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Summary Background: Experimental data has shown an association with a reduction of flap
necrosis after local heat-application to a supraphysiological level resulting from the up-
regulation of heat shock proteins, such as HSP-32. The proteins maintained capillary perfusion
and increased tissue tolerance to ischaemia. The purpose of this translational study was to
evaluate the effect of local heat preconditioning before skin sparing mastectomy and immedi-
ate breast reconstruction.
Methods: A prospective non-randomised trial was performed from July 2009eApril 2010. 50
consecutive patients at risk of skin flap necrosis (BMI >30, sternal-to-nipple distance >26 cm
or breast size >C-cup) were included. Twenty-five patients were asked to heat-precondition
their breast 24-h prior to surgery using a hotwater bottlewith awater temperature of 43 �C (ther-
mometers provided), in three 30-min cycles interrupted by spontaneous cooling to room temper-
ature. Skinflapnecrosiswas definedby theneed for surgical debridement. LDI imageswere taken
pre- and post-mastectomy to demonstrate an increase in tissue vascularity.
Results: 36% of women (nZ 25) without local heat-treatment developed skin flap necrosis, 12%
developed skin flap necrosis in the treatment group, resulting in a 24% difference (n Z 25;
pZ 0.047 (95%CI 1%e47%)). LDI scanning of theheatedbreast demonstrated an increase in vascu-
larity compared to the contralateral non-heated breast. Median length of inpatient stay for
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treatment group was 4 days (95%CI(4, 7)), controls 8 days (95%CI(8, 9) (pZ <0.001)).
Conclusions: The data suggests that in selected cases, local heat preconditioning is a simple and
non-invasive method of reducing skin necrosis and length of hospital stay following skin sparing
mastectomy.
Clinical Trial Registration Number: ACTRN12612001197820.
Level of evidence: II.
ª 2013 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.
Introduction

Skin sparingmastectomy (SSM) has become a commonly used
method of surgical treatment for breast cancer and allows
immediate breast reconstruction. Preservation of the breast
skin envelope provides excellent cosmetic results and the
overall sensation is largely maintained.1,2 However, skin
necrosis of the mastectomy envelope due to ischaemia re-
mains a serious complication that can result in further op-
erations, prolonged hospital stay and increased patient
morbidity. In a survey of oncoplastic units in the UK, 68% of
respondents reported skin necrosis as a complication in skin
sparing mastectomy with rates of up to 54% being seen.1,3e7

Various preconditioning strategies have been explored to
protect the musculocutaneous tissues from ischaemia-
induced wound complications. To date, surgical delay,
i.e. the stepwise cut down and dissection of a flap, has
proven to be the forerunner and gold standard of tissue
conditioning. Hypoxic conditions of the flap induce angio-
and arteriogenesis and so increase the perfusion of the
tissue to be transferred. The procedure however is invasive
and time-consuming. Alternative methods of pre-
conditioning that have been used remote preconditioning,
hypo-& hyperthermic application, as well as administra-
tions of pharmacological and biological.8e12 All these mo-
dalities remain in the experimental phase of animal
studies. Consequently, there is a lack of clinical data.

Local heat preconditioning has been shown to exert a
protective effect on ischaemically challenged tissues in
experimental models. The protective mechanism has been
associated with so-called stress- or heat shock proteins
(HSP’s) such as HSP-32.13e15

Therefore the aim of this translational pilot study was to
evaluate the effect of local heat preconditioning in the
clinical setting on the mastectomy skin flap following skin
sparing mastectomy.

Methods

Ethical approval was obtained from the Guy’s and St.
Thomas’ Research Ethical Committee (Ethics number: 09/
H0804/035) to perform a prospective, non-randomised
study between July 2009 to April 2010. Patients that were
identified as being at increased risk of developing skin ne-
crosis of the mastectomy skin flap were included in the
study.16 Inclusion criteria were:

- A body mass index (BMI) between 26 and 36 kg/m2

- A sternal notch-to-nipple distance (SN-N) of equal to or
over 26 cm
- Bra cup size C to J.

Patients could present with one or more of the above
risk factors and needed at least one to be included. All
active smokers were excluded. The treatment group was
matched to a patient population treated 12-months previ-
ously. The control group consisted of a consecutive selec-
tion of patients who met the inclusion criteria for this
study.

Procedure of preconditioning: patients were then given
a hot water bottle and an underwater thermometer and
asked to perform the heat preconditioning procedure, at
home, starting 24 h before they were due to attend for
surgery. Patients were asked to heat water up to 43 �C in a
saucepan and pour it into the hot water bottle. The bottle
was then placed on the breast to be operated on. The
heating protocol was arranged into three thirty-minute
cycles interrupted by thirty-minute breaks when the
breast was allowed to cool spontaneously to room tem-
perature. Patients undergoing bilateral prophylactic SSM
were asked to heat only the right breast. This heating
procedure was based on the protocol used in an experi-
mental animal model investigating the effect of local heat
preconditioning.13

The patients’ BMI, SN-N distance and bra size, type of
incision and reconstruction performed was recorded. Each
mastectomy was performed by one of four Consultant
Breast Surgeons. Autologous reconstructions included the
deep inferior epigastric perforator flap (DIEP), transverse
myocutaneous gracilis flap (TMG), and superior gluteal ar-
tery perforator flap (SGAP). Patients were seen by clinical
staff everyday postoperatively to monitor for skin necrosis.
Necrosis was characterised by a circumscribed full thick-
ness loss of skin and subcutaneous tissue needing surgical
intervention. Patients were followed up until either they
developed a fully demarcated necrosis or for 10 days as
inpatients. The duration of inpatient stay for both treat-
ment group and controls was recorded.

Skin perfusion was measured using a real time aı̈mago
laser Doppler imaging (LDI) (Figure 1). The non-heated
breast was used as a control and compared to the heated
breast. Images were taken immediately before surgery i.e.
24 h after heating and also after the mastectomy had been
performed.

A patient participation focus group meeting was held
after the study to gather opinion on the user friendliness of
the heating protocol. In attendance were patients who took
part in this study.

Data were analysed by treatment group. Continuous
data were assessed for normality and where appropriate
the mean and standard deviation or the median value and



Figure 1 äimago Laser Doppler Imager.

1678 S. Mehta et al.

Author's Personal Copy
inter-quartile range were presented. Percentages were
calculated for binary data and the groups were compared
by calculating the difference in proportion between the
two treatment groups. Results are presented with 95%
confidence intervals (CI). All patients in the treatment
group were included in the analysis regardless of their
adherence to the heating protocol. KaplaneMeier esti-
mates were calculated to examine differences in length of
stay after surgery. A logrank test was performed to test if
there was a difference in length of stay curves. Analyses
were performed using Stata version 11.
Results

There were twenty-five participants in each group (local
heat preconditioning and control group). Two of the par-
ticipants in the heat preconditioning group did not suc-
cessfully complete the heating protocol. All patients in the
treatment group were included in the analysis regardless of
their adherence to the heating protocol.

One patient in the intervention group suffered from
diabetes and had previous adjuvant radiotherapy to the
Table 1 Patient demographics, types of incision and
reconstruction used by group.

Patient demographics Heated
(N Z 25)

Non-Heated
(N Z 25)

BMI (kg/m2), mean (SD) 30.0 (3.8) 30.0 (4.0)
SN-N distance (cm), mean (SD) 26.8 (4.4) 26.4 (3.7)
Cup size, mode (min, max) DD (B, J) DD (C, FF)
Chest size, median (min, max) 36 (34, 38) 38 (32, 40)
Reconstruction

DIEP, n 17 19
SGAP, n 1 2
TMG, n 2 0
Implant, n 2 4
Expander, n 3 0
Incision

Wise, n 3 6
Round, n 18 15
Elliptical, n 3 4
Nipple-sparing, n 1 0
chest wall developed a superficial burn (less than 1%) on the
heated breast. The burn was managed conservatively.

The average breast size, SN-N distance and BMI
were comparable between groups (Table 1). DIEP flap re
construction and the “round” (peri-areolar) incision were
the most common techniques used. Only the nippleeareola
complex was excised using the round technique and no
breast skin. Table 2 compares the characteristics of pa-
tients who developed skin necrosis needing surgical inter-
vention in both the non-heated and heated group.

Skin necrosis was observed in 36% (n Z 9) of the patients
without local heat-application compared to 12% (n Z 3) in
the heated group, resulting in an estimated difference of
24% (95%CI (1%, 47%) p value Z 0.047). Patients with ne-
crosis underwent a combination of surgical debridement
and dressings.

Laser Doppler Imaging showed an overall increase in
perfusion (Figure 2) in the heated breast both pre-
operatively and also immediately post-mastectomy.

The median length of inpatient stay for the heated group
was 4 days 95%CI, range 3e10 days, and 8 days 95%CI, range
5e10 days, for the non-heated group, logrank test p value
<0.001 (Figure 3).

A patient participation focus group meeting was held
after the study to obtain patients’ views on the heating
protocol. The general feeling amongst patients was that the
heat preconditioning was easy to do. More than one patient
commented that it made them feel more involved with the
surgery and that they were doing everything they could do
to optimise their outcome. Another said that the protocol
forced her to relax and focus her mind on the surgery.
Discussion

Skin sparing mastectomy (SSM) is a relatively new technique
based on the fascial anatomy of the breast. Classically, SSM
has been defined as the resection of the glandular tissue of
the breast, including the skin of the nipple, the areola, and
the original biopsy scar. At the same time it is recom-
mended to preserve as much of the breast’s skin as
possible, including the inframammary fold, in order to
enhance the aesthetic result of breast reconstruction.17,18

The principal observation in this study is that local heat
preconditioning, at a supraphysiological temperature, re-
duces the rate of skin necrosis after skin sparing mastec-
tomy in selected patients. The suggested mechanism is by
the up-regulation of heat shock proteins (HSP’s).

In an experimental animal model, mice were heated to
43 �C 24 h before flap surgery i.e. the induction of acute
persistent ischaemia.13 Heat was applied locally in three,
thirty-minute cycles interrupted by 30-min breaks where
the skin was allowed to cool spontaneously. A random
pattern myocutaneous pedicled flap was then elevated on
the back of the animals and was fixed into a dorsal skinfold
chamber. The rate of necrosis in heated mice was 4% � 1%
versus 53% � 5% in untreated controls. Immunohistological
tissue analysis revealed a significant increase in the
expression of heat shock proteins (HSP), particularly HSP-
32, which was thought to play a crucial role in protecting
the skin from necrosis and promoting tissue vascularity.



Table 2 Comparison of details of non-heated and heated groups of patients that developed skin necrosis. IDC e invasive
ductal carcinoma; DCIS e ductal carcinoma in situ; LCIS e lobular carcinoma in situ.

Age BMI SN-N
Left (cm)

SN-N
Right (cm)

Cup size Reconstruction Incision Diagnosis

Heated group

68 35 28 27 38C L SSM þ expander Round IDC
52 32 30 30 38DD L SSM þ DIEP Round Low Grade DCIS
49 30 27 26 34C Bilateral TMG Round BRCA Carrier
Non-heated group

51 34 26 26 34B L SSM þ DIEP Round IDC II
48 31 27 27 Bilateral SSM þ DIEP Round BRCA Carrier
65 28 36 36 38E Bilateral SSM þ DIEP Wise BRCA Carrier
34 33 31 31 34D R SSM þ SGAP Wise Low Grade DCIS
60 31 28 29 38DD R SSM þ DIEP Wise High Grade DCIS
48 26 29 30 26DD Bilateral SSM þ DIEP Wise BRCA Carrier
60 26 31 31 28DD R SSM þ DIEP Round LCIS II
50 28 22 23 38DD L SSM þ TRAM Round DCIS
51 26 28 28 34D L SSM þ TRAM Round DCIS
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HSP-32 has been identified as haem-oxygenase-1 (HO-1)
and is known to be the rate-limiting enzyme in the catab-
olism of haem to bilirubin.19 One of the metabolites pro-
duced in this process is carbon monoxide, a potent
vasodilator, which is able to maintain perfusion within
ischaemically jeopardised tissues. HSP-32 has been shown
to be expressed in heat preconditioned tissue and is
thought to have a protective role against tissue
ischaemia.13

The protective effects of heat shock proteins expressed
after preconditioning have been demonstrated in various
organs such as the kidney, the bone, the heart, and the
liver, as well as in tendons and after burns.20e25 Koenig
et al. were the first group to beneficially use local
supraphysiological heat preconditioning in experimental
flap surgery and reported an improvement in flap
survival.9
Figure 2 LDI images showing difference in perfusion in the
heated and non-heated breast.
Locally applied heat has the advantage of being rela-
tively simple to apply unlike other methods of pre-
conditioning. One of the study aims was to describe a
method of applying the heat therapy that was simple,
inexpensive and did not require any extra admissions to
hospital. Hot water bottles were chosen as the heating
modality as they are readily available and cost-effective.
Each patient was provided with a hot water bottle and a
commercially available underwater thermometer. The hot
water bottle was applied to the breast for three, thirty-
minute cycles interrupted with thirty-minute breaks to
compensate for the cooling of the device during the
application.

The comments from the patient participation focus
group meeting were very promising. The general feeling
amongst patients was that the heat preconditioning was
easy to do and allowed the patient to focus and relax
before the surgery. This shows that the current heating
protocol is acceptable to patients and will be suitable for
further trials.

One patient experienced a superficial burn from the
heating procedure that healed without any scars by con-
servative means. This patient had previously undergone
adjuvant chemo-radiotherapy. This left her with an area of
paraesthesia of the skin of the breast that was precondi-
tioned. Reduced sensation of the skin is commonly reported
following radiotherapy and this could be the reason for the
burn.26,27 It is possible that the hot water bottle was either
too hot or left on the skin for too long or a combination of
both mechanisms. This issue was brought up at the patient
participation focus group and whilst none of the patients in
attendance experienced this complication it was decided
that patients who have had radiotherapy will be excluded
from future trials.

Demographics did not differ between both groups. The
majority of reconstructions were performed using abdom-
inal fasciocutaneous tissue i.e. a DIEP flap. DIEP flap re-
constructions have been shown to have an overall increase
in complications however, this would not appear to be the
case in our study. In addition, the majority of incisions



Figure 3 KaplaneMeier estimates of the proportion in hos-
pital by length in stay. Median length of stay 4 days 95%CI (4, 7)
in heated group, 8 days 95%CI (8, 9) in the non-heated group,
logrank test p < 0.001.
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made to perform the skin sparing mastectomy were round-
type. Wise pattern incisions have been shown to be asso-
ciated with an increase of complications particularly skin
necrosis however our data suggests that the Wise pattern
can be used with heat preconditioning.16,28

There was a 24% reduction in skin necrosis between the
heated and non-heated groups. The rate of skin necrosis in
the non-heated group was 36%. This may seem high however
these patients were already at risk of developing skin ne-
crosis for reasons previously discussed. Further, it is worth
pointing out that skin necrosis is multifactorial however it is
not possible to differentiate between these due to the small
size of this study. Despite this, similar rates of necrosis in
other groups have been reported.7,29 These results suggest
that there is a clinical correlation between local heat pre-
conditioning and the reduction of skin necrosis. A larger
multi-centred randomised trial performed in several centres
is required to determine if the observations we found are
generalisable and to provide the opportunity to estimate the
true treatment effect with greater precision.

An overall all increase of vascularity to the skin of the
heated breast compared to the non-heated breast was
shown on LDI imaging. Interestingly, this increase was
visible 24-h after the preconditioning procedure and even
post-mastectomy. This further supports the hypothesis that
local heat preconditioning induces an increase in blood flow
that is able to maintain perfusion within critically perfused
skin i.e. to the mastectomy skin flap. An interesting ques-
tion to answer is whether LDI imaging can be used intra-
operatively to predict skin necrosis. SPY Intraoperative
Perfusion Assessment and indocyanin green staining have
both been shown to help predict skin ischaemia intra-
operatively in pilot studies and would be a useful adjunct to
further work in local heat preconditioning.30,31

The length of stay in the treatment group was approxi-
mately half that of controls. This indicates that heat pre-
conditioning could help to reduce the duration of hospital
stay and therefore allow quicker progression to essential
adjuvant therapy and reduce healthcare costs.
According to the NHS’ Institute for Innovation and
Improvement, reducing the length of hospital stay is ranked
as a level 1 priority.32 An economic study into autologous
breast surgery at another UK centre, the average length of
stay (LOS) following a DIEP flap was 8 days and this is
comparable to the LOS at Guy’s and St. Thomas’ Hospital.33

In the USA, the LOS is much shorter however this is mainly
due to the restrictions of private funding from insurance
companies for the same procedure.34,35 LOS is the most
influential factor in the reducing the cost of autologous
breast reconstruction.35 This reduction in LOS potentially
indicates a saving of 4 hospital inpatient bed days in one
hospital per patient. Last year a total of 151 skin sparing
mastectomies were performed at Guy’s & St. Thomas’
Hospital which could equal a total saving of 604 inpatient
bed days per year.

Breast reconstruction is an expensive procedure and
essential strategies are needed to help reduce its costs. A
bilateral mastectomy and immediate breast reconstruction
can last an entire day of operating theatre time. The
average cost of a free flap breast reconstruction is esti-
mated at £10,910.33 There is little data on the cost impli-
cations of specifically skin necrosis however, the incidence
is between 20 and 40% and the cost of surgical treatment
(debridement and skin graft) is approximately £1782 plus
extra theatre time (£3840 for half a day in theatre36). Extra
hospital stay means that the costs can spiral into the
thousands. In a modern NHS with increasing financial con-
straints heat preconditioning could help to reduce the costs
of breast reconstruction.

Other benefits to patients aside from financial that come
with reduced LOS are improved wound healing and there-
fore quicker recovery and progression to adjuvant therapy.
This means a quicker return to normal life but more
importantly, earlier discharge improves recovery, reduces
the risks of hospital-acquired infections and venous
thromboembolism.32

There are several limitations in this study namely that it
has small numbers and was not randomised. We are
currently planning a larger, randomised, single-blinded
single centre trial to investigate the true effect of local
heat preconditioning in skin sparing mastectomy. We will
also analyse our results based on a per-surgeon basis. The
results from this larger trial will provide data to set-up a
multi-centred definitive study in the future.

SSM is an excellent model to test heat preconditioning
for several reasons: the breast is easy for a patient heat;
the patients tend to be healthy with few co-morbidities and
are highly motivated. There is scope to use heat pre-
conditioning in other procedures, such as breast reduction
and abdominoplasty in the obese population where there is
a risk of developing wound-healing problems.37e39
Conclusions

The data from this preliminary study suggest that there is a
clinical correlation between the reduction of skin necrosis
of the mastectomy flaps following SSM with the use of local
heat preconditioning in a selected group of patients at risk
of this complication. Heat preconditioning is a safe, simple
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and cost-effective intervention that can be performed at
home and requires no extra admissions to hospital.
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