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Background and Objective: Erectile dysfunction (ED) is a prevalent and impactful complication post 
definitive management of prostate cancer. The mechanism of ED is thought to be secondary to vascular 
and neural injury as well as corporal smooth muscle damage with resultant fibrosis. The use of penile 
rehabilitation in ED following treatment for prostate cancer has been studied. Low-intensity extracorporeal 
shockwave therapy (Li-ESWT) is a novel treatment for ED thought to stimulate neovascularization and 
nerve regeneration, and as such, has gained interest in treatment of ED related to radical prostatectomy or 
radiation therapy. Herein, we performed a narrative review on the use of Li-ESWT in management of ED 
following treatment for prostate cancer. 
Methods: A literature review was performed using PubMed and Google Scholar. Studies evaluating Li-
ESWT following prostate cancer treatment were included. 
Key Content and Findings: We identified three randomized controlled trials and two observational 
studies that assessed use of Li-ESWT for ED after prostate surgery. Use of Li-ESWT across most studies 
showed improvements in the International Index of Erectile Function-erectile function (IIEF-EF) domain 
scores, but this improvement was not statistically significant. Additionally, use of Li-ESWT in an early versus 
delayed fashion does not appear to affect changes in long-term sexual function scores. No data on use of Li-
ESWT after radiotherapy were identified. 
Conclusions: There is a paucity of data regarding use of Li-ESWT for penile rehabilitation in treatment 
of ED post-prostate cancer therapy. Current protocols for Li-ESWT are not standardized and have a limited 
number of participants with short duration of follow-up. Additional evaluation is needed to determine 
optimal Li-ESWT protocols. Ideally, studies should have longer follow-up to truly evaluate the clinical 
significance of Li-ESWT in the treatment of post-prostatectomy ED. Furthermore, the role of Li-ESWT 
after radiotherapy remains elusive.
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Introduction

Erectile dysfunction (ED) affects over 18 million adult 
males in the USA and has a known negative impact on 
mental health and quality of life (1-3). The most common 
type of ED is vasculogenic, which results from abnormalities 
in the arteries or veins of the penis, causing inadequate 
blood flow or poor retention of blood in the penis (4). ED 
may also be psychogenic, relating to heightened anxiety and 
excess norepinephrine; neurogenic, resulting from a deficit 
in nerve signaling; or endocrine-related.

There are many steps involved in the initiation and 
maintenance of an erection resulting in different etiologies 
of ED when these steps go awry. An erection occurs when 
nitric oxide (NO) is released from non-adrenergic non-
cholinergic (NANC) nerve fibers with sexual stimulation, 
which activates guanylyl cyclase and increases the 
concentration of cyclic GMP in the smooth muscle cells of 
the penis. Parasympathetic cholinergic nerve fibers release 
acetylcholine which activates adenylyl cyclase and increases 
the concentration of cyclic AMP. Intracellular calcium 
then decreases, and the smooth muscle cells of the penis 
relax, allowing blood to fill the corpus cavernosa. Venous 
outflow is blocked due to the compression of the subtunical 
venules which allows the penis to maintain rigidity (4). Any 
interference in this process can cause ED.

ED is especially prevalent among prostate cancer 
patients as ED is a common side effect of treatment options 
including radical prostatectomy (RP) and radiation therapy 
(RT). A longitudinal study conducted by Alemozaffar  
et al. found that 60% of men who underwent RP and were 
potent prior to surgery had ED 2 years following surgery (5).  
Younger age, fewer comorbidities, lower PSA, and better 
pretreatment sexual health scores were associated with 
a greater probability of obtaining an erection two years 
after prostate cancer treatment (5). An additional factor 
to consider is surgical experience and expertise. It is well 
known that RP takes significant technical skill as it is a 
complex surgery. Thus, incidence of ED post-RP varies 
across studies (6). Similarly, rates of post-RT ED are also 
highly variable, ranging from 6% to 70% depending on the 
modality of radiation delivery (7-9).

Following RP, ED often results from damage to the 
cavernosal nerves or neuropraxia (10). Nerve sparing 
techniques have been shown to significantly improve 
erectile function recovery following RP, yet many patients 
who undergo a bilateral nerve sparing RP still experience 
ED in the postoperative period (11). This may be due to 

mechanical stretching of the nerves, thermal damage from 
cautery instruments, ischemic injury, or local inflammation 
caused by surgery (12). Injury to cavernosal nerves in rats 
has been shown to induce veno-occlusive dysfunction, or 
venous leak, and contribute to a loss of corporal smooth 
muscle cells (13). RP is also associated with an increase in 
fibrosis of the corpus cavernosum and a loss of elasticity of 
erectile tissue (14).

Interestingly, ED after RT has a similar pathophysiology 
to RP with resultant neuronal, vascular endothelial and 
smooth muscle damage (15-17). Radiation causes cellular 
death by irreversible DNA damage, and indirect DNA 
damage from hydroxyl free radicals results in “off-target 
effects” (18). Neuronal injury has been observed in rat 
models following radiation (15). Both smooth muscle and 
endothelial vascular damage lead to corporal fibrosis and 
ultimately veno-occlusive dysfunction (19). However, unlike 
RP where ED is often seen in the immediate post-operative 
period, the effects of RT are gradual, with worsening ED 
reported 1–2 years post radiation (9).

Given the high prevalence of post-prostate cancer 
therapy ED, significant attention has been paid to the 
concept of “penile rehabilitation” via various treatment 
modalities, including phosphodiesterase-5 inhibitors 
(PDE5i). PDE5i prevent the degradation of cyclic GMP 
thus increasing its concentration in the smooth muscle 
cells of the penis which has been shown to preserve smooth 
muscle content as well as reduce corporal fibrosis in rats 
following cavernosal nerve injury (20-23). In addition to 
PDE5i, other standard penile rehabilitation treatments 
include vacuum erection devices, intraurethral alprostadil 
suppositories, and intracavernosal injections (24). While 
penile rehabilitation following radical prostatectomy 
is widely practiced, controversy remains regarding the 
effectiveness of various protocols (25,26).

A novel treatment for ED with promising preliminary 
results is low-intensity extracorporeal shockwave therapy 
(Li-ESWT). Unlike other current ED treatment options 
which provide symptomatic relief, Li-ESWT aims to 
address the underlying pathophysiology of ED. Li-ESWT 
uses an electrohydraulic or electromagnetic generator to 
deliver targeted sound waves to multiple sites on the penis, 
typically the two corpus cavernosa and two crura, with an 
energy density of 0.09 mJ/mm2 (27). Li-ESWT was first 
trialed for vasculogenic ED in 2010 based on its ability to 
promote neovascularization in the heart (28). Li-ESWT 
has also been shown to induce the synthesis of NO in penile 
tissue and support stem cell proliferation (29,30). Multiple 
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meta-analyses have suggested that Li-ESWT is an effective 
treatment for ED and is associated with an improvement 
in International Index of Erectile Function-erectile 
function (IIEF-EF) domain scores as well as play a role in 
neurogenesis (31,32).

Given the role of Li-ESWT in neovasculogenesis and 
neurogenesis, it is believed that this therapy may have 
benefit in treatment of post-prostate therapy induced ED. 
Despite the significant burden of ED among the large 
number of prostate cancer survivors around the world, 
there are currently only a limited number of Li-ESWT 
studies that have been done on patients following treatment 
for prostate cancer. The goal of this manuscript, therefore, 
is to review the current literature on the effectiveness 
of Li-ESWT for management of ED in prostate cancer 
patients following definitive treatment. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-791/rc).

Methods

To perform this narrative review, we conducted a 
comprehensive literature review using PubMed and 
Google Scholar. There were no restrictions on publication 
years. The search keywords included “low-intensity 
extracorporeal shockwave therapy”, “penile rehabilitation 
prostatectomy”, “penile rehabilitation radiotherapy” and 
“erectile dysfunction”. Literature search was conducted 
independently by GG, AM, DR and SK. Consensus was 
obtained by open discussion. We reviewed references in 
the studies to includes studies that would be relevant to 
this review. We included all randomized control trials that 
evaluated the impact of Li-ESWT after prostatectomy. We 

included full-text English articles in peer-reviewed journals 
(Table 1).

Restoration of erectile function following 
therapy for prostate cancer

Penile rehabilitation

ED after RP is common immediately following surgery, 
with variable recovery over time ranging from 54–90% at 12 
months and 63–94% at 24 months (33). These wide ranges 
may be in part due to differing definitions and methods of 
evaluating the change in erectile function, aging population 
with longer follow-up, erectile function status prior to 
treatment, medical comorbidities, and variability in surgeon 
skill. The pathophysiology of post-RP ED is multifold, 
including neural injury, vascular injury, and corporal smooth 
muscle damage (34,35). Similarly, ED following RT is also 
highly variable, and may be due to delayed-onset neuronal 
and vascular endothelial damage. Efforts to perform and 
evaluate the effectiveness of various penile rehabilitation 
methods following treatment for prostate cancer have been 
an area of interest for many years.

Penile rehabilitation is defined as the use of any drug, 
device or other therapy at or after prostate cancer treatment 
to maximize erectile function recovery (36). Numerous 
studies have been conducted to evaluate different penile 
rehabilitation methods specifically following RP, including 
pelvic floor physical therapy, regular dosing of sildenafil, 
vardenafil and tadalafil, flexible dosing of sildenafil and 
vardenafil, on-demand dosing of vardenafil and tadalafil, 
alprostadil intracavernosal injection (ICI), intraurethral 
alprostadil therapy, hyperbaric oxygen, penile vibratory 
stimulation, aerobic training, tacrolimus, vacuum erection/
constriction devices, nerve grafting, platelet-rich-plasma, 

Table 1 Literature search strategy summary

Items Specification

Date of search July 2022 to March 2023

Databases and other sources searched PubMed, Google Scholar 

Search terms used “Low-intensity extracorporeal shockwave therapy” “penile rehabilitation prostatectomy” 
and “erectile dysfunction

Timeframe No limitation on publication year 

Inclusion and exclusion criteria Inclusion criteria: randomized controls trials, retrospective studies 

Selection process Literature search was conducted independently by GG, AM and DR; consensus was 
obtained by open discussion.

https://tau.amegroups.com/article/view/10.21037/tau-22-791/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-791/rc


Matthew et al. Li-ESWT for penile rehabilitation1026

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2023;12(6):1023-1032 | https://dx.doi.org/10.21037/tau-22-791

and stem cell therapy. Some of these methods are in 
the early stages of development and the effects of most 
therapies in post-prostatectomy patients are currently being 
investigated through systematic reviews and meta-analyses 
(37-39).

Heterogeneity in the literature identified by these 
systematic reviews and meta-analyses have led to 
controversy regarding the efficacy and implementation of 
penile rehabilitation modalities after prostatectomy. The 
most recent systematic review on this topic concluded that 
sildenafil 100 mg regular daily dosing is the best penile 
rehabilitation strategy, with pelvic floor muscle training also 
showing effectiveness in increasing the erectile function 
recovery rate, while on-demand dosing of PDE5i appears to 
be less effective (38). Conversely, a 2018 Cochrane Review 
reports that schedule PDE5i may have little or no effect 
on both short-term and long-term erectile function after 
prostatectomy (37). Another 2017 systematic review by Liu 
et al. also concluded that administration of PDE5is, vacuum 
erection devices, and intracorporeal injection after RP can 
increase erectile function during treatments, but current 
evidence does not support the idea that penile rehabilitation 
with PDE5is improves recovery of spontaneous erectile 
function (39).

Despite advances in methods and new research, 
penile rehabilitation remains a controversial topic in the 
medical community. The 2018 AUA guideline on ED 
gave the moderate recommendation that men who desire 
preservation of erectile function after treatment for prostate 
cancer by RP or radiotherapy should be informed that early 
use of PDE5i post-treatment may not improve spontaneous, 
unassisted erectile function with level C evidence grade 
(26,40-44). The panel reported that early PDE5i use had 
not been shown to improve unassisted erectile function, 
although most studies reported that PDE5i are effective 
in assisting erections on-demand during the trials. The 
guideline also discussed the importance of psychological 
support in penile rehabilitation efforts and emphasized pre-
treatment education regarding post-treatment ED (40-44). 
Despite the promising trajectory of penile rehabilitation 
research, these statements are in-line with the research 
performed at the time and reflect the low-level of evidence 
in support of different penile rehabilitation techniques.

Few studies have been performed to evaluate the 
role of Li-ESWT in penile rehabilitation (45-47). Li-
ESWT has been shown to aid in peripheral nerve 
regeneration and neovascularization (32,48,49). As the main 
pathophysiological mechanisms of ED after prostate cancer 

therapy are neural injury, vascular injury, and corporal 
smooth muscle damage, Li-ESWT may show promise 
in the realm of penile rehabilitation after prostate cancer 
treatment.

Use of Li-ESWT following radical prostatectomy

Vardi et al. were the first to demonstrate a possible role for 
shockwave therapy in vasculogenic ED (28). In this study,  
20 men with vasculogenic ED underwent shockwave therapy 
twice a week for 3 weeks which resulted in improvement 
in the International Index of Erectile Function ED (IIEF-
ED) domain score, as well as improvement in erection 
duration, penile rigidity, and penile endothelial function. 
While this study was small, it was promising, which has 
given rise to increased research on this application in the 
treatment of vasculogenic ED (50-54). Subsequently, Yuan 
and colleagues performed a systematic review of eight 
randomized controlled trials which compared Li-ESWT or 
Li-ESWT + PDE5i to sham treatment and demonstrated 
that the addition of Li-ESWT resulted in improvements 
in International Index of Erectile Function Score (IIEF) 
and Erection Hardness Score (EHS). Generally, Li-ESWT 
was safe and effective (55). In fact, higher mean IIEF and 
increases in IIEF and EHS scores across treatment groups 
have been observed in most RCT that compare Li-ESWT 
to sham treatment (52). These findings in vasculogenic ED, 
and the early use of PDE5i following prostatectomy being 
purported to ameliorate the effects of cavernous nerve 
injury following surgery (56), have unsurprisingly led to the 
study of the effects of Li-ESWT on post-prostatectomy 
ED.

The first study published on the use of Li-ESWT for 
treatment of ED following bilateral nerve sparing RP 
was performed by Frey et al. (57). Eighteen patients (16 
included in the analysis) underwent robotic nerve sparing 
prostatectomy 1 year prior to inclusion in the study. The 
Storz Duolith T-Top Ultra® device was used to administer 
treatments twice a week for a 6-week period. 3000 shocks 
were administered at 5 Hz in doses of 1,000 shockwaves 
with energy density of 20, 15 and 12 mJ/mm2. Shocks 
were directed at the root of penis, penile shaft, and a few 
millimeters proximal to glans. Baseline IIEF score was 
9.5 (range, 5–20). Improvements were reported at 1- and 
12-month following Li-ESWT, with increases in IIEF 
scores of +3.5 points (9.5–14.5; P=0.004) and +1 point 
(9.5–10; P=0.04), respectively. However, most men in the 
study were on erectogenic agents at baseline including 
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PDE5i or alprostadil intraurethral suppository in addition 
to receiving Li-ESWT. While this study did show that Li-
ESWT may improve erectile function after bilateral nerve 
sparing prostatectomy, no study participants were able to 
have unassisted erections sufficient for intercourse.

 Similarly, Baccaglini et al. conducted a clinical trial to 
assess the effect of Li-ESWT following RP (45). In this 
randomized, open label trial with 2 parallel arms, 77 patients 
were followed after surgical intervention. Both the control 
(N=41) and intervention groups (N=36) were started on  
5 mg of daily tadalafil after removal of the urethral catheter. 
The experimental group underwent Li-ESWT using the 
Renova Direx® device starting 6 weeks post-prostatectomy 
for a total of 8 weeks, receiving 2,400 shocks per session 
over 4 regions over the penile shaft and crura at a frequency 
of 5 Hz and energy density of 0.09 mJ/mm2. There was a 
2-week PDE5i washout period for both arms where tadalafil 
was stopped to assess the final IIEF-5 score without PDE5i 
use. At 16 weeks post-op, IIEF-5 scores were improved 
in the Li-ESWT group but the primary end point of ≥4 
points between treatment arms was not reached. In fact, no 
significant difference was observed between the control and 
intervention group when assessing for an IIEF-5 score ≥17.

Li-ESWT for penile rehabilitation has also been 
studied post nerve-sparing cystoprostatectomy. The 
surgical approach of radical prostatectomy differs from 
radical cystoprostatectomy as additional nerve damage 
may result with extensive pelvic dissection in the latter. 
However, rates of ED after cystoprostatectomy have been 
reported in 20–80% of men which is similar to rates post-
prostatectomy (5,58). Additionally, Walsh and Mostwin 
showed that in nerve sparing radical prostatectomy and 
radical cystoprostatectomy, rates of potency at 1 year were 
similar at 86% and 82%, respectively (59). Given similar 
rates of ED following both surgical procedures, it is likely 
a similar pathophysiologic mechanism is involved. As such, 
Li-ESWT may be effective in treatment of ED following 
radical cystoprostatectomy. In a randomized control 
trial by Zewin et al., 128 patients who underwent radical 
cystoprostatectomy were followed for 36 weeks in 3 arms: 
treatment with Li-ESWT (N=42), treatment with PDE5i 
(N=43), and no-treatment control (N=43) (46). Patients 
in the Li-ESWT arm underwent 12 sessions of 1800 
shocks per session over 9 weeks, with a frequency of 2 Hz 
and energy density of 0.09 mJ/mm2. This group used the 
Omnispec ED 1000® device and delivered shocks to 5 sites 
including to the distal, mid and proximal shaft, and both 
sides of the crura. At completion of the study, there were no 

differences in the IIEF-EF score across groups. However, 
16% more patients in the Li-ESWT arm reported recovery 
of potency.

The aforementioned studies evaluated the use of Li-
ESWT immediately post-surgery. However, Inoue and 
colleagues assessed the role of early vs. delayed intervention 
of Li-ESWT post-prostatectomy in a monocenter study (47).  
In the early intervention group (N=5), Li-ESWT was 
performed three times a week for two weeks during 
admission and once per week in the outpatient setting for 
six weeks. In contrast, patients in the delayed intervention 
group (N=11) were treated twice per week for the first  
3 weeks following surgery, followed by a 3-week rest 
period, then an additional 3 weeks of treatments twice per 
week, for a total of 12 sessions. Patients treated with early 
or delayed Li-ESWT were compared to 178 patients in 
the non-intervention group. Using the Dornier Aries® 
device, 1,500 shockwaves were administered at 2 Hz and  
0.09 mJ/mm2 to 5 sites on the penis (distal, mid and 
proximal shaft, and bilateral crura) with each session. In 
this study, sexual function (SF) scores were used to assess 
the effect of Li-ESWT on erectile function. Patients in 
the early Li-ESWT treatment group reported significantly 
higher baseline SF scores compared to delayed and non-Li-
ESWT groups (P=0.0001). SF scores at 6, 9 and 12 months 
were significantly higher in both the early and delayed 
Li-ESWT intervention groups over the non-Li-ESWT 
groups (P=0.0171, 0.0188 and 0.0051 respectively). Though 
the number of patients who received treatment was low, 
ultimately, penile rehabilitation with Li-ESWT prior to 
catheter removal significantly improved sexual function in 
this study. However, there was no difference in SF between 
the early and delayed intervention group at each time point.

Motil et al. recently showed some promising data with 
early Li-ESWT intervention and combination therapy with 
PDE5i for penile rehabilitation (60). In this randomized, 
single blinded sham-controlled clinical trial, 32 patients 
were followed 3 months after nerve sparing RP: 16 in the 
treatment arm and 16 in the placebo arm (baseline IIEF-5 
scores of 5.4±1.2 and 5.9±2.4, respectively). Patient in the 
intervention arm underwent 4 treatments of Li-ESWT over 
4 weeks using a PiezoWave 2 device receiving 4000 shocks 
to the penile shaft and crura with a primary end point of 
IIEF-5 scores. In the placebo group, a gel head was used to 
block shockwaves but both interventions produced similar 
noises. Thus, blinding the intervention. Interestingly, 
two months post intervention there was a statistically 
significant improvement in IIEF-5 scores in the Li-ESWT 
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intervention group over the sham group (10.1±3.4 and 
7.6±1.9, respectively P=0.005). Of note, after 2 months 
authors allowed participants to use oral PDE5i and at  
6 months topical as well as intracorporal injections with 
prostaglandin E1 for penile rehabilitation. By 6 months, 
both groups had normalized IIEF-5 scores. Thus, early 
intervention with Li-ESWT in combination erectogenic 
agents may have a synergistic benefit for early improvement 
in erectile function, but the clinical significance of this 
early improvement remains to be seen as all patients had 
equivalent improvements in IIEF-5 scores by 6 months.

A summary of treatment protocols and outcomes 
following Li-ESWT in post-prostatectomy patients is 
outlined in Table 2. Though this current literature review 
does not represent a systematic review of published studies, 
one is able to see that there remains a paucity of strong 
data in this realm of Li-ESWT for management of post-
prostatectomy ED. Studies involve a relatively small 
number of patients, with variable treatment protocols, 

with maximum follow up of 12 months. The heterogeneity 
of treatment devices and protocols for use of Li-ESWT 
in treatment of vasculogenic ED makes interpretation of 
data difficult, and that heterogeneity and mixed results 
make it difficult to make any firm conclusions about the 
use of Li-ESWT for post-prostatectomy ED as well (61). 
While positive results have been observed in many of these 
studies (Table 2), the lack of standardization across protocols 
presents a real challenge for implementing Li-ESWT as 
optimal device settings and treatment protocol remain to 
be elucidated. While Li-ESWT may be effective alone or 
in conjunction with concurrent pharmacological penile 
rehabilitation, further research needs to be done to assess 
monotherapy or combination therapy. Additionally, further 
research is needed to determine the mechanism of action of 
Li-ESWT in treatment of post-prostatectomy ED, as the 
anatomic location of shockwave application may not target 
the deep perineum and bladder neck where the majority 
of prostatectomy-induced nerve damage may be incurred. 

Table 2 Summary of studies investigating Li-ESWT following radical prostatectomy

Author Design Device
Energy 

(mJ/mm2)
Tx protocol Sessions ED population

Diagnostic 
work-up

Number Outcomes

Frey et al. 
(57)

Obs Duolith SD1 
T-Top

12/15/20 3 zones ×1,000p 
(3,000/session);  

5 Hz

2x/wk (6 wk) IIEF-5 >22 or  
between 5–20  

at inclusion

IIEF-5 16 Median IIEF-5 change

6 weeks: +3.5

Inoue  
et al. (47)

Obs Omni-spec 
ED1000

0.09 5 zones ×300p  
(1,500/session); 

2 Hz

E: 3x/wk (2 wk),  
1x/wk (6 wk)

s/p RALP QOL survey 
(SF, SB)

C: 178 SF, SB change

D: 2x/wk (3 wk),  
no tx (3 wk),  
2x/wk (3 wk)

E: 5 C: −22.3; −19.1

D: 11 E: −38.5, −30.0

D: −20.5; +12.4

Baccaglini 
et al. (45)

RCT Renova Direx 0.09 4 zones ×600p  
(2,400/session); 

5 Hz

1x/wk (8 wk) IIEF-5 >20,  
age ≤75;   
tadalafil

IIEF-5, 
continence 
(pad/day)

C: 41 Final median IIEF

Li-ESWT: 36 C: 12

Li-ESWT: 10

Zewin  
et al. (46)

RCT Dornier Aries 0.09 5 zones ×300p  
(1,500/session); 

2 Hz

2x/wk (3 wk) Tumor confined 
to the bladder

IIEF-EF, EHS C: 43 IIEF-15 change 9 mo 
post-operative

No tx (3 wk) Li-ESWT: 42 C: −11.9

2x/wk (3 wk) PDE5i: 43 Li-ESWT: −7.8

PDE5i: −7.3

Motil et al. 
(60)

RCT Piezo Wave 2 0.16 2 zones ×2,000p 
(4,000/session); 

8 Hz

1x/wk (4 wk) 3 mo post-RP, 
severe ED, no 

meds

IIEF-5 Sham: 16 Mean IIEF-5, 3 mo

Li-ESWT: 16 Sham: 10.9

Li-ESWT: 15.6

Li-ESWT, low-intensity extracorporeal shockwave therapy; Obs, observational; RCT, randomized controlled trial; IIEF, international index of erectile 
function; EHS, erectile hardness score; QOL, quality of life; RALP, robotic-assisted laparoscopic prostatectomy; SB, sexual bother SF, sexual 
function; C, control; E, early; D, delayed; p, pulses; wk, week; mo, month; tx, treatment; PDE5i, phosphodiesterase-5 inhibitors.
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Furthermore, there may be differences in outcomes for 
different prostate cancer risk groups, which should be 
evaluated in future studies. Specifically, the use of a therapy 
that stimulates neovascularization and nerve regeneration 
following a treatment for malignancy should be further 
studied in terms of oncological outcomes. Overall, while 
Li-ESWT remains a promising therapy for mild-moderate 
vasculogenic ED, the concept of penile rehabilitation 
remains controversial and the role of Li-ESWT for penile 
rehabilitation requires further study.

Use of Li-ESWT following radiation

Given that vascular and neural injury are the key insult that 
cause radiation-induced ED, it is plausible that Li-ESWT 
may have some benefit in the treatment of ED following 
RT. To date, there are currently no published RCTs or 
large studies on the use of Li-ESWT after radiotherapy for 
treatment of ED (9,62). A case report by Chan and Wong 
demonstrated improvement in the IIEF-5 score from 10 
to 19 after 6 sessions of Li-ESWT over 3 weeks following 
a protocol similar to Vardi et al. (28,63). Interestingly, 
the patient was able to have a satisfactory erection for 
intercourse during treatment after a short course of Li-
ESWT as most protocols are a minimum of 6 weeks (63).

Though Li-ESWT has not been investigated following 
RT, other restorative therapies have been evaluated 
with promising results in rats (64,65). Stem cells (SCs) 
are naturally occurring cells that have the ability to 
differentiate into various subtypes (66). Qiu et al. showed 
that intracorporal injection of SCs in rat radiation models 
showed improved erectile function (9,64). Radiation can 
cause a delayed onset of ED (9). Interestingly, intracorporal 
injection of SCs in cavernous nerve injury rat models 
showed improvement of erectile function in acute and 
delayed setting with increased intra-cavernous pressure after 
cavernosal nerve stimulation (65). These promising results 
in radiation animal models demonstrate possible therapeutic 
avenues for treatment of radiation induced ED. Other 
restorative therapies for the treatment of ED including 
platelet rich plasma and nerve transfer (neurorrhaphy) are 
currently being studied but their efficacy after radiation 
have yet to be elucidated (67,68).

Conclusions

ED is highly prevalent and impactful and is a common 
complication following treatment of prostate cancer with 

variable rates and degree of post-therapy recovery. ED post-
prostatectomy and radiation is thought to be due to several 
factors, including neural injury, vascular injury, and corporal 
smooth muscle damage, with subsequent tissue fibrosis. 
Various treatment options have been investigated for penile 
rehabilitation following prostatectomy to promote recovery 
of erectile function, but the benefits of penile rehabilitation 
remain unclear. Li-ESWT is a novel treatment for 
ED thought to stimulate neovascularization and nerve 
regeneration, and as such, has gained interest in treatment 
of post-prostatectomy ED as well as radiation. However, 
few studies have investigated Li-ESWT in this realm. 
Studies on Li-ESWT for post-prostatectomy ED remain 
limited and currently no RCTs or large studies have been 
performed in the post-radiation setting. While some data 
suggests that Li-ESWT may improve erectile function, the 
clinical significance and duration of these changes remain to 
be seen. Additionally, while other restorative therapies have 
been studied, they remain investigative with more research 
needed to determine their clinical impact.
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