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ABSTRACT 

Objective: There are many risk factors for postoperative bronchopleural fistula (BPF), including extensive resection, 
diabetes, chronic infection, perioperative steroid therapy, preoperative chemotherapy, and radiotherapy, the risk of 
bronchopleural fistula increases with resection for inflammatory diseases, especially Mycobacterium tuberculosis 
(MTB). The aim of this study is to evaluate the efficacy and safety of using double pedicled intercostal muscle flaps 
with dual blood supply to buttress the bronchial stump after pneumonectomy for tuberculous lesions as a prophylactic 
new technique from post-pneumonectomy BPF. Methods: Between 2007 to 2011, 47 patients with pneumonectomy for 
post tuberculous lesions in the department of cardiothoracic surgery, Zagazig University Hospital were divided into two 
groups. Group A: 28 patients with single pedicled intercostal muscle flap used and applied on the bronchial stump after 
pneumonectomy. Group B: 19 patients with double pedicled intercostal muscle flaps used and applied on the bronchial 
stump. The mean age of the patients was 42.9 years (range 27 - 67 years) in Group A, 44.8 years (range 36 - 71 years) 
in Group B. Results: Bleeding in one patient in Group A (3.5%) and two patients in Group B (10.5%); empyema in two 
patients (7.1%) in Group A only one of them developed bronchopleural fistula; arrhythmias in one patients (3.5%) in 
Group A and one patient in Group B (5.2%); chylothorax in one patients (3.5%); Chronic chest pain in one patient in 
Group A (3.5%) and two patients in Group B (10.5%). The mean follow up period was 32.7 ± 12.9 months (range be-
tween 3 and 48 months). All patients remained symptom free with no evidence of late bronchopleural fistula in Group B. 
Conclusions: Double pedicled intercostal muscle flaps with dual blood supply buttressing the bronchial stump is new 
prophylactic technique from BPF after pneumonectomy for pulmonary tuberculous lesions in high risk patients. 
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1. Introduction 

Bronchopleural fistula after pneumonectomy remains a 
serious complication. There are many risk factors for 
bronchopleural fistula, which include extensive resection, 
diabetes, chronic infection, perioperative steroid therapy, 
preoperative chemotherapy, and radiotherapy [1-3]. Pul- 
monary resection for chronic infection remains a com- 
mon procedure in the Middle East [4]. Tuberculosis con- 
tinues to account for the majority of these cases [5]. The 
risk of BPF increase with resection for inflammatory 
diseases, especially Mycobacterium Tuberculosis (MTB) 
[6]. We have used double pedicled intercostal muscle 
flaps (DPICM), one with its blood supply from anterior 
intercostal vessels and the other with its blood supply from 
posterior intercostal vessels to buttress the bronchial stu- 
mps in patients undergoing post tuberculous pneumonec- 
tomy. In this prospective study, we evaluate this novel 
procedure with particular reference to the incidence of 
postoperative bronchopleural fistula. 

2. Patients and Methods 

2.1. Patients Characteristic 

The study was conducted between 2007 to 2011, De- 
partment of Cardiothoracic surgery, Zagazig University 
Hospital. 47 patients with pneumonectomy for post tu-
berculous lesions were divided into two groups. Group A: 
28 patients with single pedicled intercostal muscle flap 
used and applied on the bronchial stump after pneu-
monectomy with its posterior intercostal blood supply. 
Group B: 19 patients with double pedicled intercostal mu- 
scle flaps used and applied on the bronchial stump after 
pneumonectomy with dual blood supply one with ante- 
rior intercostal blood supply and the other with posterior 
intercostal blood supply. Patients with previous BPF af- 
ter pneumonectomy were excluded. The mean age of the 
patients was 42.9 years (range 27 - 67 years) in Group A, 
44.8 years (range 36 - 71 years) in Group B, The charac-
teristics and risk factors of the two groups are shown in 
Table 1. The follow-up periods ranged from 3 to 48 
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months after surgery. 

2.2. Pre-Operative Assessment 

Standard chest radiographs (CXR), pulmonary function 
tests (PFT’s), blood gas analysis and computerized axial 
tomography (CT scan) were used in all to determine the 
extent of disease, and the ability of the patients to with- 
stand the surgery. 

2.3. Surgical Technique 

The intercostal muscle (ICM) flap is easily harvested. 
The flap must be harvested before placing a rib spreader. 
The intercostal muscle and neurovascular pedicle are 
separated from the inferior aspect of corresponding rib 
using a periosteal elevator. The ICM is then freed from 
the underside of the superior rib taking great care to pre- 
serve the intercostal neurovascular bundle, the elevator is 
preferred over cautery to avoid thermal injury to the 
pedicle but we used both of them. 

The intercostal muscle flap was harvested in the fifth 
intercostal space in cases of single muscle flap which was 
cut at its anterior edge with posterior intercostal blood sup- 
ply, however when we used double intercostal muscles 
we harvest the muscles in the fifth and fourth space and 
the 5th rib was resected Figure 1, the upper intercostal 
muscle was cut at its anterior end and the lower intercos- 
tal muscle was cut at its posterior end. We wrap the flap 
in moist, warm gauze. We performed this procedure using 
cautery and periosteal elevator. All bronchial stump clo- 
sure was performed with interupted sutures 3 zero vicryl 
and tested for air leak. The single pedicle intercostal mu- 
scle flap was attached over the two edges of bronchial 
stump while in double pedicle intercostal muscle flap each 
muscle attached to one edge of the bronchial Stump Fig- 
ure 2. Following pneumonectomy, Assessment of mus- 
cle flap viability may be performed at this point; care 
should be taken to avoid torsion of the flap. 

2.4. Statistical Analysis  

Results were analyzed using SPSS version 15.0 (Statisti-
cal Package for Social Science, SPSS Inc., Chicago, IL, 
USA). Continuous variables, such as age were expressed 
as the mean ± S.D. and compared by unpaired t-test. 
Categorical variables were expressed by number (n) and 
frequencies (%). The χ2-test was used to compare the 
proportions. A P value of <0.05 was considered statistic-
cally significant. 

3. Results 

Complications were; bleeding in one patient in Group A 
(3.5%) and two patients in Group B (10.5%); empyema 

Table 1. Patient’s characteristics.	

 Group A  
(n 28)�

Group B 
(n 19)�

P Value�

Age 42.9 (± 11.2)� 44.8 (± 9.8)  
Sex    
Male 15 (53.5%) 11 (57.8%) 0.76 
Female 13 (46.4%) 8 (42.1%)  
Lesions    

TB Bronchiectasis 5 (17.8%) 3 (15.7%) 0.83 

Post TB Aspergilloma 8 (28.5%) 5 (26.3%) 0.86 

TB Destroyed Lung 6 (21.4%) 8 (42.1%) 0.12 

TB Cavity 9 (32.1%) 3 (15.7%) 0.31 

Active TB( Drug Resistance) 2 (7.1%) 2 (10.5%) 0.9 
Pneumonectomy    
Right 18 (64.2%) 11 (57.8%) 0.65 
Left 10 (35.7%) 8 (42.1%)  
Diabetes Mellitus � 5 (17.8%) 4 (21.0%) 0.91�

Steroid Therapy� 8 (28.5%) 4 (21.0%) 0.81�
Renal Dysfunction� 1 (3.5%) 0 0.84�
Liver Dysfunction� 1 (3.5%)� 1 (5.2%) 0.64�

 

 

Figure 1. Shows pedicled intercostals muscle flap: No. 1 is 
the intercostals muscle harvested and cut at its posterior 
end; No. 2 is the intercostals muscle harvested and cut at its 
anterior end. 
 

 

Figure 2. Shows intercostals muscle flaps: No. 1 and No. 2 im-
planted and sutured at both edges of bronchial stump No. 3. 
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in two patients (7.1%) in Group A only one of them devel- 
oped bronchopleural fistula; arrhythmias in one patient 
(3.5%) in Group A and one patient in Group B (5.2%); 
chylothorax in one patient (3.5%) in Group A; while 
Chronic chest pain in one patient in Group A (3.5%) and 
two patients in Group B (10.5%) and bronchopleural fistula 
(BPF) in one patient in Group A (3.5%), which devel-
oped three weeks after surgery and managed by exclu-
sion of the bronchopleural fistula by bronchial stent ap-
plied between the trachea and left main bronchus, no 
(BPF) in Group B (Table 2). The postsurgical complica- 
tions did not differ significantly between the two groups. 
The risk factors in patient with bronchopleural fistula were 
diabetes mellitus and drug resistance (active TB). The 
mean follow up period was 32.7 ± 12.9 months (range 
between 3 and 48 months). All patients remained symp- 
toms free with no evidence of late bronchopleural fistula in 
Group B. 

4. Discussion 

The incidence of bronchopleural fistula after pulmonary 
resection is 1.2% - 4.4% [1,3,7-9]. Pulmonary resection 
for chronic infection remains a common procedure in the 
Middle East [4] and Tuberculosis continues to account 
for the majority of these cases [5]. Pneumonectomy for 
inflammatory lung disease has been considered a high- 
risk procedure and several authors have concluded that the 
procedure should be avoided whenever possible [10]. The 
effective use of an intercostal muscle flap to close bron- 
chopleural fistula after pneumonectomy with pedicled 
intercostals muscle flaps has been reported [11]. We 
thought to introduce a new technique as a prophylactic 
method to decrease the incidence of bronchopleural fis-
tula after pneumonectomy in tuberculous patients by 
adding two pedicled intercostal muscle flaps on the 
bronchial stump with dual blood supply instead of using 
one pedicled intercostal muscle flap with single blood 
supply and follow up of our patients to detect the possi-
ble complications especially post-operative bron-
chopleural fistula. Operative mortality of pneumonec-
tomy for inflammatory lung disease is relatively low (0% 
- 2.4%) [4-12] in our study, there was no surgical mortal-
ity. No complications during harvesting the intercostal 
muscle flaps. Surgical treatment was indicated for cases 
with drug resistance (active TB), four patients in both 
groups (8.5%) were encountered with resistant or to 
symptomatic patients with destroyed lungs. Other indica-
tions for surgery included hemoptysis, aspergilloma and 
TB bronchiectasis. The pre-operative assessment of those 
patients should also confirm a healthy contra lateral lung 
with satisfactory function. We have closed all our bron-
chial stumps using interrupted vicryl sutures and covered 
with two pedicled intercostal muscle flaps in Group B 
and single pedicled muscle flap in Group A. we recog- 

Table 2. Postoperative complications. 

 Group A (n 28) Group B (n 19)� P Value�

Bronchopleural Fistula� 1 (3.5%)� 0� 0.84�

Empyema� 2 (7.1%)� 0� 0.64�

Chylothorax� 1 (3.5%)� 0� 0.84�

Chronic Chest Pain� 1 (3.5%)� 2 (10.5%)� 0.72�

Arrhythmia� 1 (3.5%)� 1 (5.2%)� 0.64�

Bleeding� 1 (3.5%)� 2 (10.5%)� 0.72�

 
nized one case of bronchopleural fistula in Group A 
(3.5%) while no bronchopleural fistula in Group B, so we 
believe that if we used two pedicled intercostal muscle 
flaps with dual blood supply from anterior and posterior 
intercostal vessels as a prophylactic technique from pos- 
toperative BPF should be considered in all cases with 
post tuberculous pneumonectomy, specially when pa- 
tients with MTB associated with other risk factors like 
renal failure, steroid therapy or diabetes mellitus. In our 
series we harvest the intercostal muscle by using blunt 
dissection and cautery and we found postoperative bleed- 
ing in one case in Group A and two cases in Group B 
which was statistically insignificant and treated by blood 
transfusion. There are few reports on the relationship be- 
tween blood loss during surgery and chest-tube volume 
after surgery involving harvesting the intercostal muscle 
flap which considered a disadvantage of the procedure 
[13], but we found no increase in chest-tube volume as-
sociated with harvesting of single or double intercostal 
muscle flaps, probably because we don’t used sharp dis-
section and harvesting was performed by blunt dissection 
and meticulous cautery, and the cases needed blood trans- 
fusion during surgery were the cases of aspergilloma 
which already associated with dense adhesion, as previous 
reports mentioned in cases of aspergilloma every effort 
should be made toward meticulous hemostasis, to avoid 
extrapleural approach and usually electrocautery for ad- 
hesion lysis is used to reduce incidence of bleeding [14]. 
Follow up of all patients after surgery in outpatient clinic 
for BPF was done, there is no BPF in Group B. 

5. Conclusion 

We conclude that double pedicled intercostal muscles 
flaps with dual blood supply buttressing the bronchial 
stump is a protective technique from bronchopleural fis-
tula after pneumonectomy for pulmonary tuberculous 
lesions especially in cases with high risk factors. 
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