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Abstract: The procedural volume of autologous fat grafting (AFG) has risen over the past several years,

specifically in the setting of breast reconstruction, despite controversy surrounding its oncologic safety.

While some iz vitro and animal models have cast doubt on the oncologic safety of AFG, there is no clinical

evidence that AFG in breast reconstruction is associated with an increased risk of cancer development or

recurrence or an inability to adequately assess changes in the breast. That being said, recommendations

regarding surveillance and follow-up after AFG in breast reconstruction are largely surgeon directed

and differ across practices. The purpose of this review is to summarize the current literature and provide

evidence-based recommendations.
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Introduction

The procedural volume of autologous fat grafting (AFG) in
breast surgery, both cosmetic and reconstructive, continues
to increase, according to an American Society of Plastic
Surgeons (ASPS) procedural statistics report (1). In AFG
for breast reconstruction, adipose tissue is harvested from
one site of the body, usually from the abdomen or flanks,
via lipoaspiration, processed or purified to remove blood,
free lipids, and other cellular debris, and delivered to the
breast to address contour irregularities, volume deficits,
and asymmetry. Although AFG is not a new concept, the
indications and techniques have evolved over the past few
decades (2-4). Despite a better understanding of the optimal
processing and delivery of adipose grafts, there remains low
predictability of graft retention and questionable safety in
the setting of oncologic breast reconstruction. Therefore,
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recommendations regarding surveillance and follow-up
after AFG in breast reconstruction are largely surgeon
directed and differ across practices. The purpose of this
review is to summarize the current literature and provide
recommendations based on our practice.

AFG

In AFG, engraftment of adipose tissue relies on the local
tissue environment for new vessel growth. There are a
few proposed mechanisms of engraftment—mainly, cell
replacement and cell supplementation—with identified
distinct areas of adipocyte survival, a regenerating zone of
ischemic adipocytes replaced by ASCs, and a central area
of necrosis replaced by scarring (5,6). Even under the best
conditions, the architecture of the breast is altered. As with
any tissue transfer, there are several steps in the process that
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Table 1 Summary of radiographic findings following fat grafting in cosmetic breast surgery

Radiographic finding Mammogram % (95% Cl)

Ultrasound % (95% Cl)

MRI % (95% Cl)

Fat necrosis 14% (11.4-16.6)

Oil cyst 12.3% (10.5-14.1)
Macrocalcifications 7% (3.8-10.2)
Microcalcifications 9% (6.4-11.5)

“Scar” 12.9% (1.1-24.7)

5.7% (2.9-8.5) 7.7% (4-11.4)

5.1% (2-8.2) 1.7% (0-3.4)
5.3% (2.7-7.9) 1.5% (0.3-4.5)

4.8% (2.8-6.7) 1.9% (0.1-7.3)

Summary of pooled analysis (29). Cl, Confidence interval; MRI, magnetic resonance imaging.

may affect the viability of the tissue.

Adipose tissue grafts add soft tissue volume through
not only mature adipocytes but also potentially abundant
progenitor cells such as adipose-derived stem cells (ASCs)
and associated cytokines within the tissue stroma (7,8).
A 2009 task force statement from the ASPS highlighted
concerns about AFG in breast reconstruction, including
fears that ASCs and cytokines would stimulate cancer
growth and increase cancer recurrence or that the grafts
would lead to fat necrosis or calcifications that may interfere
with mammography and subsequent cancer detection (9).
While there is no level I evidence assessing the safety of
AFG in breast reconstruction, several retrospective studies
have demonstrated no increased risk of new breast cancer,
locoregional recurrence (LRR), or metastatic disease with
AFG (10-17). Furthermore, there is evidence supporting
beneficial effects of AFG in reconstructing irradiated tissue,
by improving fibrosis, and reducing chest wall pain after
breast cancer treatment, although the mechanisms behind
these clinical findings have not been fully elucidated and are
likely multi-factorial (18-21).

Impact of AFG on imaging

Breast surgery inherently alters the tissue parenchyma
and may lead to aberrant imaging. Particularly in the
setting of AFG to the breast, ischemia and resulting
inflammation can cause fat necrosis, palpable abnormalities,
calcifications, or oil cysts—all of which will potentially
appear on radiographic imaging. Although radiographic
changes have not been included in all of the AFG outcomes
studies, there is sufficient data available to identify the
most commonly seen changes in breast imaging after AFG
(22-28). Table 1 summarizes the radiographic findings
adapted from a systematic review by Groen et al. (29).
Analysis of pooled data from 22 studies including 3,565
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patients with follow-up ranging from 12 to 136 months
demonstrates the most common mammographic findings
after AFG to a normal breast are fat necrosis (14%) and
“scar” (12.9%). Calcifications, both macro and micro, were
observed in fewer than 10% of patient images [7%, 95%
confidence interval (CI): 3.8-10.2; 9%, 95% CI: 6.4-11.5,
respectively] and were generally distinguishable from those
indicative of malignancy. The mean graft retention rate was
62.4% (29).

In a small retrospective review of 20 patients who
underwent AFG in aesthetic breast surgery (23), the authors
found no significant difference in breast tissue density before
and after lipomodeling on pre-operative and post-operative
mammograms. Similarly, AFG did not change the Breast
Imaging Reporting and Data System (BIRADS) score. Post-
graft mammography demonstrated a calcification rate of
16% and an oil cyst rate of 25%. Rubin and colleagues (24)
performed a comparison study in which academic breast
imaging specialists were blinded to mammograms of patients
who had undergone either cosmetic augmentation with
AFG or breast reduction mammoplasty (BR). The authors
found statistically significant differences in rates of “scarring”
(17.6% versus 85.5%, P<0.001) and presence of a mass or
distortion warranting biopsy (2.8% versus 13.6%, P<0.001),
with lower rates in the AFG group. Furthermore, BIRADS
scores were more commonly negative (BIRADS 1) or benign
(BIRADS 2) in the AFG group (88.9% versus 75.6%), and
biopsy was more commonly recommended in the BR group
(15.2% versus 6.5%). Average follow-up recommendations
were annually for the AFG group and within 6 months for
the BR cohort (24). Taken together, these studies demonstrate
that in the setting of cosmetic surgery for healthy breasts,
AFG resulted in benign structural changes of the breast that
had a lower incidence and were less severe compared with
changes owing to breast reshaping surgery such as reduction
mammoplasty.
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Table 2 Summary of radiographic findings following fat grafting in oncologic breast reconstruction

Radiographic finding Mammogram % (95% Cl)

Ultrasound % (95% Cl) MRI % (95% Cl)

Fat necrosis 9% (4.2-13.9)

Oil cyst 14.3% (12.2-16.4)
Macrocalcifications 8.7% (3.3-14.5)
Microcalcifications 5.4% (2.3-8.5)
Nodules or “Irregular lumps” 5.1% (1.3-15.1)
Biopsy 3.7% (0.1-7.2)

Recurrence 4.2% (0-23.8)

11.3% (6.6-16) 7.3% (4-10.3)

26.7% (20.8-32.6) 21.4% (17.1-25.7)
1.3% (0.1-4.9) -
1.3% (0.3-4.1) -

3.7% (0.4-13.9) 3.3% (0-19.5)

Summary of pooled analysis (30). Cl, Confidence interval; MRI, magnetic resonance imaging.

In the oncologic setting, one would anticipate similar
structural changes after AFG. Table 2 summarizes
radiographic findings following AFG to the breast in
oncologic reconstruction (30). Pooled analysis from 43
studies including 6,260 patients with follow-up ranging
from 12 to 136 months demonstrates low overall
complication rates for AFG, with high patient and surgeon
satisfaction. LRR and distant recurrence (DR) rates after
AFG in the oncologic setting were comparable to those in
the general population with no lipofilling. Oil cysts were
the most common radiographic finding on all imaging
modalities in this systematic review, and the mean biopsy
rate was only 3.7%, with reported rates ranging from 1%
to 24%. General practice for follow-up imaging after breast
reconstruction or breast conservation therapy (BCT) varies
from case to case and institution to institution (31). Grafted
adipose tissue appears lucent on follow-up mammograms
but may lead to the development of calcifications consistent
with fat necrosis, prompting biopsy or follow-up visits at
shorter intervals than routine surveillance (32).

Oncologic considerations

Many studies have reported on the efficacy of fat grafting
to the breast; however, only recently have there been
studies with the patient numbers and length of follow-up
to begin to address the oncologic safety of AFG in breast
reconstruction, including several recent meta-analyses
(30,33,34). While there was considerable heterogeneity
among these referenced studies, they demonstrate no clear
statistical correlation between cancer recurrence and AFG.
Agha and colleagues found a recurrence rate of 4.4% over
the median follow-up period of 22.6 months (risk ratio
=1.33; P=0.62; 95% CI: -0.43-4.09) (33), while Groen et 4l.
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reported that the LRR after AFG was 2.5% (95% CI:
1.7-3.7) and the DR rate was 2% (95% CI: 1.1-3.5) (30).
Further analysis of the comparative studies included
demonstrates an overall complication rate of 8.4% (95%
CI: 7.6-9.1), with palpable nodules being the most common
(11.5%; 95% CI: 9.0-13.9). Additional qualitative analyses
of aesthetic, functional, patient-reported, and technical
outcomes were, in general, non-standardized, self-reported,
and overall positive.

"The most recent analysis pooled 5,550 patients from 11
eligible studies and found no increased risk of LRR with
AFG compared to the control cohort [odds ratio (OR):
0.71; 95% CI: 0.47-1.04; P=0.08] (34). This conclusion
held true for subgroup analyses as well, including no
increased risk with AFG specifically in mastectomy (OR:
0.74; 95% CI: 0.41-1.33; P=0.31) or BCT (OR: 0.71; 95%
CI: 0.37-1.34; P<0.29), and no increased risk with AFG
specifically in invasive cancer (OR: 0.74; 95% CI: 0.41-1.33;
P=0.31) versus in situ disease (OR: 1.16; 95% CI: 0.18-7.38,;
P=0.55). A mult-centered, case-cohort study of patients
who had mastectomy with immediate breast reconstruction
found no increased risk of cancer recurrence with AFG
compared to controls after adjusting for age, tumor stage,
body mass index, and receptor status (hazard ratio: 0.97;
95% CI: 0.54-1.8; P=0.93) (14).

In the largest oncologic study to date, Kronowitz and
colleagues reviewed lipofilling in breast reconstruction
in 719 cases compared to 670 cases that did not undergo
lipofilling and found similar results (16). Recurrence rates
were 1.3% in the AFG group and 2.4% in the control group
(P=0.455). In a third group comprised of benign breasts
treated with prophylactic mastectomy followed by AFG
(n=305), the study found no cases of cancer occurrence
during the study period. Of note, 33 of these cases were
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prophylactic mastectomies for risk reduction in BRCA
mutation carriers. Although the number of patients with
BRCA mutations was low in each of these studies, none
has demonstrated an increased risk of a cancer event—
occurrence or recurrence—with AFG after mastectomy for
BRCA-related risk reduction.

Timing of AFG and recommended technique

There is no prospective evidence to support a specific
timeline for performing AFG in breast reconstruction. Our
general practice is to wait to perform AFG until after the
patient has completed their oncologic treatment. We do not
perform immediate AFG to the breast prior to completion
of oncologic treatment, such as at the time of lumpectomy,
if radiation therapy is indicated. There is little data to
adequately support or refute this practice (35,36); however,
the predictability of graft retention remains a challenge
in fat grafting. Steady-state graft retention is reported to
occur between 2 and 4 months after AFG (28), directly
overlapping with the window in which radiation therapy
occurs following lumpectomy in BCT. While radiation
therapy is effective in addressing residual malignant cells,
radiation injury occurs in normal, local-regional tissue
as well, making the freshly grafted tissue susceptible to
ischemia, fibrosis, and necrosis.

Similarly, with mastectomy and reconstruction, AFG is
commonly included with a revision procedure; however, we
do not routinely perform AFG at the time of mastectomy
SO as not to cause more tissue trauma to the mastectomy
skin flaps. If radiation therapy is included in the oncologic
treatment, we recommend waiting until any acute skin
injury has improved before proceeding with AFG. The
potential negative effects of radiation such as distortion
or fibrosis of the breast may occur up to years following
treatment, depending on the modality (37,38). While we
feel there may be a benefit to early fat grafting as an adjunct
to reconstruction following radiation therapy to mitigate
these effects (21), retrospective outcomes are variable and
such early grafting ideally would be done in the setting of
well-controlled, outcomes-focused studies.

After mastectomy, AFG is used as an adjunct to implant-
based or autologous tissue reconstruction as well as AFG-
only reconstruction. Regardless of the clinical indication,
we have a few standard recommendations to optimize
outcomes in fat grafting for breast reconstruction. There
are many factors that impact the success of fat grafting,
including the quality of the donor and recipient tissues, the
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amount of contact between the graft and the recipient bed,
the presence of ischemia or inflammation, and the transfer
of viable cells. If there is scarring or fibrosis of the recipient
site, this is first addressed with rigotomy using a small
spatulated or forked cannula, with special attention paid to
the underlying flap or implant. If the mastectomy skin flaps
are thin, recipient site preparation is performed with the
delivery cannula as the cannula is inserted.

Delivery of the graft should occur in multiple planes
within the subcutaneous and intraglandular spaces. Small
aliquots are injected with each pass as the cannula is
withdrawn. There should never be a bolus of fat delivered
to the recipient site. We prefer a 10-mL syringe with a
small-diameter, blunt-tipped cannula. The area of interested
should be slightly over-filled to account for partial
resorption, but not so much that there will be ischemia
and central necrosis. The amount of fat injected is not a
set volume but rather determined by how the recipient site
feels, which can be particularly challenging in an irradiated
field. Fat grafts are not deposited in the same tunnel more
than once; instead, a different plane in that location is used.
The patient should be counseled pre-operatively that more
than one session of AFG may be required to achieve the
desired effect, particularly in the setting of irradiated tissue.
Our experience, as well as that of others, has shown that
complication rates are higher with increasing volume, more
sessions of grafting, or a history of radiation therapy (32,39).
Soft dressings are used to avoid direct compression of the
breasts, and compression garments are worn for donor site
support for a minimum of 4 weeks. We encourage gentle
massage when moisturizing irradiated skin postoperatively.
Finally, a minimum 3- to 6-month interval between grafting
sessions is recommended. No imaging is required between
sessions.

Recommendations for surveillance and follow-up

The timing and modality of oncologic follow-up and
surveillance should not be affected by AFG in breast
reconstruction. A recent survey of a multidisciplinary
international panel produced 10 “key” statements
regarding AFG based on current evidence and personal
experience (40). The panel achieved consensus on the
statement “fat grafting is a safe procedure when considering
the impact on breast cancer detection and surveillance if a proper
technique is used...” However, it is unclear which technique
is optimal. We feel that given the radiographic changes
that occur with any breast surgery and the subtle findings
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of AFG compared to parenchymal reshaping procedures
or BCT, all breast imaging should be reviewed by a breast-
imaging specialist.

For aesthetic breast surgery (augmentation or
asymmetry/contour correction) in which the patient has
no personal or family history of breast cancer, standard
guidelines for breast cancer screening apply, including
age-appropriate mammographic screening and breast
self-exams. We recommend pre-operative screening as
indicated by age, family history, or abnormal pre-operative
exam findings (41). For patients who are 40 years old or
older or under the age of 40 with a family history of breast
cancer or dense or cystic breasts on physical examination,
we recommend screening mammography prior to AFG;
however, there does not seem to be a benefit to screening
mammography in otherwise healthy women under age 40
with no oncologic family history. In patients over age 40,
with dense breasts, or with a family history of breast cancer
who undergo screening mammography prior to grafting,
annual screening mammography can be subsequently
performed as recommended. There is no need to obtain
a post-operative imaging study sooner unless there are
specific exam findings such as a palpable mass.

In the setting of BCT our current practice is to wait a
minimum of 6 months after completion of radiation therapy
for follow-up examination by the oncology team and
baseline imaging. This is particularly important given the
effect that the lumpectomy or oncoplastic reconstruction
may have on the mammogram or ultrasound. We have
recently sought to answer the question of oncologic safety
in partial breast reconstruction via well-defined matched
cohorts who underwent BCT with or without AFG at
a single cancer center (32). We found no difference in
the LRR rate between the two groups with a mean of
6 years of follow-up. There were no significant differences
in rates of fat necrosis (33.3% versus 34.7%; P=0.86),
calcifications (34.7% versus 37.5%; P=0.73), or indication
for breast biopsy (22.2% versus 15.3%; P=0.23) between
the two groups and no evidence of interference with cancer
surveillance as a result of AFG when imaging was evaluated
by a breast specialist. Our study found higher rates of fat
necrosis and calcifications in both groups regardless of AFG
compared to other studies, pointing to the potential effects
of radiation on the remaining breast tissue in the setting of
BCT.

Follow-up after AFG for reconstruction following
mastectomy should be directed by the oncology team,
based on clinical and pathologic characteristics. Most
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complications from AFG, including a palpable mass,
will occur within the early postoperative period. While a
mass after grafting is usually benign, it is critical that it be
distinguished from malignancy. If there is any suspicion
based on examination or imaging, we recommend biopsy.
It is our practice to counsel patients pre-operatively on
these potential complications of AFG, but to the best of our
knowledge, AFG does not translate into an increased risk of

recurrence.

Conclusions

Taken together, the current body of evidence supports the
safety and efficacy of AFG in breast reconstruction. These
analyses demonstrate a low overall complication rate, high
patient and surgeon satisfaction rates, and no evidence that
fat grafting promotes cancer recurrence or the development
of a new breast cancer. We recommend screening
mammography prior to AFG in anyone who is over the age
of 40, has a personal or family history of breast cancer, or has
dense breast tissue or other abnormal exam findings. Follow-
up imaging after mastectomy should be guided by the
oncology team or based on the reconstructive modality. We
recommend a waiting period of 6 months with new baseline
imaging for AFG in the setting of BCT. AFG in breast
reconstruction does not interfere with oncologic surveillance
or imaging; however, there is a need for standardized
terminology, protocols, follow-up, and outcome measures in
fat grafting as we move forward in the field.
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