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P rosthetic graft infection of the thoracic aorta 
requires replacing the infected graft with a new 
graft in addition to surgery for the infectious 

cause, such as esophageal fistula or pulmonary fistula.1 
Because the re-infection risk is high and life-threaten-
ing, surgical procedures to reduce this risk are essen-
tial. Pedicled omental wrapping is the first choice for 
covering the newly implanted graft;2 however, a history 
of omental flap use or other abdominal surgeries neces-
sitated another method. We previously reported a new 

breakthrough surgical method for salvaging aortic graft 
infection using the latissimus dorsi (LD) muscle flap 
with a reverse serratus anterior (SA) muscle flap.3 The 
key was the advancement of the pivot point of the SA 
muscle using the distal continuity between the LD and 
SA to maintain the blood flow to the reverse SA muscle. 
The Y-shaped muscle flap was shown to be suitable for 
wrapping the aortic arch with the reverse SA muscle and 
the descending aorta with the LD muscle. We herein 
report the results of cadaveric studies to prove the regu-
lar existence of distal continuity between the LD and SA. 
We also established the best flap elevation approach for 
safely creating this combined muscle flap.

METHODS
All cadavers were donated to the Kyoto University 

Clinical Anatomy Laboratory. Donors formally agreed 
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Summary: Replacing an infected prosthetic thoracic aorta graft carries a high re-
infection risk. We previously reported two clinical cases successfully treated with a 
new muscular wrapping technique: latissimus dorsi (LD) muscle flap with a distally 
based serratus anterior (SA) extension; however, a cadaveric study to prove the 
regular existence of the distal attachment area was lacking. We tried to establish 
an appropriate way of elevating the combined muscle flap safely. All of the cadav-
ers were preserved using the Thiel embalming technique to retain flexibility. We 
checked for the existence of the distal attachment area between the LD and SA. 
Combined muscle flaps were elevated proximally while identifying the thoracodor-
sal artery, including the LD and SA branches. After the SA branch was ligated and 
cut, the SA muscle was manually peeled from the LD muscle with only the distal 
tight attachment area remaining. Contrast-enhanced computed tomography was 
performed using a multislice computed tomography system. Six human cadavers 
(three men, three women: 91 years old, on average) were examined. All six LD and 
SA combined muscle flaps showed a distal tight attachment area at the level from 
the seventh rib to the ninth rib. The tip of the SA muscle easily reached the sternum. 
Contrast-enhanced computed tomography failed to reconfirm the distal vascular 
flow from the LD to the reverse SA muscle, which we had visualized in a clinical 
case. We demonstrated the anatomical reliability of the new Y-shaped muscular 
flaps, which are suitable for preventing re-infection of aortic graft replacement. 
(Plast Reconstr Surg Glob Open 2021;9:e3626; doi: 10.1097/GOX.0000000000003626; 
Published online 16 June 2021.)
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to the use of their body for research and education 
purposes by signing the donation form of the Clinical 
Anatomy Laboratory (Kyoto University Medical Ethics 
Committee approval number: R1785). Additional ethi-
cal approval numbers for our anatomical research were 
R1862 and R2125. All the cadavers were preserved using 
the Thiel embalming technique (Formalin 3.5%–6.4%, 
propylene glycol, phenol, sodium sulfite, ethanol) to 
retain flexibility, color, and tone.4

First, we explored the existence of the distal attach-
ment area between the LD and SA, which had not 
previously been described anatomically. Muscle flaps, 
including the LD and SA, were elevated on the surface 
of ribs and intercostal muscles with ligating perforators 
from intercostal vessels. SA slips from the third rib to the 
ninth rib were included in the flap with cutting off the 
origin of ribs and the insertion of scapula. Combined 
muscle flaps were elevated proximally while identify-
ing the thoracodorsal artery, including the LD and SA 
branches. After the SA branch was ligated and cut, the 
SA muscle was manually peeled from the LD muscle with 
only the distal tight attachment area remaining.

Next, contrast-enhanced computed tomography 
(CT) was performed using a multislice CT system 
(Aquilion; Canon, Japan). Three cadavers were evalu-
ated with different contrast types injected intraarterially 

via a thoracodorsal artery of the LD or SA branch and 
an intercostal artery perforator. After elevating the com-
bined muscle flaps, the arteries were cannulated using a 
24-gauge catheter. After reflux with heparin (10 U/ml), 
methylene blue solution was infiltrated to identify vas-
cular leaks, which were then ligated. Contrast medium 
Omnipaque 240 (GE Healthcare, Ill.) diluted six-fold 
with 0.9% saline was injected.

RESULTS
Six human cadavers (three men, three women; 91 

years old, on average) were examined. All LD and SA 
combined muscle flaps had the distal tight attachment 
area, while the proximal area between the LD and SA 
remained loose enough for manual dissection (Fig. 1A). 
After attempting to elevate the combined flaps from the 
anterior-to-posterior direction, the distal attachment 
area was difficult to detect. In contrast, finding the layer 
to enter the back of the SA muscle was easy when we 
elevated the flap from the posterior-to-anterior direc-
tion by cutting the thoracolumbar fascia to enter the 
layer between the LD muscle and rib periosteum. After 
cutting off the SA muscle insertion at the scapula and 
origin on multiple ribs, the combined LD and SA muscle 
flaps were elevated while preserving the distal attach-
ment area (Fig. 1B). The attachment area was detected 

Fig. 1. Cadaveric studies to prove the regular existence of distal continuity between the LD and SA 
(A). A Y-shaped muscle flap constructed with combined LD muscle and reverse SA muscle (B). Arrows 
represent the following: yellow, LD muscle; red, SA muscle; blue, distal attachment of the LD and SA.
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from the seventh rib to the ninth rib, which allowed the 
SA muscle to easily reach the sternum. Partial excision 
of the third rib made the Y-shaped muscle flap directly 
transfer to the aortic arch with the reverse SA muscle 
and the descending aorta with the LD muscle, respec-
tively (Fig. 2).

Contrast-enhanced CT revealed the course of the 
cannulated arteries, but none with a large diameter 
were observed at the distal attachment area. (See figure, 
Supplemental Digital Content 1, display of the CT find-
ings for injection via the LD branch of the thoracodorsal 
artery. http://links.lww.com/PRSGO/B667.)

DISCUSSION
Thoracic aortic graft infection is a severe complica-

tion with high mortality. A comprehensive review of the 
literature proved that autologous vascularized tissue cov-
erage was a successful approach for treating infected aor-
tic grafts, including from the omentum (69%), pectoralis 
major muscle (19%), rectus abdominis muscle (5%), and 
latissimus dorsi muscle (4%).5 The combined LD and SA 
muscle flap can expand the size of the muscle flap; how-
ever, it does not cover the whole area from the aortic arch 
to the descending aorta.6

In 2020, we first reported clinical cases of an infected 
aortic graft salvaged using a Y-shaped muscle flap con-
taining LD muscle and reverse SA muscle as a new sal-
vage technique for complete muscular coverage of the 
aortic arch and descending aorta.3 An intraoperative 

Fig. 2. Advancement of the pivot point of the reverse SA muscle 
is key. The schematic illustration (modified from our previous 
clinical report3) shows the muscular coverage for the replaced 
thoracic graft.

Fig. 3. “Posterior-to-anterior” flap elevation maintains the distal attachment of the LD and SA. The 
reverse SA muscle extends to the aortic arch.
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indocyanine green (ICG) test demonstrated the dis-
tal vascular flow from the LD to the entire area of the 
reverse SA muscle (See Video [online], which shows the 
intraoperative ICG fluorescence imaging of our previous 
clinical case). This surgical method differs from com-
bined reverse LD and SA muscle flaps vascularized by 
lumber perforator vessels for diaphragmatic reconstruc-
tion.7,8 In this study, we proved the existence of a distal 
attachment area between the LD and SA in six cadavers. 
Despite attempts to show the vascular network by conven-
tional CT, the distal vessels were not large enough to visu-
alize. Studies using fresh cadavers9 and high-resolution 
CT10 are needed to prove the vascular anatomy.

Through this study, we learned a stable procedure 
for elevating this new muscle flap. Typical LD flap 
elevation is started from the anterior edge of the LD 
muscle, where the layers between the LD and SA can 
be distinguished. However, this area is the origin of the 
SA, which attaches to the periosteum of multiple ribs; 
therefore, SA elevation is complicated. Combined ele-
vation of the LD and SA muscle flap from the thoraco-
lumbar fascia facilitated the maintenance of the distal 
attachment area between the LD and SA (Fig. 3). A pos-
sible disadvantage of this flap is the loss of the LD and 
SA muscles, which may cause functional deterioration 
in the upper extremities and aesthetic drawbacks as a 
winged scapula.

CONCLUSIONS
We showed the anatomical reliability of the new 

Y-shaped muscular flaps suitable for preventing re-infec-
tion of aortic graft replacement. Possible disadvantages 
concerning the loss of the LA and SA functions should be 
verified in more clinical cases.
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