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realise what minor and major damages might remain 
even after proper treatment of the disease. Mycobacterium 
tuberculosis spreads via the inhalation route. Once in the 
alveoli, macrophages ingest the bacilli. If these cells are 
unable to completely eradicate the bacilli, intracellular 
multiplication occurs and the bacilli spread further toward 
the regional lymph nodes.[2] In an immunocompetent 
person, development of specific immunity is generally 
sufficient to limit multiplication of the bacilli; the 
host remains asymptomatic and the lesions heal with 
resorption of caseous necrosis, fibrosis, and calcification. 
Immunocompromised persons may develop progressive 
disease with dissemination.[3] Some bacilli can remain 
dormant and reactivate causing post primary tuberculosis. 
Therefore, various residual lesions and complications can 
occur following tubercular infection at any of the points 
described in the pathogenesis.

INTRODUCTION

Tuberculosis is a chronic infection that is associated with 
widespread morbidity and mortality. The WHO estimates 
the global incidence of TB to be 8.6 million cases each 
year, with a mortality of 1.3 million.[1] India is among 
the countries with the highest burden of TB, accounting 
for one‑fifth of the global burden. It is important to 
understand the pathogenesis of tuberculosis in order to 
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A variety of residual lesions and complications can 
occur in both treated and untreated cases of pulmonary 
tuberculosis. Kim et  al. describes these sequelae and 
complications under various headings:  (a) Parenchymal 
lesions, which include tuberculoma, cavity, cicatrization, 
end‑stage lung destruction, aspergilloma, and bronchogenic 
carcinoma;  (b) airway lesions, such as, bronchiectasis, 
tracheobronchial stenosis, and broncholithiasis; 
(c) vascular lesions: Pulmonary or bronchial arteritis and 
thrombosis, bronchial artery dilatation, and Rasmussen 
aneurysm; (d) mediastinal lesions, which include lymph 
node calcification, fistula of the esophagomediastinum 
or esophagobronchial, constrictive pericarditis, and 
fibrosing mediastinitis; (e) pleural lesions, such as, chronic 
empyema, fibrothorax, bronchopleural fistula, pleural 
calcification, and pneumothorax; and (f) chest wall lesions, 
which include rib tuberculosis, tuberculous spondylitis, 
and malignancy associated with chronic empyema.[4]

In this article, we describe the proportion of residual 
pleural, parenchymal, and mediastinal lesions, as 
evidenced on a chest x‑ray following treatment of new 
cases of tuberculosis.

MATERIALS AND METHODS

Study type
It was a retrospective observational study. Chest x‑rays 
of patients who were diagnosed and treated with 
antitubercular treatment were studied prior to starting the 
treatment and at the end of their treatment.

Patient characteristics
The records of patients who attended the Outpatient 
Department of a tertiary care hospital in New Delhi, who 
were treated for tuberculosis were studied.

Patients who presented with symptoms of cough or fever, 
hemoptysis, weight loss or loss of appetite and other 
chest complains such as, chest pain and breathlessness 
were all evaluated with a chest x‑ray. Those who 
were suspected of pulmonary tuberculosis based on 
history or a chest x‑ray were subjected to at least two 
sputum examinations for acid fast bacilli. Patients were 
diagnosed as suffering from tuberculosis either based 
on history and sputum examination positive for acid 
fast bacilli or based on history and radiological lesions. 
Treatment regimens were oral medications according 
to the Revised National Tuberculosis Control Program 
of India (RNTCP) recommendations.[5] All patients who 
were declared cured, as evidenced by their records citing 
stopping treatment after an adequate duration due to 
improvement of symptoms and sputum conversion in 
case of sputum‑positive tuberculosis, were included 
in the study. Patients with a previous history of 
antitubercular treatment or those who had a radiological 
picture suggestive of previous tuberculosis‑like pleural 
calcification or parenchymal calcification were excluded 
from the study list. Also, those who did not respond to 

initial anti‑tubercular treatment and required further 
workup for treatment failure and multidrug‑resistant 
tuberculosis were excluded from the study. Patients 
presenting with other concomitant respiratory diseases, 
such as, chronic obstructive pulmonary diseases, 
interstitial lung disease, and bronchiectasis were excluded 
from the study.

Methods
Radiological lesions were classified into parenchymal, 
pleural, and mediastinal, depending on the dominant x‑ray 
picture visualized on a posterior–anterior plain x‑ray film. 
At the end of the treatment, the chest x‑rays were studied 
for the remaining sequelae and categorized into pleural, 
parenchymal, and mediastinal.

The severity of the lesion was classified on a chest x‑ray 
using the classification of the National Tuberculosis and 
Respiratory Disease Association of the USA, into four 
groups:[6]

•	 Minimal lesion
•	 Moderate
•	 Moderately advanced
•	 Far Advanced.

RESULTS

A total of 441 new cases of pulmonary, pleural, and 
mediastinal tuberculosis were included in the study. Males 
comprised of 63.8% of the total and females, 36.2% of the 
total cases. One hundred and twenty‑six cases  (28.6%) 
were sputum‑positive and 315  cases  (71.4%) were 
sputum‑negative tuberculosis.

Residual x‑ray lesions were observed in 178  cases 
of tuberculosis. They formed 40.36% of the total 
cases. Complete radiological resolution was seen in 
263  cases  (59.64%); 67.41% of the residual lesions 
were parenchymal in nature, 23.59% of total were 
pleural lesions, and 8.99% were mediastinal lesions 
[Figure 1].

Figure 1: Flow diagram depicting the findings of the study
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Out of a total 120 cases with residual pulmonary lesions, 
we observed that 38.7% were suggestive of fibrosis, 21.4% 
were cavities‑related, 3% were pulmonary calcifications, 
and 4.3% were cases of bronchiectasis [Figure 2].

Forty‑two cases  (23.59%) had residual pleural lesions; 
21.2% of these consisted of pleural thickening, and 2.4% 
consisted of pleural calcification.

Mediastinal opacities were observed in 16 (8.99%) of the 
total cases, with residual lesions that consisted of partially 
resolved mediastinal lymphadenopathy.

Out of 126 sputum‑positive cases, 70% had residual 
lesions, comprising of a total of 88  cases with residual 
lesions on their chest x‑rays [Figure 3].

Out of 315 sputum‑negative cases 28.5%, that is, a total of 
90 had radiological residual lesions [Figure 3].

Using the National TB and Respiratory Disease 
Association of the USA classification to grade the 
severity of the lesion on chest x‑ray, 55.7% of the 
patients had minimal residual lesions, 22.8% had 
moderate, 15.2% had moderately advanced cases, and 

6% had a far advanced lesion. Fifteen percent had 
overlap lesions (either parenchymal and pleural or 
parenchymal mediastinal or mediastinal, pleural, and 
parenchymal).

Figure 4 depicts the radiological progression of a minimal 
lesion before ATT to a different severity after ATT. 
Likewise, Figure  5 depicts the radiological progression 
of a moderate lesion. Figure 6 shows the progression of 
a moderately advanced lesion, and Figure 7 depicts the 
radiological progression of a far advanced lesion.

DISCUSSION

In this study, we observed that despite adequate 
chemotherapy and adequate clinical response in new cases 
of tuberculosis, a large proportion of patients are left with 
residual radiological sequelae.

Pulmonary tuberculosis with parenchymal involvement is 
the most common form of tuberculosis.[1] Therefore, it is not 
surprising to observe that the maximum number of cases in 
our study have been with parenchymal involvement, and 
so it forms the maximum number with residual lesions. 

Figure 2: Proportion of parenchymal residual lesions Figure 3: Proportion of sputum-positive and sputum-negative with 
residual lesions

Figure 4: Radiological progression of the minimal lesion after ATT
Figure 5: Radiological progression of a moderate lesion, after ATT, 
to a different severity
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Up to 40% of the patients with post primary tuberculosis 
have a marked fibrotic response, which manifests as 
atelectasis of the upper lobe with retraction of the hilum, 
compensatory lower lobe hyperinflation, and a mediastinal 
shift toward the fibrotic lung.[7,8] Similar findings were 
observed in our study where 38.7% of the patients with 
pulmonary involvement had shadows suggestive of 
fibrosis.

Hatipoglu et  al. observed that bronchiectasis is seen 
in 30  –  60% of the patients with active post primary 
tuberculosis and in 71 – 86% of the patients with inactive 
disease, on high‑resolution CT.[9] In contrast, we found only 
a small proportion had bronchiectasis as a sequelae (4.3%). 
However, one reason may be that we assessed the sequelae 
only with a chest x‑ray and not with computed tomography, 
which has a greater sensitivity. Bronchiectasis and residual 
cavities are sequelae usually found in the upper lobes.

The incidence of mediastinal lymphadenopathy is 
the highest during childhood and it decreases with 
increasing age.[10] This could be one of the reasons 
for our observation of a mediastinal residual lesion 
forming the lowest proportion, as our patients consisted 
of an age group of 18 to 60  years. It is observed that 
with anti‑tubercular treatment, the nodes may either 
disappear or form a residual mass composed of fibrotic 
tissue and calcifications.[11] A residual mediastinal lesion 
in our patients was a partially resolved mediastinal 
widening (lymphadenopathy).

Tuberculous pleuritis usually resolves completely even in 
the absence of treatment.[12] However, in some patients, 
chronic complications occur during the healing of the 
tuberculosis lesions or appear as late sequelae. Pleural 
residual lesions in the form of pleural thickening, pleural 
calcification, and fibrothorax have been described post 
tuberculsosis.[13] Kwon and colleagues observed that at the 
end of antituberculous medication for pleural effusion, 
the incidence of residual pleural opacity was 68.3% 

(40 out of 60 cases) on CT.[14] In our study pleural residual 
lesions formed 23.6% of the total.

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.[15] Furthermore, it is possible that some patients 
mount a more severe inflammatory response in an 
attempt to control the foreign organism, thereby leading 
to more destruction of self‑tissues. How much do hosts 
or environmental factors contribute to the development 
of residual sequelae remains to be explored.

In addition we observed that a greater proportion of 
sputum‑positive tuberculosis had a residual lesion, as 
compared to sputum‑negative cases. Seventy percent 
of the sputum‑positive cases were left with residual 
lesions, whereas, 28.5% of the sputum‑negative cases 
had residual lesions. This could be because of a higher 
bacterial load in the sputum‑positive cases, which caused 
more damage.

It is possible that in those cases that did not have any 
residual lesion on chest x‑ray after treatment, the lesions 
healed before necrosis developed.[15]

Despite the fact that severe lesions at the start of ATT might 
lead to severe lesions after completion, it was not the case 
in this study. Minimal, moderate, and moderately advanced 
lesions, as seen before ATT led to no residual lesions in the 
maximum number of the cases. No residual lesions were 
seen in 58.9% of the cases after ATT from among those that 
began with a minimal lesion before ATT, no residual lesion 
was seen in 56.2% of those that began with a moderate 
lesion, and no residual lesion after ATT was seen in 40.6% 
of those that began with a moderately advanced lesion. An 
exception was seen in the far advanced lesion before ATT. 
In this group, the proportion of a severe x‑ray was larger 
than the proportion with no residual lesion; 30.8% had 
moderately advanced lesions compared to 23% that formed 
the group with no residual lesion.

Figure 6: Radiological progression of a moderately advanced lesion 
after ATT

Figure 7: Radiological progression of a far advanced lesion after ATT
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Limitations
We did not measure the time that lapsed between symptom 
presentation and treatment initiation. This could have been 
compared among those who had residual lesions and those 
who did not have lesions.

CONCLUSION

There are very limited studies on the residual lesions 
of tuberculosis. Even more sparse is the availability 
of literature on residual lesions following successful 
treatment of tuberculosis. Further studies are needed to 
explore the genetic and environmental factors that make 
an individual susceptible to residual lesions as compared 
to another.
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