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Summary Background: Autologous fat grafting to the breast for cosmetic enhancement re-

mains controversial because the efficacy and fate of fat grafting to the breast are primarily

unknown. In this report, we present our retrospective study in 66 patients who underwent

autologous fat grafting to the breast for various cosmetic reasons and who were followed with

sonography, mammography, or magnetic resonance imaging (MRI).

Methods: Sixty-six patients who desired cosmetic enhancement of the breast for various rea-

sons underwent autologous fat transplantation between August 2000 and March 2005 in our in-

stitution. The cosmetic outcome was assessed by the plastic surgeons as well as the patients.

The imaging features of fat necrosis, cyst formation, and calcification in these patients were

carefully studied and biopsies of palpable lumps were evaluated histologically.

Results: All patients were followed from 13 to 61 months with an average of 37 months. Breast

cosmetic contour was significantly improved in 28 patients (42.4%), improved in 24 patients

(36.4%), and not improved in 14 patients (21.2%) as judged by the plastic surgeons. Twenty-

seven patients (40.9%) were very satisfied, 26 patients (39.4%) were satisfied, and 13 patients

(19.7%) were unsatisfied. Eleven patients (16.7%) developed liponecrotic cysts but only two

patients elected to have the breast lump surgically removed.
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Conclusion: Autologous fat grafting to the breast can be a useful procedure for cosmetic en-

hancement in many patients who desire such a procedure. Patients with breast contour defor-

mities after removal of silicon implants were found to be the best candidates for fat grafting.

The primary long-term complication is the formation of liponecrotic cysts which have charac-

teristically benign appearances in sonography, mammography or MRI.

ª 2008 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published

by Elsevier Ltd. All rights reserved.

Since Bircoll first reported breast augmentation with fat
injection in 1987,1 the controversy remains in terms of the
efficacy and long-term complications of autologous fat
grafting to the breasts. One main concern of many plastic
surgeons is the formation of a lump within the breast
secondary to fat necrosis, which can mimic breast cancer
both clinically and radiologically. Necrosis of the grafted
fatty tissue has been reported by others in several different
locations in the body.2e5 Inflammatory response to the fat
grafts with nonfunctional components has included adipose
fragments, clots, ruptured cells, collagen septa, and free
oil substances.6 If fat grafts are injected in bulk into a target
area, the centre of the grafted material may become
necrotic if vascularisation fails to occur within the bulk of
the fat grafts.7

Recent development and refinement of the technique in
fat grafting have made it possible to decrease the amount
of fat necrosis after autologous fat transplantation for soft
tissue augmentation. Coleman advocated structural fat
grafting for soft tissue rejuvenation of the face and hand
with convincing cosmetic results.8e10 Most recently, Cole-
man11 and Spear12 have reported their clinical experience
of fat injection to breasts with encouraging results. Autolo-
gous fat grafting to the breast has gained much more atten-
tion recently in the plastic surgery community. However,
the efficacy and long-term complications of such a proce-
dure for cosmetic breast enhancement have still not been
reported and determined in a large series.

For the past 6 years, the authors have been using
structural fat grafting for the treatment of various de-
formities of the breast, including micromastia, ptosis and
deformities after removal of silicon implants in 66 patients.
All patients had at least 1-year follow up with postoperative
sonography, mammography or MRI. The purpose of this
study is to evaluate the efficacy and long-term complica-
tions of autologous fat grafting to the breast and to study
the features of fat necrosis caused by fat transplantation in
sonography, mammography or MRI.

Patients and methods

Sixty-six Chinese female patients underwent autologous
structural fat grafting to the breast between August 2000
and March 2005 in our institution and were included in this
retrospective study. The ages of the patients in this series at
the time of the operation were between 19 and 39 years old.
The indications for autologous fat grafting to the breast
included: (1) correction of contour deformities after
removal of silicon implants in 19 patients; (2) cosmetic
augmentation of micromastia in 24 patients; and (3) cos-
metic augmentation of ptotic breasts in 23 patients.

All 66 patients were enrolled in this study. Physical
examination and breast sonography were performed when
they returned for follow up to calculate the complication
rate of fat necrosis.

Fat grafting to the breast

The fat grafts were harvested from the lower abdomen,
trochanter areas, and inner thigh. A two-holed blunt
harvesting cannula (3 mm in inner diameter) was connected
to a vacuum pump. The fat grafts was aspirated at low neg-
ative pressure (�0.5 atm). The fat grafts were then purified
after they were washed with some normal saline and spun
at a low 600 rpm speed (26g) for 2 min. After centrifuga-
tion, the fat grafts from the middle layer were put into
20 cc syringes and then transferred to several 5 ml syringes.
The cannula for fat infiltration is a one-holed (3 mm in
diameter of the nozzle) blunt cannula. It was connected
to the 5 ml syringe for fat infiltration. Two small incisions
were made in each breast. Through a periareolar incision,
the fat grafts were infiltrated into the subcutaneous tissue
of the inner half of the breast. Through an inframammary
incision, the fat grafts were infiltrated into the subglandu-
lar tissue and the subcutaneous tissue of the lateral half of
the breast. Both breasts were then supported with a surgical
bra in the first 7 days postoperatively.

In this series, 17 patients each had three instances of fat
grafting; 21 patients each had two instances of fat grafting;
and 28 patients had only one fat grafting. Between 60 and
120 ml (101 ml on average) of fat was injected into the
subcutaneous tissue of the breast and 60e90 ml (73 ml on
average) was injected into the subglandular tissue of the
breast.

Postoperative follow up

In each patient cosmetic outcome of the breast was
assessed at least 12 months after the last fat grafting.
The improvement of breast contour deformities was eval-
uated by three independent plastic surgeons who did not
participate in the medical care of the patients and who also
did not have any knowledge of what procedures were
performed in these patients. The preoperative and post-
operative photographs of each patient were evaluated by
these three independent plastic surgeons and the degree of
contour improvement in the breasts was categorised. The
results were graded as significantly improved when the
breasts were obviously augmented and the contour defect
of the breasts was substantially improved. The results were
graded as improved when the breasts were augmented and
the contour defect of the breast was improved. The results
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were graded as not improved when the breasts were not
obviously augmented and the contour defect of the breasts
was not improved. The questionnaire used to assess each
patient’s satisfaction was graded as very satisfied, satisfied
or dissatisfied. Clinical data relating to any postoperative
complications, especially the development of a breast lump
palpated by physical examination, were collected during
follow up in all patients.

Imaging follow up

Breast sonography (Du-5, 7e14 MHz, LOGIQ700�, GE) was
performed when the patients returned for follow up to cal-
culate the complication rate of fat necrosis. The indication
for postoperative mammography (Senographe series GE
Healthcare) and MRI (Signa Twinspeed 1.5T, GE Healthcare)
was a palpable mass in the breast after fat grafting, sonog-
raphy demonstrating an anechoic area in the fat graft
transplanted region, any other suspicious lesion or at the
request of the patients themselves. Breast MRI examination
used in this study included T2-weighted, T2-weighted fast
spin-echo (FSE), and short inversion time inversion recovery
(STIR) sequences in axial plans, and T1-weighted FSE and
T2-weighted fat suppression sequences in sagittal planes.

Histopathology

Any patients who developed a significant breast lump
within the breast required a surgical exploration and
removal of the lump. During the surgery, all palpable lumps

within the breast were removed completely. All biopsy
specimens of breast lumps were fixed in 10% formalin
solution, sectioned in paraffin and stained with routine
haematoxylin and eosin.

Results

Cosmetic outcomes

All patients were followed up from 13 to 61 months,
average 37 months, postoperatively. The degree of breast
contour was significantly improved in 28 patients (42.4%),
improved in 24 patients (36.4%), and not improved in 14
patients (21.2%) as judged by all three independent plastic
surgeons. Twenty-seven patients (40.9%) were very satisfied
with the results, 26 patients (39.4%) were satisfied with the
results, and 13 (19.7%) were unsatisfied with the results.
There was a close correlation in the percentage of signif-
icant improvement, improvement or no improvement as
evaluated by the independent plastic surgeons compared
with the percentage of very satisfied, satisfied, or dissat-
isfied as evaluated by patients themselves (Figs. 1, 2).
Tables 1 and 2 are summaries of the outcomes in each
category.

Breast sonographic studies

All patients had at least one sonographic scan. Eleven
patients were found to have an anechoic area and were

Figure 1 A 27-year-old woman had autologous fat transplantations twice to increase breast volume after the removal of silicon

implants. The amount of the fat grafts transplanted was 202 ml in each breast for the first injection, 170 ml for the left breast and

190 ml for the right breast for the second injection. Breast contour was improved significantly as judged by all three evaluators.

The patient was also very pleased with the result. Above, preoperative photos. Below, 22 months after the second fat graft.
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diagnosed with fat necrosis by sonography. Three of them
had a sonographic scan before the procedure (at 1 week, 1,
3, 6 and 12 months after fat grafting to the breast) which
showed an isoechoic area in the parenchyma in the sub-
cutaneous and subglandular layer at 1 week and 1 month,
but an anechoic area persistently at 12 months postoper-
atively. The average number of cysts in each breast was 8.9
(range 2 to 36). These cysts had a common feature: a round
anechoic mass with a well-defined regular wall.

A total 55 patients had a normal breast ultrasound
feature. Nineteen of them had a sonographic scan before
the procedure (at 1 week, 1, 3, 6 and 12 months after fat
grafting to the breast) which showed an isoechoic area in
the parenchyma in the subcutaneous and subglandular
layer at 1 week and 1 month and a normal appearance at
12 months postoperatively. In some of those 19 patients
anechoic points (2e15 mm in diameter) had appeared at
some time between 3 and 6 months after fat grafting.

Mammographic studies

Eleven patients who presented with clinically palpable
masses had postoperative mammographies and were

diagnosed with liponecrotic cysts with benign calcification.
The average interval between mammography and fat graft-
ing was 23 months (range 12 to 52 months). Mammographic
findings of a liponecrotic cyst appeared as an entirely
radiolucent round or ellipsoid mass surrounded by a thin or
thick fibrous membrane. Calcifications were seen in seven
patients an average of 23 months after fat grafting (range 12
to 52 months). This type of calcification appeared to have
typical benign features: thin-walled calcifications in oil
cysts or coarse irregular calcifications. Clusters of pleomor-
phic microcalcification that mimic mammographic features
of early breast carcinoma were not seen in these patients.

Magnetic resonance imaging (MRI) studies

Nine patients had a postoperative MRI study of the breasts
based on the patient’s willingness and the cost of an MRI
scan. The average interval between imaging and fat
grafting was 25.4 months (ranging from 12 to 53 months).
All nine patients had breast ultrasound and mammography
prior to the subsequent MRI studies.

The findings of the MRI studies confirmed the diagnosis of
liponecrotic cysts in the above nine patients, as diagnosed

Figure 2 A 23-year-old woman had autologous fat transplantations twice for breast augmentation. The amount of the fat grafts

transplanted was 120 ml for the first injection and 140 ml for the second injection. Breast contour was improved significantly as

judged by all three evaluators. The patient was also very pleased with the result. Above, preoperative photos. Below, 12 months

after the second fat graft.

Table 1 The results of ‘significantly improved’, ‘improved’ and ‘not improved’ in the three categories evaluated by surgeons

Indications Significantly improved Improved Not improved

Removal of silicon implants (19 cases) 13 4 2

Micromastia (24 cases) 8 14 2

Ptotic breasts (23 cases) 7 6 10
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by breast sonography and mammography. Necrotic fat is
found to have lower signal intensity than the normal fat on
T2-weighted, T1-weighted FSE, T2-weighted FSE, T2-
weighted fat suppression and STIR sequences in axial and
sagittal planes. Signal intensity of fat necrosis decreases on
fat suppressed sequence in contrast to the signal intensity
of the mammary tissues or breast lumps. Calcifications in
some large cysts only are seen on MRI.

Postoperative complications

No immediate serious complications occurred in any
patients during or after fat grafting procedures. The
main adverse effects were fat necrosis or cyst formation
in both breasts which occurred in 11 patients (16.7%).
Table 3 is a summary of the results of liponecrotic cysts
developed in three categories. Breast lumps were found
by physical examination 3.4 months on average (between
2 and 4 months) postoperatively. The lumps averaged
7.1 mm (range 5e25 mm) in diameter and were usually
smooth and round. None of the lumps interfered with the
final contour of the breast after fat grafting. The breast
lumps in these nine patients did not increase in size and
the breast lumps in two patients were found to reduce
slowly in size.

Two patients who developed fat necrosis within the
breast underwent an extirpation of the breast lump, one at
24 months and the other at 51 months after fat grafting.
During the surgery, all palpable nodules within the breast
were extirpated completely (Fig. 3). No calcification or

newly formed cysts were found in mammograms 1 year af-
ter the extirpation.

Pathological findings

All palpable nodules within the breast in these two patients
were removed and then analysed. Three types of nodules
were identified. One was a pearl-like cyst with a thin wall;
the second was ball-like cyst with a thick wall; and the third
was an atypical liponecrotic cyst. The diameter of these
cysts ranged from 5 to 21 mm.

Histology of a thin-walled cyst revealed a thin layer of
collagen capsule containing liquified fat with minimal
inflammatory cell reaction. Histology of a thick-walled
cyst revealed a thick collagen capsule with moderate
inflammatory cell reaction. Certain cysts contained degen-
erated fatty tissues, and accumulation of multinucleated
giant cells was also seen in some specimens. Calcifications
appeared only in the inner-layer of the cyst wall. Histology
of atypical liponecrotic cysts showed irregular collagen
within the capsule with calcifications and significant in-
flammatory cell infiltration.

Discussion

Autologous fat transplantation has been widely used in
facial rejuvenation but its application to the breast has
been limited and controversial. Bircoll in 1987 first reported
a case of breast augmentation that was performed using
autologous fat grafts.1 He indicated that the major advan-
tage of autologous fat transplantation for cosmetic en-
hancement of the breast was being able to avoid
prostheses and their complications. In more recent case re-
ports, Maillard in 1994 and Castello in 19993,4 reported de-
velopment of liponecrotic cysts after fat injection to the
breasts. The authors cited above believed that the injec-
tion of fat grafts to the breast could result in some grade
of fat necrosis and inflammation and produce microcalcifi-
cations. Recently, Spear et al.12 reported a good result of
fat injections to the breast in 37 patients where fat grafting
was done to improve contour deformities in reconstructed

Table 2 The results of ‘very satisfied’, ‘satisfied’ and ‘dis-

satisfied’ in the three categories evaluated by patients

Indications Very

satisfied

Satisfied Dissatisfied

Removal of silicon

implants (19 cases)

14 3 2

Micromastia (24 cases) 8 15 1

Ptotic breasts (23 cases) 5 8 10

Table 3 The results of liponecrotic cysts developed in three categories

Patients Indication for surgery Numbers of cysts in three layers

Subcutaneous Glandular Subglandular

1 Deformities after

removal of silicon implant

1 0 2

2 Deformities after

removal of silicon implant

1 0 6

3 Deformities after removal of silicon implant 0 0 6

4 Deformities after removal of silicon implant 0 0 9

5 Correction of ptotic breasts 1 0 1

6 Correction of ptotic breasts 3 0 3

7 Correction of ptotic breasts 2 0 2

8 Correction of ptotic breasts 3 12 21

9 Cosmetic augmentation 1 0 3

10 Cosmetic augmentation 1 0 14

11 Cosmetic augmentation 0 0 6
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breasts. The authors suggest that autologous fat injection
in and around reconstructed breasts is a safe technique.
However, the efficacy of autologous fat transfer for cos-
metic enhancement of the breast has not been determined
and justified by any large series studies in the literature. In
this report, 66 patients who underwent autologous fat
grafting to the breast for cosmetic enhancement were fol-
lowed for up to 5 years and their cosmetic outcomes, find-
ings from the imaging studies, and any postoperative
complications were analysed.

In this series, overall cosmetic improvement was noticed
in about 80% of patients as evaluated by independent
plastic surgeons or as judged by patients themselves.
Patients with breast contour deformities after removal of
silicon implants were found to be the best candidates for
fat grafting. No cosmetic improvement was noticed in
about 20% of patients. The least cosmetic improvement
was noted in patients with ptotic breasts. We feel that
ptotic breasts always need a large volume of implant
materials to rebuild a satisfactory shape, and fat grafting
does not meet these requirements very well, especially
when compared to breast implant augmentation.

The exact pathogenesis of a liponecrotic cyst developed
after fat grafting to the breast is poorly understood. It is

thought to be secondary to an inflammatory response of
the host tissue to the fat grafts that become degenerated
due to inadequate blood supply. In this series, with an
average follow up of 37 months, 11 patients (16.7%)
developed one or more liponecrotic cysts after fat grafting
to the breast. Most of the liponecrotic cysts were found in
the subglandular layer of the breasts. It is possible that
fat necrosis is caused by injection of too much fat to one
area or by accumulation of injected fat to one area due to
the movement of the pectoralis major muscle. How do we
minimise the formation of liponecrotic cysts? We agree
with Coleman’s opinion, i.e. fat should be placed in small
aliquots with each pass to maximise the surface area of
contact between the grafted fat and the recipient tissue.11

A large surface area of contact between the host tissues
with their capillaries and newly grafted tissue promotes
nutrition and reduces the number of liponecrotic cysts.
So, in our practice, we usually try to keep a small volume
(0.2 ml) of fat grafted in one inject-grafting point. In our
experience, it is also important that in the early period,
about 7 days postoperatively, the breast is in a fixed posi-
tion using a surgical bra to avoid the local accumulation of
grafted fat caused by the movement of the pectoralis
major muscle.

Figure 3 A 43-year-old woman had autologous fat transplantation to her breasts for cosmetic augmentation. Sonography at 47

months showed cysts (arrow) in the subglandular layer of her left breast (above, left). A mammogram at 49 months showed multiple

masses in the subglandular layer of her left breast (above, centre). During surgical exploration, a cyst was found and removed com-

pletely (above, right). Histology confirmed clinical findings and showed a collagen capsule (below, left). All cysts were removed

from the left breast (below, centre). Mammograms 1 year after removal of the cysts and breast augmentation showed no further

calcifications (below, right).
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Imaging features of liponecrotic cysts and calcification
after autologous fat transplantation have not been well
documented in the literature except for a few early case
series.12e16 Sonography appears to be superior to mammog-
raphy in differentiating a cyst from a solid mass of the
breast after fat grafting. Increased echo, anechoic points,
and anechoic area with regular walls are important features
that should be looked for when diagnosing liponecrotic
cysts within the breast. In this series, the calcification
was either located in the wall of the oil cysts of the breast
or as coarse irregular ones after fat grafting. These are typ-
ical benign features of calcifications. Clusters of pleomor-
phic microcalcifications similar to ductal or amorphous
calcifications seen in early breast cancer were not evi-
denced in any of our patients. Cysts and calcifications in
the subcutaneous and subglandular tissues where the fat
grafts were placed can be differentiated from benign or
malignant lesions within the glandular tissue. In this study,
the features of fat necrosis, oil cysts, and calcification on
MRI were identified. The presence of decreased signal in-
tensity in the centre of fat necrosis is the key to differenti-
ation of fat necrosis from solid tumour because a cancerous
tumour should not contain fat in the centre of the lesion.
Signal intensity of fat necrosis decreased on fat-suppressed
images in contrast to the intensified signal of the mammary
tissue or other breast lumps. Calcifications appear to be
a low intensity circle of the signal around a liponecrotic
cyst. Any breast lesions can be localised in three dimen-
sions by scanning patients in the magnet with the applied
grid. Therefore, MRI is valuable for diagnosis of a lipone-
crotic cyst.

Postoperative management of liponecrotic cysts in the
breast can be done through needle aspiration or surgical
extirpation. Once breast sonography identifies a cyst that
occurs 1 month postoperatively and its diameters remain
the same in the course of the follow up, this may indicate
the formation of a cyst secondary to necrotic fat and
warrants a needle aspiration in the early postoperative
period. However, Maillard3 attempted to aspirate the lique-
fied fat in the cyst by syringe after 2 months and found
more calcifications a few months later in the breast. Possi-
ble leakage of the oily content from the cyst that may pro-
mote further granulomatous reactions and cysts is a major
concern for such an approach.5 Open extirpation of the cyst
can be a good option. However, more adjacent breast tis-
sue may be excised along with the cyst because of the ad-
herent nature and lack of a true capsule of the cyst.3 In our
study, two patients with cyst formation were treated by
surgical extirpation. During the operation a capsule of the
cyst was found and this was confirmed by histology. No cal-
cification or newly formatted cysts were found 1 year after
extirpation. Since calcification was found in the inner layer
of the capsule and the cyst was extirpated completely, this

may explain why no more calcifications were seen during
further follow up.

In conclusion, autologous fat grafting to the breast can
be a useful procedure for cosmetic enhancement in many
patients who desire such a procedure. Patients with breast
contour deformities after removal of silicon implants
were found to be the best candidates for fat grafting.
The primary long-term complication is the formation of
liponecrotic cysts which have characteristically benign
appearances in sonography, mammography or MRI.
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