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ABSTRACT
Objectives: Quality of life of a patient may be impaired seriously in the aftermath of pleuropulmonary tuberculosis (TB) even after being cured or
taking adequate treatment. Proper evaluation of post-TB sequelae is of extreme clinical importance. The study objective was to assess demographic,
clinical, radiological, and spirometric pattern of pleuropulmonary post-TB patients in a teaching hospital.

Methods: An observational cross-sectional study was carried out in a teaching hospital in India over a period of 14 months. A total of 300 patients
of more than 12 years of age from both genders were included in the study. Detailed history, clinical, radiological, microbiological, and spirometric
evaluation were being carried out.
Results: It was a male predominant study with male: female ratio of 2.29:1 and mean age of patient was 52.97 ± 0.51 (mean±standard error of mean)
years. History of pleural and pulmonary TB was present in 11% and 89% of cases, respectively. Cough was present in all patients. Shortness of breath
(86.33%) and hemoptysis (58.33%) were among other common presenting symptoms. In majority of cases, pulmonary involvement was unilateral
(57%). Pleural fibrosis/thickening was seen in 11% of cases, lung parenchymal fibrosis 38.67%, bronchiectasis in 12.67%, and aspergilloma found in
7% of cases. Bacteriological positivity was detected in 14.33% of cases. Spirometric evaluation revealed restrictive pattern (50.20%) in most of the
cases followed by obstructive pattern in 38.13% of cases.
Conclusion: Respiratory symptoms, radiological, and spirometric abnormalities can present among pleuropulmonary post-TB patients as a sequelae.
It may be considered as an important cause of chronic lung disease, particularly in high TB burden countries.
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INTRODUCTION

Although pulmonary tuberculosis (TB) decreased remarkably by
antitubercular chemotherapy, a lot of patients associated with single
or numerous sequelae remain in need for medical treatment for many
symptoms even after years later. Despite microbiological cure, TB may
be associated with frequent lung damages. Post-TB sequelae are present
in up to 60–90% of patients who experience exercise limitations and
have a hampered quality of life [1,2]. This post-acute phase was recently
defined as post-TB lung disease [1,2].
The disease burden caused by TB (in particular, because of the
contribution of post- TB lung disease) seems to be substantially
greater than what is reported in current TB burden estimates [3]. In
a narrow sense, the sequelae are a pathological status that is caused
by many pathoanatomical changes in the healing process of pulmonary
TB and need clinical treatment for many symptoms. In a broad sense,
the sequelae also represent a pathological status with many symptoms
after treatment that is caused by injuries in various organs with TB.
There may be evidence of chronic respiratory abnormality with or
without symptoms, attributable at least in part to previous TB [1].
A variety of sequelae and complications can occur in the pulmonary
and extrapulmonary portions of the thorax in treated or untreated
patients. According to Kim et al., these can be categorized as follows:
(a) Parenchymal lesions, which include tuberculoma, thin-walled
cavity, cicatrization, end-stage lung destruction, aspergilloma,
and bronchogenic carcinoma; (b) airway lesions, which include
bronchiectasis, tracheobronchial stenosis, and broncholithiasis; (c)
vascular lesions, which include pulmonary or bronchial arteritis and
thrombosis, bronchial artery dilatation, and Rasmussen aneurysm;
(d) mediastinal lesions, which include lymph node calcification and
extra-nodal extension, esophagomediastinal or esophagobronchial

fistula, constrictive pericarditis, and fibrosing mediastinitis; (e) pleural
lesions, which include chronic empyema, fibro thorax, bronchopleural
fistula, and pneumothorax; and (f) chest wall lesions, which include rib
TB, tuberculous spondylitis, and malignancy associated with chronic
empyema. These varieties of manifestations can mimic other disease
entities. Therefore, recognition of the manifestations of the thoracic
sequelae and complications of TB are clinically important to facilitate
diagnosis [4].

In day-to-day clinical practice, we commonly encounter many cases
of post-TB sequelae. Very few studies have systematically examined
pulmonary outcomes in patients to understand the pathophysiologic
basis and long-term socioeconomic consequences of this injury. Proper
understanding of profile of post-TB lung disease is of extreme clinical
importance, particularly in the developing countries where healthcare services and research activities are less adequate. Hence, there is
always a need for newer study in this topic in countries like India where
the prevalence of TB is very high.

This study was carried out with the objective of the assessment
of clinical profile, radiological sequelae, and pulmonary function
impairment among patients who had previously suffered from pleural
or pulmonary TB.
MATERIALS AND METHODS

This observational and cross-sectional study was conducted in
the chest medicine department of Midnapore Medical College and
Hospital in Paschim Medinipur district of West Bengal, India, from
September 2019 to October 2020. This institution serves as the
only teaching hospital in that district and patients attending to this
hospital are mostly of rural background. Among patients attended
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to the outpatient department of chest medicine, this study enrolled
consecutive 300 patients from both genders of more than 12 years
age having a history of pleural or pulmonary or both TB – either
declared cure or treatment completed as per National TB Elimination
Programme (Formerly Revised National TB Control Programme) in
India. Patient having a history of any drug-resistant TB, history of
incomplete anti-TB treatment, and history of preexisting respiratory
diseases, such as, chronic obstructive pulmonary diseases (COPD),
interstitial lung disease, and bronchiectasis before diagnosis of
TB, clinically detected simple viral influenzae or respiratory tract
infection in post-TB patients which seem not to be due to previous
TB infection, human immunodeficiency virus (HIV)-positive patient,
pregnant and lactating women, and also those unwilling to give
consent were excluded from this study. Study proposal placed before
Institutional Ethics Committee for approval and permission obtained.
After taking consent, detailed history including demographic data of
patient, clinical presentation, and general and systemic examination
was done. Routine hematological, biochemical, serological, sputum
smear microscopy for the detection of AFB, and chest radiography
were conducted on each case. Sputum for cartridge-based nucleic acid
amplification test (CBNAAT), ultrasonography of thorax, computed
tomography (CT) scan of thorax, image-guided fine-needle aspiration
cytology (FNAC)/trucut biopsy, and pleural fluid analysis were done
in appropriately indicated cases. All bacteriologically negative for
TB patients was underwent spirometric evaluation. Patients having
dyspnea were additionally evaluated by electrocardiography in all cases
and echocardiography was reserved for only selective cases.

All data were collected in a pre-designed structural pro forma then
entered into a Microsoft Excel spread sheet, 2007 version and analyzed
by Statistical Package for the Social Sciences software version 20.
RESULTS

Our study included 300 patients having a history of pleural or pulmonary
TB of which 209 patients (69.67%) were male and 91 patients (30.33%)
were female. Male: female ratio was 2.29:1. The mean age of all patient
presented with post-TB sequelae was 52.97 ± 0.51 (mean±standard
error of mean [SEM]) years. Youngest patient was 35 years of age
and oldest of 77 years. A total of 127 (42.33%) were either current or
former smoker and all of them were male.

A history of pleural TB was present only in 11% of cases (n = 33) and
pulmonary TB in 89% of cases (n = 267). As per history and available
old treatment record of the patients, we grouped them according to
oldness of their TB disease. It was up to 5 years in 14.23% (n = 38) of
cases, 6–10 years in 17.6% (n = 47) of cases, 11–15 years in 32.58%
(n = 87) of cases, and more than 15 years in 31.99% (n = 95) of cases.
We got all pleural post-TB patients (100%, n = 33) between 11 years
and 15 years after their initial illness.

Among presenting symptoms, cough was present in all (100%) patients.
Expectoration was complained by 34.33% (n = 103) and in 65.67%
(n = 197) of cases had only dry cough. Apart from cough, most of
patients (n = 259, 86.33%) had complaint of shortness of breath (Fig. 1).
When severity was assessed, 7.67% (n = 23) presented with Modified
Medical Research Council (mMRC) [5] Grade I, 61.67% (n = 185) with
mMRC Grade II, and 17% (n = 51) with mMRC Grade III. Hemoptysis
was presenting symptom in 58.33% (n = 175) of cases. Chest pain was
the least presenting complaint reported by 17.33% (n = 52) patients.
Fever was present among 56 (18.67%) patients. Most of the patients
had overlap of symptoms.
There were several chest deformities seen among post-TB cases.
Scoliosis was found in 11% (n = 33) of cases followed by barrel shaped
chest in 10.7% (n = 32). Pleural fibrosis/thickening was seen in 11%
(n = 33) of patients out of which the right side (63.64%, n = 21) was
involved more than the left side (36.36%, n = 12). Pleural calcification
was found only in two cases. Hilar calcification was found in 7.6%
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(n = 23) of patients out of which bilateral involvement was present in
1.3% (n = 4) of cases and unilateral 6.3% (n = 19) of cases.

Out of total 116 (38.67%) lung parenchymal fibrosis cases, bilateral
upper zone fibrosis was found in 22% (n = 66) and the right upper
zone fibrosis in 10.67% (n = 32) and left upper zone fibrosis 6%
(n = 18) of cases, respectively. Bilateral cavitary lesion was found in
6.33% (n = 19) of cases, right upper zonal cavity was seen in 7.67%
(n = 23), and left upper zonal cavity was seen in 7.33% (n = 22) of
cases. Radiological feature of cavitary lesion with intracavitary
body suggestive of aspergilloma was found in 7% of cases (n = 21).
Bronchiectasis was detected in 12.67% (n = 38) of cases. Bullous lung
disease was observed in 6.67% (n = 20) whereas emphysematous
changes were seen 3.67% (n = 11) of cases. Pulmonary nodule seen
in 5.67% (n = 17) of cases during imaging study. Few (n = 5, 1.67%)
of them showed evidence of malignancy on FNAC/trucut biopsy
sampling. Echocardiographic evidence of pulmonary hypertension
was found in 6 (2%) cases. Two patients (0.67%) had pleural effusion
overlapped with other features (Figs. 3 and 4).
Bacteriological positivity was found in 14.33% (n = 43) of cases. Four
of them (9.3%) were reported as rifampicin resistant during CBNAAT
testing.
In most of post-TB sequelae cases, involvement was unilateral (n = 171,
57%). Bilateral involvement was observed in 43% (n = 129) of cases
(Table 1).

Out of total 300 patients, 257 cases were allowed to perform spirometry
test as 43 cases of bacteriologically confirmed pulmonary TB were
excluded from this procedure. All patients were able to perform the
spirometric maneuver as per standard requirement. Most patients
had restrictive pattern (n = 129, 50.20%) and obstructive pattern was
observed in 38.13% (n = 98) of patients of which moderate obstruction
(FEV1 ≤ 80%) was seen in 28.79% (n = 74) and severe (FEV1 ≤ 50%)
in 9.34% (n = 24) of cases. Normal spirometric pattern was recorded in
11.67% (n = 30) of cases (Fig. 2). When spirometric abnormality was
analyzed according to oldness of pleuropulmonary TB illness (Table 2),
it was observed that most of the patients having abnormality including
restrictive and obstructive category separately also gave a history of
their TB illness episode more than 10 years ago; on the other side, most
of patient having normal spirometric pattern gave a history of their TB
illness within the past 10 years.
DISCUSSION

In a developing country like India, TB is still an important public
health problem. Until the coronavirus (COVID-19) pandemic, TB was
the leading cause of death from a single infectious agent. The disease
typically affects the lungs [6]. In accordance with the virulence of
the organism and the defenses of the host, TB can occur in the lungs
and in extrapulmonary organs. Early diagnosis and treatment is of
extreme importance not only for ensuring cure but also to prevent
the complications that may arise and persist even after being cured.
A proper understanding of pathogenesis of TB is important to realize
why the damages may remain even after adequate treatment of the
disease. Pulmonary TB is caused by Mycobacterium tuberculosis when
droplet nuclei laden with bacilli are inhaled. In the alveoli, macrophage
ingests the bacilli and if they are unable to completely eradicate the
bacilli then intracellular multiplication occurs and bacilli further
spread toward the regional lymph node [7]. In an immunocompetent
host, development of specific immunity is usually sufficient to limit the
multiplication of bacilli, the host remains asymptomatic, and the lesions
heal with resorption of caseous necrosis, fibrosis, and calcification [8].
Hence, a variety of sequelae and complications can occur in the
pulmonary and extrapulmonary portions of the thorax in treated or
untreated patients. Patients with post-TB sequelae have significant
symptoms, radiological abnormalities, spirometry derangements, and
impaired quality of life.
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Fig. 1: Bar diagram showing symptomatology of post-TB sequelae
Table 1: Spectrum of pleuropulmonary post‑TB sequelae.
(n=300)

Fig. 2: Pie diagram showing spirometric profile of
pleuropulmonary post-TB patients
We studied 300 patients having a history of pleural or pulmonary TB. It
was a male predominant study with male: female ratio of 2.29:1. Menon
et al. and Naik et al. in their study found more number of male patients
compared to females [9,10]. In Indian community, males usually move
around more for education and employment purpose and many of them
are compelled to stay in congregate setting and exposed to malnutrition
which may render them to be a victim of TB. Mean age of all patients
presented with post-TB sequelae was 52.97 ± 0.51 years (mean±SEM).
In a study conducted by Naik et al., mean age was 46.3 years with age
range between 19 and 80 years [10]. Different study found history of
smoking among post-TB patients ranged between 45.3 and 77% [10,11].
We found 42.33% of patients having either the current or past history
of smoking. We got a lower percentage of smoker probably due to
exclusion of preexisting COPD before TB illness in our study sample.

Musafiri et al. in their study on 202 patients showed that chronic cough
(196 / 202), abundant expectorations (106 / 202), and hemoptysis
(123 / 202) were the main symptoms [12]. Similar result was found in
our study which revealed that cough in 100% of cases; expectoration
of sputum was reported in 34.33% and dry cough in 65.67% of cases.
Shortness of breath was complained by 86.33% of patients. Hemoptysis
was the presenting symptom in 58.33% of cases. Ayari et al. in their
study showed that the clinical symptoms were dominated by a chronic
sputum (74%), dyspnea (68%), and hemoptysis (34%). They also
found that mean time to the onset of respiratory symptoms related
to pulmonary sequelae was 15.6 ± 8 years [11]. As per history and
available old treatment record of the patients, we found that 32.58%
of cases had TB illness 11–15 years ago and 31.99% had it more than
15 years ago before presenting before us.

Post‑TB sequelae

No. of patients

Percentage

Lung parenchymal fibrosis
Pleural fibrosis
Chest deformity
Obstructive airway disease
Emphysema
Bullous lung disease
Cavitation
Bronchiectasis
Aspergilloma
Hilar calcification
Pulmonary nodule
Lung malignancy
Relapse of TB
Rifampicin‑resistant TB
Pulmonary hypertension

116
33
77
98
11
20
64
38
21
23
17
5
43
4
6

38.67
11
25.67
32.67
3.67
6.67
21.33
12.67
7
7.6
5.67
1.67
14.33
1.33
2

TB: Tuberculosis

Table 2: Spirometric profile according to oldness of
pleuroparenchymal TB disease

Spirometric
profile

Restrictive
Obstructive
Moderate
Severe
Normal
Total

TB: Tuberculosis

Oldness of pleuroparenchymal TB
disease
≤5
years

6–10
years

11–15
years

≥16
years

5

8

61

55

2
3
12
22

10
2
7
27

32
13
8
114

30
6
3
94

Total

129
74
24
30
257

Bacteriological positivity during sputum smear examination was
recorded in 14.33% of cases in our study whereas Revendran et al. in
their study showed pulmonary TB relapse in 26.3% of cases [13].

It has been observed by the previous study that despite adequate
chemotherapy and adequate clinical response in new cases of TB, a
large proportion of patient is left with residual radiological lesion [9].
A delay in the time period from the onset of symptoms to treatment
initiation might contribute to a greater spread and progression of lung
lesions, leading to more residual damage [14].
In our study, most of post-TB sequelae cases, pulmonary involvement
was unilateral (57%). Bilateral involvement was observed only in 43%
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c

Fig. 3: Chest X-ray of three patients of our study. (a) Lung parenchymal fibrosis with calcification along with mediastinal lymph node
calcification in the right side, more fibrosis in the left side pulled lower mediastinum towards the same side. (b) The right-sided encysted
pleural effusion and left-sided pleural thickening, cavitary lesion in the left lower zone with mediastinal shifting toward the left side along
with bilateral patchy opacity. Sputum smear examination by Ziehl–Neelsen staining was positive for acid-fast bacilli of this patient. (c)
Right sided pleural thickening with calcification

a

b

c
Fig. 4: High-resolution computed tomography scan of thorax
of three patients of our study. (a) The right upper lobe fibrosis
with cavitation along with intracavitary body suggestive of
aspergilloma. (b) Traction bronchiectasis along with fibrosis of
the right upper lobe. (c) Extensive fibrocavitary lesion of the right
upper lobe along with shifting of mediastinum toward the right
side and left upper lobe emphysema
of cases. On the other hand, 55.2% had unilateral changes in a study
conducted by Naik et al. in their study [10].

According to Ayari et al. in their retrospective study on management
of pulmonary TB sequelae found: A destroyed lung (46%),
bronchiectasis (31%), aspergilloma (14%), emphysema (12.3%),
pulmonary fibrosis (7.7%), residual cavity (6.2%), and lung cancer
(1.5%) on thoracic imaging [11]. In comparison, our study observed
pleural fibrosis/thickening in 11% of cases, lung parenchymal fibrosis
in 38.67%, aspergilloma in 7% of cases, bronchiectasis in 12.67%,
emphysematous changes in 3.67%, bilateral cavities in 6.33%, left
upper lobe cavity in 7.33%, right upper lobe cavity in 7.67%, and
bullous lung disease in 6.67% of cases. Revendran et al. analyzed the
CT features of pulmonary tubercular sequelae and found fibrosis and
bronchiectasis as two most common abnormalities, found 63.2%
and 61.8% of cases, respectively, followed by collapse (22.4%),
cavity (19.7%), emphysema (14.5%), and aspergilloma (6.6%) [13].
In our study, lung parenchymal fibrosis was seen in 38.67%, pleural
fibrosis/thickening was seen in 11%, bronchiectasis in 12.67%, and

aspergilloma in 7% of total patients. The presence of aspergilloma
was found in 5.4% of cases in a study conducted by Musafiri et al. [12].
Kwon et al. in their study done from 2004 to 2006 observed that at the
end of antitubercular medication for pleural effusion, the incidence of
residual pleural opacity was 68.3% on CT but pleural residual lesions
found in 23.6% of the total cases in a study done by Menon et al. in
2015 [9,15]. Pulmonary nodule that results in lung cancer on FNAC/
trucut biopsy sampling seen in 1.67% of total cases in our study
whereas Ayari et al. reported lung cancer among 1.5% of patients in
their study [11].

Revendran et al. in their study on post-TB complication showed that
persistent symptoms were present in 68.4% of cases. Obstructive
airway disease was found in 32.9% [13]. During spirometry, we found
obstructive pattern in 38.13% of cases, restrictive pattern in 50.20%
of cases among 257 cases. Pasipanodya et al. conducted a study in the
United States showed that 59% of patients treated for TB subsequently
had abnormal pulmonary function. In that study, more than half of the
patients treated for PTB evolved to significantly impair pulmonary
function. They observed that the prevalence of individual subtypes
of impairment for obstructive, restrictive, and mixed was 15%, 31%,
and 13% [16]. Soni et al. in their study found mixed pattern as most
common lung function defect followed by obstructive pattern [17].
In spirometric assessment of symptomatic post-TB cases, obstructive
pattern was documented in 42% of cases as a predominant type
but among asymptomatic post-TB cases, obstructive pattern was
documented in 32%, mixed pattern in 14%, and normal spirometry in
46% of cases in a study done by Patil et al. [18]. Few Indian studies
done by Verma et al., Rajasekaran et al., Krishna et al., and Salvi and
Barness, respectively, observed the obstructive airway disease as
common phenomena in previously treated TB cases which were
documented within 1–10 years of follow-up [19-21]. In our study, most
of the spirometric abnormalities including restrictive and obstructive
category individually gave a history of their TB illness episode more
than 10 years ago. Post-TB pulmonary impairment has emerged as a
distinct clinical entity, which is almost indistinguishable from other
forms. The exact pathogenesis of the development of this disorder
is unclear. It requires insight, understanding and evaluation of its
evolution, clinical course, and management [23].
There were few limitations in our study. It was a single-center crosssectional study and there was lack of follow-up data for these patients.
The presence of confounding factor due to smoking and comorbid
illness like ischemic heart disease cannot be ruled out. Possibility of
selection bias may be there as mainly mild-to-moderate symptomatic
patients attended to the outpatient department were included in our
study and possibly majority of severe-to-very severe cases missed out
as they might have attended to the emergency department.
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CONCLUSION

7.

Treatment of TB is not the end of the management cascade because
of the wide spectrum of post-TB lung disease associated with it.
Periodical follow-up even after being cured or treatment completion
may be helpful for early detection and appropriate management of any
pleuropulmonary post-TB lung disease.
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