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Surgical treatment for pulmonary tuberculosis: is video-assisted 
thoracic surgery “better” than thoracotomy?
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Objective: To compare video-assisted thoracoscopic surgery (VATS) lobectomy and conventional open 
lobectomy in patients with pulmonary tuberculosis (TB) who require surgery.
Methods: Forty patients with pulmonary TB who required lobectomy were randomized to receive either 
VATS or open lobectomy. Patient demographic, pulmonary function, operative, and postoperative data were 
compared between the groups. 
Results: There were 20 patients who received VATS lobectomy (median age 31.5 years, range 19-67 years) 
and 20 that received open lobectomy (median age 33.5 years, range 16-60 years). The two groups were 
similar with respect to gender, age and pulmonary function (all, P>0.05). Lobectomy was completed by VATS 
in 19 of 20 patients (95%), and by thoracoscope-assisted mini-incision lobectomy in 1 patient. The median 
intraoperative blood loss was 345 mL (range, 100-800 mL), and the median duration of pleural cavity closed 
drainage was 5 days (range, 3-7 days). All open lobectomies were completed successfully, and the median 
intraoperative blood loss was 445 mL (range, 150-950 mL) and the median duration of pleural cavity closed 
drainage was 5 days (range, 3-9 days). No statistically significant differences were found between the groups 
with respect to operation completion rates, type of lung resection, intraoperative blood loss, closed pleural 
drainage duration and volume of postoperative chest drainage. The operation time, number of postoperative 
complications, postoperative pain index at 24 hours after surgery and postoperative hospital stay were all 
significantly less in the VATS group. With a median follow-up duration of 14 months (range, 8-18 months) 
no positive sputum examination results were found in either group. 
Conclusions: VATS lobectomy is an effective and minimally invasive method for treating patients with 
pulmonary TB.
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Introduction

Currently, the treatment of pulmonary tuberculosis (TB) 
is medical in the majority of cases; however, the disease 
has been treated operatively for more than 70 years and 
many surgical procedures have been developed for the 
treatment of pulmonary TB (1-6). Indications for surgery in 
patients with pulmonary TB have changed markedly with 
the development of anti-TB drugs and advances in surgical 
techniques (1-6). Though medical therapy is successful in 
most cases, approximately 5% of patients with pulmonary 
TB require surgery (1,4,7).

Video-assisted thoracoscopic surgery (VATS) was first 
reported in 1992, and since its introduction it has greatly 
improved surgical outcomes for many thoracic diseases 
and has become the preferred thoracic surgical approach in 
developed countries. VATS lobectomy has now become a 
major surgical treatment for lung cancer patients and is an 
effective method for treating early lung cancer, with more 
than 80% of lobectomies being performed with VATS (8-12).  
The procedure was introduced in China in 2006, and is now 
widely used for treating thoracic diseases.

Tuberculous lesions in the lung that require surgical 
treatment are in many cases associated with pleural and 
vascular adhesions, and treatment has traditionally been 
with open thoracotomy (1,4). With advances in medical 
technology and accumulated experience with VATS, studies 
have reported that VATS can be safe and effective for the 
management of pulmonary TB that requires surgery (13-16).

The purpose of this study was to compare the results 
of VATS lobectomy and conventional open lobectomy in 
patients with pulmonary TB who require surgery.

Patients and methods

Patients

The patients with pulmonary TB were included or not 
which were decided independently for surgical indications 
and inclusion and exclusion criteria. Forty patients with 
pulmonary TB who required lobectomy and were treated 
at Beijing Chest Hospital between 2008 and 2011 were 
included in the present study. The patients were randomized 
divided into two groups: VATS group who received VATS 
lobectomy and conventional open lobectomy group by 
random number table method. The study was approved 
by the local ethics committee, and all enrolled patients 
provided written informed consent. 

Surgical indications

Indication for the surgery in patients with pulmonary 
TB: (I) tuberculosis empty: TB empty has not been 
cured or continuous or intermittent positive sputum after 
initial medical treatment or retreatment specification 
more than a year. Especially, the patients with drug-
resistant Mycobacterium TB should be the preferred 
surgical treatment; (II) tuberculoma: the small amount of 
hemoptysis or recurrent hemoptysis, or invalid medication; 
(III) lung damage; (IV) tuberculous bronchial stenosis or 
bronchiectasis: repeated emoptysis, repeated infection, 
sputum positive or pulmonary atelectasis; (V) repeated 
or prolonged hemoptysis in the patients with pulmonary 
TB, invalid medication, potentially life-threatening;  
(VI) persistent, recurrent and limited leaf of the chronic 
fiber caseous TB.

Inclusion and exclusion criteria

Patients were included in the present study if they met the 
following criteria: (I) lesions confined to only one lobe; (II) 
tuberculoma or tuberculous cavity diameter either <4 cm  
or complicated by bronchiectasis; (III) bronchoscopic 
examination revealed endobronchial TB without pleural 
effusion or pleural thickening; (IV) cardiopulmonary 
function adequate for surgery; (V) preoperative evaluation 
revealed no severe pleural adhesions or close adhesions 
between the pulmonary artery, and no calcified or enlarged 
lymph nodes by chest computed tomography. Exclusion 
criteria were: (I) history of pleural disease, bronchopleural 
fistula, whole lung affected by TB, endobronchial TB 
with pleural effusion or pleural thickening, or prior 
thoracic surgery; (II) 2 or more lobes affected by TB; (III) 
preoperative evaluation revealed severe pleural or close 
adhesions between the pulmonary artery and/or calcified or 
enlarged lymph nodes by chest computed tomography.

Surgical procedure

Patients were placed in the full lateral decubitus position, 
general anesthesia was induced, and double-lumen 
endotracheal intubation with contralateral single lung 
ventilation was performed. For VATS lobectomy, three 
incisions were made. The observation port was placed at the 
junction of the midaxillary line and the seventh or eighth 
intercostal space. The second incision was made at the 
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lower angle of the scapula in either the seventh, eighth, or 
ninth intercostal space. A third incision of 3-4 cm in length 
for the main port was made at the junction of the anterior 
axillary line and either the fourth, fifth, or sixth intercostal 
space. The location, extent, and the relationship of the 
lesion with adjacent tissues were carefully examined after 
thoracoscope insertion to determine whether the operation 
could be performed by VATS. The process of dividing the 
pulmonary vessels is shown in Figure 1A,B. In the majority 
of patients the pulmonary artery was first ligated, and then 
the pulmonary vein and lobar bronchus were ligated. In the 
patients with adhesions between the pulmonary artery and 
adjacent lymph nodes, the pulmonary vein was ligated first 
followed by ligation of the lobar bronchus and pulmonary 
artery. For patients with close adhesions between the 
pulmonary artery and adjacent lymph nodes, the main port 
incision was extended to 5-6 cm and a thoracoscope-assisted 
mini-incision pulmonary lobectomy was performed. 

The process of dividing the bronchus is shown in 

Figure 1C. The lymphatic and fibrous tissues nearest to the 
bronchus were removed first, and the bronchus was ligated 
at the bronchial opening to avoid a long bronchial stump. 
For patients with either pulmonary fissure agenesis or 
adhesions between lymph nodes and the pulmonary artery, 
the pulmonary vein was divided first, followed by lobar 
bronchus and pulmonary artery division (Figure 1D). The 
specimen was put into an endobag, and then retrieved from 
the main port. After assuring hemostasis, the wounds were 
closed in a standard manner.

Conventional open lobectomy was performed in all 
patients using standard surgical technique. 

Outcome measures

Patient demographic data, pulmonary function, type of lung 
resection, surgery completion rate, intraoperative blood 
loss, operation time, complications, 24 hours postoperative 
visual analogue scale (VAS) pain score, duration of pleural 

Figure 1 Important steps of VATS lobectomy. (A) Division and resection of the right superior pulmonary artery; (B) division and resection 
of the anterior branch of the right superior pulmonary vein; (C) division and resection of the right superior lobar bronchus by VATS 
lobectomy; (D) resection and anastomosis of the interlobar fissure using a cutting stapler. VATS, video-assisted thoracoscopic surgery.
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Table 1 Comparison of preoperative data

Variable VATS (n=20)
Thoracotomy 

(n=20)
P value

Age, years 31.5 [19-67] 33.5 [16-60] 0.559

Gender

Male 8 (40%) 9 (45%)

Female 12 (60%) 11 (55%)

Pulmonary function

FVC (L) 3.0 (2.4-4.5) 3.1 (2.6-4.7) 0.563

FEV1 (L) 2.1 (1.6-3.5) 2.2 (1.5-3.3) 0.597

FEV1/FVC% 69.7 (53.3-93.1) 71.1 (56.1-93.4) 0.510

FVC, forced vital capacity; FEV1, forced expiratory volume in 

one second.

Table 2 Comparison of operative and postoperative data

Variable VATS (n=20) Thoracotomy (n=20) P value

Completed cases 20 20

Type of lung resection

Right side 10 (50%) 9 (45%)

Left side 10 (50%) 11 (55%)

Upper lobe 16 (80%) 15 (75%)

Lower lobe 4 (20%) 5 (25%)

Intraoperative blood loss (mL) 345.0 [100-800] 445.0 [150-950] 0.522

Operation time (min) 59.23 (48.15-84.33) 78.33 (63.27-107.86) 0.006

Postoperative complications 0 5 0.024

Duration of pleural cavity drainage (days) 5.0 [3-7] 5.0 [3-9] 0.070

24 hours postoperative VAS pain score 2.0 [0-4] 6.0 [4-9] 0.049

Volume of postoperative chest drainage (mL) 915.0 [200-1,400] 1220.0 [400-1,500] 0.256

Postoperative hospital stay (days) 8.0 [6-10] 12.0 [8-22] 0.013

VATS, video-assisted thoracoscopic surgery; VAS, visual analogue scale.

cavity drainage, the volume of postoperative chest drainage, 
postoperative hospital stay and the negative sputum 
conversion rate were compared between the two groups. 

Statistical analysis

The data are presented as frequency and percentage for 
categoric variables and as median and range for continuous 
variables. The Wilcoxon rank test were used to compare 
continuous variables and the χ2 or Fisher exact tests were 
used for categorical variables and a P value less than 0.05 
was considered to be significant. All statistical analysis 
was performed using the SPSS 13.0 software package  

(SPSS Inc., Chicago, IL, USA). 

Results

There were 20 patients who received VATS lobectomy 
and 20 that received conventional open lobectomy, and the 
two groups were similar with respect to gender, age and 
pulmonary function (all, P>0.05, Table 1). Operative and 
postoperative data of the TWO groups is shown in Table 2. 

In the VATS group there were 8 males and 12 females 
with a median age of 31.5 years (range, 19-67 years). 
There were 11 patients with tuberculoma, 2 patients 
with TB complicated by aspergilloma, 2 patients with 
TB complicated by bronchiectasis, and 5 patients with 
tuberculous cavities. Sixteen patients received preoperative 
anti-TB treatment for more than 6 months, while  
4 patients did not receive anti-TB treatment. Eight patients 
had a right upper lobectomy, 2 patients had a right lower 
lobectomy, 8 patients had a left upper lobectomy, and  
2 patients had a left lower lobectomy.

In the conventional open lobectomy group there were 
9 males and 11 females, with a median age of 33.5 years  
(range,  16-60 years) .  There were 9 patients with 
tuberculoma, 4 with TB complicated by aspergilloma, 
1 with TB complicated by bronchiectasis, and 6 with 
tuberculous cavities. Sixteen patients received preoperative 
anti-TB treatment for more than 6 months, and 4 did 
not receive anti-TB treatment. Six patients had a right 
upper lobectomy, 3 patients had a right lower lobectomy,  
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9 patients had a left upper lobectomy, and 2 patients had a 
left lower lobectomy. 

Lobectomy was completed by VATS in 19 of the  
20 patients in the thoracoscopic surgery group (95%), 
and by thoracoscope-assisted mini-incision lobectomy in  
1 patient due to close adhesions between the pulmonary 
artery and calcified lymph nodes. The median intraoperative 
blood loss was 345 mL (range, 100-800 mL), and the 
median duration of pleural cavity closed drainage was 5 days 
(range, 3-7 days). Postoperative, no TB was identified in 
patients with positive sputum smears prior to the operation. 
There were no complications such as postoperative 
bronchopleural fistula, empyema, or atelectasis, no 
perioperative deaths, and all patients recovered well. 

All open lobectomies were completed successfully, 
and the median intraoperative blood loss was 445 mL 
(range, 150-950 mL) and the median duration of pleural 
cavity closed drainage was 5 days (range, 3-9 days).  
Postoperatively, no TB was identified in patients with 
positive sputum smears prior to the operation. No 
complications such as postoperative bronchopleural 
fistula, empyema, or atelectasis occurred, there were no 
perioperative deaths, and all patients recovered well. One 
patient experienced incisional fatty necrosis which resolved 
with routine wound care. Two patients developed atelectasis 
which resolved with bronchoscopic suctioning. Two patients 
developed arrhythmias which resolved with treatment. 

No statistically significant differences were found between 
the two groups with respect to operation completion rates, 
pulmonary function, intraoperative blood loss, duration of 
pleural cavity drainage, the volume of postoperative chest 
drainage (Tables 1,2), and the negative sputum conversion 
rate (Table 3). However, the operation time, number of 
postoperative complications, postoperative pain index at  
24 hours after surgery and postoperative hospital stay were 
all significantly less in the VATS group (Table 2).

The median follow-up duration was 14 months 
(range, 8-18 months), and during follow-up there were 

no positive sputum examination results in either group. 
No severe complications such as secondary hemothorax, 
bronchopleural fistula, empyema, respiratory failure, or 
disseminated TB were noted. 

Discussion

The results of this study indicate that VATS lobectomy 
can be used for treating patients with pulmonary TB who 
require surgery, and has advantages over open lobectomy 
including smaller incisions, fewer complications, shorter 
operation time, less postoperative pain and shorter 
postoperative hospital stay. Furthermore, postoperative no 
TB was identified in patients with positive sputum smears 
prior to the operation in either group. 

Pulmonary  TB i s  a  chronic  d i sease  caused by 
Mycobacterium TB, and the main pathological characteristics 
include exudation, caseous necrosis, and proliferation, all of 
which can be found in a single lesion (1). Exudation is very 
common in pulmonary TB, and pleural adhesions will occur 
when the pleura is involved in the inflammatory responses (1).  
These issues make it very difficult to treat pulmonary TB 
operatively because of the difficulty in dividing the adhered 
tissues. Conventional open lobectomy can be used to treat 
pulmonary TB; however, it involves large incisions (Figure 2A)  
though multiple muscles resulting in significant pain and 
morbidity. In contrast, VATS lobectomy only requires 
several small incisions (Figure 2B), it does not involve 
the latissimus dorsi, costoscapularis, ectopectoralis, or 
entopectoralis muscles, and the scapulae and ribs remain 
intact. VATS lobectomy is a relatively simple procedure that 
requires less time, and is associated with less surgical trauma 
than conventional thoracotomy. 

VATS has become a widely used and effective method 
for treating thoracic disease (8-11,17). However, lobectomy 
performed by video-assisted mini-thoracotomy (VAMT) is 
the most commonly used method for treating pulmonary 
TB. VATS reduces the invasiveness of surgery still further 
and can be an effective method in challenging patient 
groups such as the elderly, debilitated, and those with 
poorly functioning cardiopulmonary systems. While a 
small incision is needed for VATS specimen retrieval, the 
incision is much smaller than that used in conventional 
thoracotomy and is thus associated with less pain, morbidity 
and postoperative hospital stay (17).

Studies have indicated that VATS can be effective for 
patients with pulmonary TB that require surgical treatment. 
Laisaar et al. (13) reported the results of 43 patients that 

Table 3 Negative sputum conversion in VATS and thoracotomy 
patients

Variable
VATS 

(n=20)

Thoracotomy 

(n=20)

Preoperative sputum-positive cases 10 11

Postoperative sputum-negative cases 10 11

VATS, video-assisted thoracoscopic surgery.
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Figure 2 Compare incision in VATS lobectomy and conventional open lobectomy. (A) The incisions of VATS lobectomy; (B) the incisions 
of VATS conventional open lobectomy. VATS, video-assisted thoracoscopic surgery.

A B

received thoracoscopic resection of tuberculoma between 
1996 and 2008. While three cases required conversion 
to thoracotomy there were no serious operative or 
perioperative complications and with a mean follow-up of  
9 years none of the patients had a relapse. Hsu et al. (15), in 
a series of 53 cases, also reported that VATS was useful for 
the diagnosis and treatment of tuberculoma. Yen et al. (14)  
retrospectively reviewed the records of patients with 
pulmonary TB who required a therapeutic lung resection and 
underwent either VATS or thoracotomy. Of 123 patients,  
63 were successfully treated with VATS and 60 required 
conversion to thoracotomy. VATS was associated with 
significantly less blood loss, shorter hospital stay, and 
fewer complications than thoracotomy. The analysis also 
showed that lesions that required a pneumonectomy or 
thoracoplasty could not be completed with VATS. In 
a number of our patients, the TB was complicated by 
aspergilloma. Yuan et al. (18) reported successful lung 
resections in 16 patients with both simple and complex 
aspergilloma. 

For VATS, we prefer two incisions of 1.5 cm that are 
placed based on radiographic data and the patient’s body 
contour. The first incision is located at the junction of the 
midaxillary line and the seventh to eighth intercostal space 
and is used as an observation port. The second incision 
is located at the lower angle of the scapula in the seventh 
to ninth intercostal space to help observe diaphragm and 
costophrenic angle adhesions. A third 3-4 cm incision is 
located at the junction of the anterior axillary line and the 
fourth to sixth intercostal space, and is used to conduct the 
operation. The incisions are spaced apart from each other 
which prevent the devices from interfering with each other. 
The main port is located on the anterior axillary line, which 

assists in dissection of the hilum, pulmonary vessels, and 
bronchus. 

In this study, strict criteria were used for patients with 
pulmonary TB to be eligible for VATS lobectomy. While 
severe adhesions are generally not suitable for treatment by 
VATS, thoracoscopy can provide a wide visual field without 
an obvious blind area and dividing moderate adhesions is 
not difficult. For these reasons, VATS can be used in the 
majority of cases. When adhesions are present, they can 
generally be divided with an ultrasonic knife. The ultrasonic 
knife generates much less heat than a high-frequency 
electrotome, and provides simultaneous division and 
hemostasis without damaging adjacent tissues. Even blood 
vessels measuring as small as 3 mm can be solidified by the 
ultrasonic knife without eschar avulsion bleeding. 

In general, we treat the pulmonary artery before the 
pulmonary vein, which is in agreement with other clinicians 
(8,9). However, in patients with pulmonary fissure agenesis, 
pulmonary artery abnormalities, or an excessive number 
of branch arteries, the lobar bronchus was resected first 
followed by the pulmonary artery and pulmonary vein. 
The patients with calcified lymph nodes were excluded 
because calcified lymph nodes always tell us that some 
adhesions may appear and surgery by VATS is difficult 
for patients with calcified lymph nodes. Dense adhesion 
between calcified lymph nodes and the pulmonary artery 
may be present if the disease course has been long, and 
uncontrollable bleeding from the pulmonary artery can 
occur during dissection. In this case, open thoracotomy or 
thoracoscopy assisted mini-incision pulmonary lobectomy 
should be performed. For patients with pulmonary fissure 
agenesis, an incision of the pulmonary parenchyma should 
be performed carefully after positioning the pulmonary 
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veins to determine the location of the pulmonary fissure to 
avoid the pulmonary arteries.

The primary limitation of this study is the small number 
of patients. However, pulmonary TB is currently primarily 
treated medically and the number of patients that require 
surgery is small.

Conclusions

VATS lobectomy is an effective and safe procedure for 
patients with pulmonary TB that require surgery. It 
has advantages over open lobectomy including smaller 
incisions, fewer complications, shorter operation time, less 
postoperative pain, and postoperative hospital stay and has a 
similar cure rate as open lobectomy. 
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