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Low-intensity extracorporeal shockwave therapy in the treatment of postprosta-
tectomy erectile dysfunction: a pilot study

Anders Frey, Jens Sønksen and Mikkel Fode

Department of Urology, Herlev University Hospital, Copenhagen, Denmark

ABSTRACT
Objective: The objective was to investigate the effect and feasibility of low-intensity extracorporeal
shockwave therapy (LI-ESWT) as a treatment for erectile dysfunction (ED) after bilateral nerve-sparing
radical prostatectomy (RP). Materials and methods: Patients who had undergone robot-assisted bilateral
nerve-sparing RP more than a year before entering this pilot study, had no preoperative ED and were
suffering from mild to severe postoperative ED were invited to participate. Six treatments were given
over a 6 week period, using the Duolith� SD1 T-Top machine. The effect of the treatment was evaluated
1 month (t1) and 1 year (t2) after the final treatment. The main outcome measure was changes in the
five-item International Index of Erectile Function (IIEF-5) scores. Results: Eighteen patients were included
in the study. However, two patients breached the protocol and consequently 16 patients were included
in the analysis at t1 and 15 patients were included in the analysis at t2. At baseline the median age was
62 years (range 51 to 70 years) and the median time since surgery was 24 months (range 12 to 54
months). The median preoperative IIEF-5 score was 25 (range 22 to 25) and the median baseline IIEF-5
score was 9.5 (range 5 to 20). The median change in IIEF-5 scores was +3.5 (range –1 to 8; p¼ 0.0049)
and +1 (range –3 to 14; p¼ 0.046) at t1 and t2, respectively. No severe side-effects were reported.
Conclusions: LI-ESWT may improve erectile function after bilateral nerve-sparing RP. Based on these
results, further studies in patients with ED after nerve-sparing RP are justified.
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Introduction

Erectile dysfunction (ED) is a common side-effect after radical

prostatectomy (RP), even with nerve-sparing techniques [1]. In

cases where the nerves are spared, the mechanism of action is

thought to be a temporary postoperative block of transmission

in the cavernous nerves caused by direct trauma, stretching,

heating, ischemia and local inflammation [2,3]. As functioning

nerves are necessary for erections, while erections are neces-

sary for adequate penile oxygenation, this means that the

penile tissue is in a constant state of low oxygen supply during

the time with nerve dysfunction [4]. This may, in turn, lead to

smooth muscle apoptosis and fibrosis, which cause long-term

ED [5–7]. Several symptomatic ED treatments are available;

however, the loss of impulsivity in sexual relations and the cost

associated with these treatments are perceived as a problem

by many patients [8]. This may be especially pronounced in

postprostatectomy ED as the loss of sexual function comes

from one day to another. Therefore, a treatment with

prolonged effect and with the potential to render additional

treatments superfluous is highly desirable.

Several studies have shown that low-intensity extracorpor-

eal shockwave therapy (LI-ESWT) may represent such a

treatment in non-neurogenic ED [9–13]. Meanwhile, animal

studies have found that LI-ESWT may increase the rate of

blood flow and regenerate nervous tissue when applied to

myocardial tissue, random-pattern skin flaps and penile tissue

[14–17]. This means that the treatment could theoretically

ameliorate the structural changes induced following nerve-

sparing RP. However, no clinical evidence of such an effect is

currently available.

The aim of this pilot study was to investigate the effect and

feasibility of LI-ESWT as a treatment for ED in a group of

bilaterally nerve-spared RP patients.

Materials and methods

All patients in this study had undergone robot-assisted bilateral

nerve-sparing RP, at Herlev University Hospital, at least 1 year

before inclusion. The study was initiated in October 2012.

Patients were invited to participate via telephone and received

written information on the treatment. All patients provided oral

consent before the first treatment. Erectile function before RP

had been assessed with the five-item International Index of

Erectile Function (IIEF-5) questionnaire, which provides a score

between 5 and 25 [18]. Erectile function (baseline function) was

assessed again before inclusion using the IIEF-5 questionnaire. In

addition, patients were asked to document their use of

erectogenic aids and urged not to alter their use of these

while they were included in the study. Patients with a

preoperative IIEF-5 score greater than 22 and an IIEF-5

score between 5 and 20 (with or without erectogenic aids)

CONTACT Anders Frey freyen60@gmail.com Department of Urology, H54F1, Herlev Hospital, Herlev ringvej 75, DK-2730 Herlev, Denmark

� 2015 Taylor & Francis

D
ow

nl
oa

de
d 

by
 [

T
he

 U
ni

ve
rs

ity
 o

f 
E

di
nb

ur
gh

] 
at

 1
0:

57
 1

7 
A

pr
il 

20
16

 



at inclusion were eligible for the study. Exclusion criteria

included the LI-ESWT contraindications as stated by the manu-

facturer; hemophilia, anticoagulant therapy other than acetylic

salicylic acid, a high risk of thrombosis, active cancer and

systemic glucocorticoid therapy less than 6 weeks before LI-

ESWT [19]. Patients were risk stratified using the D’Amico

classification [20].

The treatments were performed with the Duolith� SD1

T-Top (Storz Medical, Tägerwilen, Switzerland). This machine

uses an electromagnetic system to generate shockwaves,

which are then focused with a parabolic reflector to an

energy maximum inside the tissue. A water-based gel was used

to ensure conductivity. In accordance with recommendations

from the manufacturer, all patients were scheduled to receive

two LI-ESWT sessions every other week for a period of 6 weeks.

Each treatment session consisted of 3000 shockwaves applied

to the penis with a frequency of 5 Hz in doses of 1000

shockwaves with energy densities of 20 mJ/mm2, 15 mJ/mm2

and 12 mJ/mm2, applied to the root of the penis, to the shaft,

and at a few millimeters proximal to the glans, respectively.

Before each treatment, patients were asked if they had

experienced any side-effects since the previous consultation

and they were encouraged to verbalize any discomfort during

sessions. In addition, all patients were instructed to contact the

research team if they experienced any side-effects during the

periods between treatments. Erectile function was evaluated at

1 month (t1) and again at 1 year (t2) after the last treatment

session. On both occasions, patients were required to docu-

ment their recent use of erectogenic aids. Patients were

excluded from the analysis if they reported de novo use of any

type of erectogenic aid during the course of this study.

Since the data was not normally distributed a Wilcoxon’s

signed-rank test was used to evaluate changes in IIEF-5 scores.

A two-sided p value of 0.05 was considered statistically

significant. As the SD for the IIEF-5 changes was unknown

before the study, it was not possible to perform a standard

power analysis. Instead a post hoc power calculation was

performed based on the preliminary results and a minimal

clinically relevant IIEF-5 change of 4 points. All statistical

analyses were performed with R statistical software

(R Foundation for Statistical Computing, 2013) [21].

All participants provided informed consent and the study

was approved by the Danish data protection agency (reference

no. HEH.750.19-32) in accordance with Danish law.

The main outcome measure was changes in IIEF-5 scores.

Changes in IIEF-5 categories, as defined in Table 1, and a global

satisfaction question ranging from ‘‘very dissatisfied’’ to ‘‘very

satisfied’’, served as secondary outcome measures.

Results

Eighteen patients were included in the study. Two patients had

de novo use of erectogenic aids at t1 and consequently a total

of 16 patients was included in the analysis at t1. At t2, one

patient was lost to follow-up.

At baseline, the median age was 62 years (range 51 to

70 years) and the median time since surgery was 24 months

(range 12 to 54 months). According to the D’Amico classifica-

tion, nine patients were treated for a low-risk prostate cancer,

eight patients were treated for an intermediate-risk prostate

cancer and one patient was treated for a high-risk prostate

cancer. The median preoperative IIEF-5 score was 25 (range 22

to 25). The median baseline IIEF-5 score was 9.5 (range 5 to 20),

with one patient using the ‘‘medicated urethral system for

erections’’ (MUSE) and 11 using phosphodiesterase-5 inhibitors

(PDE5i). At t1, the median change in IIEF-5 scores was +3.5

(n¼ 16; IQR¼ 4.25; SD¼ 2.66; p¼ 0.0049). At t2, the median

change from baseline IIEF-5 scores was +1 (n¼ 15; IQR¼ 3.5;

SD¼ 2.46; p¼ 0.046) (Figure 1). At t1 and t2, 11 and seven

patients, respectively, reported being either satisfied or very

satisfied with the treatment.

A total of seven patients improved their ED category

between baseline and t1. The improvements were maintained

in four of these patients at t2. One patient showed a decline in

ED category between baseline and t2. However, he also

terminated his use of on-demand tadalafil. One patient

terminated his use of MUSE and another patient terminated

his on-demand tadalafil at t1. The first maintained an increase

in ED category at both t1 and t2, while the latter suffered

severe ED at all time-points. At t2, three patients had

discontinued their use of erectogenic aids. Two of these

maintained their initial ED category and one maintained an

increase in ED category. Detailed results of changes in ED

categories are provided in Table 1.

Table 1. Changes in erectile function (ED) categories.

Patient no. ED category (baseline) ED category (t1) ED category (t2)

1 Severe Severe Severe
2 Severe Severe Severe
3 Severe Mild to moderate NA
4 Moderate Mild to moderate Moderate
5 Moderate Moderate Mild to moderate
6 Mild Mild Mild
7 Mild No ED No ED
8 Severe Severe Severe
9 Severe Moderate Moderate
10 Moderate Moderate Moderate
11 Moderate Moderate Severe
12 Moderate Mild to moderate No ED
13 Mild to moderate Mild Mild
14 Mild Mild Mild
15 Mild Mild Mild
16 Moderate Mild to moderate Moderate

NA¼ not applicable.
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Figure 1. Median changes in International Index of Erectile Function-5 (IIEF5)
scores. *p50.05.
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A few patients described mild pain when the shockwave got

close to the urethra during LI-ESWT. In addition, one patient

experienced light soreness of the penis in the first days

following each treatment. None of the reported side-effects

required treatment of any kind and none of the patients

decided to terminate the treatment.

The post hoc power analysis showed that only seven

patients were needed in order to obtain a power of 90%

to detect a difference of 4 points on the IIEF-5 questionnaire

at t1.

Discussion

This study represents the first attempt to treat ED following

bilateral nerve sparing RP with LI-ESWT. The researchers were

able to demonstrate a significant improvement in IIEF-5

scores 1 month after treatment despite the fact that three

patients had terminated their use of erectogenic aids.

Improved erectile function was observed regardless of ED

category at baseline. At 1 year following treatment, the

median IIEF-5 score remained statistically significant even

though three more patients had terminated their use of

erectogenic aids and one of the initial responders was lost to

follow-up. The treatment was found to be safe and to cause

minimal discomfort for the patients.

As described in the Introduction, ED is a common side-effect

of RP, probably owing to structural changes in nerves and

penile tissue. Ongoing efforts to improve nerve sparing have

not yet resolved the problem [1]. Moreover, attempts at

restoring spontaneous erections through scheduled post-

operative treatment with erectogenic aids – so-called ‘‘penile

rehabilitation’’ – have generally been disappointing [22]. This

means that current treatments for post-RP ED are symptomatic,

in the form of PDE5i, vacuum erection devices, MUSE, injection

therapies and penile implants.

The potential mechanism of action for LI-ESWT in the

treatment of ED is unknown, but based on the current literature

it is hypothesized that the shockwaves trigger cellular pathways

which increase the expression of growth factors and endothelial

nitric oxide synthase, resulting in subsequent angiogenesis and

regeneration of nerve fibers [23–25]. Regarding penile tissue,

studies in a streptozotocin-induced diabetic rat model have

shown that LI-ESWT can have a regenerative effect on both the

endothelia and the nitric oxide synthase-producing nerve fibers

in the corpus cavernosum [14,15]. Although these findings have

yet to be reproduced in clinical trials, this could offer an

explanation for the increase in erectile function observed with

the treatment.

However, when considering the use of LI-ESWT, one must

keep in mind that the treatment is relatively time consuming

for both the patient and the practitioner. Depending on the

time spent on commuting to the hospital, it was estimated that

each patient spent a combined 8–12 h on receiving the

treatment. This is only justifiable if LI-ESWT provides a clinically

significant and sustained improvement in erectile function.

Therefore, it is important to note that only two patients were

categorized as having no ED after LI-ESWT and that the

majority of patients achieved only marginal improvements in

ED category that would still require them to use erectogenic

aids to engage in intercourse. In this regard, previous studies

investigating the effects of LI-ESWT in patients with non-

neurogenic ED have shown conflicting results [9–13].

On the positive side, Vardi and co-workers have published

results from two studies investigating the effects of LI-ESWT in

men with organic ED who were responders to PDE5i before

inclusion. The first was a pilot study in 20 patients, who

showed improvements in both total IIEF scores and IIEF ED

domain scores (p50.001 for both) 1 month after the final

treatment [10]. A subsequent randomized trial in 67 men

receiving either LI-ESWT or a sham treatment showed signifi-

cantly greater improvements in IIEF ED domain scores in the

treatment group compared to the sham group (6.7 vs 3.0;

p¼ 0.032). In addition, improvements were observed in penile

hemodynamics in the treatment group [11]. Another study by

the same group investigated the effects of LI-ESWT in 29 PDE5i

non-responders with a mean baseline IIEF ED domain score of

8.8. Here, an increase in mean IIEF ED domain scores to 12.3

along with an increase in maximal penile blood flow was

observed (p50.0001 for both). When patients were allowed to

use PDE5i for a month after the first follow-up, IIEF ED domain

scores increased substantially to 18.8 [9].

However, when Yee and co-workers randomized 58 patients

with organic ED to either sham treatment or LI-ESWT following

a similar protocol, no differences were found in either IIEF-5

scores or erection hardness scale scores. In a subgroup analysis,

the investigators found significant changes in IIEF-5 scores for

patients with severe ED at baseline (p¼ 0.001). Unfortunately,

it is unclear whether the patients were still on their ED

medication [12].

The previously discussed studies all used the Omnispec�

ED1000 (Medispec, Yehud, Israel). Meanwhile, a recent study by

Olsen and colleagues used the Duolith SD1 T-Top, as in the

present study. They included 105 patients and randomized

them to either LI-ESWT or sham therapy. Five weeks after the

final treatment, no difference in IIEF ED domain score changes

was observed between the groups. However, on the erection

hardness scale questionnaire significantly more patients in the

LI-ESWT group had improved their scores to 3 or 4 (erections

hard enough for penetration) (p¼ 0.0001) [13].

The Omnispec ED1000 and the Duolith SD1 T-Top use the

same technique to generate the shockwaves. However,

based on the studies, it remains unclear whether there are

clinically significant differences between the machines. This

issue will need to be resolved with a head-to-head study.

Likewise, no studies have investigated whether there is a

dose dependency when treating ED with LI-ESWT, and

energy densities are primarily based on the patients’

expected pain tolerance and follow recommendations from

the manufacturer. It is possible that more treatment sessions

or higher energy densities could result in better outcomes.

Based on the results of this study, this may be especially

relevant in post-RP patients.

Major weaknesses of this study include the use of

erectogenic aids in the study population, the lack of a control

group and the small patient cohort. It would have been

preferable to restrict all use of erectogenic aids during the

study period. However, since most patients where dependent

on these treatments for erections at baseline, it would not be
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ethically justifiable to inflict a potential significant negative

impact on their sexual capabilities for a pilot study. With regard

to the missing control group, it is important to keep in mind

that the study was planned as a pilot study with the intent of

assessing a possible treatment effect. As such, it would have

been premature to perform a randomized trial. In addition, it

would have been difficult to interpret a comparison with a

simple no-treatment group as men opting for LI-ESWT are

likely to be more motivated for sexual activity than those who

are not interested in the treatment. When considering a

possible placebo effect, a study by Montorsi et al. investigating

the effects of PDE5i in RP patients found that this resulted in a

1 point increase in the IIEF-ED domain [26]. Thus, this is unlikely

to account for the entire effect in the present study. For the

purpose of this study, all patients had to be beyond the first

year after their RP. This measure was taken to ensure that

patients were at a steady state with regard to their erectile

capabilities. However, there was a substantial spread in time

since surgery between patients and it is possible that applying

LI-ESWT at an earlier stage after the surgery could prevent

penile fibrosis caused by long-term hypoxia from missing

erections. Finally, with regard to the study size, the post hoc

power analysis showed that the study was large enough to

detect a relevant change in IIEF-5 score. This power analysis

may not apply in the randomized controlled trial setting, where

the number of subjects needed would be greater.

In conclusion, LI-ESWT may improve erectile function after

bilateral nerve-sparing RP; however, the improvements did

not allow for unassisted erections sufficient for intercourse in

most patients. Based on the results, further studies in patients

with ED after nerve-sparing RP are justified. Such studies

should explore intensified treatment protocols and focus on

clinically relevant outcomes. With the current level of

evidence, LI-ESWT should be performed only for research

purposes following RP.
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