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KEY POINTS

e Newer fat-grafting techniques have decreased many of the original drawbacks of fat-grafting

procedures.

e Adipose tissue contains large stores of mesenchymal stem cells that are showing great promise in

bioregenerative medicine.

e Injection of nanofat combined with microfat seems to offer improvement in skin texture as well as

structural volumization.

e Basic principles of microfat and nanofat are reviewed, as well as a description of injection tech-

nique.

INTRODUCTION

Although fat and dermal-fat grafting has been per-
formed for over 50 years' and the injection of fat
grafts have been performed nearly 30 years,? the
popularity of facial fat grafting has remained rela-
tively stable. On the contrary, since U.S. Food
and Drug Administration approval, the hyaluronic
acid filler market has seen an explosive, upward
climb.® Behind this trend is an increasing aware-
ness by both patients and providers about the
important role of volume loss in facial aging.
Bone, fat, and muscle loss share equal roles with
loss of skin elasticity in the aging process.*

The injectable filler market today is a 3 billion
dollar industry and includes a variety of products
including hyaluronic acid (HA), poly-L-lactic acid,
calcium hydroxylapatite, and polymethyl methac-
rylate. With the ease of use of these products,
lack of donor site morbidity, predictable outcome,
and the reversibility of HA fillers, it is easy to see

why this market has grown so much over the last
13 years. However, many patients are searching
for longer-lasting, more natural solutions than the
9 to 12 month results afforded by most fillers
currently available on the market. For these rea-
sons, many have returned to using fat grafting as
a solution for many of those shortcomings.

The theoretic draw to fat transfer is easy to see—
it seems more “natural” to patients as an autolo-
gous graft, it is not price restricted at high volumes,
and it is capable of producing long-term results.
However, we also must consider the potential
downsides, which include: donor site morbidity,
unpredictability of graft survival,®® graft hypertro-
phy,”® and exposure to local or general anesthesia
for the procedure.® When weighted into the discus-
sion, patients tend to sway less often in the direc-
tion of fat transfer. However, recent evolution in
fat transfer may have sidestepped many of
the shortcomings of the original procedure. Discov-
ery of adipose-derived mesenchymal stem cells
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(AD-MSCs) and the elucidation of fat survival pat-
terns following grafting have provided insights for
improved outcomes. As a result, the original
dermal-fat grafts and microlipoinjection tech-
niques®'® have been advanced by current tech-
niques of microfat and nanofat,'"'2 which are
showing promising results.

It is known that fat undergoes changes in mass
throughout the course of our lives. As fat un-
dergoes these changes, the surrounding blood
supply and extracellular matrix must be accommo-
dated—a process mediated, not by the adipocytes
themselves, but by signaling of the surrounding
stromal vascular fraction (SVF) and its interaction
with adipocytes. This nucleated cell fraction in-
cludes smooth muscle cells, endothelial cells,
blood cells, stem cells, and extracellular matrix.
The discovery of large quantities of mesenchymal
stem cells present in adipose tissue is likely
responsible for most of the signaling in these in-
stances.'3 Signaling of vascular endothelial growth
factor, for example, in the creation of new endothe-
lial cells and blood vessels is one example. Several
studies have shown that these adult stem cells
contain multipotent lineages capable of forming
other tissues including bone and muscle.'#®

Our understanding of adult mesenchymal stem
cells and their multipotent capabilities has com-
bined with ease of methods of enzymatic and me-
chanical harvest from adipose tissue. The
excitement has seen an increase in applications
of bioregenerative medicine, especially in facial
rejuvenation. Most of these precursor cells are
found mixed within the adipocyte population in a
typical fat harvest. Isolation of these cells occurs
in two ways—either enzymatically or mechani-
cally. Although enzymatic isolation of these cells
is most efficient in terms of the concentration of
cells harvested, the additional time and require-
ments of this procedure are not always practical
in a surgical setting. The second method for
obtaining these is through mechanical isolation.
Through techniques of fracturing cell bonds and
filtration, the SVF can be isolated from harvested
fat in acceptable concentrations.’”

The mechanical isolation of these adult mesen-
chymal stem cells, popularized by Tonnard,
seems to complement our current methods of
structural fat grafting with microfat in a way that
addresses many of the needs of volume replace-
ment without many of the drawbacks of the orig-
inal  fat-grafting  techniques.  Furthermore,
combining surgical skin excision with volume
replacement has created a “sweet spot” for sur-
geons creating a look that is natural and not overly
pulled, on one end of the spectrum, or overly filled,
on the other.

WHAT IS MICROFAT AND NANOFAT?

Fat harvested from the body has a multitude of
cells. Adipocytes comprise approximately 30%
to 70% of the total cells of harvested fat. Other
cells include extracellular matrix, endothelial cells,
mural cells, fibroblasts, adipose-derived stem
cells, and blood cells.'® These cells provide the
surrounding stroma that support and assist growth
of adipose tissue and new blood vessel formation.
These AD-MSCs are integral during the grafting
process and many believe play a more important
role in the fat-grafting process than the adipocytes
themselves—demonstrated by the debate be-
tween host replacement versus cell survival
theories.™®

The debate regarding whether the host replaces
all grafted fat cells (host replacement theory) or
whether cells survive the grafting process and
remain alive to provide the effect of fat grafting
(cell survival theory), seems to show evidence for
both mechanisms.?® Arguments include lack of
correlation between surviving adipocytes and final
grafted volume and presence of necrosis and
fibrosis in histologic sections following fat grafting.

Taking these concepts into consideration, the
development of methods of isolating the adult
mesenchymal stem cells, or SVF, without living ad-
ipocytes has been achieved enzymatically and
mechanically. Although the focus of this article is
on the mechanical isolation of SVF, the reader
should also be familiar with the concept of enzy-
matic isolation. Enzymatic processing uses the
addition of proteolytic enzymes that enable
in vitro separation of fat cells from the SVF. Enzy-
matic digestion allows for the isolation of the SVF
pellet of AD-MSCs that can be injected in highly
concentrated form.

When the process is performed mechanically,
adipocytes are fractured through mechanical
emulsification and filtration, leaving the viable
SVF intact.!” Although a misnomer, because there
are no viable fat cells, the byproduct of this pro-
cess is known as “nanofat.” This method,
described by Tonnard, includes mechanical
disruption through small-bore luer lock connec-
tors, followed by filtration through a 500-um fil-
ter2! This relatively quick process allows
isolation of the SVF as well as some nonviable
adipocyte cell components.??2® The active
component, the SVF, promotes endothelial prolif-
eration, collagen creation, and new cell differentia-
tion and creation.

Conversely, microfat, compared with nanofat,
does contain whole and viable adipocytes with their
surrounding cell milieu. When injected, these adipo-
cytes act like traditional fat grafts—incorporating



into the sites of injection. The term “microfat” refers
to the small 1-mm holes in the sides of the liposuc-
tion cannula, which allows for smaller grafts than
the traditional larger fat-harvesting cannulas, usu-
ally 2 to 3 mm in size.

Injection of microfat and nanofat is done in
conjunction with one another in my practice.
Microfat provides the structural support and volu-
mization, whereas nanofat delivers improvement
in fine facial rhytids and neocollagenesis in more
cosmetically sensitive areas. Preoperative plan-
ning and assessment allow volumes that will be
set aside for microfat injections and nanofat injec-
tions. After setting aside the appropriate volumes
of the harvested microfat to be injected, the
remainder undergoes a mechanical isolation pro-
cess to become nanofat. That mechanical isola-
tion method is described in more detail below.

INDICATIONS FOR FAT TRANSFER

Patients needing generalized volume improve-
ment for multiple regions of the face with adequate
supply of donor fat are candidates for fat transfer.
Regions of volume loss are assessed as follows:
forehead and glabella, temples, medial and lateral
supraorbital region, outer cheek (including the
zygoma and preauricular area), infraorbital and
medial cheek, nasolabial folds and upper lip, pyri-
form aperture, anterior chin and prejow! sulcus,
and lateral jawline. Patients undergoing facial reju-
venation surgery with adequate donor supply are
considered ideal candidates for fat transfer. In
some patients with low body mass index, the ade-
quacy of their donor fat volume is a concern and |
will typically discuss alternative methods of volu-
mization—such as poly-L-lactic acid.

CONTRAINDICATIONS

Patients who have undergone multiple rounds of
previous liposuction to the donor sites from
body-contouring procedures may have little
usable fat and tend to have a very fibrous compo-
sition to harvested fat, making mechanical isola-
tion of nanofat difficult. | also do not typically
offer fat transfer to patients under 40 years
because of concerns of hypertrophy later in life.

TECHNIQUE
Marking

Preoperative assessment begins in a stepwise
fashion through analysis of patient photographs.
Volume changes are assessed in the above-
mentioned facial regions. Before surgery, areas
of volume deficit are carefully marked in the preop-
erative room with the patient in the sitting position.

Microfat and Nanofat

This allows assessment before loss of landmarks
with the patient lying supine. The chin is carefully
marked using the patient’s dentition to help delin-
eate the midline to avoid any asymmetry of the
chin with volumization and ensure that the
maximal volume is achieved at the midline
(Fig. 1). The iliac crest is also marked and areas
of fat harvest are outlined.

Harvest is typically performed from the lateral
thigh in female patients, because this tends to be
a common location for fat deposition. Additional
advantage of the lateral thigh donor site is that it
is well tolerated, is safe to harvest, and shows min-
imal irregularities following harvest. The abdomen
and medial thigh can also be used as donor sites,
but they are not the first choice, in my opinion. In
men, the abdomen tends to be a more reliable
source of donor fat.

The patient is positioned supine with arms out-
ward at 45° from the body to allow access to the
donor site. Bilateral thigh and hip are prepped from
the iliac crest down to the midthigh, which allows ac-
cess to the fat pad in that region (Fig. 2). Tumescent
solution is mixed using a 100-mL bag of 0.9%
normal saline with 2 mL of 1% plain lidocaine and
0.1 mL of 1:1000 epinephrine. Tumescent is infil-
trated using a tumescent infusion cannula affixed
to a 60-mL syringe, and the fluid is instilled and
equally distributed between both sides. It is recom-
mended that the tumescent solution sit for 15 mi-
nutes after injection and before harvest.

Fat harvesting is performed using 60-mL BD
syringes with a Tonnard fat harvester cannula

Fig. 1. Preoperative markings.
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Fig. 2. Lateral thigh harvest site.

with 1-mm side ports. Approximately 40 to 50 mL
of aspirate is typically harvested per side using
manual suction, assisted by the use of a “Johnnie
Lok” to maintain adequate negative pressure. Af-
ter harvest of the fat, the donor site is closed using
a simple Steri-Strip closure of the entry point.
Syringes are allowed to settle by gravity allowing
separation of fat from supranatant and infranatant,
which are discarded (Fig. 3). The 2 syringes now
contain microfat given the presence of viable fat
cells harvested from small-bore cannulas. Approx-
imately 24 mL of microfat is transferred to 3-mL
syringes for the microfat injection (Fig. 4). The

Fig. 3. Harvested microfat before removal of suprana-
tant and infranatant.

Fig. 4. Microfat ready for injection.

remaining fat is set aside for continued processing
into nanofat.

Mechanical processing of nanofat for isolation
of AD-MSCs, is performed using the Tulip nanofat
system. A set of luer lock connectors is used to
emulsify the fat, first with a 2.4-mm luer lock for
a total of 40 passes, then a 1.2-mm luer lock for
another 40 passes (Fig. 5). Any fibrous tissue
that obstructs the passage through the luer lock
is extracted to prevent clogging of the filter in the
following step. The emulsified fat takes on a finer
texture and lighter color (Fig. 6).

The final step involves a single pass through the
nanotransfer filter allowing the final isolation of AD-
SVF without surviving adipocytes (Fig. 7). This
nanofat is also transferred to 3-mL syringes for in-
jection. The nanofat is capable of being injected
through small blunt microcannulas (25- or 27-
gauge) or 30-gauge needles for superficial intra-
dermal injections.

INJECTION OF MICROFAT

Microfat is injected through 3-mL syringes using a
2-inch 0.7-mm injection cannula. An 18-gauge
needle is adequate to create entry points for pas-
sage of the 0.7-mm cannula. Injection of microfat
proceeds in a top down fashion (Fig. 8).

Fig. 5. Luer lock emulsification of fat.



Fig. 6. Comparison of microfat and nanofat.

Approximately 10 to 16 mL of microfat is used per
side of the face (total of 20-32 mL of microfat)
injected in a deep fashion along the periosteum
in all areas except the temple. Care is taken not
to overfill these areas to avoid an overfilled or
cherubic appearance.

Temple

Temples are addressed with an entry point above
the zygomatic arch at the hairline. This allows ac-
cess to almost the entirety of the temporal fossa
from the lateral orbital rim to the superior temporal
line and back into the hair-bearing temporal
fossa.?* Approximately 2 to 3 mL of microfat is
deposited in small linear aliquots with a fanlike
approach and massaged gently.

Fig. 7. Processing through the nanofat filter.

Microfat and Nanofat

Zygomatic Arch and Lateral Cheek

An entry point along the zygoma is used to create a
smooth transition from the temple down through
the lateral cheek. Approximately 3 mL of microfat
is injected into this location, again in small linear al-
iquots. The injections are performed deep along
the periosteum for this injection.

Buccal Space

An entry point lateral to the buccal space allows
volumization of the inferior cheek if there is buccal
space hollowing. This also helps to improve the
transition from the midface to the submalar
area. Approximately 1 to 2 mL is used in this
region.

Pyriform Aperture

An entry point lateral to the pyriform aperture al-
lows placement of microfat along the periosteum
of the lateral and inferior borders of the pyriform
aperture.

Chin and Marionette Lines

An entry point is made at the level of the mandib-
ular border anterior to the mandibular ligament
and another one more anterior to allow volumiza-
tion of medial chin. A fanning approach deep
along the periosteum is used to volumize this
area with a total of 3 to 4 mL per side and in the
midline.

Gonial Angle

An entry point superior to the gonial angle allows a
fanning technique for volumization of this region.
The fingers of the opposite hand are used to guide
the inferior extent of the injection to ensure a sharp
delineation of the posterior mandible.

INJECTION OF NANOFAT

Nanofat is injected with different techniques
depending on the location. For subcutaneous in-
jections, a 25-gauge microcannula is used. A
23-gauge needle is used for creation of the entry
points for the microcannula. Use of a smaller can-
nula is possible; however, the rigidity of the
25-gauge microcannula allows easier injection
into the desired areas. For intradermal injections
of fine rhytids, a 30-gauge needle is used. Typical
volumes of nanofat are 8 to 10 mL per side of the
face or a total of 16 to 20 mL (Fig. 9).

Upper Face

The glabella, forehead rhytids, and supraorbital/
lateral brow region are injected typically with 1 to
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2 mL per site using the 25-gauge cannula. The
medial upper eyelid can also be addressed, if
necessary, in a similar fashion.

Midface

Microcannula injection is used for nanofat place-
ment in the tear trough and lower eyelid, usually
in a supraperiosteal location, similar to hyaluronic
filler placement. A total of 1 to 2 mL is typically
used per side for adequate volumization. If a lower
blepharoplasty is simultaneously performed, | typi-
cally perform my lower blepharoplasty with fat
repositioning before fat injection to avoid move-
ment or suctioning of the nanofat. In this situation,
the direction of injections is in a linear, vertical
fashion, instead of parallel to the orbital rim (see
Fig. 8).

Lower Face

The upper lip, nasolabial folds, perioral rhytids,
and marionette lines are excellent targets for nano-
fat injection. A 30-gauge needle is used for subci-
sion and intradermal injection of nanofat into
perioral rhytids, allowing a slight wheal to be
formed in the skin. Fat injections should be per-
formed carefully using a retrograde threading
technique of the cannula to avoid any intravascular
complications.

Postoperative Course

Typical swelling and bruising is expected after fat-
grafting procedures. Cool compresses are used
for the first 3 days and may be accompanied by
massage,

light facial if not performed in

Microfat and Nanofat

conjunction with another surgical procedure. In
areas of intradermal injections or in areas of thin
skin, such as the lower eyelid, a slight yellow
discoloration can be expected and may persist
for a month or 2 following injections, but does
resolve. Final volumes are assessed at the 6-
month and 1-year time points. Patients are coun-
seled preoperatively that an additional round of
fat transfer may be required to achieve desired vol-
umes and optimal correction (Figs. 10 and 11).

DISCUSSION

Over the last 30 years, advances in fat grafting
have allowed for the fine-tuning of techniques
and the art of volumization.?"25 Volume loss in
the face, as we know, does not simply occur
through the loss of fat volume, but involves the
loss of bone and muscle volume, as well as skin
elasticity. These new fat-grafting techniques have
decreased the limitations initially seen with tradi-
tional fat grafting, while exploring the new frontiers
of neocollagenesis for reversing the signs of
aging.26-28

We are currently in an era of unprecedented
popularity of injectable fillers, thanks in part to so-
cial media and corporate marketing of HA fillers.
Patients and physicians alike now appreciate the
role of volume, because it relates to the aging pro-
cess and facial rejuvenation. Fear of being over-
filled, however, is a common concern of many
patients who have seen the effect of facial distor-
tion produced by overuse and abuse of many of
these synthetic fillers or previously used fat-
grafting techniques. As surgeons, however, we

Fig. 10. Combination of microfat and nanofat and cheeklift for improvement in marionette lines.
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Fig. 11. Combination of microfat and nanofat with facelift for improvement in overall cheek and jawline

appearance.

bring a unique perspective that allows for full facial
assessment and treatment algorithms that can
combine surgical procedures with volume restora-
tion to achieve optimal results.

As knowledge of the role of AD-MSC grows, so
do the possibilities of facial rejuvenation. The
future holds the ability to not only volumize using
fat cells but also to promote new cell and collagen
formation through the injection of stromal cells.?®
The promising field of bioregenerative medicine
and its applications for facial rejuvenation is still
in its early stages and will likely continue to see
refinements in the near future. Current techniques
that allow for the mechanical isolation of nanofat
are simple and easy to perform in either an office
or operating room setting, and have been shown
to produce viable AD-MSCs as byproducts of the
procedure.’” This has opened the door for new
applications of neocollagenesis in patients
wanting autologous solutions for facial aging
concerns.

Limitations of this procedure include the need
for multiple rounds of treatment. Patients are
counseled regarding the possibility that a second
procedure may be necessary to achieve optimal
results and to avoid overfilling during a single treat-
ment. However, given that many patients undergo
HA filler treatments annually, | have not found this
to be a limitation in my practice. One benefit for
patients is the lower cost of fat grafting given the
amount of volume afforded by this process without
the product cost of the injectable fillers.

Future directions for microfat and nanofat in-
jections include new methods for the efficient

harvest of AD-MSCs, standardization of AD-
MSC harvest, and expansion of the uses of these
products in the clinical setting. For example, one
such method was described by Mashiko and col-
leagues'” that compared the emulsification tech-
nique described here with a “squeeze” technique
of cutting adipocytes sharply, which may have
reduced the number of damaged mesenchymal
stem cells. As clinicians, the idea of expanding
the uses of nanofat is quite exciting. One such
method is small-volume clinical applications.
For example, instead of the larger-volume har-
vests described, harvesting 10 to 20 mL of nano-
fat for the improvement in perioral rhytids can
also be achieved as an isolated procedure. The
results of this procedure have a high patient satis-
faction in my practice, with follow-up greater than
2 years.

SUMMARY

The search for the perfect filler remains a long,
ongoing one. Facial assessment should begin
with an understanding of the changes occurring
not only in fat volume but also in muscle and
bone volume and skin quality. By using the tools
at our disposal, the treating doctor should be
able to combine both surgical intervention with
volumization to avoid overly pulled or overly filled
results. The combination of deeper, structural
microfat grafting for volume replacement with
more superficial, collagen-forming nanofat pro-
vides an optimal solution to produce excellent
results.



SURGICAL PEARLS

1.

Candidate selection is critical for the proced-
ure. Generally, patients over 40 years of age
with adequate donor fat and needing large vol-
umes for replacement of 2 or more regions of
the face.

. Set appropriate patient expectations by dis-

cussing the possibility of additional fat transfer
sessions at 6 to 12 months.

. Mark patients preoperatively while sitting up-

right to avoid the loss of landmarks while they
are supine.

. The lateral thigh is a safe donor site with an

adequate fat supply in most women. Abdom-
inal fat may be targeted in men or women
without adequate thigh fat.

. Injections should be performed slowly with

small aliquots, injecting only while withdrawing
the cannula, to avoid vascular complications.

. Fat grafting can be combined with other surgi-

cal procedures to achieve optimal results.
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