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INTRODUCTION
Skin ulcers on the anterior chest wall are caused main-

ly by radiation therapy for breast cancer and by anterior 
mediastinitis after thoracotomy. They are often refrac-
tory. Generic treatments for skin ulcers are conservative 
treatment, include using ointment and negative pressure 
wound treatment, and reconstructive surgery. The pecto-

ralis major muscle, rectus abdominis muscle, latissimus 
dorsi muscle, and omental flaps are commonly used for 
the anterior chest wall reconstruction. However, these 
flaps have either a high degree of invasion or may require 
a change of position during the operation. Past abdomi-
nal operations or peritoneal dialysis may also limit the use 
of certain flaps. Moreover, these flaps may cause incisional 
hernia or posture problems.

The internal mammary artery perforator (IMAP) flap 
was first described in 2006 as a modification of the delto-
pectoral (DP) flap.1 IMAPs arise from the lateral border 
of the sternum from the first to the fifth intercostal spac-
es, pass through the intercostal muscle and pectoralis 
major muscle, and their branches spread laterally. The 
IMAPs choke the next IMAP, lateral thoracic artery, tho-
racoacromial artery, and intercostal arteries.2–5 The lim-
its of the IMAP flap are from the sternal midline to the 
anterior axillary line and from the clavicle to the level of 
the xiphisternum.6 The IMAP flap is thin and flexible, 
allows primary closure of a donor site, and can be used 
as an island pedicle flap or as a free flap. Therefore, the 
IMAP flaps have been applied in various cases.1,3,7–14
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In the present study, we applied the IMAP flap in 3 
cases. The IMAP adipofascial flap was applied for a case 
of a skin ulcer on the anterior chest wall after radiation 
therapy for breast cancer and a case of anterior medi-
astinitis after thoracotomy. We also used the IMAP skin 
flap conducted with a reduction mammaplasty for a case 
of a skin ulcer on the anterior chest wall after radiation 
therapy for breast cancer. To our knowledge, this is the 
first report regarding to the use of the IMAP flap as an 
adipofascial flap.

METHODS
Preoperatively, we examined the IMAPs using a hand-

held Doppler device and contrast-enhanced computer-
ized tomography and marked their location on the skin. 
Each flap was designed based on the location of the IMAP 
and the size of the flap was dependent on the coverage 
required by the size and location of the skin ulcer. The 
flaps were not over the clavicle, sternal midline, anterior 
axillary line, or the level of the xiphisternum. In all cases, 
the width to length ratio of the flaps was over 1:2.

In cases 1 and 2, after debridement of necrotic tissue, 
elevation of the IMAP adipofascial flap was begun from 
the edge of the skin defect. Dissection, large enough to 
cover the skin or bone defect and to allow primary closure, 
was performed under the subcutaneous layer to preserve 
the subdermal vascular plexus. The fascia of the pectoralis 
major muscle was incised at the distal end of the flap and 
dissection proceeded under the fascia from the distal end 
medially until the IMAPs were identified. The location of 
the IMAPs functioned as the pivot point of the flap and 
the flap was flipped over to cover the defect being careful 
not cause tension on the IMAPs.

In case 3, the IMAP flap was harvested as a skin flap dur-
ing a reduction mammaplasty. The flap was designed along 
the IMAP vessels according to the skin markings, on the ba-
sis of the handheld Doppler device and contrast-enhanced 
computerized tomography, and the postoperative shape of 
the donor breast site. After the debridement of the necrotic 
tissue, the skin incision was made according to the design of 
the flap and dissection proceeded under the fascia as well as 
the IMAP adipofascial flap. The IMAP skin flap was swung 
over to cover the defect. The donor site was closed primar-
ily and it was combined with reduction mammaplasty.

CASE REPORT

Case 1
A 71-year-old woman. At the age of 50, she underwent 

a modified radical mastectomy and radiation therapy for 
right breast cancer at the age of 50. At the age of 70, she 
developed a 1 cm ulcerating radionecrosis on the right 
anterior chest wall. A radical debridement and a recon-
structive surgery were planned after 1-year period conser-
vative treatment using several ointments. The skin defect 
was small, but it was necessary to remove the necrotic ribs 
and costal cartilage to prevent recurrent necrosis and in-
fection. A less invasive surgical procedure other than a left 
pectoralis major muscle flap was deemed to be suitable for 

the patient, because the patient’s hobby was playing ten-
nis and right pectoralis major muscle had been removed 
already in the modified radical mastectomy. Therefore, a 
12 × 11 cm sized IMAP adipofascial flap based on the first, 
second, and third left IMAPs was used to cover the defect 
after sufficient debridement. The skin defect was closed 
primarily. Her body mass index (BMI) was 20.8. After a 
year following the operation, there was no recurrence of 
the skin ulcer (Fig. 1).

Case 2
A 70-year-old man who had underwent coronary artery 

bypass surgery, using both internal mammary and gastro-
epiploic arteries as the vascular grafts, developed an an-
terior chest wall wound infection postoperatively. After 3 
weeks of the initial wound opening, wound closure sur-
gery was planned. His BMI was 22.9. The first, second, and 
third left IMAPs were identified by a handheld Doppler 
device, even though both the internal mammary arteries 
had been harvested previously. The pectoralis major mus-
cle flap would provide too much volume and also require 
an additional skin incision; therefore, we chose the IMAP 
flap. After the debridement of the necrotic and infected 
tissue, the IMAP adipofascial flap measured 12 × 8 cm 
was raised without any complications. The flap was well 
perfused during surgery. We closed the wound primar-
ily. There was no recurrence of the wound infection, and 
there was no visible deformity on his anterior chest wall 6 
months after wound closure (Fig. 2).

Case 3
A 83-year-old woman. At the age of 59, she underwent 

modified radical mastectomy and radiation therapy for the 
right breast. At the age of 70, she suffered from ulcerating 
radionecrosis on the right anterior chest wall. She under-
went conservative treatment with ointment for 10 years, but 
it was ineffective. Because of her age and repeated hospital-
ization for pneumonia, a less invasive surgery was deemed 
to be suitable for her. She also had severe mastoptosis 
of the left breast. Therefore, we planned wound closure 
using the IMAP skin flap on the left side and reduction 
mammaplasty of the left breast at the same time. Her BMI 
was 19.0. After the debridement of the necrotic tissue, the 
IMAP skin flap was elevated on the basis of the second and 
third left IMAPs. The skin defect after the debridement 
measured 10 × 9 cm and the flap measured 17 × 11 cm. After 
the flap was swung on the skin defect on the right chest 
wall, we determined the ideal position of the left nipple 
and areolar complex in a sitting position. Reduction mam-
maplasty of the left breast and lateral repositioning of the 
nipple and areolar complex were performed with satisfac-
tory results. After a year following the operation, there was 
no recurrence of the skin ulcer (Fig. 3).

DISCUSSION
The skin ulcers on the anterior chest wall caused by 

radiation therapy and anterior mediastinitis are often 
refractory. The omental, pectoralis major muscle, rectus 
abdominis muscle, and latissimus dorsi muscle flaps are 
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commonly applied for anterior chest wall reconstructions. 
The omental flap, with its flexibility, can cover complicated 
defects, but it requires a laparotomy. The pectoralis major 
muscle flap that has 2 pedicles, the thoracoacromial artery 
and the internal mammary artery, can be applied to various 
reconstructions but it may provide too much volume. The 
rectus abdominis muscle flap is suitable for lower anterior 
chest wall reconstruction, but it cannot be used when the 
internal mammary artery has been harvested already. The 
latissimus dorsi muscle flap can cover large areas, but it is 
difficult to reach the anterior mediastinum and it involves 
a change of position during the operation.

The DP flap was first described by Bakaminjian in 
1965 as an axial pattern flap perfused by the IMAPs and 
the thoracoacromial artery perforator.6,8,15 The DP flap 

is thin and flexible and is commonly used for head and 
neck reconstructions. However, the DP flap has a high 
rate of necrosis and requires delay and skin grafting to 
the donor-site defect. It may also require revision of the 
dog ear and pedicle division surgery. DP flap is perfused 
by the first to fourth IMAP, but they could not be visual-
ized at first.6

The IMAP flap was first described in 2006 as a modi-
fication of the DP flap.1 The IMAP flap is designed based 
on the location of the IMAP. It enables a narrow design 
of the flap and allows certain perfusion provided by the 
IMAP. Therefore, the IMAP flap can overcome previously 
mentioned disadvantages of the DP flap. The IMAP arises 
from the first to fifth intercostal spaces, and it exists in the 
second and third intercostal spaces for more than 95%.1 

Fig. 1. a 71-year-old woman underwent modified radical mastectomy and radiation therapy for breast 
cancer and suffered from ulcerating radionecrosis measuring 1 cm on anterior chest wall (a). iMaP adi-
pofascial flap based on the first, second, and the third left iMaP was elevated (B) and used to cover the 
defect after the sufficient debridement (c). a year after the operation, there is no recurrence of the skin 
ulcer (D).
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The IMAPs arise an average of 9.7 mm away from the later-
al border of the sternum, pass through the intercostal and 
the pectoralis major muscles, and branch laterally.2 The 
IMAPs choke the next IMAP, lateral thoracic artery, thora-
coacromial artery, and intercostal arteries.2–5 The diameter 
of the first, second, and third IMAPs is more than 1 mm. 
The second IMAP has the largest diameter that measures 
1.6 ± 0.5 mm and it is the most reliable pedicle.16 The mean 
size of the angiosome of the IMAP is 13 × 7 cm and that of 
the largest angiosome is 16 × 9 cm provided by the second 
IMAP.16 The limits of the flap are from the clavicle to the 

level of the xiphisternum and from the sternal mid line to 
the anterior axillary line.6

The IMAP flap is thin and flexible, and it allows pri-
mary closure of the donor site. And it is less invasive, 
because it does not require the sacrifice of the muscle. 
Moreover, its surgical technique is relatively easy and it 
can be used as a pedicle flap or a free flap.1 The IMAP 
flap has reportedly been used as a pedicle or free flap for 
head and neck reconstructions.1,6,7 It has been used as a 
pedicle flap for a pharyngotracheal fistula closures,3,10 a 
reconstruction after the division of a chest keloid,12 and 

Fig. 2. a 70-year-old man underwent coronary artery bypass surgery using both internal mammary 
arteries as vascular graft. after the surgery, he suffered from anterior chest wall wound infection (a). 
iMaP adipofascial flap was raised (B) and flipped on the defect (c). Six months after the wound closure, 
there was no recurrence of the wound infection (D).
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a reconstruction of a radiation ulcer and a sternotomy in 
the anterior chest wall.7,14

To our knowledge, this is the first report regarding to 
the use of the IMAP flap as an adipofascial flap. In case 
1, the IMAP adipofascial flap was used for the treatment 
of an ulcerating radionecrosis on the anterior chest wall. 
The patient was a thin person and subcutaneous fat on the 
chest wall seemed thin, but the flap was elevated with no 
complications and there were no side effects such as skin 
necrosis on the donor site. In case 2, the IMAP  adipofascial 
flap was used for the treatment of anterior mediastinitis 

following thoracotomy. In this case, both internal mam-
mary arteries had been harvested in the coronary artery 
bypass surgery, but the first, second, and third IMAPs were 
identified in each intercostal space by using a handheld 
Doppler devise. The IMAPs choke each other and have 
a connection to the intercostal arteries, lateral thoracic 
artery, and thoracoacromial artery.17 There are several 
branches that come off the internal mammary artery. One 
is the anterior internal branch that connects to inter-
costal artery and the another is the perforating branch.  
They may together have the common trunk leading to 

Fig. 3. an 83-year-old woman underwent modified radical mastectomy and radiation therapy for right 
breast and suffered from ulcerating radionecrosis on right anterior chest wall (a). iMaP skin flap was 
raised based on the second and third left iMaP (B). Reduction mammaplasty of the left breast and trans-
portation of the nipple areolar complex were done at the same time were performed with satisfactory 
results (c). One year after the operation, there was no recurrence of the skin ulcer (D).
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the internal mammary artery.17,18 In this patient, it is as-
sumed that they had common trunk and that IMAP re-
ceived the blood flow from the intercostal artery even 
after the internal mammary artery had been harvested, 
because we certified adequate blood flow by using hand-
held Doppler device before the operation. In this case, 
we elevated an IMAP adipofascial flap without any com-
plications. A minimal additional skin incision enabled 
flap elevation and good posture was maintained after 
reconstruction. In case 3, as a breast sharing technique 
was reported previously,13,19 a contralateral IMAP flap was 
used for the breast reconstruction after the mastectomy. 
Rüegg et al.7 reported a case in which a dual-perforator 
propeller IMAP flap was used to cover the radionecrosis 
on the contralateral clavicular area. The concept of ap-
plying the IMAP flap during reduction mammaplasty in 
a patient with mastoptosis is similar to our case 3. Rüegg 
et al.7 suggested that the IMAP flap as a true perforator 
flap, but we raised an IMAP flap with a skin pedicle and 
preserved the soft tissue around the pedicle to prevent 
venous congestion. It is more reliable in terms of the 
flap survival.

In another case, we used the IMAP adipofascial flap for 
coverage of the brachiocephalic artery after the removal 
of the larynx, and this approach was also successful.

However, the IMAP adipofascial flap is unsuitable in 
emaciated patients with diminished subcutaneous fat or 
large skin defects. It needs further examination to figure 
out minimum thickness of subcutaneous fat needed to el-
evate an IMAP adipofascial flap.

CONCLUSIONS
To our knowledge, this is the first report regarding to 

the use of the IMAP flap as an adipofascial flap. We used 
the IMAP adipofascial flap for anterior chest wall recon-
struction and the IMAP skin flap during reduction mam-
maplasty. The IMAP flap is less invasive than the muscle 
flaps and there are minimal side effects, such as concavity 
and dysesthesia, on the donor site. The surgical technique 
pertaining to the use of the IMAP adipofascial flap is rel-
atively easy. The IMAP adipofascial flap can be elevated 
even after both of the internal mammary arteries have 
been harvested. Thus, the IMAP adipofascial flap has pos-
sibility to be applied in various cases.
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