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Introduction 

Background

Oncoplastic techniques for breast conserving surgery 
(BCS) broadly comprise volume displacement and volume 
replacement (1). The latter term ‘volume replacement’ was 

first described by Raja et al. in 1997 (2). In small to medium 
sized breasts (up to C or D cup size), volume replacement 
techniques could be utilised, especially for relatively large 
tumours in the absence of parenchymal ptosis. These 
require replacement of tissue into the tumour excision 
defect from a regional or distant site. 
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The workhorse of volume replacement for breast 
reconstruction has been the latissimus dorsi (LD) flap for 
many decades. However, sacrifice of one of the largest 
muscles of the torso does lead to morbidity including 
impaired functional outcome (3). This, along with a better 
understanding of regional distribution of perforator vessels 
supplying the lateral and inferior chest wall has led to the 
evolution of muscle-sparing (fascio-adipo-cutaneous) pedicled 
perforator flaps (4). A lateral thoracic artery perforator (LTAP) 
flap can be used exclusively or in combination with a lateral 
intercostal artery perforator (LICAP) flap to reconstruct 
lateral, central, lower outer or upper medial situated breast 
excision defects. The anterior intercostal artery perforator 
(AICAP) or medial intercostal artery perforator (MICAP)-
based flaps can be used for partial breast reconstruction for 
lower central and lower or upper inner quadrant defects 
respectively. Figures 1-3 demonstrate the utility of both lateral 
and anterior chest wall perforator flap (CWPF) in patients 
who were included in this study. 

The role of breast conserving surgery can now be extended 
with techniques such as local perforator flaps. Local flaps 

are particularly useful for partial breast volume replacement 
due to the relative simplicity of the surgical procedure, low 
morbidity and short post-operative recovery. A potential 
advantage over displacement techniques, symmetrisation of 
the contra-lateral breast is usually not required in cases for 
volume replacement. It therefore has the benefit of potentially 
being a one-stage, unilateral procedure reducing the need 
for mastectomy and associated recovery and complications 
associated with immediate reconstruction (5).

Rationale and knowledge gap

Although described more than a decade ago by Hamdi  
et al. (4), CWPFs were not initially adopted widely in the 
United Kingdom (UK). Now, several UK centres perform 
CWPFs for volume replacement and studies by McCulley 
et al. (6) and more recently Quinn et al. (7) have reinforced 
the effectiveness of CWPF. Initial reported of patient and 
aesthetic outcomes are positive (8-14), however, there is 
no validated patient reported outcome measures (PROMs) 
instrument specifically for partial breast reconstruction with 
CWPF, which spares the LD muscle.

PROMs are instruments to measure any aspect of a 
patient’s health status and satisfaction with overall aesthetic 
outcome. 

The BREAST-Q is a multidimensional questionnaire-
based tool that assesses PROMs following breast treatment. 
It is a rigorously developed patient-reported outcome 
measure for use in cosmetic and reconstructive breast 
surgery and clinical practice (15). The BREAST-Q was 
developed quantitatively and qualitatively to measure 
patients’ perceptions before and after breast surgery. It 
does this by examining quality of life domains (psychosocial 
well-being, physical well-being, sexual well-being) and 
satisfaction domains (satisfaction with breasts, satisfaction 
with outcome, satisfaction with care) (16,17). 

Several studies have utilised BREAST-Q to assess 
PROMs in patients following BCS. Dahlbäck et al. (18)  
report a series of over 300 women with a median 
‘satisfaction with breasts’ Q-score of 66 after BCS, and 
psychosocial wellbeing Q-score of 82. O’Connell et al. 
corroborates these findings in a series of 200 women  
1–6 years after BCS with a median Q-score for ‘satisfaction 
with breasts’ of 68, and 82 for psychosocial wellbeing (19). 
Whilst they included volume displacement techniques, 
volume replacement was omitted. Currently, there is no 
validated PROMs instrument specifically for partial breast 
reconstruction with CWPF, which spares the LD muscle.

Highlight box

Key findings 
•	 This study confirms that we can achieve equivalent patient reported 

outcome measures (PROMs) following breast conservation as for 
with standard breast conservation surgery; BREAST-Q ‘satisfaction 
with breasts’ mean of 67.6, standard deviation (SD): ±18.8 (range, 
39–100).

•	 There is minimal back morbidity associated with laterally placed 
chest wall perforator flaps (CWPFs) with patients’ reporting a 
mean ‘satisfaction with back’ score of 80.1, SD: ±19.9 (range, 
40–100).

What is known and what is new? 
•	 The use of CWPFs has become an increasingly popular oncoplastic 

technique to provide volume replacement after oncoplastic breast 
surgery with favourable patient reported outcomes. 

•	 This is the first study to utilise 3D imaging to assess aesthetic 
outcome in this cohort of patients and we report a good aesthetic 
result [global outcome of 3.4, SD: ±1.1 (range, 1–5) based on the 
Delphi score]. 

What is the implication, and what should change now?
•	 CWPF can be offered to patients for volume replacement 

highlighting favourable patient and aesthetic outcomes and a low 
risk of shoulder and back dysfunction (with laterally sited flaps). 

•	 Work needs to be done to create a validated assessment tool to 
measure post-operative outcomes for patients having CWPF for 
volume replacement as it gains popularity.
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Aesthetic outcome from breast cancer surgery has a well-
documented influence on patients’ psychosocial wellbeing 
and quality of life (20). Panel assessment is the most widely 
accepted technique to measure aesthetic outcome in 
breast surgery, however, has inherent bias, is costly, time 

consuming, and unstandardised. The most widely adopted 
scale for use within breast conserving therapy (BCT) is the 
Harvard cosmesis scale, developed by Harris et al. in the 
1970s (21). It reports symmetry between breasts using a 
4-point Likert scale from 1, poor to 4, excellent (Table S1).

3D-surface imaging (SI) has the potential to overcome 
the limitations of alternative methods of evaluating 
aesthetics. It is simple to use and provides multiple views 
from one capture including the cranial and caudal views 
which help visualise projection and the Infra Mammary 
Fold (IMF). It delivers linear mammometrics in addition 
to volume and surface symmetry calculations. The images 
can be captured using Vectra® (Canfield, USA). Vectra® is a 
3D imaging system that combines total body photography 
in ultra-high resolution 3D with software that enables the 
images to be reconstructed and viewed as a 3D graphic. 
Women are positioned with their hands on their hips 
with their elbows behind the mid-axillary line to optimise 
visualisation of the lateral aspect of the breast. Images are 
taken at the end-inspiratory pause during quiet breathing. 

3D-SI is purported to be a precise and accurate way 
to measure volume and symmetry (22-24). The Delphi-
derived scoring system was designed as a scale against 
which an objective measure of aesthetic outcome for breast 
reconstruction can be developed using measures derived 
from 3D-SI (see Table S2). It consists of a scale of 1–5 and 
six domains are assessed: shape; volume; nipple position; 
position of breast mound; symmetry; global appearance. 

Figure 1 2D image, lateral view of patient post-operative after LTAP 
flap reconstruction to left breast, 1 year post-operatively. Patient had 
7 cm of invasive lobular carcinoma in A cup breast. Arrow indicates 
donor site location. This image is published with the patient/
participant’s consent. LTAP, lateral thoracic artery perforator. 

Figure 2 2D image, lateral view of patient post-operative after 
LTAP flap reconstruction to left breast. Arrow indicates donor site 
location. This image is published with the patient/participant’s 
consent. LTAP, lateral thoracic artery perforator. 

Figure 3 2D image, anterior view of patient following MICAP 
flap reconstruction to right breast, 2 years post-operatively. Patient 
had 45 cm on invasive ductal carcinoma. Arrow indicates donor 
site location. This image is published with the patient/participant’s 
consent. MICAP, medial intercostal artery perforator. 

https://cdn.amegroups.cn/static/public/ASJ-23-21-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ASJ-23-21-Supplementary.pdf
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Objective

The primary aim was to determine PROMs after CWPFs 
for volume replacement in BCS and compare this to existing 
PROMs data on breast conservation.

Secondary aims
	 Panel assessment after CWPFs on 2D photography 

and 3D surface imaging;
	 Determine whether CWPF has a comparable 

subjective assessment of the severity of back morbidity 
compared with LD reconstruction in the literature;

	 Determine which patient, tumour and treatment-
related factors are associated with the above.

We present this article in accordance with the STROBE 
reporting checklist (available at https://asj.amegroups.com/
article/view/10.21037/asj-23-21/rc). 

Methods

Patient population 

This is a prospective cohort study of female patients 
who have undergone volume replacement with CWPF 
reconstruction following breast surgery at The Royal 
Marsden Hospital in the UK over the last 5 years. 

Inclusion criteria
	 Female patients who have had breast conserving 

surgery with partial volume replacement using CWPF 
for primary breast cancer at The Royal Marsden 
Hospital Trust in the last 5 years were eligible. 

Exclusion criteria
	 Prior breast surgery to either breast or concomitant 

surgery to contralateral breast.
	 Patient deceased or lost to follow up.
	 Unable to answer the BREASTQ questionnaire (e.g., 

learning difficulties).

Tumour and operative details 

All patients were operated on by consultant oncoplastic 
breast surgeons using a single stage approach. The 
perforator vessels were identified with use of a Doppler 
probe pre-operatively in clinic and on the morning of 
surgery. The estimated volume of defect and flap marking 
was performed with patient in lying and standing position. 
For AICAP and MICAP flaps the infra-mammary fold 

is marked. For exposure of the LTAP/LICAP donor 
site a small sand bag was placed beneath the ipsilateral 
paraspinal area to achieve a tilt and the arm board was 
raised to support the arm or the patients were positioned in 
a lateral position and turned to supine for flap placement. 
A single incision was used for the wide local excision and 
reconstruction in all cases. In some cases, the axilla was 
also accessed through the same incision. The flaps were de-
epithelized prior to placing them in the resection cavity. 
Drains were used for the donor site on a discretionary basis. 
Patients were discharged on the same day and followed up 
in clinic 2 weeks later. 

Patient demographics including age, body mass index 
(BMI) and co-morbidities reported in the pre-operative 
assessment were recorded. Tumour size, receptor status and 
specimen weight (based on the post-operative pathology 
reports) were also recorded on a prospectively maintained 
database. 

Patient reported outcomes

An electronic BREAST-Q distributed via e-mail was 
sent and patients were also invited for medical 2D and 
3D photography on site. Patients whose preference was 
to complete the survey on paper were sent a paper copy. 
The BREAST-Q modules utilised were the BCS, breast 
reconstruction and LD and included questions related 
to: psychosocial wellbeing; sexual wellbeing; satisfaction 
with breasts; physical wellbeing (chest and back); adverse 
effects of radiation. Patients were also asked how they 
received information prior to surgery, the pain, softness, 
and lumpiness of the treated and contralateral breast, the 
amount of help required with daily activities, and the overall 
results of surgery. The BREAST-Q data are transformed 
into scores ranging from 0–100 according to the guidelines 
provided by BREAST-Q with higher scores indicating more 
favourable outcomes. All responses were anonymised.

Panel assessments

Objective outcomes were measured using the Harvard 
cosmesis scale for 2D photography and the Delphi scoring 
system for 3D surface imaging (Tables S1,S2) (21,25). The 
scoring outcome of the Harvard cosmesis scale for 2D 
photography is defined as excellent [4], good [3], fair [2], 
and poor [1]. The scoring outcome for the Delphi score 
is defined as excellent [5], good [4], moderate [3], poor 
[2], very poor [1] in seven domains: shape; volume; nipple 

https://asj.amegroups.com/article/view/10.21037/asj-23-21/rc
https://asj.amegroups.com/article/view/10.21037/asj-23-21/rc
https://cdn.amegroups.cn/static/public/ASJ-23-21-Supplementary.pdf
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position; projection; position of breast mound; symmetry; 
global. 

All members of the panel had participated in objective 
panel assessments in the past and had experience in the 
protocol as well as informed of the study design. 

For the assessment, the panel of four consisted of:
	 Two breast surgeons (one consultant, one senior 

fellow);
	 One consultant clinical oncologist;
	 One consultant plastic surgeon.
The panel were first presented with a poor outcome and 

an excellent outcome as an example of the lower and upper 
limits of scale. This was determined by an independent 
oncoplastic breast surgeon prior to the formal panel 
assessment. The panel had the opportunity to review and 
question the scoring systems ahead of the assessment. 
The assessment was performed virtually and marks were 
recorded independently and anonymously from the other 
panel members. The average of the scores across the panel 
was then calculated as the overall outcome score for that 
patient’s 2D or 3D image.

Univariate regression analysis was used to assess potential 
contribution of patient/clinico-pathological variables:
	 D e m o g r a p h i c s :  a g e  a n d  B M I  a t  s u r g e r y 

(continuous), smoking status (non-, current or 
current within 6 weeks of surgery, dicotomized).

	 Tumour-related: maximum tumour dimension 
(mm) and weight of specimen (g).

	 Treatment-related: quadrant of resection/volume 
replacement, axillary surgery extent [nil vs. 
sentinel lymphadenectomy (SLND) vs. axillary 
lymphadenectomy (ALND)], re-excision of margins, 
post-operative complications, radiotherapy and 
radiotherapy boost as dicotomized variables.

Statistical analysis

Data was analysed using IBM SPSS advanced statistics 
(Statistical Package for Social Sciences), version 24 (SPSS 
Inc., Chicago, IL, USA).

Demographics are presented as descriptive statistics, and 
any quantitative variables presented as mean and standard 
deviation (SD) or median and interquartile range (IQR), 
as appropriate after testing for normality (Kolmogorov-
Smirnov test). Qualitative data is presented as proportions 
and frequencies. 

Scores for 2D and 3D-SI were obtained using a 4-point 
and 5-point Likert scale respectively and transformed into 

a 0–100 scale to perform univariate analyses by logistic 
regression against the BREAST-Q scores.

Two-sided univariate regression analyses were used to 
assess whether any independent variables affect patient 
reported outcome. A P value of less than P<0.1 was 
deemed statistically significant and would be entered into a 
multivariable model to identify any independent risk factors 
(as above).

The Wilcoxon Signed Rank Test was used to test the 
agreement of 2D and 3D panel assessment vs. patient 
related outcome assessed by the BREAST-Q questionnaire.

The primary endpoint was PROMs quantification using 
Breast-Q. Secondary endpoints were panel assessment on 
2D photography and 3D surface imaging; Measurement 
by BREAST-Q the subjective assessment of the severity 
of back morbidity and analysis of patient, tumour and 
treatment-related factors associations with the above 
outcomes. Missing data from the database was recovered via 
the electronic patient records system. 

The use of a prospectively maintained database to record 
patient and tumour characteristics minimised potential bias 
and confounders. Non-response bias was addressed with the 
use of a pre-notification e-mail containing information about 
the survey and the use of a personalised invite and a reminder. 

Ethical considerations

The study was approved by the internal audit committee 
(Project Ref: BR2021_168) and further authorised via the 
University of East Anglia Ethical Committee. The study 
conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013). Informed consent was obtained from 
all the patients.

Results 

Patient and tumour characteristics 

Seventy-three patients had CWPF for partial volume 
replacement in the context of breast conservation as part of 
treatment for primary breast cancer. Four patients had died 
from progressive metastatic disease at the time of PROMS 
assessment and were therefore excluded. Therefore 69 
patients were invited to participate (Figure 4).

The response rate to the questionnaire was 53.6% (37/69) 
with the majority of patients choosing to provide their 
feedback via the online portal rather than written survey. 
Three patients did not provide an identifier and therefore 
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could not be included in the univariate analysis. 
Of our identifiable respondents (n=34) the median 

age was 55 (IQR, 34–63) years and BMI was 25.5 [IQR, 
22.1–30.2] kg/m2. The mean time from breast surgery 
to participation in the study was 5.7 (SD: ±6.4, range, 1–40) 
months. The median tumour size was 45 (IQR, 35–65) mm 
with a median surgical specimen weight of 71 (IQR, 43–92) g. 
The patient, tumour and treatment characteristics of the 
respondents are summarised in Table 1. Of these patients, 
25 had laterally situated perforator flaps [LTAP/LICAP/
thoracodorsal artery perforator (TDAP)] and the other 
nine anteriorly based flaps (AICAP/MICAP). Most patients 
responded to the questionnaire at a time point after adjuvant 
radiotherapy (29/34) with the remaining five patients in the 
post-operative period pre-radiotherapy (5/34). 

Patient reported outcomes

The BREAST-Q scores are summarised in Table 2. All of 
the results were distributed non-parametrically, however, 
mean and SD are displayed to allow comparison with other 
published literature where the mean and SD have been 
stated. The nine patients who had anterior perforator flaps 
(AICAP/MICAP) did not contribute to the domains relating 
to back satisfaction. The highest scoring domains were 
‘satisfaction with back’ and ‘satisfaction with information 
from surgeon’ scoring a median of 78 (IQR, 68–100) and 74 
(IQR, 62–88) respectively. The lowest scoring domain was 
‘sexual well-being’, with a median score of 39 (IQR, 26–64). 

Response rates varied within the domains ranging from 
83.7% to 100% with the most poorly answered being sexual 

well-being (31/37 respondents).

Univariate analysis of patient reported outcomes  
based on variables 

Of the 34 patients where tumour and patient characteristics 
were available a univariate analysis was used to identify 
clinico-pathological variables which were associated with 
outcomes. Across these variables there were no identifiable 
statistically significant (P>0.99) with patients reported 
outcomes (Table 3).

Aesthetic outcomes based on 2D photography

Twenty-one patients consented to have 2D photography for 
the panel assessment. 

The scores were averaged from the individual panel scores 
with a mean of 2.7, SD: ±0.9 (range, 1–4). Four patients had 
sub-optimal results (<2), seven patients had fair results (2–3) 
and 10 patients had good or very good results (>3). 

Aesthetic outcomes based on 3D photography 

Fourteen patients consented to have 3D photography for 
the panel assessment. 

Panel scores were averaged and a mean score ± SD were 
calculated (Table 4). 

The global outcome of the 14 patients was favourable, 
with two patients having an unsatisfactory outcome (<2), 
seven patients having a satisfactory outcome (2–4) and four 
patients having a good or excellent outcome (>4).

Patients who had CWPF
reconstruction (n=89)

Invited to participate (n=69)

Responded to 
survey (n=34)

2D imaging
(n=21)

3D imaging
(n=14)

Excluded (n=20)
•	 Whole breast reconstruction (n=8)
•	 Resurfacing procedure (n=2)
•	 Treated for recurrence (n=6)
•	 Died (n=4)

Figure 4 Patient selection flowchart. CWPF, chest wall perforator flap. 
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Comparison of 2D and 3D imaging

A total of 11 patients underwent panel assessment had both 
2D and 3D surface imaging. A Wilcoxon Signed Rank 
Test was performed, P=0.032 demonstrating an overall 

statistically significant difference (P<0.05) between the 2D 
and 3D scoring favouring 3D-SI. 

Comparison of panel assessment vs. PROMS 

The Wilcoxon Signed Rank test was used to test the 
agreement of 2D and 3D-SI vs. patient related outcome 
assessed by  the  BREAST-Q quest ionnaire .  This 
demonstrated a statistically non-significant difference 
(P=0.084 and P=0.272) respectively between the outcomes.

Discussion

Key findings

CWPFs are a significant addition to the oncoplastic breast 
surgery repertoire that can be offered to women to facilitate 
BCS without compromising cancer resection and in most 
patients, negates the need for mastectomy. 

This study shows that CWPFs offer a good option 
for partial breast reconstruction with favourable patient-
reported outcomes and minimal morbidity. Our series 
reports a low complication rate in line with the published 
evidence (11,12,14) with no patients in our cohort requiring 
invasive intervention for management of complications. 

Strengths and limitations

There are several limitations to our study. As a feasibility 
study, small sample size and the relatively short time to 
follow-up clearly limit our analysis. Our study population 
represents a convenience sample of patients willing to take 
part in the BREAST-Q survey with attendant selection 
bias. This is a single-centre experience at a tertiary 
centre and although results are consistent with existing 
published outcomes it may not be generalizable to a 
broader population at present. As a snapshot of PROMs 
and photography following treatment, we lack baseline data 
as well as longitudinal pre- and post-radiotherapy data. 
This limits the ability to understand longitudinal changes 
in patient satisfaction experienced during the process of 
treatment and creates an inherent recall bias. Our inability 
to identify any statistically significant predictive variables 
that may have influenced PROMs in this patient cohort may 
be due to small sample size and lack of power. As increasing 
numbers of patients undergo volume replacement by 
CWPF the knowledge gap in the short and longer-term 
outcomes needs to be addressed. 

Table 1 Patient, tumour and treatment characteristics of patients

Characteristics Values

Age (years) 55 [34–63] 

BMI (kg/m2) 25.5 [22.1–30.2]

Current smokers 2

Ex-smokers 8

Radiotherapy 29*

Adjuvant chemotherapy 11

Tumour size (mm) 45 [35–65] 

Specimen weight (g) 71 [43–92]

Type of flap

Anterior/inferior

AICAP 6

MICAP 3

Lateral

LICAP only 7

LTAP only 7

LICAP/LTAP combo 10

TDAP 1

Axillary surgery

SLND only 24

ALND 4

None 6

Re-excision of margins 3

Involved margins <1 mm 4

Neuropathic pain 1

Wound complication 1

Data are presented as median [IQR] or number. *, 1 of whom 
had boot to tumour bed; clear margin defined as ‘no ink on 
tumour’. BMI, body mass index; AICAP, anterior intercostal 
artery perforator; MICAP, medial intercostal artery perforator; 
LICAP, lateral intercostal artery perforator; LTAP, lateral thoracic 
artery perforator; TDAP, thoracodorsal artery perforator; SLND, 
sentinel lymphadenectomy; ALND, axillary lymphadenectomy; 
IQR, interquartile range. 
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Comparison with similar researches

To our knowledge this is the first study reporting 
BREAST-Q results with the addition of aesthetic outcome 
panel assessment utilising both 2D and 3D imaging 
in patients who have undergone breast conservation 
with CWPF for partial volume replacement. The UK’s 
Association of Breast Surgeon’s and the British Association 

of Plastic and Reconstructive and Aesthetic Surgery 
recognise the use of PROMs as an end-point in studies 
and a tool for quality control and it is widely accepted that 
the aesthetic and functional outcomes after breast cancer 
surgery correlate with higher quality of life (26). 

A mean score of 67 for ‘satisfaction with breasts’ in 
our BCS patients is comparable to previously published 

Table 2 Results of BREAST-Q

Domain Median [IQR] Mean ± SD [range] 

Overall satisfaction with breast 64 [53–83] 67.6±18.8 [39–100]

Psycho-social well-being 73 [58–88] 72.4±19.5 [37–100]

Satisfaction with reconstruction 64 [57–73] 66.9±16.8 [37–100]

Physical well-being (chest) 68 [60–81] 68.1±21.2 [28–100]

Satisfaction with back 78 [68–100] 80.1±19.9 [40–100]

Physical well-being (shoulder/back) 68 [49–80] 66.4±20.1 [39–100] 

Sexual well-being 39 [26–64] 46.2±24.3 [20–91]

Radiotherapy outcome 45 [30–69] 44.4±21.2 [33–78]

Satisfaction with information from surgeon 74 [62–88] 75.3±18.25 [25–100]

IQR, interquartile range; SD, standard deviation.

Table 3 Results of univariate analysis 

Variable N Correlation coefficient P

BMI 34 −0.157 0.376

Age 34 0.047 0.793

Specimen weight 34 −0.132 0.458

Size of specimen 34 0.011 0.951

Smoking status 0.773

Ex-smoker 2 –

Current smoker 8 –

Type of chest wall perforator flap 34 – 0.894

Radiotherapy 24 – 0.539

Axillary surgery

SLND 24 – 0.867

ALND 6 – 0.064

Re-excision – – >0.99

Cancer location – – 0.650

Surgical complications – – >0.99

BMI, body mass index; SLND, sentinel lymphadenectomy; ALND, axillary lymphadenectomy. 
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studies that have assessed patients following BCS utilising 
BREAST-Q. Dahlbäck et al. (18) report a series of over  
300 women with a median ‘satisfaction with breasts’ Q-score 
of 66 after BCS, and psychosocial wellbeing Q-score of 
82. O’Connell et al. corroborates these findings in a series 
of 200 women 1–6 years after BCS with a median Q-score 
for ‘satisfaction with breasts’ of 68, and 82 for psychosocial 
wellbeing (19). 

The panel assessment scores for 2D imaging had 
an average Harvard score of 2.7, SD: ±0.9 (range, 1–4) 
which is comparable to score for patients who have 
undergone standard breast conserving surgery. In a study 
by Godden et al. looking at the utility of 3D-SI a panel 
assessment of 190 patients undergoing BCT utilised the 
same score on 2D images as a benchmark and reported a 
mean of 2.87 (27). 

Regarding assessment of physical well-being of the 
shoulder and back our cohort of patients scored favourably 
with an overall mean score of 66.4 compared to 64 from 
a study conducted by Kim et al. (28) and 40.63 from 
a study by Gao et al. (29) both of whom assessed this 
domain in patients undergoing LD flap reconstruction. 
The satisfaction with back score in our cohort was 80.1 
compared to 52.5 in Gao et al. (29). The complication rate 
is also similar to that reported in the literature with a similar 
operative time. This supports the use of the (muscle-sparing) 
LICAP flap as an alternative to traditional LD mini-
flap reconstruction with a trend towards more favourable 
patient reported outcomes. We did not objectively measure 
the impact of axillary surgery performed and whether this 
was a predictive factor for poorer outcome in this domain. 
In the future, with a larger cohort of patients we would like 
to assess the impact of the type of axillary surgery on the 
overall satisfaction with back and shoulder outcomes. 

Explanation of findings 

We were able to demonstrate the utility of 3D imaging in 
the assessment of patients post breast reconstruction and 
lends support to its utilisation more commonly to determine 
aesthetic outcome where feasible. We hypothesise that 
the higher correlation between PROMS and 3D panel 
assessment outcomes demonstrates that 3D imaging may 
give a better perception of results. 

Implications and actions needed

To further develop this study, we would aim to use 3D 
imaging and volumetric assessment to objectively measure 
volume asymmetry between the two breasts and to also 
map the areas of the breast showing differences in volume 
focally using proprietary software (Vectra 3D, MirrorTM, 
Canfield) to map one breast onto the other to highlight 
these differences in volume—highlighting differences both 
regionally and globally post-operatively. This would then 
allow for calculation of volume difference (global) in cm3 
between the treated and untreated breast and differences 
specifically in the quadrants (focal difference in volume) 
replaced by CWPFs between the two sides. 

Conclusions

As interest in and patient uptake of CWPF for partial 
volume replacement increases, our knowledge gap of short 
and longer term outcomes mandates further research. 
Validated questionnaires provide clinicians with a useful 
insight into their patients’ satisfaction. The lack of a validated 
measurement tools in this patient population represents a gap 
in outcome assessment research. We are yet to identify the 
most suitable and accurate method of assessing these patients 
and for more robust numbers, such assessments need to be 
integrated within the patient care pathway to gauge both 
overall and aesthetic reported outcomes. 
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Assessment Mean score ± SD 

Shape 3.3±1.1 

Volume 3.6±0.97
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Table S1 Harvard (Harris) cosmesis scale

Excellent [4]: treated breast nearly identical to untreated breast

Good [3]: treated breast slightly different from untreated breast

Fair [2]: treated breast clearly different from untreated breast but not seriously distorted

Poor [1]: treated breast seriously distorted

Table S2 Delphi scoring system

Item Description Excellent 5 Good 4 Moderate 3 Poor 2 Very poor 1

Shape The overall shape of 
the reconstructed 
breast/s

Shape symmetry 
out of bra achieved

Shape of 
operated breast is 
pleasing but not 
symmetrical

Moderate 
difference in shape 
but does not 
detract from overall 
aesthetic result

Moderate 
focal deficits 
detracting from 
overall aesthetic 
result

Large focal deficits 
distorting contour 
significantly 
detracts from overall 
aesthetic result

Volume Overall volume 
symmetry between 
breasts

Equal volume 
between breasts

Minor difference 
in volume

Moderate 
difference in 
volume but does 
not detract from 
overall aesthetic 
result

Volume 
difference 
impacts overall 
aesthetic result

Major volume 
mismatch 
significantly 
detracts from overall 
aesthetic result

Nipple 
position

Nipple position 
in relation to the 
ipsilateral breast

Excellent symmetry 
between sides 
and nipple in an 
ideal position on 
reconstructed 
breast mound

Minor 
adjustments 
required 
to achieve 
excellence in 
nipple position

Noticeably 
suboptimal but 
does not influence 
overall aesthetic 
results

Nipple position 
slightly impacts 
overall aesthetic 
result

Nipple position 
significantly 
detracts from overall 
aesthetic result

Projection Patient view of 
symmetry

Projection is equal Minor differences 
in projection

Noticeable 
difference but not 
detracting from 
overall aesthetic 
result

Slightly impacts 
overall aesthetic 
result

Significantly 
detracts from overall 
aesthetic result

Position 
of breast 
mound

In relation to chest 
wall and other 
breast

Equal to the other 
side and in an 
optimal position on 
chest wall

Minor asymmetry 
of position or 
symmetrical 
but suboptimal 
position

Asymmetry 
of position or 
symmetrical but 
suboptimal position 
not detracting from 
overall aesthetic 
result

Slightly impacts 
overall aesthetic 
result

Significantly 
detracts from overall 
aesthetic result

Symmetry Comparison 
between breasts

Out of bra symmetry 
achieved

Mild asymmetry Moderate 
asymmetry but 
does not detract 
from overall 
aesthetic result

Moderate 
asymmetry 
detracting from 
overall aesthetic 
result

Significant 
asymmetry 
detracting from 
overall aesthetic 
result

Global Taking into 
consideration 
subscale evaluation 
what is your overall 
impression of 
the quality of the 
reconstruction

Excellent Good Moderate Poor Very poor
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