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Introduction
Erectile dysfunction (ED) is defined as a man’s 
continuous (⩾3 months) inability to attain and/or 
maintain a penile erection sufficient for satisfac-
tory sexual intercourse.1 Though a common con-
dition in men over 40 years old, evidence suggests 
increasing prevalence in younger men.2 Many risk 
factors (e.g., obesity, hypertension) and comor-
bidities (e.g., cardiovascular) may contribute to 
the development of ED.3–5 The American 
Urological Association (AUA) states that the clin-
ical workup for ED should include several 

constituents, including medical and psychosocial 
elements.6

Since 1998, phosphodiesterase type 5 inhibitors 
(PDE5i) have been used as a mainstay of initial 
treatment for ED.7 Though generally safe for ED 
treatment, PDE5i may be ineffective or they may 
have side effects that make them less desirable to 
certain patients.8,9 Additional treatment options 
for ED exist, including vacuum erection devices, 
intracavernosal vasoactive injections, and penile 
prosthetics.3,10 The AUA states that patients 
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should be informed of all non-contraindicated 
treatment modalities for ED as potential first-line 
therapies, regardless of invasiveness or irreversi-
bility.6 Even with multiple treatment options 
available for ED, some patients continue to have 
suboptimal outcomes. Therefore, additional 
treatments are being investigated, including 
regenerative therapies. Regenerative therapies 
aim to restore function via replacement or regen-
eration of human cells, tissues, or organs. 
Regenerative therapies for the treatment of ED 
include low-intensity extracorporeal shockwave 
therapy (Li-ESWT), platelet rich plasma (PRP), 
and stem cell therapy (SCT) (Table 1).

Low-intensity extracorporeal shockwave 
therapy
Extracorporeal shockwave therapy was first used 
in 1980 to treat renal calculi.11 It has since been 
used to treat other pathologies, such as gallstones 
and parotid gland stones.12–14 In 1988, Rompe 
et al. created a grading system that suggested 
lower energy flux density shockwave therapy 
might be safe for use in soft tissue.15 This realiza-
tion was the origin of Li-ESWT.16 Li-ESWT has 
since become recognized for its potential clinical 
therapeutic effects in the treatment of various 
musculoskeletal pathologies,17–19 Peyronie’s dis-
ease,20–22 chronic prostatitis/chronic pelvic pain 
syndrome,23,24 chronic wound treatments,25,26 
and several cardiovascular pathologies.27–32 In 
2010, Li-ESWT began to be explored as an alter-
native means of treating ED,33 with the first rand-
omized controlled trial (RCT) published in 
2012.34

The benefits of Li-ESWT stems from its ability to 
induce microtrauma. A shockwave is a type of 
longitudinal acoustic wave that is composed of 
three sequential parts: a short pulse, a rapid 
increase to max positive acoustic pressure (the 
“shock”), and a prolonged period of negative 
pressure.35,36 The shockwave causes damage both 
directly via the mechanical stress of the high-
amplitude shockwave itself, and indirectly via the 
growth and violent collapse of cavitation bubbles 
in fluid, particularly blood vessels.37,38 The body 
responds to this microtrauma by upregulating 
several physiologic compounds and processes.

When Li-ESWT is applied to tissue, the micro-
trauma induces angiogenesis through the upregu-
lation of growth factors (e.g., vascular endothelial 
growth factor).31,39 Additionally, Li-ESWT 
recruits stem cells and progenitor cells to the site 
of injury, which may further contribute to the for-
mation of new blood vessels.40 The potential ben-
efit of increased angiogenesis in those patients 
with vasogenic ED is readily apparent. Sufficient 
vasodilation is also essential to erectile function, 
and Li-ESWT has demonstrated increased pro-
duction of vasodilatory nitric oxide in affected tis-
sues.41–44 Li-ESWT may even play a role in nerve 
regeneration. Through facilitating accelerated 
debris clearing and reduced neuronal scarring in 
regenerating nerves,45 as well as increasing 
Schwann cell proliferation,46 Li-ESWT may help 
treat ED caused by neuropathic etiologies.

Several large-scale systematic reviews and meta-
analyses have been performed on Li-ESWT, all of 
which reported promising results. A 2019 study 

Table 1. Shockwave- and cell-based regenerative therapies for ED.

Type of therapy Proposed method of action AUA guideline on therapy

Li-ESWT Produces microtrauma in penile 
tissue that upregulates angiogenesis 
and recruits stem cells

Li-ESWT should be considered investigational 
since insufficient evidence exists to 
recommend for or against its use in the 
treatment of ED

PRP Delivers an autologous sample rich 
in growth factors to damaged penile 
tissue

PRP should not be offered to patients except 
in the setting of an institutional review board-
approved experimental clinical research 
protocol

Intracavernosal 
SCT

Utilizes the regenerative potential 
of stem cells for healing damaged 
penile tissue

SCT should be considered investigational. 
Additionally, there is no data for the most 
effective source or dose of SCT

AUA, American Urological Association; ED, erectile dysfunction; Li-ESWT, low-intensity extracorporeal shockwave therapy; 
PRP, platelet-rich plasma; SCT, stem cell therapy.
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by Dong et al. investigated the effects of Li-ESWT 
using the International Index of Erectile Function 
erectile function domain (IIEF-EF) and the 
Erection Hardness Score (EHS) questionnaires, 
as compared with sham therapy.47 Using data 
from January 2010 to June 2018, they performed 
a systematic search of seven well known databases 
(e.g., MEDLINE) to obtain RCTs on the effects 
of Li-ESWT on ED. Seven RTCs met their crite-
ria and were included, involving a total of 522 
participants. The meta-analysis revealed that 
Li-ESWT-treated men showed significant 
improvement on both ED questionnaires. 
Compared with the sham group, the Li-ESWT 
pooled mean on the IIEF-EF score increased sig-
nificantly from baseline to follow up [mean differ-
ence (MD): 1.99 points; 95% (confidence 
interval) (CI) (1.35, 2.63); p < 0.00001]. 
Additionally, a significant increase in the IIEF-EF 
of the Li-ESWT treatment group was observed 
[MD: 3.62; 95% CI (2.99, 4.25); p < 0.00001]. A 
significant increase was also seen on the EHS 
questionnaires in four studies [odds ratio (OR): 
16.02; 95% CI (7.93, 32.37); p < 0.00001]. No 
adverse effects were reported.

A similar meta-analysis by Sokolakis and 
Hatzichristodoulou was performed using the 
IIEF-EF and EHS questionnaires.48 Data from 
January 2010 to September 2018 was collected 
from five databases (e.g., Web of Science) and 
only sham-controlled RCTs were used. A total of 
10 RCTs met their criteria, involving 873 patients 
in total. Li-ESWT improved ED significantly in 
the pooled data in both patient-subjective and 
patient-objective outcomes [IIEF-EF: 3.97; 95% 
CI (2.09–5.84); p < 0.0001, EHS ⩾ 3: OR: 4.35; 
95% CI (1.82–10.37); p = 0.0009, and peak sys-
tolic velocity: +4.12; 95% CI (2.30–5.94); 
p < 0.00001, respectively]. There were no major 
adverse effects caused by Li-ESWT; however, 
one study reported a patient experienced local 
irritation from Li-ESWT and another study 
reported that a patient was diagnosed with 
Peyronie’s disease 6 months after treatment.

Evidence has begun to indicate that Li-ESWT 
may be effective against two specific, more com-
plicated etiologies of men with ED: diabetic and 
neurogenic. ED is often difficult to treat in dia-
betic patients because of the angiopathic and neu-
ropathic effects of diabetes.49–51 A 2019 study 
illustrated the efficacy of Li-ESWT in treating 
diabetic patients with ED.52 Specifically, the 
researchers collected data from five double-blind, 

sham-controlled trials and subdivided patients 
into two groups, based on whether their ED had 
previously responded to treatment with PDE5i. A 
total of 350 PDE5i responders (PDE5i-R) with 
vasogenic ED were identified, 61 of which had 
diabetes. A total of 53 PDE5i non-responders 
(PDE5i-NR) were found, 48 of which had diabe-
tes. The study utilized multiple questionnaires 
(e.g., IIEF-EF) and demonstrated that Li-ESWT 
therapy was effective in treating ED in both dia-
betic subgroups. Specifically, the minimal clini-
cally important difference in IIEF-EF scores was 
significantly higher in Li-ESWT versus sham 
group at the 1, 6, and 12-month follow-up visits 
post-Li-ESWT therapy (p < 0.001). The research-
ers concluded that Li-ESWT was safe and effec-
tive for patients with diabetes-associated ED. 
However, further large RCTs in diabetic patients 
with ED are limited.

ED due to neuronal injury following invasive pro-
cedures (e.g., radical prostatectomy) also poses a 
difficult condition to manage.53–55 Animal studies 
have assessed the effects of Li-ESWT on neu-
ronal regeneration, finding that Li-ESWT may 
increase Schwann cell proliferation,46 increase 
neurotrophin-3 expression,56 protect peripheral 
nerves from diabetes-associated inflammation 
and oxidative stress,57 and suppress neuronal cell 
death in gliocytes.58 Several animal studies have 
also revealed that Li-ESWT may be beneficial in 
specifically rejuvenating injured penile nerves by 
increasing key neuronal elements (e.g., Schwann 
cells, brain-derived neurotrophic factor) 59–61; one 
study even demonstrated that this benefit to cav-
ernous nerves may potentially be enhanced by the 
addition of human adipose-derived stem cells 
concurrent with treatment by Li-ESWT.62 
However, studies regarding neuronal-based ED 
in human subjects remain limited. One study 
included patients (n = 18) who had undergone 
bilateral nerve-sparing radical prostatectomy and 
reported that their IIEF-EF improved slightly 
postoperatively with Li-ESWT, though not to a 
clinically significant extent.63 A similar result was 
observed in patients (n = 42) after nerve-sparing 
radical cystoprostatectomy who reported clini-
cally significant improvements, though the 
improvements were not statistically significant.64 
No severe adverse effects from Li-ESWT were 
seen in either study. Therefore, though there are 
clinical studies emerging regarding the effects of 
Li-ESWT on neurogenic ED, there is a funda-
mental need for further studies with larger sample 
sizes.55,65
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The use of Li-ESWT for ED appears promising, 
though the collective supporting evidence is still 
underdeveloped. One holistic analysis by Yang 
and Seftel listed several weaknesses and unknowns 
regarding Li-ESWT treatment for ED,9 including 
the use of varied questionnaires (e.g., IIEF-EF) 
in measuring erectile improvement after Li-ESWT 
that makes pooling data difficult, the lack of sub-
jective (e.g., IIEF-EF) versus objective (e.g., eval-
uation of penile blood flow) data on erectile 
improvement following Li-ESWT, the exclusion 
of non-vasculogenic ED patients (e.g., male 
hypogonadism) from Li-ESWT studies, the ben-
efit of Li-ESWT on ED over time, and the lack of 
a published treatment protocol. For example, the 
treatment protocols vary in the amount of shocks 
delivered per session and the total amount of 
shocks delivered during treatment. In one partic-
ular clinical trial, 2400 shocks/session-week were 
used for a total of 8 weeks (19,200 shocks total),66 
whereas another study performed 2000 shocks 
biweekly for 3 weeks (12,000 shocks total).67 A 
recent meta-analysis analyzed 14 clinical studies 
and found that the number of shocks per session 
ranged from 1500 to 5000 and that the length of 
treatment varied from 6 to 9 weeks.68 To address 
this variance, one recent review recommended 
starting with 18,000 shocks total over a con-
densed period of 6 weeks.69 However, one of the 
main difficulties in establishing a treatment pro-
tocol is the lack of published data about the long-
term adverse effects of Li-ESWT and how those 
effects are affected by shocks per session and total 
shocks delivered.

Since the usage of Li-ESWT in treating ED is 
relatively new and most studies are short-term in 
nature, there is insufficient data on whether 
Li-ESWT treatment of ED produces any long-
term adverse effects. Furthermore, there is insuf-
ficient data on whether those adverse effects are 
affected by various treatment protocols. With that 
being noted, to date, no significant short- or long-
term side effects from the usage of Li-ESWT in 
ED have been identified.

Thus, one of the first steps in making Li-ESWT 
more standardized and beneficial to patients with 
ED is elucidating any long-term adverse effects of 
Li-ESWT for ED and whether those effects are 
affected by shocks delivered per session and total 
shocks delivered. This information would provide 
clinicians with a specific protocol for how much 
shock to deliver and for what length of time. 
Additionally, it would elucidate any possible 

 contraindications for Li-ESWT and thus help cli-
nicians tailor treatment to each individual patient.

With all these unknowns still remaining, it is clear 
why the United States Food and Drug 
Administration has yet to approve Li-ESWT for 
ED. Furthermore, the AUA states that Li-ESWT 
should be considered investigational, as insuffi-
cient evidence exists to recommend for or against 
its use in the treatment of ED.6

Platelet-rich plasma
PRP describes a biological therapy containing a 
supraphysiologic concentration of platelets, pro-
teins, and other components of plasma that stim-
ulate growth and repair in various target tissues. 
The value of this therapy is postulated to be 
explained by the abundance of growth factors 
contained within the sample,70 including platelet-
derived growth factor (PDGF), transforming 
growth factor-β (TGF- β), vascular endothelial 
growth factor (VEGF), and fibroblast growth fac-
tor (FGF). These growth factors affect stem cell 
recruitment, inflammatory reaction response, 
angiogenesis, and wound healing.71 The first 
medical application of PRP was in hematology, 
with the applied therapy intended to transfuse a 
large number of platelets.72 Platelet-derived ther-
apies have since been trialed in a range of medical 
and surgical fields for their perceived value in 
wound healing and tissue regeneration. Among 
others, platelet-based therapies have been used in 
rheumatology for the treatment of tendinopa-
thies73; dermatology for treatment of alopecia, 
acne, and burns74,75; maxillofacial surgery for 
degenerative joint disorders76; and orthopedic 
surgery and sports medicine for a variety of con-
ditions.77 In urology, PRP has been used in the 
treatment of ED, Peyronie’s disease, and stress 
urinary incontinence.71,78

PRP is generally produced by processing an 
autologous blood sample. After obtaining the 
blood through venipuncture, a one- or two-step 
centrifugation process separates plasma from leu-
kocytes and red blood cells. This is followed by an 
activation step to prompt release of therapeutic 
factors. Proposed stimulants for activation include 
thrombin, calcium, chloride, collagen cryopreser-
vation, and freeze drying.79 Standard platelet con-
centrate for transfusion historically contains 
0.5 × 1011 platelets per unit.72 Modified PRP 
preparation techniques can be used to produce 
PRP products with varied concentrations of 

https://journals.sagepub.com/home/tau


R Drury, C Natale et al.

journals.sagepub.com/home/tau 5

platelets, leukocytes, and fibrin.72 Although the 
mechanism behind the efficacy of PRP in ED is 
not well elucidated, the proposed effect of the 
treatment derives from the concentration of bio-
logically active growth factors within the medium. 
Platelets are involved in a variety of homeostatic 
functions that include regeneration and wound 
healing. To accomplish these roles, platelets con-
tain a wide range of growth factors, including 
PDGF, TGF- β, VEGF, FGF, insulin-like growth 
factor (IGF), connective tissue growth factor 
(CTGF), and basic fibroblast growth factor 
(bFGF).79 The roles of these factors include angi-
ogenesis; collagen synthesis; myogenesis; and 
proliferation and migration of endothelial, smooth 
muscle and mesenchymal cells.79,80 Emerging evi-
dence suggests that growth factors within plate-
lets are involved in the upregulation of neuronal 
nitric oxide synthase and neural regeneration, 
which may indicate potential benefit of PRP in 
the treatment of ED.81,82

Research investigating the efficacy of PRP in the 
treatment of ED is limited, with most available 
evidence derived from animal models. A 2009 
study by Ding et al. investigated the effect of PRP 
injection on regenerative capacity in a bilateral 
cavernosal nerve (CN) crush injury model82; 24 
rats were divided into the three groups of sham 
operation, bilateral CN crush injury followed by 
injection of PRP at the site of injury, and bilateral 
CN crush injury without further intervention. 
The study assessed erectile function at 3 months 
through maximal intracavernous pressure (ICP) 
with electrostimulation. Nerve regeneration was 
assessed through toluidine blue staining of the 
CN nerve and NADPH-diaphorase staining of 
the penile tissue. Rats in the PRP treatment group 
demonstrated increased maximal ICP, an 
increased number of myelinated axons on tolui-
dine blue staining and more NADPH-diaphorase 
positive nerve fibers, compared with the non-PRP 
operation groups. Rats in the sham operation 
showed the greatest number of myelinated axons 
and NADPH-diaphorase positive nerve fibers 
overall. The authors concluded that the applica-
tion of PRP could have led to a reparative effect 
on the CN and peripheral nerves.

In their 2012 study, Wu et al. conducted a similar 
experiment,81 observing that the crush injury 
group without subsequent PRP treatment (vehi-
cle only) showed significantly worse ED com-
pared with the sham operation group. The crush 
injury group treated with PRP showed lower ICP 

after electrostimulation at 1 month, although this 
was not statistically significant. The PRP-treated 
group also exhibited a significantly greater num-
ber of preserved myelinated CN axons compared 
with the vehicle-only group. mRNA expression of 
TGF- β1 was also decreased significantly in the 
PRP group compared with the vehicle-only group. 
These results support the conclusion that PRP 
serves to increase the number of myelinated axons 
and ultimately facilitates recovery of erectile func-
tion. In 2016, the same group conducted an 
experiment attempting to determine the effect of 
the concentration of growth factors within the 
PRP on reparative outcomes82; 24 rats were 
divided randomly into a sham operation group or 
groups treated with nerve crush injury followed 
by intracavernosal injection of general PRP, opti-
mized PRP containing a higher amount of PDGF, 
or normal saline. The study results suggest that 
optimized PRP containing a high level of PDGF 
is more stable and facilitates recovery of erectile 
function.

Human studies of the efficacy and safety of PRP 
are limited. A retrospective study of 17 patients 
treated with PRP included four treated for ED 
and one treated for a combination of ED and 
Peyronie’s disease.78 In this study, two tubes of 
9 ml whole blood were centrifuged at 6000 r/min 
for 6 min; 10% CaCl2 solution was added to the 
PRP in a 1:10 ratio. Average yield was approxi-
mately 5.5 ml of injectable platelet rich fibrin 
matrix. Between 4 and 9 ml of solution was 
injected during each treatment session. The 
authors reported that no patient suffered from 
reduced erectile function as measured by the IIEF 
-5 scores, with average improvement of 4.14 points 
after PRP therapy. The authors also reported four 
minor adverse events in the overall group of 17 
patients, including pain at injection site and 
penile bruising, without any major adverse events.

Overall, there is not sufficient evidence to support 
the use of PRP in the treatment of ED. While this 
is an exciting treatment that is being used in many 
different fields of medicine, the efficacy of this 
treatment in humans is largely theoretical. 
Increased understanding of the mechanism 
behind the clinical application of PRP should pre-
cede clinical adoption of this treatment. Animal 
models may be the key to determining the ideal 
protocol for preparing PRP. It is likely that fur-
ther elucidation of these protocols will allow for 
progression to more clinical trials. As research on 
human subjects is extremely limited, future 
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studies should include both control groups and 
comparisons with available treatments, particu-
larly PDE-5i. The AUA guidelines state that PRP 
should not be offered to patients except in the set-
ting of an institutional review board-approved 
experimental clinical research protocol.6 
However, PRP is widely available in many coun-
ties in direct-to-consumer clinics.83 These clinics 
provide “P shots,” often at very high prices per 
treatment. These PRP therapy clinics rely on con-
sumer advertising, largely through the internet. 
Further research is required to determine if PRP 
is an effective and safe therapy for ED, or just a 
short-lasting trend.

Stem cell therapy
Stem cells are clonogenic, self-renewing cells that 
have the ability to undergo proliferation, self-
renewal, and differentiation into multiple cell 
phenotypes. Stem cell therapies (SCT) seek to 
harness the regenerative potential of stem cells for 
the repair of injured or damaged tissues.84 The 
utilization of adult stem cells has allowed for eas-
ier access to stem cells, leading to higher likeli-
hood of utility in regenerative medicine.85 SCTs 
have the potential to revolutionize the treatment 
of conditions as broad as muscular dystrophy, 
diabetes, and neurodegeneration. In many cases, 
however, technology that seeks to apply these 
therapies in clinical practice remains in a nascent 
phase.85–87 The etiologies of ED are numerous 
and include damage to the neurovascular bundle 
or neuropraxia during radical prostatectomy88; 
nerve damage, endothelial dysfunction, and oxi-
dative stress in the setting of diabetes mellitus89; 
and accumulation of fibrous plaque and veno-
occlusive ED in the setting of Peyronie’s dis-
ease.90 Animal models have been developed to 
evaluate the benefit of SCT in the treatment of 
ED for each of these etiologies.91

The utility of SCT is conceived to lie in the trans-
formation, paracrine signaling, and differentia-
tion of stem cells into specialized cells (smooth 
muscle, epithelial, Schwann, and neuronal).71 
The specific mechanism(s) of SCT is not well 
defined and may vary by cell lineage.91 Evidence 
from a diabetic rat model in which cavernosal tis-
sue was transplanted with bone marrow-derived 
mesenchymal stem cells (BM-MSC) observed 
evidence of differentiation into endothelial and 
smooth muscle-like cells in the corpus caverno-
sum, which could be a possible explanation for 
improvement of erectile function in treated 

cavernosal cells compared with untreated diabetic 
model rats.92 Other animal model studies using 
adipose tissue-derived stem cells (ADSC) indi-
cate that paracrine action might be an important 
mechanism by which stem cells play a role in 
regeneration of endothelial and smooth muscle 
cells.93,94 Albersen et al. documented evidence of 
a paracrine mechanism of ADSCs in a neurogenic 
rat model with CN crush injury when they found 
comparable functional recovery in rats treated 
with ADSCs and ADSC-derived lysate despite 
having no live stem cells injected or identified 
upon inspection in the latter group.95 Exosomes 
are also believed to contribute to the efficacy of 
stem cells in regeneration of tissues through the 
migration of proteins, microRNA, and nucleic 
acids that decrease apoptosis and promote angio-
genesis.96 A study evaluating the treatment of ED 
with muscle-derived stem cells (MDSC) using a 
CN crush injury rat model found evidence of 
stem cells within the tissue as well as near normal 
erectile function after 4 weeks.97 The authors pos-
tulated that the stem cells had proliferated and 
differentiated into muscle cells and neuronal 
cells, mitigating, and reversing the ED caused by 
the crush injury. A study comparing the efficacy 
of delivery of stem cells intracavernosally versus 
peri-prostatically at the time of the operation 
observed that erectile function recovery was simi-
lar with each method, but that the intracavernosal 
method primarily resulted in the prevention of 
corporeal smooth muscle deterioration while the 
periprostatic method mainly induced nerve 
regeneration.98

Several studies have evaluated the efficacy of 
SCT for the treatment of ED in humans. Bahk 
et al. infused 1.5 × 107 human umbilical cord 
stem cells into both corpus cavernosa of seven 
diabetic patients suffering from ED.99 Six of the 
patients regained morning erections by the third 
month and maintained the erections for 6 months. 
SCT prompted increased rigidity that was not 
sufficient for penetration, although two patients 
achieved penetration and orgasm with the addi-
tion of PDE5i prior to intercourse. The control 
group, which consisted of three patients injected 
with saline, did not experience changes in penile 
rigidity. There were not any reported adverse 
events. A similar case series was published in 
2015 that utilized ADSCs, injecting 1.5 × 107 
cells intracavernosally in diabetic patients with 
ED.100 These investigations noted that morning 
erections returned in five of six men by 95 days 
and continued for more than 4 months. Three 
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patients were able to achieve penetrative sex and 
orgasm with the aid of PDE5i. There were not 
any reported adverse events. A 2016 study evalu-
ated the effectiveness of placental matrix-derived 
mesenchymal stem cells on patients with ED.101 
These authors reported that SCT led to improved 
erections as measured by significant increases in 
peak systolic velocity from baseline at 3 months 
(p < 0.05) and 6 months (p < 0.01). Changes in 
stretched penile length, end diastolic velocity and 
IIEF scores were not changed significantly at 
6 weeks, 3 months, or 6 months. Some patients 
reported pain at the injection site. Haahr et al. 
reported the results of a phase I open-label single-
arm study that included 17 patients suffering 
from ED after radical prostatectomy who were 
treated with ADSCs.102 They reported that 8 of 
the 17 men recovered erectile function and were 
able to perform sexual intercourse. After subset-
ting for only continent men, 8 of 11 recovered 
erectile function, with a median IIEF score 
increasing from 7 (95% CI 5–12) to 17,6–23 which 
revealed a statistically significant mean difference 
of 0.57 (0.38–0.85, p = 0.0069). Some patients 
reported pain during the harvesting procedure, 
and one patient reported a hematoma after injec-
tion. A 2016 phase I/II pilot clinical trial utilized 
bone marrow derived mononuclear cells 
(BM-MNC) for the treatment of ED after radical 
prostatectomy.103 A total of 12 patients were 
divided into four groups, with the groups receiv-
ing varying doses of BM-NMC from 2 × 107 to 
2 × 109 cells. The authors reported significantly 
improved IIEF domains of intercourse satisfac-
tion (6.8 versus 3.9, p = 0.044) and erectile func-
tion (17.4 versus 7.3, p = 0.006), as well as 
increased erection harness (2.6 versus 1.3, 
p = 0.008) at 6 months compared with baseline. 
Groups receiving higher doses of BM-NMC 
demonstrated significantly greater improvement 
in spontaneous erections. No adverse events were 
reported.

While available literature communicates potential 
for the efficacious treatment of ED with SCT in 
diabetics and post-prostatectomy patients, there 
is not sufficient evidence to merit clinical recom-
mendations for this treatment outside of well-
designed clinical trials. Future studies may help 
to determine which variety of stem cells produce 
optimal results, if any. Additionally, it is unclear 
which concentration of stem cells, treatment 
duration, and dosing schedule are most appropri-
ate. These gaps in knowledge likely represent bar-
riers prohibiting clinical trials from being 

undertaken. Understanding the mechanism 
behind the clinical application of SCT for the 
treatment of ED may further elucidate some or all 
of these questions. For this reason, animal model 
studies would be appropriate. The AUA guide-
lines indicate that intracavernosal stem cell ther-
apy should be considered investigational, noting 
that no evidence exists of a most effective source 
or dose of SCT.6 Although published risks include 
only minor events (e.g., pain at the site of injec-
tion, hematoma), the paucity of available data 
does not allow for the elucidation of the complete 
risk profile of this form of ED treatment.

Gene therapy, an alternative form of cellular 
based therapy which consists of injections of 
novel genetic material via vector to treat disease, 
is another potential future therapy for ED.104 
Proposed targets using gene therapy in the treat-
ment of ED include nitrous oxide synthase, pig-
ment epithelium-derived factor and vascular 
endothelial growth factor.105 Gene therapy has 
the advantage of potentially long-lasting treat-
ment effects due to the low rate of smooth muscle 
turnover, but this therapy comes with risk of 
severe inflammatory reactions.104 Research sup-
porting gene therapy for the treatment of ED 
remains in its infancy.

Conclusion
Despite advancements in the understanding of 
ED, there remains a need for better treatments of 
this common and often complex condition. 
Traditional therapies (e.g., lifestyle changes, 
PDE5i, vacuum erection device, intracavernous 
vasoactive injections, penile prostheses) are effec-
tive, although some patients do not achieve an 
adequate response to these therapies or are 
unwilling or unable to undergo such treatment. 
Novel regenerative therapies have revealed prom-
ise as alternative or adjunctive therapies in the 
treatment of ED. The current body of research to 
support the use of these methods is limited. In 
general, these therapies have demonstrated lim-
ited side effect profiles, but data to their efficacy 
is also lacking. Due to this paucity of data, these 
treatments are not recommended for ED outside 
of experimental environments. Thus, we recom-
mend these treatments be utilized only for patients 
with refractory ED who are willing to undergo 
experimental treatment for their ED. Of the 
regenerative therapies reviewed herein, Li-ESWT 
is the treatment with the strongest evidence for its 
usage. However, additional research highlighting 
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the safety and efficacy of LiESWT, PRP, and 
SCT is necessary before these regenerative thera-
pies are included in the standard repertoire of ED 
treatments. It is possible that the further elucida-
tion of the pathophysiology behind ED will allow 
for clinicopathologically targeted therapies for 
treatment. This could allow these experimental 
therapies to be targeted to specific patient popu-
lations, such as those with neurogenic or diabe-
tes-associated ED.
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