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ABSTRACT

Introduction: Current non-invasive treatments for erectile dysfunction (ED) include oral medications,
intracavernosal injections, and vacuum-assisted devices. Though these therapies work well for many, a sub-
set of patients have contraindications or are unsatisfied with these options. Restorative therapies for ED
are a new frontier of treatments focused on regenerating diseased tissue and providing a potential “cure”
for ED.

Aim: The aim of this position statement is to examine existing clinical trial data for restorative therapies and iden-
tify elements that require further research before widespread adoption.

Methods: A literature review was performed to identify all clinical trials performed with regenerative therapy for
ED. This includes treatments such as stem cell therapy (SCT), platelet rich plasma (PRP), and restorative related
technologies like low-intensity shockwave therapy (LiSWT).

Main Outcome Measures:Most clinical trials in restorative therapies were assessed for safety, feasibility, or effi-
cacy. This included recording adverse events, changes in sexual function and erectile function questionnaires, and
diagnostics measures.

Results: To date there is an absence of robust clinical data supporting the efficacy of restorative therapies regard-
ing ED, though technologies such as LiSWT have established relative safety.

Conclusions: Restorative therapies are a promising technology that represents a new frontier of treatment
geared towards reversing disease pathology rather than just treating symptoms. However, current published
clinical studies are limited. Future work needs to be adequately powered, multi-center, randomized, sham/
placebo-controlled trials in well-characterized patient populations to ensure safety and demonstrate efficacy.
Until these studies are done, restorative therapies should be reserved for clinical trials and not offered
in routine clinical practice. Liu JL, Chu KY, Gabrielson AT, et al. Restorative Therapies for Erectile
Dysfunction: Position Statement From the Sexual Medicine Society of North America (SMSNA).
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INTRODUCTION
 regarding the next steps needed before restorative therapies can
be considered for broad worldwide use in sexual medicine clinical
Erectile dysfunction (ED) refers to the inability to achieve or

maintain an erection sufficient for satisfactory sexual perfor-
mance and has significant negative impact on both men and their
partners.1 Recent estimates suggest the overall prevalence of ED
in North America to be between 22 and 58%.2 This number is
expected to grow in tandem with the aging population.3 Several
studies show ED is strongly associated with older age and increas-
ingly common comorbidities such as hypertension, cardiovascu-
lar disease, and diabetes.2,4

Initial treatments include couples therapy and oral pharmaco-
logic agents, namely phosphodiesterase type-5 (PDE5) inhibitors,
as well as local pharmacotherapies to the penis like intra-urethral
suppositories and intracavernosal injections.5,6 Though these
treatments demonstrate good efficacy for men with mild to mod-
erate ED there remains a cohort who either cannot tolerate these
medications, have direct contraindications or represent a hard-to-
treat ED population.6 These include men with post-prostatec-
tomy ED, diabetes mellitus, and men with severe ED related to
peripheral vascular disease and smoking.7,8 For the medication
refractory patients, surgical treatment involves the placement of a
penile prosthesis. Penile implants have high patient satisfaction,
but this surgery is not without risks and potential complica-
tions.6,9 Sexual medicine providers recognize the importance of
restoring spontaneous physiologic erections. In fact, most men
and their partners report spontaneous erections preferable to phar-
macologic and surgical approaches to ED.1,10 Therefore, the field
has actively sought novel approaches that reverse organ dysfunc-
tion and restore neurovascular function of the penile vasculature.

Restorative therapies are based on the concept of repairing or
replacing diseased tissue by stimulating endogenous regenerative
capabilities. These treatments provide a promising alternative to
the current management paradigms and represent a transition
from modalities that only address disease symptoms to interven-
tions aimed at restoring structure and function of erectile tis-
sue.11 Restorative therapies include treatments such as stem cell
therapy (SCT) or platelet rich plasma (PRP) and technologies
based on regenerative principles, such as low-intensity shock
wave therapy (LiSWT)12 which stimulate endogenous stem cell
mobilization to diseased tissue. Many of these erectogenic treat-
ments have been studied pre-clinically; however, there are limita-
tions in the translation of these findings to humans (due to both
study design and species to species variability) that require clini-
cal trials. To this end, randomized controlled trials with appro-
priately powered placebo arms are severely lacking, thus limiting
the widespread acceptance of these treatments.13 The aim of this
position statement is to review the clinical studies that have been
conducted utilizing restorative therapies and provide context
practices. In doing so, we as the Sexual Medicine Society of
North America (SMSNA) will provide an evidence-based posi-
tion statement on restorative therapies
LOW-INTENSITY SHOCK WAVE THERAPY
(LISWT)

Shockwave therapy has been utilized by urologists since the
1980s for the non-invasive fragmentation of kidney stones in the
form of extracorporeal shockwave lithotripsy (ESWL).14 In
recent years, there has been rapid investigation for its use in
restorative therapy applications such as wound healing or bone
fractures.15 Within the realm of sexual medicine there has been
tremendous interest for LiSWT in the treatment of ED with a
handful of preclinical studies followed by several clinical trials
and meta-analyses already published.15−19

There are currently 3 types of LiSWT generators available on
the market; electrohydraulic, electromagnetic, and piezoelec-
tric.20 Though they differ in the energy source generating the
shockwave, the mechanistic actions of the 3 are similar in pro-
ducing acoustic waves that transfer energy to tissue leading to
direct microscopic mechanical stress.15,17 Based on several pre-
clinical studies shockwaves appear to improve erectile function
through neo-angiogenesis, recruitment of progenitor cells and
resident stem cells, improvement of microcirculation, vasodila-
tion with subsequent increase in nitric oxide, decrease in fibrosis,
and nerve regeneration.15,21−24 Though these findings are
encouraging and suggest a regenerative nature to LiSWT, there
exists several limitations with these studies. The first limitation is
the heterogeneity of shockwave generator and treatment proto-
cols (dosing, frequency, and location) used, which make compar-
ison of studies difficult. Additionally, the ED that was acutely
reproduced in these animal studies was immediately treated with
LiSWT, as opposed to the more chronic and complex disease
state seen in real-life clinical situations.16

It is important to point out that radial wave therapy is often
marketed for ED, but the clinical research is limited and for
patients or providers, the technology is not equivalent to LiSWT.
Radial wave generators produce dispersive waves away from the
probe tip (Figure 1). Consequently, these waves have low tissue
penetrance (less than 3 cm) and force of impact (0.02−0.06 mJ/
mm2).25 LiSWT, on the other hand, focuses pressure waves in a
shorter time frame (<10 nanoseconds) to target focal points at
various tissue depth (10−12 cm) and at much higher energy
(0.09−1.5 mJ/mm2).20,25 This stark difference in depth of tissue
penetrance and energy accounts for the regenerative effects
Sex Med 2021;9:100343



Figure 1. LiSWT mechanism of action compared to radial wave therapy.
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LiSWT on the tissue level. Therefore, radial wave therapy cannot
be compared to LiSWT26 for management of ED as its disparate
shock wave technology.

Nonetheless, promising preclinical data has led to thirteen
published clinical trials studying the use of LiSWT for ED
(Table 1). The first major study was a randomized control trial
(RCT) performed by Vardi et al.27 Sixty patients, all PDE5
inhibitor responders, were recruited and split into LiSWT
(n = 40) and sham (n = 20) groups. Patients were treated with 12
sessions of 300 shocks (Electrohydraulic, Omnispec ED1000,
Medispec Ltd., Yehud, Israel) at an energy density of 0.09 mJ/
mm2 and a frequency of 120 shocks/min at 5 treatment locations
on the penis. Efficacy was evaluated by change in International
Index of Erectile Function erectile function (IIEF-EF) scores, of
which the Li-SWT group had improvement of 6.7 points com-
pared to 3 points in the sham group (P= .03). Additionally, 19 of
28 men with baseline Erection Hardness Score (EHS < 2) were
able to achieve penetrative erections (EHS > 3) upon completion
of treatment compared to no improvement in the sham group.
Though this initial study was promising, efficacy was only
assessed 1 month after the final treatment, demonstrating only a
short-term benefit. Kalyvianakis et al also studied 46 PDE5i
responder patients utilizing the same shockwave generator with 2
treatment protocols (1 or 2 sessions for 6 weeks, each treatment
consisted 5,000 shockwaves at 6 locations at an energy density of
0.05 mJ/mm2 and frequency of 8Hz), and observed IIEF-EF
improvement at the longer interval of 6 months in the LiSWT
group.28 The group found that LiSWT improved with both regi-
mens and minimally clinical important difference (MCID) was
achieved in 62% of the 1 session cohort and 71% in the 2 session
cohort. Furthermore, the group added a second phase for
patients who completed the first set of treatments, including 6
additional sessions with 2 regimens. Ultimately, they found a
positive correlation with total number of sessions and MCID
and IIEF-EF score. This study not only provided longer follow
Sex Med 2021;9:100343
up than prior reports, but also suggested that there may be bene-
fit to retreatment dosing. Looking at PDE5i non-responders
Kitrey et al performed a RCT of 58 patients with 37 randomized
to 12 sessions of 1,500 shocks of 0.09 mj/mm2 at 120 shocks/-
min with the same shockwave generator.29 They found 40.5%
of the LiSWT group achieved MCID in IIEF-EF vs none in
sham patients (P= .001), they also found that 54.1% of
LiSWT patients had an EHS of 3, while no patients in the
sham group attained this level (P< .0001).29 This study was
the first to include double-blinding and sham control, how-
ever, the total number of patients and follow up was again
limited. Two other studies also reported positive treatment
efficacy with different types of LiSWT (Electromagnetic, Duo-
lith SD1, Storz, Tagerwilen, Switzerland) and (Electropne-
matic, Swiss Dolorcast Smart, Electro Medical Systems,
Switzerland) with different treatment protocols and in small
patient cohorts.30,31 Likewise, some clinical trials did not
observe improvements in their overall study population, but
did note positive efficacy in subgroup analysis by stratification
into ED severity.32,33 To date only 1 published trial showed
no treatment efficacy through IIEF-EF or EHS score improve-
ment in comparison to sham.21 Treatment in that trial con-
sisted of two 5-week periods of weekly sessions, separated by a
4-week break (Piezoelectric, FBL10, Richard-Wolf GmBH -
600 shockwaves at energy density of 0.09 mJ/mm2 and fre-
quency of 5Hz in 3 locations). A recent non-randomized
study in a large (n = 425) cohort of patients with vasculogenic
ED treated with LiSWT for 6 weeks found that at 30 months,
168 patients (39.5%) who responded to LiSWT still reported
satisfactory erectile function with SHIM scores of 22-25 with-
out using PDE5i (69 mild, 151 mild to moderate ED). The
authors also observed that all 98 severe ED patients did not
respond to LiSWT. Though the study design is missing ran-
domization and blinding, the long follow up and volume of
patients, stratified by severity of ED, is worth noting.34



Table 1. Clinical trials of LiSWT

Intervention Authors Year Patients Study design Device Treatment Findings

LiSWT Vardi et al 2012 n = 60 (40 LiSWT,
20 sham)

randomized, double-
blind, sham
control

Electrohydraulic,
Omnispec ED1000,
Medispec Ltd., Yehud,
Israel

energy density of 0.09 mJ/
mm2 and a frequency of
120 shocks/min; 12 week
period (2 treatments/wk)

PDE5i responding patients
treated with 12 sessions
of 300 shocks. LiSWT
had 6.7 point vs 3 point
improvement in sham for
IIEF-EF scores. 19/28
improved to an EHS > 3
in Li-SWT compared to
sham.

Yee et al 2014 n = 58 (30 LiSWT,
20 sham)

randomized, double-
blind, placebo
control

Electrohydraulic,
Omnispec ED1000,
Medispec Ltd., Yehud,
Israel

energy density of 0.09 mJ/
mm2 and a frequency of
120 shocks/min; 300
shocks each at distal, mid,
proximal penile shaft, left
and right crura; 12 week
period (2 treatments/wk)

Subgroup analyses revealed
IIEF-EF improvement in
LiSWT patients with
baseline severe ED
compared to sham. No
differences in overall
comparison.

Srini et al 2015 n = 77 (60 LiSWT,
17 sham)

randomized, sham
group

Electrohydraulic,
Omnispec ED1000,
Medispec Ltd., Yehud,
Israel

energy density of 0.09 mJ/
mm2 and a frequency of
120 shocks/min; 300
shocks each at distal, mid,
proximal penile shaft, left
and right crura; 12-week
period (2 treatments/wk)

Subgroup analyses revealed
IIEF-EF improvement in
LiSWT patients of at
least 7 points in
moderate and severe ED
patients compared to
sham. 83% LiSWT had
EHS ≥ 3 compared to
regressed EHS in sham.

Olsen et al 2015 n = 105 (51 LiSWT,
51 sham)

randomized, sham
group

Electromagnetic, Duolith
SD1, Storz,
Tagerwilen,
Switzerland

energy density of 0.15 mJ/
mm2; 500 impulses at
distal, centre, proximal
part of corpora
cavernosum (bilaterally); 5
week period (1 treatment/
wk)

29/51 Li-SWT improved to
EHS ≥ 3 compared to 5/
51 sham. No observable
differences in IIEF-EF
score improvements
between the 2 groups.

Kitrey et al 2016 n = 55 (37 LiSWT, 18
sham)

randomized, sham
group

Electrohydraulic,
Omnispec ED1000,
Medispec Ltd., Yehud,
Israel

energy density of 0.09 mj/
mm2 at a frequency of 120
shocks/min; 3 week period
(2 treatments/wk)

Patients treated with 12
sessions of 1,500 shocks.
LiSWT, 40.5% achieved
MCID in IIEF-EF
improvement vs none in
sham. 54.1% of Li-SWT
had EHS ≥ 3 vs none in
sham.

Fojecki et al 2017 n = 118 (58 LiSWT,
60 sham)

randomized, sham
group

Piezoelectric, FBL10,
Richard-Wolf GmbH,
Knitlingen, Germany

energy density of 0.09 mJ/
mm2, 5Hz; 600 shocks to
corpora cavernosa; 10-
week period

No observed difference
between IIEF-EF and EHS
scores between LiSWT
and sham groups.

Fojecki et al 2018 n = 126 (43 Linear
LiSWT 5 weekly
sessions, 52 10
weekly sessions)

randomized Piezoelectric, FBL10,
Richard-Wolf GmbH,
Knitlingen, Germany

energy density of 0.09 mJ/
mm2, 5Hz; 600 shocks to
corpora cavernosa; 10
week period

No noted differences
between 2 cycles of linear
LiSWT vs one cycle in ED
outcomes.
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Table 1. Continued

Intervention Authors Year Patients Study design Device Treatment Findings

Kalvianakis et al 2018 n = 46 (30 LiSWT,
16 sham)

randomized, sham
group

Electrohydraulic,
Omnispec ED1000,
Medispec Ltd., Yehud,
Israel

e gy density of 0.05 mJ/
2 and frequency of
z; 12 week period (2
atments/wk)

PDE5i responding patients
treated with either
protocol (1 or 2 sessions
for 6 weeks with 5000
shocks). LiSWT had 75%
achieved MCID in IIEF-EF
compared to only 25% in
sham.

Kalvianakis et al 2018 n = 42 (21 LiSWT
1 theapy/week, 21
LiSWT 2
therapies/week

randomized Electromagnetic, Aries 2,
Dornier MedTech
GmbH, Wessling,
Germany

e gy density of 0.05 mJ/
2, 8Hz; 1,000

ockwaves each to the
t and right shaft, 1,000
ockwaves each to the 2
ra, and 500
ockwaves each to the
t and right penile hilum;
eek period

Two shockwave therapies
per week resulted in
better IIEF-EF outcomes.

Yamaacake et al 2019 n = 20 (10 LiSWT, 10
sham)

randomized, sham
group

Electropneumatic, Swiss
Dolorclast Smart,
Electro Medical
Systems, Swizerland

e gy density of 0.09 mJ/
2 and a total of 2,000

ocks per session
roughout penile shaft);
eeks (2 treatments/
)

Study population was
kidney transplant
recipients. Li-SWT, 70%
had IIEF-EF score
improvements of at least
5 compared to only 10%
having that same interval
improvement in sham.

Kalvianakis et al 2020 n = 97 (4 LiSWT
groups of various
sessions/week
and energy flux
density (EFD))

randomized Electromagnetic, Aries 2,
Dornier MedTech
GmbH, Wessling,
Germany

G p A: energy density of
05 mJ/mm2, 8 Hz,
essions/wk, 12
ssions; Group B: energy
nsity of 0.05 mJ/mm2,
Hz, 3 sessions/wk, 12
ssions; Group C: energy
nsity of 0.096 mJ/mm2,
z, 2 sessions/wk, 12

ssions; Group D: energy
nsity of
096 mJ/mm2, 5 Hz,
essions/wk, 12 sessions

No noted differences
between study groups of
sessions/week and EFD
in achieveing MCID in
IIEF-EF scores.

Ramasamy et al 2020 n = 80 (40 LiSWT
3600 shocks/
week, 40 LiSWT
3600 shocks/
2 weeks

randomized Electromagnetic,
MoreNova,
DirexGroup, Israel

e gy density of 0.09 mJ/
2, 1Hz; Group A: 720

ocks on M,T,W,Th, F;
oup B: 600 shocks on
W, F (2 weeks)

Overall improvement of
IIEF-EF and EHS scores
between the 2 groups.
Frequency of shockwave
sessions did not affect
outcomes.
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6

To better identify the ideal LiSWT treatment, there have been a
few studies that have compared various treatment protocols.
Ramasamy et al performed a RCT comparing patients receiving
3,600 shocks over 1 week (n = 40) vs 2 weeks (n = 40) (Electro-
magnetic, MoreNova, DirexGroup, Israel, energy density of
0.09 mJ/mm2 and frequency of 1Hz).35 Both groups observed
improved IIEF-EF and EHS scores, but there was no discernible
difference in outcomes between the 2 groups. Kalyvianakis et al
also compared session frequency and energy density (EFD) by
randomizing 97 patients into 4 treatment groups: (2 sessions/-
week, EFD 0.05 mJ/mm2), (3 sessions/week, EFD 0.05 mJ/
mm2), (2 sessions/week, EFD 0.10 mJ/mm2), and (3 sessions/-
week, EFD 0.10 mJ/mm2).36 They found no significant differen-
ces between session frequency and EFD in MCID in IIEF- EF
between groups, though there was a non-statistical significant
trend towards EFD 0.10 mJ/mm2 having better efficacy. Fojecki
et al also compared 2 cycles of linear LiSWT vs 1 cycle of linear
LiSWT (same device settings as their prior publication21) and
found no differences in IIEF-erectile function or EHS outcomes
between the 2 treatment groups.18 Therefore, studies to date
have not identified any clear statistical difference in treatment
protocols.

Collectively, the cumulative results from the LiSWT clinical
trials suggest a promising degree of efficacy and are encouraging
for this technology. Importantly, across all trials, there were no
documented adverse events with various LiSWT treatment pro-
tocols. Thus, at bare minimum LiSWT, within the parameters
of studies performed, is safe. However, the shockwave generator
types and protocols (energy settings, dosing, frequency of use,
probe locations, and duration of therapy) were inconsistent
between studies and consequently difficult to compare. Looking
at the studies, most patient cohorts are small and heterogeneous,
further complicating any type of comparison. Even in studies
where patients have similar sources of ED (ie, prostatectomy)
underlying comorbidities such as diabetes, age, and vascular dis-
ease makes randomization and patient grouping challenging.

A major limitation to most LiSWT studies is the lack of ran-
domization to a sham control cohort. A number of studies have
performed randomization and provided sham controls (ie, identi-
cal treatment protocols without shocks) and blinding both
patients and providers, whenever possible. Blinding providers is
especially important since end-point analysis often included
functional surveys like EHS, IIEF, and SHIM. Therefore, clini-
cal trials exploring the types of shockwave, utilization of sham
control cohorts, and comparing patient populations would be
very helpful in further identifying ideal treatment candidates and
true ability to use this restorative therapy for management of
ED. Likewise, more studies with variable protocols are needed to
find the ideal dosing for maximal effect. Similarly, given the
broad spectrum of treatment protocols future clinical trials
should attempt to provide some standardization in both device
settings (measured in total energy of treatment or EFD) as well
as duration of treatment (6 months, 1 year, or greater). This
Sex Med 2021;9:100343



Table 2. Clinical trials with stem cell therapy and stromal vascular fraction

Intervention Authors Year Patients Study design Stem cell type Findings:

SCT Bahk et al 2010 n = 7 non-randomized, single-
blind study

Umbilical Cord Blood-
derived

Diabetic ED patients treated single injection of
cavernosal stem cells. 6/7 patients regained
morning erections by 3 months, 2/7 regained
rigidity enough for penetrance with aid of
PDE5i.

Levy et al 2015 n = 8 non-randomized, open-
label

Placnetal matrix-derived Heterogenous ED patients treated with single
cavernosal injection of stem cells. 3/8 patients
achieved erections at 3 months, and PSV
increased from 50.7 cm/s to 73.9 cm/s at 6
months.

Yiou et al 2016 n = 12 non-randomized, pilot Bone marrow
mesenchymal

Post-prostatectomy patients in 4 groups, each
group treated with a different dosage of
cavernosal injected stem cells. No serious side
effects. Significant improvement in IIEF-15 and
EHS obersved at 6 months. Higher dosage of
stem cells showed signficant improvement in
spontaneous erections

Yiou et al 2017 n = 6 non-randomized, pilot Bone marrow
mesenchymal

Longer update on prior study and included 6
additional post-prostatectomy patients who
saw similar findings in improvements of IIEF-
15 and EHS. No prostate cancer recurrence
from first study after following for 62.1 § 11.7
months

Al Demour et al 2018 n=4 non-randomized, open-
label

Bone marrow
mesenchymal

Diabetic ED patients treated with 2 consecutive
cavernosal injections. No reported adverse
effects. Significant improvement in IIEF-15 and
EHS.

Schweizer et al 2019 n=7 non-randomized, pilot Bone marrow
mesenchymal

Prostatectomy patients treated with single IV
infuction of stem cells in 2 groups based on
dosing several days prior to prostatectomy.
No dose limiting toxicity was observed. No
stem cells were detected in all subjects and no
stem cells were noted in prostate specimen.
At 2 years post prostatecotmy, there was no
cancer recurrrence. Function studies showed
significnat improvement of sexual function
over the course of the study,

SVF Haahr et al 2016 n=17 non-randomized, open
label

Autologous adipose-
derived

Post-prostatectomy patients were treated with
single cavernosal injection. No major adverse
events, minor events relatd to liposuction and
ecchymosis from injection. 8/17 patients
recovered erectile function to perform sexual
intercourse. In post-hoc stratification, of the
continent prostatectomy men 8/11 recovered
erectile function, no incontinent man regained
erectile function

Haahr et al 2018 n = 21 non-randomized, open-
label

Autologous adipose-
derived

Post-prostatectomy patients were treated with
single cavernosal injection. No major adverse
events, 8 minor events related to liposuction.
8/15 of patients in continent group report
erectile function enough for penetrance at 12
months. IIEF-5 unchanged at 1 month post
treatment, but significantly increased at 6-7
months post tretment and sustained at 12
months.

Khera et al 2019 n = 30 randomized, with
delayed cross over

Autologous adipose-
derived

Heterogenous ED patients were treated with
SVF injections. Importantly, patients
abstained from erectogenic medications for 6
months following injections. Minor adverse
events noted include pain and swelling at site
of injection or liposuction. In treated patinets
IIEF-EF scores improved at least 2-4 points
from baseline starting at 3 months sustained
through 9 months. Control experience no
benefits at 6 months of treatment.
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Table 3. Clinical trials of platelet-rich plasma

Intervention Authors Year Patients Study design Findings

PRP Epifanova et al 2017 n = 75 (30 activated PRP,
30 activated
PRP + PDE5i, 15 non-
activated PRP)

randomized control Heterogenous ED patients
received weekly cavernosal
injections for 3 weeks.
Improvements were seen in IIEF-
5, SEP, patient satisfaction, and
penile duplex ultrasound
parameters.

Matz et al 2018 n = 5 (4 with ED, 1 with
ED + PD)

case series Organic ED and one with
Peyronie's and ED were reated
with cavernosal injections, mean
receipt of 2.1 injections.
Improvement in IIEF-5 score by
4.1 points over 15.5 month
follow-up
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would allow for larger multi-center studies and enable compari-
son between different trials. In particular, an area of interest is
the durability of treatment response should be examined, since
some studies with retreatment phases suggest that maintenance
dosing after initial treatment may improve overall efficacy.
Finally, the basic science behind the mechanisms of LiSWT
must continue to be explored. The current hypothesis consists of
a combination of circulation improvement, stem cell recruitment
and activation, immune regulation, fibrosis reduction, and nerve
repair.31 Though the actual mechanism may be a complex inter-
play of these components, additional work may identify more
precise targets allowing for enhanced restorative effect.
STEM CELL THERAPY/ STROMAL VASCULAR
FRACTION

SCT is an exciting application of restorative medicine with a
theoretical promise of disease “cure.”37 Stem cells are unspecial-
ized, undifferentiated cells found in both embryonic (ie, placen-
tal/umbilical) and adult (ie, mesenchymal: bone marrow,
adipose) tissue.38 Given their precursory nature, these cells har-
bor self-renewal potential and the ability to differentiate into
other types of cells. Recently, studies have shown that these cells
exhibit regenerative effects by releasing growth factors, cytokines,
and chemokines; upregulating pathways to reduce inflammation,
inhibit apoptosis, improve wound healing, and drive angiogene-
sis and neuritogenesis.39 The paracrine effects of SCT have led
to widespread application in several fields, including orthopedics,
cardiology, and neurology.40,41

Within the clinical scope of ED, both mesenchymal and
embryonic stem cells have been of particular interest.12,42,43

Embryonic stem cells are isolated from both the placental and
umbilical cord blood. Although these cells can be considered as
childbirth waste products, their origins raise ethical concerns and
8

they possess an element of tumorigenic (teratoma) potential.44

Mesenchymal cells, derived from bone marrow and adipose tissue,
among other sources, are more readily available and have minimal
ethical considerations.41,45 Additionally, some researchers are
exploring stromal vascular fraction (SVF), the heterogeneous mix-
ture from which adipose mesenchymal progenitor cells are derived,
including stem cell populations and endothelial cells.46 SVF is iso-
lated via centrifugation from liposuction aspirate after the adipose
tissue is digested by enzymes and includes not only adipose derived
stem cells (ADSC), but also preadipocytes, lymphocytes, smooth
muscle cells, and endothelial progenitor cells. By including the
milieu along with the stem cells, there is synergistic activity that
drives cellular adhesion, tissue remodeling, angiogenesis, and cell
differentiation.46 These attributes provide stem cells with an ideal
regenerative microenvironment.

Though preclinical data for SCT and SVF are promising and
have led to important discoveries about the mechanisms of erec-
tile tissue regeneration, clinical trial data in humans is
limited47,48 (Table 1). There have been several small studies
using similar protocols and patient populations. Two studies, in
particular, looked at embryonically-derived stem cells. The ear-
lier, done by Bahk et al looked at 7 diabetic patients with ED
who failed medical therapy.49 Patients were treated with umbili-
cal cord blood-derived stem cells (total of 1.5 £ 107 cells)
injected into both corpora cavernosa and compared against 3
control patients treated with saline. By 3 months, 6 out of the 7
patients had regained morning erections and when paired with
PDE5 inhibitors before coitus, 2 out of the 7 patients achieved
erections sufficient for penetration. Levy et al looked at 8 patients
with organic ED for at least 6 months and those with baseline
IIEF scores of 21 or higher were treated with placental matrix
derived stem cells injected into the corpora cavernosal.50 Looking
at penile Doppler ultrasonography the authors found signifi-
cantly improved systolic velocity (PSV) between 6 weeks and 3
months follow up (25.5−56.6 cm/s to 32.5−66.7 cm/s, P < .5)
Sex Med 2021;9:100343
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and at 6 months follow up (PSV 50.7−73.9 cm/s P < .01). Of
the 8 patients, 3 were able to achieve erection without pharmaco-
logic assistance and the only adverse effect found was local ecchy-
mosis. Al Demour et al looked at 4 diabetic patients with
medication refractory ED.51 Patients were treated with 2 rounds
of injections of bone marrow derived stem cells. Efficacy was
assessed using the IIEF-15 and EHS for 12 months, tolerability
of the injections immediately and at 24 hours, and safety for
2 years. Overall, the procedure was well tolerated, and no signifi-
cant adverse events were reported. Three of the patients reported
significant improvement from baseline IIEF-15 score (P = .4),
and all patients reported significant increases in EHS (P = .2).
Although these studies provide promising early results, they are
limited by sample size and study design (blinding). Though the
Al Demour et al study did look at 2 years of safety, the other
studies did not follow patients beyond 11 months and none of
the 3 studies followed efficacy beyond their initial study parame-
ters.

Yiou et al focused on patients with ED post radical prostatec-
tomy (RP) with the INtra-cavernous STem-cell INjection
(INSTIN) clinical trial.52,53 In the first study they enrolled
twelve patients with localized prostate cancer post RP with ED
refractory to maximal medical treatment. This was a phase 1
dose escalating trial that included 4 groups treated with 4 doses
of bone marrow-derived stem cells (2 £ 107, 2 £ 108, 1 £ 109,
2 £ 109 cells). The primary end point of the study was toler-
ance/safety, but the authors also assessed IIEF-15, EHS and color
duplex Doppler penile US. The authors found no adverse events
and all patients tolerated the injections well. At 6 months they
found significant improvements in the intercourse satisfaction
(6.8 § 3.6 vs 3.9 § 2.5, P = .4) and erectile function (17.4 §
8.9 vs 7.3 § 4.5, P = .006) domains of the IIEF-15 and EHS
(2.6 § 1.1 vs 1.3 § 0.8, P = .008) in the total population. Based
on the first study the authors added 6 additional patients with
1 £ 109 dosing and followed the first twelve patients for updates
on their clinical parameters. In the 6 new patients, the authors
saw similar findings in improvements for IIEF-5 domains and
EHS compared the with earlier study. It should be noted that
these studies were powered only for safety, and there were no
adverse events noted. Importantly, the group reported a decline
in the improved erectile function over time, suggesting a role for
repeat injections. Likewise, following the original twelve patients
out to 61.1§ 11.7 months, the authors found no prostate cancer
recurrence. This is critical given the growth potential of SCT,
leading to reservations about using them safely in cancer patients.
Schweizer et al looked at cancer safety of SCT in 7 patients with
clinical stage T1c prostate cancer and baseline PSA <10 ng/
mL.54 Three patients received a dose of 1 £ 106 stem cells per
kilogram (maximum of 1 £ 108 cells) IV infusion 4 days prior to
planned RP. The other 4 patients received 2 £ 106 stem cells per
kilogram (maximum of 2 £ 108 cells) IV infusion. Two were
dosed 4 days prior to planned RP and the other two 6 days prior
to RP. There were no delays in surgical treatment and all patients
Sex Med 2021;9:100343
had undetectable PSA (<0.1 ng/mL) at 30 days postoperatively.
Using human leukocyte antigen (HLA)-A locus the authors
found low quantities of stem cell DNA within the prostate speci-
men. Using this approach, the authors did not detect any stem
cell accumulation in the prostate tissue. Likewise, at 2 years post
prostatectomy, the authors found no cancer recurrence. Though
the study focused on cancer safety the authors did look at func-
tional outcomes and noted expected post-surgical declines in uri-
nary incontinence and ED using the Expanded Prostate Cancer
Composite (EPIC) questionnaire. However, they did observe sig-
nificant improvement in the EPIC sexual function score over the
course of the study. Therefore, this study suggests both feasibility
and relative safety of SCT in cancer patients.

To date there have only been 2 clinical studies published
looking at SVF. Haahr et al looked at SVF injections in 21 men
suffering from post RP ED refractory to medical therapy.55,56

Patients underwent liposuction under general anesthesia with
isolation of adipose derived regenerative cells or SVF. Then the
men received intracavernosal injection of the isolated SVF within
2 hours of harvest and were followed for 1 year for safety and tol-
erance with secondary analysis for improvement of erectile func-
tion. Injections were well tolerated and only minor events with
liposuction (8 events) were noted. No serious adverse events
were observed. Of the fifteen continent men, 8 reported erectile
function satisfactory for penetration. However, the men who
remained incontinent following RP did not regain erectile func-
tion. In another prospective 2-center trial for SVF. Thirty
patients were randomized to either SVF vs control in a 2:1 fash-
ion.13 Control patients were allowed to cross over to SVF treat-
ment after 9 months or exit the study. Men with ED (IIEF< 26)
greater than 6 months from RP, diabetes, and or vascular disease
were all included in the study. The primary end point was
restored erectile function, as determined by IIEF scores at 6
months; in addition, safety was followed in terms of adverse
events for 36 months. Though the trial has not been published
to date, early results reveal that 21 patients reported a total of 58
adverse events. The most common being bruising or pain at the
site of SVF injection or liposuction within the first 48 hours. No
serious adverse events have been reported to date. IIEF-5 scores
demonstrated an improvement of at least 2−4 points from base-
line beginning at 3 months and sustained at 9 months, no con-
trol patients experienced benefits at 6 months after treatment.

Despite the promising results of these early studies, it is
important to recognize that these trials involve small cohorts, are
open label, and utilize end points which demonstrate relative
safety rather than efficacy. When taken together, the published
studies include no more than 70 patients with variable inclusion
and exclusion criteria. Most studies did look at adverse events as
the primary end point, and, beyond minor complaints at the site
of injection immediately after the procedure, no study noted any
significant adverse event. This was also the case for the 2 studies
that specifically looked at SCT in the setting of prostate
cancer.53,54 These findings suggest that SCT and SVF are likely
9
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safe and well tolerated by patients and feasible in the post RP
population. No patient in either study had evidence of PSA bio-
chemical recurrence, with 1 study following patients up to
2 years. The results from the studies looking at efficacy must be
cautiously and carefully analyzed. In ED research, the placebo
effect can play a serious role in outcomes, and in the post RP
population, a subgroup of patients may experience spontaneous
recovery, independent of an intervention.57 The nocebo effect
may complicate results, though most patients who elected to
undergo invasive SCT therapy may overestimate the therapeutic
benefit. Likewise, there exists significant heterogeneity among
the studies including study design (blinding), stem cell source
and quantity, and treatment regimen. In particular, for SVF
additional characterization and quantification of the amount of
stem cell content is critical to assess efficacy and compare trials.
This diversity of reported elements makes comparison between
studies difficult and reflects our incomplete knowledge of SCT/
SVF biology. Questions remain regarding which stem cell sources
are the most efficacious, including cell types under investigation
like urine-derived stem cells. Likewise, discoveries in SVF have led
to increased basic research in stem-cell-cultured media (secretome)
begging the question of whether it is the stem cells or the associated
milieu that drives regenerative processes.58 Therefore, in order for
SCT/SVF to move forward we need clinical studies with translation
science that look at mechanisms of action and underlying biology.
To overcome the significant bias that plaques ED research, clinical
studies moving forward need to be larger, placebo-controlled, dou-
ble-blinded, and randomized trials.
PLATELET-RICH PLASMA (PRP)

The regenerative potential of platelet-rich plasma (PRP),
autologous blood plasma with supraphysiologic concentrations
of activated platelets, was first described in the 1980s within the
field of maxillofacial surgery.59 Since that time, PRP has been
utilized in a myriad of fields such as orthopedics, cardiology, der-
matology, ophthalmology, and more recently, urology.60−64

However, despite its widespread adoption, PRP's biological
underpinnings remain poorly understood. Limited preclinical
data demonstrates that PRP is comprised of a rich milieu of
growth factors (platelet-derived growth factor, insulin-like
growth factor, vascular endothelial growth factor, insulin-like
growth factor, epidermal growth factor, fibroblast growth factor)
and activated platelets which work together to facilitate mitogen-
esis and neo-angiogenesis, thereby reconstituting diseased tis-
sues.65 Components within PRP have also been shown to act as
a scaffold for healing tissues.66 PRP can be prepared by sequen-
tial centrifugation of whole blood with removal of red blood cells
and platelet-poor plasma, followed by addition of a platelet acti-
vating factor such as thrombin or 10% calcium chloride.67 Like
SCT, PRP represents an attractive option for the treatment of
ED because it can be selectively injected into the target organ to
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facilitate localized tissue healing and minimize systemic and non-
target side effects.

To-date, only 3 preclinical manuscripts have evaluated mech-
anisms of action behind PRP.68−70 In these studies, PRP was
shown to: (i) improve maximal intracavernosal pressures follow-
ing exogenous nerve stimulation of the cavernous nerve at vari-
ous time points post treatment (1 and 3 months), (ii) enhance
myelination of cavernous nerve axons, and (iii) reduce expression
of pro-fibrotic signaling molecules (TGF-beta 1) within the cor-
poral bodies when compared to vehicle (saline only) or sham.68
−70 However, these studies are severely limited by small sample
sizes (n = 24, respectively), heterogeneous methods of isolating
PRP and stimulating the cavernous nerves, and poor standardiza-
tion of PRP concentrations. These studies have acknowledged
that the clinical effects they demonstrate may be highly variable
based on PRP preparation and administration parameters. Over-
all, very few basic science studies have attempted to characterize
PRP's effect on erectile function recovery.

Despite early enthusiasm for PRP as a restorative treat-
ment for ED, the available evidence to support its use in the
clinical setting of ED is lacking with only 2 clinical trials
performed to date (Table 1). The largest clinical study evalu-
ating the efficacy of PRP in ED was performed in 75
patients with heterogeneous severities of ED (IIEF range 0
−17).71 Patients were randomized to receive either activated
PRP (addition of calcium chloride to promote a−granule
degranulation, n = 30), activated PRP plus oral PDE-5 inhib-
itor (n = 30), or non-activated PRP (without calcium chlo-
ride, n = 15). Autologous PRP was obtained by 2-step
centrifugation of 72 mL of autologous blood for maximum
platelet concentrations up to 2,400 k/mL and administered
in 4 mL injections to each corpus cavernosum. The proce-
dure was performed weekly for 3 weeks. Primary outcomes
included IIEF-5 score, SEP score, and penile duplex Doppler
measurements with administration of prostaglandin E1 at
28 days, 90 days, and 180 days post-treatment. The authors
report significant improvements in IIEF-5 and SEP scores,
patient satisfaction, and penile duplex ultrasound vascular
parameters. However, there are major limitations to this data
including questionable statistical methods (ie, no description
of baseline or net change in any of the primary or secondary
end points), no description of the type, dosage or duration
of PDE-5 inhibitor that was co-administered, and no placebo
or control group as comparator. Furthermore, the authors
suggest that PRP contains the amount of growth factors nec-
essary for therapeutic effect; however, they do not measure
growth factor concentrations, nor describe how differences in
growth factor concentrations may modulate recovery of erec-
tile function. The authors also conclude that PRP is both
safe and cost-effective; however, they provide no adverse
event data or cost analysis to support these claims.

The other published clinical study on PRP in ED was per-
formed by Matz et al in which the authors treated 4 patients
Sex Med 2021;9:100343
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with organic ED and 1 patient with concomitant ED and PD
with intracavernosal injection of platelet-rich fibrin matrix
(PRFM).72 The authors noted objective improvements in IIEF-5
scores by 4.1 points over the 15.5 months follow-up period. The
therapy was overall well tolerated with most patients experienc-
ing only mild pain and localized bruising, without major adverse
events. Nonetheless, this study is limited by small sample size
and lack of placebo, as acknowledged by the authors.

Currently, no double-blinded prospective randomized con-
trolled clinical trials has provided enough evidence to support
the widespread use of PRP for treatment of ED, though some
are currently in process. Preclinical studies delving into the
mechanisms of action and pathways are critically important and
randomized controlled trials of larger cohorts are needed before
any claims about efficacy or safety can be made.
REGULATORY APPROVAL

To date, there is no Food and Drug Administration (FDA)
regulatory approval for any restorative therapies for the treatment
of ED. However, components of restorative therapies have been
approved, such as the LiSWT devices themselves (albeit for treat-
ment of alternative disease states), or clinical separators/centri-
fuges used in the preparation of PRP. Therefore, any use of these
restorative therapies is considered off-label. Some restorative
therapies are already being employed in practice as they circum-
vent traditional regulatory pathways. PRP, for instance, falls
under HCT/P361 exemption, which states that tissue that is
minimally manipulated once removed from a patient (ie, centri-
fugation only) may be autologously implanted into that same
patient in a process that is exempt from FDA approval.73 One
regulatory challenge of SCT and SVF is the fact that many iso-
lates involve heterogeneous cell sources and formulations. As
such, each component would need to be evaluated individually
as a drug or device before approval could be granted.
ASPECTS FOR FUTURE STUDIES

There are several limitations that need to be addressed prior to
widespread acceptance of restorative therapies. A key element is
standardizing measurable validated outcome instruments which
would quantify therapy efficacy as well as allow for comparison
between studies. For LiSWT future studies need to address efficacy
across different devices, dosing regimens, and the duration of treat-
ments. SCT/SVF research will require a combination of advances
in translational science as well as larger, double blind, RCT pow-
ered for both safety and efficacy. Finally, PRP simply does not have
enough clinical evidence to support any current application. There-
fore, additional well-designed clinical trials with PRP would be
very important towards advancing restorative medicine in urology.

Important limitations to these future studies include costs and
patient recruitment. With regards to funding, it is critical that
patients are enrolled in studies at minimal additional cost to avoid
Sex Med 2021;9:100343
financial incentives and reduce selection bias. Additionally, ele-
ments of study design, such as, double blinding, are critical to
minimize provider bias, especially in studies with industrial fund-
ing. Patient recruitment is also a limiting factor, as highlighted by
the small patient cohorts in current published literature. Methods
to improve recruitment include opening up study design (ie, cross
over with appropriate delayed interval) and multi-institutional
collaborations. Though multi-institutional studies introduce vari-
ability, they increase study numbers and broaden patient selec-
tion. Considering that the current state of clinical trials in
restorative therapies is to determine efficacy, appropriately pow-
ered studies by increased patient volume and eliminating bias
through study design are critical to advancing this technology.
SMSNA POSITION STATEMENT ON
RESTORATIVE THERAPIES

The SMSNA does not advocate for restorative therapies to be
offered or used in routine clinical practice. However, the
SMSNA strongly supports the development of novel erectogenic
therapies, given that many men with ED either fail currently
available treatments or find them unpalatable. Restorative thera-
pies are an exciting avenue for this work, as they utilize regenera-
tive medicine technologies to re-establish organ function. The
emergence of restorative therapies such as low intensity shock
wave therapy, stem cells therapies (including SVF) and platelet
rich plasma therapy represents a new frontier of investigative
therapies for ED treatment. At the moment, however the cumu-
lative body of clinical trials for restorative therapies (Table 1) is
largely incomplete, and many questions remain unanswered.
The society, however, recognizes the need for adequately pow-
ered, multicenter, randomized, sham/placebo-controlled trials in
well-characterized patient populations to ensure that efficacy and
safety are demonstrated for any novel ED therapy.69 The society
agrees with the regulatory agency pathway of approval including
safety and efficacy studies to achieve our goals in diverse patient
populations. Without FDA approval, the use of any novel ther-
apy is considered off-label. To date, there is an absence of robust
clinical trial data supporting restorative therapies’ efficacy in
humans, although relative safety has been established for SCT/
SVF and LiSWT. Furthermore, the precise treatment parameters
for LiSWT such as: energy settings, dosing, frequency of use,
and duration of therapy among others remains to be fully eluci-
dated. Cell source allowing optimization of these evolving SCT
and SVF therapies remain, as yet, undefined. Unlike conven-
tional pharmacologic therapies which generally have a primary,
well-defined target, the mechanism of action of restorative thera-
pies is likely to be complex, involving a number of pathways
inherent to the regenerative potential of the host. The SMSNA
both advocates for and supports the application of high-quality
research, both pre-clinical and clinical, aimed at better under-
standing the mechanisms involved, the magnitude and durability
of benefit and the long-term safety of restorative therapies. Thus,
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given the current lack of regulatory agency approval for any
restorative (regenerative) therapies for the treatment of ED and
until such time as approval is granted, SMSNA believes that the
use of shock waves or stem cells/SVF are investigational and
platelet rich plasma is experimental and should only be con-
ducted under research protocols in compliance with Institutional
Review Board approval at little or no cost to the patient. Specifi-
cally, the SMSNA does not feel that it is appropriate or ethical
for providers to advertise or otherwise make implicit or explicit
claims of efficacy for these therapies pending further data. Simi-
larly, patients considering such therapies should be fully
informed as to the lack of data demonstrating clinically relevant
efficacy and consented regarding the potential benefits and risks.
In summary, at the current time, the SMSNA does not advo-
cative for restorative therapies to be offered or used in routine
clinical practice.
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