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Summary Background: Autologous fat grafting (AFG) to the breast is known to cause radiologic breast imaging changes. However, these changes have primarily been investigated in
breast augmentation settings, whereas the radiologic breast imaging changes after AFG in patients who underwent breast conserving surgery (BCS) have been only sparsely studied.
Methods: All women scheduled to receive AFG to reconstruct BCS defects at our institution
between 2014 and 2015 were eligible to participate. Before and after AFG, participants underwent radiologic breast imaging and completed patient-reported outcome measures for body
image, aesthetic breast appearance, scar quality, and fear of cancer recurrence. Moreover, an
observer evaluated changes in the aesthetic breast appearance and scar quality.
Results: Of 49 eligible patients, 42 were included. Participants received 1–3 AFG procedures,
with a mean total grafted volume of 135 ± 74 mL. Post-AFG breast imaging was performed 9 ± 5
(range 2–25) months after the ﬁnal AFG procedure. Comparison of pre- and post-AFG radiologic
breast images revealed that 21% had developed calciﬁcations, 85% had developed oil cysts, and
3% had developed increased scarring. Five patients presented with breast imaging changes that
required biopsy or additional radiologic evaluation. Signiﬁcant improvements were observed
in breast aesthetic appearance, body image, and scar quality. No major surgical complications
occurred. Minor surgical complications were observed in 3% of the patients.
Conclusions: Using AFG to reconstruct BCS defects induces considerable radiologic breast imaging changes. Although the patients experience signiﬁcant improvements in body image, breast
aesthetic appearance, and scar quality, the long-term effect of breast imaging changes warrants further investigation.
© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction
Breast conserving surgery (BCS) followed by adjuvant radiation therapy is currently the standard treatment for T1 and
T2 stage breast cancers.1 The treatment provides an overall survival same as that provided by mastectomy, while being less mutilating for the patients.2,3 However, even though
women treated with BCS maintain a better body image than
those treated with a mastectomy, 12–30% experience an unsatisfactory aesthetic outcome.4–7 A poor aesthetic outcome
after BCS may be improved by various reconstructive procedures including implants, autologous ﬂaps, and local volume replacement with autologous fat grafting (AFG).8 High
patient-reported satisfaction and previous studies describing a scar-remodeling effect have contributed to plastic
surgeons increasingly turning to AFG for this group of patients.9 –13 While AFG has been described as the ideal ﬁller,
not all the transplanted fat will survive.14 The grafted fat
that does not survive may cause the formation of oil cysts
and calciﬁcations at the recipient site.15 , 16 Although substantial improvements in AFG technique during the past
decade have made the outcome more predictable, recent
studies still report the prevalence of oil cysts in 7–71% and
calciﬁcations in 16–45% of patients who had received AFG
to the breast.16 –22 These radiologic complications lead to a
concern as to whether AFG to the breast may obscure or
delay the detection of breast malignancy (i.e., recurrence
or a new cancer) in this group of patients. Predominantly,
studies agree that the radiologic breast changes induced by
AFG are discernable from cancer. However, previous studies
have primarily focused on the radiologic changes observed
in breast augmentation settings, and as such, in populations
without prior surgery or radiation therapy to the breast.
BCS patients continue to partake in radiologic surveillance
for recurrences after the surgery, and an increasing proportion of BCS patients undergo AFG to correct their breast defects. Thus, it is essential to evaluate the radiologic impact
of AFG to the breast in BCS patients. The primary aim of
the present study was thus to investigate the breast imaging
changes induced by AFG in a prospective cohort consisting
exclusively of BCS patients. Secondarily, the study aimed to
evaluate the patient-reported outcome and any scar remodeling effect observed after AFG.

Patients and methods
The study was a single-site, prospective cohort study conducted at the Department of Plastic and Breast Surgery,
Aarhus University Hospital, Aarhus, Denmark. Eligible
patients were female, aged 18–75 years, and scheduled
to undergo BCS defect reconstruction with AFG. Exclusion criteria were smoking, active cancer, and psychiatric
illness preventing informed consent. Patients were recruited from January 2014 to November 2015. Included
patients underwent radiologic breast examination with
digital mammography and, if necessary, ultrasound before
and after their AFG procedures. Additional pre-AFG breast
imaging was not requested for patients who had undergone routine mammographic screening less than 6 months
before their AFG procedure. For this group of patients,
the mammographic screening breast images were used as
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their pre-AFG radiologic breast examination results. Furthermore, patient-reported outcome measures evaluating
body image, aesthetic satisfaction, scar quality, and fear of
cancer recurrence were completed the day before the ﬁrst
AFG procedure and at a follow-up visit at least 2 months
after the ﬁnal AFG procedure. The same observer (AAJ) conducted all follow-up visits. Data regarding the breast cancer
treatment were retrieved from electronic patient charts.

Surgical procedure
AFG was performed by Coleman’s technique in all cases.11
After the inﬁltration of tumescent ﬂuid, fat cells were harvested manually using a Khouris 2 mm cannula connected to
a 10 mL Luer-Lock syringe. The lipoaspirate was centrifuged
using a MediLiteTM (Thermo Scientiﬁc, MA, USA) at 1800 RPM
for 3 min. The top layer of residual oil and the bottom layer
of tumescent ﬂuid were removed. The puriﬁed lipoaspirate
was subsequently transferred to 10 mL syringes and grafted
to the recipient site using Coleman’s type-2 cannula, after
rigottomy was performed on any scar adhesions. Grafting was performed by multiple retrograde passes in the
subcutaneous and subglandular planes. Donor sites were
chosen on the basis of fat availability and the patient’s
preference, thereby balancing the estimated outcome of
the harvest to the desired graft volume. The volume grafted
per procedure was dependent on the interstitial pressure
at the recipient site.

Radiologic evaluation of the breast
Digital mammographic images were recorded using a
Siemens Inspiration system (Siemens AG, Munich, Germany)
in craniocaudal, mediolateral oblique, and lateral projections. Ultrasound imaging was recorded using a Hitachi Ascendus scanner (Hitachi, Tokyo, Japan). One senior consultant breast radiologist (SR) evaluated all pre- and post-AFG
breast images for the presence of calciﬁcations, oil cysts,
and scars. If present, the severity was scored as mild, moderate, or severe.
In accordance with the Danish National Guidelines set
forth by the Danish Breast Cancer Cooperative Group,23
each patient received a standardized breast imaging rating
of 1–5. The ﬁve ratings are as follows: (1) normal breast
imaging, (2) benign changes, (3) un-decided, atypical, indifferent ﬁndings, (4) ﬁndings suspicious of malignancy, and
(5) ﬁndings highly suspicious of malignancy. Categories 3–
5 warrant additional radiologic examination or biopsy. This
ﬁve-tier classiﬁcation system is not only used in European,
and in particular northern European countries, including
the UK, but also in Australia and New Zealand. The Breast
imaging Reporting and Data System (BI-RADS) used in the
United States is not applicable in some northern European
countries, as it primarily recommends follow-up rather than
biopsy veriﬁcation.24

Hopwood’s body image scale (HBIS)
Body image was evaluated using the HBIS, which is a validated breast cancer-speciﬁc 10-item scale.25 Each item was
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scored on a four-point Likert scale ranging from 0 (not at
all) to 3 (very much) and summated into a total score ranging from 0 to 30, with lower scores indicating a better body
image. The scale has shown good sensitivity to change in
breast cancer populations.25

Patient and Observer Scar Assessment Scale
(POSAS)
The quality of the scar was assessed using the POSAS. The
instrument comprises two separate scales: one completed
by the patient and the other completed by the observer.26
Both scales consist of six items scored on 10-point numeric
rating scales with 1 representing normal skin and 10 representing the worst possible scar. Patients rate whether the
scar is painful or itching, and how different they perceive
the color, stiffness, thickness, and irregularity of the scar
from those of their normal skin. The observer scores the vascularity, pigmentation, thickness, relief, pliability, and surface area of the scar. The patient and the observer scales
are summated into two separate scores ranging from 1 to
60, with lower scores indicating a better scar quality. The
patients are unaware of the observer’s evaluation of their
scar.

Breast aesthetic evaluation
Breast aesthetic appearance was evaluated with a ﬁve-item
study speciﬁc scale. The ﬁve items included satisfaction
with the breast’s appearance with bra, appearance without bra, size, shape, and softness. Each item is answered
on a seven-point Likert scale, ranging from 1 (very dissatisﬁed) to 7 (very satisﬁed) and summated into a total score
ranging from 5 to 35, with higher scores indicating greater
satisfaction. Additionally, a single observer (AAJ) scored all
participants using the same scale.

Concerns about recurrence questionnaire (CARQ-3)
Fear of cancer recurrence was evaluated with the validated,
breast cancer speciﬁc measure CARQ-3.27 The measure consists of three items answered on a 11-point Likert scale,
ranging from 0 “not at all” to 10 “a great deal”. The three
items are summated into a single score with higher scores
indicating higher fear of cancer recurrence.

Statistical and ethical considerations
Pre- and post-AFG patient-reported outcome measures, as
well as the observer’s evaluation of the BCS scar and the
breast aesthetic appearance, were analyzed by paired ttests. Radiologic breast changes induced by AFG were investigated by deducting the radiologic breast imaging changes
present pre-AFG from those present post-AFG. All participants gave written informed consent before entering the
study. Approval of the study according to the Danish law of
Research Ethics was given by the Central Denmark Regional
board under the Danish National Committee on Biomedical
Research Ethics (Req. Nr. 38/2013).

Results
Patients
A total of 49 patients fulﬁlled the inclusion criteria. Of
these, 42 gave informed consent to participate. During
the follow-up period, one patient developed distant bone
metastasis and one patient was diagnosed with local recurrence of extramammary Paget’s tumor. Two patients were
lost to follow-up and did not participate in the follow-up
visit but agreed to undergo post-AFG breast imaging. Furthermore, two patients had missing pre-operative breast
imaging, and the patient diagnosed with distant metastasis
did not undergo post-AFG breast imaging. Patient and tumor
characteristics are described in Table 1.

AFG procedure
A total of 75 AFG procedures were performed, with an average of 1.8 (range 1–3) procedures per patient. The mean
volume grafted per procedure was 75 ± 33 mL (range 30–
180 mL), and the mean total volume grafted per patient
was 135 ± 74 mL (range 30–334 mL). The fat was harvested
from the lower abdomen (n = 59), inner thighs (n = 6), outer
thighs (n = 3), ﬂanks (n = 5), and the lateral breast region
(n = 2). No major surgical complications were observed. Minor complications occurred after two of the procedures and
consisted of minor hematomas at the recipient site in both
cases. Additionally, 19 patients underwent symmetry enhancing surgery to the contralateral breast, consisting of
mastopexy (n = 13), AFG (n = 5), and liposuction (n = 1).

Radiologic breast imaging changes
Post-AFG breast imaging was performed with a mean followup of 12 ± 5 months (range 4–27) after the ﬁrst AFG procedure and 9 ± 5 (range 2–25) months after the ﬁnal AFG
procedure. Two patients had an additional AFG procedure
after the follow-up breast imaging but before their clinical
follow-up visit. Pre-AFG breast imaging was conducted 6 ± 6
months (range 0–26) before the ﬁrst AFG procedure. Complete pre- and post-AFG breast imaging was available for 39
patients. Post-AFG breast imaging consisted of mammography and ultrasound in 37 cases and mammography only in
two cases. Pre-AFG breast imaging consisted of mammography and ultrasound in 27 cases and mammography only
in 13 cases. Comparison of pre- and post-AFG radiologic
breast images revealed that 8 patients had developed additional calciﬁcations, 33 patients had developed additional
oil cysts, and 1 patient had developed more scars after the
AFG procedure. Patients who developed additional oil cysts
did not have a signiﬁcantly longer follow-up than who had
not (391 days 95% CI (338–444) vs. 380 days 95% CI (154–
607), p = 0.88). However, patients who developed calciﬁcations had a signiﬁcantly longer follow-up than those who
had not (491 days 95% CI (358–624) vs. 361 days, 95% CI (307–
415) p = 0.032). No signiﬁcant correlation was observed between the number of AFG procedures and the increase in oil
cysts (p = 0.11) or calciﬁcations (p = 0.75). Furthermore,
no signiﬁcant correlation was observed between the time
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Table 1

Patient and tumor characteristics.

Variable

N (%) or mean ± SD

Age
BMI
Time from BCS to ﬁrst
AFG (years)
Time from end of
radiotherapy to ﬁrst
AFG (years)
Cancer type
IDC
DCIS
ILC
Extramammary Paget’s
disease
Microcalciﬁcations
Non-cancer
Tumor grade
0
1
2
3
Missing
Tumor size
Her2
Positive
Negative
ER status
Positive
Negative
Axillary technique
SN
ALND
SN + ALND
No axillary procedure
Missing
Adjuvant therapy
Radiotherapy received
Chemotherapy
received

53.6 ± 9.4 (range 33–75)
25.7 ± 3.7
4.2 ± 3.9 (range 0.4–18.8)
3.5 ± 3.2 (range 0.2–15.0)

32 (76%)
6 (14%)
1 (2%)
1 (2%)
1 (2%)
1 (2%)
1 (2%)
11 (26%)
12 (29%)
15 (36%)
2 (5%)
20.0 ± 10.0 mm
9 (21%)
33 (79%)
26 (62%)
16 (38%)
15 (36%)
15 (36%)
7 (17%)
4 (10%)
1 (2%)
39 (93%)
27 (65%)

AFG – Autologous Fat Graft.
ALND – Axillary Lymph Node Dissection.
BCS – Breast Conserving Surgery.
DCIS – Ductal Carcinoma In Situ.
ER – Estrogen Receptor.
IDC – Invasive Ductal Carcinoma.
ILC – Invasive Lobular Carcinoma.
SN – Sentinel Node.

from end of radiotherapy to the ﬁrst AFG procedure and the
development of either oil cysts (p = 0.57) or calciﬁcations
(p = 0.64).
With regard to the standardized breast imaging score
post-AFG, 34 patients were classiﬁed as belonging to Category 2, four patients to Category 3, and one patient to
Category 4. All Category 3 scores were caused by cystic lesions. The Category 4 score was caused by a local recurrence
of extramammary Paget’s tumor. The abnormal breast images required biopsy veriﬁcation in four patients and additional radiologic examination in one patient. Because of the
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Table 2

Radiologic ﬁndings.

Oil cysts
Not present
Mild
Moderate
Severe
Total
Calciﬁcations
Not present
Mild
Moderate
Severe
Total
Scarring
Not present
Mild
Moderate
Severe
Total
Standardized
imaging
score
1
2
3
4
5

Before AFG
n = 40

After AFG
n = 39

39 (98%)
1 (3%)
–
–
1 (3%)

5 (13%)
17 (44%)
12 (31%)
5 (13%)
34 (87%)

33 (83%)
5 (13%)
1 (3%)
1 (3%)
7 (18%)

25 (64%)
12 (31%)
2 (5%)
–
14 (36%)

3 (8%)
36 (90%)
1 (3%)
–
37 (93%)

2 (5%)
36 (92%)
1 (3%)

Increased
after AFG
33 (85%)

8 (21%)

1 (3%)

37 (95%)
5 (13%)

1 (3%)
39 (98%)
–
–
–

–
34 (87%)
4 (10%)
1 (3%)
–

AFG – Autologous Fat Grafting.

developing palpable lumps at the recipient site, nine patients underwent an additional ultrasound examination of
the breast during the month after the AFG procedure.
Two of these patients underwent needle aspiration of oil
cysts, without indication of malignancy. Detailed data on
the breast imaging evaluation are presented in Table 2. Examples of radiologic breast imaging changes are displayed
in Figure 1.

Patient-reported outcome measures and observer
evaluation
Follow-up visits were conducted an average of 8 ± 5 (range
2–23) months after the ﬁnal AFG procedure. A statistically
signiﬁcant decrease in the HBIS score, indicating an improved body image, was observed (pre-AFG 11.3 ± 6.5,
post-AFG 5.5 ± 5.7, p < 0.001), with 80% of the patients
reporting an improved body image. Satisfaction with breast
appearance was signiﬁcantly improved (pre-AFG 16.1 ± 6.8,
post-AFG 26.0 ± 7.9, p < 0.001), with 85% of patients reporting an improvement. In line with the patient evaluation, the observer assessment of breast appearance was
signiﬁcantly improved after the AFG procedure (pre-AFG
22.4 ± 6.5, post-AFG 29.2 ± 4.6, p < 0.001). Neither the
patient-reported change in body image (p = 0.26), aesthetic
satisfaction (p = 0.61) nor the change in observer’s evaluation of the breast appearance (p = 0.12) was dependent on
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Figure 1 Radiologic appearance of oil cysts and calciﬁcations after autologous fat grafting to reconstruct breast conserving surgery
defects. (A) Small oil cysts with calciﬁed rims; (B) oil cyst with thin ﬁbrous rim without calciﬁcation; (C) oil cyst with rim calciﬁcation; (D) ultrasound image of oil cyst with beginning calciﬁcation in the top; (E) diffuse calciﬁcations in the breast induced by
autologous fat grafting.
Table 3

Summary of Patient and Observer Scar Assessment Scale (POSAS) scores.

Observer total score
Vascularity
Pigmentation
Thickness
Relief
Pliability
Surface area
Patient total score
Painful scar
Itching scar
Color
Stiffness
Thickness
Irregularity

Before AFG n = 43

After AFG n = 39

p

22.2 ± 6.1
3.3 ± 1.6
3.8 ± 1.3
3.3 ± 1.2
3.6 ± 1.3
4.0 ± 1.7
4.2 ± 1.6
29.4 ± 11.0
3.1 ± 2.4
2.2 ± 2.0
5.0 ± 2.9
6.6 ± 2.8
6.5 ± 2.8
6.1 ± 2.9

14.9 ± 3.9
2.4 ± 0.8
2.7 ± 0.7
2.4 ± 1.0
2.4 ± 0.9
2.4 ± 1.0
2.6 ± 0.8
19.4 ± 9.7
1.6 ± 1.4
1.7 ± 1.1
3.4 ± 2.1
4.8 ± 3.9
4.1 ± 2.6
3.9 ± 2.5

<0.001
0.002
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.09
0.001
<0.001
<0.001
<0.001

Data are presented as mean ± standard deviation.
AFG – Autologous Fat Grafting.

whether patients had received a contralateral procedure.
Both the patient and observer POSAS scores were statistically signiﬁcantly improved post-AFG (p < 0.001). Signiﬁcant improvements were observed in all the POSAS observer
subscales, except “itching,” in all the POSAS patient subscales, Table 3. No signiﬁcant change was observed in fear
of cancer recurrence after the AFG procedure for the total
cohort (pre-AFG 10.0 ± 8.8, post-AFG 8.2 ± 7.6 p = 0.13).
A subgroup analysis was conducted to investigate whether
the nine patients subjected to additional ultrasound examination due to developing palpable lumps had increased fear
of cancer recurrence, ﬁnding no evidence for increased fear
of cancer recurrence in this subpopulation (p = 0.82).

Discussion
In the present study, the radiologic breast imaging changes
and patient-reported outcome for 42 patients who had
received AFG to reconstruct BCS defects were investigated. With a mean follow-up of 7 months after the ﬁnal
AFG procedure, ﬁve patients (14%) presented with breast
imaging changes that necessitated additional examination,

of which four cases required a biopsy. The rate of abnormal breast imaging in the present study is comparable to
the 11–20% reported in previous studies investigating AFG to
the breast.16,20, 28,29 The leading cause of radiologic abnormalities in the present study was oil cysts. In this study, a
prevalence of 86% was found, which is considerably higher
than the 7–71% prevalence reported in the literature.16,18 –21
However, until the capsule around the oil cyst thickens and
becomes visible on mammography as a rounded radiolucent
area with a slender ﬁbrotic or calciﬁed rim, mammography
by itself may be inadequate for detecting oil cysts.20,21 Studies employing mammography without ultrasound are thus
likely to underestimate the prevalence. This is exempliﬁed
in the wide prevalence range reported in the literature,
where studies with a high oil cyst prevalence used ultrasound,21 whereas studies with a low prevalence predominantly relied on mammography.16,19, 20 While oil cysts are
discernable from cancer recurrence, they may cause considerable anxiety for the patients, especially if manifesting
as palpable lumps, which have been described as the most
frequent complication to AFG.30
Calciﬁcations were present in 43% of patients post-AFG.
Whereas oil cysts were almost exclusively developed after
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the AFG procedure, only 23% had developed new calciﬁcations after the procedure. The prevalence in the present
study is thus in accordance with the prevalence of 16–45%
reported in the literature.16,19 –22,31 As the presence of clustered or ductal calciﬁcations is among the earliest signs of
breast cancer, calciﬁcations caused by AFG have been suspected of interfering with breast cancer detection. However, in others and our experience, post-AFG calciﬁcations
are discernable from cancer recurrence, as they are more
evenly spread throughout the breast tissue and are not located in the mammary ducts.18,19, 21 In the present study,
patients who developed calciﬁcations had a signiﬁcantly
longer follow-up (p = 0.032). However, no correlation was
observed between the follow-up time and the development
of oil cysts. Furthermore, no correlation was found between
the time from end of radiotherapy to AFG and the development of calciﬁcations or oil cysts. While the delineation of
these correlations was not the primary aim of the present
study, we believe they are important questions to raise in
future studies.
As the present population consisted solely of BCS patients, scars were present in 95% of patients’ radiologic
breast images before AFG. Additional scars post-AFG were
observed in only 3% of patients and did not instigate difﬁculties in radiologic evaluation. Although no statistical evidence of increased fear of recurrence was found in the
CARQ-3 scores, our clinical experience indicates an increased anxiety in patients who developed palpable lumps.
To mitigate this anxiety, it is essential to inform patients
about the risk of developing palpable lumps at the recipient
site. Furthermore, our results further underline the necessity of a close collaboration with the breast radiologist who
perform the evaluations, as to ensure up-to-date knowledge
of the breast imaging changes AFG may induce.
As the primary purpose of AFG in BCS defect reconstruction is to restore the contour and appearance of the breast,
patient-reported outcome measures constitute a key aspect in evaluating the outcome of the procedure. With
statistically signiﬁcant improvements in both patient and
observer breast aesthetic evaluation and in the patientreported body image, the outcome was good. Furthermore,
both patients and the observer noted a signiﬁcant improvement in the scar quality post-AFG. This observation is in
line with results from previous studies investigating the effect of AFG on burns, radiation, and surgical scars.10,13,32–34
The scar quality-enhancing effect observed after AFG is often attributed to the adipose-derived stem cells (ASCs);
however, the process remains to be fully understood. The
scar remodeling properties of AFG render the procedure
especially beneﬁcial for BCS patients, as they have predominantly received adjuvant radiation therapy.4,9 As other
types of reconstructive procedures in irradiated breast
are susceptible to surgical complications, the low surgical complication rate favors the use of AFG in BCS defect
reconstruction.29,30, 35
Despite the increased use of AFG, its oncological safety
to the breast remains debated.12 Petit et al.36 reported a
high risk of local recurrence in patients with intraepithelial
neoplasia who received AFG. However, recent studies found
no increased risk of loco-regional recurrences.17,29, 37,38 In
the present study, one patient developed local recurrence
in the follow-up period, caused by extramammary Paget’s
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tumor, which is known to have a high recurrence rate. The
loco-regional recurrence rate observed in our study is thus
below the expected recurrence rate for BCS populations.2
However, our small study sample prohibits conclusions on
oncological safety to be drawn.
Some limitations to the present study must be acknowledged. Primarily, the cohort is based on a relatively small
single-center population, which may limit the generalizability. Furthermore, the follow-up time does not allow conclusions to be drawn on long-term radiologic changes. However, as BCS-treated patients undergo annual surveillance,
the follow-up time in the present study likely corresponds
to the radiologic breast imaging changes one may expect to
see at the ﬁrst post-AFG follow-up screening. The prospective design strengthens the study, especially as BCS patients
present radiologic breast imaging changes before AFG that
must be considered.
In conclusion, the present study indicates that using AFG
to reconstruct BCS defects signiﬁcantly improves body image, breast aesthetics, and scar quality. However, the procedure induces signiﬁcant breast radiologic changes, even
within a relatively short follow-up period. Further studies are needed to ensure that the induced breast imaging
changes do not interfere with the mammographic surveillance protocols of BCS patients, which causes unnecessary
additional examinations or masking a local cancer recurrence.
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