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Idea and Innovation

INTRODUCTION

The deep inferior epigastric artery perforator (DIEP) flap is fre-
quently used in autologous breast reconstruction procedures and 
has recently been used as a substitute for the free transverse rec-

tus abdominis musculocutaneous (TRAM) flap [1] because it 
provides thick, well-vascularized skin and adipose tissue with a 
long and large caliber pedicle. Although it preserves the rectus 
muscle component during flap elevation, there exists a risk of ab-
dominal complications, such as abdominal bulging or hernia [2].
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To reduce donor-site morbidity after a conventional long ped-
icle DIEP flap, we introduce some modifications in flap harvest-
ing, pedicle transection, microsurgical anastomosis, and flap set-
ting. This technique finally leads to the preservation of the vas-
cular flow of both the internal mammary vessel and deep inferi-
or epigastric vessel after a DIEP flap breast reconstruction.

IDEA

With the goal of preserving the rectus muscle and deep inferior 
epigastric vessel during DIEP flap harvesting, we dissected the 
flap based on its single largest perforator with a short segment of 
the medial or lateral branch of the deep inferior epigastric vessel 
and then transected it as a free flap for breast reconstruction. 

The proximal and distal stumps of the donor deep inferior epi-
gastric vessel branch were primarily end-to-end anastomosed to 
each other. The short T-shaped pedicle “mini-flow-through” 
DIEP flap is interposed in the incised recipient internal mam-
mary vessels with two arterial and four concomitant venous 
anastomoses (Figs. 1, 2). 

Thereafter, the donor-site incision in the anterior rectus sheath 
is closed without any tension, and the transferred DIEP flap is 
tailored to create a natural breast size and shape.

A 53-year-old female with a lower abdominal midline scar due 
to a previous cesarean section complained of bilateral breast 
lumps for 5 years and recent pain. She had received liquid sili-
cone injections for bilateral breast augmentation approximately 
30 years earlier [3]. On examination in our outpatient clinic, the 

Prepare the recipient site (IMV), then elevate a mini-flow-through deep inferior epigastric artery perforator flap (DIEP) flap, with a short segment 
of T-shaped pedicles, at the level of the perforator from a lateral or medial branch of the deep inferior epigastric vessel. After harvesting the flap, 
repair the transected deep inferior epigastric vessel primarily with end-to-end anastomosis. Then, a short T-portion mini-flow-through DIEP flap 
pedicle is anastomosed end-to-end to both the proximal and distal stumps of the IMV. (A) Flap harvesting. (B) Microsurgical anastomosis. 

Fig. 1. Schematic of mini-flow-through DIEP flap breast reconstruction

A B

After harvesting bilateral deep inferior epigastric artery perforator flap (DIEP) flaps with short T-shaped pedicle, the transected deep inferior epi-
gastric vessel (DIEV) branch was repaired with a primary end-to-end anastomosis. Then, these short T-shaped pedicles were anastomosed end-to-
end to both the proximal and distal stumps of the incised recipient internal mammary vessels (IMVs) in the fourth intercostal space. (A) A mini-
flow-through short pedicle placed on a small square of blue paper. (B) Repaired DIEV with end-to-end anastomosis (white arrow). (C) Two end-
to-end anastomosis points between the incised IMV and a short T-shaped pedicle (white arrows). (Reproduced from Satake, et al. J Jpn Soc Plast 
Reconstr Surg, with permission Japan Society of Plastic and Reconstructive Surgery [3]).

Fig. 2. Intraoperative view of mini-flow-through DIEP flap
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breasts were lumpy, deformed, and occasionally tender on pal-
pation (Fig. 3A). No inflammatory lesion over the breast skin or 
palpable axillary lymph nodes were noted. Mammography and 
magnetic resonance imaging showed no evidence of breast can-
cer. A diagnosis of bilateral silicon granulomas of the breast was 
made. The patient was offered the choice of surgical treatment 
and consented to undergo bilateral mastectomies and breast re-
construction.

The DIEP flaps were designed on the patient’s lower abdomen 
(Fig. 3B) in a 11 cm × 40 cm area. Under general anesthesia, a 
skin incision was made first through the bilateral inframammary 
line that connected at the midsternum. Such an inframammary 
approach made it easy to perform bilateral mastectomies, ex-
pose the recipient internal mammary vessels, and perform flap 
inset. Both the silicon granulomas in the mammary glands were 
resected, sparing the normal subcutaneous tissue, breast skin en-
velope, and the nipple–areola complex. After the skin paddle for 
the bilateral DIEP flaps was incised down to the abdominal 
deep fascia, the largest lateral row perforator on each side was 
detected and preserved from among the several perforators 
present bilaterally. Through a small incisional window in the an-
terior rectus sheath that measured approximately 5 cm, the per-
forator that connected the intercostal vessels, nerves, and lateral 
branch of the deep inferior epigastric vessels was separated by 
deep dissection in the posterior sheath. A short segment of the 
lateral branch of the deep inferior epigastric vessel, measuring 

1.5 cm, including a perforator, was transected from the donor 
deep inferior epigastric vessel without any further dissection of 
the external iliac vessel (Fig. 2A). The flap pedicles were approx-
imately 2.5 cm each. Further, the donor proximal and distal 
stumps of the lateral branch were primarily repaired with a ten-
sion-free end-to-end anastomosis (Fig. 2B). At the base of the 
flap pedicle, the adipose tissue was temporarily fixed to the split 
pectoralis major muscle. Subsequently, the other end of the flap 
was flipped over so that the surgical field was clear for easier 
anastomoses. After the short T-shaped pedicle of the mini-flow-
through DIEP flap was interposed between the incised internal 
mammary vessels in the fourth intercostal space with both ante-
grade and retrograde anastomosis, all stumps from one artery 
and two concomitant veins were anastomosed for flap revascu-
larization (Fig. 2C). The flaps were revascularized via “flow-
through”: anastomosed in the order of the medial internal mam-
mary vein, internal mammary artery, and lateral internal mam-
mary vein, using the back wall technique. Both the de-epithelial-
ized DIEP flaps were then arranged to reconstruct the breast. 
During revascularization through microsurgical anastomosis, 
the external caliber, ranging from 1.0 mm to 1.5 mm, of the deep 
inferior epigastric and internal mammary vessels was assessed to 
be sufficiently large to permit safer anastomosis. The total opera-
tive time was 12 hours by a single-team approach (two surgeons, 
each working on one side of the bilateral procedure).

Histopathology of the surgical specimens revealed nonmalig-
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A 53-year-old woman with a lower abdominal midline scar due to a previous cesarean section had bilateral silicone granulomas of the breast. Her 
breasts were reconstructed with bilateral mini-flow-through deep inferior epigastric artery perforator flap (DIEP) flaps after nipple-sparing mas-
tectomies. (A) Preoperative view. (B) Preoperative designs of bilateral nipple-sparing mastectomies and bilateral DIEP flaps. (C) Postoperative view. 
(Reproduced from Satake, et al. J Jpn Soc Plast Reconstr Surg 2003;23:28-37, with permission Japan Society of Plastic and Reconstructive Sur-
gery [3]).

Fig. 3. Preoperative and postoperative appearances of the patient
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nant atypical cellular changes. The postoperative course was un-
eventful, without complications at either the donor or recipient 
sites. The patient was satisfied with the results of breast recon-
struction (Fig. 3C).

DISSCUSSION

Since the DIEP flap was developed in 1989 [4], some modifica-
tions in pedicle shortening have been made to reduce donor-site 
morbidities and the long duration of surgery. Although Koshi-
ma et al. [5] harvested a DIEP flap (paraumbilical perforator 
flap) with only a true perforator pedicle, it required supermicro-
surgical skill for revascularization. Schoeller et al. [6] introduced 
a modified paraumbilical perforator flap with an approximately 
7-cm pedicle length that seemed to be adequate for simple mi-
crosurgery. Similarly, Colohan et al. [7] reported longer pedicle 
DIEP flaps, ranging from 8.1 (ultrashort) to 10.4 cm (short) in 
pedicle length. In contrast to Koshima’s modified methods [5], 
the mini-flow-through DIEP flap, despite requiring an incision 
in the anterior rectus sheath, is minimally invasive and less time 
consuming. Moreover, the flap offers larger caliber stumps of ar-
terial and venous pedicles, enhancing the feasibility of safer mi-
crosurgical anastomosis. 

The mini-flow-through DIEP flap has a shorter pedicle length 
in contrast to that reported in the latter two procedures [6,7] 
that makes it difficult to perform flap setting similar to that used 
for a superficial inferior epigastric artery flap. However, it en-
ables preservation of the normal vascular flow of the deep inferi-
or epigastric vessels with primary anastomosis because the gap 
in the deep inferior epigastric vessel is only 1.5 cm. A short seg-
ment of the nutrient vessel, including a T-shaped perforator 
pedicle flap, was first introduced in a distally based radial artery 
perforator free flap [8,9] to preserve the integrity of the radial 
artery. Bauer et al. [8] anastomosed this short T-shaped pedicle 
to the recipient vessel using a mini-flow-through technique, and 
we referred to their method in our clinical case.

The mini-flow-through anastomosis to the internal mammary 
vessel resembles the end-to side anastomosis to the internal 
mammary vessel [10] or the end-to-end anastomosis to the in-
ternal mammary intercostal perforators [11]. These procedures 
preserve the vascular flow of the internal mammary vessel while 
allowing shorter pedicles than with the thoracodorsal vessel and 
medial placement of the flap while avoiding axillary scarring 
[12]. Moreover, the preserved internal mammary vessel could 
prove to be a source vessel for a future cardiac bypass. In 2010, 
there were 395,000 coronary artery bypass graft procedures 
conduced in the United States [13]; therefore, plastic surgeons 
should consider the patient risk of coronary artery disease and 

the potential use of the internal mammary vessel when planning 
microsurgical breast reconstruction.

End-to-end flow-through anastomosis has a number of advan-
tages over end-to-side anastomosis. Koshima et al. [14] report-
ed that a flow-through short pedicle-free flap has a high success 
rate, which is attributable to duplicated vascular anastomosis 
with double arterial inflows and two or more vessels for venous 
drains including two retrograde drains. We believe that this 
makes flap circulation secure and stable. During DIEP flap har-
vesting, many branches from the deep inferior epigastric vessel 
are encountered. After arising from the external iliac vessel, the 
deep inferior epigastric vessel initially sends a recurrent nutrient 
branch to the rectus muscle medially. The major portion of the 
deep inferior epigastric vessel divides into medial and lateral 
branches [15] that then send several large perforators below the 
level of the umbilicus. The DIEP flap can be used as a flow-
through free flap at these branching portions. Among these 
large perforators, both limbs of the deep inferior epigastric ves-
sel branch may be appropriate candidates to be used for con-
necting the largest perforator in this procedure.

The conventional long-pedicle DIEP flap requires more time 
for dissection during flap harvesting, and a large incisional win-
dow in the anterior rectus sheath, while involving tedious dissec-
tion, possible damage to the rectus muscle, and loss of the main 
nutrient vessel. Our modified breast reconstruction procedure is 
less invasive after harvesting of bilateral DIEP flaps. Under such 
circumstances, the mini-flow-through DIEP flap may be an alter-
native in autologous breast reconstruction procedures.

Although it requires multiple vascular anastomoses and a short 
pedicle for flap setting, the mini flow-through DIEP flap pro-
vides a large pedicle caliber, enabling safer microsurgical anasto-
mosis. It also provides well-vascularized tissue for creating a nat-
ural looking breast, minimizes dissection of the rectus muscle 
component, and preserves vascular flow of both the deep inferi-
or epigastric and internal mammary vessels. Altogether, it signif-
icantly shortens the operative time for flap harvesting.
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