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Introduction

The thoracic trachea is located in the mediastinum behind 
the innominate artery and left innominate vein. Due to 
poor exposure and extension, there is typically insufficient 
tracheal material that can be used to repair wounds after 
sleeve resection. The reconstruction of massive thoracic 
tracheal defect after tumor resection, infections, or trauma 
remains a challenge in thoracic surgery (1,2). Although 
primary end-to-end anastomosis has been reported to allow 
for successful resection of adult trachea up to nearly half of 
its length, more extensive removal of the tracheal segment 
usually requires use of artificial materials or autogenous 

tissues for repair of the resulting defect (3,4). We presented 
five cases in which reconstruction of a massive airway 
defect was performed with the portions of deepithelialized 
myocutaneous flaps after resection of a large tumor.

Patients and methods

Patients 

The study group consisted of five cases: 4 males and 1 
female ranging in age from 27 to 61 years with an average 
age of 51 years. These patients suffered from tracheal or 
bronchial defects resulting from tumor resection. Among 
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these patients, four suffered from bronchial lung cancer, 
and one patient suffered from a tracheal inflammatory 
myofibroblastic tumor. During the operations, 4 cases 
required immediate restoration of the defect. The other 
defect was restored postoperatively. For 3 cases, the defects 
were located on the right side of the bronchial wall, while 
the other 2 defects were on the left side of the bronchial 
wall. The defect circumference ranged from 2/5-1/3 of the 
bronchial circumference, and the length was between 4-8.5 cm 
with an average of 5.7 cm.

Flap design and surgical methods 

All the wounds were repaired using ipsilateral pedicle 
island musculocutaneous flaps. The pectoralis major 
musculocutaneous flap was applied in 3 cases, while the 
other 2 used the latissimus dorsi musculocutaneous flap. 
The lesion location was determined using preoperative 
CT and bronchoscopy. The musculocutaneous flap type 
was chosen based on the defect location. Lesions in or 
near the anterior wall of the trachea were usually repaired 
using the pectoralis major musculocutaneous flap. In other 
cases, the defects were usually repaired using the latissimus 
dorsi musculocutaneous flap. The plastic surgeon created 
a preliminary design for the musculocutaneous flap. The 
thoracic surgeon exposed the tumor and invaded the trachea 
by conducting a thoracotomy or used surgical debridement 
to treat the tracheal fistula and the thoracic empyem. Next, 
the surgeon remodeled the thoracic cavity and measured the 
length and width of the tracheal defects. Most importantly, 
the distance between the distal portion of the tracheal 
defect and the vascular pedicle of the musculocutaneous flap 
was determined. Then, the design of the musculocutaneous 
flap was altered according to the measurements, and the 
musculocutaneous flap was produced (Figure 1A).

The patients remained in the lateral position while the 
surgeon cut from the latissimus dorsi musculocutaneous 
flap. At a distance of 3-5 cm from the ipsilateral axillary, 
an incision was made in the skin along the thoracodorsal 
artery. From the outside to the inside, we explored the 
vessels along the myenteric fascia at the depth of the front 
margin of the latissimus dorsi muscle. Between 1.5 and 
2.5 cm away from the edge of the muscle, the thoracodorsal 
vascular bundle was explored using a Doppler ultrasound 
probe. We cut from the pedicle island latissimus dorsi 
musculocutaneous flap to the remote musculocutaneous 
flap. Then, the musculocutaneous flap was put in place to 
repair the tracheal defects along thoracotomy incision. The 

repair was required to intercept 4 cm of ribs to form the 
loose vascular pedicle pathway. During the operation, the 
skin of the musculocutaneous flap had to be in contact with 
the tracheal defect, making it necessary to confirm and mark 
specific parts of tracheal defects. Except for the portion of 
the musculocutaneous flap covering the defect, which must 
remain the same size, the other parts of the myocutaneous 
flap became deepithelialized (Figure 1B). After checking that 
the vascular pedicle was loose, we applied a parachute suture 
to connect the margins of the epidermal musculocutaneous 
flap with the tracheal defect (Figure 1C). Then, the dermis 
of the deepithelialized musculocutaneous flap was sutured 
with the parietal pleura. Finally, the thoracic surgeon rinsed 
the thoracic cavity and examined whether the anastomoses 
had leaked.

The patients remained recumbent while we cut from 
the pectoralis major musculocutaneous flap. An oblique 
skin incision was made 3-5 cm below the midpoint of 
the clavicle, and then the pectoralis major fiber was 
separated from the pectoralis minor muscle. We explored 
the pectoralis major thoracic acromial branch artery 
preoperatively using a Doppler ultrasound probe. We cut 
from the pedicle pectoralis major musculocutaneous flap to 
the remote musculocutaneous flap. The musculocutaneous 
flap was then put in place to repair the tracheal defects 
using the thoracotomy incision channel or the upper 
1-2 intercostal incision pathway. For the same reason as 
discussed above, it was necessary to intercept 4 cm of ribs to 
form a loose vascular pedicle pathway. The tracheal defect 
repair procedures used after this point were almost the same 
as those used for the latissimus dorsi musculocutaneous flap.

Results

The surgical procedures outlined above were performed 
without incident on 5 patients. The position of the 
vascular pedicle did not change, and the blood supply to 
the musculocutaneous flap was sufficient. The wounds 
healed well in all cases, and the patients were not short 
of breath during the follow-up period from 3 months to  
1 year. During the first 1 to 3 months after the operation, 
bronchoscopy showed that the tracheal lumens were 
smooth, and the visible skin of the musculocutaneous 
flaps became gray and exhibited a small amount of white 
discharge. The repaired tracheal walls did not swing during 
breathing. Postoperative pulmonary function tests for time 
vital capacity (FVC) showed that the forced expiratory 
volume in the first 1 s (FVE 1) declined and that the FVC 
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decreased more than the FEV1. The respiratory airway 
resistance and flow rate were both in the normal range 
compared with standard values (Table 1). All five patients 
were able to return to their normal lives. Among these 
five cases, there was a 27-year-old female suffered from a 
tracheal inflammatory myofibroblastic tumor as observed 
on a preoperative fiberoptic bronchoscopic biopsy. The 
tumor was located in the right-middle-lower region of 
the tracheal mucosa (Figure 1D). The top of the tumor 
was 3-4 cm away from the tracheal carina. The bottom of 
the tumor extended to the right main bronchial opening. 
Intraoperatively, the tumor resection removed 2/5 of the 

bronchial circumference and extended 8.5 cm in length 
along the right side of the bronchial wall. The pectoralis 
major musculocutaneous flap was 12 cm × 6 cm. The 
postoperative bronchoscopy showed good blood supply to 
the musculocutaneous flap, a smooth tracheal lumen, and 
a lack of swinging by the repaired tracheal walls during 
breathing (Figure 1E).

Discussion

Generally, the length of defects in the cervical trachea 
is less than 6 cm (1/2 the length of the cervical trachea), 
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Figure 1 A. Design of the pectoralis major muscle flap; B. Part of the de-epithelialized myocutaneous flap; C. Tracheal defect after tumor 
excision; D. Bronchoscopy showed multiple tumors involving tracheal rings; E. A bronchoscopy of the repaired trachea with the flap

Table 1 Preoperative and postoperative pulmonary function

No.
FVC (L) FEV1 (L) PEF (L/s) PIF (L/s)

Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative

1 3.32 3.28 2.30 2.29 2.82 5.93 1.91 2.19 

2 2.03 2.54 1.29 1.85 3.19 4.45 3.34 3.68 

3 2.15 2.46 1.81 2.25 4.45 5.56 2.27 2.92 

4 2.07 3.05 1.83 2.49 6.50 8.56 3.32 3.47 

5 3.06 3.18 2.66 2.81 7.20 7.28 2.78 2.86 
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and in these cases anastomosis of the defects is effective 
(5,6). The bronchial length of the anastomosis is related 
to factors such as the patient’s age, physical condition 
and local anatomical factors (7). Current methods of 
repairing bronchial defects consist of tracheal anastomosis, 
musculo periosteal flap repair, autologous repair by free 
tissue transplantation, metal-titanium network repair and 
artificial trachea transplantation (8). However, the clinical 
applicability of these approaches is limited (9). Thoracic 
tumors usually involve the trachea, and tracheal defects are 
a common complication of resection. While minor defects 
can be repaired by anastomosis, this method is useless for 
larger defects. Due to the depth of the thoracic trachea and 
its poor ability to stretch, the length at which re-suturing 
is effective is highly limited (1,10), while the repair of these 
defects is a significant problem.

Costantino et al. considered that the ideal tracheal 
subst i tut ion should  possess  the  fo l lowing seven 
characteristics: sufficient strength to withstand the 
compression of the cervical tissue and avoid collapse during 
breathing; good flexibility to withstand the neck without 
transposition or discomfort; air tight without any leaking; a 
lumen that is continuously covered in a ciliated epithelium, 
which plays a role in clearing the grume; good blood supply, 
infection-resistant, and easy-to-heal; applicable to long 
tracheal defects; good tissue compatibility (11). Tracheal 
defects caused by tumors are mostly confined to the parietal 
or parietal-anterior wall. The sectional repair of tracheal 
defects should also meet these requirements. The pedicle 
musculocutaneous flap satisfies the basic requirements of 
tracheal substitution outlined above (12,13). The shape 
of the musculocutaneous flap is flexible to some extent, 
enabling it to fit a variety of tracheal defects. The flap has a 
good blood supply and is strongly resistant to infection. In 
a short period of time, the edge of the trachea can combine 
with the dermis to form an air-tight structure. The air flue 
consisting of the cutaneous face of the flap can withstand 
the compression of the cervical tissue and remain open 
during breathing. Postoperative pulmonary function tests 
and bronchoscopy indicate that the ventilatory function is 
not adversely affected.

It is important to consider how to choose the flap 
between pectoralis major musculocutaneous flap and 
latissimus dorsi musculocutaneous flap (14-17). In this 
study, we chose the musculocutaneous flap based on the 
position of the tracheal defect. If the lesion lies in or near 
the anterior wall of the trachea, we adopt the pectoralis 
major musculocutaneous flap, while in other cases, we 

used the latissimus dorsi musculocutaneous flap. When the 
distance between the defects and the flap is short enough, 
it is not necessary to use a long pedicle musculocutaneous 
flap. When the lesion lies in or near the posterior wall 
of the trachea, we tend to choose the latissimus dorsi 
musculocutaneous flap. While the distance between the 
defects and the flap is long, a long pedicle musculocutaneous 
flap is required. These results demonstrated that using 
deepithelialized musculocutaneous flaps was a feasible way 
to repair tracheal defects. This study expands the potential 
applications of musculocutaneous flaps and provides a new 
choice for the repair of tracheal defects.

In conclusion, despite this being a small series and 
short follow-up, this thoracic tracheal reconstruction with 
portions of deepithelialized myocutaneous flaps shows 
encouraging preliminary results with low mortality and 
morbidity, and could be an alternative to other methods for 
the treatment of carefully selected patients with thoracic 
tracheal defects, although further study is warranted to 
verify the clinical benefits.
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