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One in nine women in the United Kingdom will
develop breast cancer.1 The surgical treatment of these
patients will involve either breast conserving surgery or
mastectomy, both of which can result in considerable
asymmetry of the breasts. Breast reconstruction offers
restoration of breast symmetry to such women,
achieved by creating a breast mound that is similar in
size, shape, contour, and position to the opposite
breast. Women thus gain the freedom to wear a variety
of clothing, without needing external breast prosthe-
ses, and have been shown to have less psychological
morbidity than those who have mastectomy without
reconstruction.2

Here we review the indications, timing, principles,
and techniques of breast reconstruction in patients who
need tumour ablative surgery. We concentrate predomi-
nantly on women who have had mastectomies.

Sources and selection criteria
We searched Medline and the Cochrane database
search by using the term “breast reconstruction.” We
reviewed abstracts and selected articles that were
relevant to our review subheadings. We selected only
articles written in English and those up to October
2004.

Indications for breast reconstruction
Breast reconstruction is increasingly an integral aspect
of the management of patients with breast cancer.
Some patients, who have had radical tumour
resections, may simply need wound closure. Typically,
however, breast reconstruction is an option.

Suitable candidates are those who have, or are
expected to have, considerable asymmetry of the
breasts after tumour ablative surgery. The vast majority
of reconstructions are therefore done in patients
having a mastectomy, who should be counselled about
reconstructive options before their surgery.3 Even
women with locally advanced disease may be suitable
for breast reconstruction and should not be excluded.4

Contraindications include metastatic disease and
anaesthetic risk factors such as significant cardio-
pulmonary disease.

Principles of breast reconstruction
Mastectomy involves the removal of breast tissue, vary-
ing amounts of skin, and, invariably, the nipple-areola
complex. The removal of these tissues results in the

loss of volume, shape, and contour of the breast. Breast
reconstruction aims to restore these attributes and uses
the opposite breast as an aesthetic reference point. The
process of reconstruction typically involves:
x Reconstruction of the breast mound—excision of
breast tissue results in loss of breast volume (that is,
size) and breast shape, both of which can be recreated
with a variety of reconstructive techniques, although
matching the other breast may not be possible with all
methods
x Reconstruction of skin—this is needed in most cases
and can be achieved by using local skin or by transfer-
ring skin from distant sites to the anterior chest wall. As
mastectomy techniques have evolved, the amount of
skin needed in breast reconstruction has decreased.
This is particularly true of skin sparing mastectomy.

Further reconstructive surgery is optional and can
involve nipple-areola reconstruction and, in some
cases, surgery on the other breast, which is needed if
symmetry has not been achieved. The process of breast
reconstruction thus involves multiple surgical proce-
dures, and both patients and surgeons need to be
highly motivated.

Skin sparing mastectomy
The technique of skin sparing mastectomy has greatly
improved the aesthetic outcomes possible with breast
reconstruction. It is oncologically safe in selected
T1/T2 tumours and allows mastectomy with preserva-
tion of the natural breast skin envelope and

Summary points

The indications for breast reconstruction are wide

Breast reconstruction may be done by breast
surgeons or by plastic surgeons

The process of reconstruction usually requires
multiple operations

A wide spectrum of reconstructive techniques
may be used in breast reconstruction

Radiotherapy can increase the complications of
breast reconstruction and adversely affect
aesthetic outcomes

Department of
Plastic and
Reconstructive
Surgery, Salisbury
District Hospital,
Salisbury SP2 8BJ
S Ahmed
research fellow
A Snelling
senior house officer
I H Whitworth
consultant

Department of
Plastic and
Reconstructive
Surgery, Norfolk
and Norwich
University Hospital,
Norwich NR4 7UY
M Bains
senior house officer

Correspondence to:
S Ahmed
salim.ahmed@
salisbury.nhs.uk

BMJ 2005;330:943–8

943BMJ VOLUME 330 23 APRIL 2005 bmj.com



infra-mammary fold.5 Breast tissue is excised through
limited skin incisions, which may simply be circum-
areola in nature. Although more time consuming than
traditional methods, this technique permits maximal
preservation of skin and provides excellent cosmetic
results when combined with immediate reconstruction.

Timing of reconstruction
Reconstruction may be either immediate, at the time of
mastectomy, or delayed until after adjuvant treatment.
Traditionally, breast reconstruction was done as a
delayed procedure. However, increasing evidence of
the benefits, and in particular the oncological safety,6–8

of immediate reconstruction has led to it becoming the
first choice of treatment in many centres. The
advantages of immediate reconstruction include

reduced cost and superior cosmetic results.9 10 Patients
also have less psychological morbidity than those who
have delayed reconstruction.11

Immediate reconstruction may not be appropriate
for all patients, however, for several reasons. Some
women are so overwhelmed by the diagnosis of breast
cancer that they are unable to make an informed deci-
sion on immediate reconstruction. Such patients are
probably best managed with a delayed reconstruction,
with the initial emphasis being on tumour ablation. In
addition, the timing of reconstruction needs careful
consideration in patients due to have adjuvant
radiotherapy, as this can adversely affect the outcomes
of immediate procedures.12 Finally, not all patients will
have access to a surgeon familiar with the spectrum of
reconstructive techniques at the time of mastectomy,
and some may therefore have to have delayed
reconstruction.

Reconstructive techniques
Reconstructive techniques (box) can be divided into:
x Non-autologous methods that use breast implants
x Autologous methods in which the patient’s own tis-
sues are used
x A combination of autologous and non-autologous
methods
x Oncoplastic techniques.

These techniques pose a spectrum of surgical chal-
lenges for the reconstructive surgeon, from the
relatively straightforward insertion of breast implants
to the technically demanding free flaps, which involve
microvascular surgical techniques. The decision as to
which technique to use is multifactorial. First and fore-
most, the choice has to address the patient’s individual
reconstructive needs, by being able to restore attributes
lost during tumour ablative surgery. However, as fig 1
illustrates, several additional factors need to be taken
into account. Of particular concern is whether a
patient needs or has had radiotherapy, which leads to
higher rates of complications with non-autologous
methods.13 In contrast, superior aesthetic results are
seen in such patients when autologous methods are
used.14

Non-autologous breast reconstruction
Breast implants
Breast implants may have a fixed volume or their
volume may be adjustable, in which case they are
known as breast expanders. Both are used in breast
reconstruction.

Fixed volume implants
Fixed volume breast implants are a useful means of
restoring breast volume in breast reconstruction, but,
unlike breast expanders, they do not create additional
skin. This limits their use to either reconstructing
breasts that are small in volume and minimally ptotic
or augmenting the volume of autologous reconstruc-
tions such as the latissimus dorsi flap. In both cases suf-
ficient skin is present to obtain complete coverage of
the prosthesis. Despite these restrictions, fixed volume
implants offer a simple and effective method of recon-
struction in selected patients; benefits include shorter

Objectives, timing, and techniques for breast
reconstruction

Objectives
Restore symmetry by recreating volume, shape,
contour, and position of the breast mound, taking the
opposite breast as the aesthetic reference

Timing
• Immediate
• Delayed

Techniques

Non-autologous methods
• Fixed volume breast implants
• Breast expanders

Combination of non-autologous and autologous
methods
• Latissimus dorsi flap with breast implants

Purely autologous methods
• Extended latissimus dorsi flap
• Transverse rectus abdominus myocutaneous
(TRAM) flap
• Deep inferior epigastric artery perforator (DIEP)
flap
• Superior gluteal artery perforator (SGAP) flap

Oncoplastic methods
• Breast reduction techniques
• Breast lift techniques

Patient factors
• Does the patient have a preference for
   which technique is used? 
• Does the patient object to having implants?
• Is the patient prepared to accept a staged
   reconstruction if expanders are used?
• Is the patient suitable for a free flap?
• From which donor sites can sufficient
   tissue be harvested?

Reconstructive needs of patient

Choice of reconstructive technique

Oncological factors
• Can oncoplastic
   techniques
   achieve tumour
   ablation?
• Does the patient
   need, or has she
   had, radiotherapy

Surgeon factors
• Oncological
   training
• Reconstructive
   or microsurgical
   training

Fig 1 Choosing a reconstructive technique
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general anaesthesia and hospital stays compared with
purely autologous methods.

Potential complications of fixed volume breast
implants (and breast expanders) include malposition,
infection, deflation, extrusion, rupture, and capsule for-
mation with contracture. In capsular contracture, scar
tissue forms around the breast implant and contracts,
which can result in pain and loss of breast contour.
Capsular contracture can be reduced by the use of
implants with a textured shell15 and by positioning
implants in a subpectoral muscle pocket. Higher rates
of capsular contracture are seen in patients who have
post-reconstruction radiotherapy.13

Breast expanders
Breast expanders are in effect inflatable breast
implants and are often called Becker implants.
Injection of saline into the implant, typically through a
remote port (fig 2), allows the volume to be adjusted.
When used in breast reconstruction they can not only
recreate breast volume but also create additional skin.
Suitable candidates are women with a relative lack of
skin post-mastectomy and whose other breast is small
and minimally ptotic.

The expander, which the surgeon places in a
subpectoral pocket, is subsequently inflated in an
outpatient setting. This inflation causes stretching of
the overlying tissue and allows skin gain by a combina-
tion of stretching and mitosis. The expanded skin is
sensate and has the same colour and texture as local
skin. The process of inflation is started after wounds
are healed and usually repeated on a weekly basis, con-
tinuing until a volume is reached that not only matches
but exceeds the opposite breast. This overexpansion
aims to recreate a degree of ptosis in the expanded
breast, and therefore a more natural shape and
contour.

When inflation is complete, expanders may be
exchanged for fixed volume breast implants or the
expander may be left in place with only the remote
port being removed. A realistic time frame for this
method of reconstruction is therefore approximately
6-9 months. This form of breast reconstruction
requires a commitment to regular outpatient visits, is
classically a two staged procedure, and can involve
revision surgery in up to 30% of patients.16

Silicone and breast reconstruction
Adverse publicity about the safety of silicone gel filled
implants, in particular a possible association with con-

nective tissue diseases, has led to concern among
patients needing breast reconstruction. Although the
Food and Drug Administration Board in the United
States imposed a moratorium on the use of silicone gel
filled implants in 1992, no such moratorium has ever
been imposed in the United Kingdom.

The Department of Health commissioned several
independent reviews of the hazards of breast implants,
the last in 1998. These concluded that no increase in
connective tissue diseases occurred in patients with
silicone gel implants. This was confirmed by a
subsequent meta-analysis, which found no evidence of
an increase in breast cancer among women with
implants.17

As a result of the reviews, the National Breast
Implant Registry, based in Salisbury, was created. This
is a prospective register of women having implant sur-
gery. This registry has been used to facilitate research
projects and has identified 2400 recipients of the now
withdrawn Trilucent breast implants.18

Autologous breast reconstruction
Autologous reconstruction relies on the transfer of
flaps of tissue from donor sites to the anterior chest
wall. These flaps can be transferred still attached to
their original blood supply, when they are known as
pedicled flaps; or as free flaps, in which tissue is
isolated, transferred, and anastamosed to recipient
blood vessels by microsurgical techniques. Here we
discuss several commonly used flaps.

Transverse rectus abdominus myocutaneous flap
The transverse rectus abdominus myocutaneous
(TRAM) flap and its variants constitute the gold stand-
ard for breast reconstruction. This is because better
cosmetic results are generally achievable with this tech-
nique than with other methods of reconstruction. This
flap also permits large ptotic breasts to be recon-
structed without recourse to breast implants.

Although a pedicled version of this flap exists, it has
been superseded by the free TRAM flap. This has a
more reliable blood supply and consequently a
reduced rate of complications such as partial flap loss
and fat necrosis (which can affect aesthetic outcome).

The free flap consists of a large ellipse of skin and
underlying fat from the lower abdomen, together with
a portion of the rectus abdominis muscle. The muscle
is incorporated because it acts as a vehicle for perforat-
ing blood vessels that supply the overlying skin and fat
and that originate from the deep inferior epigastric
artery. Disadvantages of the free TRAM flap include an
average operation time of 4-6 hours, a risk of total flap
failure of between 0.4% and 5.0%,19 20 and, because a
portion of rectus muscle and fascia is harvested, an
abdominal hernia rate of up to 11.6%.20

Deep inferior epigastric artery perforator flap
The deep inferior epigastric artery perforator (DIEP)
flap (fig 3) is a refinement of the free TRAM flap and
represents an important advance in autologous breast
reconstruction. It has replaced the free TRAM as the
autologous flap of choice in many centres, because of
its reduced donor site morbidity. By dissecting free
perforating blood vessels that traverse the rectus mus-
cle, the flap can be raised without sacrificing any rectus

Fig 2 Fixed volume silicone breast implant (left), with an
expandable implant for comparison. Note the remote port into which
saline is injected. Patients occasionally complain of discomfort from
the port, which is placed subcutaneously so as to be readily palpable
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muscle. As a result the DIEP flap consists of only lower
abdominal skin and fat.

Despite being technically demanding (approxi-
mately 1.5 hours added to the operation time), the
DIEP flap has all the advantages of the free TRAM flap
but has a lower incidence of abdominal hernias and
weakness.21 Complication rates are otherwise
comparable to those seen with the TRAM flap.21

Latissimus dorsi flap
The latissimus dorsi myocutaneous flap (fig 4, top) is an
example of a pedicled flap. Based on the thoracodorsal
blood vessels, it is a robust flap that can be used to
reconstruct small to moderate sized breasts. In its clas-
sic form, a paddle of skin, with underlying subcutane-
ous fat and part of the latissimus dorsi muscle, is raised
and transposed to the anterior chest wall. Both volume
and skin can be reconstructed with this technique,

although a breast implant is invariably needed to
achieve adequate volume reconstruction.

The extended latissimus dorsi flap, by comparison,
allows a completely autologous method of breast
reconstruction. Extra volume is created by including all
the latissimus muscle and most of its overlying fat.

Complications of the latissimus dorsi flap are
primarily related to the donor site and the implant.
Donor site seroma are common, occurring in up to
80% of patients,22 and may need draining in an out-
patient setting. The stitching of donor site flaps to the
underlying tissues, by a technique known as “quilting,”
has, however, been shown to significantly reduce
seroma formation.22 23 One study showed a reduction
in seroma rates from 56% to 0% after the technique
was introduced.

23 The scar on the back is acceptable to
most patients and can be located in the bra line (fig 4,
bottom).

Superior gluteal artery perforator flap
The superior gluteal artery perforator (SGAP) flap
may be used in thin patients who have insufficient
abdominal tissue for a DIEP flap. The flap, which is
harvested from the buttock, consists of skin and fat
only. This produces a scar that is easily hidden by
underwear and is therefore readily accepted by
patients.

Fig 3 Top: Left skin sparing mastectomy with immediate DIEP flap
reconstruction. Note abdominal donor site scar, which would be
similar to that seen in a TRAM flap and can be hidden by underwear.
Bottom: The nipple in this patient has been reconstructed with a
local flap

Fig 4 Top: Immediate left breast reconstruction with latissimus
dorsi flap reconstruction; the patient has also had the nipple-areola
complex reconstructed. Bottom: Donor site scar, seen on left of
photograph, located in bra strap line
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Oncoplastic techniques
If the tumour lies within the area of breast that is usu-
ally excised during a reduction or mastopexy (breast
lift) operation, then these procedures themselves can
achieve both wide local excision of the tumour and
reconstruction of the affected breast. Symmetry can
then be restored by breast reduction or mastopexy of
the other breast.

Nipple-areola reconstruction
Although reconstruction of the nipple-areola complex
is an optional procedure, it significantly improves
patients’ satisfaction with breast reconstruction.24 In
our centre it is typically done six months after
reconstruction of the breast mound. Nipple recon-
struction can be done with a variety of techniques,
including nipple sharing, in which a part of the nipple
from the opposite breast is grafted to the reconstructed
breast, and the use of local flaps. Both can be done
under local anaesthetic as day case procedures. The
areola is now commonly reconstructed with intra-
dermal tattooing.

Contralateral breast surgery
Contralateral breast surgery is used when breast
reconstruction has not achieved symmetry. It may
involve breast reduction, breast mastopexy, or augmen-
tation by implant of the opposite breast.

Further surgery
Further surgery can involve procedures to improve
both the volume and contour symmetry of the breasts;
scar revision, including that of donor sites; further
areolar tattooing (because of the propensity of
currently used pigments to fade); and secondary
procedures to improve nipple height. Patients should
be counselled that several operations may be needed to
complete the breast reconstruction process. They
should also be informed that delayed reconstruction,
the need for radiotherapy, and any complication of the
primary procedure may all lead to an increase in the
number of operative procedures needed to complete
the reconstructive process.25

Conclusion
Breast reconstruction has become an integral aspect of
breast cancer management. It can be done safely and
effectively either at the time of tumour ablative surgery
or as a delayed procedure. Irrespective of the timing of
reconstruction, a spectrum of techniques is available
from which the patient and surgeon can choose.

These techniques can involve breast implants,
autologous tissue, or both. Implant based techniques

Additional educational resources

Useful websites for doctors
Emedicine (www.emedicine.com/plastic/
BREAST.htm)—a selection of review articles on
techniques involved in breast reconstruction

Center for Microsurgical Breast Reconstruction
(www.diepflap.com)—commercial website providing
information on a wide selection of perforator flap
reconstructions, with access to peer reviewed
publications on perforator based breast reconstruction

Silicone gel breast implants
(www.silicone-review.gov.uk)—detailed report by the
Independent Review Group on the safety of silicone
breast implants

Center for Restorative Breast Surgery
(www.centerforrestoration.com)—commercial website
on breast reconstruction with an excellent section
containing peer reviewed publications of breast
reconstruction

Medline Plus (www.nlm.nih.gov/medlineplus/
breastreconstruction.html)—excellent resource with a
wealth of information and articles

Useful websites for patients
Royal Marsden NHS Trust (www.royalmarsden.org)—
website of Europe’s largest comprehensive cancer
centre, providing concise text based information for
patients

Breast Cancer Care (www.breastcancercare.org.uk)—
comprehensive text and pictorial overview of
reconstruction

Cancer BACUP (www.cancerbacup.org.uk)— website of
registered charity, with comprehensive text and
pictorial overview of reconstruction

Breastcancer.org (www.breastcancer.org)—excellent
text and pictorial overview of breast reconstruction,
with booklets and chat rooms for patients

Department of Health (www.dh.gov.uk)—covers
government policy on silicone implants, with
downloadable informational leaflet for women having
silicone implants (www.dh.gov.uk/assetRoot/04/01/
45/74/04014574.pdf)

A patient’s perspective

The bad news was that I had been diagnosed as having
breast cancer and I needed to have a mastectomy. The
good news was that I was lucky enough to be referred
to a plastic surgeon who explained what was available
to me by way of a breast reconstruction. There were
several options, but the one I went for involved using
fat tissue harvested from my abdomen to construct a
new breast.

I was taken to the operating theatre early in the
morning, and my surgeon, together with his team,
took several hours creating a new breast, while at the
same time giving me a tummy tuck and a new belly
button.

On coming round from the anaesthetic, I felt like I
had been hit by a train. I was put into a small side ward
with my reconstructed breast covered with a blanket,
and I was kept extremely warm for the next couple of
days, because the success of the procedure depended
on the blood supply to the replacement breast tissue
being maintained. I discovered that I could hardly
move as I had various drains and drips attached to my
torso. Although this was uncomfortable, I felt no real
pain, and during the next few days these were
gradually removed.

My reconstruction was a complete success, and I left
hospital after nine days. As it had been necessary to
remove the nipple during the procedure, I returned to
hospital six months later and my surgeon created a
new one, which was “the icing on the cake.”

Three months after my operation I was sunbathing
in a bikini. What a result.
JW, 59 year old patient who had a left skin sparing
mastectomy with immediate DIEP flap reconstruction
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are a simple and effective method of breast reconstruc-
tion, but they may not be suitable for all patients,
particularly those who need or have had radiotherapy.
Autologous methods in contrast are more surgically
demanding, but they consistently yield better aesthetic
results than non-autologous methods, particularly
when combined with skin sparing mastectomy.
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Interactive case report

Postoperative hypoxia in a woman
with Down’s syndrome
This case was described on 9 and 16 April (BMJ
2005;330:834,888). Debate on the management of
the patient continues on bmj.com
(http://bmjjournals.com/cgi/eletters/330/7495/
834). On 7 May we will publish the outcome of the
case together with commentaries on the issues
raised by the management and online discussion
from the patient and relevant experts.

A memorable lesson

The magic word

It was my first day as a preregistration house officer at the
Sunderland Royal Infirmary. The morning was a whirlwind of new
experiences, clerking new admissions, taking blood samples, writing
out request forms, and learning a host of new names and trying to
remember who was who, as well as my way round the hospital.

Just after noon my bleeper went off, and I was summoned to
the x ray department, where I was told the consultant radiologist
wanted to see me. I entered his dimly lit office which had
radiographs on the screens and a desk covered in reports. He
passed me an x ray request form, which I recognised as the first
such form that I had written out, earlier that morning.

“What’s wrong with this form?” he asked. I looked at it carefully,
checking name, date, patient registration number, and the various
boxes—all seemed in order. Seeing my puzzled expression, he
explained, “You forgot to write the word ‘please’ on the form. You
have written next to ‘Investigation required’ ‘Chest x ray.’ You
should have written ‘Chest x ray, please.’ Why should my staff

perform the procedure for your patient if you don’t write ‘please’
on the form? My radiographers have all been told to reject forms
without a ‘please’ on the request.”

I felt somewhat chastened, but I never forgot the lesson. Since
that day, every request form I write out has a “please” on it, as do
all my referral letters.

I later heard that he had had the same discussion with all the
new housemen and registrars who had started that day. We had
all been summoned, one by one, to be taught good manners.
Even new consultants were not exempt.

I have passed this message on to the medical students I have
taught over the years. The radiologist was right: saying “please”
costs nothing and is a matter of good manners in communication
between colleagues.

Joseph Spitzer honorary senior clinical lecturer, Queen Mary,
University of London (j.spitzer@doctors.org.uk)
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