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As microvascular techniques continue to improve, perforator flap free tissue transfer is now
the gold standard for autologous breast reconstruction. Various options are available for breast
reconstruction with autologous tissue. These include the free transverse rectus abdominis
myocutaneous (TRAM) flap, deep inferior epigastric perforator flap, superficial inferior epigastric
artery flap, superior gluteal artery perforator flap, and transverse/vertical upper gracilis flap.
In addition, pedicled flaps can be very successful in the right hands and the right patient, such
as the pedicled TRAM flap, latissimus dorsi flap, and thoracodorsal artery perforator. Each flap
comes with its own advantages and disadvantages related to tissue properties and donor-site
morbidity. Currently, the problem is how to determine the most appropriate flap for a particular
patient among those potential candidates. Based on a thorough review of the literature and
accumulated experiences in the author's institution, this article provides a logical approach to
autologous breast reconstruction. The algorithms presented here can be helpful to customize
breast reconstruction to individual patient needs.
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INTRODUCTION

Since Hartrampf introduced the pedicled transverse rectus ab-
dominis myocutaneous (TRAM) flap for breast reconstruction
[1], lower abdominal tissue has become the first-line treatment
for autologous breast reconstruction among most surgeons [2].
With technical advancements in microsurgery and extended ap-
plications of perforator flaps, the original lower abdominal flap
evolved into the free TRAM flap, the muscle sparing free TRAM
(MS-TRAM) flap, the deep inferior epigastric perforator (DIEP)
flap, and the superficial inferior epigastric artery (SIEA) flap.
This progression was made possible because of the increased

understanding of the blood supply to the lower abdominal tis-
sue, advances in free tissue transfer, and perforator dissection,
along with a paradigm shift toward minimizing unnecessary
donor site morbidity [3-13]. Medial thigh-based flaps such as
the transverse upper gracilis (TUG) and vertical upper gracilis
(VUG), as well as gluteal-based flaps such as the superior gluteal
artery perforator (SGAP) and inferior gluteal artery perforator
(IGAP), are also very useful flaps for autologous tissue breast
reconstruction [14-20]. The pedicled TRAM flap, latissimus
dorsi (LD) flap, thoracodorsal artery perforator (TAP) flap,
anterolateral thigh free flap, and deep inferior circumflex artery
flap (Rubens flap) are other options [21-24]. With so many
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options available for autologous breast reconstruction and each
having its own unique benefits and drawbacks, an algorithm for
total breast reconstruction with autologous tissue would be vital

to the reconstructive breast surgeon.

NAVIGATION BY ALGORITHM

Navigation starts with preoperative selection of a suitable donor
site. First, the lower abdomen of the patient should be evaluated.
If it has proper skin and subcutaneous fat tissue then the prima-
ry choice is limited to one of the lower abdominal flaps (SIEA,
DIEP, MS-TRAM, pedicled TRAM). The specific type of flap is
decided under the guidance of the lower abdominal algorithm.
To select the optimal flap among lower abdominal flaps, the
availability of recipient vessels, the requirements of tissue vol-

Fig. 1. Algorithm for use of abdominal based free flaps

Lower abdominal algorithm for determining the optimal flap among
the lower abdominal flaps. IMA, internal mammary artery perforator;
IMV, internal mammary vein; g, external diameter; TDA, thoracodorsal
artery; TDV, thoracodorsal vein; DIEP, deep inferior epigastric perfora-
tor; SIEV, superficial inferior epigastric vein; SIEA, superficial inferior
epigastric artery; DIEA, deep inferior epigastric artery; MS-TRAM,
muscle sparing free transverse rectus abdominis myocutaneous (From
Park and Song [28], with permission from Lippincott Williams &
Wilkins).
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ume, and the vasculature of the donor-site are assessed, for the
most part, intraoperatively (Fig. 1).

For the recipient vessels, the internal mammary artery and vein
are our preferred choice. When compared to the thoracodorsal
vessels, they are routinely preserved from the mastectomy, less
affected by post-radiation scarring, and they allow the flap to be
inset more medially. In this case, a contralateral low abdominal
flap is usually adopted because it provides optimal pedicle posi-
tion for the flap based on the superficial or deep inferior epigas-
tric vessels. If, however, the internal mammary vessels are dam-
aged or not usable, then the thoracodorsal vessels are assessed as
a second option. In cases of thoracodorsal vessels as recipients,
an ipsilateral low abdominal flap is commonly employed for
a similar reason to that above. A vessel diameter of 1.5 mm or
more is sufficient for any case. If both internal mammary and
thoracodorsal systems are inadequate, then a pedicled TRAM
flap is a remaining choice. On a rare occasion, the case may be
aborted and an alternative reconstruction may be planned for a
later date with consideration of vascular loops and vein grafts.

Next, to select the type of flap, the tissue requirements for the
new breast such as the skin envelope and overall volume should
be determined. A SIEA flap can support an entire hemiabdomi-
nal flap, but it does not reliably perfuse across the midline [25].
If the SIEA hemiabdominal flap has been determined to be an
adequate size for the tissue needs, then the algorithm for choos-
ing the flap is as follows.

The superficial inferior epigastric system is first examined.
The superficial inferior epigastric vein (SIEV) should have a
diameter of at least 1.5 mm. If the SIEV is not present or is too
small, then the deep inferior epigastric system is explored. If an
adequate vein is present, the SIEA is then assessed. This artery
is absent or insufficient more often than the vein. It is present in
approximately 30% of our cases and does not necessarily travel
with the vein. It may be lateral to the vein up to 1 to 1.5 cm, and
it typically lies just deep to the Scarpa’s fascia (Fig. 2). While
some centers have advocated that the vessel diameter be 1.5
mm as a criterion for a usable SIEA [13,26], we have found that
a palpable pulse is a more reliable criterion for an acceptable ar-
tery irrespective of vascular diameter. If both the artery and vein
are adequate, then a SIEA flap is the best choice. If the vein is
adequate but the artery is not, then the vein may be dissected as
along pedicle to supercharge the venous drainage, if necessary.

If either the SIEA or the SIEV is not acceptable, the low
abdominal flap is dissected in a suprafascial plane to expose
the perforators of the deep inferior epigastric system. When it
comes to perforators, an adequate vein should measure at least 1
mm in diameter, and an adequate artery should have a palpable
pulse or visible pulsation. If a dominant perforator is found,
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Fig. 2. Superficial inferior epigastric artery flap

(A) A superficial inferior epigastric artery (SIEA) flap was elevated on the right lower abdomen. The SIEA was dissected to just below the inguinal
ligament near its origin of the femoral artery. It typically lies just deep to the Scarpa's fascia and often travels laterally to the superficial inferior
epigastric vein (SIEV) by 1 or 1.5 cm. (B) But sometimes SIEAs go with SIEVs. (C) Another SIEA flap showed its spread pedicle right after division.

Fig. 3. Deep inferior epigastric artery perforator flap

(A, B) A deep inferior epigastric perforator (DIEP) flap was harvested and turned over. It is based on the two medium-sized perforators in the
same medial row. (C) Two-thirds of the low abdominal tissue was captured on a single pedicle. The preserved superficial inferior epigastric vein is
shown lateral to the main pedicle. It could be used to supercharge or turbocharge the outflow of the DIEP flap if venous congestion occurs or is

then a DIEP flap is harvested based on that perforator.

If there is not a proper single, dominant perforator, then the lo-
cation and caliber of the other perforators are assessed. If there
are two or more medium-sized perforators in the same medial
or lateral row and they fall within the same slit of myotomy, a
DIEP flap may still be harvested based on that row of perfora-
tors (Fig. 3). However, if those perforators originated from dif-
terent rows, then a MS-TRAM flap may be performed, which
includes the multiple perforators and the cuft of muscle around
them [S-7]. The preference is to first use the medial row over
the lateral because the innervation of the rectus muscle comes
laterally, and there is a theoretic advantage of minimizing the
damage to the nerve supply, thus sparing the more innervated
muscle. If there is no suitable collection of perforators, a free
TRAM flap may be considered.

If the lower abdomen is not available as a donor, then the me-
dial thighs are evaluated (Fig. 4). If the required breast volume is
approximately a B cup or less, and there are sufficient tissues on
the upper medial thigh, then a TUG flap or a VUG flap is cho-

suspicious (From Park and Song [28], with permission from Lippincott Williams & Wilkins).

sen (Fig. S) [14-17]. If the required volume exceeds the thigh
donor site, then the buttocks are evaluated. If there are adequate
tissues, then a SGAP flap or an IGAP flap is chosen (Fig. 6) [ 18-
20]. If the buttock tissue is insufficent or if the patient refuses to
sacrifice the buttock then a TAP flap or a LD myocutaneous flap
is considered [21,22]; both are pedicled flaps and commonly
accompanied by an expander or an implant to adjust the volume
of the reconstructed breast. There are also alternative flaps such
as the deep circumflex iliac artery flap (Rubens flap), the antero-
lateral thigh free flap, and omental flap, which have already been
reported on for breast reconstruction, but are generally not ac-
cepted as the starting line-up [23,24,27].

DISCUSSION

These two flap chains of the lower abdominal and extra-abdomi-
nal algorithm are established based on our preference for pursu-
ing more reliable free flaps, reducing donor site morbidity, and
decreasing operative time. The two are based on our experiences
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in optimizing outcomes and effectively meeting the patients’

expectations [28].

Fig. 4. Algorithm for use of non-abdominal based free flaps

Extra-abdominal algorithm for selecting a donor site other than the
lower abdomen. IGAP, inferior gluteal artery perforator; LD, latissimus
dorsi; SGAP, superior gluteal artery perforator; TAP, thoracodorsal
artery perforator; TUG, transverse upper gracilis; VUG, vertical upper
gracilis.
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Fig. 5. Bilateral vertical upper gracilis flaps

(A, B) Preoperative view of the 48-year-old
woman who underwent immediate bilateral
breast reconstruction using bilateral vertical
upper gracilis (VUG) flaps. (C) Bilateral VUG
flaps were designed on the two upper medial
thighs. Cutaneous perforators around the
gracilis muscle were traced with the help of
a hand-held Doppler. (D, E) Postoperative
view at 5 months is shown. Depressed
scars on the upper medial thighs are easily
concealed.
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Structurally, the SIEA flap has a robust blood supply because
it is based on a direct axial artery as its pedicle. It maximally
preserves the abdominal wall function and is free from the risk
of abdominal hernia [9-13,29]. The loss rate of the SIEA flap is
low enough and tolerable as that of MS-TRAM [30]. Addition-
ally, in our experience it is associated with shorter operative
times, shorter hospital stays, and decreased postoperative pain
compared to DIEP and other low abdominal flaps. Therefore,
the SIEA flap is always pursued first if low abdominal tissue is
chosen for breast reconstruction. If the SIEA flap is unavailable,
the next considerations are DIEP, MS-TRAM, free TRAM, and
pedicled TRAM flap in that order for same reasons discussed
earlier.

To boost blood supply, the SIEA itself can be combined with a
DIEP flap or a muscle-sparing free TRAM flap in a daisy-chain
method for unilateral breast reconstruction that requires the
entire low abdominal tissue. In that case, the SIEA is connected
to the proximal deep inferior epigastric artery (DIEA) on the
same side of the flap and the distal DIEA is anastomosed to the
recipient pedicle, which corresponds to the turbocharged flap
[31,32]. Additionally, bilateral breast reconstruction incorporat-
ing the SIEA flap has a significantly lower chance of abdominal
donor-site morbidity compared to bilateral DIEP flaps and
other various combinations of low abdominal flaps (Fig. 7). Pre-

serving SIEV as long as possible is routinely attempted because

it may be used to supercharge or turbocharge the outflow of the
DIEP flap to help relieve venous congestion (Fig. 3). The SIEV

may be anastomosed to the distal internal mammary vein, an
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internal mammary perforator, or the proximal outflow of the
pedicle [31,32]. Examining the contribution of the superficial
venous drainage system before completion of harvesting the flap
is helpful. This may be performed simply by temporally occlud-
ing the SIEV with microvascular clamps and assessing the per-
fusion of the flap. If the flap shows significant congestive change,

Fig. 6. Superior gluteal artery perforator flap

breast. Balancing mastopexy had been per-
formed on the contralateral breast at the
time of implantation on the left side. (C, D)
Secondary delayed breast reconstruction
using a superior gluteal artery perforator
(SGAP) flap was applied. The implant was
removed with anterior capsulectomy at
the same time the SGAP flap was removed.
The 2-year postoperative view is shown. (E)
Donor site scar on the left upper buttock is
inconspicuous.
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venous supercharge using SIEV is highly recommended.
Preoperative mapping of abdominal wall perforators may be

done with radiologic studies. The most effective among several

imaging modalities at present appears to be computerized to-

mography (CT) angiography [33-35]. The CT angiogram gives

the most useful information when the periumbilical perforators

(A, B) Preoperative photos of 44-year-old woman who had previously taken abdominoplasty and breast reconstruction with an implant on her
left breast. A severely depressed deformity associated with capsular contracture after postoperative radiation therapy is shown on the left lateral

Fig. 7. Long term results from superficial inferior epigastric artery flap

(A, B) A preoperative photo of 43-year-old
woman who had immediate bilateral breast
reconstruction using bilateral superficial
inferior epigastric vein flaps is shown. (C,
D) Postoperative appearance at 3 years is
presented. Overall, good body shape is well
maintained without any weakness or bulg-
ing in the lower abdomen.
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are mapped in a three-dimensional reconstruction image. Some
studies have reported a reduction in operative time, as well as
better preoperative planning based on the findings of CT angio-
grams [36-38].

When there is not a single obvious dominant DIEA perfora-
tor, a couple of considerations can be made to select which per-
forators to use. Temporary occlusion of each perforator using
microvascular clamps helps identify the isolated angiosome of
each perforator. This will reveal which perforator or combina-
tion of perforators is adequate for whole flap perfusion. It is also
prudent to evaluate the need for supercharging or turbocharging
flaps to augment venous drainage. Although augmented venous
drainage is generally unnecessary, one should make this deter-
mination if needed, and take action immediately rather than risk
discovery of congestion after complete harvest of the flap and
anastomoses.

In the event that over two-thirds of the low abdominal tissue is
needed on a single pedicle, choosing the perforators originating
from the medial row of DIEA leads to less disruption of the in-
nervated rectus muscle and theoretically preserves its function
better than basing the flap off the lateral row where the nerve
supply to the remaining muscle can be suspect. There can be
unfavorable patient factors that may make using multiple per-
forators wise, such as if the patient is a smoker or a diabetic. In
that case, proximally located additional DIEA perforators tend
to shorten the effective pedicle length; therefore, using multiple
perforators should be performed carefully.

If the lower abdominal tissue as a donor site is excluded for
any reason, the remaining reasonable options for total autolo-
gous breast reconstruction include TUG, VUG, SGAP, IGAP,
TAP, or LD flap. Those flaps comprise the extra-abdominal
algorithm. There are no significant differences between a TUG
or VUG flap other than skin paddle orientation. Of course, a
patient’s preferences, body habitus, and activity level, as well as
past history of any failed reconstruction that may limit other op-
tions, have to be carefully considered preoperatively.

There are several contraindications for using the lower ab-
dominal free flaps that are mostly similar to others. Contrain-
dications include previous abdominoplasty; although there
have been reports of perforator flaps after full abdominoplasty,
it would be wise to perform a preoperative image of these pa-
tients if a perforator abdominal flap is considered. The presence
of multiple abdominal scars can also preclude the harvest of
adequate volume and can cause a severe mismatch of size and
volume for the new breast, and thus may be unfavorable. Other
unfavorable conditions requiring proceeding with caution in-
clude a previous history of liposuction, collagen vascular disease,

chronic steroid use, uncontrolled diabetes, and morbid obesity:.
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Smoking, while not an absolute contraindication, needs to be
carefully considered, especially when proceeding with perfora-
tor flap based breast reconstruction. The complication rate is
raised slightly higher for smokers, but is particularly significant
in mastectomy skin flap necrosis, donor site healing problems,
and partial flap fat necrosis, rather than anastomotic complica-
tions such as total flap loss [39].

CONCLUSIONS

When autologous free tissue reconstruction of the breast is
required, available donor sites of a patient should first be sys-
temically checked, and reconstructive needs should also be con-
sidered to choose the optimal flap. When the lower abdominal
donor tissue is selected, the most suitable flap is decided accord-
ing to the proven lower abdominal algorithm that is designed to
optimize blood supply to the flap and minimize donor-site mor-
bidity. However, if the lower abdominal tissue is ruled out, the
next best flap is determined by following the extra-abdominal
algorithm that incorporates other available donor sites. The two
algorithms can be useful guides for patients and surgeons to
organize an individualized plan and make a rational decision to
navigate through the labyrinth of various donor sites and flaps
for total autologous breast reconstruction.
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