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Abstract: Erectile dysfunction (ED) is a common condition which reduces quality of life of both patients
and their partners, and is a significant health care expense every year. Although phosphodiesterase type-
5 inhibitors are the current first-line treatment for men with ED, they are limited by their on-demand
dosing, intolerance, and variable efficacy in complex patient populations such as men with multiple medical
comorbidities or ED after pelvic surgery. Regenerative medicine has been introduced and investigated
in andrology as an encouraging strategy to restore diseased erectile tissue structure and function. Novel
regenerative therapies for ED are controversial but are perceived to offer a durable and safe tissue restorative
approach to act as a long-term solution to this cumbersome disease process. Here, we review platelet-rich
plasma, amniotic fluid membranes, low-intensity extracorporeal shockwave therapy, and stem cell therapy as
regenerative strategies to treat ED. Most of these approaches have preclinical and occasionally clinical data
to support their ongoing investigation; however, none of these treatments are currently supported for use in
ED patients outside of clinical trials.
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Introduction life and costs the United States approximately $330 million

Erectile dysfunction (ED) affects men and their partners annually (3).

worldwide, and despite advances in its medical clarification
and potential therapies, our treatment options and outcomes
have been unable to keep pace with the increase of ED
prevalence. Approximately 322 million men worldwide are
predicted to be diagnosed with ED by 2025, which is more
than double the prevalence measured in 1995 (1). Currently,
the prevalence of ED in the general population ranges
from 30% to 65% in men aged 40 to 80 years (2). ED has
a negative impact on both patient and partner quality of
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In addition to conservative management and lifestyle
modifications, men seeking medical treatment for ED are
prescribed a phosphodiesterase type 5 inhibitor (PDES1)
as first-line therapy (4,5). In the case of mild-to-moderate
ED, these medications have demonstrated strong clinical
benefits in randomized controlled trials (RCTs) (6-9).
Men with severe ED due to diabetes mellitus, advanced
age, and/or after radical prostatectomy (RP) for prostate
cancer often have a less robust long-term response to these
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on-demand medications and typically require additional
management strategies (4). More invasive treatments such
as intracavernous injections and surgical implantation of
a penile prosthesis remain a gold standard treatment for
medication refractory ED; however, they are typically less
attractive due to the fear of needles, cost, and potential
complications or additional side effects (5,10,11).

Novel strategies to treat ED have centered around
regenerative therapies, which aim to restore the structure
and function of diseased erectile tissue and offer a
“cure” to this disease as opposed to a mere treatment of
symptoms (12). A truly regenerative model would allow
for long-term maintenance of erectile function through
downstream regulation of growth factors along with
both nerve and muscle cell regeneration. Some of the
regenerative approaches for the treatment of ED currently
being studied include platelet-rich plasma (PRP), amniotic
fluid matrices, low-intensity extracorporeal shockwave
therapy (LIESWT), and stem cell therapy (SCT) (13).
Although a significant amount of preliminary research
has been completed exploring the regenerative treatment
options for ED, there is a paucity of good quality human
data to support their use as a standard therapy in clinical
practice (13). The data advocating for or against each
technology is controversial, and there remains an important
debate on the horizon the core of which is the subject of
this review. The Sexual Medicine Society of North America
(SMSNA) has issued a consensus statement clarifying that
novel technologies, including PRP, LIESW'T, and SCT,
should only be used under supervision of a rigorously
designed clinical trial (14). Despite this recommendation,
men’s health clinics are becoming increasingly more
common and offering these therapies at exorbitant costs to
the patient. The following is a review of the controversial
literature surrounding the most studied regenerative
therapies for ED. Its purpose is to generate discussion about
these technologies along with their role in future research,
and to provide evidence to support clinical decision making.

Platelet-rich plasma (PRP)

Platelet-derived therapies have been gaining popularity
in many fields of medicine. PRP is autologous blood
plasma that contains more than four times normal human
physiological serum platelet concentration and is rich in
many growth factors (15). The biological molecules active
within PRP have been hypothesized to upregulate cell
regeneration in a downstream fashion (16,17). As it pertains
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to ED, PRP has been found to contain growth factors such
as vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), epidermal growth factor
(EGF), insulin-like growth factor (IGF), and fibroblast
growth factor (FGF) (18,19). Many of these growth factors
have been shown to have a role in improving erectile
function in both preclinical and clinical studies (20).
Specifically, animal studies injected with VEGF and using
a cavernous nerve injury (CNI) model of ED have shown
greater salvage of erectile function compared to controls (21).
VEGF-induced erectile function recovery appears to be
mediated through the endothelial nitric oxide synthase
(eNOS) pathway, and this mechanism is the main constituent
of a theory explaining how this growth factor in PRP can
improve erectile function (22). For example, PRP has shown
a regenerative nerve effect in peripheral nerve injury studies
and studies using animal models of ED after CNI This data
suggests that there exists a nerve regeneration mechanism to
improve erectile function (23-25). In the CNI models, PRP
growth factors were injected into the corpora cavernosa at the
time of CNI. Four weeks after a single injection, Wu et 4l.,
observed a reduction in cell apoptotic markers, reduced
fibrosis, and an improvement in erectile function (24,25).
"This group further experimented with techniques to optimize
autologous PRP from humans and tested this in animals,
confirming the presence of the previously mentioned growth
factors (12). There has been a lack of significant basic science
exploring PRP in ED beyond these promising initial studies,
which are limited by the low number of animals tested and
unconventional penile pressure monitoring.

Phase I-II human trials utilizing PRP for treating
ED have been ongoing in Moscow since 2013. A phase
I human trial has demonstrated patient safety when
using intracavernous injections of PRP for both ED and
Peyronie’s disease (PD) (17). Ongoing human studies
have evaluated the difference between PRP with bioactive
molecules versus concentrations with inactivated growth
factors. Phase II trials have explored the use of PRP in ED,
PD, and stress urinary incontinence (17). Intracavernous
injection of PRP was performed in a total of 5 patients
with ED. There were no major adverse outcomes in any
of the study groups although penile bruising was observed
in about 40% of patients. This study had no placebo
comparison, the number of injections varied (median of 2),
and the amount of injectable PRP varied (2-9 mL), making
these results difficult to interpret in regard to treatment
efficacy. Importantly, no patients had worse ED, and
there was an average improvement in post-treatment IIEF
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score of 4 points, indicating a small, but clinically relevant
improvement in these patients (17).

Before this therapy can be applied and studied on
a larger scale, researchers within the field of urology/
andrology need to agree on a standardized technique for the
isolation and activation of growth factors. Various methods
of activation are being employed, which may significantly
alter the bioactive molecules in a sample. Different
specialties require different activated growth factors, and, in
order to organize multi-center RCTs for sexual medicine,
a consistent standard should be created. Changing the
activation protocol runs the risk of having a poor availability
of growth factors, altered patient safety, and inconsistent
results (26).

There is a lack of understanding as to whether PRP
can play a neuroprotective or nerve regeneration role in
salvaging erectile function after CNI, and additional studies
comparing early versus delayed administration would be
beneficial (20). Currently, the Mayo Clinic (Rochester, MN,
USA) is recruiting patients for a clinical trial that involves
the application of autologous PRP circumferentially around
the neurovascular bundle during a radical prostatectomy as
a neuroprotective mechanism (https://clinicaltrials.gov/ct2/
show/NCT02957149) (12).

Opverall, the currently available data suggest that PRP
treatment for ED is safe, with human studies attesting to
a low risk of adverse events. Although this treatment has
been successful in other fields of medicine (19,27-29), we
cannot conclude that there is a long-term functional benefit
in sexual medicine. Based on other medical literature,
the clinical utility or PRP is sound, due to the presence
of growth factors; however, the current data using PRP
for ED has low patient numbers, a lack of controls, and
questionable clinical efficacy. Further animal studies are
needed to clarify the mechanisms of PRP in erection
recovery and a standardized activation protocol, injection
regimen, and injection dose/concentration needs to be
established by the scientific community. Further prospective
and randomized placebo-controlled trials are needed before
this treatment can be accepted as a therapy to improve
erectile function.

Amniotic fluid matrices

Despite minimally invasive techniques and nerve
regeneration therapies, CNI during RP inevitably results
in neuropraxia (20). A novel nerve regeneration strategy
has been described that uses dehydrated human amnion/
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chorion membranes ({HACM) as a source of implantable
neurotrophic factors and cytokines. Enzyme-linked
immunosorbent assay (ELISA) analysis of these membranes
have found growth factors, cytokines, proteases, and
inhibitors of inflammatory and fibrotic pathways (30).

These chorion grafts were initially developed for
wound healing in patients with complex injuries and burns,
however recently dHACM have been implemented as a
neuroprotective mechanism during RP (31). Patel’s group
were the first to implement dHACM as a wrap around the
neurovascular bundle during RP. These wraps were utilized
for their mechanism of hastening nerve recovery and thus
improving erectile function after RP (32,33). A cohort of 58
patients received the dHACM graft and were followed-up
for an average of 4 months, and the return to potency was
significantly quicker in the dHCAM group (1.34 months)
compared to the control group (3.39 months) (32). This
early clinical study that was published in 2015 has limited
follow-up, low patient numbers, and inadequate controls and
therefore cannot itself justify routine usage in the surgical
practice. However, a follow-up study increased the study
numbers to nearly 250 patients with dHACM treatient and
a satisfactory follow-up period of over a year (33). Similar to
the previous study, potency, defined as the ability to achieve
an erection adequate for intercourse, was expedited with use
of the dHACM compared to controls (2.3 vs. 3.9 months,
respectively). Reported potency rates were higher in all of
the early recovery stages; however, at 1 year after surgery,
these were equivalent and there did not appear to be any
long-term benefit (33). This study is a stronger support for
chorion grafts as a potential nerve regeneration mechanism to
promote early erectile function recovery after RP. Since there
was no statistical difference in potency rates one year after
surgery, the role of dHACM appears to be primarily for early
recovery rather than long-term potency improvement (33).

Randomized controlled clinical trials are underway to
further advance this novel technology and, if successful,
would offer a rehabilitative approach to improving erectile
function earlier after RP and thus could play an important
role for improvement in quality of life after cancer
survivorship.

Low-intensity extracorporeal shock wave
therapy (LIESWT)

LiESWT is a novel treatment modality for men with ED
that has quickly gained popularity based on data from both
in vivo and in vitro studies (34,35). Basic sciences studies
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have revealed that LIESWT can stimulate angiogenesis,
which acts as a potential mechanism to improve erectile
function (36). Multiple different animal models of ED
have been explored in order to evaluate the mechanisms of
LiESWT on penile tissue (37). These preclinical studies
suggest that the beneficial effects perceived by LIESWT
on erectile function in CNI and diabetic animal models are
both neuroprotective and nerve regenerative (20,38-40).
In animal models, there is consistently an increase in
intracavernous pressure following cavernous nerve
stimulation and LIESWT compared to control animals
(36,38,41). Intracavernous pressure changes correlate
clinically with an improvement in erectile function and
therefore these studies support the use of LIESW'T to
improve erectile function. Additionally, LIESW'T therapy
applied to the corpora cavernosa appears to improve
penile blood flow parameters and endothelial function by
stimulating angiogenesis (21,22). Post-RP animal models
assessing the efficacy of LIESW'T have demonstrated
increased brain-derived neurotrophic factor (BDNF)
expression, angiogenesis through VEGF activation, and
recruitment of endogenous progenitor and Schwann
cells (40,42). Combination therapy of mesenchymal stem
cell therapy (MSCT) in conjunction with LIESWT in a
diabetic rat model has been reported (43). In addition,
the therapeutic efficacy of human adipose-derived stem
cells (h-ADSCs) applied to CNI animal models of ED
in combination with LIESWT to the corpora cavernosa
has demonstrated a potentiated improvement in erectile
function (44).

There have been limited, well-designed prospective and
randomized clinical studies evaluating LIESW'T for isolated
ED (45-49). There have also been human trials exploring the
use of LIESWT for PD and pelvic pain syndromes; however,
these have shown mixed results and will not be discussed here
(50,51). Unfortunately, the quality of the available data is
poor, there is no agreed upon treatment protocol, and long-
term benefits are questionable at best (52-56).

The original study that evaluated the safety and efficacy
of LIESWT in ED was a single-arm trial that enrolled 20
patients with vasculogenic ED in 2010 (57). This study
included men with mild-to-moderate vasculogenic ED who
failed to respond to PDESI therapy. Erectile function was
improved in 15 of the 20 men and the mean increase in
International Index of Erectile Function — Erectile Function
Domain (IIEF-EF) score was 7.4 at 3-month follow-up.
Additionally, nocturnal penile tumescence parameters
improved in the 15 men who responded to LIESWT
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treatment (57).

In a similar study by Vardi et 4l., short-term results of a
randomized, double-blinded, sham controlled study were
reported and LiESWT was observed to have a positive
short-term clinical and physiological effect on erectile
function in men who responded to oral PDESI therapy (46).
Additionally, LIESWT therapy was shown to be effective
in improving erectile function in men with severe ED who
were also PDESI non-responders. About half of the patients
in this trial were able to have satisfactory sexual intercourse
with the use of PDE5Is after LIESW'T treatment (49).
Similarly, Tsai et 4/. found that 94.3% of patients who
responded to LIESWT had durable treatment responses
at 3-month follow-up, suggesting that LIESW'T may be
a salvage therapy for ED patients who fail to respond to
PDESTs (58). Finally, another study noted that, although
LIESWT seems to an effective treatment option in men
with ED, age and co-morbidities are negative predictive
factors of therapeutic success (59).

In contrast, a double-blind RCT by Fojecki ez a/.
investigated the effectiveness of LIESWT in 126 men
with ED of different etiologies and reported no clinically
significant effect on erectile function (60). In addition,
Fojecki et al. also demonstrated that 2 cycles of LIESWT
for ED were not superior to 1 cycle at both 6- and
12-month follow-up (61). Another prospective, double-
blinded RCT involving 105 men with ED of different
etiologies did not find a statistically significant difference
in erectile function between the LIESWT study group and
the placebo group (62). There have also been mixed results
reported regarding the efficacy of LIESWT treatment on
penile Doppler ultrasonography parameters (48,63).

There are five systematic reviews and meta-analyses
assessing the efficacy of LIESW'T for treatment of ED
(52-56). Only one of these meta-analyses strictly evaluated
RCTs studying the treatment of ED with LIESWT and
limited the confounding factors such as alternate study
designs and inclusion criteria other than ED (52). A
total of 7 RCTs were evaluated and, although there was
significant heterogeneity between the setup parameters,
device specifications, and treatment protocols, the studies
concluded that there was a clinical improvement with
LiESWT, and importantly no significant adverse events.
This observation supports the importance of developing
standardized treatment protocols for each shockwave
machine and exploring clinical trials with longer follow-
up periods (52). Additionally, four other meta-analyses and
systematic reviews supported the finding that the treatment
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of ED with LIESWT ultimately results in a significant
increase in IIEF-EF score and erection hardness score
(EHS) (53-56). These meta-analyses include several RCTs
with significant limitations, including high dropout rates
and limited statistical analysis. In summary, the efficacy
and more importantly, the duration of efficacy of LIESWT
treatment for men with ED remains undefined. In
summary, the heterogeneity of treatment parameters (dosing
frequency, energy flux density settings, number of shocks,
linear vs. focused shockwave device) used in each study also
makes comparison and interpretation difficult.

The FDA has not approved LIESWT devices for the
treatment of ED in the United States. RCTs with a high
number of patients and long-term (2—4 years) follow-up
using a validated and standardized protocol need to be
conducted before this modality can be routinely used in
men with ED. In 2017, the Sexual Medicine Society of
North America released a position statement regarding
restorative therapies for ED urging the medical and
scientific community to continue to better understand the
mechanisms and clinical benefit of LIESWT before adding
this modality to the ED therapy armamentarium (14).

Stem cell therapy (SCT)

The potential of regenerative medicine and stem cells, in
particular, lies in the fact that “cure” is ranked the highest
when patients are asked to define the success of outcome
variables (64). Stem cells possess regenerative capacities
through both pleiotropic and paracrine effects. Currently,
the most frequently used and readily available source of stem
cells are mesenchymal stem cells (MSCs) (65). In contrast to
embryonal-derived stem cells, they have little tumorigenic
potential and no ethical constraints (66). They were initially
described as a fibroblast-like population of cells derived
from bone marrow (67), but they were subsequently isolated
from a myriad of tissues such as muscle tissue, brain tissue,
fallopian tubes, ligaments, synovium, and adipose tissue (68).
It has been shown in many preclinical iz vitro or in vive
studies that these cells promote cell growth (trophic
effects), survival and proliferation, neo-vascularization,
re-epithelialization, and immunomodulation through
the release of a complex concoction of cytokines (69).
A significant advantage of MSCs includes the fact that
allogenic therapeutic administration is possible without
usage of immunosuppressive mediation (70). While
allogenic MSCs are not “immune privileged” (i.e., they
cannot escape the host immune system entirely), they
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can however evade the immune system by creating an
immunomodulatory milieu through suppression of antigen-
presenting cell maturation and T cell activation (71).
Moreover, in their undifferentiated state, MSCs produce
very little major histocompatibility complex (MHC) class I
and lack MHC class II expression, further adding to their
minimally immunogenic properties (72). This allows for
use of either allogenic or autogenic stem cells in the clinical
setting (73).

Until the past decade, MSCs were thought to elicit their
regenerative effect through multipotent cell division and
restoration of resident damaged, apoptotic, or necrotic cells
(74,75). However, more recent investigations have revealed
that stem cells do not “replace” parenchymal cells, but
function as an on-site drug store releasing many growth
factors, cytokines, and chemokines in a paracrine fashion
that promote wound healing and decrease inflammation (76).
Recently, there has been a rise in interest for the potential
of stem-cell-cultured media (secretome) (77). This
biofactor (growth factors, cytokines, and chemokines)-
rich cultured medium could prove to have significant
therapeutic potential. Lee et /. (78) examined the wound
healing properties of endothelial precursor cells. It was
determined that after either topical or injection treatment
they improved wound healing significantly by secretion
of epidermal growth factor, fibroblast growth factor,
granulocyte-macrophage colony-stimulating factor,
interleukins, platelet-derived growth factor, and VEGF (78).

There have been a limited number of clinical trials
investigating the role of stem cells for sexual dysfunction
indications (post-RP ED, diabetic/vascular ED, and
PD-related ED and fibrosis) (79-86). Yiou et al. (79)
administered escalating doses of MSC in a phase I trial in 12
patients. There were significant improvements of IIEF and
EHS in 9 out of 12 patients in combination with a PDESi
and an increasing dosage. It should be noted, however,
that this study was only powered to assess safety, and it
is reassuring to note that no serious adverse events were
reported. Moreover, Haahr et 4/. (80) injected a single dose
of autologous ADSC (after liposuction) in 21 patients in a
single arm phase I trial. Here as well, the IIEF increased
substantially after 6-7 months of follow-up (53 % of patients
were able to achieve penetrative sexual intercourse without
use of oral medications), and this effect was sustained even
after 12 months (81). There were only minor liposuction-
related side-effects. Schweizer er 4l. (82) injected ex vivo
expanded MSC intravenously in 7 patients in a single-arm
phase I trial, prior to RP. Subsequently, after RP, no homing
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of MSC to prostatic tissue could be detected. There were
also no safety issues.

For treatment of diabetic and vasculogenic ED, Bahk
et al. (83) injected umbilical-cord-derived MSCs into the
corpora cavernosa of 7 patients; they reported improved
erectile function in 6 out of 7 patients (in conjunction with
PDES5i) of whom 1 patient was confident enough without
PDES5i. There were no serious adverse events. Al Demour
et al. (84) injected two consecutive intracavernous autologous
BMSC doses in four diabetic patients with refractory
ED in a single-arm phase I trial. No patients reported
adverse events after 2 years, and the authors reported a
significant improvement in sexual function. In another study,
Protogerou ez al. (85) examined the use of ADSC + platelet
lysate versus platelet lysate only in 8 patients with ED due
to diabetes mellitus, hypertension, hypercholesterolemia, or
PD. No severe adverse events were reported, except minor
pain at the site of injection. Erectile function and morning
erections improved after 1-3 months of follow-up.

Levy et al. (86,87) injected placental matrix-derived
MSCs in 5 patients with PD. In total, 10 plaques were
managed, of which 7 had completely disappeared at 3-month
follow-up. Moreover, there was a statistically significant
increase in peak systolic velocity on doppler ultrasound. No
significant adverse events were reported.

We can conclude from the trials discussed that many
questions remain unanswered regarding SCT for ED. The
presence of immunogenicity of stem cell lysates has not
been fully elucidated, while the choice between autologous
or allogenic injection remains uncertain. While autologous
stem cells are less immunogenic, the acquisition is still
laborious. The optimal passage number after ex vivo
expansion and cell concentration to be injected are unclear
as well. Whether the dosing should be based on patient
characteristics or tissue characteristics also remains to be
determined. Moreover, intracavernous injection is the
most abundantly used route of administration; however,
intravenous injection causes less morbidity and is less
invasive and should be further examined. The timing of
injection is yet unresolved, and it is unclear whether it
is more desirable to use a single injection or consecutive
injections.

The readily available PSC and USC (and their cultured
media) can represent a valuable alternative for ADSC and
BMSC, as their commercial biobanking and standardization
of research protocols might aid in future investigational
efforts. Lastly, the large majority of studies discussed had a
single-arm design in a phase I trial of low number and were
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not powered sufficiently to assess any potential beneficial
effect. We do know, however, that these injections appear
to be safe and mostly cause only minor discomfort on the
injection site. Future studies should focus on a robust,
placebo-controlled double-blind randomized design, and
only then will we be able to assess the true efficacy of stem
cells for various disease-related refractory ED.

Conclusions

A significant number of preliminary trials have been
conducted in order to investigate the various regenerative
therapies of ED. While on the surface these approaches
seem promising, the data is not conclusive enough to
recommend any regenerative medicine techniques in
urology. At the present time, patients should not be offered
these therapies unless as part of a well-designed clinical
trial (14). Additional RCTs with adequate controls, long
follow-up periods, standardized protocols, and translatable
patient populations are essential before any of these
therapies can be part of our daily armamentarium.
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