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Abstract

Treating tuberculosis (TB) is not the end of the disease
because of the wide spectrum of post TB sequelae associated with
the disease. There is insufficient data on post TB radiological
sequelae. The aim of this study is to evaluate the post TB radio-
logical sequelae on chest x-rays in patients who had completed the
treatment for pulmonary and pleural TB at a tertiary care hospital
of a high TB burden country. This is a retrospective cross-section-
al study conducted on patients treated for pulmonary and pleural
TB. Adult patients (18 years or above) with a clinical or microbi-
ological diagnosis of pulmonary or pleural TB were included.
Patients were classified on the basis of site of TB into pulmonary
and pleural TB. Post-treatment radiological sequelae on chest x-
ray were evaluated and divided into three main types i.e. fibrosis,
bronchiectasis and pleural thickening. During the study period a
total of 321 patients were included with a mean age of 44 (SD+19)
years. Only 17.13% (n=55) patients had normal chest x-rays at the
end of treatment and 82.87% (n=266) patients had post-TB radio-
logical sequelae with fibrosis being the most common followed by
pleural thickening. The post TB radiological sequelae were high in
patients who had diabetes mellitus (78.94%), AFB smear-positive
(90.19%), AFB culture-positive (89.84%), Xpert MTB/Rif posi-
tive (88.40%) and with drug-resistant TB (100%). As a clinician,
one should be aware of all the post TB sequelae so that early diag-
nosis and management can be facilitated.

Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis
(MTB), is one of the most ancient and endemic organisms world-
wide. The epidemiology varies significantly with highest rates
seen in Southeast Asia and sub Saharan Africa. TB is rated as one
of the top ten causes of mortality worldwide and the leading cause
of death in HIV patient. Pakistan is ranked as fifth amongst the
high TB burden countries and also has a high prevalence of mul-
tidrug-resistant TB (MDR-TB) throughout the world [1]. TB can
involve any organ of the body with variable radiological manifes-
tations. Khan et al. elaborated the spectrum of radiological seque-
lae in patients already treated for pulmonary tuberculosis and has
classified them into parenchymal, airway disease, pleural, medi-
astinal and vascular [2]. Even after treatment, patients continue to
present with different symptoms and a variety of radiological
sequelae. There is limited data on the radiological sequelae of
tuberculosis after its cure. Previous study conducted in India
shows 40.36% residual lung lesions in TB patients after it has
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been successfully treated with 59.64% showing complete resolu-
tion [3]. Radiological sequelac were also seen in 100% of the
patients who were successfully treated for multidrug-resistant TB
(MDR-TB) [4]. The aim of this study is to evaluate the radiological
sequelae, and the extent of lung involvement at the end of treat-
ment for pulmonary tuberculosis (PTB) and pleural tuberculosis at
a tertiary care hospital in a high TB burden country, so that the
whole radiological spectrum can be understood and diagnosis and
management of these complications can be facilitated timely, so as
to improve the quality of life of these sufferers.

Materials and Methods

This is a retrospective study conducted in patients who were
diagnosed and treated as PTB and pleural TB at outpatient pul-
monology clinics of Aga Khan University hospital (AKUH) from
January 2014 to August 2017. The research protocol of this study
was approved by the Ethical Review Committee of AKUH. We
included adult patients (18 years or above) with clinical or micro-
biological diagnosis of pulmonary or pleural TB.

Out of 541 patients, 220 (42.2%) patients were excluded. Of
the excluded 220 patients, 168 (76.36%) patients had no chest x-
ray available on treatment completion and 52 (23.63%) had extra
pulmonary TB other than pleural TB. Information was collected
from outpatient pulmonology database and Health Information
Management Services (HIMS) of the hospital. Data on demo-
graphics, comorbid conditions, site of TB, type of patient, micro-
biology, outcome, imaging and radiological sequelae on chest X-
ray was collected in a predesigned performa. Chest X-rays were
evaluated by two independent pulmonologists. Patients were clas-
sified based on site of TB into PTB and pleural TB. Results of AFB
smear, AFB culture and Xpert MTB/Rif were analysed. Post treat-
ment radiological sequelaec on chest x-ray were evaluated and
divided into three main types, i.e., fibrosis, bronchiectasis and
pleural thickening.

~="

Fibrosis has been explained as thickened interstitial structures
and interlobular septa with reduced lung volumes of the affected
regions, diaphragmatic elevation on the affected side, fibrotic
bands present in the pleura and evidence of traction bronchiectasis.
Bronchiectasis has been defined as bronchial walls that have thick-
ened with single, parallel or thin lines. Sometimes tram-track sign
can also be seen. Pleural thickening in a chest radiography has
been defined as involvement of pleura that forms a pleural peel
with relatively smoother margins, approximately 2 cm less in
thickness. Radiologically pleural thickening can also be defined as
smooth pleural opacity with involvement of at least one fourth of
the chest wall circumference that obliterates the costophrenic sul-
cus and can also involve the apices [5,6].

All statistical analysis was done using the SPSS (Release 19.0,
standard version, SPSS®; 1989-2002). A descriptive analysis was
performed for demographic features presented as mean +SD for
quantitative variable like age. Percentage for qualitative variables
like post TB sequelae, AFB smear and culture positivity, Xpert
MTB/RIf positivity, associated comorbid diseases were carried
out. Comparisons were made between post TB sequelae with drug
resistant TB and presence of diabetes mellitus (DM) using chi
square test.

Results

During the study period a total of 541 patients were diagnosed
as PTB or pleural TB at outpatient pulmonology clinics. A total of
321 patients were included who fulfilled the inclusion criteria with
a mean age of 44 (SD=+19) years (Figure 1). There were 60.4%
(n=194) male and 39.5% (n=127) female. Two peaks in age groups
were seen one in young adults after 20 years of age and the second
one in relatively old age group after 60 years.

A total of 233 (72.5%) patients had pulmonary TB and 88
(27.4%) had pleural TB. The most common associated disease was
DM present in 38 (11.8%) patients followed by malignancy 16
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Figure 1. Patients’ enrollement.
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(4.9%) and Chronic liver disease 11 (3.4%). Majority of the
patients (n=185, 57.6%) had no prior known co-morbid conditions.

Sputum and pleural fluid AFB smears were positive in
100/233(42.9%) and 2/88 (2.2%) patients respectively. Sputum
AFB cultures were positive in 113/233(48.5%) patients. Out of
these 113 positive culture patients, 97 (85.8%) were pan-sensitive
to all first line anti TB drugs, 12 (10.6%) were MDR TB, 3 (2.6%)
were mono drug resistance, 2 (1.7%) were pre-XDR and 1 (0.8%)
was XDR TB. Pleural fluid AFB cultures were positive in 15/88
(17.04%) patients. Out of these 15 patients, 14(93.3%) were pan-

Table 1. Demographics of the patients along with microbiological
characteristics.

Age (mean) years 44 £19
Male 194(60.4%)
Female 127(39.5%)

Associated diseases
Diabetes mellitus 38(11.8%)
Malignancy 16(4.9%)
Chronic liver disease 11(3.4%)

Sputum
Sputum AFB smear positivity 100233
Sputum AFB culture positivity 1137233
Pan-sensitive 97/113 (85.8%)
MDR 12/113 (10.6%)
Mono-drug resistance 313 (2.6%)
Pre-XDR 2/113(1.7%)
XDR 1/113 (0.8%)

Pleural fluid
Pleural fluid AFB smear positivity 2/88
Pleural fluid AFB culture positivity 15/88
Pan-sensitive 14/15 (93.3%)
Mono-drug resistance 1/15 (6.6%)

Nucleic acid amplification test
Xpert MTB /Rif positivity in sputum 127/233
Xpert MTB /Rif positivity in pleural fluid 11/88

Table 2. Frequency and types of post-TB sequelae in our popula-
tion.

Radiological sequelae n=321(%)
Normal 55 (17.13)
Parenchymal sequelae
Unilateral bronchiectasis 9 (2.80)
Bilateral bronchiectasis 1 (0.31)
Unilateral bronchiectasis and fibrosis 10 3.11)
Bilateral bronchiectasis and fibrosis 3 (0.93)
Unilateral fibrosis 112 (34.89)
Bilateral fibrosis 37 (11.52)
Pleural sequelae
Unilateral pleural thickening 65 (20.24)
Bilateral pleural thickening 17 (5.29)
Pleuro-parenchymal sequelae
Unilateral pleural thickening and bronchiectasis 2 (0.62)

Unilateral pleural thickening with bronchiectasis and fibrosis 4 (1.24)
Bilateral pleural thickening and bronchiectasis 1 (0.31)
Bilateral pleural thickening with fibrosis and bronchiectasis 5 (1.55)

sensitive and 1 (6.6%) showed mono-drug resistance. Sputum and
pleural fluid Xpert MTB /Rif was positive in 127/233 (54.5%) and
11/88 (12.5%) patients respectively. Demographic and microbio-
logical data has been described in Table 1. Out of 321 patients, 298
(92.8%) were new cases and 23 (7.16%) were relapse. At the end
of treatment 303 (94.3%) were labelled as cured and 18 (5.6%) had
treatment failure. Out of 321 patients, only 17.13% (n=55) patients
had normal chest X-rays at the end of treatment and 82.87%
(n=266) patients had post TB radiological sequelae. The radiolog-
ical pattern of the post treatment sequelae is shown in Table 2.

We also analyzed the relation of post treatment radiological
sequelae in patients who had AFB smear positive, Xpert MTB/Rif
positive and AFB culture positive. Sputum and pleural fluid AFB
smear were positive in 102/321 (31.7%) patients. Out of these 102
patients, only 10 (9.8%) had normal chest x-ray and 92 (90.1%)
had radiological sequelae after completion of treatment. Fibrosis
was the most common sequelae. Sputum and pleural fluid Xpert
MTB/RIF was positive in 138/321 (42.9%) patients. Out of these
138 patients, only 16 (11.5%) had normal chest x-ray and 122
(88.4%) had radiological sequelae after completion of treatment.
Sputum and pleural fluid AFB cultures were positive in 128/321
(39.8%) patients. Out of these 128 patients, only 13 (10.1%) had
normal chest x-ray and 115 (89.8%) had radiological sequelae after
completion of treatment. The relation of development of post TB
sequelae with smear, culture and Xpert MTB/RIF positivity are
presented in Figure 2. Out of 128 AFB culture (sputum and pleural
fluid) positive cases, 19 patients had drug resistance (MDR, pre
XDR, XDR, Mono-drug resistance and polydrug resistance). All of
these 19 (100%) patients showed post TB radiological sequelae.
The relation of Post TB radiological sequelae with the concomitant
presence of diabetes was also analysed. We had total 38 patients
who had diabetes mellitus as a comorbid condition. Out of these 38
patients, n=8 (21.05%) had complete resolution on their chest x-
rays however n=30(78.94%) patients had some kind of post TB
sequelae which are described in Figure 3.

Discussion

Post TB sequelae has always been underestimated [7]. We val-
idated that in our population, post TB sequelae is very high
(82.87%) with unilateral fibrosis (34.89%) being the most com-
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Figure 2. Frequency of post-TB sequelae in patients who are AFB
smear, AFB culture and Xpert/MTB Rif positive in sputum and
pleural fluid samples.
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mon one. We also validated that the frequency of post TB sequelae
was also very high in patients who were AFB smear positive, AFB
culture positive and Xpert/MTB Rif positive. Our analysis empha-
sizes upon the fact that there are greater chances of post TB seque-
lae in patients who are AFB smear and culture positive hence the
job remains incomplete even after the treatment, because majority
of the patients will present with debilitating symptoms.

In our study, we found that post TB sequelac of one type or
another are more significant in drug resistant TB and none of the
patients showed complete resolution on chest radiography.
Furthermore, the patients with concomitant TB and DM also had
high incidence of post TB sequelae.

Apart from symptoms, tuberculosis after being successfully
treated has great impact on the quality of life of patients because of
the stigma it carries with it. Rajeswari ef al. studied the effects of
tuberculosis on the social, physical and mental wellbeing of patients
and described that social stigma persisted in both men and women
even after they were completely treated [8]. Despite adequate treat-
ment, TB can cause significant health issues which are short term
and long term both. Complications of TB disease are attributed to
structural and vascular compromise caused by Mycobacterium
tuberculosis [9]. Multiple forms of sequelae and complications may
result from pulmonary TB in both treated and untreated patients. In
fact, complication can be the initial presentation of Pulmonary TB in

Figure 3. Frequency and types of post-TB sequelae in patients
with diabetes mellitus.
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certain cases [10]. Satish er al. analysed CT scan chest of 100
patients for post-TB sequelae. They categorized the sequelae into
parenchymal, airway, pleural, mediastinal, and vascular subtypes.
Fibrosis was seen as the most common sequelae in their cohort [11].
Menon et al. have described the radiological sequelae in new cases
of pulmonary, pleural and mediastinal tuberculosis after they com-
pleted their treatment. In their study complete resolution of lesions
were observed in 59.6% of patients with 38.7% showing fibrosis [3].
However, in our population only 17.1% patients had completely nor-
mal chest-x-ray after treatment completion with 46.41% showing
some fibrosis. A systemic review done in United Kingdom demon-
strated the differences in the patterns and prevalence of lung damage
seen using chest X-ray and computed tomography scan in post-TB
patients. Chest X-ray focused on cavitation, bronchiectasis, and
fibrosis, out of which cavitation was reported as the most common
finding. In CT scan bronchiectasis was more common than cavita-
tion with features of inflammation, emphysema, and mosaicism. The
facility of computed tomographic imaging’s availability remains
restricted and limited in low to middle income countries hence the
post TB sequelae are underestimated and under reported [7].

Singla et al. studied the radiological sequelae in patients treat-
ed for MDR TB. After conclusion of two years of MDR-TB treat-
ment 95.7% patients had some residual symptoms and 100%
patients had residual abnormality on bilateral chest x-ray with
82.6% patients showing disease in advanced stage [4]. Our study
also analysed the residual chest x-ray findings in patients treated
for drug resistant tuberculosis and it was seen that 100% patients
had post tuberculosis radiological sequelae of one kind or another.
Singla et al. [12] also studied residual radiological sequelae in total
51 MDR-TB patients who were treated successfully. Out of these
98% had residual radiological sequelae while 78% had persistent
respiratory symptoms.

Bronchiectasis has always been regarded as “orphan lung dis-
ease” [13]. It is known to be a common post TB sequela. A study
was done in Nepal to see the clinical spectrum of patients who pre-
sented with bronchiectasis. Post-TB bronchiectasis was found to
be the most common cause [14]. Lower lobes tend to have more
retained secretions with increased bronchial pressures and infec-
tions making it the most suitable site for the development of
bronchiectasis. In comparison, the upper lobes tend to have very
few secretions [15]. In our study bronchiectasis was seen in
10.87% of patients. There is a possibility of underestimation
because data was analysed on the basis of chest X-rays and highly
resonant computed tomography scan of the chest were not avail-
able to properly evaluate the bronchiectatic changes.

TB has always been associated with certain atypical manifes-
tations in diabetic patients. Shaikh et a/ .found out that patients
with concomitant pulmonary TB and diabetes mellitus are more
likely to present with atypical radiological images including cavi-
tatory lesions and predominance of the lower lung [16]. Patel ef al.
also found that there was a greater involvement of lower lungs
(84%) as compared to upper lungs (16%). Moreover, they also
found out that unilateral involvement was 68% while bilateral
involvement was 32%. Out of 50 patients, 10 patients had cavita-
tory disease which were frequent in the lower lung zone (80%)
[17]. Although the relation between radiological manifestation of
pulmonary TB and diabetes mellitus has been established in liter-
ature, there is limited data describing the effect of post-TB seque-
lae in diabetic patients. We analysed 38 patients with concomitant
diabetes and TB. We found out that 30 (78.94%) patients devel-
oped radiological sequelae. Unilateral involvement was seen in
79.41% and bilateral involvement was seen in 20.58% of the
patients. Fibrosis (56.6%) was seen as the most common radiolog-
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ical sequelae followed by pleural thickening 10 (33.33%) and
bronchiectasis 3 (10%).

Post-TB sequelae has certain clinical implications. The fre-
quently observed symptoms in such patients are dyspnoea, cough,
wheezing and sputum production [18]. Chronic bronchitis, exacer-
bations of chronic obstructive pulmonary disease and bronchiecta-
sis are also a known complications affecting the post-TB lungs.
Among the infective complications, Nontuberculous mycobacteria
and Aspergillus causing chronic pulmonary aspergillosis are now
considered the most common pathogens affecting the diseased
lungs [7,19,20]. Di Naso et al. described that patients who have
received multiple treatments for TB are more prone to develop
post-TB sequelae associated with significantly lower forced vital
capacity, MIP and distance covered in 6-minute walk test [21]. A
cross sectional study in South Africa showed that patient cured for
TB show decreased exercise capacity and health related quality of
life along with abnormal lung functions [22]. Chronic pulmonary
function impairment was assessed in another South African popu-
lation and it was seen that lung functional impairment increases
incrementally with the number of episodes of TB [23]. Although
post-TB sequelae once diagnosed on chest x-rays and CT scans
may remain asymptomatic but some patients presenting with
symptoms (breathlessness, cough, chronic respiratory failure,
haemoptysis) needs follow up assessment with sputum cultures,
fungal markers, lung function tests and 6-minute walk test so that
disease progression can be diagnosed and management can be
facilitated timely. Post-TB patients with lung functional abnormal-
ities, reduced exercise capacity and impaired quality of life should
ideally undergo pulmonary rehabilitation which can be beneficial
as discussed by Visca et al. [24,25].

Our study had few limitations. The study had high number of
cases which were excluded because of multiple factors like unavail-
ability of chest X-rays and diagnosis of TB other than pulmonary
and pleural TB. We evaluated the chest X-rays for determining the
frequency of Post TB radiological sequelae, however for sequelae
like bronchiectasis computed tomography scan of the chest is the
best modality which was not available for our patients. Majority of
patients presented with certain symptoms like cough, breathless-
ness on mild to moderate exertion, wheezing but we did not specif-
ically categorize the symptoms with which they presented. Certain
studies suggest the deteriorating pulmonary function tests after
tuberculosis has been treated. We did not analyse the pulmonary
functions and how they deteriorate in post-TB sequelae.

Conclusions

The post TB radiological sequelae in our cohort is very high.
Hence treating tuberculosis is not the end of this epidemic. The
comorbidities associated with post tuberculosis sequelae continues
to cripple the life of the sufferers. It has effects not only on the
health of the patient but also physical, social, mental and economic
aspects of life. Hence as a physician one should be aware of all the
spectrum of the sequelae so that early diagnosis and management
can be facilitated.
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