharmacological intracavernosal
stimulation).
An evaluation of any variations in the baseline measurement of the PBPI. A special dedicated sleeve for
observing the penile blood pressure in the cavernosal
arteries (Fig. 1) was used to measure the baseline
conditions, and the ratio (PBPI) was calculated with the
pressure measured at the brachial level with a common
sphygmomanometer.
The LI-ESWT treatment was performed using Duolith
SD1 Ultra instrumentation (Storz Medical AG, Tagerwilen,
Switzerland) on outpatients.
At follow-up, the vascular assessment referred to above
was carried out again one month after the conclusion of the

Fig. 1 Sphygmomanometer. Special sleeve of the sphygmomanometer for detecting penile pressure.
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Table 1 Patient demographics data.
Participants

30

Mean age

52.8 ± 7.9

Incidence of risk factors
Diabetes

4 (13.3%)

Hypertension

7 (23.3%)

Dyslipidemia

8 (26.6%)

Smoker

11 (36.6%)

Obesity

2 (6.6%)

Table 2 Pre and post-treatment data of the entire cohort.
Variables
PD

Before intervention
5 (0–12)

After intervention
8 (0–17)

V-SIST

25.2 (21.8–27.2)

27 (21.8–29)

PBPI

0.82 (0.60–0.90)

0.90 (0.60–0.96)

IIEF

14 (11–16)

18 (12–20)

p-value
<0.0001
<0.0001
<0.0001
<0.0001

Data are expressed as median and range Keys: PD: Number of helicine
arteries at Power Doppler PBPI = penile brachial pressure index;
PSV = peak systolic velocity; IIEF-5 = International Index of Erectile
Function-5. (Wilcoxon test).

signiﬁcance was set at p ≤ 0.05 and all p values were twosided. Data analysis was performed using IBM-SPSS®
version 25.0 (IBM Corp., Armonk, NY, USA, 2017).

Results
Fig. 2 Penile power doppler. a Power Doppler sample before treatment
with LI-ESWT; b Power Doppler sample after treatment with LI-ESWT.

LI-ESWT treatment for comparative purposes [19]. Moreover, the IIEF-5 questionnaire was administered and correlated with vascular parameters in order to eventually
prove the impact of increase in intracavernosal vascularisation on sexual activity.
This study was subject to approval by the local ethical
committee (University of Perugia- Italy; n.36361).
The following pre and post-treatment variations were
considered to be primary end points: a statistical improvement of PD, PSV, PBPI and IIEF. Furthermore an increase
of at least 30% in the number of the third order ramiﬁcation
arteries at PD assessment (Fig. 2a, b).

Statistical analysis
The Wilcoxon test was used to analyse paired discrete
variables, whereas Spearman’s correlation coefﬁcient was
used to test correlation between variables. Statistical

Demographic data are showed in Table 1. The data of the
entire cohort of 30 pts. before and after treatment, including
the morphological results obtained from the PD penile
assessment, the average PSV of the cavernosal arteries, the
PBPI measured at baseline conditions and the IIEF-5 score
are summarised in Table 2. We observed a statistically
signiﬁcant increase of the median IIEF-5 post-ESWT (14
vs. 18; p < 0.0001), suggesting an overall increase of
patients sexual activity following treatment. Of note, there
was a signiﬁcant improvement of the number of observed
third-order helicine arteries, of PSV and of PBPI after the
shock-wave therapy (p < 0.0001), suggesting an increase in
vascularisation within the corpora cavernosa.
Our data clearly show that the results obtained from the
PD, the PSV and the PBPI all correlate positively and
signiﬁcantly with the data obtained from the post-treatment
IIEF questionnaire (rho = 0.513, p = 0.004; rho = 0.779,
p < 0.0001; rho = 0.801, p < 0.0001, respectively), that is to
say that there is an overall actual improvement in sexual
activity in those who underwent shock wave therapy from
both a clinical and instrumental, and symptomatic perspective (Fig. 3).
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Fig. 3 Statistical analysis. Correlation between the IIEF and the
vascular parameter after LI-ESWT.

Discussion
Previous studies have revealed that LI-ESWT can signiﬁcantly improve the blood ﬂow to the penis in patients
affected by vasculogenic ED, but the mechanism involved
is still not entirely clear [9–12].
Based on recent meta-analysis of pre-clinical studies [9],
the success of LI-ESWT in promoting erectile function could

be due to three main processes: cellular proliferation, tissue
regeneration and neoangiogenesis). It was therefore speculated that neoangiogenesis and the improvement of penile
hemodynamics as a whole are the basis of the effectiveness of
shock wave therapy in clinical practice for ED [20]. Vardi
et al. [7] ﬁrst applied LI-ESWT in 2010 to treat vasculogenic
ED with positive results in terms of clinical improvement,
using the IIEF score and other validated questionnaires as a
parameter for assessing the effectiveness of this method.
Indeed, as also demonstrated by a recent meta-analysis [21],
up until a few years ago the effectiveness of shock wave
therapy was observed through clinical and symptomatic
assessment, using validated questionnaires such as the IIEF
and the EHS. Additionally, even if no studies had been
conducted up to now on histological samples or genome
expression in human tissue, various researchers have reported
signiﬁcant positive results concerning the hemodynamic
improvement in the penis and endothelial function in patients
treated with LI¬ESWT, using plethysmography and the Flow
Mediated Dilatation Technique as an objective detection
parameter [22, 23]. More recent studies have also included the
assessment of PSV of the cavernosal arteries, measured using
the Doppler Ultrasound method, for the evaluation of patients
treated with LI-ESWT [8, 24, 25]. However, those studies
reported controversial results, as the ﬁrst shows an improvement of PSV evaluated before and after treatment [8], the
second showed no substantial differences [24], whereas in the
third study only the PSV observed during the follow-up were
considered (with no pre-treatment data), suggesting, the durability of the treatment over time [25]. Therefore, even if the
available data in the literature are not yet fully in agreement, it
appears evident, that there is an improving trend in PSV after
treatment with LI-ESWT and that this parameter remains
stable over time. Only a minority of studies make use of
instrumental methods such as, penile Doppler Ultrasound
after the injection of vasoactive agents into the body of the
corpora cavernosa, as an objective assessment methodology
[13]. As far as we know, our study is the ﬁrst to consider, in
addition to clinical criteria, three instrumental variables
represented by PD assessment of helicine arteries, PSV and
PBPI at both baseline and follow-up assessment. Indeed, in
our study, all of the 30 patients treated demonstrated a
pathological ﬂow-rate parameters to document the vascular
aetiology of ED. Of clinical interest, after treatment, a statistically signiﬁcant improvement in PSV was clearly shown;
data which, up to now, was only reported by one study [8]. In
addition to this, we introduced, for the ﬁrst time, the use of the
PD to evaluate the cavernosal vascular ramiﬁcations which
were signiﬁcantly improved after shock wave therapy. Overall
these ﬁndings represent an objective assessment of the effect
of LI-ESWT and corroborate the experimental data that correlates shock waves with neovascularization. Additionally, we
observed that the IIEF-5 score improves in a statistically
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signiﬁcant manner after shock wave therapy. This is in line
with what is described in literature, although it can be easily
affected by the “placebo” effect in mitigating its true value.
Regardless of this effect, which is inevitably present in clinical studies, we showed that the improvements in the IIEF
are supported by the improved vascularisation showed by
Doppler ultrasound, both as a functional aspect in relation to
the PSV, and morphologically through the PD study.
The correlation between the IIEF-5 and the cited instrumental
parameters establishes a link between the improvement of
the clinical response and the theoretic rationale of using LIESWT, represented by improved penile vascularisation.
Our study is not devoid of limitations. First of all, the
number of patients is relatively low to draw deﬁnitive
conclusions on the effect of LI-ESWT on penile vascularisation, although we were able to detect a statistical signiﬁcant improvement on all investigated outcomes. Second,
penile doppler is an operator-dependent exam and the
results are depended on the user, and therefore relative
subjective; however PD method have to be performed in
accordance with the guidelines of the International Society
of Sexual Medicine (ISSM_2013) concerning in the standard operating procedure for this method. Third, as a single
centre study, our ﬁndings would deserve to be using a
placebo/sham-controlled study.
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Conclusions
11.

The assumptions related to the rationale of Li-ESWT
treatment are still primarily conﬁned to pre-clinical studies
with controversial ﬁndings; furthermore we do not know, at
present, the optimal protocol for Li-ESWT. However, in our
study, we showed that penile Doppler Ultrasound assessment allows for accurate patients selection based on vascular parameters to properly deﬁne vasculogenic ED, and
provide evidence of enhanced penile vascularisation along
with subjective IIEF improvement associated with LIESWT.
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