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Abstract

Breast cancer is a ubiquitous disease and one of the
leading causes of death in women in western societies.
With overall increasing survival rates, the number of
patients who need post-mastectomy reconstruction is
on the rise. Especially since its psychological benefits
have been broadly recognized, breast reconstruction
has become a key component of breast cancer tre-
atment. Evolving from the early beginnings of breast
reconstruction with synthetic implants in the 1960s,
microsurgical tissue transfer is on the way to become
the gold standard for post oncology restoration of the
breast. Particularly since the advent of perforator based
free flap surgery, free tissue transfer has become as
safe option for breast reconstruction with low morbidity.
The lower abdominal skin and subcutaneous fat tissue
typically offer enough volume to create an aesthetically
satisfying breast mound. Nowadays, the most commonly
used flap from this donor site is the deep inferior
epigastric artery perforator flap. If the lower abdomen
is not available as a donor site, the gluteal area and
thigh provide a number of flaps suitable for breast recon-
struction. If the required breast volume is small, and
there is enough tissue available on the upper medial
thigh, then a transverse upper gracilis flap may be a
practicable method to reconstruct the breast. In case
of a higher amount of required volume, a gluteal artery
perforator flap is the best choice. However, what is
crucial in addition to selecting the best flap option for
the individual patient is the timing of the operation.
In patients with confirmed post-mastectomy radiation
therapy, it is advisable to perform microvascular breast
reconstruction only in a delayed fashion.

Key words: Breast cancer; Microsurgery; Autologous
tissue transfer; Breast reconstruction; Flap; Transverse
musculocutaneous gracilis; Fasciocutaneous infragluteal;
Deep inferior epigastric perforator
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Core tip: Mastectomy is a frequent sequela of the
treatment and prophylaxis of breast malignancies. Autolo-
gous microvascular breast reconstruction is becoming
the gold standard in correcting these disfiguring inter-
ventions. The lower abdomen, as well as the gluteal
and thigh area, is the source of multiple flaps usable
for breast reconstruction. With the advent of perforator
flap surgery, today’s reconstructive surgeons are able
to minimize donor site morbidity whilst maximizing
patient outcomes. If timed and performed correctly,
microsurgical breast reconstruction is a safe procedure
with low donor site morbidities and excellent aesthetic
results.
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INTRODUCTION

Breast cancer is a ubiquitous disease and one of the
leading causes of death in women in western societies.
While breast conservation techniques together with
postoperative radiation often are successful treatment
strategies for local control, mastectomy often remains
unavoidable in breast cancer therapy™™!. Reconstructive
options are divided into implant based reconstruction
and reconstruction using autologous tissue or a com-
bination of both. Spanning from the early beginnings of
breast reconstruction with implants in the 1960s to the
autologous microvascular breast restoration of today,
plastic surgery continues to offer a great variety of
options for women having suffered from mastectomy.
Today, with many different methods available, it is
important to find a procedure that fits the specific needs
of every individual patient™®.

HISTORICAL PERSPECTIVES

The history of breast reconstruction dates back to Vincenz
Czerny, who was the first ever to successfully accomplish
breast augmentation in 1895, by using a removed
lumbar lipoma’. One year later, the latissimus dorsi
myocutaneous flap was the first described autologous
muscle flap for post-mastectomy breast reconstruction®®.
However, for the following decades autologous breast
reconstruction was not the gold standard. Surgeons
used paraffin injections and polyvinylic alcohol sponge
implantation for breast augmentation, with terrible
outcomes for the patients®. Silicone implants were first
introduced in 1961 by Cronin et ai*® for aesthetic breast
augmentation. Henceforth silicone implants became the
leading option in breast reconstruction. Despite their
considerable risk for capsular fibrosis, alloplastic implants
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are still used in the majority of breast reconstruction
procedures worldwide at this day!*?..

The rediscovery of the latissimus dorsi flap in
the late seventies led to a renaissance of autologous
breast reconstruction™. The rather limited amount of
soft tissue volume that is available by this technique,
however, often is not enough to replace the excised
breast tissue sufficiently. Therefore, reconstruction of
the breast mound with the latissimus dorsi musculocu-
taneous flap usually demands the addition of a silicone
implant.

Striving to overcome the volume deficit of the
latissimus dorsi flap and to be able to solely rely on
autologous tissue, Scheflan et al'* pioneered a pedicled
abdominal flap with a transverse skin island in 1982.
Not only its robust vascularization and the large arc of
rotation, but also the concomitant contouring benefits
of an abdominoplasty, made this technique popular
among surgeons and patients alike™, On the contrary,
herniation of the abdominal wall, bulk in unwanted
regions due to its muscular pedicle as well as venous
congestion are well known disadvantages of the
pedicled transverse rectus abdominis muscle (TRAM)
flap™®. With the advent of perforator flaps, Koshima et
al"® revolutionized breast reconstruction by completely
sparing the rectus muscle in 1989. This new technique,
the deep inferior epigastric perforator (DIEP) flap,
allowed the raising of large flaps without weakening of
the abdominal wall. Consisting exclusively of fat tissue
and skin, this autologous flap resembles the real breast
tissue more closely and produces a more natural look of
the reconstructed breast mound. However, experience
has shown that technical challenges, variable anatomy
and certain patient characteristics are limiting its
applicability. Therefore, alternative flap donor sites also
had to be taken into consideration.

Gluteally-based flaps such as the superior gluteal
artery perforator (SGAP), the inferior gluteal artery
perforator (IGAP) and the fasciocutaneous infragluteal
(FCI) flap, as well as medial thigh based-flaps such as
the transverse musculocutaneous gracilis (TMG) flap
or the profunda artery perforator (PAP) flap have eme-
rged as valuable alternatives if the use of abdominal
flaps is precluded. Each of these flaps has particular
advantages and disadvantages and indications must
be assessed carefully. However, microvascular tran-
splanted flaps should no longer be considered as a last
resort, but rather begin to represent the first choice
for post mastectomy breast reconstruction. Their
ability to resemble a very natural breast mound has
made autologous flaps an invaluable addition to the
armamentarium of the reconstructive plastic surgeon.

FLAPS FORM THE LOWER ABDOMEN

Of all donor sites available, the lower abdomen has
evolved as the gold standard in microsurgical breast
reconstruction. The lower abdominal skin and subcut-
aneous fat tissue typically offer enough volume to create
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Figure 1 Typical example of a free transverse rectus abdominis muscle-
flap showing the undersurface with its vascular pedicle and the completely
excised rectus abdominis muscle.

Figure 2 After harvest of a full transverse rectus abdominis muscle-flap, the
fascial defect of the rectus fascia usually has to be closed with a synthetic
mesh.

an aesthetically satisfying breast mound. Nowadays,
the most commonly used flap from this donor site is
the deep inferior epigastric artery perforator (DIEAP)
flap'”\. Prerequisites for the usage of lower abdominal
flaps are enough surplus tissue in this area to match the
volume of the remaining breast and the acceptance of a
relatively long scar.

TRAM flap

Both, the pedicled TRAM-flap by Scheflan et ai** and
the free TRAM flap by Holmstrom™ have been widely
used for autologous breast reconstruction in the past
decades. The free TRAM flap is composed of a lower
abdominal skin island overlying usually one rectus
abdominis muscle (Figure 1). The overlying skin island
and its subcutaneous fat tissue is supplied by the
perforating vessels from the deep inferior epigastric
artery (DIEA) travelling through the muscle. It covers
approximately the area typically excised in an aesthetic
abdominoplasty procedure. The DIEA is dissected together
with a 5-6 cm strip of rectus muscle and anastomosed
microscopically to the recipient vessel, which is typically
the internal mammary artery (IMA) or, less frequently,
the thoracodorsal artery. The fascial defect in the lower
abdominal wall is typically repaired with an alloplastic
mesh (Figure 2) and the wound is closed similarly to an
abdominoplasty incision. Significant donor-site morbidity
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Figure 3 In a muscle-sparing free transverse rectus abdominis muscle, only
a portion of the rectus muscle is included in the flap.

remained a major concern with this technique and
resulted in an effort towards conserving as much muscle
as possible™. Over time, the free TRAM flap sacrificing
the whole muscle evolved into the muscle-sparing (ms-)
TRAM flap and in further consequence into the DIEP flap
with the main goal to minimize donor-site morbidity by
harvesting less muscle and fascia. The ms-TRAM flap,
in which only a small cuff of muscle around the vascular
pedicle is harvested (Figure 3), is still a widely used
method in breast reconstruction as it is technically less
challenging than the DIEP flap with a comparable donor
site morbidity™®.

DIEAP flap
The popularity of the DIEP flap has increased widely
over the last decade. Currently it is the gold standard
in autologous breast reconstruction not only because
of its low donor site morbidity but also because of the
satisfying aesthetic outcomes it can achieve. The DIEP
flap utilizes the same skin island as the TRAM flap
without harvesting the abdominal rectus muscle and
anterior rectus sheath. Harvesting DIEP flaps requires
considerable expertise in perforator pedicle dissection.
Especially during the intramuscular part of the pre-
paration one must dissect carefully to avoid damaging
of the perforator vessels, which would subsequently
lead to compromised flap circulation, The DIEP flap
is generally based on 1-3 perforating vessels and their
connection to the DIEA (Figure 4). Unlike the TRAM
flap dissection, these perforating vessels are carefully
traced through the abdominal rectus muscle to their
connection with the DIEA. Prior to surgery, the major
perforating vessels can be identified via computed
tomographic (CT)-angiography (Figure 5), Doppler
ultrasonography or, if available, magnetic resonance
imaging-angiography. Preoperative CT-angiography has
been shown to reduce operative time, and can help to
avoid injuries of the vulnerable pedicle™'. DIEP flaps are
typically outlined similar to aesthetic abdominoplasty
procedures and surgical marking takes place in a
standing position.

Simultaneous raising of the flap and preparation
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Figure 4 Example of a deep inferior epigastric perforator-flap with 2
perforators merging into the deep inferior epigastric vessels.

Figure 5 Computed tomographic-angiography to better elucidate the
exact anatomy of perforators of the deep inferior epigastric perforator-
vessels. The red arrow points out the piercing of the perforator through the rectus
abdominis muscle on the sagittal (left) and transverse (right) view.

of the recipient vessels typically requires a two team
approach. The IMA and vein are also here the preferred
recipient vessels, while the thoracodorsal artery and
vein remaining second choice. The IMA is typically app-
roached in the second or third intercostal space. In case
of a tight rib interspace, a small part of the rib cartilage
can be removed for a better insetting of the pedicle.

After the skin incisions are made the superficial
inferior epigastric artery (SIEA) and vein are first
approached. In case of sufficient size and quality, they
can be dissected down to their origin from the common
femoral artery and a SIEA flap can be performed (see
below). In case of an unsuitable SIEA, the abdominal
skin island is raised carefully from lateral to medial
until the lateral row of perforators is reached. Vessel
diameter is the key factor in selecting a perforator. Once
a perforator has been chosen, the anterior rectus fascia
is incised and the perforator is dissected through the
muscle until sufficient caliber of the pedicle is reached.
Additional perforators in the same row may also be
dissected out and included for further blood supply.
However, intercostal motor nerves supplying the rectus
muscle have been shown to enter the muscle just medial
to the lateral row perforators and therefore harvesting of
the lateral row perforators may decrease abdominal wall
stability.
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Figure 6 Pre- and post-operative pictures of a patient who underwent
delayed reconstruction on her right side with a hemi-deep inferior
epigastric perforator-flap and immediate reconstruction of her left side with
the second hemi-deep inferior epigastric perforator-flap. She already had
reconstruction of the nipple-areola-complex with tattooing and a local skin flap.

After completion of dissection, the flap is divided
from its pedicle and passed to the chest for anastomosis
and inset. The recipient vein and the vein of the flap
are typically connected under magnification using an
anastomotic coupling device. The arterial anastomosis is
generally performed with a 9.0 suture. Upon completion
of the anastomosis, the flap is checked for capillary
refill. Finally, the incision in the anterior rectus fascia is
closed directly without the need of a mesh.

DIEP flaps can be used in uni- and bilateral post-
mastectomy breast reconstructions (Figure 6) and may
also be used for reconstruction of congenital thoracic
defects. There are only a few contraindications for
the use of a DIEP flap. In the past, absolute contrain-
dications included history of previous abdominoplasty,
liposuction, or active smoking. Large transverse or
obligue abdominal incisions were regarded as relative
contraindications. Today, as a result of technical refine-
ments, the only real absolute contraindications to DIEP
flap reconstructions are non-compliant patients and/or
a poor general condition. Obesity itself is not a con-
traindication, although it may lead to less aesthetically
pleasing outcomes??*,

Complications occur infrequently. Partial flap loss
has been reported as low as only 2.5%, total flap loss
with less than 1%, Problems regarding the venous
anastomosis appear much more likely than problems
with the arterial anastomosis. The most common com-
plications include necrosis of the fat tissue of the flaps
and seroma formation. The risk of bulging in DIEP flaps
is reported as two thirds lower in comparison to TRAM
flap reconstructions. Abdominal herniation occurred in
fewer than 1% of all DIEP flaps compared with 3.9%
in TRAM flaps®?*?*!, However, current literature fails to
prove a significant difference in the risk of developing
abdominal bulge/hernia between ms-TRAM flap and
DIEP flap based reconstructions®®, Additionally, there is
no significant difference in the risk of donor site morbi-
dity between bilateral and unilateral DIEP flap breast
reconstruction®®®’,
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Figure 7 Example of a split superficial inferior epigastric artery-flap with
both pedicles clearly visible. Since there is no injury to the rectus fascia, this
the most desirable choice of flap from the lower abdomen.

SIEA flap

The SIEA flap is the least invasive option of free
abdominal tissue transfer for breast reconstruction. It
provides the same tissue as the DIEP flap, without inju-
ring the anterior rectus sheath and no vessel dissection
needs to be performed through the muscle (Figure 7).
Consequently, the SIEA flap causes the least donor site
morbidity of all abdominal flaps, eliminating the risk of
developing unwanted abdominal bulk or herniation®”.
However, the dissection of the vascular pedicle requires
a high level of expertise, mainly because of its variability
in existence, location, and caliber. The superficial inferior
epigastric vessels have noted to be absent in 13%-42%
of dissections. Furthermore, vessels are often not in
appropriate caliber to sufficiently support the perfusion of
the tissue volume needed for breast reconstruction. As
a consequence, the amount of skin and fat tissue, which
may be transferred utilizing a SIEA flap, is limited®***%,

GLUTEAL AND THIGH FLAPS

If the lower abdomen is not available as a donor site,
the gluteal area and thigh provide a number of flaps
suitable for breast reconstruction. If the required breast
volume is small, and there is enough tissue available
on the upper medial thigh, a transverse upper gracilis
flap may be a practicable method to reconstruct the
breast. In case of a higher amount of required volume,
a gluteal artery perforator flap is the best choice™®*",

Other more exotic examples of free flaps in use for
breast reconstruction, which will not be reviewed here
in detail, include the anterolateral thigh flap”**" and the
recently described PAP flap™?.

Gluteal artery perforator flaps and the FCI flap

The first free gluteal myocutaneous flap for breast
reconstruction was performed by Fujino et a/*™ in 1975.
As the development of the perforator flap technique
revolutionized the applicability of soft tissue transfer,
gluteal flaps became popular in the 1990s™". Gluteal
perforator flaps offer a great alternative for breast
reconstruction in women who have more tissue available
in the buttock area than in the lower abdomen. Similar
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Figure 8 Example of a fasciocutaneous infragluteal-flap almost completely
raised. At the undersurface of the flap, the flap’s main vessels, i.e., the
descending branch of the inferior gluteal vessels, can be seen clearly. Additionally,
a branch of the posterior femoral cutaneous nerve is visible and spared.

to the DIEP and SIEA flaps, no sacrifice of muscle is
required using this technique.

The superior and inferior GAP (S/I-GAP) flaps have
been specified and modified by Allen et a/**?¢. The
surgical procedure is similar to the DIEP flap. The gluteal
vessel pedicle is dissected throughout the gluteus maxi-
mus muscle to their origin in the internal iliac artery. The
pedicle is generally about 5-8 cm long, which provides
sufficient length for a comfortable anastomosis and inset
at the chest wall. A clear disadvantage of this method
is in the necessary rearrangement of the patient from
abdominal to supine position during surgery. GAP flaps
are generally a safe reconstructive option. Vascular
complications are reported in approximately 6%, total
lap loss in 2% of all cases. However, approximately 4%
of all patients require revisions because of donor site
problems, such as contour deformity after SGAP, or scar
issues after IGAP flapst*%%+,

Another, in our opinion more valuable flap of the
gluteal region is the FCI flap. The FCI flap is based on
the descending branch of the inferior gluteal artery
with a very reliable location, good caliber and a pedicle
length ranging up to 18 cm (Figure 8). Unlike other
gluteal flaps, the vessels curl around the lower border of
the gluteus maximus muscle. Therefore, no perforator
dissection through the muscle is necessary. Studies
demonstrated that even thin patients offer enough tissue
to allow breast reconstruction with adequate volume®™”,
making the FCI flap a convincing alternative to standard
free tissue breast reconstruction in certain cases. The
tissue from this region is more compact and not as soft
compared to the lower abdomen making it more suitable
for reconstruction of firm breasts in younger patients
(Figure 9).

Gracilis flaps

Since its first description for free tissue transfer in
1976"% the gracilis flap has become a workhorse in
autologous breast reconstruction. The TMG flap is
an alternative method for patients who do not have
adequate abdominal tissue, or seek to avoid abdominal
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Figure 9 A 49-year-old patient after bilateral nipple-sparing prophylactic mastectomy and immediate breast reconstruction with bilateral fasciocutaneous

infragluteal-flap.

Figure 10 Intraoperative image of a completely harvested transverse
myocutaneous gracilis flap with flap pedicle (short) and the relatively long
saphenous vein as a venous supercharge.

scarring. The TMG flap is ideally suited for reconstruction
of small to moderate sized breasts, providing excell-
ent contour and projection®. The donor site is well
hidden and harvesting the flap has no functional conse-
quences™™?,

The flap is designed with a semilunar skin island in
the inner thigh with a mean volume of around 300 cc.
The raising of the skin island is started close to the groin
and harvested with the underlying fascia. The average
pedicle length is reported as 6-8 cm, with an arterial
diameter of 1.2 mm and a venous diameter of 2.8 mm.
The artery is usually slightly smaller than the IMA,
which usually does not preclude a safe anastomosis™*"!
(Figure 10).

Performing a unilateral TMG flap may cause asym-
metry. The use in bilateral reconstruction is reported as
one of the strongest advantages of the flap and even
recommended as first choice, except for patients that
would clearly benefit from an abdominoplasty (Figure
11). As with all flaps including a muscular component,
the TMG flap is prone to volume loss resulting from
neurogenic atrophy, but a true impact on cosmetic
appearance has yet to be demonstrated?*%, A true
disadvantage of the gracilis flap is the small size of the
skin island. A single TMG flap may provide not enough
tissue for sufficient reconstruction of a large breast. In
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Figure 11 Pre- and post-operative pictures after inmediate bilateral skin-
reducing breast reconstruction with a transverse musculocutaneous
gracilis-flap and reconstruction of the nipple-areola-complex.

this case, two TMG flaps or the usage of a combined
infragluteal-transverse myocutaneus gracilis flap can be
a viable option™?.,

TIMING OF RECONSTRUCTION

Breast reconstruction can be divided into 3 approaches:
Immediate, delayed-immediate and delayed™?. The
advantage of immediate breast reconstruction is the
preservation of the breast skin and inframammary fold,
which results in optimized aesthetic outcomes and mini-
mized psychological burden of the patient by eliminating
a period without a breast. The disadvantage is the
uncertainty regarding radiotherapy and chemotherapy
and their effects on autologous breast reconstruction.
An increased incidence of fat necrosis and a higher rate
of surgical revisions are reported in patients with free
tissue transfer and further anti cancer therapy™.
Therefore, a delayed-immediate reconstruction may
be a good alternative. Expander implants are inserted
as a temporary placeholder to maintain the breast skin
envelope. Breast reconstruction is performed once
radiotherapy is complete. In contrast, a fully delayed
reconstruction offers the advantage of a typically very
motivated patient with completed oncological treatment.
The obvious disadvantage is the reduction of skin tissue
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and the presence of significant scarring'*..

The optimal timing of breast reconstruction in rel-
ation to radiation therapy is controversially discussed.
Therefore, it is advisable to perform autologous micro-
vascular breast reconstruction in patients, who are
confirmed for post-mastectomy radiation therapy, only in
a delayed fashion. If post-mastectomy radiation therapy
is likely but not certain, delayed-immediate breast
reconstruction may be the better choice. Nonetheless,
because of the mostly satisfying aesthetic outcome
and the contradictory literature regarding this topic,
immediate autologous breast reconstruction should at
least be considered and discussed with the patient, even
when post-mastectomy radiotherapy is anticipated.

CONCLUSION

Autologous microvascular breast reconstruction is
becoming more and more accepted as a key component
of breast cancer treatment after mastectomy. The
abdominal wall or, alternatively, the gluteal and thigh
areas provide numerous flaps suitable for breast recon-
struction with appealing results. Recent advances in
surgical technique enable today’s reconstructive surgeons
to minimize donor site morbidity whilst maximizing
patient outcomes. If timed and performed correctly,
microsurgical breast reconstruction is able to provide the
best aesthetic outcomes with low complication rates and
donor site morbidity.
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