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Introduction

Breast cancer is the leading cause of cancer in fema-
les across Europe, is estimated to affect more than one
in 10 women, and accounts for 28.8% of cancer cases
in females (1). Treatment typically includes surgery in
the form of mastectomy or breast-conserving surgery
(BCS). This is often combined with radiotherapy (RT),
chemotherapy, and/or hormonal therapy (2). Autologous
fat transplantation (AFT) represents a simple solution
to restore the profile of the breast after reconstruction
(3). AFT was initially performed by Neuber in 1893 to
fill in depressed scars. Its current use dates back to 1987,

when Bircoll (4) described a method that coupled li-
posuction with autologous transplantation of harvested
fat into the breast. The major advantage cited for this new
technique was the presence of virtually limitless donor
tissue that was soft and malleable (4). In breast recon-
struction, unlike elsewhere in the body, adipocytes are
implanted in a loose, poorly vascularized space (5). The-
refore, for adipocyte survival, the fat needs greater con-
tact with the host tissue to ensure adequate nutrition and
immobilization during the first few days as the adipocytes
become incorporated (5). These anatomical characteri-
stics in the breast explain the high resorption rate found
in literature. In 1987, Coleman developed the concept
of structural fat grafting which describes the insertion
of small amounts of fat in multiple tunnels and in many
layers and directions. This results in the largest possible
number of adipocytes being in contact with host tissue
and, thus, receiving adequate nutrition for survival (6).
Coleman’s technique consisted of three steps: manual li-
poaspiration under low pressure, centrifugation for 3 min
at 3000 rpm, and reinjection in three dimensions (3, 6,
7). This technique is superior to conventional liposuc-
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Background. Autologous fat transplantation is used after breast
reconstruction to improve the breast profile. There are a variety of dif-
ferent methods used for fat harvesting, preparation, and reinjection.
This study describes the specific techniques we used in this series of au-
tologous fat transplantations in breast reconstruction patients and re-
ports their outcomes compared with other studies in the literature.

Patients and methods. At the University Hospital of Parma
between May 2012 and December 2016, we performed 53 autologous
fat transplantations for secondary breast reconstruction patients with
an average age of 49 years (range: 34–65 y). A tumescent fluid (NaCl,
epinephrine, and a local anaesthetic) was injected, and the lipoaspira-

te was harvested using a closed aspiration–injection system connected to
a 50 ml syringe, a 4 mm infiltration cannula, and a -650 mmHg va-
cuum. The average amount of lipoaspirate obtained was 100 ml (ran-
ge: 50–200 ml). Centrifugation of the lipoaspirate (3000 rpm for 3
min) was performed to isolate the adipose tissue (average amount ob-
tained, 80 ml; range: 30–180 ml). Under local anaesthesia, the retro-
grade injection of thin layers of fat graft in multiple tunnels was perfor-
med in the subcutaneous and/or subglandular planes.  

Results. Average follow-up was six months. Comparable to other
studies, our complication rate was 7.4% (n = 4/53) and included cyst
formation at the injection site (n = 1/53) and hematoma at the donor
site (n = 3/53).  Repeat fat grafting was performed in 28.3% of pa-
tients (n = 15/53) due to fat graft resorption.

Conclusions. Autologous fat transplantation is a useful procedure
for correcting irregularities in the breast contour in secondary breast re-
construction. 
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tion for harvesting and processing fat grafts because the
fat grafts contain a greater number of viable adipocytes
and sustain more optimal cellular functioning than fat
grafts harvested with conventional liposuction performed
by an experienced surgeon (3, 6, 7). Numerous modi-
fications to the Coleman technique have been attemp-
ted to improve the survival of the injected fat, including
atraumatic fat harvesting, fat washing to eliminate in-
flammatory mediators, centrifugation, and incubation
of fat grafts with different bioactive agents (3, 6, 7). 

Plastic surgeons and patients seeking breast recon-
struction may have drastically different images in mind
of what constitutes an attractive, natural, and ideal brea-
st shape (8). The indications for fat grafting in post-ma-
stectomy reconstruction are numerous, but all essentially
involve improving the contour, shape, and volume (9).
There are important landmarks in the female breast, for
example, the creation of a well-defined inframammary
fold is a fundamental element in obtaining a good ae-
sthetic result after breast reconstruction (9). Losken et
al. (10) reported a study of 107 patients with a history
of breast cancer who had undergone autologous fat graf-
ting for secondary breast reconstruction. They found lo-
cations needing contour improvement and additional vo-
lume in all quadrants; however, in implant-based re-
constructions, the upper pole was a more common site
of fat grafting to provide a more natural transition
between the implant and the upper chest wall. In thin
patients with implant rippling, additional coverage
should be achieved with care taken to not violate the im-
plant pocket (10). In fact, AFT can be used after re-
construction with implants or muscle flaps with or
without tissue expansion. Appropriate tissue expansion
allows the use of autologous flaps or the insertion of de-
finitive prosthetic implants for breast reconstruction. This
could be carried out with the aid of a computer program
to help the surgeon select the proper tissue expander whi-
le planning breast reconstruction (11, 12). Fat grafts are
preferred over other graft types for the correction of vo-
lume and contour defects because fat is autologous, abun-
dant, and easily harvested (3). 

AFT is now commonly used, and many variations in
the techniques for fat harvesting, preparation, and
reinjection have been reported (7). In breast recon-
struction surgery, fat transplantation can be used not only
to fill atrophic scars, but also to reduce scar contractu-
re as a regenerative alternative to other surgical techni-
ques (13). Indeed, fat is an active and dynamic tissue com-
posed of several different cell types, including adipocy-
tes, fibroblasts, smooth muscle cells, endothelial cells, and
adipogenic progenitor cells called pre-adipocytes (14, 15).
Stem cells isolated from lipoaspirates have demonstra-
ted a broad in vitro adipogenic, chondrogenic, osteogenic,
and myogenic lineage commitment (16-18) as well as the
ability to differentiate into pancreatic cells, hepatocytes,

and neurogenic cells (16-18). Cytometric analysis of adi-
pose-derived stem cells (ASCs) has shown that these cel-
ls do not express CD31 and CD45, but do express CD34,
CD73, CD105, and the mesenchymal stem cell marker,
CD90 (19,20). ASCs have a differentiation potential si-
milar to that of other mesenchymal stem cells as well as
a higher yield upon isolation, and a greater proliferati-
ve rate in culture than bone marrow-derived stem cells
(21). Owing to these properties, and because they can
be easily harvested in great amounts with minimal do-
nor-site morbidity, ASCs are particularly promising for
regenerative therapies (22). Mojallal et al. (23) showed
that fat tissue grafting stimulates the neosynthesis of col-
lagen fibres at the recipient site and makes the dermis
thicker, thereby improving skin quality. Rigotti et al. (24)
reported that the transplantation of lipoaspirates con-
taining adult ASCs is a highly effective therapeutic ap-
proach for the treatment of chronic degenerative lesions
that are late effects of oncologic radiation treatments. In
the 1980s, concerns over the development of fat necrosis
and consequent calcification, which could compromi-
se the early detection of breast cancer, led to widespread
scepticism about the application of the technique to brea-
st deformities (25). In 2009, a task force of the Ameri-
can Society of Plastic Surgeons made recommendations
for the safe and efficacious use of fat grafting to the brea-
st (26).

Patients and methods

From May 2012 to December 2016 at the Univer-
sity Hospital of Parma, we performed 53 autologous fat
transplantations for secondary breast reconstruction af-
ter simple mastectomy or BCS. The average patient age
was 49 years (range: 34–65). The type of primary re-
construction included latissimus dorsi with implants (6%,
n = 3), simple mastectomy with implant reconstruction
(43%, n = 23), and BCS (51%, n = 27). Fat injection
was performed in 48% of the patients (n = 24) in the
left breast, in 35% (n = 19) in the right breast, and in
17% (n = 10) bilaterally. In this study, we described the
harvest and processing technique, the amount of fat injec-
ted, and the outcomes through a comparison with data
reported in the literature.

Harvesting
It is widely accepted that less traumatic methods re-

sult in increased viability of adipocytes and graft survi-
val (27). Several techniques have been proposed for fat
harvesting, and there is ongoing debate in the literatu-
re as to which method produces more viable and func-
tional adipocytes (3). The most frequently used methods
for fat harvesting are vacuum aspiration or syringe aspi-
ration with or without the infiltration of tumescent fluid
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(3). No difference in cell viability, cell metabolic acti-
vity, or adipogenic response was found after harvesting
fat by syringe liposuction compared with pump-assisted
liposuction (28). The tumescent technique causes hy-
drodissection and enlarges the target fat layer, facilita-
ting the subsequent aspiration and decreasing pain and
ecchymosis (27). 

We performed autologous fat transplantation for se-
condary breast reconstruction under local anesthesia and
sedation as day surgery. The operating room had a cen-
trifuge (Lipokit; Medikhan, Korea) equipped with a clo-
sed aspiration–injection system connected to a 50 ml sy-
ringe (Figure 1) that was used to introduce the Klein so-
lution and subsequently to harvest the fat graft. First of
all, the various adipose areas of the body were examined
to identify the natural fat deposits. No differences in cell
viability have been found among fat removed from the
abdomen, flank, thigh, and medial knee (29). However,
increased adipose stem cell levels have been observed in
fat from the lower abdomen compared with those in the
other anatomical locations (29). Once the area from whi-
ch the fat graft was to be harvested was identified, a lo-
cal anaesthetic was administered, and a stab incision was
made into the fat tissue. Then, through a 4 mm infil-
tration cannula and a 50 ml syringe connected to the clo-
sed aspiration–injection system, Klein solution (30), whi-
ch is a tumescent fluid consisting of NaCl, epinephri-
ne, and a local anaesthetic drug, was injected (Figure 2).
It has been observed that the shear stress exerted on har-
vested fat affects adipocyte viability, with lower shear stres-
ses associated with improved graft survival (31). Therefore,
the lipoaspirate was harvested using a 4 mm suction can-
nula and a 50 ml syringe connected to a closed aspira-
tion–injection system with a -650 mmHg vacuum (Fi-
gure 3). If it was necessary to process more lipoaspira-
te, we used additional 50 ml syringes. The average amount
of lipoaspirate harvested was 100 ml (range: 50-200 ml). 

Cell damage of greater than 10 percent has been de-
monstrated to occur with the use of a -700 mmHg va-
cuum (32). An inverse relationship exists between cel-
lular damage and the diameter of the instrument used
to extract the fat (32). In their prospective study, Oz-
soy et al. (33) demonstrated a greater number of viable
adipocytes with a 4 mm diameter cannula than with 2
or 3 mm cannulas. Erdim et al. (34) reported increased
graft viability in fat harvested by liposuction using a 6
mm cannula compared with grafts obtained by 4 mm
and 2 mm cannulas. 

Processing
The principal fat-processing techniques described in

the literature include centrifugation, filtering, decanta-
tion, and washing. The decision which technique to use
often is dependent on the volume of fat required for tran-
splantation, the availability of equipment (e.g., centri-

fuge), and the surgeon’s own personal preference (35).
Fat processing is necessary because the lipoaspirate con-
tains not only adipocytes but also collagen fibres,
blood, and debris. These elements can cause inflamma-
tion at the recipient site, which can be detrimental for
the fat graft (36). Blood must be extracted because blood
accelerates the degradation of the transplanted fat (37).
Centrifugation based processing resulted in higher
ADSC numbers but decreased cell viability counts than
decantation (38). When centrifugation is used, several
of the articles suggested that forces greater than 3000 rpm
(1200 g) cause more cellular damage (7). 

We separated the purified fat from cell debris by cen-
trifugation, as described in the widely-used protocol by
Coleman (39). Once the fat was harvested, the fat sy-

119

Autologous fat transplantation for secondary breast reconstruction: our experience

Figure 1 - Centrifuge equipped with a closed aspiration–injection system (Li-
pokit; Medikhan, Korea).

Figure 2 - Klein’s Solution introduced at the the donor site by means of a 50
ml syringe connected to a closed aspiration–injection system.
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ringes were centrifuged at 3000 rpm for 3 min in the Li-
pokit. After centrifugation, three layers are observed: the
first layer includes lipids, which are removed using ab-
sorbent material; the second layer is composed of the fatty
tissue; and the third layer, containing blood, tissue fluid,
and the local anesthetic, is ejected from the base of sy-
ringe (Figures 4, 5). The middle layer is routinely used
for adipose tissue grafting (3, 39). The average amount
of adipose tissue obtained by processing of the lipoaspirate
was 80 ml (range: 30-180 ml).

Injection
In our patients, under local anaesthesia and throu-

gh a small skin incision in the breast, a 4 mm cannula
was introduced to release dermofascial adhesions and scar
tissue. Then, the same cannula was used to inject the fat
graft into the subcutaneous and subglandular plane af-
ter breast-conserving surgery, or into the subcutaneous
plane after mastectomy (Figure 6). Retrograde injection
of thin layers of fat in multiple tunnels was performed.
We avoided excessively large deposits of fat since they
may result in liponecrosis and graft loss. 

Most surgeons practice Coleman’s method, in whi-
ch small amounts of fat are injected in thin strips at dif-
ferent levels of the subcutis (39). Graft survival is de-
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Figure 3 - Lipoaspirate harvested using a 4 mm suction cannula and a 50 ml
syringe connected to a closed aspiration–injection system, with a -650 mmHg
vacuum.

Figure 4 - Lipoaspirate after centrifugation at 3000 rpm for 3 min. It is pos-
sible to observe three layers: the first consists of lipids; the second is com-
posed of fatty tissue; and the third contains blood, tissue fluid, and local anae-
sthetic.

Figure 5 - Adipose tissue obtained after the ejection of the third layer from
the base of the syringe. 
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pendent on the diffusion of nutrients from neighbou-
ring capillaries and, hence, fat parcels must be kept small
to maximize survival. Carpaneda et al. (40) assessed graft
viability as a function of injected volume. They postu-
lated that nutrition was obtained by imbibition from pla-
sma across a distance of 1.5 mm and showed that in grafts
with diameters greater than 3 mm, graft viability was in-
versely proportional to graft diameter (40).

Outcomes
The average follow-up period for our patients was 6

months (range: 3-9 months). The rate of complications
was 7.4% (n = 4/53). Complications at the fat injection
site (cyst formation) occurred in 1.8% of the patients (n
= 1/53). A hematoma occurred at the donor site in 5.6%
of patients (n = 3/53). Fat injection was repeated in
28.3% of patients (n = 15/53); it was repeated two ti-
mes in nine patients and three times in six patients. Re-
peat treatment was required due to fat graft resorption.
The average time between the first and second treatments
was 5 months (range: 3–9 months). Our complication
rate and the need to repeat the treatment after fat graft
resorption was consistent with data reported by others
in the literature.

In a review of 33 studies with a total of 5502 patients,
Groen et al. (41) reported 461 complications, for a to-
tal complication rate of 8.4% (95% CI: 7.6-9.1).
Complications included nodules/masses in 11.5%, cyst
formation in 6.9%, hematoma in 6.3%, calcifications in
5.2%, breast striae in 4.4%, fat/liponecrosis in 4%, gra-
nulomas in 3.6%, infections/cellulitis in 0.8%, seroma
in 0.8%, donor site infection in 0.7%, abscess in

0.6%, pneumothorax in 0.2%, and delayed wound hea-
ling in 0.1%. Beck et al. (42) reported an objective com-
puted tomography analysis that showed low fat resorp-
tion rates during the first 3 months (0-9.54%), followed
by an increase in the average fat resorption rate to 51.72%
by the ninth month. The rate of fat resorption remained
stable after the ninth month, and even seemed to be lower
(44.02%) after 3 years. In a review of 24 studies, Agha
et al. (43) reported 207 complications, occurring in 7.3%
of 2832 treated breasts.

Discussion

Autologous fat transplantation is a promising tech-
nique for improving aesthetic results after BCS and brea-
st reconstructions with prostheses or autologous tissues
following mastectomy (44). It is a simple procedure that
can help obviate the need for more extensive surgery such
as that using myocutaneous flaps, and it is often used to
correct small defects after breast cancer reconstruction
(44). Often, however, patients find the improvement af-
ter this procedure insufficient, and the procedure
should be repeated to obtain a satisfactory result. We
performed 53 autologous fat transplantations by using
a closed aspiration–injection system with a -650 mmHg
vacuum, 4 mm cannulas, and processing by centrifu-
gation. Recent studies have demonstrated that fat har-
vested using a blunt cannula and refined by centrifuga-
tion as described above has a greater than 90 percent ASC
survival rate in histologic studies (45) and near-normal
adipose cellular enzyme activity (45, 46). Concerning the
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Figure 6 - The injection of fat graft to restore the
profile of the left breast in a patient who pre-
viously underwent mastectomy and recon-
struction with an implant.
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effects of cannula sizes on fat graft outcomes, Shiffman
and Mirrafati used cannulas ranging from 2.5-3.7 mm
in diameter, various suction pressures, and injection need-
les to discern if there was an effect on cellular viability
levels. The only significant result was that cellular damage
greater than 10 percent occurred when a vacuum pres-
sure of −700 mmHg was exceeded (31). The pool of ASCs
in the grafted fat plays an important role in enhancing
angiogenesis, minimizing the local inflammatory response,
and improving integration of the transplanted fat and
the overall long-term results (45). As reported by Klin-
ger et al., the regenerative effects of ASCs in the fat graft
reduce the scar contracture rate, improve the skin tex-
ture, and decrease neuropathic pain (47). The chances
of survival are higher the less the fat graft is manipula-
ted and the more quickly it is re-injected (48). Choi et
al. (49) analysed volumetric data obtained using 3D ima-
ging over a certain time course, and found that breast
tissue has a resolution similar to that of soft tissue ede-
ma, and that approximately 40-50% of the injected fat
volume was retained at 5 months after the procedure (49).

In our series, we performed the secondary fat grafting
in 15 patients at an average of the fifth postoperative
month. The low rate of very minor complications
(7.4%), which is compatible with other data in the li-
terature, highlights the safety of this procedure. Similarly,
in 2005, Spear et al. (50) reported an 8.5% complica-
tion rate for the correction of contour deformities in 37
patients. 

Conclusion

In secondary breast reconstruction, autologous fat
transplantation is an acceptable procedure for correcting
irregularity and deformities that does not compromise
oncological outcomes and minimizes patient discomfort.

Disclosure
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