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 ■ABSTRACT

Introduction: Great advances have been reported since the first abdominal 
tissue transfer carried out for breast reconstruction after a mastectomy. 
The deep inferior epigastric artery perforator (DIEAP) flap is one of the 
most recent advances in this area. Methods: In this article, we evaluate 
the important aspects in the field of autologous breast reconstruction with 
abdominal-based flaps, with emphasis on microsurgical flaps vascularized by 
perforating pedicles. Results: During the initial experience of this procedure, 
we were able to verify that the flap behaved according to what was reported 
in the literature. Conclusion: The DIEAP flap provides a great degree of 
sculpting and volumetric gain to the reconstructed breast besides allowing 
a positive postoperative course for the patient. 
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 ■RESUMO

Introdução: Uma grande evolução ocorreu desde o primeiro registro de 
transferência de tecido abdominal para reconstrução de mama pós-mastectomia. 
O retalho baseado em vasos perfurantes da artéria epigástrica inferior 
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INTRODUCTION

After a long period through which experience was 
gained and analysis necessary for the management 
of breast cancer was carried out, physicians have 
started to agree that reconstruction is an integral 
and inseparable part of the treatment. The quality 
of life, satisfaction with body image, and sexuality of 
mastectomized patients were reported to significantly 
improve after breast reconstruction1-3. The opportunity 
to be guided on reconstructive procedures should 
be offered4,5 to all patients submitted to mastectomy 
as a treatment option.

The procedures for breast reconstruction can 
usually be divided into the use of implants (tissue 
expanders and/or silicone implants) or autologous 
tissue (tissue removed from the same patient under 
treatment) to simulate the volume and shape of the 
breast. Several factors related to the characteristics 
of the patient and the disease influence the choice 
of the reconstruction technique5-7. Therefore, it is 
more and more important to reduce the morbidity 
associated with these procedures.

OBJECTIVES

The aim of this study is to review breast reconstructive 
procedures, with emphasis on abdominal-based 
autologous reconstructions and, in particular, on 
procedures involving the microsurgical transfer of 
flaps based on perforating vessels.

METHODS

This study was carried out in accordance with the 
guidelines for the research involving human beings 
recommended by the Declaration of Helsinki and the 
regulatory standards of the National Health Council 
for Human Research according to resolution CNS 
196/96. The study was performed after obtaining the 
consent of the ethics committee of the institutions 
where it was conducted, namely the Irmandade 
Santa Casa de Misericórdia of Porto Alegre and the 
Federal University of Health Sciences of Porto Alegre.

Abdominal-based breast reconstructive 
procedures 

In breast reconstruction, autologous tissues 
removed from different anatomical regions can be 
used to reconstruct the breast prominence. The 
abdomen provides a good quality and quantity of 
available tissue, along with the naturalness of the 
appearance of the resulting reconstruction. Moreover, 
this technique allows the improvement of body 
contour, as a secondary benefit resulting from the 
harmony of proportions between the thorax and 
the abdomen8.

Breast reconstruction – TRAM flap

Transverse rectus abdominis myocutaneous 
(TRAM) flap transfer was one of the first techniques 
introduced for autologous reconstruction that quickly 
became a treatment of choice in breast reconstruction8. 
The contribution of Hartrampf et al.9,10, in the 
beginning of the 1980s, to the establishment and 
improvement of this technique is worth mentioning. 
This flap is nourished by the perforating vessels 
connected to the rectus abdominis muscle and 
derives from deep epigastric vessels. After cutting 
the abdominal rectus muscle near its lower arcuate 
line, the deep inferior epigastric vessels are ligated. 
By means of subcutaneous tunneling, the abdominal 
tissues, superiorly pedicled to the rectus abdominis 
muscle, and the deep epigastric vessels are moved 
up to the breast region. The surgical steps crucial 
to reconstitute the anterior fascia of the rectus 
abdominis muscle and suture the other planes with 
the anatomical regions involved are then sequentially 
carried out. Volume adjustments, ipsilateral and 
contralateral breast shaping, and reconstruction of 
the nipple-papillary complex are usually postponed 
for subsequent procedures.

Breast reconstruction—microsurgical flaps

Vascular microsurgical techniques allow 
transposing distant tissues in only one surgery. 
Serafin et al. were the first to report the use of free 
flaps in breast reconstruction. Inguinal flaps were 

(DIEAP flap) apresenta-se com um dos mais recentes desenvolvimentos da 
área. Métodos: Este artigo analisa fatos importantes na área de reconstrução 
autóloga da mama utilizando retalhos baseados no abdome, com ênfase 
nos retalhos microcirúrgicos vascularizados por pedículos perfurantes. 
Resultados: Na experiência inicial do serviço, pudemos verificar que o 
retalho se comportou de acordo com a experiência relatada na literatura. 
Conclusão: O DIEAP flap apresenta uma possibilidade maior de escultura e 
ganho volumétrico na mama reconstruída, além de evolução pós-operatória 
muito positiva. 

Descritores: Mama; Reconstrução; Retalhos perfurantes.
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used for the correction of soft tissue defects of the 
thoracic wall11.

In 1979, Holmström was the pioneer in the 
use of abdominal tissue as a microsurgical flap for 
breast reconstruction – the free TRAM12. Notably, 
the procedure that Holmström described preceded 
publications on pedicle flaps. However, the limited 
availability and practicality of microsurgical techniques 
did not allow the fast acceptance of this procedure9,10.

Over time and with the widening use of 
microsurgery techniques, the advantages of a more 
stable perfusion through the deep inferior epigastric 
pedicle and the limitation of abdominal morbidity 
were recognized and therefore allowed considering 
TRAM microsurgical transfer as a reproducible 
and safe option for the reconstruction of the breast 
prominence13.

However, the use microsurgery to perform a 
complete tissue transfer potentially increases the 
incidence of total flap loss, which is higher when 
compared with the use of pedicled flaps, thus 
representing a factor to be considered in the choice 
of the technique to be used14.

Perforator vessel–based flaps 

Studies have been carried out with the aim to 
reduce the morbidity of reconstructive procedures, 
which pertains in particular to the donor site, direct 
vessels, and vessels along the intramuscular and 
intracompartmental septa reaching the deep overlaying 
fascia, which in turn extends to the superficial fascia 
and the skin15. Koshima and Soeda16 were the first to 
report the use of flaps based on such vessels, known 
as perforating vessels.

Anatomical studies provided detailed descriptions 
of the skin vascular supply, reporting the presence 
of approximately 400 perforating vessels measuring 
>0.5 mm in diameter and located throughout the 
body. Therefore, any skin surface can be considered 
a potential donor area of perforator flaps.

Perforator vessel–based flaps allow the safe and 
reliable transfer of a patient’s tissues and cause 
minimal donor site morbidity. The indications for 
the use of these flaps are similar to those of other 
autologous flaps.

Among the contraindications include a history of 
liposuction in the donor area and of active smoking, 
because the arterial supply of these flaps have an 
increased fragility compared with the pedicled flaps or 
the more robust free flaps such as free TRAM flaps17.

Breast reconstruction: perforator vessel–
based vascularized flaps (abdomen)

Nowadays, the most commonly used flaps included 
in this category, especially for breast reconstruction, 
are the superficial inferior epigastric artery (SIEA) 
flap, or the muscle-sparing TRAM and DIEAP flaps.

The SIEA flap is based on the superficial inferior 
epigastric artery and exits intact through the fascia of 

the abdominal rectus muscle. Among the techniques 
described involving this muscle, this is the least 
invasive procedure. The vessels are smaller and the 
vascular pedicle is shorter when compared with the 
DIEAP. In several patients, the superficial vessels 
are absent or already cut during previous surgeries.

The muscle-sparing TRAM flap is an intermediate 
flap between the free TRAM and DIEAP flaps in terms 
of the spectrum of abdominal morbidity associated 
with the use of the lower abdomen as a donor area 
for breast reconstruction18. The procedure is similar 
to the use the free TRAM, although the amount of 
affected muscle is much lower, being approximately 
the size of a postage stamp. In a series of >400 cases19, 
this was the second technique most commonly used 
after the DIEAP flap. In fact, despite previous plans 
to perform DIEAP, the muscle-sparing procedure 
is eventually carried out, owing to the anatomical 
variability of the perforating vessels.

DIEAP flap

The DIEAP flap has been used for several 
reconstructive procedures. Allen and Treece20 were 
the first to carry out a successful breast reconstruction 
by transferring abdominal skin and adipose tissue 
in a procedure similar to the use of TRAM, saving 
the integrity of the abdominal muscle. While this 
technique provided the tissue required for the 
reconstruction, it also significantly reduced the 
morbidity of the abdominal wall21.

The DIEAP flap is based on the deep inferior 
epigastric artery and vein. The perforating vessels 
penetrate the rectus abdominis muscle on each 
side of the abdomen to provide the blood supply 
necessary for the adipose tissue and overlying 
skin. The deep inferior epigastric vessels have an 
outer diameter ranging between 2 and 3 mm. The 
perforating vessels are followed from the flap to their 
origins, in the inferior epigastric vessel, by means of 
a nontraumatic separation of the rectus abdominis 
fibers. During this dissection, the muscle and the 
fascia are spared.

The internal thoracic or dorsal thoracic vessels 
are the receiving vessels of choice. Usually, an end-
to-end anastomosis is performed within the internal 
thoracic artery22.

The DIEAP flap is indicated for most patients 
that had been or will be submitted to mastectomy 
for the treatment of breast cancer and present a 
proper amount of tissue in the lower abdominal 
region. Congenital defects or defects occurring after 
conservative treatments and breast augmentation 
constitute other possible indications for this procedure. 
The contraindications are the same for all perforator 
vessel–based flaps17. Although considered not the 
best indication for this technique18,23, several reports 
recommend this procedure for the treatment of upper 
and/or lower abdominal scars.

The preoperative evaluation of blood vessels 
through Doppler ultrasonography is of great utility24. 
The common markings of abdominoplasty are 
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carried out with the patients in the orthostatic or 
sitting position. In general, one team prepares the 
receiving vessels, while another elevates the flap18.

When DIEAP is performed, after the incisions, 
the first vessels to be approached are the inferior 
epigastric superficial vessels, which, for the purpose 
of providing suitable size and quality, allows carrying 
out a SIEA flap transfer or the use of a SIEA flap as 
an anastomotic back-up25.

The abdominal skin island is carefully elevated 
from the lateral to the medial side, paying special 
attention when the lateral edge of the rectus abdominis 
starts to appear. If the lateral side is not providing 
perforating vessels of good caliber, these are obtained 
from the medial portion. If no perforating vessels 
seem to be adequate in terms of size and quality, two 
or more small perforating vessels can be used in the 
procedure. Most of the perforator flaps are based 
on two vessels15. Although the experience of the 
surgeon helps in deciding which perforating vessel 
would need to be used, it is common to choose the 
larger identified vessel as soon as it exits through the 
anterior sheath of the rectus abdominis muscle. It is 
common to find these vessels close to the umbilical 
scar. After identifying the perforating vessel, the 
sheath of the rectus abdominis is carefully dissected 
and the vascular course is followed in the muscle.

Once the perforating vessels are chosen, these 
are dissected through a small opening in the rectus 
sheath. The intercostal nerves, innervating the 
medial aspect of the muscle, should be preserved. 
The dissection continues until the pedicle presents 
an adequate length, between 8 and 10 cm.

Under optical magnification, the procedure 
continues with a venous and arterial anastomosis, 
carried out by using a typical 9-0 nylon thread. Then, 
the microvascular clamp is released while verifying 
capillary perfusion and checking for bleeding of 
the flap.

The abdominal fascia is then sutured, with no 
need for meshes or other synthetic materials. The 
subsequent suture is carried out as in abdominoplasty 
procedures.

During the positioning of the flap for the 
reconstruction, the region between the extremity 
of the contralateral side and the pedicle (area 4) is 
usually removed26.

After the procedure, the postoperative period 
is preferably carried out in the intensive care unit 
or recovery room (intermediate care), where the 
patient remains for the first 24 h. Postoperative pain 
is significantly lower than that from procedures 
that do not spare the abdominal muscle27. Walking 
is encouraged 24 h after the surgery, and hospital 
discharge usually starts 3 days after.

RESULTS

The morbidity profile presented by the DIEAP 
flap is favorable when compared with that of other 
techniques of breast autologous reconstruction.

Fat necrosis seems to be the most frequent 
complication. Partial flap loss seems to account for 
2.5% of the cases in the different cohorts evaluated, 
and the total loss rate reported is not higher than 
1%17-19,28. The incidence of other complications, e.g., 
infection, hematoma, and epidermolysis, is similar to 
that of other procedures of autologous reconstruction.

The morbidity of abdominal DIEAP presents a 
lower incidence concerning hernias and concavities 
of the abdominal wall in comparison with TRAM27.

However, there is a trade-off to be considered 
when TRAM, muscle-sparing TRAM, DIEAP, and 
SIEA flaps are used for breast reconstruction; that 
is, the smaller the damage caused to the muscle and 
the fascia in the attempt to minimize abdominal 
morbidity, the fewer the included perforating vessels 
and the higher the risk of complications, e.g., fat 
necrosis and flap loss29,30.

DISCUSSION

The first experience of the authors in the production 
of the DIEAP flap used for breast reconstruction was 
very positive, and the flap behaved as reported in 
the literature (Figures 1 to 3).

After the implementation of this surgery, we 
believe that, despite the increased surgical time, it 
presents greater possibilities of breast sculpting and 
volumetric gain of the flap, in addition to the positive 
course of the patient during the hospitalization. It 
should be clarified to the patient that complete flap 
loss is possible. The possibility that the abdominal 
contour may improve in a sensitive manner, without 

Figure 1. Preoperative pictures. Female patient, 51 years old, 
submitted to modified radical mastectomy and axillary clearance 
for invasive ductal carcinoma.

Figure 2. Transoperative pictures. Left: receiving area. Center: 
dissected flap. Right: end-terminal vascular anastomosis between 
the deep inferior epigastric vessels and the ipsilateral internal 
mammary vessels, and the anatomical mastectomy defect.
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major damage to the muscles, and that the loss of 
the flap would not permanently prevent the patient 
from undergoing other reconstructive procedures 
represent the potential benefits of this technique.

CONCLUSION

The use of flaps based on perforating vessels 
may reverse the tendency to indicate implant-based 
reconstructions to patients at risk. The implementation 
of flaps vascularized by perforating pedicles in daily 
clinical-surgery practice may represent a fair choice 
for patients and further improve the important field 
of plastic surgery.
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