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Introduction

Although a number of anti-tuberculosis (anti-TB) drugs 
have been used to cure tuberculosis, it is still being the 
main cause of death from a curable infectious disease 
(1,2). The prevalence of active pulmonary tuberculosis, 
smear positive pulmonary tuberculosis and bacteriological 
positive pulmonary tuberculosis in 2000 was 367 per 

100,000 population, 122 per 100,000 population and  
160 per 100,000 population in China, respectively (3). As 
a complication of tuberculosis, pleural tuberculosis also 
has a relatively high prevalence (4). Pleural tuberculosis is 
caused by Mycobacterium tuberculosis (5). Inflammation of 
the pleura usually is related to the development of delayed-
type hypersensitivity against tubercle bacilli located on or 
near the pleural surface (6). In addition, if the treatment 
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is not timely, tuberculous pleural proceed to a chronic, 
active infection of the pleural tuberculosis, which is named 
as chronic tuberculous empyema. Chronic tuberculous 
empyema, which is infected with Mycobacterium tuberculosis, 
anaerobic bacteria, Staphylococcus aureus, Streptococcus 
pneumoniae and other kinds of gram-negative bacteria, can 
induce inflammation and infection (7). These infections 
cause thickening, even calcification of the visceral and 
parietal pleura. It is difficult for anti-TB drugs to enter 
the abscess cavity, as well as pus become thick and dense, 
meanwhile, the deep vein diameter is small and easy to plug, 
so chronic tuberculous empyema is hardly cured (6).

In view of the effect of simple medical treatment is 
poor, chronic tuberculous empyema is generally treated by 
surgery. Surgery, which is challenging, should be conducted 
by experienced thoracic surgeons. At present, the surgical 
treatment for chronic tuberculous empyema includes 
intercostal chest drain (8-10), rib resection drainage (11) 
and fibreboard stripping surgery (12-14). Although the 
study has reported that the fibreboard stripped surgery has 
a significantly effect on treatment of patients with chronic 
tuberculous pyothorax, while fibreboard stripping surgery 
is difficult and sometimes required thoracic surgery or 
muscle flap to eliminate dead space (15,16). In addition, the 
fibreboard stripping surgery is more expensive and more 
painful for patients. 

The intercostal chest drain is different from the rib 
resection drainage. During the process of rib resection 
drainage, the periosteum of the ribs is cut, and 4–5 cm 
of rib need to cut (11). However, intercostal chest drain 
is performed in intercostal but not on rib (9). It is not 
necessary to remove the ribs, and directly place the tube 
from the intercostal incision, as well the tube diameter of 
intercostal chest drain can be quite with that through rib 
resection drainage (10). Furthermore, surgical incision 
of intercostal drain is small, so the physician can operate 
in the ward treatment room. However, in recent years, 
some studies have shown that complications are induced 
by intercostal chest drain (9,10). Therefore, the efficacy 
of intercostal closed chest drain and rib resection closed 
drainage to cure the chronic tuberculous empyema is still a 
controversial topic.

In this study, intercostal closed chest drain and rib 
resection closed drainage were used to cure the 86 patients 
with tuberculous empyema, respectively. We aimed to 
compare the efficacy of intercostal closed chest drain and 
rib resection closed drainage on patients with tuberculous 
empyema.

Methods

Patients

This study retrospectively reviewed 86 patients with 
tuberculous empyema in Tuberculosis Treatment Center, 
Shanghai Pulmonary Hospital, Tongji University (Shanghai, 
China) between August 2010 and November 2015. Of the 
86 patients, 22 cases who received closed-chest drainage 
were acted as the study group, meanwhile, 64 cases who 
received rib resection closed drainage were served as the 
control group. Patients who had diabetes, cardiovascular, 
blood and other complications were excluded in this study 
because of different etiology and disease process. This 
study was approved by the ethical committee of Clinic 
and Research Center of Tuberculosis, Shanghai Key Lab 
of Tuberculosis, Shanghai Pulmonary Hospital, Tongji 
University School of Medicine (No. K17-162).

Diagnostic criteria 

The tuberculous empyema was diagnosed according to 
following criteria: (I) patients had significant symptoms, for 
instance, fatigue, low heat, night sweats, chest tightness, dry 
cough; (II) the patient had a history of TB or tuberculous 
pleurisy and the corresponding signs, and erythrocyte 
sedimentation at the fast rate, as well as without effective 
anti-TB treatment; (III) the characteristic of pleural effusion 
was purulence, ropiness, containing caseous material. There 
was no bacteria growth on common medium, but when 
pleural effusion was observed by mycobacterium smear or 
culture, the results showed positive or negative. The total 
number of pus cells was more than 10×109/L, among these 
cells, mostly were lymphocytes with protein content >40 g/L  
and specific gravity >1.020 (17); (IV) imaging findings 
showed a typical performance of chronic tuberculous 
empyema, including pleural thickening of parietal, 
calcification, the liquid dark area between parietal pleural, 
and extrapleural fat layer density increase (18).

Treatment method 

Treatment of chronic tuberculous empyema with 
closed-chest drainage
All patients were given systemic anti-TB treatment. At the 
same time, local pyothorax was treated by closed thoracic 
drainage under local anesthesia. Firstly, B-ultrasound 
examination was performed for accurate positioning. Then 
B-ultrasound combined with chest computed tomography 
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(CT), pleural thickness was measured. Next, a 1.5 cm-long 
incision was made in the chest wall skin along the long 
axis of the ribs, and then subcutaneous tissue and muscle 
as well as parietal pleura and fibrous board were separated. 
Moreover, according to the width of the intercostal space, 
the needle chest tube [specification of tube: 5.33 mm 
(16 Fr) × 360 mm, 6.67 mm (20 Fr) × 360 mm, or 8 mm  
(24 Fr) × 360 mm; Pacific Hospital Supply Co. Ltd, 
Shanghai, China] was inserted, and the needle core was 
pulled out, while the drain tube was left in the chest cavity. 
Finally, the drain tube was connected into the water bottle, 
and the incision was sutured to prevent the slippage of 
drain tube. The negative pressure derived from 20 cmH2O 
continuous was used to attract pleural effusion. In addition, 
patients took the lip reduction exercise for 1 h every day 
during catheterization.

Extubation indications: pleural fluid drain was less than 
50 mL for 3 consecutive days, and there was no fluctuation 
in water seal bottle, at the same time chest X-ray or chest 
CT showed the compressed lung tissue stretched again (19). 

Treatment of chronic tuberculous empyema with the 
closed rib resection drainage
Forty-five-degree semi-recumbent position was applied 
in survey, and rib resection closed drainage was usually 
operated by surgeons in our hospital. Incision was located at 
the bottom of the abscess cavity by chest X-ray or chest CT. 
Under general anaesthesia, a 4–5 cm-long incision along with 
rib cage was made. Then the chest wall muscle was cut and 
exposed the ribs, instantly cut the periosteum, subsequently, 
cut off 3 cm long ribs. So, the abscess cavity was opened, and 
a closed large-bore chest tube [Specification of tube: 4.67 mm 
(F14)-12.00 mm (F36) × 450 mm, Suzhou Weikang Medical 
Apparatus Co., Ltd., Suzhou, Jiangsu, China] was placed in 
abscess cavity. Finally, the water bottle was connected with 
the drain tube, and the incision was sutured.

Efficacy evaluation criteria
The treatment efficacy of patients was determined by 
clinical symptoms and imaging, which was divided into 
5 levels. Recovery: clinical symptoms and the abscess 
disappeared or disappeared, and imaging showed pleural 
effusion completely was absorbed; significantly curative 
effect: clinical symptoms disappeared, and imaging showed 
that the narrow of abscess was more than 2/3; partly 
curative effect: symptoms relieved and imaging showed that 
the narrow of abscess was more than 1/3 but less than 2/3; 
negative effect: there was no decreased or even aggravation 

of patient symptoms, and imaging showed the narrow of 
abscess was less than 1/3; recurrence: abscess narrowed or 
disappeared after treatment, but abscess increased again 
after extubation, and the patient symptoms appeared 
recurrence. All patients were examined during 1-year 
follow-up time.

Statistical analysis

Data was analyzed using SPSS software (version 19.0, Chicago, 
IL, USA). Enumeration data were presented as percentage 
and analyzed by χ2 test, and measurement data were presented 
as mean ± standard deviation (SD) and analyzed by t-test.  
P value ≤0.05 was considered statistically significant.

Results 

Patient characteristics

Totally, 86 patients received closed thoracic drainage. 
Among these 86 patients, 22 patients (17 men and 5 women) 
received closed-chest drainage, while 64 patients (55 men and 
9 women) received closed rib resection drainage. The mean 
age of 22 patients in study group was 33.86±13.10 years (range, 
19.00–60.00 years), and the mean age of 64 patients was 
40.05±12.50 (range, 18.00–64.00 years). Meanwhile, there 
was no significant difference in gender and age between the 
study and control groups (Table 1). In addition, we found 
that the location of ten patients’ abscess cavity was on left, 
11 patients’ location was on right and only one patient on 
both sides in the closed-chest drainage group. In the rib 
resection closed drainage group, the abscess cavities of 30 
patients were on left, 33 patients were on right, and one 
patient on both sides.

Effectiveness

A total of 86 cases were successfully received closed thoracic 
drainage. In the study group (22 patients), the average 
catheterization time was 126.14±36.84 days, however, 
the average catheterization time in control group (64 
patients) reached 130.05±13.12 days via the closed rib 
resection drainage. Among them, 2 (9.09%) patients in 
the study group, 9 (14.06%) patients in the control group, 
whose clinical symptoms disappeared and pleural effusion 
completely absorbed, were successfully cured and recovery. 
Clinical symptoms disappeared, 13 (59.09%) patients in 
the study group, 31 (48.44%) patients attained a significant 
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curative effect. Meanwhile, 6 (27.27%) patients and 19 
(29.69%) patients in study and control groups, respectively, 
whose symptoms eased and abscess narrowed more than 
1/3 but less than 2/3, reached to partly curative effect. 
However, the treatment effect of 1 (4.55%) patient in study 
group and 5 (7.81%) patients in control group was negative  
(Table 1). In the course of surgery, pus pneumothorax was 
found one case in study group and three cases in control group. 
In addition, these two surgical methods were both minimally 
debridement, so the intraoperative blood loss was only a small 
amount. Furthermore, there were no complications (such as 
pneumothorax, hemothorax) after surgery in both two groups. 
There was no significant difference in the curative effect of 
closed-chest drainage and rib resection closed drainage in the 
treatment of chronic tuberculous empyema (Table 2, P>0.05), 
while the average catheterization time of rib resection 
closed drainage (130.05±13.12 days) was significant longer 
than that (126.14±36.84 days) in course of closed-chest 
drainage (P<0.05).

Two special cases

Case 1
A 19-year-old man had clinical symptoms, such as cough, 
sputum, chest tightness and chest pain. External chest CT 

showed that left abscess had pleural effusion, and he was 
diagnosed as left tuberculous empyema. On September 
21, 2010, he was in hospital and received closed-chest 
drainage treatment under local anesthesia, and the tube was 
extubated after 133 days.

The changes in the chest of patient and pleural 
thickness were shown and measured by CT (Figure 1), 
and the obvious difference was observed between after 
catheterization for 1 week (Figure 1A; September 29, 2010) 
and after extubation for 10 months (Figure 1D; December 
14, 2011). The abscess was narrowed more than 2/3 after 
extubation for 3 weeks (Figure 1B; February 23, 2011). The 
abscess almost disappeared after extubation for 6 months  
(Figure 1C; August 17, 2011), and the abscess completely 
disappeared after extubation for 10 months (Figure 1D; 
December 14, 2011). The thickness of pleura (after 
catheterization for 1 week) was 0.51 cm (Figure 1E).

Case 2
A 19-year-old man was diagnosed with left tuberculous 
empyema. Under local anesthesia, he received closed-chest 
drainage treatment. Silicone drain tube was inserted about 
6-cm depth, and was connected into the water bottle On 
February 23, 2011. After 69 days, the tube was extubated on 
May 2, 2011. The CT showed the changes of chest between 

Table 2 The effect of closed thoracic drainage of 86 patients

Outcome terms The intercostal closed drainage The rib bed closed drainage

Recovery, number (%) 2 (9.09) 9 (14.06)

Significantly curative effect, number (%) 13 (59.09) 31 (48.44)

Partly curative effect, number (%) 6 (27.27) 19 (29.69)

Negative effect, number (%) 1 (4.55) 5 (7.81)

Recurrence, number (%) 0 0

The average catheterization time (days) 126.14±36.84* 130.05±13.12

Values are presented as mean ± SD or number (%), where appropriate. P≤0.05 was considered statistically significant. *, compared with 
the rib bed closed drainage group P<0.05. SD, standard deviation.

Table 1 Clinical characteristics of the 86 enrolled patients

Primary characteristics The intercostal closed drainage The rib bed closed drainage

Number of patients 22 64

Average age (years) 33.86±13.10 40.05±12.50

Number of male 17 55

Number of female 5 9

Values are presented as mean ± SD or number. SD, standard deviation.
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prior to admission and after extubation for 8 months 
(Figure 2A-D). Meanwhile, pleural thickness of patient was 
presented in Figure 2E two weeks after catheterization. 

As shown in Figure 2A (February 12, 2011), the abscess 
was clearly observed, while the abscess was narrowed 
more than 1/3 after catheterization for 2 weeks (Figure 2B;  
March 9, 2011). The abscess almost disappeared after 
extubation for 3 weeks (Figure 2C; May 23, 2011), and 
completely disappeared after extubation for 8 months 
(Figure 2D; January 17, 2012). The thickness of pleura 
was 1.51 cm (Figure 2E) indicating that the closed-chest 
drainage had a good effect on this patient.

Discussion

Tuberculous empyema is an infection of the pleural cavity 

by Mycobacterium tuberculosis that provokes the accumulation 
of purulent pleural fluid (20). Tuberculous empyema usually 
occurs in younger (21) middle-aged (22,23) patients. The 
diagnosis of tuberculous empyema is depended on CT 
imaging by finding a thick, calcific pleural rind and rib 
thickening surrounding loculated pleural fluid (24).

It had been reported that the degree of pleural fibrosis 
of tuberculous empyema was higher than that of other 
bacterial empyema (25). Meanwhile, the treatment effect of 
chronic tuberculous empyema was poor (19). In addition, 
some scholars thought that tuberculous empyema could not 
be completely cured by internal medicine, and the fibrous 
empyema only could be cured by surgery. Studies revealed 
that the pleural thickness could influence the choice of 
treatment for tuberculous empyema, and the pleural 
thickness of 1.0 cm could be used as the cut-off value to 

Figure 1 Chest CT scanning of pleural empyema after catheterization for 1 week (A), after extubation for 3 weeks, 6, 10 months  
(B-D) and the thickness of pleura after catheterization for 1 week (E) by closed-chest drainage. CT, computed tomography.

A B

C D

E

Thickness: 0.51 cm
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choose internal drainage or surgical operation (26,27). 
However, a number of studies showed that the internal 
diameter of the indwelling catheter in internal drainage 
was related to the efficacy of treatment. Meanwhile, they 
suggested that the use of image guided small bore catheters 
could have a good outcome, therefore, it was acted as a 
primary drainage procedure or a rescue treatment when 
larger tubes had failed (28-32). Therefore, we thought that 
the thickness of pleural should not be considered as only 
one factor for surgery or not.

In this study, closed-chest drainage and rib resection 
closed drainage were used to cure tuberculous empyema. 
The results showed that after closed-chest drainage 
treatment, 2 (9.09%) patients were recovery, 13 (59.09%) 

patients had significantly curative effect, 6 (27.27%) 
patients had partly curative effect, 1 (4.55%) patient was 
negative effect, and there was no patient recurrence during 
1-year follow-up time. Meanwhile, they attained a better 
outcome on patients with no complications via closed-chest 
drainage, which were not consistent with the Kong’s (9) and  
Harris’s (10) studies because of the difference of included 
case, and there is higher rate of complications in Kong’s 
study (9). In addition, the average catheterization time was 
126.14±36.84 days, which was longer than that of Kundu’s 
study (19). In Kundu’s study, the observation time was 
set for 1 day before extubation, while in our study, more 
stringent indications for extubation and 3 days were set for 
observation before extubation based on the principle that 

Figure 2 Chest CT scanning of pleural empyema before in hospital (A), after catheterization for 2 weeks (B), after extubation for 3 weeks, 8 
months (C,D) and the thickness of pleura after catheterization for 2 weeks (E) by closed-chest drainage. CT, computed tomography.

A B

C D

E

Thickness: 1.51 cm
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pus should be drained clean as far as possible.
Similar to the results of closed-chest drainage treatment, 

after closed rib resection drainage, 9 (14.06%) patients 
were successfully recovery, 31 (48.44%) patients were 
significantly curative effect, 19 (29.69%) patients had 
partly curative effect, and 5 (7.81%) patients had negative 
effect. These results suggested that closed-chest drainage 
both the closed-chest drainage and rib resection closed 
drainage had a good outcome on patients with tuberculous 
empyema. The closed-chest drainage was entirely operated 
by physician and as well as could greatly reduce the pain 
and economic costs of patients. However, rib resection 
drainage needed to cut 4–5 cm rib and got greatly pain 
for patients. Furthermore, the catheterization time in rib 
resection closed drainage was longer than that in closed-
chest drainage. Therefore, closed-chest drainage maybe 
superior to rib resection drainage for the treatment of 
chronic tuberculous empyema. 

However, our study had some limitations. First, the 
included patients, whose average age was only 33.86 years  
old, were relatively young. While for older patients, 
because of its poor tolerance, closed-chest drainage was 
not recommended. Second, this study only suggested that 
closed-chest drainage had a short-term effect, but its long-
term effect should be further investigated.

In conclusion, the closed-chest drainage, compared to rib 
resection closed drainage, had a better outcome and more 
advantages for young patients with tuberculous empyema in 
the short-term. 
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