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Peyronie’s disease is considered a hypertro-
phied scar of the tunica albuginea and affects 
millions of American men. Surgical repair 

is associated with penile scarring, penile shorten-
ing, and worsening of erectile dysfunction (ED) in 
many cases. Nonsurgical therapeutic options are 

limited, and results do not exceed placebo for most 
remedies. Evidence shows that there is no benefit 
with respect to deformity reduction in Peyronie’s 
disease with any oral therapy, including vitamin E, 
potassium aminobenzoate, colchicine, tamoxifen, 
and carnitine.1 Double-blind studies on intralesional 
verapamil and interferon have failed to demonstrate 
any significant differences/improvements in penile 
deformity, pain, plaque softening, or sexual function, 
and intralesional steroids have not shown objective 
therapeutic benefit.1 Intralesional collagenase Clos-
tridium histolyticum (Xiaflex, Auxilium Pharmaceu-
ticals, Chesterbrook, Penn.) injections are the first 
Food and Drug Administration-approved treatment 
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Background: This pilot study was used to evaluate safety and subjective out-
comes in a small series of Peyronie’s disease patients using a combination 
of autologous stromal vascular fraction (SVF) and penile shock wave treat-
ments. SVF can be procured and deployed into Peyronie’s plaques, en-
abling the surgeons to procure and mobilize significant numbers of both 
adult mesenchymal stem cells and antiinflammatory cytokines released 
from the adipose collagen matrix after collagen digestion. Penile shock 
wave therapy stimulates targeted tissues and may activate stem cells found 
in the SVF and promote healing and fibrosis mitigation.
Methods: SVF isolated from lipoaspirate was deployed by injection into 
11 patients with Peyronie’s plaques in combination with a series of shock 
wave treatments. Subjective outcomes tests performed at baseline and at  
6 months included the Erectile Hardness Grading Score and the Peyronie’s  
Disease Questionnaire (Questions 1–6).
Results: All patients noted subjective improvement in curvature and subjec-
tive reduction in plaque size. Seven patients reported improvement in erectile 
function. Mean Erectile Hardness Grading Score increased from 2.7 to 3.5, 
and mean Peyronie’s Disease Questionnaire scores decreased from 15.0 to 8.7.
Conclusions: SVF is known to have scar mitigation, antiinflammatory, 
immunomodulatory, and regenerative effects, and it has been used for 
a variety of conditions on an investigational basis. SVF containing mes-
enchymal stem cells can be procured in a closed surgical system from  
lipoaspirate in a same-day setting and deployed directly into Peyronie’s 
plaques in combination with penile shock wave therapy resulting in 
plaque mitigation. (Plast Reconstr Surg Glob Open 2016;4:e631; doi: 10.1097/
GOX.0000000000000622; Published online 2 March 2016.)
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for Peyronie’s disease (PD), and the studies demon-
strate efficacy of the treatment, but there have been 
documented cases of corporal rupture, penile hema-
toma, and penile pain.2 There has been recent anec-
dotal interest in biologic therapies including the use 
of platelet-rich plasma to treat Peyronie’s disease, 
but there is a paucity of outcomes data. Platelet-rich 
plasma contains many antiinflammatory cytokines, 
but it is relatively deficient in cellular components.

Stromal vascular fraction (SVF) obtained from 
the enzymatic digestion of liposuction fat is known to 
have regenerative, antiinflammatory, scar mitigating, 
and immunomodulatory properties. Pursuing an SVF-
based cell therapy option for PD requires a deeper un-
derstanding of the cellular basis of Peyronie’s disease. 
Excessive amounts of fibrin were identified in these 
plaques in 1997 by Somers and Dawson.3 A deeper un-
derstanding of the cellular basis of Peyronie’s plaques 
came a few years later with the understanding that 
there was oversecretion of collagen associated with 
the excessive transforming growth factor β1 (TGF-
β1)–mediated fibroblast conversion into myofibro-
blasts. These cells that are a normal part of healing are 
expected to undergo apoptosis when healing is com-
plete, and loss of the apoptotic signal appears to be 
instrumental in Peyronie’s formation.4 These findings 
in addition to the presence of reactive oxygen species 
(ROS) contribute to the thick scarring, curvature, and 
ED associated with Peyronie’s disease.5

Through technologic advances, we are currently 
able to isolate autologous SVF from 50 cm3 of adipose 
tissue lipoaspirate in a sterile, closed system within  
2 hours in the operating room. SVF isolated from the 
connective tissue associated with subcutaneous fat and 
blood vessels is known to contain adult mesenchymal 
stem cells (MSCs), T regulatory cells, endothelial pre-
cursor cells, preadipocytes, antiinflammatory M2 mac-
rophages, and numerous cytokine growth factors.6 
Recently, there is a plethora of anecdotal evidence-
based information to suggest that MSCs may have sig-
nificant beneficial use for a variety of autoimmune, 
inflammatory, and degenerative conditions.7–12 There 
is also a large veterinary experience using SVF showing 
safety and efficacy.13 The antiinflammatory cytokines 
in SVF may accelerate healing and mitigate collagen 
overdeposition activity associated with Peyronie’s dis-
ease. The literature regarding the cellular and mo-
lecular differences in inflammation between scar-free 
wound healing and scar-forming wound healing indi-
cates that scar formation may be prevented by inflam-
matory regulation.14

Low-intensity acoustic shock waves have been used to 
treat Peyronie’s disease, and positive results have been 
well described in the urologic literature.15,16 Shock wave 

technology has been previously combined with mesen-
chymal cell therapy in the treatment of cardiac disease, 
and the combination has been shown to be superior 
to either therapy alone for improving ejection fraction 
and reducing infarct size.17 Regenerative cells in SVF 
can be activated by cytokine signals released from tis-
sue that is diseased, damaged, or inflamed. Low-inten-
sity shock waves create controlled microtrauma that is 
expected to be able to mimic these conditions and may 
help tropism homing and activation of stem cells and 
other resident progenitor cells.

MATERIALS	AND	METHODS
This study was performed as a part of the Safety 

and Clinical Outcomes Study: SVF for Urologic Condi-
tions registered as CSN111 in clinicaltrials.gov. Under 
institutional review board (International Cell Surgical 
Society) approval for investigational use of SVF, 11 
patients (age, 52–70 years; mean age, 61 year) who 
had documented chronic stable Peyronie’s disease 
were treated with autologous SVF. Curvature ranged 
from mild to 90 degrees. All of the patients suffered 
some degree of ED, and none complained of pain 
associated with their plaques. Patients underwent ba-
sic urologic evaluation all had palpable plaques on 
physical examination, and some had plaque imaging 
with ultrasound or MRI. Patients underwent instilla-
tion of local anesthetic, and a 50-cc miniliposuction 
was performed. Good manufacturing practices-grade 
collagenase (Roche, Indianapolis, Ind.) was used 
for enzymatic digestion of condensed fat. The Time 
Machine centrifuge and incubator from Medikan 
(Kangnam, South Korea) was used to isolate the SVF 
product. Under local penile block, patients under-
went a shock wave treatment focused on softening the 
plaque using a Storz D-ACTOR 200 hand-held device 
(Storz Medical, Tagerwilen, Switzerland). SVF was 
then injected into the Peyronie’s plaque. All patients 
received a series of 1 to 6 shock wave treatments over 
the next few weeks. The D-ACTOR transforms the ki-
netic energy of a ballistically generated bullet into a 
radially expanding pressure wave.18

RESULTS
Clinically significant improvement was seen in 

all 11 patients at 6 months. There were no adverse 
events. All patients noted subjective straightening 
of the penis and some with complete response. All  
11 patients reported subjective reduction in plaque 
size. All 11 patients described subjective improvement 
in curvature, and 7 reported improvement in erec-
tile function. Mean Erectile Hardness Grading Score 
(Fig. 1) increased from 2.7 to 3.5 (on a scale from 1 
to 4). Mean Peyronie’s Disease Questionnaire (Ques-
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tions 1–6) scores (Fig. 2) decreased from 15 to 8.7. 
(Maximum score is 24, and no Peyronie’s symptoms 
equals 0.) There was only minimal abrasion and bruis-
ing of the penile skin at the time of treatment in most 
of the patients, but none experienced hematoma, lac-
eration, postprocedure pain, or any other damage to 
the surrounding organs (testicles or urethra). In most 
cases, Peyronie’s plaques appeared to soften subjec-
tively on physical examination performed before and 
immediately after shock wave therapy.

DISCUSSION
SVF from lipoaspirate has been used clinically 

for a variety of autoimmune, inflammatory, and de-
generative diseases and for scar mitigation as well. 
Intracavernosal and intraplaque deployment of 
autologous SVF in a small group of Peyronie’s pa-
tients seem to decrease curvature and improve sex-
ual function in short-term follow-up. Penile shock 
wave therapy may contribute to disruption of Pey-
ronie’s plaques, promote angiogenesis, and create 
a cytokine milieu that provides an opportunity for 
improved healing in combination with the introduc-

tion of exogenous autologous MSCs in high num-
bers from autologous SVF.

Mesenchymal adipose-derived stem cells have 
been shown to mitigate fibrosis of the tunica albu-
ginea in a rat model.19,20 It is known that MSCs may 
mitigate ROS and the release of profibrotic (TGF-
β1), which is involved in the conversion of fibro-
blasts to myofibroblasts, a prominent histologic 
feature of Peyronie’s disease.21 Other various inflam-
matory modulators secreted by MSCs include the 
following: nitric oxide (NO), indoleamine 2,3-di-
oxygenase, prostaglandin E2, interleukin-10, and 
TNF-α-stimulated gene/protein 6.22 In addition, MSCs 
substantially up-regulate the expression of inducible 
nitric oxide synthase in response to their interaction 
with T cells in a proinflammatory environment. NO 
is complementary to prostaglandin E2 for the inhibi-
tion of T-cell proliferation and can reduce oxidative 
damage associated with ROS.23 ROS including super-
oxide, hydrogen peroxide, and alkyl peroxides are 
secreted in healing wounds by neutrophils. They are 
highly cytotoxic compounds used to achieve wound 
sterility; however, these ROS are also intensifiers of 
collagen deposition.24 Prolonged exposure to ROS 
that occurs during wound healing is associated with 
enhanced fibrogenesis and fibrotic tissues accumula-
tion through a mechanism that involves membrane 
lipid oxidation and the induction of TGF-β1.25 NO 
produced by MSCs in the wound can scavenge ROS 
to produce reactive nitrogen species, such as per-
oxynitrite.26 Although these reaction products are 
also oxidative and cytotoxic, they react more slowly 
than their associated ROS27 and prevent oxidative 
damage to DNA and membrane lipids.26 A recent 
study has demonstrated that inducible nitric oxide 
synthase expression is sufficient to alter the ROS/re-
active nitrogen species balance to mitigate the forma-
tion of fibrotic tissue.28

In addition to the production of antifibrotic fac-
tors and NO associated with neutralization of ROS 
in wound healing, MSCs may mitigate scar formation 
by immunomodulation. The ability of MSCs to regu-
late T-cell function and recruitment, proliferation, 
and activity is well documented.29,30 There is also evi-
dence that MSCs are capable of suppressing the pro-
liferation of B cells and natural killer cells, thereby 
ameliorating the profibrotic acute immune response 
to tissue trauma and prolonged inflammation.31,32

This is the first report in the literature to combine 
cell therapy with shock wave therapy for human penile 
tissue. Shock wave therapy has been demonstrated to 
enhance the secretion and proliferation of MSCs by 
promoting angiogenesis and nerve regeneration in vi-
tro.33 The use of shock waves has been described in the 
wound healing literature, and the biologic response to 

Fig. 1. Seven patients demonstrated improvement and 4 pa-
tients showed no change in Erectile Hardness Grading Score at 
6 months. No patient experienced worsening in erectile function.

Fig. 2. All patients reported improvement in subjective out-
comes in questions 1 through 6 of the Peyronie’s Disease Ques-
tionnaire (PDQ; US version) at 6 months. The PDQ score ranges 
from 0 (no symptoms of Peyronie’s disease) to a maximum of 24.
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shock waves includes enhanced angiogenesis, as well 
as stem cell recruitment, proliferation, and differen-
tiation.34 The urologic literature has abundant sources 
indicating that various forms of penile shock wave 
treatment may be helpful in mitigating symptoms of 
PD with some articles showing significant diminu-
tion in erections, pain, or curvature35–39 and others 
less supportive of shock wave therapy for PD.40–44 The 
2010 International Consultation of Sexual Medicine  
evidence-based guidelines state that there is evidence 
that extracorporeal shock wave therapy does not im-
prove PD-related deformity.45

Although most reports in the literature overall 
support the use of shock wave for various symptoms 
of PD, results are conflicting, and it is notable that 
each study used a different types of shock wave de-
vice making comparison very difficult. Very few 
studies used a radial hand-held shock wave device 
directly placed on the penile shaft, and most stud-
ies involved the use of large machines designed for 
stone lithotripsy. In general, higher energies deliv-
ered were associated with improvements in pain and 
curvature. This study utilizes the Storz D-ACTOR 
200 shock wave generator, which is ideally suited for 
penile shock wave therapy, and radially focuses on 
the majority of the emitted energy deep to the pe-
nile skin and actively into the palpable plaque.

Safety in this study appears to have been ade-
quately demonstrated by the lack of adverse events 
directly related to SVF deployment or the shock wave 
treatments. Only minimal and occasional complaints 
about the liposuction procedure or the occasional de-
layed healing at the liposuction site were noted. Mild 
penile swelling and superficial abrasions were noted 
in all of the patients. A recent evaluation of the first 
1,000 patients in our research collaborative network 
showed minimal side effects with no severe adverse 
reactions to autologous SVF deployment for a num-
ber of degenerative, autoimmune, and inflammatory 
conditions (manuscript in preparation). There are 
evidence-based studies from the veterinary world that 
support the regenerative powers of adipose-derived 
adult MSCs.13 A recent study of 1178 patients receiv-
ing intraarticular SVF for deployment for osteoarthri-
tis demonstrated  excellent safety and efficacy.11

The Cell Surgical Network has developed a point of 
care completely closed sterile surgical procedure with 
an excellent safety profile that appears to provide an 
abundance of cells that can differentiate into the neces-
sary tissue to reverse a variety of degenerative conditions. 
SVF is immunomodulatory,46 regenerative, and antiin-
flammatory, and it has scar mitigation capabilities. The 
addition of shock waves may enhance the efficacy of 
SVF in treating Peyronie’s plaques in this small series of  
patients. Shock wave therapy may contribute to disrup-

tion of Peyronie’s plaques and may result in improved 
healing under the antiinflammatory influence of ex-
ogenous MSCs in extremely high numbers from au-
tologous SVF.47 Results of combined therapy exceeded 
those expected if shock waves were used alone to miti-
gate PD.48 Autologous cell-based therapy in combina-
tion with penile shock wave therapy may have a role in 
the treatment of Peyronie’s disease. Further long-term 
controlled studies that randomize patients into either 
the experimental group (SVF/penile shock wave) ver-
sus The current standard of care would be beneficial 
and should include penile shock wave administration 
using various treatment intervals and settings to better 
understand the benefits of combined treatment.
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