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In the last 30 years, the incidence of lung cancer 
has been higher than 50 cases per 100 000 popu‑
lation. In 2017, the incidence of lung cancer was 
56.1 per 100 000 population. A total of 13 798 
men and 7747 women developed the disease, and 
the mortality rate of this malignancy in Poland 
was 46.8‑fold higher than that of tuberculosis.2,3

In clinical practice, general practitioners and 
the majority of pulmonologists more frequent‑
ly meet patients with lung cancer than with tu‑
berculosis. Therefore, tuberculosis has become 
a disease of somewhat less significance, often 
not even considered in the diagnostic workup. 
Cough, which is the most frequent symptom of 

Introduction  Tuberculosis is an infectious 
disease caused by the Mycobacterium tuberculosis  
complex. Its incidence in Poland is higher than in 
the majority of the European Union and Europe‑
an Economic Area countries—in which it does not 
exceed 10 cases per 100 000 population—but it is 
several times lower than in the 1980s and 1990s, 
not to mention the tragic epidemiological situa‑
tion after World War II.1,2

In 2019, 5075 cases of pulmonary tuberculo‑
sis were diagnosed in Poland, and the incidence 
was 13.2 per 100 000 population. Ten years ear‑
lier, there were 6992 cases of the disease, and 
the incidence was 18.3 per 100 000 population. 
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Abstract

Introduction  Tuberculosis is frequently omitted in the diagnostic workup and may be identified ac‑
cidentally following thoracic surgeries, mostly those targeting lung cancer.
Objectives  This study aimed to assess the clinical characteristics of patients who underwent thoracic 
surgery that resulted in the diagnosis of tuberculosis and to review lesions initially found on chest imag‑
ing in the context of the potential presence of tuberculosis.
Patients and methods  We analyzed medical records of all patients hospitalized at the Department of 
Thoracic Surgery of the National Tuberculosis and Lung Diseases Research Institute, Warsaw, Poland, 
between the years 2014 and 2018 (n = 57) in whom tuberculosis was diagnosed. Two radiologists 
who knew the diagnosis retrospectively analyzed preprocedural chest computed tomography scans of 
the study patients.
Results  Tuberculosis was diagnosed by culture of specimens obtained during video‑assisted thoracos‑
copy (21 patients), thoracotomy (24 patients), mediastinoscopy (6 patients), transthoracic fine‑needle 
biopsy (3 patients), and transbronchial biopsy (1 patient). In the remaining 2 individuals, the diagnosis 
was established based on the microbiological examination of drained pleural fluid. In 42 patients (73.7%), 
the diagnosis of tuberculosis was unexpected to thoracic surgeons. Radiological findings suggestive of 
tuberculosis were present in 38 patients (66.7%). The radiologists who retrospectively analyzed the im‑
aging records suggested tuberculosis in 31 persons (54.3%), whereas those who carried out the initial 
preprocedural evaluation, in 11 (19.3%).
Conclusions  The majority of the study patients presented with radiological findings encountered in 
tuberculosis, which should have led to a  less invasive diagnostic workup. This highlights the  role of 
radiologists in the identification of the disease.
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factors, and, most importantly, lesions initial‑
ly found on chest CT of patients in whom tuber‑
culosis was diagnosed as a result of thoracic sur‑
gery may have indicated the disease earlier and 
whether radiologists reported such a suspicion.

Patients and methods  The study was ap‑
proved by the Bioethics Committee at the Na‑
tional Tuberculosis and Lung Diseases Research 
Institute (KB‑76/2020) and involved the anal‑
ysis of medical records of patients hospitalized 
at the Department of Thoracic Surgery between 
the years 2014 and 2018 in whom tuberculosis 
was diagnosed by culture. This paper is based 
on descriptive analysis. We reviewed records en‑
tered in the microbiological registries maintained 
by the Department of Microbiology of the Insti‑
tute pertaining to all patients of the Department 
of Thoracic Surgery in whom culture results for 
the M. tuberculosis complex were positive and 
who also underwent molecular testing and bac‑
terioscopy to detect acid‑fast bacilli. We collect‑
ed data on patients’ age, sex, symptoms indicat‑
ing a possibility of tuberculosis (cough, fever, and 
weight loss), body mass index, cigarette smoking 
status, results of the interferon‑γ release assay, 
factors increasing the risk of tuberculosis reacti‑
vation (diabetes, immunosuppression, and mal‑
nutrition), and surgical procedures resulting in 
the diagnosis of tuberculosis. Data were obtained 
on the basis of histological or cytologic examina‑
tions of samples (from the lung, pleura, mediasti‑
nal and hilar lymph nodes, and pleural fluid) and 
lesions found on bronchoscopy. Two radiologists 
who knew the diagnosis retrospectively assessed 
the chest CT scans, searching for lesions sugges‑
tive of tuberculosis (Table 1). When CT scans were 
not available, chest radiographs were analyzed in‑
stead. In each case, it was noted whether the ra‑
diologist who read the chest images prior to sur‑
gical intervention indicated a possibility of tu‑
berculosis. Thoracic surgeons identified patients 
in whom the diagnosis of tuberculosis following 
surgery was unexpected.

Results  The study group included 57 patients 
in whom thoracic surgeries led to the diagnosis 
of tuberculosis; in the same time frame, the total 
number of thoracic surgeries performed at the De‑
partment was 11 033. The analyzed group included 
30 men (52.6%) and 27 women (47.4%). The mean 
and median age of the patients was 50.5 and 50 
years, respectively (range, 23–84 years). Cough 
was reported in 14 patients (24.6%), fever in 10 
(17.5%), and weight loss in 12 (21.1%). Informa‑
tion about symptoms of the remaining persons 
was not available. Six patients (10.5%) were treat‑
ed for diabetes and 11 (19.3%) had a body mass 
index below 20 kg/m2. According to the available 
data, 10 individuals (17.5%) smoked cigarettes 
and 10 (17.5%) underwent immunosuppressive 
treatment. The results of the interferon‑γ release 
assay were available in 3 patients and were pos‑
itive in all cases. Fiberoptic bronchoscopy prior 

pulmonary tuberculosis, occurs in numerous dis‑
eases of the respiratory system. Systemic man‑
ifestations of tuberculosis, such as weight loss 
and night sweats, are nonspecific for the disease 
either.4

Tuberculosis should be considered if risk fac‑
tors for disease reactivation are noted. These in‑
clude impaired immunity, diabetes, malnutrition, 
cigarette smoking, and alcohol abuse.5 Features 
seen on imaging are nonspecific for tuberculosis 
and do not confirm the diagnosis; however, they 
may be characteristic enough to suggest the dis‑
ease. A definitive diagnosis of tuberculosis is es‑
tablished exclusively after microbiological test‑
ing confirming the presence of the M. tuberculo-
sis complex in a sample. The most frequently ana‑
lyzed materials include sputum, bronchial wash‑
ings, bronchoalveolar lavage fluid, and lung biopsy 
specimens obtained during fiberoptic bronchos‑
copy. In patients suspected of tuberculosis with 
mediastinal and hilar lymph node involvement, 
diagnosis may be reached through endobronchial 
ultrasound–guided transbronchial needle aspira‑
tion (EBUS‑TBNA) or transesophageal endoscop‑
ic ultrasound–guided needle aspiration.6 Accord‑
ing to the current recommendations, each sam‑
ple should undergo molecular testing for the pres‑
ence of the M. tuberculosis complex.4 The rapid 
Xpert MTB/RIF test (Cepheid, Sunnyvale, Cali‑
fornia, United States) allows clinicians to detect 
the genetic material of the bacilli within 2 hours.

Furthermore, surgical procedures are per‑
formed in some patients suspected of tubercu‑
losis in whom the diagnosis has not been estab‑
lished with less invasive methods. However, tu‑
berculosis identified as a result of thoracic sur‑
gery usually comes as a surprise.7 In the era of 
low‑dose computed tomography (CT), tubercu‑
losis may also be detected accidentally in individ‑
uals screened for lung cancer—nodules first sus‑
pected to be malignant, when removed surgical‑
ly, turn out to be tuberculomas.8,9

This study aimed to investigate wheth‑
er the clinical presentation of the disease, risk 

What’s new?

In countries with a low incidence of tuberculosis, including Poland, the disease 
has been relegated to the background. Therefore, it is frequently ignored in 
the diagnostic workup and identified accidentally, particularly during thoracic 
surgeries for lung cancer. Symptoms and radiological findings associated with 
pulmonary tuberculosis are nonspecific and do not confirm the diagnosis. 
Radiologists play an important role before surgical intervention, as they may 
identify the potential presence of tuberculosis, which allows physicians to 
diagnose the disease using less invasive methods. In this study, we reviewed 
medical records of all patients with tuberculosis who were hospitalized at the 
Department of Thoracic Surgery in the years 2014 to 2018 and retrospectively 
analyzed their preprocedural computed tomography scans. Our findings empha‑
size the significance of considering tuberculosis in the differential diagnosis 
of pulmonary disease and point out the need for proper interdisciplinary 
communication.
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inflammation of enlarged mediastinal lymph 
nodes underwent thoracotomy and suturing of 
the perforation. Mediastinoscopy was carried 
out in 6 patients.

In 3 patients, tuberculosis was diagnosed by 
transthoracic fine‑needle biopsy, and in a single 
person, by transbronchial biopsy. Planned VATS 
was abandoned in 2 individuals with pleural effu‑
sion and the intervention was limited to insert‑
ing a drain into the pleural cavity. In one of those 
individuals—a man aged 84 years, in severe gen‑
eral condition—bacilli resistant to isoniazid and 
rifampicin were cultured from pleural exudate. 
Six persons (10.5%) from the study group un‑
derwent EBUS, but it had not led to the diagno‑
sis of tuberculosis.

Postprocedural complications occurred in 9 pa‑
tients. A transient decrease in arterial oxygen sat‑
uration of up to 83% was observed in a patient af‑
ter thoracotomy and excision of emphysematous 
bullae. The accumulation of secretion in the respi‑
ratory tract that required bronchoaspiration was 
noted in 2 study patients (one person after resec‑
tion of emphysematous bullae and another one 
after decortication). Fever on the first day follow‑
ing the surgery was reported in a single patient 
after VATS, and temporary cardiac arrhythmia, 
in a single person after VATS combined with mar‑
ginal resection. Three patients needed prolonged 
pleural drainage because of air or fluid leakage in 
the pleural cavity (after thoracotomy with resec‑
tion, VATS with resection, and drain insertion). 
A single woman after decortication due to pleural 
empyema developed respiratory failure requiring 
mechanical ventilation.

Histological examination was carried out in 51 
patients (89.5%) and explicitly indicated tubercu‑
losis in 44 individuals (77.2%). Granulomas repre‑
sented the main morphological feature detected 
during the microscopic examination of the sam‑
ples obtained from patients with tuberculosis. 
Granulomas are made up of epithelial cells corre‑
sponding to macrophages modified by cytokines, 
multinucleated giant cells—the so‑called Lang‑
hans cells that are formed as a result of aggrega‑
tion of several macrophages, and accompanying 
inflammatory infiltrate including lymphoid cells. 
Granulomas occur individually or as an aggregate 
that forms larger conglomerates (nodules). They 
may be accompanied by necrosis of varying ex‑
tent or become fibrous.10-13

Mycobacteria accumulated in the necrotized 
region and in the foci of softening and calcifica‑
tion may be detected by additional tests, main‑
ly Ziehl–Neelsen staining. However, the absence 
of bacteria on staining does not exclude tubercu‑
losis. To confirm infection suggested by patho‑
morphological characteristics, it is necessary to 
perform a microbiological analysis.

ProbTec (Probe Tec Becton, Dickinson and 
Company, Sparks, Maryland, United States) or 
Xpert MTB/RIF molecular testing of the mate‑
rial collected during the procedure was conduct‑
ed in 29 patients (50.9%) and yielded positive 

to surgical intervention was performed in 33 pa‑
tients (57.9%), and in 9 (15.8%), lesions indi‑
cating previous tuberculosis (scars from lymph 
node–bronchial fistulas and anthracotic incrus‑
tations) were found.

A total of 21 study patients underwent video
‑assisted thoracoscopy (VATS); in 9 persons, it 
was combined with marginal or wedge resection 
of the lung. In 9 patients, marginal or wedge re‑
section was performed using thoracotomy. Six 
individuals underwent lobectomy with lymph‑
adenectomy. Tuberculosis was also identified in 
2 patients who were operated on because of em‑
physematous bullae. A single person with con‑
firmed mesothelioma of the pleura underwent 
pleurectomy and lymphadenectomy and had tu‑
berculosis diagnosed following the examination 
of pleural fluid. In another person with pleural 
empyema, fenestration of the chest wall was ini‑
tially performed and followed by pneumonec‑
tomy and thoracoplasty. Decortication was car‑
ried out in 3 individuals. Right‑sided resection 
of the third rib, without decortication, was per‑
formed in a patient with pleural empyema pen‑
etrating to the rib. A single HIV‑infected per‑
son with perforation of the esophagus due to 

TABLE 1  Computed tomography findings indicating the possibility of tuberculosis

1. Parenchymal consolidation of typical location

a.	Apical segment of the right upper lobe (segment 1)

b.	Apical‑posterior segment of the left upper lobe (segment 1/2)

c.	Posterior segment of the right upper lobe (segment 2)

d.	Apical segment of the lower lobe (segment 6)

2. Parenchymal consolidation of typical location (described in point 1)

a.	Unilateral

b.	Bilateral

c.	With features of cavitation

3. Nodules of typical location (described in point 1)

a.	Solitary

b.	Multiple

c.	With features of cavitation

d.	With calcification

e.	Centrilobular nodules, including the tree‑in‑bud sign

f.	 Miliary dissemination (involving various zones of the lungs)

4. Cavities of typical location (described in point 1)

5. Mediastinal and / or hilar lymphadenopathy

a.	Right lower paratracheal lymph nodes (station 4R) in particular

b.	With features of central necrosis

c.	With calcification

6. Pleural lesions

a.	Pleural effusion

i.	 Free fluid

ii.	Loculated fluid

iii.	Signs of pleural empyema

b.	Bronchopulmonary fistula

c.	Irregular pleural thickening, calcification

7. Scars
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intervention did not point to the presence of tu‑
berculosis in any of these 2 patients.

Computed tomography was performed in 50 
patients (87.7%) (including 7 individuals in whom 
only descriptions of CT scans from the health‑
care center that had referred them to the Insti‑
tute were available). In the remaining 7 persons, 
the radiologists participating in the study based 
their evaluation on chest radiographs. Parenchy‑
mal consolidations were detected in 12 patients 
(21%): unilateral in 10 persons and bilateral in 
2; with features of necrosis in 6 cases (Supple‑
mentary material, Figure S1) and located bilater‑
ally in 2 individuals. In 3 patients, consolidations 
were found in the apex of the left lung, and in 4, 
in the right one. In 6 cases, consolidations were 
located in the posterior segment of the right up‑
per lobe, and in other 6, in the apical segment of 
the right lower lobe. A total of 32 patients had 
nodules of location typical of tuberculosis: in 5 pa‑
tients, a solitary nodule was identified, and in 27, 
multiple nodules were found. None of the study 
patients had miliary lesions. In 4 persons, fea‑
tures of necrosis were noted in nodules; in a single 
individual, a distinct thick‑walled cavity was de‑
tected on CT (Supplementary material, Figure S1); 
and 12 patients had calcification. In 11 patients, 
the tree‑in bud sign was apparent (Figure 1). Fi‑
brotic lesions were found in 18 patients (31.6%) 
(Supplementary material, Figure S2).

Mediastinal and hilar lymphadenopathy was 
detected in 12 individuals; in 8 cases, it affect‑
ed right lower paratracheal lymph nodes (sta‑
tion 4R). In 8 patients with adenopathy, tuber‑
culosis was diagnosed after the examination 

results in 24 (42.1%). Bacterioscopy of the ob‑
tained specimens was performed in 55 patients 
(96.5%), and the result was positive in 22 per‑
sons (38.6%).

The diagnosis of tuberculosis in 42 patients 
(73.7%) surprised thoracic surgeons; howev‑
er, it was expected in the remaining 15 patients 
(26.3%). The surgeons considered the poten‑
tial presence of tuberculosis in 5 individuals 
with pleural effusion, including a single per‑
son with accompanying parenchymal consoli‑
dations, in whom the radiologist who had ex‑
amined the patient prior to surgical interven‑
tion suggested the possibility of tuberculosis, 
although lung cancer was also taken into ac‑
count. The diagnosis of tuberculosis did not as‑
tonish clinicians in the case of 4 patients with 
empyema either; radiologists who participat‑
ed in the examination suggested the disease in 
3 of them. Thoracic surgeons, but not radiolo‑
gists, also suspected tuberculosis in a patient 
with multiple pulmonary nodules, accompany‑
ing fibrotic lesions, and the tree‑in‑bud sign; in 
2 individuals with pulmonary nodules who had 
undergone antitubercular therapy; in a patient 
with unilateral parenchymal consolidations with 
cavitation, the tree‑in‑bud sign, and a radiolog‑
ical suggestion of tuberculosis; in a patient with 
a nodule in the middle lobe; and in an individual 
with a nodule in the third segment of the right 
lung (the latter 2 patients had lesions on fiber‑
optic bronchoscopy: anthracotic incrustations 
and scarring after lymph node–bronchial fis‑
tulas). The radiologist who carried out the ini‑
tial assessment of the lesions prior to surgical 

Figure 1  Imaging findings in a 33‑year‑old woman admitted due to a suspicion of lung cancer, in whom the lesion 
was detected accidentally. Sputum smears and culture performed before the procedure yielded negative results (no 
molecular tests were performed). A – chest radiograph (posteroanterior view) showing a poorly defined area of 
parenchymal consolidation in the left upper lobe (arrow); B, C – high‑resolution computed tomography demonstrating 2 
irregular areas of consolidation in the apical‑posterior segment of the left upper lobe (arrow) (B) as well as small nodules 
representing the tree‑in‑bud sign and pleural thickening (arrow) (C)

B

C

a
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the fluid was free; in 6, loculated; and in 4, it had 
features of empyema.

Radiological findings that could have indi‑
cated tuberculosis were reported in 38 patients 
(66.7%); in 32 patients, they were of complex 
nature (Table 2) and occurred in various constel‑
lations (Supplementary material, Figure S3), and 
in 6, they were of a single type (Table 3). Accord‑
ing to the radiologists participating in the study, 
imaging was suggestive of tuberculosis in 31 pa‑
tients (54.3% of the study group); the radiologists 
who did not know the diagnosis postulated such 

of specimens from the lymph node; in 3, from 
the lung; and in 1, from plural fluid. An enhance‑
ment pattern typical of tuberculosis was not 
found on CT in any case. Calcification of lymph 
nodes was detected in 3 individuals. None of 
the 12 patients could be considered to have pri‑
mary tuberculosis, as some lesions indicated pre‑
vious tuberculosis.

Pleural lesions were noted in 24 patients 
(42.1%); thickening (also irregular) and calci‑
fication, in 13 (22.8%); and lesions suggestive 
of pleural effusion, in 19 (33.3%)—in 9 persons 

TABLE 2  Complex radiological features found in the study patients, potentially suggestive of tuberculosis

Lesions Patients, n Possibility of tuberculosis 
suggested by the radiologists 
participating in the study

Possibility of tuberculosis 
suggested by the radiologists 
initially reading the images

Multiple nodules and scars and the tree‑in‑bud sign 3 3 2

Multiple nodules and scars with / without cavitation in the nodules 2 1 0

Multiple nodules and adenopathy in station 4R with / without scars, 
with / without calcification in the nodules, with / without cavitation in 
the nodules

5 3 0

Multiple nodules with cavitation and lymphadenopathy (not in 
station 4R)

1 0 0

Unilateral consolidation with cavitation and multiple nodules 
with / without cavitation, with / without calcification, with / without 
pleural thickening

3 2 1

Unilateral consolidation with cavitation and multiple nodules 
with / without pleural thickening and the tree‑in‑bud sign

2 2 2

Unilateral consolidation without cavitation and nodules and pleural 
thickening or scars

2 2 0

Unilateral consolidation without cavitation and nodules with 
calcification and free pleural effusion

1 1 1

Unilateral consolidation without cavitation and nodules 
and the tree‑in‑bud sign

1 1 1

Bilateral consolidations with cavitation and multiple nodules and 
scars and pleural thickening and the tree‑in‑bud sign

1 1 1

Bilateral consolidations with cavitation and free pleural effusion 1 1 1

Solitary nodule with calcification and the tree‑in‑bud sign 1 1 0

Solitary nodule and free pleural effusion 1 0 0

Solitary nodule with calcification and adenopathy in station 4R with 
calcification and scars and pleural thickening

1 1 0

Free pleural effusion with / without scars and the tree‑in‑bud sign 2 2 0

Free pleural effusion with irregular pleural thickening 1 0 1

Single cavity of location typical of tuberculosis and multiple nodules 1 1 1

Pleural empyema and scars and pleural thickening with / without 
the tree‑in‑bud sign

2 2 0

Fluid in the pericardium and pleura, consolidation in segment 3 of 
the left lung

1 1 0

TABLE 3  Single‑type findings indicative of tuberculosis

Lesions Patients, 
n

Possibility of tuberculosis 
suggested by the radiologists 
participating in the study

Possibility of tuberculosis 
suggested by the radiologists 
initially reading the images

Loculated pleural effusion 2 2 0

Solitary nodule in the posterior segment of the right upper lobe 1 1 0

Parenchymal consolidation in the apical segment of the lower lobe 1 1 0

Satellite nodules (a single bigger nodule surrounded by several 
smaller ones) in the apical segment of the lower lobe

1 1 0

Pleural empyema 1 1 0
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suggested tuberculosis and such possibility was 
not considered by the radiologists who took part 
in the analysis.

In 7 patients with lesions that could be indic‑
ative of tuberculosis, the radiologists participat‑
ing in the study did not find sufficient reasons for 

diagnosis in their interpretations prior to thorac‑
ic surgery in 11 patients (19.3%). The opinions of 
the radiologists assessing the examinations prior 
to surgical procedures corresponded with those 
of the radiologists participating in the study in 
10 cases; in a single patient, a radiologist initially 

Figure 2  Imaging findings in a 62‑year‑old nonsmoking woman with a 3‑month history of cough and weight loss 
who received chemotherapy for salivary gland lymphoma. Lung lesions appeared during chemotherapy. The diagnosis of 
tuberculosis was established based on lung specimen analysis (marginal resection). Histological examination of 
the station 7 lymph node specimen showed granulomas and caseous necrosis (microbiological tests were not 
performed). The patient had not undergone any examination for tuberculosis previously. A – chest radiograph 
(posteroanterior view) showing irregular patchy consolidations (possibly inflammatory lesions) in the middle zone of 
the right lung (arrow); diffuse reticular and linear opacities in the lower and, of lesser extent, middle zones, and 
widening of the right mediastinum; B, C – computed tomography (lung window, axial plane) showing subpleural 
consolidations in the posterior segment of the right upper lobe (arrow) (possibly organizing pneumonia), and reticular 
and linear opacities with traction bronchiectases (arrow) indicating interstitial fibrosis in the lung bases; D–F – 
computed tomography (mediastinal window, axial plane) showing enlarged mediastinal lymph nodes—upper 
paratracheal, lower paratracheal, para‑aortic, subcarinal, and hilar (arrows)

a

D
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abnormalities found on imaging. This could be 
partially a consequence of the fact that the radi‑
ologists who described the initial images rarely 
indicated tuberculosis in differential diagnosis, 
although otherwise they recognized lesions typ‑
ical of tuberculosis. Presumably, in some cases, 
radiological suggestions would facilitate the diag‑
nosis of tuberculosis without surgical interven‑
tion. This emphasizes the need for proper inter‑
disciplinary communication of all professionals 
involved in the diagnostic workup.

Nowadays, rapid molecular tests are available, 
which do not require a waiting period of several 
weeks for culture of the M. tuberculosis complex 
and allow clinicians to eliminate the risk of late 
diagnosis in the case of cancer. The Xpert MTB/
RIF or Xpert MTB/RIF Ultra test detects the ge‑
netic material of the M. tuberculosis complex after 
2 hours. Testing positive confirms tuberculosis in 
patients with a positive result of sputum bacte‑
rioscopy or significantly increases its probabili‑
ty in those with negative smears.14 In addition, 
if the radiologist does not suggest that the de‑
tected abnormalities may indicate tuberculosis, 
isolation of infectious patients is delayed, lead‑
ing to disease transmission.15 However, features 
considered typical of tuberculosis are not always 
present on imaging (they were found in 19 of our 
study patients [33.3%]) and they may mimic ma‑
lignancy. Moreover, tuberculosis and lung cancer 
may coexist (even in the same lesion).7,16 In our 
study, there was a single patient in whom both tu‑
berculosis and lung cancer (carcinoid) were found.

Tuberculosis with mediastinal lymph node in‑
volvement may be detected by EBUS‑TBNA.17 
The Xpert MTB/RIF test of a sample obtained 
during EBUS‑TBNA increases the possibility of 
disease identification.6 The diagnosis of medias‑
tinal lymphadenopathy is also possible using an‑
other method, that is, endobronchial ultrasound 
with endoscopic ultrasound–guided fine‑needle 
aspiration.18

Before the introduction of less invasive meth‑
ods, lymphadenopathy was diagnosed by medias‑
tinoscopy.19 Currently, VATS is a modality com‑
monly used to diagnose and treat pulmonary dis‑
eases and intrathoracic lesions. It is considered 
safe, as no deaths or complications were reported 
in 26 individuals with pleural effusion, including 
30.8% with tuberculosis.20 The method was also 
frequently used in the diagnostic workup of our 
study patients. Invasive methods for the diagno‑
sis of tuberculosis have a high sensitivity. Histo‑
logical analysis along with culture of pleural spec‑
imens obtained during thoracoscopy were dem‑
onstrated to have 100% sensitivity.21

Imaging may indicate tuberculosis and direct 
further diagnostic evaluation. Chest radiography 
often enables the detection of tuberculous lesions 
(Supplementary material, Figure S5). However, 
the specificity of a chest radiograph in the diag‑
nosis of tuberculosis is limited. The diagnostic 
efficacy of CT in the detection of tuberculosis 
is considerable; its sensitivity reaches 91%, and 

suggesting the disease owing to other concomi‑
tant findings (occasionally dominant), nonspecif‑
ic for tuberculosis. In 3 of those patients, enlarge‑
ment of mediastinal lymph nodes of various sta‑
tions was seen, including station 4R; in another 
patient, isolated enlargement of this lymph node 
station was observed. The radiologists participat‑
ing in the study did not consider tuberculosis in 
those individuals because of premises listed be‑
low. One case concerned a woman with identi‑
fied and treated lymphoma, in whom lymphade‑
nopathy affected multiple lymph node stations. 
The patient also had newly developed lesions—
subpleural foci of parenchymal consolidations 
with morphologic features of organizing pneu‑
monia and reticular opacities in the basal regions 
of the lungs, indicative of interstitial fibrosis. Tu‑
berculosis was diagnosed by the examination of 
lung specimens obtained from lesions sugges‑
tive of organizing pneumonia and from subcari‑
nal lymph nodes (other lymph nodes were not 
examined) (Figure 2). Sarcoidosis was suggest‑
ed in another woman in whom mediastinal and 
left hilar lymphadenopathy and parahilar nodu‑
lar dissemination were identified (tuberculosis 
was diagnosed by lymph node specimen exami‑
nation) (Supplementary material, Figure S4). In 
the third case, a solid nodule in segment 8 as well 
as scars and calcified nodules in the apexes and 
middle lobe were found. Furthermore, positron 
emission tomography with CT (PET‑CT) showed 
an increased metabolic activity of mediastinal 
lymph nodes. Samples collected from the lymph 
nodes during mediastinoscopy confirmed the di‑
agnosis of tuberculosis. Subsequently, right low‑
er lobectomy with lymphadenectomy was carried 
out and the nodule in segment 8 turned out to 
be carcinoid (Supplementary material, Figure S3). 
The fourth patient had prominent features of iso‑
lated lymphadenopathy—station 4R (interpreta‑
tion of the CT scan from outside the Institute), 
based on which the diagnosis of tuberculosis was 
established (Supplementary material, Figure S2). 
The patient also had fibrotic lesions in the lingu‑
la and segment 8.

One of the 7 abovementioned patients had 
a solitary nodule surrounded by small satellite 
nodules; and 2 others had multiple nodules with 
and without cavitation, respectively. Free pleural 
fluid accompanied by irregular pleural thicken‑
ing and calcification was found in a single patient 
(the radiologist who performed the initial inter‑
pretation of the image suggested tuberculosis).

Discussion  Tuberculosis may be detected as 
a result of thoracic surgery; however, in such sit‑
uations, as in the present study, the diagnosis is 
often unexpected. In countries with a low prev‑
alence of tuberculosis, the disease is not usually 
suspected to be the cause of lesions in the chest 
prior to the procedure.7

Pulmonologists who referred our study pa‑
tients to thoracic surgeons were probably con‑
vinced that malignancy accounted for the 
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In about 5% of cases, tuberculosis involving 
the lung parenchyma manifests as tuberculoma—
a round or oval nodular opacity (rarely multiple) 
of 0.5 to 4 cm in diameter, usually well circum‑
scribed (occasionally with spiculated margins), 
often nonenhanced after intravenous contrast 
administration, and sometimes surrounded by 
satellite nodules.31,32

Active tuberculosis may also present with poor‑
ly defined centrilobular nodules with branching 
linear opacities suggestive of lesions in the bron‑
chioles. The tree‑in‑bud sign, although remark‑
able, is nonspecific for tuberculosis. It may ap‑
pear in mycobacteriosis, bronchiolitis caused by 
other pathogens, lymphoma, and adenocarcino‑
ma of the lung.22,30-34

Miliary tuberculosis occurs in primary and 
postprimary disease and indicates the hema‑
togenous spread of tuberculosis. In this type of 
the disease, CT demonstrates small, disseminat‑
ed, well‑defined nodules (1–3 mm) of uniform 
random distribution.30

Tuberculous pleural effusion is generally unilat‑
eral; in postprimary tuberculosis, it typically co‑
exists with parenchymal lesions, whereas in pri‑
mary disease, it may be the only imaging finding. 
The enhancement of the pleura, a split sign on 
CT, may indicate the presence of empyema.27,35,36

Calcified Ghon foci and apical nodules are typ‑
ical of previous primary tuberculosis. They repre‑
sent a residue of the Simon foci developed dur‑
ing hematogenous dissemination of primary tu‑
berculosis. Calcification may be seen in the pleu‑
ra, pericardium, and lymph nodes.28,37

Tuberculous lesions can also heal through fi‑
brosis—it was noted on follow‑up radiography 
of approximately 40% of the cured persons. Fi‑
brosis may manifest as scarring parenchymal fi‑
brotic lesions, apical pleural thickening, bronchi‑
ectasis, distortion of the lung architecture: lung 
volume reduction, hilar retraction, and mediasti‑
nal shift toward the affected lung. Pleural thick‑
ening, pleural calcification, and fibrothorax con‑
stitute residual features of inflammatory exu‑
date.37,38 Patients with lesions indicative of pre‑
vious tuberculosis who develop new abnormali‑
ties should be screened for tuberculosis, as they 
may have a relapse.15

The implementation of radiomics enables ad‑
vanced quantitative analysis of images, which 
can increase diagnostic accuracy and facilitate 
the decision‑making process, also in terms of dif‑
ferentiating between lung cancer and tuberculosis 
on CT and PET‑CT.39,40 Screening programs using 
low‑dose CT improve early detection of lung can‑
cer in high‑risk populations. Pulmonary nodules, 
also multiple, may be detected in a significant 
proportion of screened individuals.41 Radiomics 
is a modality that may also enhance the effective‑
ness of lung cancer screening programs.42

Conclusions  Tuberculosis of the lungs, hilar and 
mediastinal lymph nodes, and the pleura may be 
identified following thoracic surgery. However, in 

specificity, 76%. High‑resolution CT shows le‑
sions that are not visualized on a radiograph, that 
is, small nodules, small cavities, and ill‑defined 
parenchymal opacities, and enables a thorough 
assessment of the type and distribution of le‑
sions. It is a useful tool in the imaging of medi‑
astinal and hilar lymph nodes.22 Another modal‑
ity, PET‑CT, uses hybrid devices—a CT scanner 
and a PET gamma camera—which enables a fu‑
sion of morphological and scintigraphic imaging, 
with fluorine‑18 fluorodeoxyglucose as a tracer. 
Active tuberculous lesions are characterized by 
an increased tracer uptake, but it is difficult to 
differentiate between active tuberculosis and can‑
cer. Based on PET‑CT, tuberculous lesions can‑
not be distinguished from other infectious in‑
flammatory or granulomatous processes, such 
as sarcoidosis.7,23,24 As far as our study group is 
concerned, PET‑CT was not useful for the diag‑
nosis of tuberculosis.

There are 2 distinctive imaging patterns in pul‑
monary tuberculosis. In primary tuberculosis, me‑
diastinal and hilar lymphadenopathy and homog‑
enous parenchymal consolidation—the Ghon pri‑
mary focus (sometimes multiple foci), with no re‑
markable predilection for the defined regions, are 
observed. Mediastinal and hilar lymphadenopa‑
thy in primary tuberculosis occurs more frequent‑
ly in pediatric patients. Among the middle‑aged 
and elderly, primary tuberculosis and the associ‑
ated adenopathy are not reported so frequently. 
Persons with impaired immunity may more often 
have adenopathy even in postprimary tuberculo‑
sis. Lymphadenopathy is more frequently unilat‑
eral, with a predilection for the right side. It often 
occurs in the paratracheal region, particularly in 
lower right paratracheal lymph nodes (station 4R) 
and the hilum. Computed tomography following 
intravenous contrast administration may show 
a lymph node pattern typical of active tubercu‑
losis—hypodense lesions due to central necrosis, 
with intensive enhancement of the peripheral rim 
(this feature is particularly observed in the case 
of nodes with a diameter larger than 2 cm).25-27 
On the other hand, calcification of lymph nodes is 
markedly more frequent in nonactive tuberculo‑
sis.28 Lymphadenopathy may also occur, although 
less often, in postprimary tuberculosis. Medias‑
tinal and hilar lymphadenopathy was identified 
on CT in 31% of patients with primary tubercu‑
losis and in 17% of individuals with postprima‑
ry disease.29 In our study group, lymphadenopa‑
thy always coexisted with lesions indicating pre‑
vious tuberculosis, which indicated the postpri‑
mary form of the disease.

In postprimary tuberculosis, following the re‑
activation of an earlier infection with M. tubercu-
losis, the initial stage is characterized by focal or 
patchy parenchymal opacities in apical and poste‑
rior locations. Lesions are generally bilateral and 
usually more than one lung segment is affected. 
Cavities in the area of consolidation are common‑
ly seen in tuberculosis. They can be single or mul‑
tiple and usually have thick, irregular walls.23,30
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such case the diagnosis is often unexpected and 
initially not taken into account. It can be partial‑
ly explained by the fact that symptoms of tuber‑
culosis, such as cough and weight loss, also oc‑
cur in lung cancer. Pulmonary lesions detected 
by imaging are nonspecific for tuberculosis, ei‑
ther. Nevertheless, they may suggest the poten‑
tial presence of the disease. The majority of our 
study patients had lesions that are frequently 
encountered in tuberculosis and should prompt 
less invasive procedures. Microbiological exam‑
ination along with molecular testing could have 
confirmed tuberculosis. Such tests were not per‑
formed, as the radiologists had not initially in‑
dicated tuberculosis as a possible diagnosis, al‑
though there were premises suggesting it. Tuber‑
culosis should be considered in the differential di‑
agnosis even in the case of radiological findings 
not regarded as typical of the disease. This em‑
phasizes the role of radiologists in the identifica‑
tion of tuberculosis. The examination of sputum 
or specimens obtained during bronchoscopy en‑
ables a rapid diagnosis of tuberculosis, without 
delays associated with the diagnostic workup tar‑
geted at lung cancer, and thus helps to avoid sur‑
gical interventions in some patients.
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