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Abstract

Background: Following therapeutic mammoplasty (TM), the contralateral breast may require a later balancing procedure to optimize
shape and symmetry. The alternative is to offer patients simultaneous TM with immediate contralateral symmetrization via a dual-
surgeon approach, with the goal of reducing costs and minimizing the number of subsequent hospital appointments in an era of
COVID-19 surges. The aim of this cost–consequence analysis is to characterize the cost–benefit of immediate bilateral
symmetrization dual-operator mammoplasty versus staged unilateral single operator for breast cancer surgery.

Method: A prospective single-centre observational study was conducted at an academic teaching centre for breast cancer surgery in
the UK. Pseudonymized data for clinicopathological variables and procedural care information, including the type of initial breast-
conserving surgery and subsequent reoperation(s), were extracted from the electronic patient record. Financial data were retrieved
using the Patient-Level Information and Costing Systems.

Results: Between April 2014 and March 2020, 232 women received either immediate bilateral (n= 44), staged unilateral (n= 57) for
breast cancer, or unilateral mammoplasty alone (n= 131). The median (interquartile range (i.q.r.)) additional cost of unilateral
mammoplasty with staged versus immediate bilateral mammoplasty was €5500 (€4330 to €6570) per patient (P, 0.001), which
represents a total supplementary financial burden of €313 462 to the study institution. There was no significant difference between
groups in age, Charlson comorbidity index, operating minutes, time to adjuvant radiotherapy in months, or duration of hospital stay.

Conclusion: Synchronous dual-surgeon immediate bilateral TM can deliver safe immediate symmetrization and is financially
beneficial, without delay to receipt of adjuvant therapy, or additional postoperative morbidity.

Introduction
Breast cancer is the most common cancer affecting women in the
USA and Western Europe1,2, with the majority of patients being
treated by breast-conserving surgery (BCS)3, followed by
adjuvant radiotherapy4–10. There are data to support the survival
advantage of BCS compared with mastectomy, independently of
measured confounders and it should be given priority in suitable
candidates11. Therapeutic mammoplasty (TM) extends the
boundaries of BCS by combining breast reduction and
mastopexy techniques with tumour excision, preserving natural
breast cosmesis and circumventing the need for
mastectomy12,13. Following TM, the contralateral breast may
require a later balancing procedure to optimize shape and
symmetry14. This may be performed immediately or as a staged
procedure, depending on several factors, including patient
choice. The disadvantage of staged contralateral symmetrization
mammoplasty is that in the aftermath of the index cancer
surgery, the patient is left asymmetric with subsequent impact
on quality of life, confidence, and self esteem15.

The alternative is to offer patients simultaneous TM with
immediate contralateral symmetrization with the goal of
improving aesthetic outcomes, enhancing quality of life, and
minimizing the number of subsequent clinic visits, hospital
appointments, and operative procedures. The latter has come
sharply into focus because of the recent SARS-CoV-2
virus (COVID-19) pandemic giving evidence to suggest that
patients with cancer are regarded as a vulnerable group16,17. In
this context, immediate symmetrization surgery may reduce the
risk of nosocomial COVID-19-related infections by curtailing
healthcare contact points and has been recommended by the
British Association of Plastic Reconstructive and Aesthetic
Surgeons18. Moreover, a recent Canadian study of 48 patients
who underwent immediate bilateral symmetrizing TM
demonstrated high levels of patient-reported satisfaction and
psychosocial outcomes with comparable oncological safety and
complication rates19. This notwithstanding, immediate
symmetrization is arguably more technically challenging given
the need to predict radiotherapy-related shrinkage of the
treated breast20. Theoretically, there is the potential for delay to
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adjuvant therapies if complications ensue because of more
extensive surgery. Moreover, logistical factors including
protracted operating times and theatre inefficiencies mean that
it is challenging for a single operator to offer an immediate
bilateral mammoplasty service.

One solution is to offer a synchronous two-consultant team
approach with the goal of facilitating immediate
symmetrization, reducing operating time21,22, maximizing list
utilization23, and theoretically reducing costs24 associated with
the second hospital episode in a staged mammoplasty
approach. A dual-operator approach is postulated to confer
better control of the operative field, intraoperative recognition of
technical errors, and better assistance for the primary surgeon,
rendering a technically complex operation more
straightforward25, but to date the approach has not been
extrapolated to BCS. With TM, a second consultant may
improve preoperative and intraoperative decision-making with a
readily available second opinion26. Moreover, there is evidence
that a dual-surgeon approach enhances theatre productivity
with efficient use of surgeon time22 and streamlines progress of
the operating list24. A good practice guideline in oncoplastic
surgery published in 202126 recommended a two-team
immediate symmetrization approach to shorten operating time
and reduce complication rates in implant reconstruction27.
Moreover, a study of 116 patients undergoing bilateral
mastectomy by a co-surgeon team also demonstrated a
reduction in overall surgical time28. Critically, this
recommendation is without an evidence base for mammoplasty
and furthermore, previous dual-team approaches have
overlooked potential cost opportunities.

Although the financial burden of delayed reconstructive
surgery and symmetrization has been hypothesized, there are
no published studies that define cost differentials between
immediate single-stage and delayed two-stage symmetrization
mammoplasty in BCS. Potential excess spending associated with
delayed second-stage symmetrization with an additional theatre
episode may impose unnecessary expenditure to health
institutions. Despite this, a dual-operator technique has not
been described for TM and the benefits for patients undergoing
BCS are unknown. The aim of this study was to derive
patient-level information costs (PLICS), a standardized method
of cost information, in a UK single-site institution to compare
individual cost drivers between patients undergoing delayed
versus immediate symmetrization.

Methods
Ethical approval/service board approval
This study was registered at Imperial College Healthcare NHS
Trust (ICHNT), London, UK as a service evaluation (under
service evaluation board identification number 309).

Patient identification, inclusion, and exclusion
criterion
Prospective contemporaneous operative records held on the
electronic record (Cerner®) were used to identify and extract
source data, including demographic, clinica,l and procedural
information. Patients receiving TM either with immediate or
delayed symmetrization surgery at ICHNT between 1 April 2014
and 31 March 2020 were identified from operative records. The
patients underwent unilateral alone, immediate, or delayed
symmetrization due to the nature of referrals to individual
surgeons at the trust. The choice of unilateral mammoplasty

with or without immediate/delayed symmetrization was
performed using clinical judgement or at the patient’s request.
Immediate bilateral symmetrization was not mandatory across
the unit. For this study, procedures meeting inclusion criteria
were reduction mastopexy techniques, including removal of the
skin and breast parenchyma to treat invasive (ductal, lobular,
mucinous, or papillary carcinoma) or preinvasive (ductal
carcinoma in situ or lobular carcinoma in situ) breast cancer with
BCS. Specifically, these techniques included wise pattern
reduction29, Le Jour-type vertical scar30, modified Benelli31,
lateral wedge32, crescent33, central34, racket35, and melon slice36.

Data sources
Pseudonymized data for clinicopathological variables and
procedural care information, including the type of initial BCS
and subsequent reoperation(s), were extracted from the
electronic patient record (Cerner®, 2021 Cerner Corporation,
Kansas City, Kansas, USA). Financial data were retrieved for
patients who underwent TM with or without immediate or
delayed symmetrization mammoplasty over the study interval.
PLICS (CostMaster, 2021 Civica, London, UK) is a software
package used to collate patient-level data on financial outcomes
prospectively and systematically37. The main unit of
observation was the attending episode and the line-item costs
for patient episodes were recorded, including medical
consultation, nursing, pathology, radiology, operating theatre,
and supplies costs.

Financial outcome data
A cost–consequence analysis (CCA) was conducted, which is a
form of economic evaluation for disaggregated costs38, using
PLICS. A CCA involves a broad assessment of costs under the
broadest perspective possible, which allows individual
decision-makers to choose the combination of costs most
relevant to their decision context according to their chosen
perspective, which may be narrower than the CCA perspective39.
Total costs relating to immediate bilateral and delayed
unilateral symmetrization surgery were obtained for inpatient
episodes only. Direct medical costs included consultant, ward
stay, theatre, nursing and other health professionals’ time, use
of pharmaceutical products, and diagnostic and interventional
procedure costs, including consumables. Direct non-medical
costs were captured as capital overhead costs. Duration of
hospital stay (days) was recorded. Costs were expressed in Euro
and rounded to the nearest integer. The exchange rate used was
£1 to 1.19 Euro as of 3 April 2022. The primary outcome was the
total cost differential of symmetrization surgery between
immediate symmetrization, delayed symmetrization, and
unilateral mammoplasty alone.

Clinical outcome measures
Using the Cerner Electronic Health Record, the type of index
mammoplasty was recorded and included wide local excision
with or without radiological guidance, with or without sentinel
lymph node biopsy (SLNB), with or without axillary lymph node
dissection (ALND), and with or without immediate symmetrizing
TM performed concurrently by dual consultant surgeons.
Procedural data regarding second-stage contralateral
mammoplasty performed by a single operator were collected and
the time delay to symmetrization was recorded. Comorbidity was
assessed using the Charlson comorbidity index (CCI), a validated
weighted index that estimates mortality risk from co-morbid
disease40. Clinical data unavailable on the patient electronic
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health record were excluded. Exploratory outcomes included
demographic and clinical characteristics that predict the total
cost of immediate versus delayed symmetrization surgery.
Secondary outcomes included time to receipt of adjuvant
radiotherapy, unplanned reoperation, or re-admission to hospital
following discharge home with either local or systemic
complications related to surgery within 30 days from procedure
according to the Clavien–Dindo classification41.

Statistical analysis
Normality tests were performed to estimate the appropriateness of
parametric estimators, and inferential statistics were employed
according to these assumptions. Associations between categorical
variables were examined using chi-squared tests for linear trends.
Associations between direct costs of index mammoplasty with
immediate or delayed symmetrization were examined using
Mann–Whitney U and Kruskal–Wallis tests. Differences between
groups were deemed to be statistically significant at the 5 per
cent level. Statistical analysis was conducted using Stata® version
14.2 (StataCorp, College Station, Texas, USA). A multivariate
linear regression was used to understand the association between
total care costs and patient characteristics, including age,
clinicopathological features, and receipt of adjuvant therapies.

Results
Patient demographics andprocedural information
Between 1 April 2014 and 31 March 2020, 101 women received
either immediate bilateral (n=44) or staged unilateral (n= 57)
symmetrization for breast cancer. A further 131 patients
underwent unilateral mammoplasty only without any
contralateral balancing procedure. There was no significant
difference between groups in median (interquartile range (i.q.r.))
ages in years: 59 (17) years for immediate bilateral group; 60 (22)
years for the staged unilateral group; and 58 (14) years for the
mammoplasty only group (P= 0.879). As summarized in Table 1,
there was no significant difference in CCI between cohorts.

There was no significant difference between T category (P=
0.463), nodal status (P=0.130), or type of disease (invasive/
non-invasive/mixed) (P= 0.726).

Of the 44 patients undergoing immediate bilateral
symmetrization, 33 (75 per cent) included an axillary procedure,

of which 25 patients (57 per cent) received an SLNB and eight
patients (18 per cent) received an ALND.

Of the 57 patients who had staged unilateral symmetrization,
30 patients underwent an axillary procedure (53 per cent),
which included 21 with SLNB (37 per cent) and nine with ALND
(16 per cent). The median (i.q.r.) time to second-stage
contralateral symmetrization was 14 (9–19) months.

Clinical outcomes
Table 2 details procedural characteristics and complications.

Operating time
Median (i.q.r.) theatre time inminutes of unilateralmammoplasty
alone was 86 (61–102)min, 138 (125–147) min for unilateral staged
mammoplasty, and 113 (92–164) min for immediate bilateral
mammoplasty. There was no significant difference in operating
time between unilateral staged and bilateral immediate
symmetrization mammoplasty (P= 0.202).

Tumour biology
As summarized in Table 3, there was no significant between-group
difference in tumour biology, including grade (P= 0.303), size (P=
0.916), lymph node status (P= 0.130), oestrogen receptor positivity
(P=0.957), progesterone receptor positivity (P=0.278), and HER2
receptor positivity (P= 0.959).

Rates of re-excision for positive margins
Subsequent reoperation for positive margins occurred in six (14
per cent) of 44 patients undergoing immediate bilateral
symmetrization, 12 (23 per cent of patients undergoing
unilateral staged symmetrization, and 26 (20 per cent) of
patients undergoing unilateral-alone mammoplasty (P=0.351).
All re-operative procedures (n=44) were performed for close/
positive margins defined as 0–1 mm from ink as per Association
of Breast Surgery guidelines42.

Re-operative procedures
Of the bilateral immediate symmetrization cohort with positive
margins, one patient underwent completion mastectomy without
immediate reconstruction, one patient required completion
mastectomy with deep inferior epigastric perforators (DIEP) flap,
and four patients proceeded to unilateral re-excision for positive

Table 1 Demographics for unilateral-alone, unilateral staged, bilateral immediate mammoplasty groups

Unilateral alone (n=131) Unilateral staged (n=57) Immediate bilateral (n=44) χ2 P

Age (years)
20–30 1 (0.8) 0 (0) 0 (0) 6.670 0.879
31–40 4 (3.1) 1 (2) 3 (7)
41–50 26 (19.8) 13 (23) 5 (11)
51–60 41 (31.3) 16 (28) 17 (39)
61–70 32 (24.4) 12 (21) 10 (23)
70–80 23 (17.6) 12 (21) 7 (16)
80–90 4 (3.1) 3 (5) 2 (5)

Charlson
comorbidity
index
2 5 (3.8) 1 (2) 3 (7) 8.347 0.595
3 26 (19.8) 14 (25) 5 (11)
4 39 (29.8) 17 (30) 17 (39)
5 29 (22.1) 9 (16) 7 (16)
6 27 (20.6) 14 (25) 12 (27)
7 5 (3.8) 2 (4) 0 (0)

Values are n (%) unless otherwise indicated.
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margins. Of theunilateral staged symmetrization cohortwith positive
margins, nine patients had completion mastectomy without
immediate reconstruction and three patients required unilateral
re-excision for positive margins. Of the unilateral-alone cohort with
positive margins, 15 patients required completion mastectomy
without immediate reconstruction, one patient had completion
mastectomy with DIEP flap, and nine patients had unilateral
re-excision for positive margins.

Postoperative complications
There was no statistically significant difference in the rate of
complications by procedural cohort (Table 2). Postoperative
complication at 30 days occurred in none of the 44 patients

undergoing immediate bilateral symmetrization and four (8
per cent) of the 57 patients receiving staged symmetrization.
In the staged mammoplasty group, two (4 per cent) patients
received antibiotics for postoperative infection (grade II) and
two patients (4 per cent) returned to theatre for washout of
haematoma on index admission (grade IIIb). Of the 131
patients undergoing unilateral-alone mammoplasty, three
patients (3 per cent) received antibiotics for postoperative
infection (grade II) and four patients (3 per cent) returned to
theatre for postoperative infection and washout (grade IIIb).
Unplanned return to theatre episodes all occurred in the index
admission. There were no delays in wound healing or skin
necrosis.

Table 2 Procedural characteristics and receipt of adjuvant therapy for unilateral-alone, unilateral staged, bilateral immediate
mammoplasty groups

Unilateral alone (n=131) Unilateral staged (n=57) Bilateral immediate (n=44) χ2 P

Procedural
characteristics
Type of mammaplasty
Wise 39 (29.8) 12 (23) 21 (48) NA NA
Lejour 24 (18.3) 3 (6) 18 (41)
Round block 33 (25.2) 1 (2) 5 (11)
Central 1 (0.8) 1 (2) 0 (0)
Melon slice 0 (0) 1 (2) 0 (0)
Racket 2 (1.5) 0 (0) 0 (0)
Lateral radial 0 (0) 1 (1) 0 (0)
Wedge 1 (0.8) 0 (0) 0 (0)
Excluded 28 (21.4) 37 (65) 0 (0)

Operating time
Minutes 86 (61–102) 138 (125–147) 113 (92–164) 214.40 0.202

Re-excision of
margins with/
without mastectomy
Yes 26 (19.8) 12 (23) 8 (18)
No 103 (78.6) 41 (77) 36 (82) 0.302 0.351
Unknown 2 (1.5) 4 (7) 0 (0)

Postoperative
complication
(Clavien–Dindo
classification)
None 121 (92.3) 45 (92) 43 (98)
1 0 (0) 0 (0) 0 (0)
2 3 (2.3) 2 (4) 0 (0) 1.567 0.457
3 4 (3.1) 2 (4) 0 (0)
4 0 (0) 0 (0) 0 (0)
5 0 (0) 0 (0) 0 (0)
Unknown 0 (0) 0 (0) 0 (0)

Receipt of adjuvant
therapy

Radiotherapy
Yes 86 (65.6) 41 (71) 34 (77) 4.693
No 33 (25.2) 6 (11) 8 (18) 0.096
Unknown 12 (9.2) 10 (18) 2 (5)

Chemotherapy
Yes 35 (26.7) 15 (26) 34 (77) 2.874
No 88 (67.2) 32 (56) 9 (20) 0.579
Unknown 8 (6.1) 10 (18) 1 (2)

Endocrine therapy
Yes 81 (61.8) 41 (72) 31 (70)
No 19 (14.5) 6 (11) 8 (18) 0.087 0.957
Unknown 31 (23.7) 10 (18) 5 (11)

Neoadjuvant therapy
Yes 11 (8.4) 7 (12) 5 (11)
No 112 (85.5) 41 (72) 39 (89) 1.175 0.556
Unknown 8 (6.1) 9 (16) 0 (0)

Herceptin
Yes 11 (8.4) 4 (7) 4 (9)
No 91 (69.5) 39 (68) 37 (84) 0.085 0.959
Unknown 29 (22.1) 14 (25) 3 (7)

Values are n (%) unless otherwise indicated. Values are median (i.q.r) for operating time. NA, not applicable.
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Duration of hospital stay
The operating approach had no significant impact on duration of
hospital stay (P= 0.134). Median (i.q.r.) length of stay for patients
was 0 (0–1) days for patients receiving bilateral immediate
symmetrization mammoplasty (n=44), 0 (0–1) days for patients
receiving staged unilateral mammoplasty (n=57), and 0 (0–1)

days for patients receiving unilateral mammoplasty alone
(n= 131).

Adjuvant therapy
Regardless of procedural category, there was no significant difference
in the time to radiotherapy (P= 0.770) or chemotherapy (P=0.671).

Table 3 Tumour biology for unilateral-alone, unilateral staged, bilateral immediate mammoplasty groups

Unilateral alone (n=131) Unilateral staged (n=57) Bilateral immediate (n=44) χ2 P

High grade
(G3)
Yes 34 (19.8) 18 (32) 9 (20)
No 84 (64.1) 31 (54) 32 (72) 2.388 0.303
Unknown 13 (9.9) 16 (28) 3 (7)

Size (mm)
0–10 18 (13.7) 11 (19) 7 (16)
11–20 63 (48.1) 15 (26) 12 (27)
21–30 52 (39.7) 9 (16) 11 (25)
31–40 23 (17.6) 6 (11) 4 (9) 4.606 0.916
41–50 11 (8.4) 2 (4) 3 (7)
50+ 21 (16.0) 7(12) 2 (5)
Unknown 14 (10.7) 7 (12) 5 (11)

Nodal
metastasis
Yes 27 (20.6) 15 (46) 6 (14)
No 68 (51.9) 26 (46) 31 (70) 4.073 0.130
Unknown 36 (27.5) 16 (28) 7 (16)

Oestrogen
receptor positivity
Yes 81 (61.8) 34 (60) 31 (70)
No 19 (14.5) 9 (16) 8 (18) 0.087 0.957
Unknown 31 (23.7) 18 (25) 20 (45)

Progesterone
receptor positivity
Yes 67 (51.1) 25 (44) 28 (64)
No 32 (24.4) 18 (32) 12 (27) 5.094 0.278
Unknown 32 (24.4) 14 (25) 17 (39)

Human
epidermal growth
factor 2 receptor
positivity
Yes 11 (8.4) 4 (7) 4 (9)
No 91 (69.5) 39 (68) 37 (84) 0.085 0.959
Unknown 29 (22.1) 14 (25) 3 (7)

Values are n (%) unless otherwise indicated.
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Median (i.q.r.) time to adjuvant radiotherapy was two (1–2) months
for patients receiving bilateral immediate mammoplasty (n=44),
three (1–8) months for patients receiving unilateral staged
mammoplasty (n= 36), and three (0–9) months for patients
receiving unilateral-alone mammoplasty (n=92). Median (i.q.r.)
time to adjuvant chemotherapy was four (3–5) months for
patients receiving bilateral immediate mammoplasty (n= 2), four
(1–6) months for patients receiving unilateral staged
mammoplasty (n= 10), and four (2-6) months for patients
receiving unilateral-alone mammoplasty (n= 14).

Time to symmetrization
Regarding patients receiving unilateral stagedmammoplasty (n=
34), themedian (i.q.r.) time to symmetrizationwas 14 (10)months.

Hospital attendances
There was a statistically significant between-group difference in
the number of hospital attendances favouring immediate
bilateral symmetrization (P=, 0.001). The median (i.q.r.)
number of hospital attendances including outpatient clinic,
preoperative assessment, and theatre episodes was 8 visits (6) in
the bilateral immediate symmetrization (n= 44), 16 visits (10)
in the unilateral staged symmetrization (n= 46), and 14 visits (7)
in the unilateral-alone cohort (n=122).

Financial outcomes
Patient-level costs according to procedural cohort are
summarized in Table S1 and illustrated in Fig. 1. The additional
median cost (i.q.r.) of unilateral staged mammoplasty is €5500
(€4330 to €6570) per patient, which is 1.5 times more costly
compared with bilateral immediate mammoplasty and found to
be statistically significant (P,0.001). The overall cost of
unilateral staged mammoplasty (n=57), including index
procedure with subsequent symmetrization, was €535 106 with
a median (i.q.r.) cost of €9368 (€6982–11646). The median (i.q.r.)
cost of the index mammoplasty procedure was €4118 (€2521–
5619) and median (i.q.r.) cost of subsequent symmetrization was
€4327 (€2877–5856). The overall total cost of bilateral immediate
mammoplasty (n= 44) was €258 020 with a median (i.q.r.) cost
per patient of €4696 (€2724–6745). The median cost (i.q.r.) of
unilateral-alone mammoplasty was €3868 (€2333–4758).
Extrapolation of subsequent contralateral symmetrization at the
median cost difference for unilateral patients yet to receive
symmetrization (n= 131) represents a substantial additional cost
of €566783 over a 5-year interval.

Causal estimates relating to cost drivers
The results ofmultivariate linear regression (Table S2) suggest that
the most important, and indeed the only statistically significant,
predictor of total care costs was the type of symmetrization,
with bilateral immediate symmetrization resulting in
significantly lower costs when compared with unilateral staged
symmetrization (coefficient €3440.84, P, 0.001). Subsequently, a
probit regression model was estimated, regressing the treatment
variable on age, clinicopathological features, and receipt of
adjuvant therapies. The results of the model (Table S3) indicate
that none of the covariates of interest was a statistically
significant predictor of treatment.

Discussion
In this cost–consequence analysis, delayed symmetrization in BCS
resulted in an additional cost of €313 462 when compared with

immediate bilateral mammoplasty. Furthermore, it was
demonstrated that immediate bilateral surgery did not lead to
significant delays to adjuvant radiotherapy nor increase
perioperative complication rates. This economic assessment
using granular and comprehensive data has demonstrated a
potential saving for healthcare providers of oncoplastic surgery.
Healthcare spending on cancer in the UK is rising annually, and
healthcare providers are seeking opportunities to reduce the
cost burden and optimize cost43,44. Economic evaluations are
thus being utilized increasingly to inform and improve
healthcare quality across worldwide populations45.

Patient-level costing represents a robust analysis of individual
patient charges of symmetrization surgery for breast cancer for
the entirety of the hospital admission in the UK46. The data set
utilizes a standardized method that helps to identify the
relationship between patient characteristics and cost and assists
the healthcare institution in maximizing resource allocation to
improve efficiencies and support benchmarking. By mapping the
steps of a patient’s care, the cost of each step can be calculated
directly and are likely to be more accurate and actionable47.
Specifically, it reflects the causality of costs in the BCS and other
clinical pathway, tracing which type of activity is incurring cost
for each patient in full granularity, which could be generalizable
to healthcare provision in the UK. To date, there has been a
paucity of high-quality evidence to support the benefits of
immediate bilateral symmetrization in breast cancer surgery;
however, this study demonstrates a clear and significant
financial benefit at the hospital provider level.

Applying the current institutional cost estimates tobreast cancer
institutions in the UK could provide compelling evidence to
minimize second-stage operations in oncoplastic surgery, thus
reducing cost burden. Between 1 November 2016 and 31 October
2017, 685 TMs were identified to have been performed in 198
surgical units in England in a Getting It Right First Time (GIRFT)
study48. Using the GIRFT procedural figure for TM could represent
a potential additional national extrapolated cost of €2963712 for
staged symmetrization per annum. A further example in a study
of California Hospital financial statements identifiedmean costs of
$36–37 per minute in the operating room, with minimal variation
by setting or institutional characteristic49. Almost half of these
costs are ‘indirect’ (expenses generated by non-revenue centres),
including security and parking, which are outside of the control of
the clinicians or departments50. The current findings suggest that
overall cost could be modified with consideration of a
dual-consultant immediate bilateral symmetrization approach as
recommended by recent good practice guidelines25, as saving a
second-stage procedure may realize substantial operating rooms
savings for institutions in the UK.

Importantly, dual-surgeon immediate symmetrization was not
associated with significant unplanned return to theatres or
readmissions. There was no significant difference in positive
margins or reoperation rate in the immediate bilateral cohort,
echoing previous studies that have demonstrated that level II
oncoplastic surgery results in low positive-margin rates50.

Furthermore, therewas no significant difference in operating time
between unilateral-alone and bilateral symmetrization, suggesting
that there was no additional anaesthetic exposure. Interestingly,
commensurate with the current findings, a previous study of 116
patients undergoing bilateral breast surgery by a co-surgical team
also demonstrated a reduction in overall surgical time28. Taken
together, these data suggest that up-front balancing mammoplasty
procedures are safe and can be performed without undue increase
in complication rates, or overall theatre time.
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While more speculative, the immediate dual-operator
approach may improve health-related quality of life for women
who would traditionally experience a protracted duration of
time with poor cosmetic outcomes following BCS. The median
waiting time to subsequent symmetrization was 14 months in
the study institution, which is a considerable amount of time
for many women experiencing the psychological morbidity of
asymmetry. Surgical waiting lists are usually explained by a
‘lack of resources’ or, more specifically, a ‘lack of surgeons’23;
however, it is hoped that the approach described here
demonstrates how a radical review of theatre practices and
surgeon collaboration may optimize operating theatre time,
improve surgical efficiency, and significantly reduce the
number of patients on waiting lists for symmetrization surgery.
The latter is critical in the era of the COVID-19 pandemic when
providers are desperately seeking to streamline resources,
optimize patient care, and reduce contact points or number of
treatments in the hope of reducing transmission. This relates to
data suggesting that hospital treatments increase the likelihood
of transmission of disease and surgery seems to increase the
risk of a severe course, including risk of intensive care
admission16, mechanical ventilation17, and death16,51.
Single-stage immediate symmetrization mammoplasty is
therefore considered to be preferable, eliminating the need for
multiple surgical procedures over extended timeframes, while
enhancing patient safety by reducing the potential for
hospital-related disease transmission.

The approach described herein could be further extended to
other hospitals in the UK if the funds of a delayed
symmetrization procedure were redirected to appoint an extra
surgeon for attendance on oncoplastic lists; however, this
analysis has demonstrated that a transition to immediate
bilateral balancing mammoplasty at 50 per cent of activity
levels can be achieved without the need for additional surgeon
resource. Improving the complex system of theatre efficiency
with dual-surgeon presence, without the resultant need for
extra theatre time, or hospital bed availability could therefore
achieve the synchronous aims of reducing waiting times, while
significantly reducing the cost burden to hospital providers.

The drawbacks of this study include the relatively small,
heterogeneous sample size with exclusions due to inconsistency
of availability of patient-level costs in the PLIC software due to
coding emissions and/or errors, which in turn limits the validity
of the regression analysis. Furthermore, clinicopathological
details, including smoking status, BMI, weight of mammoplasty
specimen, and time to adjuvant chemotherapy were not
available. In addition, patient and aesthetic outcomes were not
collected prospectively. This study provides a cross-sectional
estimate of differences in costs and did not rely on a decision
analytic model. A further limitation of this study is the inability
to ascertain the added cost of a second consultant surgeon’s
remuneration fees to facilitate dual operating and the feasibility
of a two-surgeon approach in smaller hospitals.

There are persuasive motivations to promote the facilitation of
co-surgeon operating to provide patients with the option of
immediate bilateral symmetrization in the COVID-19 pandemic
era and beyond. The refined CCA economic approach has
identified relevant costs and outcomes, providing a broader and
richer source of economic information increasingly needed by
healthcare decision-makers. This study demonstrates the
magnitude of added patient-level costs of delayed symmetrization
after BCS, generates a hypothesis, and establishes a framework for
further definitive patient-level cost–consequence analyses.

Funding
Infrastructure support for this research was provided by the NIHR
Imperial Biomedical Research Centre and Cancer Research UK.

Disclosure. The authors declare no conflict of interest.

Supplementary material
Supplementary material is available at BJS Open online.

Data availability
The authors confirm that the data supporting the findings of this
study are available within the article and its Supplementary
Material. Raw data that support the findings are available from
the corresponding author on reasonable request.

References
1. Anderson K, Jacobson JS, Heitjan DF, Zivin JG, Hershman D,

Neugut AI et al. Cost-effectiveness of preventive strategies for
women with a BRCA1 or a BRCA2 mutation. Ann Intern Med
2006;144:397–406

2. Ferlay J, Autier P, Boniol M, Heanue M., Colombet M, Boyle P.
Estimates of the cancer incidence and mortality in Europe in
2006. Ann Oncol 2007;18:581–592

3. Cancer Research UK. Breast Cancer Statistics. http://www.
cancerresearchuk.org/health-professional/cancer-statistics/
statistics-by-cancer-type/breast-cancer (accessed 11
September 2019)

4. Jeevan R, Cromwell DA, Trivella M, Lawrence G, Kearins O,
Pereira J et al. Reoperation rates after breast conserving
surgery for breast cancer among women in England:

retrospective study of hospital episode statistics. BMJ 2012;
345:e4505

5. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher
ER et al. Twenty-year follow-up of a randomized trial comparing
total mastectomy, lumpectomy, and lumpectomy plus
irradiation for the treatment of invasive breast cancer. N Engl J
Med 2002;347:1233–1241

6. Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A
et al. Twenty-year follow-up of a randomized study comparing
breast-conserving surgery with radical mastectomy for early
breast cancer. N Engl J Med 2002;347:1227–1232

7. Poggi MM, Danforth DN, Sciuto LC, Smith SL, Steinberg SM,
Liewehr DJ et al. Eighteen-year results in the treatment of early
breast carcinoma with mastectomy versus breast conservation
therapy: the National Cancer Institute randomized trial.
Cancer 2003;98:697–702

8. Arriagada R, Lê MG, Rochard F, Contesso G. Conservative
treatment versus mastectomy in early breast cancer: patterns of
failure with 15 years of follow-up data. Institut Gustave-Roussy
Breast Cancer Group. J Clin Oncol 1996;14:1558–1564

9. Van Dongen JA, Voogd AC, Fentiman IS, Legrand C, Sylvester RJ,
Tong D et al. Long-term results of a randomized trial comparing
breast-conserving therapy with mastectomy: European
Organization for Research and Treatment of Cancer 10801
trial. J Natl Cancer Inst 2000;92:1143–1150

10. Blichert-ToftM, RoseC, Andersen JA, OvergaardM,AxelssonCK,
Andersen KW et al. Danish randomized trial comparing breast
conservation therapy with mastectomy: six years of life-table

Grant et al. | 7

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zrac073#supplementary-data
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer


analysis. Danish Breast Cancer Cooperative Group. J Natl Cancer

Inst Monogr 1992;11:19–25
11. de Boniface J, Szulkin R, Johansson ALV. Survival after breast

conservation vs mastectomy adjusted for comorbidity and
socioeconomic status: a Swedish national 6-year follow-up of
48 986 women. JAMA Surg 2021;156:628–637

12. Baker E, KimB, Rattay T,WilliamsK, Ives C, RemoundosD et al.The
TeaM (therapeuticmammaplasty) study: protocol for a prospective
multi-centre cohort study to evaluate the practice and outcomes of
therapeutic mammaplasty. Int J Surg Prot 2016;1:3–10

13. Chang EI, Lamaris G, Chang DW. Simultaneous contralateral
reduction mammoplasty or mastopexy during unilateral free
flap breast reconstruction. Ann Plas Surg 2013;71:144–148

14. Wrubel E, Natwick R, Wright GP. Breast-conserving therapy is
associated with improved survival compared with
mastectomy for early-stage breast cancer: a propensity score
matched comparison using the national cancer database. Ann
Surg Oncol 2021;28:914–919

15. Breast Cancer Care. Breast Reconstruction. https://www.
breastcancercare.org.uk/sites/default/files/publications/pdf/
bcc7_reconstruction_2017_web.pdf (accessed 6 February 2020)

16. Lee LYW, Cazier JB, Starkey T, Briggs SEW, Arnold R, Bisht V et al.
COVID-19 prevalence andmortality in patients with cancer and
the effect of primary tumour subtypeandpatient demographics:
a prospective cohort study. Lancet Oncol 2020;21:1309–1316

17. Liang W, Guan W, Chen R, Wang W, Li J, Xu K et al. Cancer
patients in SARS-CoV-2 infection: a nationwide analysis in
China. Lancet Oncol 2020;21:335–337

18. BritishAssociation of Plastic Reconstructive andAesthetic Surgeons
- Breast Reconstruction Working Group. Restarting Breast
Reconstruction Services – Immediate Reconstruction. http://www.bapras.
org.uk/docs/default-source/default-document-library/restarting-
breast-recon-pathways.pdf? sfvrsn=2 (accessed 15 June 2021)

19. Kaviani E, Safavi A. Immediate and delayed contralateral
symmetrization in oncoplastic breast reduction: patients’

choices and technique formulation. Plast Reconstr Surg Glob
Open 2015;3:e286

20. St Denis-Katz H, Ghaedi BB, Fitzpatrick A, Zhang J. Oncological
safety, surgical outcome, and patient satisfaction of
oncoplastic breast-conserving surgery with contralateral
balancing reduction mammoplasty. Plastic Surg 2021;29:
235–242

21. Sarwahi V, Galina J, Wendolowski S, Dimauro J-P, Moguilevich
M, Katyal C et al. A dual-team approach benefits
standard-volume surgeons, but has minimal impact on
outcomes for a high-volume surgeon in AIS patients. Spine
Deform 2020;8:447–453

22. Hayes JW, Feeley I, DaveyM, Borain K, Green C. Comparison of a
dual-surgeon versus single-surgeon approach for scoliosis
surgery: a systematic review and meta-analysis. Eur Spine J
2021;30:740–748

23. Petri G.J., Banerjee T.S. ‘Dual operating’ an old innovation.Ann R
Coll Surg Engl 2006;88:208–210

24. Bauer JM, Yanamadala V, Shah SA, Sethi Rajiv K. Two surgeon
approach for complex spine surgery: rationale, outcome,
expectations and the case for payment reform. JAAOS 2019;27:
e408–e413

25. Gilmour A, Cutress R, Gandhi A, Harcourt D, Little K, Mansell J
et al. Oncoplastic breast surgery: a guide to good practice. Eur J
Surg Oncol 2021;47:2272–2285

26. Abu-HilalM, Vanden BosscheM, Bailey IS, Harb A, Sutherland R,
Sansome AJ et al. A two-consultant approach is a safe and
efficient strategy to adopt during the learning curve for

laparoscopic roux-en-y gastric bypass: our results in the first

100 procedures. Obesity Surg 2007;17:172–746
27. Barr SP, Topps AR, Barnes NL, Henderson J, Hignett S, Teasdale

RL et al. Infection prevention in breast implant surgery – a review
of the surgical evidence, guidelines and a checklist. Eur J Surg
Oncol 2016;42:591–603

28. Mallory MA, Losk K, Camuso K, Caterson S, Nimbkar S, Golshan
M. Does ‘two is better than one’ apply to surgeons? Comparing
single-surgeon versus co-surgeon bilateral mastectomies. Ann
Surg Oncol 2016;23:1111–1116

29. Wise RJ, Gannon JP, Hill JR. Further experience with reduction
mammaplasty. Plast Reconstr Surg 1963;32:12

30. Lejour M. Vertical mammaplasty and liposuction of the breast.
Plast Reconstr Surg 1994;94:100114

31. Benelli LA. New periareolar mammaplasty: the ‘round block’
technique. Aesthetic Plast Surg 1990;14:93–100

32. Schatten WE, Hartley JH Jr, Crow RW, Griffin JM. Further
experience with lateral wedge resection mammaplasties. Br J
Plast Surg 1975;28:37–41

33. Puckett CL, Meyer VH, Reinisch JF. Crescent mastopexy and
augmentation. Plast Reconstr Surg 1985;75:533

34. Hester TR, Jr, Bostwick J, III, Miller L, , Cunningham SJ. Breast
reduction utilizing the maximally vascularized central breast
pedicle. Plast Reconstr Surg 1985;76:890–900

35. Yang JD, Lee JW, Choo YK, Kim WW, Hwang SO, Jung JH et al.
Surgical techniques for personalised oncoplastic surgery in
breast cancer patients with small-to-moderate-sized breasts
(part 1): volume displacement. J Breast Cancer 2012;15:1–6

36. McCulley SJ, Durani P, Macmillan RD. Therapeutic
mammaplasty for centrally located breast tumors. Plast
Reconstr Surg 2006;117:366–373

37. Grant Y, Al-Khudairi R, St John E, Barschkett M, CunninghamD,
Al-Mufti R et al. Patient-level costs in margin re-excision for
breast conserving surgery. BJS 2018;106:384–394

38. National Institute of Health Research. Cost Consequence Analysis:

An Underused Method of Economic Evaluation. https://www.rds-
london.nihr.ac.uk/wpcms/wp-content/uploads/2019/10/Cost-
consequences-analysis_economic-evaluation-updated-22-Feb-
2019.doc (accessed 11 May 2020)

39. Gov UK. Cost Consequence Analysis: Health Economic Studies.
https://www.gov.uk/guidance/cost-consequence-analysis-
health-economic-studies (accessed 11 February 2022)

40. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis 1987;40:373–383

41. Dindo C, Dermatines N, Clavien AP. Classification of surgical
complications. Ann Surg 2004;240:205–213

42. Association of Breast Surgery. ABS Consensus Margin Width in
Breast Conservation Surgery. https://associationofbreastsurgery.
org.uk/media/1418/abs-consensus-on-margin-width-in-breast-
conservation-surgery.pdf (accessed 23 March 2021)

43. Watt T, Charlesworth A, Gershlick B. Health and care spending
and its value, past, present and future. Future Healthc J 2019;6:
99–105

44. Watkins J, Wulaningsih W, Da Zhou C, Marshall DC, Sylianteng
GDC, Dela Rosa PG et al. Effects of health and social care
spending constraints on mortality in England: a time trend
analysis. BMJ Open 2017;7:e017722

45. Drummond MF, Sculpher MJ, Claxton K.Methods for the Economic
Evaluation of Health Care Programmes. Oxford: Oxford University
Press, 2015

46. NHS. NHS Digital Patient Level Information Costing System (PLICS) Data
Collections. https://digital.nhs.uk/data-and-information/data-tools-

8 | BJS Open, 2022, Vol. 6, No. 3

https://www.breastcancercare.org.uk/sites/default/files/publications/pdf/bcc7_reconstruction_2017_web.pdf
https://www.breastcancercare.org.uk/sites/default/files/publications/pdf/bcc7_reconstruction_2017_web.pdf
https://www.breastcancercare.org.uk/sites/default/files/publications/pdf/bcc7_reconstruction_2017_web.pdf
http://www.bapras.org.uk/docs/default-source/default-document-library/restarting-breast-recon-pathways.pdf? sfvrsn&equals;2
http://www.bapras.org.uk/docs/default-source/default-document-library/restarting-breast-recon-pathways.pdf? sfvrsn&equals;2
http://www.bapras.org.uk/docs/default-source/default-document-library/restarting-breast-recon-pathways.pdf? sfvrsn&equals;2
https://www.rds-london.nihr.ac.uk/wpcms/wp-content/uploads/2019/10/Cost-consequences-analysis_economic-evaluation-updated-22-Feb-2019.doc
https://www.rds-london.nihr.ac.uk/wpcms/wp-content/uploads/2019/10/Cost-consequences-analysis_economic-evaluation-updated-22-Feb-2019.doc
https://www.rds-london.nihr.ac.uk/wpcms/wp-content/uploads/2019/10/Cost-consequences-analysis_economic-evaluation-updated-22-Feb-2019.doc
https://www.rds-london.nihr.ac.uk/wpcms/wp-content/uploads/2019/10/Cost-consequences-analysis_economic-evaluation-updated-22-Feb-2019.doc
https://www.gov.uk/guidance/cost-consequence-analysis-health-economic-studies
https://www.gov.uk/guidance/cost-consequence-analysis-health-economic-studies
https://associationofbreastsurgery.org.uk/media/1418/abs-consensus-on-margin-width-in-breast-conservation-surgery.pdf
https://associationofbreastsurgery.org.uk/media/1418/abs-consensus-on-margin-width-in-breast-conservation-surgery.pdf
https://associationofbreastsurgery.org.uk/media/1418/abs-consensus-on-margin-width-in-breast-conservation-surgery.pdf
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-level-information-and-costing-system-plics-data-collections


and-services/data-services/patient-level-information-and-costing-

system-plics-data-collections (accessed 11 September 2019)
47. NHS Improvement. Costing Principles. https://improvement.nhs.

uk/documents/2358/The_costing_principles.pdf (accessed 11
September 2019)

48. Getting It Right First Time. GIRFT SSI National Survey April 2019.
https://gettingitrightfirsttime.co.uk/wp-content/uploads/2017/
08/SSI-Report-GIRFT-APRIL19e-FINAL.pdf (accessed 8 June 2020)

49. Childers C.P., Maggard-Gibbons M. Understanding costs of care

in the operating room. JAMA Surg 2018;153:e176233
50. Clough KB, Gouveia P, Benyahi D, Massey EJD, Russ E, Sarfati I

et al. Positive margins after oncoplastic surgery for breast
cancer. Ann Surg Oncol 2015;22:4247–4253

51. MiyashitaH,MikamiT, ChopraN,YamadaT, Chernyavsky S, RizkD
et al. Do Patients with cancer have a poorer prognosis of COVID-19?
An experience in New York City. Ann Oncol 2020;31:1088–1089

Grant et al. | 9

https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-level-information-and-costing-system-plics-data-collections
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-level-information-and-costing-system-plics-data-collections
https://improvement.nhs.uk/documents/2358/The_costing_principles.pdf
https://improvement.nhs.uk/documents/2358/The_costing_principles.pdf
https://gettingitrightfirsttime.co.uk/wp-content/uploads/2017/08/SSI-Report-GIRFT-APRIL19e-FINAL.pdf
https://gettingitrightfirsttime.co.uk/wp-content/uploads/2017/08/SSI-Report-GIRFT-APRIL19e-FINAL.pdf

	Patient-level costs of staged unilateral versus immediate bilateral symmetrization mammoplasty in breast-conserving surgery
	Introduction
	Methods
	Ethical approval/service board approval
	Patient identification, inclusion, and exclusion criterion
	Data sources
	Financial outcome data
	Clinical outcome measures
	Statistical analysis

	Results
	Patient demographics and procedural information
	Clinical outcomes
	Operating time
	Tumour biology
	Rates of re-excision for positive margins
	Re-operative procedures
	Postoperative complications
	Duration of hospital stay
	Adjuvant therapy
	Time to symmetrization
	Hospital attendances

	Financial outcomes
	Causal estimates relating to cost drivers

	Discussion
	Funding
	Supplementary material
	Data availability
	References


