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Purpose: To evaluate the clinical efficacy and patient satisfaction rates of low-intensity extracorporeal shockwave therapy
LIESWT) in men with vasculogenic erectile dysfunction (ED) using Duolith SD1 machine.

Materials and Methods: This prospective, randomized, double-blinded clinical trial included 60 men who were randomly as-
signed to LIESWT (n=30, active group) or placebo (n=30) over 6 weeks. Patient demographics, change in International Index
of Erectile Function (IIEF)-5, Erection Hardness Score (EHS) and Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS)
scores, and an overall satisfaction score (on a 5-point scale), were recorded. All patients were reviewed at 1, 3, and 6 months
after completion of therapy.

Results: There were 21 (70%) patients in the LIESWT group and 3 (10%) patients in the placebo group who had a 5-point or
greater increase in IIEF-5 score (p=0.018). At 6-month study period, the mean IIEF-5 score was 18.8 (standard deviation [SD],
3.8) in the LIESWT group versus 14.8 (SD, 3.6) in the placebo group, difference in means between groups was 4.0 (95% con-
fidence interval, 2.1-5.9; p<0.001). The EHS scores were higher in the LIESWT group with a mean of greater than 1.2 across
the 1, 3, and 6 months compared to the placebo group (p<0.05). All patients completed the treatment study and there was
no adverse event reported in terms of penile pain, bruising or deformity. There was a positive correlation between men who
reported improvement in EF and treatment satisfaction level with LIESWT (p=0.008).

Conclusions: LIESWT improves erectile function in the short-term especially in men with mild to moderate ED, and those
without a cardiometabolic disease.
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INTRODUCTION [1] has reignited the interest to use shockwave to treat
men with erectile dysfunction (ED). Preclinical studies

The landmark study on low-intensity extracorporeal showed that LIESWT can promote tissue angiogenesis
shockwave therapy (LIESWT) first published in 2010 through release of vascular endothelial growth factor
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[2] and play a role in the recruitment and subsequent
differentiation of endothelial progenitor cells to en-
hance neovascularization and tissue repair near the
treatment site [3]. Various animal experiments of ED
models showed that LIESWT could partially restore
corpus cavernosum fibromuscular pathological chang-
es, endothelial dysfunction, and peripheral neuropathy
[4,5]

Published systematic reviews and meta-analyses
reported encouraging clinical outcomes with some posi-
tive effects on erectile function (EF) following LIESWT
[6-10]. Furthermore, several clinical guidelines have
been published to support the role of LIESWT to treat
men with ED in a research setting [11,12]. Patient selec-
tion is an important determinant factor for treatment
success with published guidelines advocating LIESWT
in younger patients with mild-moderate ED and in
the absence of significant comorbidities especially
those with cavernous nerve injury [11,12]. While exist-
ing clinical studies show that the vasculogenic effects
and therapeutic mechanisms among various LIESWT
machines are quite similar [6-12], there is general con-
sensus regarding the treatment template with exist-
ing treatment protocol often based on manufacturer’s
guidelines and prior published studies, and it remains
largely unknown if one shockwave modality is superior
to another given there is no direct comparative study
among the numerous LIESWT machines currently in
the commercial market [13].

This randomized, double-blinded, placebo-controlled
study evaluates the clinical outcomes in terms of EF

Enrollment ] | Assessed for eligibility (n=65)
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recovery and patient satisfaction rates in a group of
men with vascular ED who received LIESWT using
a second-generation Duolith SD1 ultra (Storz Medical
AG, Tagerwilen, Switzerland).

MATERIALS AND METHODS

1. Ethics statement

The present study protocol was reviewed and re-
ceived approval by the Institutional Review Board
of the Princess Alexandra Hospital, University of
Queensland (approval number: 610). Informed consent
was signed by all subjects.

2, Patient population

Following internal departmental ethics approval,
patients with ED were prospectively enrolled from
January 2018 to January 2019 (Fig. 1). Inclusion crite-
ria included patient age >18 years, has a poor response
to medical therapy, a minimum 6-month history of ED,
International Index of Erectile Function (IIEF)-5 score
>12, and is in a stable sexual relationship for more
than 3 months. Poor response to medical therapy is
defined as a lack of adequate penile erection for sexual
intercourse with the aids of oral phosphodiesterase
type-5 inhibitors and/or intracavernosal therapy, with
an IIEF-5 score less than 21. Patients who developed
ED following prostate cancer treatment such as pros-
tatectomy or radiation, or pre-existing anatomical or
neurological conditions were excluded. Patient demo-
graphics including comorbid conditions and vascular
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Fig. 1. Flow diagram of study recruit-
ment. LIESWT: low-intensity extracorpo-
rial shockwave therapy.
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risk factor and pre-treatment ITEF-5, Erection Hard-
ness Score (EHS) and Erectile Dysfunction Inventory
of Treatment Satisfaction (EDITS) scores were record-
ed. The IIEF-5 questionnaire is the abridged five-item
version of the IIEF with a scale from 0 to 25, where a
score of O to 5 is awarded to each of the 5 questions,
where 0 denotes no sexual activity while 5 means al-
most always or always. On the other hand, the EHS
is a validated single-item patient-reported outcome on
the hardness of erection ranging from 0 (penis does
not enlarge) to 4 (completely hard and fully rigid). The
exclusion criteria were patients who have a history
of coagulopathy, pelvic (or prostate) surgery, received
radiation therapy or androgen deprivation therapy for
prostate cancer, uncontrolled diabetes (glycosylated
haemoglobin >7%), and those with penile deformity
and neurological disorders. The primary outcome of
this study was improvement in EF based on IIEF-5 and
EHS, while secondary endpoints were safety profile
and patient satisfaction rates with LIESWT.

3. Treatment protocol

The LIESWT was performed without local or sys-
temic analgesia using the second-generation Duolith
SD1 ultra in the outpatient setting. The study protocol
was published in the original study [14]. In compari-
son with first-generation Duolith machine, the second-
generation SD1 ultra-machine has a newer housing

and handpiece design, a graphical tablet user interface
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and remote control of energy settings on the handpiece
(Fig. 2). The clinically relevant parameters including
the actual delivery of shockwave energy are the same
between the Duolith machines. Patients were random-
ized using computer generated random list and each
patient was assigned a number so that patient can be
tracked throughout the study in a double-blinded man-
ner. Washout of existing erectile medications was per-
formed for 4 weeks prior to entry into the study and
patients were refrained from using erectile medications
during the study period. In brief, patients received 3,000
shocks at an energy density of 025 mJ/mm® and emis-
sion frequency of 6 Hz, twice weekly for 6 weeks. The
treatment sites were distal penis (1,000 shockwaves),
base of penis (1,000 shockwaves) and corporal bodies
on the perineum (500 shockwaves to each crura). The
sham treatment was performed using the same medi-
cal device and handpiece as in the active LIESWT with
the only difference, namely a standoff device at the
end of the handpiece that does not transmit any shock-
waves despite providing the same sound as the actual
LIESWT system. Only the technician operating the
shockwave machine was aware of the type of treat-
ment an individual patient had.

Changes in IIEF-5, EHS and EDITS scores were re-
corded at 1-, 3-, and 6-months following completion of
LIESWT study (Fig. 3). The overall satisfaction rate (on
a 5-point scale with 1 being least satisfied and 5 being
most satisfied following LIESWT) was documented too.

Fig. 2. Comparison between (A) 1st and
(B) 2nd generation Duolith SD1 ultra
(Storz Medical AG, Tagerwilen, Switzer-
land) LIESWT machine in the outpatient
setting. LIESWT: low-intensity extracor-
poreal shockwave therapy.

Placebo-controlled treatment phase
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Follow-up
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\4
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Treatment-related adverse events such as penile pain,
bruising, and haematuria were recorded too.

An independent third-party was tasked to collect the
data to ensure the investigators were blinded to the
clinical outcomes and patient satisfaction rates. At the
end of the study, the participants were unblinded at
6 months and those in the placebo group were subse-
quently offered LIESWT to treat their ED.

4. Statistical analysis

An improvement >5 points from the baseline ITEF-
5 score 1s considered significant based on change in
the severity of ED category [15]. Based on published
randomized-controlled placebo trials on LIESWT [6-
10] including our previous study [14], assuming for
20% placebo effect and to achieve a power of 80% with
an alpha value of 0.05, we calculated a sample size of
23 for each group based on IIEF-5 changes. Further
accounting for 15% potential patient dropouts, we re-
cruited 60 patients in total with 30 patients each in the
LIESWT and placebo groups.

Statistical analysis was performed with SAS 9.1.3
(SAS Institute, Cary, NC, USA) computer software
with values of the study parameters compared using
Student t-test or Wilcoxon signed-rank test as appropri-
ate. If there 1s a significant deviation from the normal
distribution, the Mann—Whitney U-test will be used. A
chi-square contingency analysis was used to examine
the relationship between EF score and treatment satis-

Table 1. Selected variables on patients’ demographics and character-
istics

Variable Placebo LIESWT
Number of patients 30 30
Age (y) 48 (42-63) 45 (42-68)
Months of ED 35 (6-60) 33(8-59)
Risk factors for ED

Diabetes 5 7
Hypertension 20 18
Dyslipidemia 14 1
Ischemic heart disease 1 1
Smoking 8 9
Baseline IIEF-5 score 14.8+3.6 14.6+3.8
Baseline EHS 1.3+0.7 1.4+0.6

Values are presented as number only, median (range), or meanz
standard deviation.
ED: erectile dysfunction, IIEF: International Index of Erectile Function,
EHS: Erection Hardness Score, LIESWT: low-intensity extracorporeal
shockwave therapy.
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faction, with statistical significance set at 5%.

RESULTS

1. Patient demographics

A total of 60 patients were recruited and the mean
age was 55.8 years (range, 42—68 y; median, 48 y). Most
men (80%) have reported ED for more than 18 months
(range, 6-60 mo; median, 33 mo). Both the LIESWT and
placebo groups shared a similar number of risk fac-
tors and there was no significant difference in medical
comorbidities (Table 1). The mean baseline IIEF-5 score
was 14.8 (range, 12—-18) and most patients have a strati-
fied moderate ED classification (60%). There was no
statistically significant difference the types of erectile
aids utilized by patients in both groups (p=0.44). There
were no significant differences in the mean ITEF-5
(p=0.44) and EHS scores (p=0.36) between the 2 groups.

2. Clinical efficacy, safety, and patient

satisfaction rate

There were 21 (70%) patients in the LIESWT group
and 3 (10%) patients in the placebo group who had a
5-point or greater increase in IIEF-5 score at 6-month
review (p=0.028). Spontaneous erection was reported in
18 (60%) patients in the LIESWT group (none in pla-
cebo group) at 1-month following completion of study.
The mean differences in the IIEF-5 scores between
LIESWT and placebo groups were 2.8, 3.6 and 4.0 at
1-, 3-, and 6-month follow-up period (see Table 2). At
6-month study period, the mean IIEF-5 score was 18.8
(standard deviation [SD], 3. in the LIESWT group ver-
sus 14.8 (SD, 3.6) in the placebo group, while the differ-

Table 2. Comparing erectile function outcomes between placebo
and LIESWT groups

Erectile function Placebo LIESWT p-value
IIEF score
1 month 16.2+3.2 19.0+4.5 0.028
3 months 15.2+3.8 18.8+3.8 0.029
6 months 14.8+3.6 18.8+3.8 0.028
EHS
1 month 1.6+0.4 2.8+0.6 0.029
3 months 1.4+0.6 2.6+0.5 0.035
6 months 1.3+0.7 2.6+0.4 0.033

Values are presented as meanzstandard deviation.
LIESWT: low-intensity extracorporeal shockwave therapy, IIEF: Inter-
national Index of Erectile Function, EHS: Erection Hardness Score.
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ence in means between groups was 4.0 (95% confidence
interval [CI], 2.1-5.9; p<0.001). The improved IIEF-5
scores in the LIESWT group remained stable between
the 3- and 6-months observation periods. Furthermore,
most men in the placebo group reported a return to
baseline IIEF-5 scores at 6 months. The EHS scores
were higher in the LIESWT group with more than
two-thirds of men reporting a score of 4 out of 4. The
improvement in EHS was statistically significant in
the LIESWT group compared to the placebo group by a
mean of greater than 1.2 across the 1-, 3-, and 6- months
(p<0.05).

All patients completed the treatment study and there
was no adverse event reported in terms of penile pain,
bruising or deformity.

Among men who received LIESWT, the mean overall
satisfaction score was 4.5 with 25 (83%) patients scored
at least 4 out of 5 and would recommend this therapy
to other men with ED. An improvement in EDITS
Index score >50% were reported in 22 (73%) patients.
There was a positive correlation between men who re-
ported improvement in EF and treatment satisfaction
level with LIESWT (p=0.008).

DISCUSSION

This study showed statistically significantly greater
improvement in EF as evidenced by higher ITEF and
EHS scores in the LIESWT group compared with the
placebo group, and these positive changes were main-
tained across the 1-, 3-, and 6-months follow-up period.
When comparing the various predictors of success for
LIESWT, multiple linear regression analysis showed
the improvement in EF score was significantly greater
in the subgroup of men with mild to moderate ED,
with a mean change in ITEF-5 score of 6.8 (95% CI,
4.4-82; p<0.001) in the LIESWT group. Hisasue et al
[16] showed that age and the number of concomitant
comorbidities were statistically significant predictors
for LIESWT efficacy. Our findings concurred with
published clinical guidelines on LIESWT that supports
better clinical efficacy in men with mild to moderate
ED, younger age group, those with minimal cardiovas-
cular comorbidities, and absence of diabetes or cavern-
ous nerve injury [11,12].

Compared to the first LIESWT study which utilized
the Omnispec ED 1000 (Medispec, Gaithersburg, MD,
USA) machine with a treatment template consisting
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of 3,000 shockwaves delivered at 0.09 mJ/mm® to three
sites along shaft penis and two at the penile crural
levels [1], our study LIESWT treatment template com-
prised of 12 sessions of twice-weekly LIESWT for 6
weeks with 3,000 shockwaves given at 0.25 md/mm?
(1,000 shockwaves were delivered to three sites namely
the distal penis, base of penis, and corporal bodies at
the perineum). While meta-analyses by Man and Li [6]
and Zou et al [7] showed an energy flux density of 0.09
mdJ/mm” appeared to be superior to other protocols, it is
important to understand that differences on the shock-
wave lithotripters and consequently, the actual amount
of shockwave energy delivered to the penile tissue [13]
may result in another optimal energy setting. Our cur-
rent treatment template is based our previous experi-
ence [14] and has subsequently been adopted by other
groups with similar efficacy [17,18].

As expected and akin to other published random-
ized controlled trials, LIESWT appears to be safe and
highly tolerable in our study. All patients completed
the treatment course with no drop-out and no patient
reported penile pain, bruising, and haematuria during
or at subsequent follow-up visits. It is possible that our
high patient satisfaction rate was related to high EF
scores, and that most patients valued the prospect to
regain spontaneous erection without the need for med-
ical therapy following LIESWT. The second-generation
SD1 ultra-machine with smaller housing and stream-
line handpiece for delivery of shockwaves may be more
user-friendly and potentially increase patient comfort,
although this study is not designed to directly compare
patient satisfaction rates between the machines.

We acknowledge several limitations in our study
include the lack of objective penile hemodynamic
measurements with the use of colour penile duplex
ultrasound study, and the relatively short-term follow-
up study at 6 months. Our group has published a long-
term follow-up study in men following LIESWT and
there was a gradual decline in EF over time although
this effect appeared to plateau at 48 to 60 months
[19]. We utilized common validated questionnaires
such as IIEF and EHS to provide objective measure-
ments in EF, and published literature has shown that
the improvement in these erectile scores correlated
strongly with actual positive penile hemodynamics [11-
13]. Furthermore, we have complete follow-ups for all
participants due to stringent review and ensuring the
patients receive optimal care. To our knowledge, this is
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the first study on LIESWT using the second-generation
Duolith SD1 machine, and the first centre to publish
the clinical outcomes on a second-generation Duolith
electromagnetic LIESWT machine. Unlike most cur-
rent medical treatments in ED which are reactive and
utilized in an on-demand basis, LIESWT appears to be
most effective in patients with mild to moderate ED.
We agree that further scientific research should be
conducted to compare current commercially available
LIESWT machines and explore the various patho-
physiological mechanisms of LIESWT on actual penile
histological changes. While several sexual medicine
societies have adopted the use of LIESWT to treat men
with ED in a research setting [11,12], caution should be
exercised given the lack of clarity regarding the opti-
mal treatment template and modalities of shockwave
energy, coupled with over-commercialized and hype of
this therapy by many private enterprises. Indeed, ad-
ditional multi-institutional randomized controlled stud-
ies with dose-finding study are needed before LIESWT
can be considered a first-line therapy for ED.

CONCLUSIONS

The second generation Duolith SD 1 ultra LIESWT
machine improves erectile function in the short-term
especially in men with mild to moderate ED, and those
without cardiometabolic disease.
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