
Fundamentals of the Treatment of Male Erectile Dysfunctions with Low 
Intensity Shockwaves

Since the beginning of the 21st century, low 
intensity focused shock wave treatments (LI-
ESWT) have been applied to male erectile 
dysfunctions (MED) with good results in 
clinical practice [1, 2, 3, 4, 5]. Nevertheless, 
their acceptance by the medical community 
did not have an absolute consensus due to the 
initial lack of knowledge of the scientific 
background that support their use and the 
complexity of methodological analysis, 
considering the wide variety patients of 
characteristics, and the use of different 
devices and protocols.

ED is one of the most common problems 
among men worldwide [8]. No single 
diagnostic method evaluates all the variables 
of this complex condition. The first thing to 
consider is the psychosocial context of the 
patient. Biological factors such as hormonal 
disorders (testosterone), metabolic disorders 
(blood glucose, cholesterol), and even drug 
iatrogenesis must be excluded.

Erectile Dysfunction

Introduction

Fortunately, the continuous and immense 
contribution of researchers, the development 
of new diagnostic technologies and the 
act iv it ies  carr ied out  by the ISMST 
(In te r n at i o n a l  S o c i e t y  f o r  Me d i c a l 
Shockwave Treatment) [6] and Onlat (Ibero-
Latinamerican Shockwave and Tissue 
Engineering Federation) [7] allow us today 
to deepen our understanding of the biological 

mechanisms that underpin the results 
obtained with this type of treatment.

To achieve a penile erection an erogenous 
s t i m u l u s  i s  r e q u i r e d ,  w h i c h  b y 
parasympathetic way causes the release in 
corpora cavernosa (CC) of nitric oxide with 

vasodilator action, which in turn promotes 
the act ion of  guanosin-3´,  5´-c ycl ic 
monophosphate (cGMP), with muscle 
relaxant effect [9]. In this way, the helicine 
veins of the CC will be filled with blood and 
expand, producing penile tumescence. This 
ability to expand is known as “compliance.”

The loss of elasticity, or in other words, the 
increase in the rigidity of the CC, which in 
many cases increases with age or due to 
comorbidities present from the age of 50 
[10], limits compliance and is therefore the 

The purpose of this review is to provide an 
overview about the use of low intensity 
focused shock wave treatments in Erectile 
Dysfunction (ED) and discuss the role of 
ultrasound in the diagnosis and follow-up of 
this condition. In addition, a correct veno-occlusive 

mechanism will be necessary to contain the 
blood within the vessels long enough to 
obtain a satisfactory erection and sexual 
i n t e r c o u r s e .  T h i s  c o n t a i n m e n t  i s 
fundamentally mediated by the tone of the 
tunica albuginea and the state of the veins of 
the penis. ED can be caused if there are 
alterations in the mechanisms of vascular 
dilation, muscle relaxation or the capacity to 
contain the tunica albuginea, among others.
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Male erectile dysfunction (ED) is one of the most common problems among men worldwide. No single diagnostic method evaluates all the 
variables of this complex condition. To achieve good therapeutic results, it is essential to base the treatment on an accurate diagnosis. 
Hemodynamic exploration by echo Doppler of the cavernous arteries, especially since the incorporation of intracavernous administration of 
vasoactive drugs, is a useful tool that allows the evaluation of erectile dysfunction in the arterial phase. It is also considered to be the choice in the 
assessment of the corporoveno-occlusive mechanism. Different treatment methods are used, being PDE5 (sildenafil and tadalafil), the 
treatment of the first choice in several conditions. The number of publications of low-intensity extracorporeal shockwave treatment (LI-
ESWT) for ED has increased dramatically in recent years. Scientific evidence regarding the application of LI-ESWT for the treatment of erectile 
dysfunction is still controversial. Inclusion criteria of the studies and the wide variety of treatment protocols have been criticized. On the other 
hand, most of these studies report encouraging results with no short-term adverse effects, regardless of variation in LI-ESWT setup parameters 
or treatment protocols.
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Therapeutic results can be evaluated not only 
by clinical response but also with changes in 
u l t r a s o u n d  i m a g e s .  C o l o r  D o p p l e r 
ultrasound and a qualitative-quantitative 
shear elastography (2D SWE) of the penis are 
effective to verify the presence of vascular 
dilatations or an increase in the rigidity of the 
CC.

To achieve good therapeutic results in ED, it 
is essential to base the treatment on an 
accurate diagnosis, since not all ED should be 
t r e a t e d  w i t h  L I - E S W T  [ 1 2 ] .  A 
comprehensive biopsychosocial evaluation 
and treatment should be considered in the 
first instance, involving psychological and 
biological aspects. Considering that ED is 
multicausal, an in-depth evaluation must be 
appealed to r ule out factors such as 
medications whose collateral effects affect 
e r e c t i l e  f u n c t i o n  ( b e t a - b l o c k e r s , 
antiandrogens, some antidepressants, etc.), 
psychogenic factors, neurological disorders, 
endocrinological factors, etc. [11]. Excluding 
these problems, -PDE5 (sildenafil, tadalafil) 
constitutes the treatment of first choice in ED 
[11]. It’s effect allows, after erogenous 
stimulation, firm and sustained erections 
since it maintain high levels of cGMP. 
However, if the CC show increased stiffness 
(visible with 2D SWE), whether due to 
f ibrosis, increased collagen f ibers, or 
d e c r e a s e d  m u s c l e  f i b e r s ,  a d e q u a t e 
compliance wil l not be possible, and 
therapeutic efficacy of I-PDE5 will be 
reduced.

In cases of venous leakage, the ability of LI-
ESWT to revascularize smooth muscle will 
make it possible to increase its tone and 
trophism, indirectly and extrinsically 
contributing to the reduction of the caliber of 
the venous dilatations observed.

Color Doppler ultrasound can put in 
evidence vascular inability to contribute to an 
efficient veno-occlusive mechanism, but the 
results of Doppler US should be interpreted 
with care by the clinicians due to the 
sympathetic overtone and underlying 
psychological disturbances in some patients. 
On the other hand, the 2D SWE can qualify 
and quantitatively show the degree of 
elasticity of the CC.

Shockwaves can also have a positive effect on 

“psychogenic” -sympathetic /adrenergic ED 
[1, 13]. Alpha-2 adrenergic receptors 
modulate/inhibit the sympathetic tone 
making the onset of erections easier. By 
changing the ratio of alpha-1/alpha-2 
adrenergic receptors in favor of alpha-2 
adrenergic receptors, ESWT may be able to 
decrease the sympathetic activity within the 
cavernous bodies and finally may facilitate 
erection in the so-called psychogenic ED 
patients with an increased sympathetic tone 
[1, 13].

For the monitoring and evaluation of 
therapeutic results, there are many tools that, 
w h e n  c o m b i n e d ,  o f f e r  i m p o r t a n t 
i n f o r m at i o n .  S e l f - re p o r te d  e re c t i l e 
symptoms, the International Index of Erectile 
Function-5 and Erection Hardness Scores, 
nocturnal penile tumescence and rigidity and 
cavernous duplex Doppler ultrasound are 
very useful options [11].

Role of Ultrasound in the Diagnosis and 
Follow-up of Cases of ED

In recent years, notable scientific papers have 
been published that account for the 
biomolecular and genetic mechanisms 
responsible for the improvement observed in 
E D -L I  E S W Ts.  E S W T  ac t s  t h ro ug h 
m ec han o t ransd u c t i o n ,  w h i c h  i s  t h e 
mechanism by which a shock wave generates 
a biological response [15, 16]. Biological 
responses, the result of stimulating cell 
nuclei, consist of the production and release 

Hemodynamic exploration by echo-Doppler 
of the cavernous arteries, especially since the 
i n c o r p o r a t i o n  o f  i n t r a c a v e r n o u s 
administration of vasoactive drugs, is a useful 
tool that allows the evaluation of ED in the 
arterial phase. It is also considered to be the 
choice in the assessment of the corporoveno-
occlusive mechanism (or venous phase), and 
it has gradually displaced tests such as 
c a v e r n o s o g r a p h y  a n d  d y n a m i c 
cavernosometry.

cause of ED.

ED Treatment

Patients with a “vascular-fibrogenic” ED, 
diagnosed by color Doppler or 2D SWE, are 
suitable for a successful LI-ESWT, regardless 
of the presence of other etiopathogenic 
factors, which simultaneously and in parallel 
will require specific treatment.

The combined use of  color Doppler 

ultrasound in conjunction with 2D-SWE 
(shear wave elastography), allows not only a 
qual i-quantitat ive  and non-operator 
dependent diagnosis  of  the vasculo-
fibrogenic ED and De Peyronie disease, but 
also monitor therapeutic results after LI-
ESWT (Fig. 1).

Another cause of ineffectiveness may be due 
to the loss of elastic capacity of the tunica 
albuginea, causing diffuse venous leakage by 
not being able to efficiently occlude the 
subalbugineal vessels. The increased diffuse 
stiffness of the CC, in addition to ED, can 
cause retraction of the penis, and in cases of 
localized stiffness, with or without fibrous or 
calcified plaques, produce Peyronie’s disease. 
For these reasons, reducing the rigidity of 
CCs to treat vasculo-fibrogenic ED, penile 
retraction or penile curvature is one of the 
objectives proposed to be achieved with LI-
ESWT.

Liu et al. [14] described in detail the specific 
signaling pathways involved in penile CC: 
Wnt, Focal Adhesion Kinase, Extracellular-
s i g n a l - r e g u l a t e d  k i n a s e  ( E R K )  o n 
membranes and in the reticuloendothelial 
system, ATP and Brain-derived neurotrophic 
factor (BDNF) on organelles, obtaining 
transcr ipt ion of  speci f ic  genes  w ith 
regenerative effects on muscle and nerve 
fibers, as well as regulators of the levels of 
intra and extracellular Ca, essential to 
maintain the tone of the endothelial smooth 
muscle in flaccidity or its relaxation in 
erection.

Figure 1: (a) Shear wave elastography (2D-SWE) of the cavernous bodies (CC) pre-treatment. Increased central stiffness is seen in 
both CC and in the albugineal septum. Average elasticity (average E.): 54.2 kPa. (b) Post-treatment shear wave elastography (2D-
SWE) of the corpora cavernosa (CC). Normal stiffness is seen in both CC and tunica albuginea. Average E. 22.6 kPa. (Normal value: 
< 25 kPa.)
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In 2003, Wang [17] published the first 
molecular biology study showing that, 
through selective and specific signaling 
pathways, LI-ESWT activates cell nuclei to 
produce the transcription of genes that allow 
a repairing or restorative response to be given 
to a specific stimulus, generating muscle 
fibers. Biological responses, the product of 
stimulating cell nuclei, consist of the 
production and release of growth factors and 
structural proteins.
LI-ESWT can regenerate peripheral nerves 
from improving functional results [18], from 
the production of neurotrophic factors 
( N e r v e  G r o w t h  F a c t o r ,  B D N F , 
Neurotrophin 3, FCN: Ciliar y Factor 
neurotrophic, etc.) and to activate Schwann 
cells and the signaling pathways that promote 
cell proliferation and activation (ERK 1/2, 
MAPK, P75 PERK/ATF4, SER and BDNF), 
being particularly effective in the treatment of 
Neurogenic ED Post-Radical Prostatectomy 
(DENPPR.) With nerve sparing.

of growth factors and structural proteins.

Although widely offered in numerous 
centers, LI-SWT is not or FDA or Health 
Canada -approved [20, 28] for clinical use for 

ED. The American Urological Association 
states “For men with ED, low-intensity 
extracorporeal shock wave therapy (ESWT) 
should be considered investigational. 
(Conditional Recommendation; Evidence 
Level: Grade C) [29].

Conclusion

Nor have any significant complications been 
reported with the use of Li-ESWT, being an 
outpatient procedure that does not require 
anesthesia for these conditions because it is 
well tolerated.

The guidelines of the European Association 
of Urology propose a treatment algorithm in 
which they state: “The use of low-intensity 
extracorporeal shockwave therapy (LI-
SWT) has been increasingly proposed as a 
treatment for ED over the last decade. 
Overall, most of these studies reported 
encouraging results, regardless of variation in 
LI-ESWT set-up parameters or treatment 
protocols. However, the publication of 
unequivocal evidence from additional RCTs 
and longer-term follow-up would provide 
more confidence regarding the use of LI-
SWT (including detailed number of pulses 
per patient, treatment protocols) for ED 
patients. Therefore, clear and definitive 
recommendations cannot be given” [31].

The protocol used by the first author of this 
review includes the application of up to 6 
sessions of LI-ESWT, at a rate of 3000 waves 
per session, 1–2 times a week, with a 
frequency of 3–4 Hz and with an energy of 
0.25 mJoules/mm2.

The British Society for Sexual Medicine 
Guidelines on the Management of ED in Men 
recommends: “Recent meta-analyses suggest 
that there might be a place for low-intensity 
extracorporeal shock wave treatment in men 
with mild ED wishing to avoid medical 
therapy and as a salvage therapy for PDE5I 
this might be a preferred option for patients 
failing oral therapy but reluctant to move to 
injection therapy” [30].

It has been possible to reduce the stiffness 
values of the CC between 5 and 15 kPa per 
session. Results obtained in the ultrasound 
studies showed a direct correlation with the 
clinical improvement, either with low dose or 
without the use of I-PDE5, given the lower 
tissue resistance to vasodilation.

According to the Canadian Urological 
Association studies have different treatment 
protocols (shockwave devices, energy levels, 
applied pulses, and schedule of treatments), 
various sham treatments, inconsistent follow-
up timing, short follow-up, and varying 
metrics, resulting in significant heterogeneity 
between the studies [28]. While this is true, 

most studies report good results.
Porst [1] reported in a review published in 
2020 that clinical studies with six different 
devices, in patients with organic ED, 
although using different protocols, in all cases 
obtained positive results. Three meta-
analyses have reported significant benefit to 
Li-ESWT in the treatment of ED [2, 4, 19].

Scientific evidence regarding the application 
of LI-ESWT for the treatment of ED is still 
controversial [19, 20], but most of the 
experimental and clinical studies reported 
positives results [2, 4, 19, 21, 22, 23,24, 25, 
26, 27].

Specific contraindications to LI-ESWT use 
must be consider, such as the use of 
pacemakers, arrhythmias, coagulation 
disorders and anticoagulated patients [6]. 
Local infections and tumors or a prosthesis in 
the penis are also contraindications.

Scientific evidence

Scientific evidence regarding the application 
of Li-ESWT for the treatment of ED is still 
controversial. The number of publications of 
LI-ESWT for ED has increased dramatically 
in recent years, but the inclusion criteria of 
the studies and the wide variety of treatment 
protocols have been criticized. Most of these 
studies presented encouraging results with 
no short-term adverse effects, regardless of 
variation in LI-ESWT setup parameters or 
treatment protocols.
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