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Published literature shows low intensity extracorporeal shock wave therapy (LIESWT) and low intensity pulsed ultrasound (LI-
PUS) therapy to improve erectile function and penile hemodynamic by inducing neovascularisation and promoting tissue re-
generation. Key opinion leaders across the Asia Pacific region attended the recent biennial meeting of the Asia Pacific Society 
for Sexual Medicine in Australia, and presented the current evidence on LIESWT and LIPUS for erectile dysfunction (ED). The 
clinical findings were internally discussed, and the quality of evidence was graded based on the Oxford Centre for Evidence-
Based Medicine recommendations. Existing literature supports the use of LIESWT and LIPUS in men with ED, with many 
clinical studies reported encouraging results with improved erectile function, good safety profile and short-term durability. 
However, controversial exists due to sampling heterogeneity, non-standardised treatment protocol and lack of large multi-
institutional studies. There is a need to better define which subgroup of ED population is best-suited, and specific treatment 
protocol to optimise shock wave energy delivery. More stringent and larger multi-institutional randomised placebo-controlled 
trials are warranted before clinical adoption of LIESWT and LIPUS as the new standard of care for men with ED.
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INTRODUCTION

Clinical studies showed that erectile dysfunction 
(ED) is a common condition that has an adverse impact 
on various physical and psychosocial domains [1]. The 
contemporary medical treatment does not significantly 
alter the underlying pathophysiology of erectile mech-
anism, improve endothelial dysfunction or restore un-
derlying physiological erectile function (EF) [2]. On the 
other hand, penile prosthesis implant is an irreversible 
treatment option and men will not be able to regain 
spontaneous erection again despite explant of this de-
vice [3].

Shock wave therapy has been used to treat stone 
disease for more than 4 decades [4] and over the years, 
significant scientific advances have been made to min-
iaturize and improve shock wave technology so that it 
can be applied to treat other medical conditions. Pub-
lished literature on the regenerative properties of low 
intensity extracorporeal shockwave therapy (LIESWT) 
and low intensity pulsed ultrasound (LIPUS) are excit-
ing and potentially offer many men the opportunity 
to regain spontaneous erection again [5]. This clinical 
guideline provides a brief overview of the basic tech-
nology and technical aspects on shockwave machines, 
as well as summary recommendations on the clinical 
use of LIESWT and LIPUS in ED based on published 
literature in ED.

MATERIALS AND METHODS

The following terms “low intensity shock wave 
therapy”, “low intensity pulsed ultrasound”, “erectile 
dysfunction”, “shock wave machine”, “neovasculariza-
tion”, “erectile function”, “penile hemodynamic”, “clinical 
outcome”, and “safety” were used to search several da-
tabases including MEDLINE and EMBASE for inclu-
sion in this article. Only English language articles were 
considered, and all studies were limited to LIESWT 
and ED only.

Available literature was reviewed, and relevant stud-
ies were analysed, summarized and presented at the 
Micro-Energy LIESWT forum at the recent scientific 
meeting of the Asia Pacific Society for Sexual Medicine 
in 2019. The panel identified specific clinically relevant 
subheadings concerning LIESWT data to be provided 
namely (1) LIESWT/LIPUS machines; (2) mechanisms 
of action; (3) treatment template and patient selection; 

(4) clinical outcomes; and (5) safety and tolerability. 
Clinical findings were internally discussed, and the 
quality of evidence was graded based on the Oxford 
Centre for Evidence-Based Medicine recommendations. 
Any disagreements were resolved by consensus and the 
clinical principle was given when available data were 
insufficient or not suitable to draw conclusions.

TYPES OF MACHINES AND MODES 
OF ACTION

Shock waves are acoustic waves that are character-
ised by high-pressure amplitudes and the basic set up 
of a shock wave lithotripter machine consists a shock 
wave generating system, a localisation system for iden-
tifying and targeting the area of interest, and a posi-
tioning system that place the area of interest in the 
shock wave focus zone [6]. A coupling cushion with gel 
lubricant provides effective coupling for shockwaves 
transmission between the generator and human tissue.

The three main types of shock wave lithotripters are 
electrohydraulic, electromagnetic and piezoelectric ma-
chines [5]. The electrohydraulic shock wave generator 
consists of the electrode (spark plug) and an ellipsoidal 
reflector, where underwater spark gap is discharged 
between the tips of the electrode to cause rapid local 
vaporisation in the water and generate a high-ampli-
tude pressure pulse which is reflected of the ellipsoid 
into a focus shock wave. Currently, there are 2 com-
mercial electrohydraulic machines namely Omnispec 
ED 1000 (Medispec, Gaithersburg, MD, USA) and Uro-
gold 100 (MTS Medical, Konstanz, Germany). In con-
trast, the electromagnetic shock wave is produced by 
a high voltage electric pulse through rapid membrane 
movement of the electromagnetic shock wave emitter, 
with an acoustic lens that focuses the electromagnetic 
shock wave energy. Various electromagnetic machines 
currently in the market includes Duolith SD1 (Storz 
Medical AG, Tägerwilen, Switzerland), Aries (Dornier 
MedTech GmbH, Wessling, Germany), Renova and 
MoreNova (Direx System GmbH, Wiesbaden, Germa-
ny). Lastly, the piezoelectric lithotripter requires rapid 
and synchronous expansion of piezoelectric crystals 
to create a pressure wave. These piezoelectric crystals 
are arranged in a spherical shape to focus the energy. 
The PiezoWave 2 (Richard Wolf GmbH, Knittlingen, 
Germany) machine has a linear double-layer technol-
ogy that applies piezoelectric shockwaves to the target 
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area.
Unlike acoustic shock waves, an ultrasound wave is 

a high-frequency wave and depending on the level of 
ultrasonic energy, therapeutic ultrasound can be clas-
sified into high-intensity and low-intensity ultrasound 
machines. While there are several commercial LIPUS 
machines marketed for the orthopedic use, to date, only 
one novel LIPUS device (WBL-ED; Wanbeili Medical 
Instrument Co., Ltd, Beijing, China) has been used for 
ED.

PROPOSED MECHANISMS OF 
ACTION ON ERECTILE FUNCTION

It is generally accepted that endothelial dysfunc-
tion plays a pivotal role in the pathogenesis of ED. It 
is thought that a reduced arterial inflow results in 
cavernous hypoxia and ensuing trophic changes within 
the cavernosal smooth muscle are responsible for the 
subsequent progression of ED [7,8].

LIESWT has been shown to induce the release of 
vascular endothelial growth factor (VEGF) and ni-
tric oxide, key mediators in angiogenesis and collat-
eral blood vessel formation [9-11]. It is postulated that 
LIESWT causes repetitive shear stress (microtrauma) 
to target tissue resulting in a cascade of biological 
reactions including the release of various angiogenic 
factors, such as endothelial nitric oxide synthase [12] 
and VEGF [13]. The expression of these angiogenic 
factors in turn triggers tissue neovascularization and 
vasculogenesis [14] and activates various tissue repair 
mechanisms such as enhanced macrophage activity 
[15], alteration in cellular apoptosis, synthesis of cel-
lular proteins and activation as well as subsequent 
differentiation of stem/progenitor cells [16]. In animal 
experiments of ED models, LIESWT appears to restore 
underlying fibromuscular pathological changes and 
endothelial dysfunction within the corpus cavernosum 
[17,18]. It appears that there is a dose-effect relation-
ship in LIESWT with the shock intensity ranging from 
0.10–0.13 mJ/mm2 and shock number ranging from 
200–300 impulses were the optimal parameters to treat 
cells in vitro [19].

In contrast, LIPUS has minimal thermal effects 
due to its low intensity and pulsed output mode, and 
its non-thermal effects which are normally claimed 
to induce therapeutic changes in tissues attract most 
researchers’ attentions [20]. LIPUS has been demon-

strated to have a range of biological effects on tissues 
such as promoting bone-fracture healing, accelerating 
soft-tissue regeneration, and inhibiting tissue inflam-
matory responses. Recent studies showed the biological 
effects of LIPUS may be associated with the upregula-
tion of cell proliferation through activation of integrin 
receptors and Rho/ROCK/Src/ERK signalling pathway, 
and promotion of multilineage differentiation of mes-
enchyme stem and progenitor cell lines [20].

Summary recommendation
There is convincing basic science evidence to sup-

port the use of LIESWT in improving penile erectile 
hemodynamic (Level 2; Grade B). The clinical evidence 
on LIPUS in ED is accruing and should have similar 
biologic effects as LIESWT. Given the fact that ED is 
often multifactorial in pathogenesis, further confir-
matory shock wave studies on effects of LIESWT and 
LIPUS across various animal models of ED should be 
conducted.

TREATMENT TEMPLATES AND 
PATIENT SELECTION

The administration of LIESWT is usually conducted 
in an out-patient setting and can be carried out by the 
clinician, nurse or patient himself. Treatment tem-
plates used are often based on existing literature and 
manufacturer’s recommendations.

The landmark clinical trial based on Omnispec ED 
1000 machine utilised a treatment template consist-
ing of 3,000 shock waves delivered at 0.09 mJ/mm2 to 
three sites along shaft penis and two at the penile cru-
ral levels [21]. The treatment protocol consisted of two 
treatment sessions per week for 3 weeks, with a 3-week 
no-treatment interval, and a second 3-week treatment 
period of two treatment sessions per week. The same 
group also published a slightly different template and 
treatment protocol based on 12 sessions of 1,500 pulses 
of 0.09 mJ/mm2 at 120 shock waves per minute [22]. 
There are limited published data on MTS Urogold 100 
machine and company data showed this machine can 
deliver an energy flux up to 0.19 mJ/mm2.

The published study on the use of Duolith SD1 ma-
chine for ED is largely based on the LIESWT treat-
ment template consisting of 12 sessions of twice-weekly 
LIESWT for 6 weeks with 3,000 shock waves given 
at 0.25 mJ/mm2 (1,000 shock waves were delivered to 
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three sites namely the distal penis, base of penis and 
corporal bodies at the perineum) [23,24]. A modified 
treatment template with LIESWT administered once 
weekly for four consecutive weeks where 2,000 im-
pulses were applied at 0.25 mJ/mm2 had been used too 
[25]. In another study, a different treatment template 
of LIESWT applied to six sites (500 shocks per site at 
bilateral corporal bodies) with a lower energy setting 
of 0.15 mJ/mm2 was used with reasonable success rate 
[26]. The Aries system can provide up to 0.31 mJ/mm2 
and similar treatment template and protocol to Chung 
and Cartmill [23] was reported by Prieto et al [27]. A 
different treatment template of 1,500 shocks with en-
ergy density 0.09 mJ/mm2 has been reported too [28]. 
In contrast to other radial electromagnetic machine, 
the Renova system provides a linear shock wave tech-
nology. The Renova machine provides an energy flux 
up to 0.09 mJ/mm2 published clinical trials utilised a 
4-weekly session of 3,600 shocks at 0.09 mJ/mm2 [29,30]. 
The MoreNova system delivers a dual linear SW ap-
plication and potentially allows for more shock wave 
delivery breadth. The PiezoWave 2 machine has been 
reported to provide up to 0.16 mJ/mm2 energy delivery 
and the shock waves can be delivered at a maximum 
rate of 8 Hz, resulting in shorter treatment sessions 
than with other shock wave devices, apart from Duol-
ith SD1 machine [5].

The participants in the majority of clinical studies 
have vasculogenic ED but with a varying degree of 
severity. The meta-analysis by Man and Li [31] showed 
an energy flux density of 0.09 mJ/mm2 appeared to be 
superior to other protocols. The authors reported a bet-
ter clinical effect with a greater number of SW and a 
treatment duration of fewer than 6 weeks. Zou et al [32] 
found that a nine-week protocol with an energy den-
sity of 0.09 mJ/mm2 and 1,500 pluses seemed to have a 
better therapeutic effect than five-week protocol. Kaly-
vianakis et al [33] reported that retreating patients 
after 6 months could further improve EF without side 
effects, and shock wave therapy can be repeated up to 
a total of 18 sessions. A mixed population of both re-
sponders and non-responders to oral phosphodiesterase 
type-5 inhibitors (PDE5is) were studied and data from 
several meta-analyses showed a statistically significant 
EF improvement in patients with mild and severe ED 
and that patients who used PDE5i during treatment 
showed better results than those who did not [34]. 
Hisasue et al [35] showed that age and the number of 

concomitant comorbidities were statistically significant 
predictors for LIESWT efficacy.

In contrast, LIPUS is a low intensity ultrasound (0.7–
3 MHz) machine with an output in the mode of pulse 
wave (100 and 1,000 Hz) that delivers a much lower 
intensity (<3 W/cm2) than traditional ultrasound en-
ergy, often with peak intensities of 0.5–3,000 mW/cm2. 
The most common application parameters of LIPUS 
are intensity at 0.03 W/cm2 (or known as 30 mW/cm2), 
pulse ratio 1:4 at 1,000 Hz, and frequency at 1.5 MHz 
[36]. Furthermore, the applied energy density dosage of 
LIPUS ranges between 2 and 150 J/cm2 [37]. A recent 
multicenter randomized clinical study administered a 
twice-weekly LIPUS treatment for 4 weeks with the 
treatment areas include left crus, right crus, left corpus 
cavernosum, and right corpus cavernosum (each ses-
sion lasted for 20 minutes in total with 5 minutes per 
area) [38].

Summary recommendation
Published literature shows LIESWT and LIPUS 

should be administered in at least 3 separate locations 
along the penis to be effective. Current treatment tem-
plates and protocols are largely derived from earlier 
published studies and based on manufacturer guide-
lines (clinical principle). To date, there is no head-to-
head comparison between focussed and linear shock 
wave generators, and the various LIESWT machines. 
Furthermore, these outcomes should be interpreted 
with some caution due to underlying study heteroge-
neities and methodological flaws with inclusion and 
exclusion criteria, varying treatment templates, shock 
wave energy flow density, the number of shockwaves 
per session and duration of treatment among published 
[5].

There is a need to define which subgroup of ED 
population is best suited and the LIESWT protocols in-
cluding modality of shock waves energy, emission fre-
quency and total energy delivery. The patient selection 
appears paramount to treatment success and patients 
with mild-moderate ED, younger age group, those with 
minimal cardiovascular comorbidities, and absence of 
diabetes or cavernous nerve are likely going to report 
high EF recovery and spontaneous erection (Level 2; 
Grade B). The use of adjunctive measures such as com-
bination PDE5i may enhance LIESWT effects and EF 
recovery (Level 2; Grade C).
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CLINICAL OUTCOMES

Published systematic review and meta-analyses 
showed encouraging clinical outcomes in men with ED 
[31,32,34,39-42]. Clavijo et al [40] who extracted data 
from 7 clinical trials, reported a statistically signifi-
cant improvement in pooled change in International 
Index of  Erectile Function (IIEF) score compared 
to sham group (6.40 points; 95% confidence interval 
[CI]=1.78–11.02; I2=98.7%; p<0.001 vs. 1.65 points; 95% 
CI=0.92–2.39; I2=64.6%; p<0.001; between-group differ-
ence, p=0.047) with significant between-group differ-
ences were found for total treatment shocks received 
by patients (p<0.001). Similarly, Lu et al [41] analysed 
14 studies and found that LIESWT could signifi-
cantly improve IIEF (mean difference [MD]=2.00; 95% 
CI=0.04–0.29; p=0.01) and erection hardness score (EHS) 
(risk difference: 0.165; 95% CI=0.04–0.29; p=0.01). Zou 
et al [32] reported that the effective treatment was 
8.31 (95% CI=3.88–17.78) times more effective in the 
LI-ESWT group (n=176) than in the sham treatment 
group (n=101) at about 1 month after the intervention 
in terms of EHS, while it was 2.50 (95% CI=0.74–8.45) 
times more in the treatment group (n=121) than in the 
control group (n=89) in terms of IIEF-EF. In a more 
recent systematic review on published clinical tri-
als, Dong et al [42] found that changes in the IIEF-EF 
score increased significantly in the treatment group 
(MD=3.62; 95% CI=2.99–4.25; p<0.00001). The EHS in-
creased significantly in the treatment group in four 
studies (odds ratio=16.02; 95% CI=7.93–32.37; p<0.00001).

Most published studies did not extend beyond 2 
years follow-up, and one study that reviewed patients 
at 4-year follow-up [43] showed that the observed clini-
cal improvement is not sustained and deteriorates at 
48 months after completion of LIESWT. The pooled 
data from meta-analyses including randomized con-
trolled trials showed an overall positive effect in terms 
of IIEF-EF score improvement, although the estimates 
are small (ranging from about 2 to 4 points of the 
IIEF-EF) and the heterogeneity high [44]. Additionally, 
the combination of LIESWT and adjunctive therapy 
such as oral PDE5i appeared to be more effective than 
a single-agent therapy [45]. The role of LIESWT as an 
adjunct to other regenerative therapy such as stem cell 
or platelet-rich plasma injections are largely unknown 
at this stage [46,47].

There is very limited published data on LIPUS in 

the human clinical trial. In a multicentre, randomised 
controlled trial, Cui et al [38] that the response rate in 
the treatment group was 54/80 (67.50%), which was sig-
nificantly higher than control group 8/40 (20.00%) at 12 
weeks with a higher percentage of patients with posi-
tive answers to SEP-3 (successful vaginal intercourse) 
(73.08% vs. 28.95%, p<0.05). 

Summary recommendation
LISWT improves EF scores and penile hemodynamic 

parameters in men with vasculogenic ED (Level 1; 
Grade B). However, the clinical long-term significance 
of this improvement is uncertain. Published literature 
suggests these positive effects of LIESWT to last up to 
12 months after treatment (Level 2; Grade B).

While current evidence for the use of LIESWT and 
to extent LIPUS is promising, more large-scale, well-
designed and long-term follow-up time studies are 
needed owing to the limited number and quality of the 
studies. At present, there is no published data on the 
cost-effective analysis between LIESWT and other con-
temporary treatment for ED. The positive benefits of 
concurrent adjunctive therapy such as oral PDE5i and 
cellular-based therapy in human remain largely un-
known. Given the limitations study methodology and 
modest reported changes in EF scores by most of the 
trials, patients should be aware that the scientific evi-
dence is controversial and that the expected improve-
ment may not be clinically relevant. The clinical adop-
tion of LIESWT and LIPUS as an effective treatment 
option should be restricted to men with mild-moderate 
vasculogenic ED, either responder or non-responders to 
PDE5is, and ideally performed in the high specialized 
centres with documented experience with this type of 
therapy (Level 2; Grade B).

SAFETY AND TOLERABILITY

No patients reported significant penile pain or re-
quired analgesia during LIESWT session. To date, 
treatment-related adverse events have been reported in 
published clinical trials as well as systematic reviews 
and meta-analyses [31,32,34,39-42,44]. Furthermore, 
there is no reported drop-out rate during LIESWT due 
to treatment-related adverse events. Similar safety re-
cord was reported in LIPUS treatment [38].
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Summary recommendation
LISWT is a safe and well-tolerated procedure with-

out clinically significant adverse events (Level 1; Grade 
A).

CONCLUSIONS

Published literature supports the clinical use of 
LIESWT in men with ED with improved EF, good 
safety records and short-term durability. Although the 
exact mechanisms remain to be elucidated, it is agreed 
upon that LIESWT stimulates the release of various 
angiogenic and neurotrophic factors and promotes the 
regeneration of cavernosal smooth muscle and endo-
thelium. Furthermore, LIESWT has the potential to 
recruit endogenous mesenchymal stem cells, which has 
beneficial effects for the repair of damaged tissue. The 
patient selection appears paramount to treatment suc-
cess and patients with mild-moderate ED, younger age 
group, those with minimal cardiovascular comorbidi-
ties, and the absence of diabetes or cavernous nerve in-
jury are likely going to report higher EF recovery and 
spontaneous erection.

Currently, there is no widely adopted treatment tem-
plate with existing treatment protocol often based on 
manufacturer’s guidelines and is derived from exist-
ing literature. While current clinical studies show that 
the vasculogenic effects and therapeutic mechanisms 
among the LIESWT machines are similar, regardless of 
the physical differences and treatment protocols, it re-
mains unknown if one machine is superior to another. 
Furthermore, other relevant factors such as the actual 
physiological changes in penile tissues and the long-
term risk of shock waves remain largely unknown.

At this stage, more multi-institutional randomised 
placebo-controlled studies with dose-finding study, 
the comparison between various treatment protocols 
and shock wave machines, and the concurrent use of 
adjunctive measures are needed before LIESWT and 
LIPUS can be adopted as the standard of care in ED. 
Future research direction should incorporate cost-effec-
tive analysis model, mechanisms to miniaturise shock 
wave technology with better energy delivery for use 
at home, and the role of concurrent administration of 
similar regenerative technology to treat men with ED.
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