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INTRODUCTION

Background: Fat grafting has been shown to improve diseased soft issue. Although
the mechanism behind fat grafting’s regenerative properties is currently debated,
published studies agree that there is an associated vasculogenic effect. A systematic
literature review was conducted to elucidate the biochemical pathways responsible
for establishing neo-vasculature to grafted fat.

Methods: A systematic literature review was conducted by searching PubMed for
current basic science and clinical research relating to fat grafting. In total, 144 of
269 (54%) articles met the inclusion criteria for our literature review. These 144
articles were summarized, with 86 of them (60%) used to construct this article at
the authors’ discretion.

Results: Fat grafting—induced neovascularization can be divided into 3 parts. First,
tissue trauma induced via fat injection activates a host inflammatory response nec-
essary for cellular recruitment. Recruited cells promote the formation of connec-
tive tissue and neo-vasculature at the graft site. Second, cellular elements within
the lipoaspirate contribute to neovascularization through a cytokine burst. Third,
a synergistic relationship is established between recruited inflammatory cells and
the cytokine burst of grafted fat. The end product of these processes is the differ-
entiation of progenitor cells and the creation of neo-vasculature at the graft site.
Conclusions: Establishing neovasculature is paramount for the survival of grafted
fat. Fat graft take can be divided into 2 steps: imbibition and neovascularization.
We believe this process occurs through 3 distinct concepts: host inflammation via
graft injection, hypoxic response of lipoaspirate-derived cellular elements, and a
synergistic relationship between host inflammation and grafted fat. (Plast Reconstr
Surg Glob Open 2020;8:¢2705; doi: 10.1097/GOX.0000000000002705; Published online
14 July 2020.)

SPECIALTOPICHE

Chronic wounds, burn scars, and scleroderma all have
one thing in common: poorly vascularized tissue. Fat
grafting has been shown to accelerate wound healing in
hostile environments in both animal models' and human
subjects.”” It is believed that fat grafting helps initiate a
biochemical process responsible for soft-tissue repair,*"
and the current consensus agrees that fat grafting induces
a vasculogenic effect.®!*

Once grafted, the adipocytes must establish a blood
supply.”™” Until neovascularization can occur, the grafted
tissue is limited to oxygenation via diffusion from sur-
rounding vessels.”™ Current literature theorizes that cells
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on the periphery of the graft survive via adequate plasma-
based oxygenation, whereas cells at the center of the graft
undergo necrosis. An intermediate zone exists between
the periphery and center zones, where graft precursor
cells replace necrotic cells."* In order for this host-
replacement zone to regenerate, a new blood supply must
be established through neovascularization.®'**** Via a
paracrine effect exerted by the graft, and differentiation
of host and graft progenitor cells, a molecular cascade is
induced that promotes graft survival.'"!0:2141=4
Establishing neovascularization is an essential step in
graft survival and improved clinical outcomes. This occurs
via 2 distinct processes: vasculogenesis and angiogenesis.*
Vasculogenesis is defined as the differentiation of meso-
dermal precursor cells into endothelial cells (ECs), and
angiogenesis is defined as the proliferation of matured
ECs from existing vasculature.” Through these processes,
ECs adhere to one another, forming tubules that provide
the architecture for neovascularization.”* Insults such
as hypoxia or inflammation encourage the sprouting of
new vessels from existing vasculature.®#'#341 Once
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neovascularization occurs, these new vessels deliver sup-
plemental oxygen to heal damaged tissue.

Of clinical importance is that fat is grafted in a way that
maximizes surface area contact with the recipient site.*>*’
Current technique recommends that fat be grafted in thin
aliquots no >3 mm in diameter.” This is intended to maxi-
mize neovascularization because the center of aliquots
>3 mm are outside the host-regenerative zone (1.5-2.0mm
from graft periphery), and become necrotic before neo-
vascularization can occur.*-57:3:48.49

Because fat grafting continues to prove its usefulness
in the treatment of soft-tissue pathology, filling of deflated
areas, and wound healing, there is a need to identify the
molecular pathways involved. We classify this process into
3 essential parts: induced inflammation from fat graft
injection, the hypoxic response from harvesting lipoaspi-
rate, and a synergistic interaction between inflammation
and grafted fat. The purpose of this review is to better
understand fat grafting at the cellular and molecular level
and to present our believed mechanism of how fat graft-
ing works.

METHODS

Our review searched PubMed for current clinical and
basic science literature relating to fat grafting. Our search
keywords included: “Fat Grafting,” “Adipose Tissue Graft,”
“Lipoaspirate,” “Fat Graft Wound Healing,” “Adipose-
Derived Stem Cells,” “Adipose-Tissue Derived Stem Cells,”
and “Stromal Vascular Fraction.” Queries for articles and
abstracts that had titles containing one of these keywords
yielded 6780 results. Our results were filtered further by
selecting articles and abstracts that used the words “Plastic
Surgery” 2087. Abstracts were screened for relevance at
the discretion of the authors, and 246 articles were left for
a full-text review. To this, we added 23 additional articles
that commented on the molecular mechanisms of inflam-
mation and neovascularization. These articles helped fill
in gaps and clarify pathways found in our fat grafting lit-
erature review.

In total, 144 of 269 (54%) articles met the inclusion
criteria for our literature review. These 144 articles were
summarized, 86 of them (60%) were congruent with our
overall thesis and were thus used to construct this article.
These 86 articles chosen involved the following keyword:
vascular endothelial growth factor (VEGF), basic fibro-
blast growth factor (bFGF), platelet-derived growth fac-
tor (PDGF), erythropoietin, angiopoietin 1, insulin-like
growth factor-1 (IGF-1), peroxisome proliferator-activated
receptor-y, hypoxia-inducing factor-la. (HIF-1a), trans-
forming growth factor§ (TGF-B), macrophages, adipo-
cytes, adipose-derived stem cells (ASCs), ECs, platelets,
pericytes, bone marrow—derived mesenchymal stem cells
(BM-MSCs), extracellular matrix (ECM), graft success and
wound healing, scar alleviation and softness, immunosup-
pression, pain, and blood flow.

Articles were organized by theme, with published data
extrapolated for comparison. Similarities were noted
between publications, which helped establish our clini-
cal and basic science outlook on fat grafting. In total, 86
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of 144 (60%) of these articles were used in this review to
outline our proposed molecular mechanism of fat graft-
ing—induced neovascularization (Fig. 1). The authors’ dis-
cretion was used to determine if an article met inclusion
criteria. This systematic review uses currently published
literature to support the authors’ discussion on how fat
grafting works.

RESULTS

Inflammatory Role in Neovascularization

Tissue trauma induces an inflammatory response to
occur, which initiates an inflammatory cascade necessary
for the formation of healthy granulation tissue (Fig. 2)."'?
Tissue trauma in fat grafting is a result of surgical prepa-
ration of the recipient bed through scar release and the
passage of injection cannulas.

With this in mind, tissue trauma induces a host inflam-
matory response, which activates the essential machin-
ery to promote neovascularization. The trauma induced
at the injection site recruits a variety of bone marrow—
derived cells,”” with platelets being the first to arrive.
Although newly migrated platelets help control bleeding
through primary hemostasis, they also provide structural
and biochemical support for local tissue. Platelets induce
remodeling of local ECM through fibrin deposition, which
enhances local ECM to support neovascularization.” This
process is closely regulated by macrophages, which are
recruited to the recipient site as monocytes within hours
of tissue trauma.”” Once present, macrophages contrib-
ute to tissue stability by increasing ECM remodeling and
enhancing cell-to-cell interaction through collagen secre-
tion.” Local platelets and ECs at the recipient site release
PDGEF,**" which recruits bone marrow—derived pericytes
to the recipient site.””* The newly remodeled ECM binds
PDGF with high affinity”* and helps stabilize pericytes on
newly formed vessels.*!

BM-MSCs are next to arrive to the site of inflam-
mation."®!>195557 The BM-MSCs secrete VEGF, angio-
poietin-1, and erythropoietin, which serve as powerful
chemoattractants for additional monocytes.” Although
multipotent BM-MSCs serve as a potent source for vascu-
lar and connective tissue cells in vasculogenesis,'* mono-
cytes also express a capacity to differentiate into ECs,”*
smooth muscle cells,”” and adipocytes.™

The capacity of BM-MSCs to differentiate into ECs"
provides necessary cellular building blocks for vasculo-
genesis.*”* Although ASCs help regenerate cells in a man-
ner similar to that of BM-MSCs,'®%1%? it is believed that
BM-MSCs contribute to neovascularization through dif-
ferentiation,** whereas ASCs contribute more through
paracrine effects on local tissue.'>?!41:42

As the host inflammatory process continues to unfold,
the adaptive immune system sends naive peripheral T
helper cells (CD4* T-cells) to the graft site.”” These T-cells
help inhibit local tissue inflammation by releasing inter-
leukin-4 (IL-4). IL-4 acts on recruited pro-inflammatory
M1 macrophages, polarizing them to alternative M2
macrophages. IL-4’s ability to limit the number of M1
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Fig. 1. A literature search was made to identify fat grafting articles relating to plastic surgery.
Additional screening at the authors’discretion was used to identify the 86 articles referenced to con-

struct this article.

macrophages at the graft site reduces Ml-released cyto-
kines such as tumor necrosis factor-o. (TNF-a), a known
inhibitor of adipocyte differentiation.’* By limiting the
release of TNF-a at the graft site, preadipocytes are able to
differentiate into adipocytes through the activation of the
peroxisome proliferator-activated receptor-y, a transcrip-
tion factor that upregulates gene expression necessary for
preadipocyte differentiation.® The process of progenitor
cell and preadipocyte differentiation into mature adipo-
cytes largely occurs 7-14 days after grafting.**®

Although TNF-a plays an inhibitory role in adipocyte
differentiation, it conversely has been found to enhance
ASCs’ angiogenic abilities. Thus, although elevated levels
of TNF-a before macrophage polarization inhibit preadi-
pocytes differentiation, this ultimately contributes to graft
neovascularization and microvascular ingrowth. In a study
by Zubkova et al,® it was shown that TNF-a—enhanced
ASCs showed increased transcription of the proangio-
genic factors fibroblast growth factor 2 (FGF-2) and VEGF,

as well as enhancing microvascular growth, accelerating
blood flow recovery, and increasing arteriole density at the
graft site. Overall, inflammation appears to play a key role
in graftinduced neovascularization through its recruit-
ment of essential cells and cytokines to the recipient site.

Lipoaspirate’s Role in Neovascularization

Lipoaspirate contains multiple cell types necessary for
neovascularization. 8466770 The graft contains cellular
building blocks and precursor cells, both of which also
produce cytokines (Fig. 3). Graft cells can be classified
into 2 groups: adipocytes and the stromal vascular frac-
tion (SVF)." The SVF is defined as all nonadipocyte cells.
This includes numerous stromal cells, such as pericytes,
fibroblasts, vascular ECs, leukocytes, and importantly, pre-
adipocytes and ASCs.'*#5°1.57 The SVF has been shown to
contain 28.1% + 2.4% blood-derived cells, 28.9% + 2.0%
ASCs, 12.7% + 2.9% ECs, and 10.7% + 2.1% miscellaneous
cells, such as fibroblasts and mural cells.'” Adipose tissue
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Fig. 2. Tissue trauma induces platelet, monocyte, and BM-MSC migration to the graft site. After hemo-
stasis, platelets (PIt) help remodel the ECM and recruit pericytes to growing vessels. Recruited BM-MSCs
differentiate into endothelial cells and recruit monocytes. Monocytes are polarized from M1 to M2 mac-
rophages. Each process facilitates neovascularization.

Lipoaspirate’s Role
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Fig. 3. Harvest forces hypoxia on grafted adipocytes and ASCs. As hypoxic adipocytes lyse, they
release FGF-2 to the recipient site. ASCs secrete TNF-a and HIF-1a when hypoxic. TNF-a acts on
ASCs and adipocytes to increase FGF-2 levels at the graft site. HIF-1a and FGF-2 upregulate VEGF
levels, which promote EC proliferation and EC migration. IGF-1 is released to promote preadipocyte
maturation (regenerative).
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is an easily accessible source for multipotent stem cells"—
possibly the highest percentage of adult stem cells within
the human body.™

Preadipocytes and multipotent ASCs, found within
the lipoaspirate, are able to promote graft success by
replacing dying cells within the zone of regeneration via
differentiation®”***™ and by promoting recipient site
neovascularization. Though preadipocytes do not
retain multipotency like ASCs, they are found abundantly
in adipose tissue (350,000 preadipocytes per 1 mL of adi-
pose tissue) and retain the capacity to differentiate into
mature adipocytes.”™

Cell harvest creates acute ischemia. The most sensitive
part of the lipoaspirate to acute ischemia is the mature adi-
pocytes—a majority of which do not survive grafting.'*'*-*
Although adipocytes are sensitive to hypoxia, ASCs found
within the SVF are more tolerant.”’*!! A laboratory study
of fat cells by Suga et al* used flow cytometry to show that
although the majority of adipocytes die within 24 hours of
hypoxic exposure, nearly all ASCs remain viable after 72
hours. The less tolerant adipocytes lyse in hypoxic condi-
tions and release large quantitates of FGF-2, whereas the
more tolerant ASCs remain intact and upregulate their
transcription of the cytokine HIF-10.%"%! Additional
FGF-2 is released from ASCs secondary to stimulation by
TNF-0.” Together, both FGF-2 and HIF-1a act on ECs and
ASCs to increase transcription of VEGF at the graft site.*”

Local paracrine signaling by ASCs serves a power-
ful role in fat grafting—induced vasculogenesis.'™*!*!-+2
Elevated concentration of VEGF at the graft site increases
vascular EC proliferation, inhibits EC apoptosis,* and
mediates the mitosis and migration of vascular ECs into
the graft.* " Increased quantities of ECs present in the
graft (and recruited from circulation) provide the nec-
essary building blocks for neovascularization to occur.
Vascular ingrowth can be visualized as early as 3 days
after grafting," with mesh-like dense capillary networks
appreciable around 4 weeks.”” Once vascular ingrowth
begins, the host is able to directly oxygenate the grafted
tissue and send host-derived ASC and BM-MSC into the
graft to enhance tissue viability.?**7 This migration of
host progenitor cells into the graft occurs 4-14 days after
grafting.”” Additionally, ASCs within the graft retain their
multipotency and contribute to graft survival through
their differentiation into adipocytes, fibroblasts, pericytes,
ECs, and even rudimentary nervous tissue.'>'%%

The cellular elements of lipoaspirate also contain a
number of growth factors that contribute to its vasculo-
genic properties. Both bFGF and IGF-1 are found in large
quantities in lipoaspirate,””! with IGF-1 being adipose tis-
sue’s most abundant protein.” IGF-1 prolongs graft sur-
vival and promotes the differentiation of preadipocytes
into mature adipocytes.””® Ultimately, IGF-1’s mitogenic
properties increase graft exposure to essential proangio-
genic growth factors, such as FGF-2, and VEGF through its
ability to replace dying adipocytes.”” bFGF contributes to
neovascularization by recruiting additional ECs to the site
of the graft and increasing local EC proliferation for ready
use in growing vascular networks.***%7>8! Pericytes within
the graft contribute to its success by wrapping around the

16,74

graft’s newly developed vascular EC networks and provid-
ing additional structural support by differentiating into
smooth muscle cells.'>**%% In addition to their ability
to stabilize new blood vessels, it has also been shown that
pericytes retain a progenitor capacity.** Thus, pericytes
may further contribute to graft success by differentiating
into adipocytes®™®" and enhancing paracrine effects at the
recipient site.

Neovascularization: A Product of Inflammation and Grafted
Fat

Graft exposure to acute ischemia is an expected
result of fat harvest.""** Adipocytes and ASCs within
the lipoaspirate respond to their newly hypoxic environ-
ment by releasing FGF-2, HIF-1a, and IGF-1 (Fig. 4).
These cytokines promote neovascularization by estab-
lishing high levels of VEGF at the graft site.”***” VEGF
promotes proliferation of local ECs**'27%% and increases
the expression of key surface integrins necessary for cell
migration.””*"%% Newly upregulated EC surface integrins
help guide tip cell filopodial extensions from sprouting
vessels through the remodeled ECM and into the graft.*
The proangiogenic cytokine VEGF plays a critical role in
this and has been shown to upregulate EC surface integ-
rins 2- to 7-fold.”

Following initial inflammation and platelet migra-
tion, the host inflammatory response recruits bone
marrow—derived monocytes and BM-MSCs to the site of
tissue trauma.®'>*# These BM-MSCs act in combination
with ASCs to recruit additional monocytes and ECs for
increased neovascularization.*”*”” Together, the progeni-
tor capacity of BM-MSCs,”" ASCs,'®"% and monocytes™
provides an additional source of ECs and adipocytes at the
graft site. Local paracrine effects enhance cellular differ-
entiation and contribute to graft success by providing cel-
lular elements for angiogenesis and vasculogenesis.

The high quantities of VEGF found at the grafting
site? 7 promote monocyte differentiation into M2 mac-
rophages.'"'** In addition to their anti-inflammatory
properties,'" newly matured M2 macrophages express
a high affinity for tip cell filopodia and act in compli-
ment with EC’s surface integrins to enhance new vessel
migration.?

The process of M2 macrophage—facilitated migration
is explained in 2 parts. First, M2 macrophages act directly
on endothelial tip cells—forming a physical linkage that
allows them to propel new vessels through newly remod-
eled ECM.*" Second, M2 macrophages work indirectly by
upregulating EC expression of the surface ligand osteo-
pontin (OPN)." OPN expresses a high affinity for EC
surface integrins, which helps drive vessel migration and
endothelial tip cell linkage to form vascular networks.
VEGEF helps facilitate this process further by increasing vas-
cular permeability and allowing thrombin to cleave OPN
ligands. This cleavage significantly increases OPN’s affin-
ity for neighboring EC surface integrins, which ultimately
helps tip cell linkage.” This process acts in synergy with M2
macrophages to promote new vessel migration through the
ECM. By experimentally inhibiting these integrins, new vas-
culature cross-sectional area has been shown to decrease
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Fig. 4. Cellular elements within the lipoaspirate act in synergy with the tissue’s response to injection to

drive neovascularization at the graft site.

by 90%, whereas the total new vasculature area decreases
by 82%.% Thus, fat grafting’s ability to upregulate VEGF
production and consequently integrin surface expression
plays a key part in angiogenesis and vasculogenesis.

M2 macrophages are also a powerful recruiter for
BM-MSCs.'*?" After grafting, there is a gradual polariza-
tion of M1 macrophages to M2 macrophages at the graft
site, coinciding with an increase in TGF-B. These M2 mac-
rophages increase BM-MSC recruitment by producing
C-X-C chemokine receptor type 4 (CXCR4), a protein that
attracts hematopoietic stem cells. Further, they stimulate
vessel growth in a VEGF-dependent manner and increase
adipogenesis from the host.”” This further supports
that M2 macrophages not only play a critical role in the
recruitment of BM-MSCs, but also that BM-MSCs serve as
a potent source for cellular differentiation. BM-MSCs dif-
ferentiation into vascular ECs contributes to graft success
by enhancing vasculogenesis.”” Additionally, BM-MSCs
capacity to differentiate into adipocytes further augments
paracrine signaling, but increasing proangiogenic growth
factors and cytokines necessary for neovascularization.
The differentiation of progenitor cells into adipocytes
readily occurs throughout the first few weeks of grafting,
with the majority of adipocyte differentiation complete 28
days after grafting.”’

In the final steps of neovascularization, pericytes found
within the graft, and those recruited by platelets and ECs,
differentiate into smooth muscle cells to become part of
the vessel walls.”**?! This process is in parallel to ASCs
and macrophages at the graft site, which release TGF-1,
which induces the differentiation of pericytes into smooth
muscle cells'™**°0:82 and stabilizes the vessel walls.?*
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DISCUSSION

The delivery or maintenance of well-vascularized tis-
sue is a foundation of plastic surgery. Such tissue is either
meticulously maintained or artfully transferred into a
damaged area. Fat grafting is unique in that a nonvascu-
larized graft appears to carry the ability to create a new
vasculature where it is placed. This review is intended to
explain how the body’s response to surgical trauma initi-
ates a healing cascade that complements the grafted cells’
desire to survive and in doing so, creates a new vascular
network. We have compartmentalized these biochemical
processes into 3 essential parts: surgically induced inflam-
mation from graft injection, the cellular components of
the harvested lipoaspirate and their response to hypoxia,
and a synergistic reaction between inflammation (recipi-
ent site) and grafted fat (donor).

It appears that inflammation plays an essential role in
fat grafting—induced neovascularization.® The harvest and
injection of processed lipoaspirate introduces cells sub-
jected to hypoxia, their response is a cytokine burst. This
burst is complemented—perhaps even augmented—by
the grafted cells inducing a complementary cellular and
cytokine response from the recipient site. This event leads
to a cellular response through migration and cell divi-
sion that forms local granulation tissue, beginning with
its vasculature. The inflammation from injection mobi-
lizes BM-MSCs and monocytes, which delivers precursor
cells, helps remodel the ECM, and nurtures connections
between growing blood vessels. The end result is increased
levels of VEGF, as well as cellular building blocks that dif-
ferentiate and directly foster neovascularization.
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It is during the imbibition phase that grafted lipoaspi-
rate is most hypoxic, explaining the necrosis of cells out
of diffusion distance from recipient plasma. Graft hypoxia
leads to a cytokine response as well as a loss of graft cells,
especially mature adipocytes.”*'** Once rudimentary
vascular ingrowth occurs, host ASCs and BM-MSCs are
able to migrate into the graft site and augment tissue
viability through local paracrine signaling and cellular
differentiation.

The cytokine burst increases VEGF concentrations at
the graft site. The increased transcription of VEGF from
ASCs and ECs and indirectly through adipocytes and mac-
rophages allows for enhanced proliferation of EC, the
recruitment of additional ECs to the graft site, as well as
the upregulation of EC surface integrins necessary for
migration and cell linkage. M2 macrophages directly facil-
itate EC linkage while signaling recruitment of BM-MSCs
to the graft site to provide an additional source of vascu-
lar and connective tissue cells for vasculogenesis. Further,
TGF-B released by ASCs induces recruited pericytes to
become vascular smooth muscles cells, thus stabilizing the
newly formed vascular networks. These new networks will
increase blood flow and tissue oxygenation, regenerating,
or at least revitalizing their recipient site.

Skin grafting is thought of in 3 distinct phases: imbi-
bition, inosculation, and neovascularization. Unlike this
well-described process, we postulate that fat grafting has
only 2 phases for survival: imbibition and neovasculariza-
tion. Imbibition is a plasmic phase reliant upon diffusion.
Inosculation is the lining up of existing graft and recipient
vessels. And neovascularization being creating and con-
necting these vessels. The initial survival of grafted fat is
similar to skin grafts in the sense that it is based on access
to plasmic imbibition. However, unlike skin grafting, there
is not an inosculation phase in which capillary networks
must align between graft and recipient—in fat grafting,
these must all be created anew. Fat grafting must induce
neovascularization to sustain sprouts from and connec-
tions to existing vascular networks.

We believe that graft-induced neovascularization and
increased vascular density at the graft site is a key to fat
grafting’s regenerative ability. The idea of skin softness
improving after fat grafting by Klinger et al* is, at its most
basic level, the result of replacing an absent subcutane-
ous layer. The release of this adhesion creates a space,
which the grafted fat fills, restoring a more normal tissue
architecture. Grafting to such an area not only introduces
soft tissue, but also cellular elements necessary to support
vascular growth, increase tissue perfusion, and long-term
repair, or as the authors measured it, softness.

However, our review is not without limitations. Articles
used in this study were selected through author’s discre-
tion. This is largely due to the many different study designs
used in this review, as well as the volume of published stud-
ies relating to fat grafting. Additionally, this review does
not evaluate the use of fat grafting in irradiated tissue,
rather it describes the biochemistry seen under ideal labo-
ratory conditions. Irradiated tissue expresses a different
microenvironment, which may alter the molecular path-
ways in which we believe fat grafting works. As fat grafting

research continues to emerge, this article’s thesis will
surely be tested and refined.

CONCLUSIONS

Fat grafting mobilizes inflammatory cells and BM-MSCs
to the site of injection, which supplies necessary cytokines
and building material for new vessels. The lipoaspirate
itself contains key elements and cellular machinery such
as adipocytes, ASCs, and ECs, which act in synergy with
recruited cells to promote a vasculogenic effect.

Through this literature review, we hypothesize that
grafted ischemic adipose tissue induces local tissue neovas-
cularization, which helps rejuvenate damaged soft tissue.
Overall, although more research is needed to elucidate
the exact mechanism by which fat grafting heals soft-tis-
sue defects, it appears concerted that neovascularization
plays a key role in its success. As ASCs and fat grafting
are becoming increasingly popular areas for research in
plastic surgery, understanding the mechanism behind fat
grafting offers an exciting clinical potential for cosmetic
and reconstructive surgery.

Edward M. Gronet, MD

Division of Plastic Surgery

Baylor Scott & White Health
2401 S 31st St

Temple, TX 76508

E-mail: doctorgronet@gmail.com
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