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Introduction

Oncoplastic breast-conserving surgery refers to breast 
conserving surgery (BCS) offered to women with relatively 
large or poorly located cancers and involves specialized 
plastic surgical techniques in combination with oncological 
surgery (1,2). With the development and popularization of 

partial breast reconstruction (PBR), in particular volume 
replacement (3-5) with chest wall perforator flaps (CWPFs), 
it has extended the indications for BCS for women 
diagnosed with breast cancer with improved aesthetic and 
psychological outcomes.

CWPF is a relatively new technique, gradually gaining 
interest and acceptance. The history of use of lateral chest 
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wall flaps for breast reconstruction dates back to 1986 
where Holmstrom et al. (6) described the use of a lateral 
thoracodorsal flap to assist in implant reconstruction after 
mastectomy for breast cancer. Subsequently, it was described 
in detail by Hamdi et al. in 2004 (7-9) as a pedicled 
perforated flap based on various named perforators: the 
lateral intercostal artery perforators (LICAPs), the branch 
of the lateral thoracic artery (LTAP) and the thoracodorsal 
artery perforator (TDAP).

Since then, CWPFs have been increasing in popularity as 
an option for BCS in women with small to moderate non-
ptotic breasts with laterally placed tumours (10). However, 
many people fear that PBR with CWPF may alter the breast 
architecture in some way and hence affect the patterns of local 
recurrence and make postoperative cancer surveillance more 
difficult. The importance of accurate surveillance (11-14) 
cannot be over-emphasised as it is the hallmark of oncoplastic 
BCS where safety of procedure in terms of oncologic clearance 
and surveillance carries significant importance.

As this is a less widely used technique, there is paucity of 
literature (15,16) reporting the effects of these procedures 
on the evaluation of subsequent surveillance mammograms.

The aim of this paper is to characterize the mammographic 
findings of post BCS breast after volume replacement 
and evaluate the outcomes and impact on surveillance 
mammograms. 

Methods

This is a retrospective analysis of a prospectively maintained 
database of all patients who underwent PBR with CWPF as 
part of BCS by a single surgeon in a tertiary referral centre. 
The CWPF are fasciocutaneous pedicled flaps based on 
either the LICAP, branch of LTAP or TDAP. It is designed 
on the lateral chest wall by pinching the redundant roll of 
fat with variable extension around the back, depending on 
the tissue needed to fill the defect. The flap is orientated 
parallel to the skin tension lines with the tip curving up 
posteriorly parallel to the underlying ribs and following 
angiosome description (17).

Surveillance mammograms are those performed in 
asymptomatic patients following initial treatment of a 
primary breast cancer. This is usually performed at one-year 
after surgery and annually thereafter for at least five years 
as per NHS guidance (18) on surveillance for breast cancer. 
Symptomatic patients have access to symptom review clinic 
at all times and are referred for diagnostic imaging when 

necessary.
Mammograms done after surgery were reviewed and 

reported by consultant breast radiologists at the point of 
imaging. The need for recall for further imaging and/or 
biopsy were performed as indicated. All available imaging 
was retrieved for this study. The first post-operative 
surveillance mammogram was analysed for characteristic 
qualitative features. Outcomes of surveillance, whether 
normal or recalled for additional imaging/biopsy, were 
analysed. An interval cancer (19) is defined as a cancer 
diagnosed within the breast after a negative surveillance 
mammogram. The incidence and outcomes of diagnostic 
imaging for symptomatic patients were also evaluated. 

The study was carried out as a part of routine clinical 
care with approval (approval number 4371) from the ethics 
committee of Oxford University Hospitals NHS trusts 
to audit the outcomes. The hospital ethical and clinical 
guidelines were adhered to. 

The data were statistically described in terms of mean, 
median and range, or frequencies (number of cases) and 
percentages when appropriate.

Results

Sixty-four women diagnosed with breast cancer underwent 
volume replacement BCS over the study period (Aug 2011–
Apr 2016). All were females and the median age at diagnosis 
was 50 years (range: 34–69 years). Most presented with 
symptoms whilst 29.7% (19/64) were screen-detected. Most 
patients underwent volume replacement BCS in a single 
stage procedure whereby the wide local excision and CWPF 
was performed in a single operation. A small number (6/64) 
underwent a two-stage procedure (10,20) whereby the wide 
local excision was performed in the first operation, the 
cavity was filled with saline and the CWPF was performed 
in the second operation. And 14% (9/64) of the patients had 
the surgery after neo-adjuvant chemotherapy.

The median follow-up was 2 years (range: 1–5 years). 
Four patients (6.3%) required completion mastectomy for 
incomplete cancer resection, which is an acceptable rate 
when compared with standard BCS.

A total of 58 female patients who had at least one 
survei l lance mammograms post-operat ively  were 
included in the analysis. Six patients were excluded as 4 
subsequently underwent completion mastectomy, 1 refused 
mammographic surveillance and 1 had yet to have their first 
post-operative surveillance mammogram. 
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Characteristic mammographic features at one-year post 
surgery

As CWPF uses subcutaneous adipose tissue and dermis 
from the lateral chest wall to replace the volume of the 
resected breast, the flap is only visible in 13.8% of the 
mammograms performed at one-year post surgery. Most 
(77.6%) show intermediate parenchymal density. Of the 
58 mammograms reviewed, 5 showed calcifications, mostly 
benign except for 1 which showed fine calcifications. Fat 
necrosis was seen in 2 of the 58 mammograms and up to 
20% showed post-radiation changes such as fat necrosis or 
skin thickening. The typical features of CWPF on the first 
post-operative mammograms were reviewed in Table 1 and 
Figure 1 shows typical post-operative mammograms. 

Outcomes of surveillance mammography

In total, 134 mammograms were reviewed in this study. 

The UK 5-point breast imaging classification for the 
mammograms done in the first 3 post-operative years are 
presented in Figure 2. All were labelled as M1 (normal) and 
M2 (benign) while only 2 were M3 (indeterminate/probably 
benign).

Three mammograms (2.2%) were recalled for further 
imaging. All had additional ultrasound evaluation and 1 had 
spot compression and/or magnification view mammography. 
Magnetic resonance imaging was not required in any 
patient. All 3 patients proceeded to have core biopsy of 
the mammographic abnormality. The biopsy results were 
2 benign lesions (B2) including fat necrosis, fibroadenoma 
while one showed atypia (B3). The patient with B3 on 
biopsy subsequently underwent wire guided excision biopsy 
which confirmed benign calcifications with atypia. 

Post-radiation changes including skin thickening & 
breast oedema were seen in 17.2% (23/134) mammograms, 
mainly in first couple of years, which resolved by the third 
surveillance mammogram. Mammographic evidence of fat 
necrosis was seen in 3.7% (5/134) and 1 required biopsy. 
There were no cases of interval cancer or recurrence.

Diagnostic imaging after CWPF

Diagnostic imaging was performed for evaluation of patient-
reported symptoms and/or clinician-detected signs within 
the post-operative breast. Over the duration of follow-
up, 4 patients (6.9%) presented with symptoms which led 
to additional, unplanned imaging. Three of the patients 

Figure 1 Mammographic appearance of CWPF on left and normal 
breast on the right. CWPF, chest wall perforator flap.

Figure 2 UK 5-point mammographic classification of surveillance 
mammograms.
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Table 1 Characteristic mammographic features at one-year post 
surgery (n=58)

Qualitative features n Percentage (%)

Parenchymal density

Dense/moderately dense 6 10.3

Intermediate 45 77.6

Fatty 7 12.1

Calcifications 5 8.6

Mass 0 0

Fat necrosis 2 3.4

Skin thickening 12 20.7

Breast edema 7 12.1

Flap seen distinctly 8 13.8
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presented in the clinic with firmness or nodularity and 1 
presented with axillary pain. All the patients had ultrasound 
of the area of concern. All the ultrasound was normal/
benign and showed post-operative changes while 1 showed 
fat necrosis. The patient who presented with nodularity and 
had ultrasound showing fat necrosis eventually underwent 
a core biopsy for the area of concern and the biopsy 
confirmed fat necrosis and fibrosis. 

Discussion

Volume replacement techniques allow women, who would 
otherwise have been rendered a mastectomy, to have the 
option of BCS. With increasing popularity of reconstructive 
techniques for BCS in women with breast cancer, the 
importance of adequate postoperative surveillance cannot 
be emphasized enough. 

However, as volume replacement or PBR using CWPF 
is a relatively new technique, the oncological safety aspect 
in terms of impact on surveillance mammograms in 
detecting recurrences/new cancers need to be evaluated. 
The mammograms of such patients after CWPF are unique 
in the sense that the flap may or may not be visible due 
to the absence of muscle density which is commonly seen 
in patients who had undergone LD flaps (15). A similar 
study by Nottingham group (16) looking at mammograms 
after volume replacement showed that the evidence of an 
autologous flap was absent in 31% of those who had CWPF. 
Furthermore, there was less architectural distortion and 
when present, it lacks the spiculate appearance noted after 
the usual BCS (14,21). The incidence of fat necrosis among 
the surveillance mammogram in our study population is 
3.7% and it compares very favourably with the 20–31.9% 
incidence of fat necrosis seen after standard BCS with wide 
local excision (22,23).

Surveillance mammographic follow-up after PBR with 
CWPF in women undergoing BCS for breast cancer 
is accurate with low recall & biopsy rates. In the 134 
surveillance mammograms we reviewed, the recall rate was 
only 2.2%. This is comparable to the recall rate of post-
treatment surveillance mammogram in our centre which is 
3.7%. During the same period, a biopsy recommendation 
resulting in a benign histology results occurred in 2 of 
134 mammograms, giving a false positive rate of 1.5%. 
This is comparable to the study by Ashkanani et al. (24) 
which reported a false positive rate of 2.3% and also the 
Nottingham paper which quoted 0.67%.

We also looked at the impact of volume replacement 

BCS on cl inical  resources in terms of  addit ional 
imaging and need for biopsy for patients who presented 
symptomatically. During the follow-up period, 4 patients 
required additional imaging, mainly in the form of 
ultrasound. Ultrasonographic evaluation alone was adequate 
to exclude any suspicious lesions in most of the patients and 
only 1 patient required a biopsy.

Our study is limited by the relatively small sample size 
and short duration of follow-up. However, it provides 
reassurance to the units wishing to adopt the new technique 
and expand their repertoire in oncoplastic breast surgery 
techniques. There is continuing need to evaluate the 
oncoplastic techniques with inbuilt quantitative and 
qualitative audits across various units and hopefully 
as collective experience expands, there will be more 
information available on the outcomes and impact of 
volume replacement BCS. 
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