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Abstract The objective of this study was to determine the effect of platelet-rich fibrin matrix
(PRFM) treatment on androgenetic alopecia. Prospective cohort study of 15 (9 male and
6 female) subjects with androgenetic alopecia for at least 1 year who were treated with
intradermal injections of autologous PRFM three times on a monthly basis. Hair density
indices were measured in triplicate in the same area of the scalp before the treatment
and 1, 2, 3 and 6 months after initial treatment. Hair density index (HDI) measurements
were obtained and compared with pretreatment values for each subject. After a series of
three intradermal PRFM injections, hair density indices increased significantly at 2
(47.4 + 22.7%, p = 0.0031) and 3 {106.4 + 56.9%, p = 0.0277, paired t-test) months
after the initial treatment, and approached statistical significance at 6 months
(75.1 + 46.82%, p = 0.0606) after the initial treatment. Patients who achieved greater
than 25% increase in HDI by 2 months after the initial treatment were more likely to have
greater than 25% improvement at 6 months after the initial treatment (100 vs. 16.7%,
p = 0.0476). Androgenetic alopecia affects a significant number of both men and
women. A series of intradermal injections of autologous PRFM increased the HDI in
patients with androgenetic alopecia at 2 and 3 months after initial treatment; this
improvement approached statistical significance at 6 months after initiating treatment.
Autologous PRFM injections may be a valuable treatment for androgenetic alopecia,
particularly in cases with mild hair loss. The level of evidence is level 2.
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Androgenetic alopecia affects up to 30% of men over the age of
30, greater than 50% of men over 50 and can also affect
wormen.' Several thousand products have been promoted for
hair regrowth. Only two medications, minoxidil and finaste-
ride, and low level 655 nm laser devices are Food and Drug
Administration (FDA) approved for the treatment of hair loss.
Minoxidil is a peripheral vasodilator, but has also been shown
to directly increase the proliferation of dermal papilla cells,
presumably through ERK and Akt phosphorylation, increased
Bcl-2 expression and decreased Bax expression. Minoxidil
may promote enhanced dermal vascularity (known to be
associated with anagen phase®? as well as have direct mito-
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genic and antiapoptotic effects).? Finasteride, which blocks
sa-reductase, reduces levels of dihydrotestosterone, and pro-
longs anagen, leading to increased hair counts and thickening
of miniaturized hairs.>® Dutasteride, another 4-aza steroid, is
approved for the use in benign prostatic hypertrophy and
more effectively blocks ail isoforms of Sa-reductase but is not
FDA approved for hair loss treatment.’

In general, hair loss treatments can be directed toward
induction of anagen, prolongation of anagen, or inhibition of
exogen. Follicles in anagen are highly vascularized; this
vascularity regresses during catagen. Dermal papilla cells
have been show to express and bind vascular epithelial
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grownh factor (VEGEYL It has been suggested that exogenous
VEGF may enhance anagen.’ More broadly, treatment with
growth factors amd platelet concentrates has been wwed o
stimulbate hair groweh. fimber eq al noted increased haid
tieickness and terminal hair density up o | year after inira-
dermal injections of a proprietary releasate from neonatal
fibroblasts grown under hypoxic conditions { known to induce
several cytokines, including VEGF, fibroblast growth Tactar
[FGF]L keratinocyte growth Factor |KGF], amd Wit 7a).” Licbel
et al treated hair grafis wath plavelet-rich fibrin marnx (PRI
beefiore placement angd noted 2 15% increase in Bair density
over control aneds,” Rastegar et al reparted enhanced dermal
papilla cell groawth in culture when treated with an herhal
extract in the presence of plateler rich plasma, and noped
increased phospharylation of ERK and Akt in these cells after
PRP treatment.” Patents who were inpected subcutansously
ovier & 9-week period with particles of low-molecular-weight
heparin/protamine coincubated with PEP showed increased
hair thickness and higher hair counts at 12 weeks: the
macroparticles were felt 1o bind the growth factors and
prolong exposure time.'" Li et al injected mice every Ird
day wath PRF for 3 weeks and noled increased  hair
regroawth.’

This study was designed to eviluste the effect of platelet-
rich fibrin matrix [PRFM] on balding scalp. PRFM presents
Wiable, intact platelets in a fibrin matria which prodiseces a
mare prolonged expasure to growth factors in a mare natural
L oowrse, 1815 believed thar these more natural Kinetics will
yiekl more sustained hair growith

Methods

In this study, 15 patients with midd to moderately severe hair
loss woere inchistded, Hadr loss was long-standing im all patients
and ongoing in maost, amd sl patients under the age of 40 had
preveously uwndergone dermanobogic evaluation and had been
diagnosed with androgenetic alopecia

Aszessment: Af the initial and all subsequent {1, 2, 3. and
6 months after mathal rreatment) visits, 3 hair density index
[HOI) saas obtaxined from within the area of the subject's
premary concern. Briefly, a 2 om « 2 cm sguare in the madlane
at & 581 distance posters from the soft tEsee nasion was
identified and marked. Hair was parted and taped 1o expose
oaky the hair contained within this sguare. The HDI was then
ieasured using a validated, proprietary device [ Har Check,
Divi Intermational Co., Miami, FL; =FAg, 11" Measurements
wiere made in triplicate, as chose to the scalp as possible, and
the same area was dssessed at each visit

Preperarion of PREM: A votal of 18 mL of peripheral blsod
was collected using a 19-gavge necdle into speoalized vacu
um fubes containing a proprictary. thixotropic wparator gel
(Selphyl, Aesthetic Factors, Inc, Wayne, M| and centrifuged ar
1,100 g Bor & minutes. This typically produced 8 to 9 mb of
platelet-containing plasma (twolvted from red and whine
blood cells, wath an approximately 80% plarele wield], This
platelet plasma mix was then translerred via a closed syslem
Nt a second vacuum tube containing CaCly, which activated
the fibrin polymerization procedds; the suspension was in-
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pected within 8 to 10 minutes of activation before a solid fibein
m=sh with adberent platelets develaps.

Treatment: Allguats (0.1 mL) al aceivated PRFM suspension
were igecied infradermally into areas of rh.nnm.!,- Vi el
scalp separated by 5 to B ma. Subjects were trested every
4 weeks lor three treatment sesssms,

Anclysis: All data were entered inte a digital spreadshest
(Exced 2010, Microsolt Corp. Bedmond, WA) and anabyzed
wilth statistscal software (Graphfad Prism version 600 for
Mac 05 X, CraphPal Software, La Jolla, CA, www.graphpad.
o). Hair density indices were conwerted into percent of
prefreatment value for each subject and analyzed by owo-
tatled paired r-test and chi-square analysis, with a pvalue of -
{05 set lor statistical significance

This study was approved by the Institutional Beview Boand
afl The Mew York Eve and Ear Infi resary. WY and was listed on
clincalirials.goy { NCTOT 590238 )

Results

A total of 15 sulsjects were enrolled and treated. All subjects
received all three mearments, but two patients failed 1o
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follow-up after the thind treatment and were unreachable by
telephone, These were excluded from analysis. The sverage
age af subjects was 4332 + 1832 years. OF the seven men
treated, three were Morwood class 3, one was Nonwood class
4. one was Norwood class 5, and two Norwood class 6 Six
women were trealed: five were Ludwig class 2 and one was
Lusthwitg class 1. Seven patients wsed minoxice] (four active and
three previously) and four used finastersde (o active and
two previously)ls  fwe  patients  were  newver  ireated
pharmacolagically,

All 13 remaining subjects requested treatment of the
frontal area: 9 also requested rreatment of the crown, while
S were additionally treated in the occipital area and 2 were
rreated in the temples. The average vodume injected during
treatment was 668 + 160 mL Mine patients completed the
F-month folbow-up (1 month afeer the third treatment) visit;
the samee nine patients also completed the G-month fallew-up
visi {4 months after the kast reatment),

There was a wide ramge of hair density scores recorded
firovm pagients, and resules ane expeessed a5 a percentage of the
initial {pretreatment ] valee, The mean percentage of initial
value af the 1-month wisit was 1252 + 17,35 [ 5EM]; at the 2-
manth wisit, the score ward 1474 2+ 3271 &t the 3-month
viskt, the score was J06.4 + 5689 and at the G-manth visit.
the scome wias 1751 + #6582 The 2- and 3-month follow-ump
visil values were statistically higher than pretreatment
{p = DO and p = DO2T7, respectively, pained i-test). The
vahse at the &-month visit approached significance
{p = 0.0606) {~Fig. 2]

Subjectively. patients with more modest degrees ol hair
lass | =Fig. 3]} were mare likely 1o noloe iMprovement. as
patients with Morwond classification 5 or G {=Fig. 4} did not
nide signifleant improvements, even m cases of significem
{T4% increase in HOH) improvement, Comersely, patients with
Morwoad 1 classification noted subpective aesthetic improve-
ment i cases with as litthe a5 4 1o 7% improvement nom
baseline, frequently commenting their scalp was “less notice-
able” and bess hair sivling was necessary to camouflage hair
lass,

Al patients tolerated the procedures well. OF the 13
patients for whom follow-up was available. no patients
developed any noticeable ecchymosis. Mo patients nodad
any significantly worsened hair shedding or deweloped in-
fections, naoclubes, or cyits

Discussion

Mormal hair density is 300 to 400 hairsfom?, and a 25% loss is
noted as hair loss."* Hair loss is a significant problem world-
wicle, amd can be artributed w nutritional deficiency, infec
thous, autpdmamune, or genetic cases, among  others
idippathic alopecia is common, and when severe may be
treated with topical or oral medications or with hair replace-
ment surgery. Over 100,000 hair restoration procedures were
performed in the United Seates in 3000, with almoss 300,000
performed worldwide."* Topical minowdil [over $60 million
im annual sabes) changes potaisium channel kinetics as well as
increases bocal production of prostaglandin (PG) E2.' Med-
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ecations such as Anasteride (5424 million mm sles in 2002 ) and
dutasteride inhibit the activiey of isoforms of Sa reductase
and block the cormversion of testosteromne 1o dihwdrotesioster-
one, but may have significant side effects. Microfollioular hair
rransplantarion [ $1.9 billion worbdwide in 2010, even when
expertly performed, is limited by the degree of alopecia and
the remaining reservodr of donor follicles: in addition, there is
copsiderable expense and morbicdiny associated with such
SUFEETY.

Hezause the etiobogies of hair less are 30 diverse, a pm:is-u
understanding of hair follicle physiobogy is essential but only
ninw being clearly elucidated. Stem cells located in the hair
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Fig. 3 [A] Pre- and [B) Peditrestment, Trepted atalp shows 1.-;|1.I'.|;4 i
improvemenl eapressed 21 2 B1T inorease in hair denaty indes
campared wilh pidlreatment. Rlue dofs ssdicate cormesr of F o 2 om
sgudre; bae: d om

lailicle bulge, at the outer root sheath below the insertion of
the arrector pal musclhe, interact with dermal papilla cells and
differentiare into marrix keratmocyles, These cells migrate
dowrward and push the papilla downward during early
anagen.'™"" As the dermal papills moves downward into
submitanesus fa1, bulge stem oell activity decreases as these
cedls became Ell.llEEl.‘f:ﬁl.“' Hair growth ocours as the matrix
cells dilferentiate into cells of the medulla, cortex. and cutl-
che.'® but since these transient amplifiring cells of the matris
have a finke replicative capacity, they will sventually unidergo
termanal differentiateon; anagen thus has a defined lifetime,
generally lesting 2 1o 5 years, Catagen then follows, lasting a
few days to a few weeks. During this phase, the dermal papilla
regresses upward into the dermis. ultimately resting close to
the bulge at the beginning of telogen,'® After a telogen phase

Pl Fuige dgeny vl B S Jjiia
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Fig. & [A] Pre- and (B & months postinitial ereatment with plidelet
Heh REsria maliie, Sagnilidsd improvemenl 0 hali [olcle denslty and
hair shalt thicknes is ofwiosss [ 74X it reate in bair deniity indie ), This
wilject, hivwiserr, fdid ot ¢omader the change sativlaciony

lasring, on Jverage, shout 3 months and shedding of the hair
(exogen phase), anagen ensues with bulge cell profiferation
and migration 1o the base of the hair follicle.™
Androgenctic alopecia i characterized by the genetically
determined gradual loss and miniatrizanoen of the narmally
thick hair follickes. The length of anagen, and the length and
thickness of hair s also shorened in 2nagen. Increased
numbers of lymphocytes and mast cells are seen anoaund
miniaturizing follicles, especially in the bulge region'”; this
15 1n contrast to abopecia areata. in which inflammatory celks
localize to the bulb, beaving the bulge intact for later hair
regrowth,'® Increased expression of PGD2 synthase and
increased levels of MGD2 are seen in balding scalp. Interest-
ingly, while the number of bulge stemn cells doses not seem to
change follickes in balding scalp, there is a noticeable decease
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in the number of transient amplifying cells derived from
these stem cells, suggesting a blocked pathway, either by a
lack of a stimulator or the presence or an inhibiter,'®

Stimulatory signals to bulge cells may include platelet-
derived growth factor (PDGF)?® (possibly from immature
intradermal adipocytes?') Wnt 7a, VEGF, FGF, KGF, and folli-
statin,” while FGF-7 has been shown to act on the dermal
papilla cells to prolong anagen.'' PGD2 and PGJ2 have been
shown to promote the onset of catagen, with decreased hair
lengthening, follicular minjaturization, and progression to
telogen.'® During later stages of anagen, mature intradermal
adipocytes increase production of bone morphogenetic pro-
tein (BMP)-2, which inhibits bulge cell activity.”?!

Attempts to modulate the microenvironment of the senes-
cent hair follicle with growth factors has been surprisingly
anecdotal, with few well-performed clinical trials. Uebel et al
soaked hair grafts with activated PRP (aPRP) for at least 15
minutes before placement and noted a 15% increase in hair
density over control grafted areas.® Whether this advantage
was because of mitogenic effects of the growth factors in the
aPRP or if the fibrin gel around the graft promoted, a more
secure placement in the recipient site is unknown. Li et al
have shown that aPRP promotes differentiation of stem cells
to follicular cells through the upregulation of a-catenin,
induces proliferation in vitro of dermal papilla cells, and
increases dermal papilla cell growth by activating ERK sig-
naling. aPRP also prolenged anagen through increased ex-
pression of FGF-7 and increased cell survival by inhibiting
apoptosis (associated with increased Bel-2 protein levels as
well as activated Akt signaling). Furthermore, aPRP injected
every 3rd day for 3 weeks subcutaneously in mice improved
hair regrowth."* Zimber et al seeded neonatal dermal fibro-
blasts onto microbeads and cultured them under hypoxic
conditions. The resultant media contained elevated levels of
whnt 7a (essential in stimulating the canonical Wnt pathway
to cause stem cell differentiation into transient amplifying
cells), VEGF. FGF, KGF, and follistatin {antagonistic to BMP in
maintaining quiescent stem cells). [n a 1-year study of pa-
tients treated with a single injection of 0.1 mL of this
proprietarily produced media, there was a 30% increase in
terminal hair density, a 16% increase in hair count, and an 18%
increase in thickness density. Addition of serum or presti-
mulation with either microdermabrasion, ablative/nonabla-
tive erbium-YAG laser treatment, or low level light therapy
did not enhance results further. The effects of this treatment
appeared to be quite localized, spreading less than 2 mm
from the injection site.”

PRFM, first described in the literature as useful in treating
deep nasolabial folds,?? contains unactivated platelets asso-
ciated with a fibrin matrix, and is not known to contain stem
cells, It is theorized that this milieu accounts for the pro-
longed and more physiological release of growth factors
(including VEGF, PDGF. EGF, and insulin-like growth factor)
than traditional PRP, and release of significant levels of PDGF
and VEGF has been shown to last for up to 7 days.? Fibrin
presents binding sites for both platelets and growth factors; in
soft tissue, this matrix may provide a scaffolding for soft
tissue growth. Prior work has demonstrated the proangio-
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genic effect of PRFM in the dermis, where a single intradermal
injection was shown to stimulate collagen, capillary, and
adipocyte development in the dermis.?

This study demonstrates a positive effect of intradermally
injected PRFM on androgenetic alopecia. Cohen published a
validating study of the HDI.'? We chose to assess the HDI, as
this measure takes into account both hair follicle density as
well as hair shaft thickness, as both of these features affect the
appearance of the hair. This is also a weakness of this study, as
it is unclear if the positive effect seen after PRFM treatment is
related to increased hair shaft thickness, increased numbers
of growing hair follicles, or both.

Improvements in HDI were not seen immediately. At an
average rate of hair growth of 1.25 cmf{month, hair at the skin
level at the periphery of the test area would be testable
1 month after treatment. Positive effects were not noted until
2 and 3 months after initial treatment (at the time of or
1 month after the third treatment). While the results at
6 months after initial treatment (3 months after the third
treatment) were higher than pretreatment values, the 6-
month value only approaches statistical significance. The
significant attrition rate in this study limits the conclusions
which can be drawn from our results; more patients are
required to verify if this trend is indeed statistically signifi-
cant. In addition, the wide variability of responses of patients
to PRFM treatment (no improvement to significant improve-
ment) mirrors the experience of Uebel et al with PRP#

Not all subjects benefited from this treatment. Norwood
classification and age were not predictive of success. Howev-
er, subjects with an increase of at least 25% 1 month after
initial treatment were more likely to have at least a 25%
improvement 6 months after initial treatment {100 vs. 16.7%,
p = 0.0476, chi-square analysis).

Conclusion

PRFM increases the HDI significant 1 month after two or
three intradermal scalp injections, and approaches statistical
significance at 6 months with three injections. Most subjects
described mild-moderate pain during treatment, but all
subjects completed all planned treatments. Adverse effects
were limited and treatment was tolerated by all subjects.
PRFM may be a valuable tool in the treatment of androgenetic
alopecia.
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