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Purpose: The aim of this study was to investigate whether ESWT with a higher energy as an
add-on therapy to vacuum-pump followed by manipulation exercises could reduce the penile
curvature, pain and improve IIEF-5 score.

Materials and Methods: Men aged >18 and <80 years and diagnosed with PD in stable
phase with no history of penile surgery or previous ESWT treatment were eligible to
participate. They were randomised to either active ESWT (n = 16) or sham ESWT (n =
16). Both groups were treated once a week for five weeks. Each treatment session consisted
of 2000 shockwaves at 0.5mJ/mm?. All patients in both groups used a vacuum pump
followed by manipulation exercises.

Results: Thirty men completed the study protocol. Mean age in the treatment group was
61.7 (SD 8.3) and 63 (SD 7.35) in the control group. After six months, mean change in penile
curvature was —12.8 (SD 13) degrees in the treatment group and —6.6 (SD 8.9) in the control
group (p = 0.204). Mean IIEF-5 score decreased by 0.17 (SD 3) in the treatment group and
3.06 (SD 5.5) in the control group (p = 0.086) at six-month follow-up. Pain was assessed
using both VAS and PDQ and demonstrated no difference between the groups after six
months (p = 0.648).

Conclusion: In the treatment group, we observed a greater but non-significant change in
penile curvature and no adverse effects.

Keywords: Peyronie’s disease, ESWT, vacuum pump, erectile dysfunction, manipulation

exercises

Introduction

Peyronie’s disease (PD) is an acquired multifactorial fibrotic disorder of the tunica
albuginea in the penile corpus cavernosum resulting in a palpable fibrous plaque.
Plague formation may be accompanied by pain, penile curvature, plaque calcifica-
tion, penile shortening and erectile dysfunction (ED).! Some PD patients are unable
to penetrate due to ED, painful erections and/or due to the angle of the curvature.
ED is present in 20-50% of PD patients and occurs from a variety of reasons
including penile curvature, performance anxiety and cavernosal fibrosis compro-
mising the penile vascularity.” Thus, PD may impact the patients’ and their part-
ners’ quality of life significantly and increase the risk of depression, lower patients’

self-esteem, and cause relationship difficulties.®
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The epidemiological data on PD are limited and evi-
dence regarding pathophysiology, prevalence and treat-
ment is conflicting. The prevalence of PD was reported
3.2% in men aged 30—80 years with the highest prevalence
among men aged 60+ years (6.5%).* Another study esti-
mated the prevalence to be 8.9%, and even higher in
and

diagnosed with diabetes mellitus

5

patients
hypertension.

The exact underlying pathogenesis behind PD is not
fully understood, and the etiology remains unclear.
However, many theories have been proposed, but none
fully manage to comprehend the disease spectrum.’
A widely accepted thesis is that repeated microtraumas
from e.g coitus in predisposed individuals result in fibrin
deposition, penile curvature, chronic inflammation and
plaque formation. The microtrauma theory attempts to
justify PD as a wound-healing disorder.""® Furthermore,
a strong association between Dupuytren’s disease and PD
has been found indicating a multifactorial history of the
disease.” Due to the incomplete understanding of the
pathogenesis and heterogeneity of the disease, many dif-
ferent treatment strategies have been attempted.

Extracorporeal shockwave therapy (ESWT) has pre-
viously shown regenerative and wound-healing abilities
in soft tissue.” Thus, clinicians have started treating PD
with ESWT.

The mechanism behind how ESWT affects the fibrous
plaque is still unclear, but two hypotheses have been
proposed. The first hypothesis suggests ESWT may work
by directly damaging and remodelling the plaque.
The second hypothesis argues that ESWT may increase
the vascularisation by generating heat in the area, causing
an inflammatory reaction with increased macrophage
activity followed by plaque lysis and resorption.®

TGF-B is an essential cytokine for creating a PD plaque
and induces inflammation and chronic fibrosis. TGF-$
overexpression has been observed in PD plaques,’ and
ESWT has shown the ability to reduce TGF-p expression.”

A systematic review carried out in 2016 regarding
ESWT treatment for PD concluded that ESWT might
resolve pain, while the evidence that ESWT reduces cur-
vature, plaque size and IIEF-score is inconclusive.'® An
improvement in penile curvature is considered as the gold
standard when addressing treatment of PD.

The purpose of the present randomised safety study
was to investigate the combined effect of ESWT with
a high-energy level, vacuum pump, and manipulation exer-
cises on Peyronie’s disease.

Materials and Methods

Inclusion

This study was conducted in accordance with the
Declaration of Helsinki. All patients were recruited from
the outpatient clinic of the Department of Urology, Odense
University Hospital (OUH), Denmark which has an uptake
of patients residing in the region of Southern Denmark
(1.2 million inhabitants). Recruitment took place from
May 2018 until August 2019.

The inclusion criteria applied in this study were: Patients
diagnosed with PD for more than 6 months and in stable
phase, penile curvature 20-90 degrees, age 18-80 years,
able to speak and understand Danish and provide written
informed consent. Exclusion criteria were: Previous penile
surgery and previous ESWT treatment. Stable disease phase
was defined as no penile curvature change within the last 3
months or disease duration >12 months.

The study protocol was approved by the Danish Data
Protection Agency and the Regional Ethics Committee
(study ID: S-20170201). The study is registered at www.
clinicaltrials.gov (study ID: NCT03530540).

Randomization and Blinding

To ensure valid randomisation, we used an in-house soft-
ware (OPEN randomize) which was customized to create
block randomization with a fixed block size unknown to the
investigator. Block randomization was utilized due to the
small sample size. Patients were randomised in 1:1 to either
active ESWT or sham.

The investigator carried out the randomisation by
entering the patient’s unique social security number,
which was then sent to an independent employee at the
hospital who generated an ID for each patient and returned
an email containing information regarding patient
allocation.

Patients were blinded throughout the whole study per-
iod and group allocation was revealed after 6 months. The
manufacturer (Storz Medical, Switzerland) provided gel
pads. Sham pads were completely shockwave absorbent.
During treatment, all settings and setups were identical in
both the control and the treatment group. Curvature mea-
surement was carried out blinded, and group allocation

was concealed.

Treatment
Eligible patients were informed about the study design at
the outpatient clinic before accepting an invitation to
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participate. No participants who were invited to participate
refused. Those who orally accepted were subsequently
contacted by telephone and invited to the first session.
During the first session, patients provided written consent
to participate and filled out questionnaires. All patients
received thorough information on how to complete the
questionnaires. A researcher was present at inclusion if
patients had any uncertainty regarding specific questions
in the questionnaires. Finally, patients were carefully intro-
duced to manipulation exercises and vacuum pump ther-
apy using the MANUAL Erection System (KESSEL
Medintim  GmbH, Morfelden-Walldorf,
Calcification of the PD-plaque was assessed by ultrasono-

Germany).

graphy by two investigators.

The instrument used to transmit the shockwaves was
the DUOLITH SD1 manufactured by Storz Medical AG,
Switzerland and owned by the Department of Urology.
Treatment was conducted with two different stand-offs
for either active or sham treatment. The stand-off applied
to the sham was completely shockwave-absorbent. Besides
using a different stand-off for the shockwave device, the
settings and setup were identical in both groups to ensure
that the patients were unable to recognize which treatment
was being performed.

All patients received a total of five ESWT treatments
once a week for five consecutive weeks. Both study groups
were provided with a vacuum pump at baseline/inclusion
date and directed to complete manipulation exercises daily
for 10—15 minutes the next 6 months.

The patients started using vacuum pump and perform-
ing manipulation exercises after the first ESWT treatment.
Patients were instructed to apply the vacuum pump to
achieve a satisfactory erection and maintain in this posi-
tion for 2 minutes. The vacuum was then released, and
patients started to gently manipulate the erect penis for
five minutes. Patients applied a constriction ring if they
were unable to maintain an erection. Subsequently, the
patients stretched the penis in flaccid state for 20 seconds
and relaxed the tissue for 10 seconds. This process was
repeated ten times.

Each patient received 2000 shockwaves targeting the
plaque with energy ranging from 0.15mJ/mm? to 0.5mJ/
mm?” at 3 Hz depending on the patient’s pain threshold.
Most patients did not sense any pain and received 2000
waves at a maximal energy of 0.5 mJ/mm?. Patients who
experienced pain were offered 200 mg oral fentanyl
(Lollipop). Adverse effects were systematically evaluated
before each treatment in both groups.

Outcomes

To evaluate the participants, we used three questionnaires:
International Index of Erectile Function (IIEF-5), Peyronie’s
Disease Questionnaire (PDQ) and the visual analogue scale
(VAS). The IIEF-5 is composed of 5 questions regarding
erectile function. Based on the patients’ answers a final
score was merged. The IIEF-5 score indicates the severity
of ED: 5-7 (severe), 8—11 (moderate), 12—16 (mild/moder-
ate), 17-21 (mild), and 22-25 (no ED). All questionnaires
have been internationally validated."''* Penile pain was
quantified using VAS score, and the patients were asked
about average pain sensation in the flaccid penis during the
last 72 hours. The PDQ-questionnaire is designed to esti-
mate the psychological and physical consequences (pain) of
PD. We only applied the physical consequence for pain
sensation.

All questionnaires were carefully introduced to each of
the patients before completion to standardize all answers
and avoid misunderstandings. The patients answered the
questionnaires at baseline and at follow-up after one, three,
and six months.

All patients submitted two photos of the erect penis
used for measuring the penile curvature at baseline. The
patients were instructed to take a photo from an angle that
showed the maximum curvature of the penis. We com-
pared the penile curvature on photographs taken by the
patient at follow-up one, three, and six months after treat-
ment was completed. All pictures and data were stored in
Redcap. Penile curvature was measured with Imagel
(developed by the National Institutes of Health) using
a standardized technique where two lines were applied to
minimize inter- and intra-observer variations (Figure 1A
and B).

We conducted three follow-ups. At all follow-up visits,
the patients reported; IIEF-5, VAS, PDQ-pain score, self-
estimated effect, pictures displaying the penile curvature
and how frequently the vacuum pump combined with
manipulation exercises were utilized.

Statistics

Before initiating the study, a power analysis was carried
out to estimate the sample size. We expected the mean
difference between baseline and follow-up would increase
by 100% in the treatment group compared to the control
group. Thus, we ended up with a sample size of 32, 16 in
each arm, with 80% power and a statistical significance
level of 5%.
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Figure | Demonstrating how we measured the penile curvature. Picture (A) is taken at inclusion, and picture (B) displays curvature at six months follow-up. Background:
A 72-year old male who has suffered from PD for 12 months. He has previously been diagnosed with dupuytren’s contracture. He has received ESWT for five consecutive
weeks while applying the vacuum pump at home. His penile curvature improved 35 degrees. He reported moderate/high self-rated effect.

Baseline characteristics and follow-up data were com-
pared between groups using X (chi-square-test) and
Mann-Whitney-U (MWU) test. X*-test was applied to
nominal, ordinal and binary data, whereas MWU was
applied to numerical data (IBM®SPSS statistics software
was used for data analysis).

Mean differences in IIEF-5, VAS, PDQ, and penile-
curvature between the groups were compared using MWU.
Wilcoxon Signed-Rank test was utilized for within-group
penile curvature change.

Results

A total of 32 patients were randomised but only 30 com-
pleted the study protocol. Two patients in the treatment
group suffered from phimosis and could not perform the
exercises and were discarded.

We ended up with fourteen patients allocated to the
treatment group and sixteen patients allocated to the con-
trol group. At 3 months follow-up, we had no dropouts.
However, at six months we had 3: Two patients from the
control group, and one patient from the treatment group.
The patients who dropped out in the control group
reported that they did not want to participate due to the
lack of effect of the treatment, and they did not return
questionnaires and photo. The patients from the treatment
group had relapse of lymphoma.

In a sensitivity analysis, we used last observation carried
forward for the patients who were lost to follow-up after six
months. However, in the sensitivity analysis, the difference
between the groups did not change significantly with respect

to penile curvature, IIEF-5, or PDQ-pain compared to our
primary analysis where statistical analysis was carried out
with missing data for the patients who were lost to follow-up.

Baseline Characteristics
Baseline data is displayed in Table 1.

Penile Curvature

Penile curvature change is displayed in Figure 2. After six
months, the mean change in penile curvature was —12.79
(SD 13) degrees in the treatment group, and —6.62 (SD
8.9) in the control group (p=0.204). At follow-up after one
and three months the p-values were 0.317 and 0.560,
respectively. A within-group analysis was carried out dis-
playing a statistically significant change in both the treat-
ment (p=0.004) and the control group (p=0.017) from
baseline to six months follow-up.

Calcified plaques were found in nine patients in the
treatment group with 13.7 (SD 15.7) degrees mean change
in penile curvature at 6 months follow-up. In the control
group, calcified plaques were found in four patients with
mean change of 14.5 (SD 6.35) degrees at 6 months fol-
low-up. In patients with calcified plaques, there was no
significant difference in penile curvature between the treat-
ment group and the control group at six months follow-up
(p=0.699).

Non-calcified plaques were found in five patients in the
treatment group and in twelve patients in the control
group. In the patients with non-calcified plaques, the
mean change in penile curvature was 11.2 (SD 7.4)
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Table | Baseline Characteristics

Variable Treatment Control P-value
Group (SD) Group (SD)
Participants 14 16
Age, years 61.71(8.3) 63 (7.35) 0.83
BMI 26.2 (2.83) 25.6 (2.96) 0.7
Mean duration of PD | 16.21 (14.1) 18.38 (16.93) | 0.723
(months)
IIEF-5 19.5 (4.1) 18.75 (3.84) 0.692
VAS 1.86 (2.7) 1.62 (2.45) 0.814
Curvature (degrees) 45 (16.74) 47.6 (12.6) 0.9
PDQ-pain score 4.38 (5.44) 2.69 (4) 0.327
Smoking (pack years) | 10.29 (14.34) 16.1 (16.4) 0.334
Alcohol consumption 0.881
(drinks/week)
0 3 2
0-7 4 5
7-14 2 2
14-21 4 4
20+ | 3
Dupuytren’s 0.28
contracture
Yes 6 10
No 8 6
Sexual activity* 4.86 (2.54) 5(3.52) 0.883
(times/month)
Self-rated ED** 0.151
Yes 2 6
No 12 10
Painful Erections 0.765
Yes 6 6
No 8 10
Calcified plaque on 0.03*
ultrasound
Yes 4
No 5 12
Charlson 2.36 (1.5) 1.94 (0.68) 0.552
comorbidity score

Notes: *Masturbation is considered as sexual activity; **ED, Erectile Dysfunction;
All numbers are means; Plaque calcification is statistically different between groups.

degrees in the treatment group compared to 4(SD 8.18)
degrees in the control group at six months follow-up
(p=0.138).

We observed a slight increase in penile curvature in
seven patients; two patients in the treatment group and five
patients in the control group. Penile curvature increased by
an average of 5.5 degrees for the two patients in the
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Figure 2 Displaying mean penile curvature and SEM at baseline, | month, 3 months
and 6 months for both groups.

treatment group and by an average of 4 degrees for the
five patients in the control group. However, only slight
changes were observed, which might refer to varying
picture quality that may have affected our measurement
of penile curvature.

[IEF-5 Score

IIEF-5 change is displayed in Figure 3. Mean change in
the treatment group was 0.17 (SD 3) compared to —3.06
(SD 5.5) in the control group at six-month follow-up
(p=0.086). At follow-up at one and three months, the
p-values were 0.369 and 0.058.

Pain

Pain assessment was carried out using both VAS and PDQ-
pain score. At six-month follow-up, VAS displayed
increased pain in both groups with 0.92 (SD 2.1) in the
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Figure 3 Displaying mean IIEF-5 and SEM at baseline, | month, 3 months and 6
months for both groups.
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Figure 4 Displaying mean PDQ pain score and SEM at baseline, | month, 3 months
and 6 months for both groups.

treatment group and 0.06 (SD 1.5) in the control group
(p=0.772).

At follow-up at one and three months, the p-values
were 0.94 and 0.96.

PDQ-pain score decreased 0.85 (SD 7.3) in the treat-
ment group and 0.81 (SD 2.5) in the control group after six
months (p=0.648). See Figure 4. At follow-up at one and
three months, the p-values were 0.06 and 0.26.

Adverse Effect

Twenty-nine out of 30 patients perceived little to no pain,
while they were treated with ESWT. One patient in the
treatment group required fentanyl during treatment.
Twenty-nine out of 30 patients perceived little to no pain
while applying the pump and performing the exercises.
Twenty-eight out of 30 patients reported no pain
(<VAS 2) pain after manipulation exercises, two reported
intense pain. At 6 months follow-up, the patients were
asked if they felt any over-all improvement of their disease
and mean usage of the vacuum pump. Results are dis-
played in Table 2.

Discussion

In this randomized clinical safety study, ESWT was com-
bined with a vacuum pump and manipulation exercises.
We observed a reduction of the penile curvature after six
months by 12.79 degrees in the treatment group compared
6.62 degrees in the control group (p=0.204). IEEF-5 was
unchanged in the treatment group in contrast to the control
group where the score decreased six months after ESWT
(p=0.086).

Table 2 Self-Rated Effect 6 Months After Treatment Was
Finished

Group Treatment | Control P value
Group* Group
Self-rated effect 0.117
Moderate/high 3 0
Low
No effect 7 8
Vacuum pump and 2.46 243 0.96
manipulation exercises

Notes: Self-reported mean usage (times/week) of vacuum pump and manipulation
exercises is shown; *Only reported for 14 patients as two patients were discarded.

Pain was assessed using both VAS and PDQ but there
were no significant differences between the groups. To our
knowledge, no previous studies examined the add-on
effect of vacuum pump to ESWT on PD. Vacuum pump
and ESWT are both considered conservative treatments
with few side effects.'*!"”

Continuous traction devices such as a penile vacuum
pump employ its effect by increasing the activity in
degrading enzymes. This initially causes loss of tissue
strength and the PD plaque becomes soluble and degraded.
The process is followed by an increase in newly synthe-
sized collagen.® We embedded manipulation exercises to
further soften the plaque, thus enabling a larger potential
for remodelling. The evidence supporting manipulation
exercises is still very limited, although it has proven to
be valuable when using Xiapex.'® A previous study
demonstrated a significant decrease in penile curvature
after 12 weeks'> with usage of a vacuum pump for 10
minutes twice a day. A review argued that vacuum erectile
devices are a viable option for managing PD, although
more studies are needed to clarify the potential.'’

In the present study, self-reported ED was found in 27%
of our participants and was defined as lost ability to achieve
a satisfactory erection in more than 50% of all attempts.

One way of quantifying ED is the IIEF-5 question-
naire. At baseline, we observed no statistical difference
between the groups. However, at six months follow-up, the
treatment group had a slightly increased score, while the
control group had decreasing IIEF-5 score. ESWT has
previously demonstrated an ability to improve vascularisa-
tion, wound healing, angiogenesis’ and ED'® which might
explain why the IIEF-5 score increased in the treatment
group. A meta-analysis'® revealed that ESWT could sig-
nificantly increase IIEF-5 with energy flux set between
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0.09 and 0.25 mJ/mm?. We applied ESWT with energy
levels up to 0.5mJ/mm? to maximize plaque remodelling.
However, it is uncertain if vascularisation and angiogen-
esis increase at this energy level as well.

The decreased IIEF-5 score in the control group may
be due to an initial overestimation — in both treatment
groups. Several of our patients reported that they had
been apprehensive about seeking treatment, and they had
previously failed to acknowledge the actual impact of the
disease. Repeatedly addressing the severity of their erectile
dysfunction may have led the patients to submit
a decreased, yet more precise IIEF-5 score at follow-up.

When addressing penile curvature, we observed a larger
change in the treatment group compared to the control group
but not statistically significant. However, patients in the
treatment group clearly showed a higher degree of satisfac-
tion compared to patients in the control group. In total, 50%
(22% moderate-high and 28% light improvement) of the
patients in the treatment group reported subjective improve-
ment of their disease, which seems clinically relevant.

We performed a secondary stratified analysis based on
plaque calcification. We expected that calcified PD plaques
were more likely to dissolve than non-calcified ones.
However, in patients with calcified plaques, we found
that the curvature reduction was comparable between the
treatment group and the control group.

On the had
a substantially higher curvature reduction when treated
with active ESWT. In view of the overall result that
showed no statistically significant benefit of ESWT on

contrary, non-calcified plaques

penile curvature, it has to be taken into consideration that
there were more patients with calcified plaques in the
treatment group, which potentially biased the result.
Further studies need to take into account plaque calcifica-
tion as a factor, which may influence the efficacy of
ESWT.
Previous clinical studies have demonstrated
a significant pain decrease among patients treated with
ESWT using VAS.'”?® We applied both VAS and PDQ-
pain. No significant changes were noticed between the
groups. However, even though PDQ expands the assess-
ment of pain, patients only reported a mean score of 4.38
and 2.69 in the treatment- and in the control group, respec-
tively, at baseline. The low pain score may be explained by
the inclusion of patients in stable disease phase with mean
disease duration of 16.21 months in the treatment group
and 18.38 months in the control group, and the fact that

PD pain resolves spontaneously over time.

ESWT combined with a vacuum pump represents
a previously unexplored combination. This study demon-
strates shockwave therapy in combination with vacuum
pump and manipulation exercise as a feasible and safe
treatment for Peyronie’s disease. We observed no clinical
adverse events related to shockwave therapy applied with
relatively high energy level.

Side Effects

We experienced no severe side effects to ESWT (bleeding,
numbness, etc.). One patient was administered oral fenta-
nyl before treatment with ESWT.

Regarding vacuum pump treatment followed by manip-
ulation exercises, one patient in the control group experi-
enced a small haematoma on the penile shaft. The
haematoma resolved spontaneously and was most likely
created by a very high negative pressure in the vacuum

pump.

Limitations
Pictures of the erect penis were assessed with Imagel by
a single investigator. Measurements may fluctuate from
time to time, although the procedure is standardized.
Furthermore, patients should have used PDE-5 inhibitors
before pictures were taken to ensure sufficient erection.
In a subanalysis, we demonstrated that the effect size
of ESWT tended to be lower in patients with calcified
plaques. We did not observe a significant change in penile
curvature after ESWT, which might be explained by the
fact that a relatively large proportion of the patients in the
treatment group had calcified plaques.

Conclusion

We found no statistically significant change in any primary
outcome. However, we observed a larger change in penile
curvature in the treatment group and a greater subjective
reported improvement. Furthermore, IIEF-5 remained
stable in the treatment group, whereas IIEF-5 declined in
the control group. Given that this study represents a non-
invasive treatment combination with few side effects,
more and larger randomised placebo controlled studies
are needed to draw a final conclusion.
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