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a b s t r a c t

The last twenty years have seen a complete change in society's attitude to the strategy of risk reduction
of breast cancer in high-risk individuals by means of proactive mastectomy. Once termed ‘prophylactic
mastectomy’, risk reducing mastectomy (RRM) was considered two decades ago not only extreme, but in
some quarters almost unethical. RRM is now commonly undertaken in specialist breast units for women
at high individual breast cancer risk, by virtue of an inherited breast cancer related gene mutation or
from calculated high statistical risk from family history data, and the efficacy of RRM in reducing sub-
sequent incident diagnoses of breast cancer has been published from a number of centres. RRM is offered
routinely in conjunction with total breast reconstruction, using the whole range of reconstructive sur-
gical techniques.

The public announcement by the actor Angelina Jolie in 2013 that she had inherited and harboured a
BRCA1 gene mutation, and was undergoing RRM and breast reconstruction to lower her intrinsic breast
cancer risk, had a significant effect on public attitudes and perception. Whilst there are other means of
lowering breast cancer risk by means of selective oestrogen receptor modulators, such as tamoxifen and
raloxifene, their lowering effect on risk of breast cancer remains substantially less than that afforded by
surgical removal of ‘at risk’ breast tissue. The progressive development and increasing sophistication of
techniques of breast reconstructive surgery has paralleled the trend for more RRM surgery, and the
substantial majority of women who opt for RRM choose immediate breast reconstruction.

© 2019 Published by Elsevier Ltd.
1. Indications

The strongest predictor of breast cancer risk in an individual is
the presence of a significant family history of breast cancer. Breast
cancers occurring at young ages and the presence of multiple breast
cancers in any individual family member, are highly suggestive of a
breast cancer related gene mutation. Almost 30% of breast cancers
in women <30 years at diagnosis are due to the known mutations
BRCA1, BRCA2 and TP53 [1,2]. Studies have found that 70e85% of
BRCA1 and BRCA2mutation carriers may develop breast cancer, the
risk being slightly lower for BRCA2 carriers [3e6].

The prevalence of breast cancer associated gene mutations de-
pends upon each country and most especially on the ethnic origin
of families. For example the Ashkenazy Jewish population has three
founding mutations, across BRCA1 and BRCA2. These three muta-
tions are found in over 2% of the Ashkenazy population. One study
found that one of the three mutations was present in 59% of high
risk families [7]. Once a certain breast cancer related mutation has
been found in a family, such as BRCA1 or BRCA2, definitive genetic
testing for individuals is possible. Genetic testing over the last
several years has become increasingly available, commercially
marketed and very much cheaper in terms of financial cost. The
most recent tests available commercially are based on buccal swabs
from the mouth, or saliva, obviating even a blood test. The analysis
of known genemutations is conducted in an automated basis at low
cost, with the results typically available within six weeks.

Any individual found to carry a breast cancer related gene mu-
tation should be offered information, advice and counseling about
risk reducing strategies including surgical intervention.

If it has not been possible to demonstrate a breast cancer related
gene mutation, risk estimation for a single individual can be
calculated. This is based upon large epidemiological studies. An
individual may be advised on the basis of risk estimation, but it is
important to distinguish between lifetime overall risk and age
specific risk. Risk does decrease with age and whilst RRM may be
entirely appropriate for young and middle aged woman, as years of
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risk are lived through, the overall risk decreases.Within Europe risk
estimation is based mainly on Claus data [8e10]. Within North
America the Gail model is widely used [11]. There are a number of
specific computer programs now available and increasingly used
such as Tyrer-Cusick, BOADICEA and BRCA-Pro [12]. Within the
United Kingdom Tyrer-Cusick is now the most widely used pro-
gram, containing as it does most of the currently known risk factors
for breast cancer, including at its most recent update, radiological
breast density on mammography [13].

Generally if an indiviudual's lifetime risk is calculated at 25% or
more then it is appropriate to offer the process of consultations
about RRM. TheManchester group, anticipating the difficulty of the
subject of risk assessment, published in 2002 a protocol for the
management of women at high risk of breast cancer [14]. Whilst
the means of calculating risk and the automation of related gene
mutation analysis has transformed over the last several years, the
protocol remains a useful tool for advising patients appropriately to
the option of surgery.

In a survey of 10 European centres, only three, Manchester,
Edinburgh and Heidelberg/Dusseldorf, routinely offered the pos-
sibility of RRM to womenwith a lifetime risk of 25% or greater [15].
Many centres only mention RRM to potential mutation carriers
keen to undertake a genetic test. There is a geographical shift across
Europe from north to south in attitudes to RRM, with RRM being
less common in the southern European countries compared with
countries in northern Europe [16e18].

Confirmation of the breast cancers in the family is paramount.
Instances of fabricated family history have been reported [19].
There are some fairly clear contraindications to proceed with RRM
surgery and these listed in Table 1.
2. Techniques

The objective of RRM is to reduce breast cancer risk and breast
cancer mortality, but proactive surgery also can reduce psycho-
logical distress and anxiety. Clinic consultations should take place
in unhurried appointments. Several visits should be offered over a
period of months with time for reflection and consideration such
that all aspects, including consultation with a psychologist, are
covered [20].

There is no objectively defined single technique for RRM and
several approaches of surgery can be offered, so long as the pro-
posed surgery optimizes equipoise between reduction effective-
ness and functional outcomes. Techniques encompass types of
skin-sparing mastectomy and all options of breast reconstruction.
Table 1
Contraindications against Risk Reducing Mastectomy.

Absolute contraindications
Failure to confirm high-risk status of individual
Proof of non-gene mutation carrier in a proven gene-carrying heritage
Falsified family history and Munchausen’s syndrome
Decision not the individual’s own choice
Awaiting individual result of a gene mutation testing
Refusal to accept complication risks
Surgeon inexperience in RRM and breast reconstruction
Relative contraindications

Awaiting further consultations with geneticists/surgeons
Decision uncertainty
Psychological concerns
Family dysfunction, eg sibling disagreement on RRM
Psychiatric disorders e clinical depression, schizo-affective disorder, clinical

anxiety state
Body dysmorphia
Unrealistic expectation of outcome e aesthetic as well as prevention
Choosing RRM is for ‘cosmetic’ reasons rather than oncological
Clearly individual preferences, breast size and shape are all
important, as is the experience and wisdom of the surgeon. In the
absence of a single described binary operation, most centres have
developed techniques over the years based on their own surgeons’
aptitudes and training. There must be dedicated breast and
reconstructive surgery available, and these skills may be found both
in teams as well as in individual surgeons, provided that they have
had appropriate and thorough training both in aspects of breast
oncology surgery and breast reconstructive surgery.

All surgical procedures require a fully informed discussion of
benefits and risks. There is no randomised trial evidence and all
RRMdata is from cohort studies. Risk reduction from surgery is well
over 90% but cannot ever reach 100%. It is important that individual
women understand that even after RRM there is a small chance
they could be diagnosed at a later date with breast cancer. Even
with surgery planned and delivered to the highest level, the patient
must be informed fully about body changes which occur and their
impact on body image, possible complications from surgery and
anaesthesia, and potential revision surgery in the longer term.

The surgical techniques used for RRM are evolving and continue
to do so, with aesthetic outcomes generally improving with ad-
vances in reconstructive surgery and in materials available. There
never was, and has never been a definition of RRM and no formal
description of ‘the operation’. There is no ‘standard’ operation, but
there should be removal of ‘all at risk’ glandular tissue. The main
choices centre around the extent of mastectomy - ‘conventional’
without breast reconstruction and skin sparing techniques with
reconstruction, with careful minimisation of scarring. Most oper-
ations are judged by outcome, not by how they are technically
performed. The operation has been progressively engineered over
two decades, with the objective of reducing breast cancer risk
substantially as well as producing acceptable functional and quality
of life outcomes. The description of development of the range of
surgical techniques, incisions used, nipple sparing and nipple pre-
serving, complications from surgery as well as diagrams and pho-
tographs of outcomes has been published in detail elsewhere [21].
To this list of surgical approaches now is added that of a circum-
areolar incision for mastectomy with NAC removal - a ‘type 5’ skin
sparing approach, and the circumareolar donut incisionwith nipple
preservation on a de-epithelialised bridge pedicle, a ‘type 6’ skin
sparing mastectomy. Nipple necrosis after attempted surgical
preservation occurs in a small minority of patients. Optimisation of
nipple survival is claimed to be most achievable with delayed
pedicle incision, with RRM preformed at a second operation after
initial NAC pedicle isolation [22].

Early RRM surgeons adopted nipple/areola complex-sparing
(NAC) techniques as well as skin-sparing approaches. There are
technical challenges to NAC preservation which revolve around
maintaining an adequate vascularity, and in a large deeply ptotic
breast the requirement for a significant parenchymal pedicle means
that NAC preservation can be both problematic as well as unwise,
due to the inevitability of residual, potentially ‘at risk’ breast tissue.
But for the less ptotic and smaller breast NAC retention is possible,
aesthetically and superior to NAC reconstruction, and is oncologi-
cally safe [23e25]. For patients who can choose NAC conservation it
is often said that the NAC retention may also carry an added 5% of
lifetime breast cancer risk. But the evidence does not support this.
Increasingly in patients undergoing mastectomy who have been
diagnosed with breast cancer, NAC preservation is safely offered
[26]. Preservation of the natural nipple does lead to better psy-
chosocial functioning, and higher levels both of satisfaction and
sexual well-being compared to women who have had the NACs
surgically removed as part of the mastectomy [27,28].

The whole range of breast reconstructive procedures, including
microvascular DIEP flaps, should be available and be offered and
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discussed with patients so they are able to make fully informed
decisions. The overwhelming majority of women undergoing RRM
choose implant based breast reconstruction. This may be with total
submuscular insertion of tissue expanders followed after clinic
expansion visits, by insertion of permanent implants several
months later, or by using acellular dermal matrix (ADM) either over
tissue expanders, or more commonly, with immediate permanent
implants. ADM is inserted as an internal ‘bra cup’, sutured over the
implant, to the edge of a mobilized pectoralis major superiorly and
to the internal inframammary fold inferiorly. More recently com-
plete ADM templates, commercially available, are used to enclose
and support the implants without the need to disturb the anterior
chest wall musculature in any way. Results on outcomes with these
newer techniques are awaited.

The use of a single operation to achieve RRM with immediate
implant reconstruction is efficient in time, surgical expertise, pa-
tient recovery and cost, but requires the use of porcine or bovine
derived ADM. But many women do not accept an ADM implanted
surgically, and there are no long-term data on its outcomes as yet.
For these women we have innovated a technique which does
require two operations, but avoids both the discomfort and repeat
clinic visits of tissue expansion and the use of an ADM. The first
operation involves placement of bilateral permanent implants in a
dual plane position behind the pectoralis major superiorly and the
breast parenchyma inferiorly. Several months later the RRM oper-
ation is performed leaving the permanent implants intact and
undisturbed, beneath the pectoralis major and the sheet of capsular
pocket which the healing process has laid down inferiorly over the
breast implant. Essentially through the healing process around the
implant the body creates its own sheet of ADM [29].

3. Results

3.1. Benefits and harms

RRM as a concept was in the late 1990s vigorously opposed by
some, and in some quarters the surgeons tentatively undertaking
RRMwere heavily criticized [30]. The patients selected themselves,
usually pushed for this then-unproven intervention, and they as
much as the surgeons were pioneers. Presumably unfamiliar with
advances in breast aesthetic surgery and breast reconstruction, an
Editorial comment in the British Medical Journal stated ‘these pa-
tients must choose between mutilation and death, and this is
barbarism, pure and simple’ [31]. It was some years before data on
outcomes were becoming available.

There are no randomised controlled studies on RRM. The best
evidence for the lowering effect on the subsequent diagnosis of
breast cancer comes from cohort studies. Among the first of these
was the experience of the Mayo Clinic where for some time bilat-
eral mastectomy for profuse benign proliferative disease had been
practiced. In women at high risk for breast cancer by virtue of
family history, RRM lowered the subsequent incidence of breast
cancer diagnosis by >90% [32,33]. The subsequent breast cancer
risk is emphatically lowered in proven BRCA1 and BRCA2 gene
carriers [34,35]. This risk-lowering effect has been seen in all the
studies published so far. The reduction of breast cancer incidence in
BRCA1 and BRCA2 mutation carriers was equally large in the Dutch
and other series [36,37]. Whilst the risk-reducing effect is seen
similarly across nations, uptake of RRM and its cultural accept-
ability differ, with uptake far higher in north European countries
compared to the southern neighbours [38,39].

The reduction of risk of subsequent breast cancer diagnosis is
proven after RRM, but in many quarters the undertaking of the
surgery is still controversial. It has been suggested that the
remaining risk is proportional to the volume of breast tissue not
excised at RRM e it is technically impossible to remove surgically
every last piece of breast parenchyma e but there is no evidence to
support what appears to be a simple presumption. In practice the
situation is almost certainly far more complex. Therewill never be a
randomised trial on the efficacy of RRM, and cohort studies have
given sufficient information regarding breast cancer risk reduction.

Themajority of womenwho undergo RRM choose to have breast
reconstruction at the same time, and the majority of these choose
an expander/implant-based process. Whether the woman can be
offered nipple areolar complex (NAC) preservation technically de-
pends upon the size and ptosis of the breast. But to preserve suc-
cessfully the viable vascularized NAC in a large ptotic breast
requires a significant preservation pedicle, and this may contain
viable breast parenchyma with remaining cancer potential. But for
women with more moderate breast size and less ptosis shape NAC
conservation seems not to increase remaining risk [40]. Women
who are able to have their NAC preserved are more likely to have
better body image and sexual wholeness then those in whom the
NACs are removed, even with subsequent NAC reconstruction [41].

It would be unlikely that studies would universally give positive
outcomes for RRM, and there are reports of negative effects on body
image after RRM - but these have not distinguished between the
different types of breast reconstruction offered, or in one study,
RRM with no reconstruction [42e44]. These studies add to the
published data on distress associated with knowledge of bearing a
high-risk gene, or a calculated high risk status [45,46], and having
to make choices as a consequence of that information [47]. Graves
and Metcalfe also found that women who chose to have RRM
instead of surveillance alone did demonstrate a decline in cancer-
related distress within two years after a positive BRCA test. This
demonstrates that interventional surgery does confer psychological
benefit as well as risk reduction. What a published study cannot do
is to highlight the comments that individual women may make
having chosen surgery. Commonly these express profound relief
that something has been achieved and the risk has been substan-
tially lowered. It is not unusual on follow-up for a woman to state
that she has become the oldest living female family member in
several generations, after one of two decades after having RRM,
remaining cancer-free.

There are some women who undergo RRM on the basis of risk
calculation, but in whose family no specific breast cancer related
gene has been found at the time of surgery. In the years after RRM, a
cancer related gene may be found, and the woman may test
negative for carrier status. Anecdotally this small number also ex-
press profound relief that they now know they cannot transfer that
gene to their children - as they do not carry it. The surgeon may
hear that they made the decision for surgery based upon the best
knowledge at the time, and do neither resent nor regret the deci-
sion. Their own breast cancer risk is therefore minute.

All breast reconstructive surgery carries risks and limitations,
and scarring. Even with flawless recovery there will be a high
chance of further surgical intervention at some point in a woman's
journey. Implants do need to be changed, at the present time
probably every 12e15 years. This is lengthening as implant tech-
nology progresses, and does involve surgery and expense, and re-
covery. Such operations are minor compared to the initial RRM.
Women with autologous tissue flaps, LD back flaps and DIEP flaps,
always have the scarring and possible sensory disturbance at the
donor site, and this can be troubling. Women must be advised that
this is going to be a lifelong commitment. Although fundamentally
different, some may think of RRM as a kind of ‘cosmetic surgery’,
but womenwho do have aesthetic surgery for otherwise intact and
normal breasts do themselves after surgery have the same long-
term issues, though this may be seldom have been discussed
beforehand.
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Nevertheless all studies published to date demonstrate a sub-
sequent substantial decline in the diagnosis of breast cancer in the
years following RRM surgery, and this diminution is maintained
over time. The lessening of cancer incidence in high-risk women is
>90%, and this holds true whether or not the nipple areolar com-
plex is preserved or reconstructed. The overwhelming majority of
women have immediate breast reconstruction, and these tech-
niques may need some sort of longer-term surgical maintenance.
There are potential psychosocial sequelae, and effect on body im-
age, and women need to be aware ahead of surgery of these issues.
But the lowering of breast cancer risk is of the highest therapeutic
outcome in all data so far. There never will be randomised trials of
RRM, the challenge now is to find less invasive techniques and
interventions that will have the same significant risk-lowering ef-
fect without the tribulations of surgery.
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