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Introduction

Endobronchial tuberculosis (EBTB) is an inflammatory 
disease caused by the invasion of Mycobacterium tuberculosis 
in bronchial mucosa or submucosa (1,2), which is more 
common in young people and female than in male (3-7), 
and in the left than in the right main bronchus (5,6). The 
bad compliances with anti-TB chemotherapy as well as the 
increased drug resistance (8-10) may lead to the bronchial 
stenosis or even occlusion formed by a long-term repeated 
unhealed scar, which may cause partial or whole lung 
atelectasis (4,11), and even destroy the lung in the end (12).  
Therefore, most of these patients need to be treated by 

surgery. Currently, patients with the whole lung atelectasis 
tend to undergo pneumonectomy (12,13); however, it may 
result in a large number of complications and poor quality 
of life (14).

Recently, we treated 8 young cases of the whole lung 
atelectasis caused by EBTB in main bronchus, who had 
accepted long-term anti-tuberculosis treatment but failed. 
Eventually, they were successfully cured by bronchoplasty 
instead of pneumonectomy. The purpose of this study is to 
report our experience in the surgical management of the 
disease and to discuss the clinical features, postoperative 
complications, and prognosis.
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Methods 

Clinical information 

We retrospectively reviewed clinical materials of 8 patients 
with whole lung atelectasis caused by EBTB, who were 
diagnosed as the whole lung atelectasis and cured by 
surgery between Jun. 2006 to Dec. 2009. The associated 
pathology results showed a characteristic of granulomatous 
inflammation (Figure 1). The mean age of 2 male patients 
and 6 female patients was 24 years, and mean disease 
duration was 17 months. For the patients in this study, the 
early symptoms of the disease were cough and hemoptysis, 
and the late main symptoms were gasp and chest tightness. 

Pre-operative sputum smear and culture of M. tuberculosis 
showed negative results. The chest CT and bronchial three-
dimensional reconstruction showed stenosis and occlusion 
in the main bronchus, the whole lung atelectasis and a shift 
of mediastinum to the affected side (Figure 2A,B). Of these 
8 patients, 6 were in the left main bronchus, 2 in the right. 
Pre-operative fiberoptic bronchoscopy, by which 5 patients 
were pathologically diagnosed, revealed the narrow and 
occlusion of the proximal main bronchus and that the distal 
end was not seen. Additionally, 6 patients admitted with a 
long-term (>12 months) history of pulmonary tuberculosis.

The patients were intubated with a double-lumen 
endotracheal tube, turned to the contralateral decubitus 
position and underwent a standard posterolateral 
thoracotomy. Through intraoperative exploration, the left 
whole lungs of 3 cases were good, which can’t be resected, 
so bronchoplasty was performed in the left main bronchus. 
Because of tuberculosis lesion in the left upper lobe, 3 
cases were admitted for sleeve resection of left upper lobe 
and reanastomosis of the left lower lobe to the left main 
bronchus, and due to fibrosis and consolidation in the right 
middle and upper lobes, 2 cases underwent sleeve lobectomy 
of right upper and middle lobes with anastomosis between 
the right lower lobe bronchus and the main bronchus. The 
bronchial anastomosis was then wrapped with a pedicle 
of pericardium. Flexibility and expansion of the remained 
lung were found to be good and there was no anastomotic 
leakage during the surgery. Then we closed the chest 
conventionally. At the end of surgery, the double-lumen 

Figure 1 The associated micrograph of the endobronchial tuberculosis 
pathology results showed a characteristic of granulomatous 
inflammation (H&E staining, original magnification, 100×).

Figure 2 The results of pre-operative examinations. (A) Chest CT image showing the left whole lung atelectasis (arrow) and a shift of 
mediastinum to the affected side, (B) bronchial three-dimensional reconstruction showing stenosis of the left main bronchus (arrow), and 
normal carinal structure was disappeared. LBT, left bronchus tunnel; RBT, right bronchus tunnel.
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tube was replaced by a single-lumen endotracheal tube, and 
the patient received short-term mechanical ventilation with 
positive end-expiratory pressure (PEEP). On the first day 
after surgery, weaning from ventilator and extubation were 
planned. They were advised to have follow-up examinations 
after discharge at regular intervals.

Results

All patients had successful surgeries, and the mean inpatient 
stay was 14.3 days after the surgery. The pathological 
diagnoses of them were EBTB in main bronchus. They 
were re-examined on the 14th postoperative day by the 
chest CT and bronchial three-dimensional reconstruction 
image as well as bronchoscopy, which were all showing good 
patency of the bronchial anastomosis and good expansion 
of the remaining lung (Figure 3). Until the patients were 
discharged from hospital, they have not complained about 
chest tightness, fever, irritating cough, and sputum, and 
there was no bronchopleural fistula and lung atelectasis. 
Only 1 case had hoarseness, which occurred on the third 
day after surgery, and he was recovered after 2 months. 
And 2 cases had a small residual cavity in the right upper 
chest, which had not been larger within 11 months of 
follow-up. After surgery, these patients received anti-TB 
regimen (2 HRZSE/4 to 6 HRE) lasting for 6–12 months 
(sometimes, the consolidation period may be extended to 
10 months), a standard medication plan for the patients 
treated with anti-tuberculosis therapy before, which is in 
favor of consolidating the surgical effects and preventing 

recurrence of EBTB. They were followed up for 11 to  
48 months, respectively, and no recurrence was observed.

Discussion

Early  imaging tes ts  of  EBTB,  such as  the  chest 
radiography and the chest CT, maybe normal. However, 
in the later period, obstructive pneumonia, whole lung 
atelectasis and a shift of mediastinum to the affected side 
can be clearly seen in the images. For the identification 
of the location of lesion in main bronchus, pre-operative 
examination with the chest CT and bronchial three-
dimensional reconstruction is  necessary.  And the 
bronchoscopy could not only show the endobronchial 
changes but also increase the positive rate of preoperative 
diagnosis by bronchoscopic biopsy, which can help to rule 
out malignancy and other inflammation and be unmatched 
by any other imaging examination (2,7,15,16). 

Indications for operation

According to the characteristics of the patients in the study 
group, the indications for bronchoplasty are summarized 
as follows: (I) all the patients in this study suffered one or 
more symptoms, including cough, hemoptysis, gasp and 
chest tightness, which could not been well relieved through 
drug therapies; (II) bronchial stenosis, which is more than 
2/3 of diameter, and even occlusion of the main bronchus 
as well as the failure of a long-term medical treatment, 
including dilatation or bronchial stenting; (III) tissue 
from the bilateral area of bronchial anastomosis must be 
healthy, which at least remains ≥0.5 cm distance from either 
side of the distal and proximal bronchus for anastomosis; 
(IV) at least the remaining one or more lobes of the total 
atelectasis lung should have good elasticity and no lesions; 
(V) TB is inactive or well controlled, and pre-operative 
anti-TB treatment has at least lasted for 3–6 months; (VI) 
patients are in good general condition, who can tolerate a 
lobectomy. 

Experiences with the critical technique of operation

The difficulty and key points of the surgery vary depended 
on the locations of the EBTB in main bronchus, length of 
lesions, and situations of remaining lung of delivery. Our 
experiences are as follows: (I) the resectable range of lesions—
we suggest that the stenosis lesion should be resected as 
completely as possible, and the surgical margin should 

Figure 3 The postoperative CT image showing good patency of 
the bronchial anastomosis (arrows), and the left lung collapse was 
successfully re-expanded (triangles).
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be greater than 0.5 cm to avoid recurrence (Figure 4A).  
Besides, in order to get a negative margin result, 
intraoperative rapid pathological diagnosis was used. (II) 
The protection of bronchial blood supply—besides the 
requisite of completely resection, we should minimize 
the dissection of normal bronchial tissue surrounding 
bronchial anastomotic sites. And the appropriate dividing 
distance from the lesion is about 1 cm, which can remain 
surrounding blood supply as much as possible, help 
anastomosis to heal, and further prevent the occurrence of 
anastomotic leakage. (III) Avoiding injury to the recurrent 
laryngeal nerve—when we divided the proximal of left main 
bronchus, we should not do so far that directly causes injury 
to one side of the recurrent laryngeal nerve. Otherwise, 
patients may complain of irreversible hoarseness, coughing 
with weakness, which is harmful for expectoration and the 
expansion of the remaining lung and affect the prognosis. 
(IV) The treatment of the bronchial lumen—since there 
are often lots of secretion in distal bronchial lumen, after 
incision of the bronchus we should suck it out as soon as 
possible and then disinfect both ends of the lumen with 1% 

diluted povidone-iodine. In addition, double-lumen tube 
should be used to prevent intrusion of blood and secretion 
into the contralateral lung, which may threaten life (or 
which have death risk). (V) Anastomosis of the left main 
bronchus—since the right main bronchus is always exposed 
well, we could continuously suture with an absorbable line 
(3-0 Prolene suture). In comparison with that, the left main 
bronchus is often exposed poorly and is considered to be 
performed as the following steps: first, we anastomosed 
inner half of these two bronchi with one suture and 
tightened lines to involute the inner part (Figure 4B) and 
then anastomose the other half part of lateral bronchi  
(Figure 4C,D). In the end, the two ends of lines should be 
tightened and tied, respectively (Figure 4E). All the patients 
were anastomosed well at one time without leakage in the 
water during the surgery.

Complications and treatment

The early postoperative complications include atelectasis, 
pneumonia, respiratory failure and bronchopleural fistula. 

Figure 4 Intra-operative photographs. (A) After the lesion was removed, the proximal end (arrow) and the distal end of the left main 
bronchus (triangle) were clearly seen; (B) first, medial side of these two ends were anastomosed, (C) and the line was tightened; (D) then the 
lateral part was sutured continuously; (E) finally, two ends of the suture were tightened simultaneous and tied.
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Sometimes these complications may have some relevance 
to each other and may appear in sequence. For instance, 
atelectasis may cause pneumonia, which finally leads to 
respiratory failure, and as a result, pulmonary infection is 
exacerbated. Furthermore, the infection of thoracic cavity 
is one of the high-risk factors of bronchopleural fistula. 
To avoid the early atelectasis, patients in the study group 
were ventilated mechanically with PEEP for an average of 
22 hours, which can prevent the re-expanded alveoli from 
collapsing and reduce work of breathing. So, it benefits the 
renewal of postoperative pulmonary ventilation function. 
Additionally, we also use aerosol inhalation for dilution 
of sputum and relief of bronchial spasm, and susceptive 
antibiotics, postoperatively. If necessary, aspiration of 
sputum by fiberoptic bronchoscopy could be carried out. 
It is important to enhance the nursing work for helping to 
spit, such as forcefully slapping on the patients’ back and 
encouraging them to cough. Bronchopleural fistula always 
occurs within 7 days after bronchoplasty, especially in 
the patients with EBTB (17). In conclusion, besides good 
surgical techniques, early good expansion of the remaining 
lung and free drainage of pleural effusion and air in the 
chest cavity after surgery altogether contribute for the 
prevention of anastomotic leakage.

The late common complicat ions are bronchial 
anastomotic stenosis and EBTB recurrence. The former 
is closely due to poor surgical techniques of anastomosis 
such as an obviously uniform diameter of both bronchial 
ends and high density of sutures. Additionally, anastomotic 
inflammation, which may be caused by the stitches 
and others stimuli, may lead to benign hyperplasia of 
granulation or scar, which is easy to be ignored. According 
to some reports, bronchoscopy can be considered to remove 
the granuloma and suture (18,19), and treat anastomotic 
stenosis with balloon dilatation or stent (20,21). However, 
all of these methods are not so effective. The latter is related 
to non-completely resection of lesions and postoperative 
irregular use of anti-TB drugs. The two late complications 
did not occur during the follow-up of our patients, and 
we believe that the critical beneficial factors are the 
improvement of surgical techniques and suture materials 
and the postoperative standard anti-TB treatment.

However, one patient in our group had hoarseness on 
the second postoperative day which lasted for 2 months. 
We presume that the recurrent laryngeal nerve might be 
oppressed by inflammatory edema or scar after surgery, and 
in that case, it might eventually recover. Otherwise, if there 
was a direct intraoperative injury to recurrent laryngeal 

nerve, such hoarseness would be not reversible (22).

Prognosis

Some patients suffering from the whole lung atelectasis 
caused by EBTB in main bronchus can be treated with 
bronchoplasty, by which the lesions are not only completely 
removed but also patients can avoid pneumonectomy. 
Compared with pneumonectomy, it may improve patients’ 
clinical symptoms and quality of life. Until now, no 
recurrence of these patients has been detected and the 
prognosis is good.

Conclusions

In summary, bronchoplasty is an effective treatment for 
atelectasis of the whole lung caused by EBTB in the main 
bronchus. It may improve patients’ clinical symptoms and 
quality of life. The favorable Prognosis is to be expected.
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