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Abstract
Breast cancer is the most common cancer diagnosed in women worldwide, and studies are now demonstrating an increased
incidence in recent years. Despite this, mortality rates for breast cancer remain low, with many women living many years beyond
their cancer diagnosis. Therefore, there is a need for durable reconstructive options. Approximately 40% of women diagnosed
with breast cancer will undergo a mastectomy as part of their initial treatment plan. Breast reconstruction has been consistently
shown to improve post-mastectomy quality of life. Despite this, breast reconstruction rates, both in the immediate and delayed
setting, remain low. With advancements in microsurgery over the past few decades, autologous tissue reconstruction has become
an attractive option for breast cancer survivors offering them the benefits of a more natural aesthetic and permanency over implantbased surgery. This review provides a report on avant-garde microsurgical breast reconstruction techniques and insight into some
of the benefits and drawbacks associated with each surgical approach.
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Introduction
Breast cancer is the most commonly diagnosed cancer in
women accounting for approximately 30% of new cancer
diagnoses.1 Studies now demonstrate an increased
incidence in recent years with 268,670 new diagnoses
expected in the United States in 20181. Forty percent of
those diagnosed with invasive breast cancer will then
proceed to mastectomy.2 Numerous studies have now
demonstrated that undergoing reconstruction of the
breast after the initial mastectomy increases quality of life
by enhancing psychological wellbeing in breast cancer
patients,3, 4 yet despite this, rates for reconstruction
remain low worldwide, with rates ranging from 12% in
Australia 5 up to 25% in the United States and United
Kingdom.6 Reconstructive options are varied and
include implant-based methods, autologous flap repair,
or techniques that utilize both methods and are
undertaken either as part of the initial surgery in the
form of immediate reconstruction or as a delayed
surgery. Recent studies have indicated that both
immediate and delayed forms of reconstruction are
considered “oncologically safe” 7 in the majority of
patients. With advancements in microsurgery over the
past few decades, autologous tissue reconstruction has

become an attractive option for breast cancer survivors
offering them the benefits of a more natural aesthetic and
permanency over implant-based surgery.
Evolution of the Microsurgical Approach to
Autologous Breast Reconstruction
In the early 1960s, the breast implant was introduced,
pioneered by Cronin and Gerow, and marked the advent
of modern breast reconstructive surgery.8 Autologous
methods followed a decade later when Schneider, Hill,
and Brown reintroduced the latissimus dorsi tissue flap
for breast surgery in 1977.9 One of the major pitfalls of
the latissimus dorsi flap was the inadequate flap size, with
surgeons often having to combine the flap with an
implant. Attention then turned to the abdomen, which
allowed for the transfer of larger tissue volumes and the
additional benefit of enhanced abdominal contour,
making it the ideal site to harvest tissue for breast
reconstructive surgery. In 1979, Australian surgeon
Robbins described the use of a vertically-orientated
myocutaneous flap involving the rectus abdominus to
recreate the breast following mastectomy,10 and in 1982
Hartrampf et al. presented their pedicle-based flap
involving a transversely orientated rectus abdominus
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and skin, which later became recognized as the
transverse rectus abdominus myocutaneous (TRAM)
flap.11
Concurrently with the development of microsurgical
techniques, Taylor and Daniel introduced the concept of
the “free flap” in 1973, which was based on the premise
of transferring an island of tissue to a distant site through
microvascular anastomosis.12 Based on this knowledge,
the free TRAM flap was then described later that decade
and went on to form the basis of modern free flap breast
reconstructive surgery.13 The major limitation of these
early flaps was the excessive amount of muscle
transferred, which led to large donor site defects and
delayed healing. Consequently, flaps were then created
with decreasing volumes of rectus abdominus, and the
notion of TRAM flaps that were muscle-sparing was
conceived.14 It later became clear that limiting donor site
morbidity had benefits that would extend beyond
abdominal wall hernias and bulges. This led to the
landmark study by Koshima and Soeda15 in 1989, which
described the possibility of utilizing only skin and
abdominal fat and sparing muscle by carefully dissecting
small perforating vessels derived from the deep inferior
epigastric vessels by crossing but not excising fascia or
rectus abdominus. Following on from this, Allen and
Treece16 in 1994 successfully reconstructed the breast
without any muscle, utilizing fat and skin from the lower
abdomen based on small perforating vessels originating
from the inferior epigastric artery, and thus put forward
the deep inferior epigastric perforator (DIEP) flap, which
is now the main option to the free TRAM flap in
autologous breast reconstructive surgery.
Anatomy and Rationale of Flaps Based on Perforating
Vessels in Reconstructive Breast Surgery
Both the TRAM and DIEP flaps are based on the same
vessels: the deep inferior epigastrics.17 The deep inferior
epigastric artery gives rise to both lateral and medial
branches on both sides of the abdomen, which then give
rise to several small perforators that supply the skin and
subcutaneous fat over the lower abdomen.17
To perform a DIEP flap, standard abdominoplasty
markings are made; perforators are often identified prior
to surgery with duplex ultrasound or CT angiography.18
The flap is then raised usually lateral to medially with
careful identification of the lateral perforators with the
flap then based on the largest perforator and possibly an
additional one to two smaller perforators in order to gain
its entire blood supply. The sheath of rectus abdominus
muscle is then entered, and using microsurgery, the
small perforating vessels are traced intra-muscularly
through the rectus abdominus to their source, the deep
inferior epigastric vessels, ensuring an adequate pedicle
length of approximately10 cm.17
Under the microscope, the artery and vein are tied, and
then the tissue flap is brought up to the chest wall. The
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tissue is then used to reconstruct the chest wall defect
secondary to the mastectomy. This is performed through
the anastomosis of the donor vessels to the internal
mammary vessels (or occasionally thoracodorsal vessels)
using an end-to-end approach typically using the second
or third intercostal space.17 The arterial anastomosis is
typically hand sewn with a 9/0 or 10/10 nylon suture;
however, in many centers where venous discrepancy is
encountered, a venous coupling device is employed to
carry out the venous anastomosis. Recent studies have
shown the use of this device to have higher patency rates
than standard suture techniques.19 The abdominal defect
is then closed primarily with no mesh required in the
majority of cases.
The most recent perforator-based abdominal flap is the
superficial inferior epigastric artery (SIEA) flap, which
has gained momentum in recent years due to low rates of
donor site complications. As the flap is raised, the
superficial inferior epigastric vessels can be assessed and,
if deemed adequate, used as the primary vessels for flap
vascularisation and anastomosis.17 Given the anatomic
location of these vessels, the surgeon does not need to
alter the sheath nor the rectus abdominus muscle,
thereby providing a free flap technique that is less
invasive compared with the DIEP and TRAM flaps.
Furthermore, the SIEA technique provides the surgeon
with adaptability; if the vessels are noted to be of
insufficient size, the surgeon can easily convert to
performing the DIEP or TRAM techniques as previously
described.
Donor Site Morbidity
There is ongoing debate whether perforator-based flaps,
such as the deep and superficial epigastric flaps, are in
fact superior to the TRAM flap regarding morbidity of
the donor site, which is of paramount importance in
breast reconstructive surgery.
Supporters of the muscle-conserving TRAM flap suggest
that if the flap is well executed, a very small cuff of muscle
containing the pedicle is required and incorporated into
the flap with the majority of the rectus left. They argue
that this is essentially equivalent to the disruption that
occurs when carrying out the intra-muscular dissection
performed during a DIEP flap. Recent studies have
shown similar rates of abdominal wall morbidity when
comparing the two techniques.20, 21
Proponents of the DIEP flap, however, point to a study
recently carried out that demonstrated those who
underwent the DIEP flap had a 50% decreased risk of
developing an abdominal wall hernia or bulge in contrast
to patients who underwent a flap repair with a TRAM
approach (RR 0.49 CI 95%, 0.28-0.86, p=0.57).22
Furthermore, two additional studies showed superior
abdominal wall strength in patients who underwent the
DIEP technique compared with patients who received a
TRAM flap.23, 24 Although evidence is lacking due to the
relative infancy of the SIEA flap, results regarding

Microsurgical Advancements in Breast Reconstruction

abdominal wall morbidity appear promising. A recent
study indicated a statistically significant improved lifting
ability in the post-operative period (p=0.02) in patients
who underwent a SIEA flap compared with patients who
received a TRAM flap,25 however, these results were not
statistically significant when compared with DIEP
patients. Another benefit of perforator-based flaps,
though secondary to minimal fascial and rectus
abdominus disruption, is decreased post-operative pain
and shorter recovery times. Another study recently
demonstrated that patients who underwent a DIEP flap
had reduced opioid analgesic requirements in the postoperative period and shorter hospital stays compared
with those who underwent a free TRAM flap (mean =
4.73 days versus 5.21 days, p=0.026).26
Flap Related Morbidity
In autologous reconstructive techniques, an ideal flap is
regarded as one with good reliability that takes into
consideration the natural aesthetics and contours of
breast tissue and has minimal donor site complications.
While the perforator flaps appear attractive from the
perspective of limiting abdominal wall morbidity, they
are based on fewer perforating vessels than the TRAM
flap, and thus, in theory, this could translate to decreased
vascularization of the flap and a higher degree of flaprelated morbidity 22. Numerous studies over the past
decade have evaluated this, focusing particularly on the
rates of necrosis of fatty tissue, partial and complete flap
failure, and venous congestion. A recent study which
compared the flaps showed no significant disparity in
rates of venous congestion, necrosis, or flap failure
between perforator flaps and free TRAM flaps.27
Furthermore, the researchers also demonstrated in a
follow-up study that compared an equal number of
patients who underwent a unilateral DIEP flap and those
who received a unilateral TRAM muscle conserving flap
(ms-free TRAM) that rates of flap-related morbidity
were statistically similar among both groups of patients
(fat necrosis: 6.4% in DIEP flaps versus 7.1% in ms-free
TRAM p>0.74, venous congestion: 4.5% in DIEP versus
2.7% ms-free TRAM p>0.61, flap failure: 2.5% DIEP flaps
versus 1.8% in ms-free TRAM p>0.61).20
More recent studies, however, have shown higher flaprelated morbidity for perforator-based flaps. In a recent
meta-analysis, there was a twofold increase in necrosis of
fat tissue in those patients who received the perforator
DIEP flap compared with those who received the TRAM
free flap (RR 1.94; 95% CI, 1.28-2.93, p=0.07) and a
twofold increase in flap death among those who
underwent a perforator DIEP flap (RR 2.05; 95% CI,
1.16-3.61; p=0.04).22 The rationale behind this increased
flap morbidity as mentioned previously may be related to
perforator number rather than flap type. A recent study
showed that fat necrosis rates were highest in flaps
containing fewer perforators and lowest in flaps
containing 3-5 perforators, independent of flap type.28

Perforator number may be only one factor that
determines flap morbidity. Other studies have suggested
that anatomical variations, particularly of the superficial
inferior epigastric vein, also play a role.29
The Tailoring of Flaps in Autogenous Breast
Reconstruction
Analyzing the data given above, it becomes clear that the
evidence is not completely one-sided. While free
myocutaneous flaps may have overall lower rates of flap
morbidity in large studies, this appears to come at the
expense of donor site morbidity. Given this finding, it is
imperative to take into account pre-operative and intraoperative factors for each individual patient when
deciding on which flap to utilize and the timing of
autologous reconstruction. Pre-operative factors include
breast volume and smoking status. Some centers prefer
to undertake a free TRAM over a DIEP flap for patients
with breast volumes greater than 1000 CC or a positive
smoking history due to the proposed improved
vascularity through the higher number of perforators
with the free TRAM flap.20 Additionally, tumor stage
and nodal status, which are important determinants in
assessing a patient’s need for radiotherapy, are also
important considerations. Most centers now perform
autologous reconstruction as a delayed procedure for
patients undergoing radiotherapy because of higher rates
of radiation-induced fibrosis when performed prior to
radiotherapy.30 Finally, intra-operative factors and the
surgeons’ clinical judgement as they progress through
the surgery are of paramount importance in determining
flap choice. Granzow et al. noted that they often base
their flap choice on the anatomy encountered during flap
harvesting; for example, in patients noted to have
sufficient superior inferior epigastric vessels, they will
proceed with a SIEA flap over a DIEP flap.17 Other
centers, however, propose conversion to a free TRAM
over a DIEP flap when an insufficient amount or calibre
of deep perforating vessels is encountered intraoperatively.20
Conclusions
Numerous studies have now demonstrated the positive
effect that breast reconstruction may have on breast
cancer survivors, yet rates of reconstruction remain low,
particularly in Australia, possibly secondary to low
referral rates to appropriate centers and lack of
information received by the patient from the primary
surgeon 6. With recent developments in microsurgery
and through a deeper understanding of the anatomy of
autologous tissue transfer, free flaps now represent an
increasingly favorable method of breast reconstruction
and may significantly contribute to improved
reconstruction rates in the near future, offering overall
fairly low rates of donor and flap morbidity and the
ability to tailor a flap based on an individual patient’s
needs.
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