Review Article

Fat grafting and breast reconstruction: tips for ensuring predictability

Allen Gabriel”, Manish C. Champaneria’, G. Patrick Maxwell'

'Department of Plastic Surgery, Loma Linda University Medical Center, Loma Linda, CA, USA; ’Peacehealth Medical Group Plastic Surgery,

Vancouver, WA, USA

Correspondence to: Allen Gabriel, MD. Associate Professor of Surgery, Department of Plastic Surgery, Loma Linda University Medical Center, 11175
Campus Street, Suite 21126, Loma Linda, CA 92354, USA. Email: gabrielallen@yahoo.com.

Abstract: Autologous fat grafting is widely used in breast surgery to refine and optimize aesthetic

outcomes. Despite its widespread use, obtaining predictable, reliable, and consistent outcomes remains a

significant challenge and is influenced by the technique used for procurement, processing, and placement

of the fat. At present, there is no published consensus on the optimal technique. The purpose of this article

is to review current techniques at each stage of fat grafting and provide tips on best practices based on the

published literature as well as our extensive clinical experience.
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Introduction

Autologous fat grafting is widely used in breast surgery
to refine and optimize aesthetic outcomes, both in breast
reconstruction as well as in breast aesthetic surgery. In breast
reconstructive surgery, it is primarily used as an adjunct
to standard breast reconstruction procedures (1) although
the feasibility of using fat alone as a primary method of
reconstruction has also been recently demonstrated (2). As an
adjunct to reconstruction, fat grafting has been successfully
used for a variety of indications including the correction of
volume, shape, and contour deformities (3-9); treatment of
irradiated breast tissue; and priming of the irradiated field
for breast reconstruction (10-12). There is some evidence
that fat grafting may also help in mitigating postmastectomy
pain syndrome (13) and in the treatment of capsular
contracture (10).

Fat is an appealing filler material for it is biocompatible,
is abundantly available, can be easily harvested and
processed, and can be injected in controlled amounts.
Despite the appeal of fat and widespread adoption of fat
grafting in plastic and reconstructive surgery, challenges/
concerns remain with this procedure. In particular,
obtaining predictable, reliable, and consistent outcomes
remains a significant challenge and is due to the high
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variability in graft volume retention. As much as 40-60%
of the volume of fat injected could be lost (4,14-16) due to
necrosis or resorption (17). The unpredictable outcome
is largely attributed to the technique of fat grafting that
encompasses three stages: procurement, processing, and
placement of the fat.

At present, there is no published consensus on the
optimal technique for fat grafting. The purpose of this
article is to review current techniques at each stage of
fat grafting and provide tips on best practices based on
the published literature as well as our extensive clinical
experience.

Procurement
Donor site

Fat can be harvested from a number of sites, including the
abdomen; medial, lateral, or anterior thighs; trochanteric
region; flank; lower back, and knees. Whether there is an
optimal donor site for fat grafting remains to be established but
evidence suggests that some sites may be preferable to others.
In an in vitro study, Padoin et al. showed that fat from
the lower abdomen and medial thighs consist of a higher
concentration of adipose-derived stem cells compared with
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fat from the upper abdomen, trochanteric region, knee,
and flank (18). As adipose-derived stem cells are believed
to play a vital role in graft survival through adipogenesis
and angiogenesis (19-22), these data suggest that the lower
abdomen and medial thighs may be preferred over other
donor sties.

Other studies, however, have reported no influence of
the donor site on fat viability (23-26). In a study by Rohrich
et al., fat removed from the abdomen, thigh, flank, or
knee were immediately evaluated without treatment for
adipocyte viability as well as after centrifugation as a method
of processing. No statistically significant difference in fat
viability was seen among the donor sites in both untreated
and treated samples in this iz vitro study (23). In an in vivo
study, Ullmann ez 4/. harvested fat from the abdomen, lateral
thigh, and breast of a single patient and grafted it into nude
mice. They found no significant difference in fat graft take
across the different harvest sites (24). In another iz vivo study,
Li et al. harvested fat from the flank, upper abdomen, lower
abdomen, inner thigh, and lateral thigh of six young female
patients. Again no significant differences were found on fat
graft take in nude mice (25). In a clinical study, Small ez /.
harvested fat from the abdomen and thighs of 73 patients
that was used in fat grafting to their reconstructed breasts;
46 patients (66 breasts) received fat from the abdomen and
27 patients (43 breasts) received fat from the thighs. Fat
volume retention evaluated at various time points (16, 49,
and 140 days) after grafting using 3-dimensional scanning
showed no significant difference between fat harvested from
the abdomen and the thighs (26). These studies, however, did
not take into consideration patient characteristics that might
influence graft survival.

Geissler ez al. suggested that patients’ age might influence
adipocyte survival and that age should be taken into
consideration when selecting a donor site (27). They found
that in younger patients (<45 years) adipocyte viability was
greater in the lower abdomen than in the flank. In older
patients (246 years), there was no difference in viability
of adipocytes from the lower abdomen and the flank; but,
compared with younger patients, viability of fat from the
flank region was greater in older patients. There was no
difference in inner thigh fat viability between the two age
groups. The body mass index (BMI) of the patients [normal
(BMI <25) or overweight (BMI >25)] did not appear to
influence viability of fat from any particular donor site.

Collectively, these data suggest that the lower abdomen
and medial thighs may be preferred over other donor sites
both from the standpoint of adipose-derived stem cells and
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the age of patients. However, oftentimes, availability of fat
may dictate the site chosen, especially in thin patients. Also,
some patients may have a preference for a specific donor site.

Infiltration

Prior to fat aspiration, the donor site is typically
infused with tumescent solution, usually consisting of
a local anesthetic (lidocaine, ropivacaine, prilocaine, or
bupivacaine) for pain relief and epinephrine for hemostasis
in Lactated Ringer’ solution or normal saline.

Several studies have examined the effect of the local
anesthetic or epinephrine on fat viability. In an in vizro study,
cell attachment in culture, cell morphology, proliferation,
or adipocyte metabolic activity appeared to be unaffected by
the use of lidocaine and epinephrine (28). Moreover, various
doses of epinephrine (1:100,000, 1:200,000, and 1:400,000)
did not impact fat cell viability (29). When the procured
fat was implanted in nude mice, local anesthesia solution
consisting of lidocaine and epinephrine administered to the
fat donor site was found not to alter the take of fat grafts or
had any influence on adipocyte viability (30). However, there
is some evidence that local anesthetics may modulate the
viability of isolated preadipocytes (lidocaine, ropivacaine, and
prilocaine, but not bupivacaine) as well as their differentiation
into mature adipocytes in iz vitro studies (31,32). But, the
preadipocytes in these studies were directly exposed to high
concentrations of anesthetics (2%) compared with in vive
conditions where the relative concentration of anesthetic
would be lower due to dilution effects.

In summary, there is no strong evidence to suggest that
the use of local anesthetics or epinephrine adversely affects
fat graft survival.

Mechanism of liposuction

Fat can be harvested using a number of techniques,
including conventional liposuction (syringe with vacuum
suction), power-assisted liposuction (specialized cannula
with mechanized movement), hand-held syringe liposuction
(syringe with manual suction, Coleman technique), internal
ultrasound-assisted liposuction (specialized cannula that
transmits ultrasound vibrations within the body), and
external ultrasound-assisted liposuction (ultrasonic energy
applied from outside the body, through the skin). In
addition, there are also fat harvesting devices such as the
Viafill system (Lipose Corp., Maitland, Fla.; manual syringe
liposuction) and LipiVage system (Genesis Biosystems,
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Lewisville, Texas; syringe aspiration at low vacuum
pressure). The influence of liposuction techniques on fat
viability and retention has been evaluated in a number
of studies, most of which have compared conventional
liposuction with suction- or power-assisted liposuction.

Leong et al. compared syringe liposuction to pump-
assisted liposuction and found no differences in cell
viability, cell metabolic activity, or adipogenic responses
of cultured mesenchymal precursor cells processed from
pump and syringe lipoaspirates (33). In contrast, Pu et al.
demonstrated that syringe liposuction (Coleman technique)
yields a greater number of viable adipocytes and sustains
a more optimal level of cellular function within fat grafts
than conventional liposuction, although normal histologic
structure was maintained in fat grafts obtained by both
methods (34). Similarly, the newer harvesting devices,
LipiVage (Genesis Biosystems) and Viafill (Lipose Corp.),
also fared better than conventional liposuction. Liposuction
using the LipiVage (Genesis Biosystems) or Viafill (Lipose
Corp.) systems was associated with higher yields of viable
adipocytes, demonstrating the importance of low pressure
suction for fat viability (35,36). Gonzalez er al. have
proposed the use of fine needle aspiration (comprising a
2-mm blunt needle with a 10-cc syringe adapted to a fine-
needle aspiration apparatus) as an alternate method of
liposuction which exerts a significantly lower pressure than
hand-held syringe liposuction (using a 3-mm liposuction
cannula with a 60-cc syringe). Fine needle aspiration yielded
better fat viability (37).

Two studies evaluated the impact of ultrasound-assisted
liposuction on adipose viability. In one study, Rohrich ez 4/.
showed that external ultrasound had no significant impact
on adipocyte cellular integrity while internal ultrasound
resulted in thermal liquefaction of mature adipocytes (38).
Similarly, Shiffman and Mirrafati also showed that external
ultrasound does not destroy fat cells, although it produces
smaller bundles of fat (39). A more recent study that used a
third generation internal ultrasound device (VASER; Sound
Surgical Technologies, Louisville, CO) found no difference
in fat graft retention between the ultrasound device and
suction-assisted liposuction in a xenograft model (40).

In addition to the method of liposuction, other variables
such as cannula size and suction pressure employed during
liposuction could also have an impact on adipocyte viability.
Irrespective of the method of liposuction, a blunt-tip
harvesting cannula is utilized to withdraw the lipoaspirate
from the donor site. Two studies have established that the use
of large bore size cannulas yields a greater number of viable
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adipocytes in the lipoaspirate. In one study, a 4-mm cannula
was shown to be better than 2-3 mm cannulas (41) and in
another study, a 6-mm cannula was shown to be better than
4- and 2-mm cannulas (42). Shiffman and Mirrafati tested the
effect of various suction pressures on adipocyte viability and
noted adipocyte damage of greater than 10% with the use
of -700 mmHg vacuum (39). This finding was corroborated by
Cheriyan et al. who demonstrated that a low harvest pressure
(=250 mmHg) resulted in an adipocyte count that was 47%
higher than a high harvest pressure (-760 mmHg) (43).

Based on these studies, it appears that currently available
liposuction methods are all relatively adipocyte friendly
harvesting techniques. When using suction-assisted
liposuction, the use of low suction pressure is preferable.
Although there is no clear evidence for the superiority of
any one type of harvesting technique, a survey of members
of the American Society of Plastic Surgeons revealed that
hand-held manual suction appears to be the preferred
technique (1). With respect to harvesting cannulas, larger
sizes (=4 mm) may be preferable as they appear to increase

viable adipocyte yield.

Processing

Prior to fat grafting, the harvested fat is typically processed
in some manner to eliminate tumescent fluid, blood, cell
fragments, and free oil (from disrupted adipocytes) (17).
By eliminating these contaminants, processing aims to
retain viable adipocytes in a concentrated form, which
is believed to enhance graft take (44,45). The most
commonly performed fat processing methods are filtration,
centrifugation, or sedimentation (decantation) (1). The
filtration technique uses a platform for concentrating fat
cells and separating them from fluids, oil, and debris. As
a platform, various materials such as filters with defined
pore size, cotton gauze, metal sieve, mesh, and operating
room cloth have been used for the purpose of filtering
lipoaspirate. In the centrifugation technique, the syringe
containing the lipoaspirate is placed in a centrifuge and
spun at a specified speed and time. In the sedimentation
technique, the syringe containing the lipoaspirate is allowed
to sit for decantation to occur under the action of gravity.
In a variation of this technique the lipoaspirate is washed
with 1-3 times the volume with normal saline or Lactated
Ringer’s solution and then left to decant under gravity. In all
three cases, centrifugation, sedimentation, and washing, the
lipoaspirate is separated into three layers: an upper oil layer,
a middle purified and concentrated fat layer, and a lower
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aqueous layer consisting of blood, infiltration or washing
liquids. In addition, in the centrifugation technique, a pellet
is seen at the bottom of the centrifuge.

Attempts to determine the optimal method of fat
processing has thus far been inconclusive because of
conflicting results as summarized below.

Centrifugation vs. sedimentation

In a prospective, randomized, double-blind clinical
study, Butterwick grafted fat processed by centrifugation
in one hand and non-centrifuged fat (sedimentation)
in the contralateral hand in 14 patients (46). At 3 and
5 months postoperatively, hands that received centrifuged
fat displayed improved aesthetic outcome measured
subjectively and objectively (vein prominence and depth of
metacarpal space). In direct contrast to this study, Khater
et al. demonstrated in a series of 51 patients lipofilling
with non-centrifuged fat (sedimentation) that was serum
washed resulted in improved clinical outcome at 1-year
postoperatively compared with lipofilling with centrifuged
fat (3,400 rpm for 3 min) (47). In vitro examination
revealed the presence of a greater amount of preadipocytes
in the cultured non-centrifuged adipose tissue and more
distinctly expressed cell proliferation. Likewise, Condé-
Green et al. showed that cell count per high-powered field
of intact nucleated adipocytes was significantly greater in
decanted lipoaspirates, whereas centrifuged samples showed
a greater majority of altered adipocytes (48). However,
mesenchymal stem cell concentration was significantly
higher in washed lipoaspirates compared to decanted and
centrifuged samples but the pellet collected at the bottom
of the centrifuged samples had the highest concentration.
The authors concluded that washing may be the best
processing technique for adipose tissue graft take and
recommended that if centrifugation is used, the pellet
containing mesenchymal stem cells should be added to the
concentrated adipose phase to augment graft take.

Centrifugation vs. filtration

In a clinical study, using subjective and objective
evaluations, clinical outcome was deemed comparable
between centrifuged fat (3,000 rpm for 3 min) and filtered,
washed fat (49). In this prospective, double-blind study
in 25 patients undergoing facial fat transplantation, half
the face was injected with filtered and washed fat while
the other half injected with centrifuged fat. At an average
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follow-up period of 12 months, the implanted hemifacial
regions demonstrated comparable results.

In a nude mouse model, Ramon et /. demonstrated that
human fat processed by operating room cloth concentration
was comparable to that processed by centrifugation (50).
After 16 weeks postimplantation, no significant differences
in weight and volume of explanted fat graft were noted
between the two processing methods. Histologic analysis
of the fat grafts revealed significantly less fibrosis within
the graft processed by operating room cloth, suggesting
that the quality of the fat graft was better than that
processed via centrifugation. Similar to this study, Minn
et al. reported no significant differences in fat graft
survival rates in nude mice between grafts prepared by
centrifugation, metal sieve concentration, and cotton
gauze concentration (51). Two recent studies have further
corroborated the comparable outcome of centrifugation
and filtering as processing methods. Salinas ez al. reported
that lipoaspirate processed by centrifugation at 1,200 xg
or using mesh/gauze concentration yields an equivalent
amount of concentrated fat, about 90% concentrated
fat (45). In addition, the number of adipose-derived
stem cells in 1 g of concentrated fat was equivalent. The
explanted fat grafts from the two methods also exhibited
equivalent weights after 4 or 6 weeks implantation in
nude mice. Fisher ez 2/. demonstrated in the nude mice
model that filtration (using an 800-um pore size filter) and
centrifugation both effectively removed fluid fractions and
resulted in comparable graft retention (40). When they
compared these two methods with cotton gauze rolling,
the latter method resulted in greater fat graft retention.
The authors suggested that cotton gauze rolling may be
best suited for grafting cosmetically sensitive areas of the
body in which optimal retention is critical and lower total
graft volumes are needed while filtration and centrifugation
would be preferable when larger volumes are required.

Optimal centrifugation conditions

The Coleman technique is the most widely used
centrifugation protocol in which the lipoaspirate is
centrifuged at ~1,200 xg (3,000 rpm) for 3 min (52). Some
studies that evaluated optimal centrifugation conditions have
also suggested a centrifugal force of ~1,200 xg (3,000 rpm)
to be optimal in concordance with Coleman’s protocol.
Kurita et a/. compared 6 centrifugation speeds (0, 400, 700,
1,200, 3,000, or 4,200 xg for 3 min) to evaluate the effects
of centrifugation on lipoaspirates and graft take in nude
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mice (53). They reported that centrifugation at more than
3,000 xg significantly damaged adipose-derived stem cells
and recommended 1,200 xg as an optimized centrifugal
force for obtaining good short- and long-term results in
adipose transplantation. In an iz vitro study, Kim er al.
compared the number of viable fat cells after fat samples
were centrifuged for 1, 3, and 5 min at 1,500, 3,000, and
5,000 rpm, respectively, with uncentrifuged fat (29). Cell
survival rates were significantly lower when centrifuged
at 1,500 and 3,000 rpm for more than 5 min and when
centrifuged at 5,000 rpm for more than 1 min. The authors
recommended centrifugation at 3,000 rpm for 3 min as
being optimal.

Other studies have contended that even lower
centrifugal forces than the Coleman protocol may be
more adipocyte friendly. Hoareau ez al. subjected adipose
tissue to soft (100 xg/1 min and 400 xg/1 min) and strong
(900 xg/3 min and 1,800 xg/10 min) centrifugal forces
and evaluated graft viability in immunodeficient mice (54).
Strong centrifugation resulted in 3-fold more adipocyte
death than soft centrifugation. The authors suggested that
soft centrifugation (400 xg/1 min) seems to be the most
appropriate protocol for the reinjection of adipose tissue.

While other studies have found that centrifugation
irrespective of the centrifugal force is deleterious to
adipocytes. Xie er al. subjected lipoaspirates to four different
centrifugal forces (1,000, 2,000, 3,000, 4,000 rpm) and
evaluated fat cell viability via an in vitro glucose transport
test (55). Compared with no centrifugation, centrifuged
samples demonstrated a significant and linear reduction
in fat cell viability with increasing centrifugal force.
Histological analyses revealed significantly distorted and
fractured adipocytes when the centrifugal force reached
4,000 rpm (1,145 xg).

Yet other studies suggest that centrifugal force has no
effect on adipocyte viability. Using eight different centrifugal
forces (up to 20,000 xg) Pulsfort e a/. showed no significant
alterations in the viability of centrifuged adipocytes (56).
Further, cultivation of isolated adipocyte after centrifugation
revealed no apoptotic changes. However, lipoaspirates
centrifuged with higher accelerations seemed to be better
cleansed of oil and cell debris than samples treated with
lower centrifugal forces. Lee e al. centrifuged lipoaspirates
at various speeds (50 xg, 200 xg, 1,200 xg, 5,000 xg,
10,000 xg, and 23,000 xg) for 3 min and injected aliquots
of purified fat into nude mice to evaluate graft weight and
histology at 4 weeks post implantation (57). A statistically
significant linear increase in graft take was seen as the speed
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was increased up to 10,000 xg but there was no histological
difference between the grafts. In a subsequent study by
the same group, the increase in graft take with increasing
centrifugation speeds was associated with increasing
concentration of the adipocyte fraction as the speed was
increased to 5,000 xg (45). Beyond 5,000 xg the adipocyte
fraction did not change significantly, suggesting that
5,000 xg results in nearly 100 percent concentrated fat.
Adding back tumescent solution (surgical or fresh) or cell
pellet to the concentrated fat before grafting resulted in
reduced graft retention while adding back oil did not affect
graft take.

Newer processing techniques

Fat processing using the conventional methods
(centrifugation, filtering, and sedimentation) can be
cumbersome and time consuming to perform in the
operating room, particularly if processing large volumes
of fat. In order to simplify fat processing, commercial fat
processing systems are now available that simultaneously
wash and filter lipoaspirates in a closed system (e.g.,
PuregraftTM, Cytori Therapeutics, Inc., San Diego, CA
and REVOLVE™, LifeCell Corp., Branchburg, NJ).
These systems have also been shown to result in greater
fat retention than conventional methods. Zhu et a/.
demonstrated that grafts prepared by the Puregraft"™ (Cytori
Therapeutics) system exhibited significantly reduced blood
cell and free lipid content with significantly greater adipose
tissue viability than grafts prepared by sedimentation or
Coleman centrifugation (58). Ansorge et a/. showed that the
REVOLVE™ (LifeCell Corp.) system yielded significantly
less blood cell debris, a higher percentage of adipose
tissue, and a lower percentage of free oil compared with
sedimentation or Coleman centrifugation (59). In nude mice,
fat tissue retention from REVOLVE™ (LifeCell Corp.)
samples was significantly higher than that from decanted
samples and similar to that from centrifuged samples.

Based on the published literature, any one method of
fat processing doesn’t appear to be superior. A survey of
American Society of Plastic Surgeons indicates that filtering,
sedimentation, and centrifugation are all equally popular (1).

Our current protocol for fat processing is via the
REVOLVE™ (LifeCell Corp.) system; prior to which,
we used the Coleman centrifugation technique. With the
REVOLVE™ (LifeCell Corp.) system, the lipoaspirate
can be channeled directly into the system (Figure I), which
is convenient as this eliminates lipoaspirate handling in
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Figure 1 REVOLVE™ (LifeCell Corp.) fat grafting system.

Table 1 Comparative analyses of fat processing using the
REVOLVE ™ (LifeCell Corp.) system and centrifugation
REVOLVE system Centrifuge method

Endpoint [mean + SD [mean + SD P value
(range)] (range)]

Volume of fat  507.8+106.4 137.4+45.6 <0.0001

harvested, mL [200-700] [70-350]

Volume of fat 179.0+44.1 82.4+32.0 <0.0001

injected, mL [80-260] [40-200]

Operative 30.0+5.9 84.9+13.1 <0.0001

time*, min [20-45] [60-124]

*, from harvest to completion of grafting; P value was
calculated using unpaired t-test. SD, standard deviation.

syringes. In addition, according to the manufacturer, the
system can process up to 800 mL of lipoaspirate in less than
15 min which may translate to a reduction in operating room
time. To evaluate this claim, we performed a retrospective
review of our patients who underwent autologous fat grafting
to the breast over a 2-year period (60). The volume of fat
harvested, volume of fat injected after processing, time
taken to complete fat grafting (from harvest to injection),
and complications within 60 days of grafting were compared
between the two processing methods. There were a total of
118 patients in the centrifugation and 103 patients in the
REVOLVE™ (LifeCell Corp.) group. We found that the
mean volume of fat harvested and injected were significantly
higher in the REVOLVE™ (LifeCell Corp.) group and
the time to complete fat grafting was significantly shorter,
30 vs. 85 min (Table 1). There were no complications in
either group. These results suggest that the convenience of
using a streamlined system for fat harvesting and processing
allows for a larger volume of fat to be harvested and injected
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than would normally be the case using a conventional method.
The all in one system also eliminates unnecessary fat handling
time which could translate to reduced operative time.

Placement

The placement of the processed concentrated fat into a
recipient site is one of the most challenging aspects of fat
grafting. The general principle is to position small parcels of
fat between layers of host tissue so as to encourage uniform
survival, stability, and integration into the surrounding
tissues (52). This could be particularly challenging in a
postmastectomy reconstructed breast where host subcutaneous
tissue has been voided. Thus, in this case, fat parcels are
positioned between the overlying breast skin and the pectoralis
major muscle. It is also generally understood that injecting
a single bolus of a large volume of fat is to be avoided as this
leads to fat necrosis and a poor outcome because of a lack of
sufficient contact with vascularized host tissue.

Although there is no standardized fat placement technique,
the Coleman technique is the most widely used (52). In this
technique, fat is injected using a blunt Coleman infiltration
cannula attached to a 1 mL syringe while withdrawing the
cannula. Other syringe sizes (3 and 10 mL) as well as various
cannula tip shapes, diameters, lengths, and curves may be used
depending on the volume of fat to be placed and the recipient
site. The use of wider-diameter cannulas (2.5 mm) may
however be preferred as they have been shown to potentially
improve fat graft survival and reduce fat graft resorption
compared with small-diameter cannulas (1.6 or 2 mm) (41).
Instead of cannulas, needles may also be used for fat injection.
Evidence suggests that the size of the needles does not appear
to affect cell viability, at least when using 14, 16, and 20 gauge
needles (42). But for any given needle size, it appears that fat
viability is influenced by the shear stress, which is a function of
flow rate. Fat injected at a slow rate (low shear stress) results
in better fat graft retention than fat injected at a fast rate (high
shear stress) (57).

The volume of fat injected appears to be another
important variable that may influence graft viability and
retention. Choi er a/l. applied 3-dimensional imaging
technology to assess volumetric fat graft survival following
autologous fat transfer to the breast (61). They reported
that patients receiving higher volumes (average of 151 cc)
of injected fat had slower volume loss and greater total
volume retention than those receiving smaller volumes
(average of 51 cc). Moreover, the time from fat injection
also impacted retention rates; the longer the time from fat
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Figure 2 Preoperative views of a 31-year-old BRCA positive female who elected prophylactic mastectomy with immediate reconstruction.

injection, the lower the fat retention. In further evaluating
the impact of graft volume, Del Vecchio et 4/. identified
the graft-to-capacity ratio (defined as the volume of
grafted fat in relation to the volume of the recipient site) as
another important variable to consider (62). In 30 patients
undergoing large-volume fat transplantation to the breast,
the authors calculated the average graft-to-capacity ratio
using pre-operative quantitative volumetric analysis (using
3-dimensional breast imaging), volume of fat injected,
and post-operative quantitative volumetric breast imaging
at 12 months. Patients whose graft-to-capacity ratio
exceeded 1 standard deviation (SD) of the calculated
average had a lower percentage of volume maintenance at
12 months. Conversely, those who had a graft-to-capacity
ratio that was 1 SD lower than the average demonstrated
a higher percentage of volume maintenance. Thus, an
understanding of the biology and volumetric capacity of
the recipient site may lead to more consistent outcomes
following fat grafting.

In reconstructed breasts, prior irradiation is also an
important variable that could impact graft retention. In
an experimental study, human fat grafts injected into
irradiated mice were shown to reduce radiation-induced
fibrosis but fat graft retention was significantly lower than
in nonirradiated tissue (63). In contrast to this study, two
clinical studies have shown that prior irradiation to the
breasts had no impact on fat retention (26,61).

In summary, current data suggests that fat should
be ideally injected with low shear stress taking into
consideration the volume or graft-to-capacity to optimize
graft retention.

Authors’ tips

We have been using fat grafting for over 7 years to correct
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volume, shape, and contour deformities at the second stage
of implant-based reconstructions in irradiated as well as
nonirradiated breasts (Figure 2). As delineated in the review
of the literature above, the outcome of fat grafting is highly
dependent on the technique. Over the years we have refined
our technique and established some principles:

@ Handling of fat tissue. When handling fat tissue,
surgeons need to be cognizant that fat tissue is
living tissue. Delicate handling during harvesting,
processing, and injection is of utmost importance
to preserve its integrity. Exposure to inappropriate
external forces, including mechanical, chemical,
or barometric, should be avoided to minimize the
risk of cellular damage and necrosis which could
adversely affect graft viability and retention. In
addition, the harvested fat should be maintained
as close as possible to body temperature to
maximize its survival;

(II)  Preoperative planning. As with any surgical
procedure, preoperative planning is important. A
thorough patient evaluation should be performed
that includes an assessment of the patient’s body
habitus, prior breast surgeries, and any medical
history that might complicate surgery. The
amount of fat that would be required to address
a particular breast deficit and the potential site
of procurement should also be assessed and
determined prior to the surgical procedure.
In assessing for a suitable donor site, clinical
judgment is needed to select a site that is likely
to have a good outcome keeping in mind that
sometimes donor site irregularities, as a secondary
complication of fat grafting, may be more difficult
to treat. In addition, one has to be mindful that
a total autologous reconstruction may be needed
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depending on the patient’s cancer stage and breast
reconstruction outcome, especially if the patient is
considering it, and therefore the abdomen, at least
the lower portion and peri-umbilical area should
be preserved;

(III) ~ Sterile technique. General principles of sterile
technique should be observed at all stages of
the procedure. Preoperative preparation using
antimicrobial scrubs and prep solutions should be
adhered to;

(IV)  Tumescent solution. In general, about 1 mL of
tumescent solution is injected for every 1 mL
of lipoaspirate to be extracted. At least 7 min
is needed for the vasoconstrictive effects to set
in before fat extraction can be performed. Our
standard tumescent solution is 20 cc of 1%
lidocaine and 1 ampule of epinephrine in 1 L of
Lactated Ringer’s solution;

(V)  Fat aspiration. We typically use a 3-4 mm
cannula size, depending on the location of the
donor site, with low-suction vacuum. Suction-
assisted lipectomy is preferred as it allows for
more control in setting the pressure and gentle
movements are utilized to harvest the fat;

(VI) Processed fat. At times, the processed fat is kept
for a period of time prior to injection as the
surgeon is busy performing another procedure.
However, this can be detrimental to graft survival
given that the fat has now lost the core body
temperature that was harvested from. The goal is
to harvest, process, and inject immediately;

(VII) Fat injection. We advocate use of low-pressure
when injecting the processed fat into the recipient
site. However, increased pressure may sometimes
be needed, for example, when injecting into
scarred planes of tissues; but, it is important to
be aware of the amount of pressure that is being
exerted to inject the fat. High pressures on a
plunger have a negative effect on fat survival;

(VIII) The efficacious combination of procurement,
processing, and placement should always be
considered during fat grafting.

Future of fat grafting

Given the versatility of fat tissue as well its biocompatibility,
fat grafting will continue to be an important component
of breast reconstruction. Although currently fat grafting
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is utilized almost exclusively as an adjunctive procedure in
breast reconstruction (1), the stage is being set for its use
as the primary means of reconstruction (2). However, fat
grafting alone to reconstruct a breast cannot be feasible
in all patients because of fat availability which is a major
limitation. But, as surgeons become more comfortable
with fat grafting and with technology evolving to simplify
the process, we could see fat grating playing a more
prominent role in breast reconstruction; for example, in
partial substitution of the implant for fat (i.e., changing the
ratio of implant volume to fat by using a smaller implant
and substituting with a larger volume of fat). Again,
fat availability would pose a limitation. Fat may also be
combined with biologic scaffolds to create what we call
“bioengineered breasts” (Figures 3,4). In this construct,
an acellular matrix is used at the lower pole with a tissue
expander in the first stage of reconstruction followed by
submuscular placement of a second acellular matrix at the
upper pole plus fat grafting along with an implant in the
second stage. The combination of acellular matrix and
autologous fat provides the soft tissue volume to address
tissue deficiency. The acellular matrix placed submuscularly
serves as a scaffold to support tissue regeneration,
generating a layer of soft tissue at the upper pole while
autologous fat grafting provides the extra padding to
smooth out deficiencies in the breast shape/contour as
well as mask deformities. This powerful combination of
constructs will better allow us to achieve the ultimate goal
of breast reconstruction—to recreate a breast that looks and
feels like the natural breast.

Conclusions

Although it is well acknowledged that the clinical outcome
of fat grafting is dependent on the technique, a review of
the published literature does not provide clear guidance as
to the optimal technique at each of the stages of fat grafting.
Nonetheless, the use of lower abdomen and medial thigh
as donor sites, use of low suction pressure for liposuction,
use of large bore-sized harvesting cannulas, use of low
centrifugation forces (if using centrifugation for processing),
use of low shear stress during injection, placement of small
parcels of fat, and optimizing the volume of fat injected
to the capacity of the recipient site were noted to be
associated with improved fat retention. Surgeons should be
cognizant that the injected fat tissue has to survive at times
in a hostile recipient site. Thus, every effort needs to be
made to enhance graft take and all the factors mentioned
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Figure 3 Padent in Figure 2 after bilateral nipple sparing mastectomy and immediate breast reconstruction with 133 MV 400 cc expanders,

AlloDerm RTU, and Botox for muscle relaxation. (A-C) Post-operative day 10 following surgery; (D-F) 2 months after surgery.

Figure 4 Patient in Figure 2 following bilateral breast reconstruction with silicone implants (410 MV 550 cc) and fat grafting. Fat was
processed using the REVOLVE (LifeCell Corp.) system. (A-C) 2 weeks after surgery; (D-F) 10 months after surgery.
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above should be taken into consideration. In addition,
one must not forget that maintaining the fat as close to
core body temperature as possible and immediate grating
following harvest also enhances graft take. Clearly, rigorous,
controlled studies are needed to determine optimal grafting
conditions; but, for now surgeons may have to rely on
optimizing their technique of choice.
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