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Abstract: Tuberculosis (TB) remains one of the major infectious diseases in the world with a high incidence

rate. Drug-resistant tuberculosis (DR-TB) is a key and difficult challenge in the prevention and treatment
of TB. Early, rapid, and accurate diagnosis of DR-TB is essential for selecting appropriate and personalized
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treatment and is an important means of reducing disease transmission and mortality. In recent years, imaging
diagnosis of DR-TB has developed rapidly, but there is a lack of consistent understanding. To this end, the
Infectious Disease Imaging Group, Infectious Disease Branch, Chinese Research Hospital Association;
Infectious Diseases Group of Chinese Medical Association of Radiology; Digital Health Committee of China
Association for the Promotion of Science and Technology Industrialization, and other organizations, formed
a group of TB experts across China. The conglomerate then considered the Chinese and international
diagnosis and treatment status of DR-TB, China’s clinical practice, and evidence-based medicine on the
methodological requirements of guidelines and standards. After repeated discussion, the expert consensus
of imaging diagnosis of DR-PB was proposed. This consensus includes clinical diagnosis and classification
of DR-TB, selection of etiology and imaging examination [mainly X-ray and computed tomography (CT)],
imaging manifestations, diagnosis, and differential diagnosis. This expert consensus is expected to improve
the understanding of the imaging changes of DR-TB, as a starting point for timely detection of suspected
DR-TB patients, and can effectively improve the efficiency of clinical diagnosis and achieve the purpose of

early diagnosis and treatment of DR-TB.
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Introduction

Tuberculosis (TB) ranks 13™ in the world as a cause of
death (1). In 2021, there were 10.6 million new cases of
TB worldwide. The burden of drug-resistant tuberculosis
(DR-TB) also increased in 2020-2021. Among the new TB
patients in 2021, there were 450,000 cases of rifampicin-
resistant tuberculosis (RR-TB). The number of RR-TB
and multidrug-resistant tuberculosis (MDR-TB) patients
reported to have received appropriate treatment in 2021
is 161,746, covering only 1/3 of all patients requiring
treatment. The current global treatment success rate for
DR-TB is 60%, which is still very low. DR-TB remains a
major public health problem.

Chest imaging examination is crucial for the early
detection of pulmonary tuberculosis (PTB) and monitoring
whether treatment drugs are effective. There are imaging
differences in the chest computed tomography (CT) scans
of drug-sensitive tuberculosis (DS-TB) and DR-TB (2-4).
When multiple CT signs of DR-PTB coexist, chest
imaging examination can be used as a starting point for
timely detection of suspected DR-TB patients and improve
the efficiency of clinical diagnosis. In order to promote
the effective implementation and promotion of imaging
examination and standardized diagnosis of DR-TB, this
consensus invited 36 Chinese national TB imaging experts
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to formulate an expert consensus on imaging diagnosis of
DR-TB. This consensus is based on a review of the imaging
literature on DR-PTB, combined with the methodological
requirements of guidelines and standards for evidence-based
medicine, comprehensive consideration of clinical practice,
and the experience of specialist physicians to form the
final recommendations for the imaging diagnosis of DR-
PTB. The consensus was drawn to provide clinicians with a
diagnostic basis, form the best decision-making scheme, and
effectively improve the early diagnosis of DR-TB.

Overview

The main pathogen causing human TB is Mycobacterium
tuberculosis (M.th), which includes 4 types: human, bovine,
African, and murine. More than 90% of the causative
bacteria of human pulmonary TB is human-type M.th. M.th
has the characteristics of pleomorphism, acid resistance,
slow growth, and strong resistance (5). M.th has complex
bacterial components, mainly including lipids, proteins,
and polysaccharides. Lipoids account for 50-60% and
are related to tissue necrosis, caseous liquefaction, cavity
occurrence, and T'B allergic reactions in TB. The source of
infection of M.rb is mainly sputum carrier particles, which is
spread through droplets (6), and the susceptible population
include those with low resistance, such as those with weak
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self-resistance, human immunodeficiency virus (HIV)
infection, and malnutrition (7). TB is an ancient disease, but
its incidence remains high today. One of the main reasons
is the prevalence of drug-resistant (DR) M.rb. The main
reasons for drug resistance are as follows: (I) change of the
structure and composition and the permeability of the cell
wall, the drug permeability decreases, resulting in drug
resistance; (II) mutations in genes encoding drug targets or
enzyme genes related to drug activity on the M.rb genome
produce degraded or inactivated enzymes, resulting in drug
resistance (8); (III) bacteria exposed to low doses of drugs
for a longer period of time can activate transporters and
then overexpress them, leading to irreversible phenotypic
drug resistance and eventually genetic drug resistance (9).
The emergence of DR-PTB makes the diagnosis and
treatment of TB more difficult, or even leads to treatment
failure, resulting in the emergence of more chronic sources
of infection that are difficult to cure. Therefore, in order to
better control the TB epidemic, it is crucial to detect DR-
TB early and provide timely and effective treatment.

Clinical manifestations

Similar to the clinical manifestations of DS-PTB, the main
manifestations of DR-PTB are cough, sputum, low-grade
fever, night sweats, weight loss, fatigue, loss of appetite,
chest tightness and chest pain. In severe cases, blood in
sputum or hemoptysis, wheezing and dyspnea may occur.
The course of DR-TB is often protracted. The incidence
of multiple cavities, bronchiectasis and large pulmonary
consolidations is higher in DR-TB than in DS-TB, the
lung damage is severer, and the structural damage of the
lung is more common. Therefore, the respiratory system is
more severely damaged (10). Some patients may experience
extreme consumption such as long-term fever accompanied
by malnutrition, anemia and hypoalbuminemia, and severe
cases may even manifest as cachexia.

Clinical classification

With the development of therapeutic drugs and advances
in drug resistance detection technology, the World Health
Organization (WHO) continues to update its guidelines
for the diagnosis and treatment of DR-TB, and revised the
definition of DR-TB in October 2020, which took effect
from January 2021. DR-TB can be divided into monodrug-
resistant tuberculosis (MR-TB), RR-TB, MDR-TB,
polydrug-resistant tuberculosis (PDR-TB), pre-extensive
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drug-resistant tuberculosis (pre-XDR-TB) and extensive
drug-resistant tuberculosis (XDR-TB) (11,12). The above
classification applies to all new and post-treatment DR-
PTB, including pulmonary TB and extrapulmonary TB.

Main laboratory tests for DR-TB

Laboratory examinations include pathogenic examination,
pathological and molecular pathological diagnosis, and
immunological examination.

Etiology examination

Etiology examination includes M.th smear microscope
examination, M.tb culture and strain identification, and drug
sensitivity test (DST). The detection method for DR M.z is
the same as that for DS-TB. Detection of the susceptibility
of anti-TB drugs with isolation of culture-positive strains
identified as M.th complex is the gold standard for the
diagnosis of DR-TB. By culture, the sensitivity of M.th to
a variety of first- and second-line anti-TB drugs can be
determined, yet the disadvantages of the culture method
are that is time-consuming, uncertain test results for some
drugs such as pyrazinamide, and high demand for biological
safety. The commonly used M.b culture and DST methods
include: M.#b solid culture and DST and M.#b liquid culture
and DST (13). Points to be noted: (I) Mycobacterium culture:
Mycobacterium culture should be performed on all samples
of PTB patients. A positive culture and identification of M.zb
can not only confirm the diagnosis, but also allow further
DST. (II) Mycobacterial species identification: patients with
PTB are prone to secondary or combined non-tuberculous
mycobacteria (NTM) infections, and bacterial species
identification is required to confirm the diagnosis. Species
identification of clinical specimens or mycobacterial isolates
can determine whether a patient has TB, nontuberculous
mycobacteriosis, or co-infections. (III) M.tb DST: with
the global resurgence of the TB epidemic, the proportion
of DR-TB is increasing annually both for new patients or
previously treated TB patients. DST should be routinely
performed on TB patients to confirm drug resistance.

Pathological and molecular pathology diagnosis

The specific pathological changes of DR-TB have
been a hot research topic in the pathology community.
Unfortunately, no specific pathological differences between
DR-TB and DS-TB have been found. Both can manifest 3
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Name of dr
Y9 Related genes and mutation sites

resistance

Rifampicin Codons 531, 526, and 516 of the rpoB gene. Most cases are co-resistant to isoniazide; codons 513, 526, and 531
can be cross resistant to rifampicin

Isoniazide KatG, inhA, kasA and ahpC are mainly characterized by mutations in the coding region of the katG gene and the
regulatory region of the inhA gene

Ethambutol Mainly related to mutations in the embABC operon gene, with embB306, embB406, and embB497 mutations being

the most common
Pyrazinamide
Streptomycin

Fluoroquinolones

The relative hot spot mutation regions of the pncA gene are codons 3-17, 61-85 and 132-142
The rpsL and rrs genes, codons 905 and 513 of the rpsL43 and rrs genes are the most common mutation sites

gThe yrA and gyrB genes, codons 90, 91, and 94 of gyrA, and codons 464 and 495 of gyrB are the most common

major pathological changes: exudative lesions, proliferative
lesions and necrotic lesions. In the process of TB, affected
by factors such as the virulence of M.zb, the amount of
infecting bacteria, and the body’s own immunity, the above
3 pathological changes often exist in a mixed manner.
Different stages or different disease sites are mostly
dominated by certain pathological changes and evolve into
each other (14).

The characteristic histological manifestation of DR-
TB is tubercles, which are mainly composed of epithelioid
cells and Langhans giant cells. Caseous necrosis can be
seen in the center of the nodules, and varying amounts of
small lymphocytes and plasma cells can be seen around
infiltration (15). Since the pathology of DR-TB is not
substantially different from that of DS-TB, pathological
specimens of suspected DR-TB patients can be tested for
molecular DST or phenotypic DST, or next-generation
sequencing (NGS) technology to confirm drug resistance as
soon as possible.

With the promotion and popularization of clinical
methods such as minimally invasive surgery and needle
biopsy, the availability of sampled small tissues and
punctured tissues is increasing; however, pathologists
cannot diagnose TB by referring to gross specimens with
the naked eye and typical histomorphological changes
under the microscope. Higher requirements and greater
challenges are put forward for pathological diagnosis. When
seeing “atypical” pathological changes, the possibility of TB
should still be considered.

Molecular pathological examination has become one of
the diagnostic methods for DR-TB, mainly referring to the
molecular biology drug susceptibility test of M.th (referred
to as “molecular DST”) (16).
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Mutations in DR-related gene sequences can cause
M.th to become resistant to anti-1B drugs. Common M.t»
resistance-related genes are shown in 7able 1. This type
of method mainly judges whether the strain is resistant to
the corresponding anti-TB drugs by detecting whether
there is a mutation in the DR-related gene. Common
detection techniques include real-time fluorescent
quantitative polymerase chain reaction (QPCR), isothermal
amplification, probe-reverse hybridization, probe-based
melting curve and gene chip technology.

Immunological examination

Tuberculin skin test (T'ST) moderately positive or strongly
positive, new tuberculin skin test (C-TST) positive, or
gamma-interferon release test positive, interleukin 2 (IL-2)
test positive, interferon-induced protein-10 (IP-10)
messenger RNA (mRNA) transcription test positive, and
M.th antibody positive, can be used as auxiliary diagnostic
criteria for TB. However, immunological techniques cannot
distinguish DR-TB and DS-TB. Therefore, immunological
examination has limited relevance in distinguishing DR-TB
from DS-TB (17).

Imaging examination

The evidence level evaluation of evidence-based medicine
in this consensus follows the principles of the grading of
recommendations assessment development and evaluate
(GRADE), and used the 2011 edition of Oxford Center
for Evidence-Based Medicine Grading (OCEBM levels of
evidence) as a supporting tool to perform evidence grading.
Regarding the conversion of evidence into recommendations,
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Table 2 GRADE level of evidence and grade of recommendation (18)

GRADE grading system 2011 Oxford Center for Evidence-based Medicine Evidence Classification

Level of evidence

| Systematic evaluation or meta-analysis of diagnostic tests designed based on cross-sectional studies
(independent blind comparison with recognized gold standards)

Il Diagnostic tests designed for a single cross-sectional study (independent blind comparison with recognized

gold standards)

11l Diagnostic tests designed for a single cross-sectional study (without independent blind comparison with
recognized gold standards) or discontinuous studies

I\ Case-Control study

V Mechanism-based reasoning or expert experience and consensus

Grade of recommendation

Strong

Very confident. The true value is close to the estimated effect. Based on: high-quality research evidence

supporting net benefits (e.g., advantages outweigh disadvantages); the research results have good consistency,
with few or no exceptions; slight or no doubts about the quality of the research; and/or obtain the consent of the
expert group members. Other recommendations based on high-quality evidence, including those discussed in
the review and analysis of the guidelines, can also support strong recommendations

Medium

Moderate confidence in the estimated effect. Based on: good research evidence supporting net benefits (e.g.,

advantages outweigh disadvantages); the research results are consistent, with slight and/or few exceptions;
slight or minor doubts about the quality of the research; and/or obtain the consent of the expert group members.
Other recommendations based on medium-quality evidence with advantages outweighing disadvantages
(including those discussed in the review and analysis of the guidelines) can also form medium recommendations

Weak Confidence in the estimated value of the effect is weak, and this recommendation provides the best guidance
currently available for clinical practice. Based on: limited research evidence supporting net benefits (e.g.,
advantages outweigh disadvantages); the research results are consistent, but there are important exceptions;
There are important doubts about the quality of research; and/or obtain the consent of the expert group
members. Other weak recommendations can also be formed based on limited evidence, including the review

and analysis discussed in the guidelines

the expert group mainly followed the GRADE guidelines for
grading recommendations, and made modifications to the
recommendation grading in combination with the grading
scheme of the American Society of Clinical Oncology (ASCO)
guidelines (7zble 2) (18). Finally, the recommendation
strength is divided into 3 levels: strong recommendation,
moderate recommendation and weak recommendation. A
strong recommendation means that the panel has a high level
of confidence that the recommendation reflects best clinical
practice and should be adopted by most or all intended
users. A moderate level of recommendation means that the
expert group has a moderate level of confidence that the
recommendation reflects the best clinical practice, and most
target users will adopt the recommendation, but care should
be taken in consideration of doctor-patient joint decision-
making during implementation. A weak recommendation
means that the expert group has certain confidence that
the recommendation reflects the best clinical practice,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

but it should be applied conditionally to the target group,
emphasizing the joint decision-making of doctors and
patients.

Chest X-ray examination

Chest X-ray can be used as the first-line screening
method for DR-PTB (level of evidence: III, strength of
recommendation: strong), and is also a commonly used
method for treatment efficacy evaluation (19) (level of
evidence: IV, strength of recommendation: strong). Chest
X-ray is of low cost and low radiation dose and has other
advantages, but the diagnostic sensitivity and specificity are
not optimal (20).

cT
CT is the main method for diagnosing DR-PTB (19)
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(evidence level: IV, recommendation strength: strong). It is
recommended to perform routine plain scans, and enhanced
scan when necessary. CT can detect earlier PTB lesions
than chest X-ray, and accurately assess the disease process,
lesion activity, and complications (4).

CT has advantages in the diagnosis of lymph node
morphology and enhancement features in differentiating
TB from non-TB (21,22). CT can quantify pleural effusion,
and multi-slice CT can make a more definite diagnosis
of acute miliary TB. CT cannot only identify pulmonary
consolidation, but also detect pulmonary cavitary lesions and
accurately display the morphology of the cavity wall (21).
“Iree-in-bud sign” is a typical manifestation of PTB, and
95% of cases show this sign on CT (23). Bronchiectasis
and residual cavities are complications of PTB, and in
71-86% and 12-22% cases these lesions can be seen on
CT, respectively (22). In addition, chest CT can show TB
lesions in the spine, liver and spleen, which is helpful in the
diagnosis of extrapulmonary TB (24).

CT provides an objective basis for evaluating the treatment
efficacy for DR-TB. CT multi-planar reconstruction,
especially coronal minimum density projection, can evaluate
the entire large airway, further improve the accuracy of
measuring airway stenosis, and provide a virtual roadmap for
monitoring the dynamic response to treatment and precise
surgical planning for lesion resection (25).

Other imaging examinations

Magnetic resonance imaging (MRI)

MRI can be used as a supplementary examination
method for DR-PTB (evidence level: IV, strength of
recommendation: medium). MRI shows excellent contrast
resolution in showing lymph nodes, pleural abnormalities
and caseous lesions. The sensitivity and specificity of MRI
in detecting lymph nodes are comparable to those of CT.
Lymph node TB and reactive lymphadenitis are further
distinguished based on signal intensity and heterogeneity.
Enhancement after enhancement indicates active
lesions (26). However, MRI cannot detect lymph nodes
smaller than 3 mm (4). MRI signal changes according
to the stage of necrosis and whether mycobacteria are
present in the necrosis. It is better than CT in qualitatively
identifying lung consolidation, but it is difficult to detect
subtle manifestations such as ground-glass density shadows
in the lungs. For the detection of a small amount of pleural
effusion that cannot be shown by CT, MRI is superior to
CT 27).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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Positron emission tomography (PET)/CT

PET/CT is a supplementary examination method for DR-
TB (level of evidence: IV, strength of recommendation:
weak). PET/CT can distinguish active and inactive PTB and
assist in evaluating treatment effects. However, its diagnostic
specificity for solitary pulmonary nodules is low, making it
difficult to differentiate TB from malignancies (28).

Chest ultrasound

Chest ultrasound is a portable, non-invasive, and
supplementary examination method for the evaluation of
intrathoracic lesions of DR-PTB (21) (level of evidence:
1V, strength of recommendation: weak). Some 31-83% of
patients may show abnormal ultrasound findings, including
lung consolidation, pleural effusion, or lymphadenopathy.
Another advantage is for the evaluation of extrapulmonary
T'B, including evaluation of peritoneal effusions, hepatic
micro-abscesses, or abdominal lymph nodes.

Artificial intelligence imaging

In March 2020, WHO approved the use of computer-
aided detection (CAD) software as an alternative to human
interpretation of chest radiographs for TB screening and
triage in susceptible people over 15 years old (29) (level of
evidence: IV, strength of recommendation: weak). A scoring
system to predict the likelihood of DS or DR TB is cost-
effective and user-friendly for use in low- and middle-
income countries with high TB burden and insufficient
number of radiologists and may meet minimum acceptable
requirements for TB triage with acceptable sensitivity and
specificity.

Imaging diagnosis
DR and CT imaging manifestations

DR-TB is different from DS-TB in lesion distributions.
DR-TB is more likely to cause lung tissue damage and has
a wider distribution of lesions. It is not limited to the sites
where PTB is susceptible. DR-TB can also be found in
non-prevalent sites of PTB, such as the middle lobe of right
lung, lingual segment of the left lung, and basal segments
of the lower lobes (evidence level: IV, recommendation
strength: weak).

Both DR-TB and DS-TB images can have nodules,
pulmonary infiltrates, consolidation, cavities, damaged
lungs, ground glass opacity (GGO), calcification, fibrosis,
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bronchiectasis, bronchial wall thickening, atelectasis,
pleural effusion and thickening, lymphadenopathy, and
other manifestations (30-37). However, the prevalence of
pulmonary nodules, consolidations and cavities is higher in
DR-TB (33-36). Some researchers believe that pulmonary
nodules are the only manifestation on chest radiography
that distinguishes MDR-TB from DS-TB (37) (level of
evidence: IV, recommendation strength: weak). Compared
with MDR-TB, patients with DS-TB have more obvious
infiltrative lesions and mostly occur in the upper lungs.
Chronic manifestations such as mediastinal shift, upward
hilar shift, pleural effusion, and pleural thickening are more
common in MDR-TB (2,34,38) (level of evidence: 1V,
strength of recommendation: strong).

Imaging signs related to cavities are of the most
importance for diagnosing MDR-PTB (2,4,35,39,40).
Almost all articles have reported that the biggest difference
between DR-PTB and DS-PTB lies in the size, number and
thickness of cavities. When comparing DR-PTB and DS-
PTB patients with cavities, the cavities of DR-PTB have
a higher number and are more likely to be thick-walled
and more widely distributed. Damaged lungs are more
prevalent in MDR-PTB (level of evidence: 1V, strength of
recommendation: strong).

(I) Number of cavities: 68.3% of MDR-TB has
multiple cavities (313/458). MDR-TB has 2-7
cavities, with an average of 3.1 cavities. XDR-TB
has more cavities, with an average of 4.1 cavities.
The number of cavities in DS-TB is 1-3, with an
average of 1.4. The number of cavities >3 has great
value for the diagnosis of MDR-TB (evidence level:
1V, recommendation strength: strong).

(II) Inner diameter of cavities: compared with DS-TB,
the inner diameter of MDR-TB cavities is larger,
with 83.7% (77/92) having an inner diameter
>30 mm, and the average inner diameter of cavities
is 29 mm; the average inner diameter of XDR-TB
is 36 mm, and the cavities of XDR-TB are larger
(level of evidence: IV, strength of recommendation:
strong).

(III) Cavity wall thickness: thick-walled cavities are
more common in MDR-TB than in DS-TB
(evidence level: IV, recommendation strength:
strong). The occurrence of thick-walled cavities in
MDR-TB can reach 62.3% (264/424). The cavity
wall thickness can reach 8 mm, and XDR-TB cavity
walls are even thicker, with an average of 11 mm.

(IV) Distribution of cavities: compared with DS-TB,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

MDR-TB cavities are more widely distributed and
more likely to appear in multiple lobes, accounting
for 62.9% (222/353) of all cavities.

(V) Cavity type: MDS-TB has more variable cavity
types than DS-TB. For MDR-TB cases, cavitation
occurs more frequently in consolidations, nodules
and masses, accounting for more than 50% of
cavitations (41).

In cases where there are >3 cavities in a patient, cavities
have thick-wall and lesions distributed in more than 3 lobes,
these are important imaging basis for the diagnosis of DR-
PTB (evidence level: IV, recommendation strength: strong).

Depending on the type of drug resistance, duration
of disease, and treatment status of DR-TB patients, the
distribution, extent, size, and incidence of imaging findings
are also different.

Imaging manifestations of MR-TB (including RR-TB)
The imaging manifestations of MR and RR-PTB have
certain similarities. Therefore, the imaging manifestations
of MR described here include the imaging manifestations of
RR-PTB. Although most experts believe that the imaging
differences between MR-TB and DS-TB are small, there
are still certain differences between the 2 entities according
to existing literature.

MR-PTB are more widely distributed than DS-PTB, and
most are distributed in more than three lobes of the lung.
In addition to the occurrence of MR-TB in the susceptible
site of TB, MR-PTB is also more likely to involve the non-
susceptible site of TB, such as the right middle lobe and the
basal segments of the lower lobes (42-44). Compared with
DS-TB, MR-PTB is more prone to lung consolidation,
cavitation, bronchial thickening, lymphadenopathy, and
pleural effusion (42-44). However, about 58% (23/40) of the
cavities in MR-PTB are nodular cavities, and the cavities
are relatively localized, mainly a single cavity in a single
lobe (44) (Figure 1).

In view of the paucity of imaging-related literature on
MR-TB and the limited study sample size, the above-
mentioned manifestations may not be generalizable.
Therefore, the strength of the current recommendation for
this aspect is still insufficient.

Imaging manifestations of MDR-TB (including PDR-TB)
Compared with DS-TB, the CT manifestations of MDR-
TB are more complex. MDR-TB patients have a higher
incidence of lung parenchymal damage, the lesions are
more widely distributed, and multi-lobar lung segments are
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Figure 1 CT of a case of rifampicin-resistant pulmonary tuberculosis (male, 20 years old). (A) Scattered centrilobular nodules and tree-in-

bud signs are seen in the apical and apicoposterior segments of the upper lobe of both lungs, with blurred borders (black arrow); (B) a thick-

walled cavity is seen in the posterior segment of the upper lobe of the left lung (white arrow), and satellite lesions are seen surrounding the

cavity; (C) bronchiectasis and wall thickening are seen in the apicoposterior segment of the upper lobe of the left lung (white arrow), and

multiple centrilobular nodules are seen around it. (D) Flake consolidation is seen in the lower lingual segment of the upper lobe of the left

lung (white arrow). CT, computed tomography.

more likely to be observed (4,45-47) (Figure 2). In MDR-
TB, in 80-93% of cases, both lungs have lesions (31,48,49),
in 86.1-91% of cases, the lesions are distributed in 3 or
more lung lobes, and in 61.3% of cases, there is whole lobe
involvement (48,50). Compared with DS-TB, MDR-TB
is more likely to occur in non-susceptible sites such as the
anterior segment of the upper lobe, lingual segment of the
middle lobe, and basal segments of the lower lobes (48,50).
These observations may be related to the fact that MDR-
TB is mostly acquired DR, the course of the disease is
protracted, and the lesions continue to spread in the lungs.
MDR-TB has a variety of CT manifestations, including
exudation, consolidation, cavity, nodule, cord, calcification,
bronchiectasis and stenosis, pleural thickening, pleural
effusion, and lymph node enlargement (Figure 2). Among
them, cavitation is the CT finding with the most diagnostic
value for MDR-TB (2,4,38-40,45-48,50). The incidence of
cavitation in DS-TB patients is only about 20-40% (2,51),
whereas the incidence of cavitation in MDR-TB is relatively
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high. Regardless of whether for new MDR-TB or re-
treatment MDR-TB, there is a high incidence of cavitation
(2,4,38-40,45-48,50). The number of cavities in MDR-TB
is related to the length of medical history. The number of
cavities in MDR-TB and DS-TB patients with a history of
TB <1 month is basically similar, whereas the number of
cavities in MDR-TB patients with a medical history of more
than 1 month is more than that of DS-TB patients (52).
Nearly 70% of re-treatment MDR-TB patients will develop
multiple cavities, with an average of 70-85% and even up
to 100% (31). Multiple cavities are of diagnostic value for
MDR-TB; the most valuable CT finding for diagnosing
MDR-TB is a number of cavities is greater than 3 or a
diameter of cavities is greater than 30 mm (2,4,38-40,47).
The diameter of the cavity in MDR-TB is significantly
higher than that in DS-TB patients, reaching an average
of 47 mm (48). The incidence of thick-walled cavities and
damaged lungs is also higher in MDR-TB than in DS-TB
(2,44,46,47,53). Thick-walled cavities have insufficient blood
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Figure 2 CT of a case of MDR-TB (male, 37 years old). There are multiple cavities of different sizes and irregular shapes in both lungs

(A-D) (black arrows, white arrows). The walls of the cavities are unevenly thick. Nodules and cord-like satellite lesions are seen around

the cavities (A,B,D). The cavities in the upper lobe of left lung merged to form the damaged lung (A-C). There are scattered small patchy

shadows, centrilobular nodules, and tree-in-bud signs in both lungs, with irregular shapes (A-D). There are multiple bronchiectasis and wall

thickening in both lungs, and some are cavity draining bronchi (C,D; white arrows). CT, computed tomography; MDR-TB, multidrug-

resistant tuberculosis.

supply, and the low-concentration anti-TB drugs inside the
cavities cannot effectively kill TB bacteria, which is the main
reason why MDR-TB cavities are difficult to close and the
risk of drug resistance increases (2,44).

In addition to differences in the size and number of
cavities, the prevalence of caseous pneumonia, damaged
lungs, tree-in-bud sign, consolidation, nodules and
centrilobular nodules, bronchiectasis, bronchial stenosis,
pleural thickening, thoracic collapse and mediastinal shift,
and pericardial thickening, are all significantly higher in
MDR-TB than in DS-TB (2,50,52,53).

In addition, the incidences of parenchymal involvement
of bilateral lungs, multiple cavities, bronchiectasis, cavities,
nodules, or masses are higher in new MDR-PTB than those
in DS-PTB, and the lesion extent are larger in new MDR-
PTB (50,52,54). Calcification of intrapulmonary lesions
and calcified lymph nodes are more common in DR-TB (3).
Patients with new MDR-TB have a higher incidence of
cavities, bronchial wall thickening, and consolidation
than those with DS-TB (42). The cavities in re-treatment
MDR-TB patients have wider range, with a higher cavity
number and larger cavities than those in new MDR-PTB
patients (Figure 2). At the same time, the incidence of
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cavity wall calcification, lung consolidation, damaged lungs,
emphysema, calcification, and bronchiectasis (Figure 2C,2D)
is higher in post-treatment MDR-TB patients than that
new MDR-TB patients (50,55), which may be related to the
longer disease course (52).

Although MDR-TB has certain features in chest CT
manifestations, its overall imaging manifestations are
not intrinsically different from those of DS-TB patients
(2,38,46). Both can manifest as wide lesion distribution,
bronchial dissemination, multiple cavities, damaged lungs,
pleural thickening, and bronchiectasis, only that these
changes have a higher incidence in MDR-TB patients.

When the maximum diameter of the cavity is >30 mm,
the number of cavities is >3, and the areas where the cavity
exists is >3 lobes, these features are related to MDR-PTB.
If there are large/extensive lesions in both lungs and chronic
manifestations at the same time, MDR-TB should be highly
suspected (evidence level: IV, recommendation strength:
strong).

XDR-TB/pre-XDR-TB imaging appearance
XDR-TB/pre-XDR-TB patients are more difficult to treat
than MDR-TB patients, have poorer drug efficacy, longer
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Figure 3 CT of a cases of pre-extensively drug-resistant tuberculosis (male, 36 years old). The left thoracic cavity is partially collapsed, the

mediastinum shifted to the left (A-F). Multiple thick-walled cavities in the right lung, thickened and dilated draining bronchi are seen in

the proximal end (A,C) (white arrows). The left lung is damaged, and an air-fluid level is seen in the damaged cavity (B,E) (yellow arrow).

Multiple small nodules, cords, and tree-in-bud signs are seen in the right lung (A-D) (red arrows). Lesions seen in the right lung and nodular

calcification in the left pleura (F) (black arrow). Bilateral pleural thickening, small amount of wrapped effusion in the left thoracic cavity (F).

CT, computed tomography.

disease course, and more severe lung tissue structural
damage (47). In addition to the manifestations of MDR-TB,
XDR-TB/pre-XDR-TB lesions often involve more than
3 lobes of the lungs, and are more likely to cause multiple
cavities, damaged lungs, and extensive airway dissemination
and pulmonary consolidation. XDR-TB/pre-XDR-TB
has thicker walls, higher numbers, and larger cavities than
MDR-TB (2,47) (Figure 3). During the course of non-
effective anti-TB treatment, XDR-TB/pre-XDR-TB
intrapulmonary disseminated lesions continue to increase,
the cavities enlarge, cavity numbers increase, and the cavity
closure rate is low, reflecting the poor efficacy of XDR-TB/
pre-XDR-TB treatment. The lesions are characterized by
progressive deterioration. XDR-TB/pre-XDR-TB has more
types of DR than MDR-TB, the resistance to anti-TB drugs
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is more severe, and the lesions are more widely distributed
in the lungs, which can cause multiple dissemination in the
lungs and cause protracted, progressive lesions. The degree
of lung parenchymal damage in XDR-TB/pre-XDR-TB is
higher than those in MDR-PTB patients, and the number
of damaged lung segments involved is also more extensive
than in DS-TB (56).

The high incidence of cavities and multiple cavities are
important characteristics of XDR-TB/pre-XDR-TB (57).
The prevalence of cavities in XDR-TB/pre-XDR-TB can
reach 85%, which is higher than that of MDR-TB patients.
The thickened cavity wall acts as a barrier to the entry of
anti-TB drugs into the cavity. In addition, the elevated
concentration of M.tb in the cavity and the insufficient
blood concentration in the cavity increase the risk of M.zb
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evolving into a DR strain (41,58).

Cavity lesions which spread to the lungs through the
bronchus can cause caseous necrosis, tissue dissolution, and
discharge, and subsequent formation of new cavities. The
original cavities can continue to increase and merge with other
lesions, damaging the lungs or further aggravating existing
damage to the lungs. The increased number of cavities can
easily cause bronchial dissemination and thus form a vicious
cycle. This is one of the reasons why the incidences of cavities
and disseminated lesions in XDR-TB/pre-XDR-TB patients
are higher than those in MDR-TB patients. Among cases with
cavities, the extent and size of cavities and intrapulmonary
disseminated lesions in XDR-TB/pre-XDR-TB patients are
greater than those in MDR-TB patients (57).

When CT shows multiple cavities, thick-walled cavities,
extensive lung damage and bronchial dissemination, the

possibility of XDR-TB/pre-XDR-TB should be considered.

Other imaging manifestations (MRI, PET/CT)

MRI manifestations

MRI does not have much advantage over CT in diagnosing
DR-TB, but it is better than CT in reflecting the
pathological characteristics of TB and can reflect different
stages of TB (59-62). MRI is more sensitive for detecting
caseous necrosis, liquefaction, active cavitation, lymph
node and pleural changes (63). PTB has various signals on
T2-weighted imaging (T2WI). On T2WI, hyperplastic
granuloma shows high signal, caseous necrosis shows low
signal, and liquefaction necrosis and exudative lesions
show high signal (62). The most valuable sign of MRI in
diagnosing PTB is T2WI low signal. When PTB contains
more lipids, it may show slightly high signal on T1WI.
T2WI signal changes can also be used to evaluate the TB
activity and treatment efficacy of PTB (62).

PET/CT performance

Both MDR-TB and DS-TB can show high radioactivity
uptake in '°F fluorodeoxyglucose ("*F-FDG) PET/
CT images, and whether the TB case is DR cannot be
determined based on their maximum standardized uptake
value (SUV,,,) values. The average SUV,,, of PTB is
6.63+4.82. The lesion SUV,,, 2.5 is the critical value
between active and inactive PTB, and inactive PTB is
mostly below 2.0 (64,65). Although PET/CT is not the
main examination method for diagnosing MDR-TB, it
is useful for bacteria-negative MDR-TB patients with
a long course of TB, those with a lack of typical clinical
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symptoms, those with less lesion activities on CT, those
with proliferative fibrosis and other chronic changes. Lesion

activity can be determined by SUV,,, value (64).

Imaging manifestations of special types of DR-TB
Imaging manifestations of DR-PTB in children

The culture positivity rate of specimens from children
with P'T'B is low (66,67), and the process from the onset of
clinical symptoms to diagnosis is long, so early evaluation
by imaging plays an important role. At present, there are
few Chinese and international literature reports on the
imaging manifestations of DR-PTB in children. This
article synthesizes the relevant literatures on the imaging
manifestations of DR-PTB and DS-PTB in children. The
pediatric patients were grouped and discussed according to
the age classification in the Global tuberculosis report 2018 (less
than 5 years old group and 5-14 years old group).

(I) Imaging features of DR-PTB in children less than

5 years old

Compared with DS-PTB in children of the same age
group, DR children in this age group have more extensive
distribution of pulmonary lesions, and bilateral lungs are
often involved (Figure 4). The most common imaging
manifestations are multiple nodules (including miliary
nodules), followed by pulmonary consolidation, with a
low incidence of cavitation (68,69). Tree-in-bud sign and
calcification are rare. Hilar and mediastinal lymph node
enlargement is common, but CT signs of bronchial TB such
as bronchial stenosis, thickened tube wall, and unsmooth
inner wall are rare (68), and the incidence rate is lower than
the incidence rate of bronchial tuberculosis in children with
DS-PTB (70,71). The incidence of pleural effusion, pleural
thickening is low (68,69), and it is often accompanied by
severe extrapulmonary TB, of which intracranial TB is the
most common. The incidence of extrapulmonary TB such
as intracranial TB in DR children is higher than that in
children with DS-PTB (72,73).

(IT) Imaging features of DR-TB in children aged 5 to
14 years

Compared with DS-TB children of the same age group,
the incidence of DR-TB lesions involving bilateral lungs
is higher (Figure 5). The main manifestations are multiple
nodules, patchy shadows, pulmonary consolidation, hilar
and mediastinal lymph node enlargement. The incidence
of cavities in older children (5-14 years old) with DR-
TB is higher than that in children less than 5 years old
with DR-TB, but is similar to that of DS-TB in children
of the same age (68). Tree-in-bud sign is common and
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Figure 4 CT of a case of MDR (isoniazid, rifampicin, streptomycin) PTB (male, 5 months old). Widely distributed nodules of different sizes

and multple consolidation shadows in both lungs, uneven density, parts of the edges are unclear (A-C). (D) Mediastinum and multiple hilar

lymphadenopathy (black arrows). Right main bronchus, right upper pulmonary bronchus, and middle bronchi are compressed and narrowed

(white arrow). CT, computed tomography; MDR, multidrug-resistant; PTB, pulmonary tuberculosis.

Figure 5 CT of a case of drug-resistant (isoniazid, moxifloxacin) pulmonary tuberculosis (male, 13 years old). (A) Multiple nodules, patches,

and flaky consolidation shadows are seen in the apicoposterior segments of the left upper lobe and the dorsal segment of the lower left

lobe with uneven density and unclear edges; and multiple wall-less cavities (black arrows) are seen inside the consolidation shadow; (B) the

bronchus of the left upper lung is slightly narrowed, and the distal end is irregularly dilated (white arrow). CT, computed tomography.

calcification is rare. The incidence of bronchial TB is
higher in DR-TB than in DS-TB (70). Pleural thickening
is common, but the incidence of pleural effusion is low (68),
which is much lower than the incidence of tuberculous
pleural effusion in children with DS-PTB (73,74).

Imaging manifestations of DR-PTB in the elderly

The DR rate of post-treatment PTB in the elderly is
higher than that of newly diagnosed patients with TB (75).
The course of the disease is long and the lung lesions are
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extensive (76). Lesions involving more than 3 lung fields
are significantly more common than those among young
and middle-aged patients (77). Caseous lesions and cavities
are more common (78). The incidence of tuberculous
pleurisy and tracheobronchial TB is high (79,80). Lung
damages are more common among re-treatment patients
than among new patients. Long-term chronic disease
causes pulmonary fibrosis, formation of lung cavities,
and bronchiectasis and bronchostenosis twisting, which
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Figure 6 CT of an elderly patient with DR-TB (male, 60 years old). The lesions are widely distributed in both lungs, with proliferative

nodules distributed in multiple lobes and the “tree-in-bud sign” (black arrow of B) seen (A-D). The upper lobe of the left lung is damaged,

reduced in size, and presents as a large consolidation shadow (black arrow of A) (A-C), with multiple small and large wall-less cavities and

dilated and twisted bronchial shadows (A-C). The left lower lobe bronchus is narrowed and twisted, and the lung structure has altered

(white arrow) (C). There are multiple thick-walled cavities (white arrows) in the left lower lobe of the lung, with smooth inner walls and less

smooth outer walls, and surrounding satellite foci seen (black arrows) (B-D). Left lower lobe emphysema with mediastinal shift to the left

(B-D). Left pleural thickening and adhesions (C,D). CT, computed tomography; DR-TB, drug-resistant pulmonary tuberculosis.

alter the lung structure (76) (Figure 6). DR-PTB in the
elderly is often accompanied by underlying diseases such
as chronic bronchitis, emphysema, bullae, and a small
number of patients may have pneumothorax. It is more
common to develop secondary pulmonary infection with
other MDR pathogenic bacteria (81,82), and the prognosis
is poorer.

Imaging manifestations of acquired immunodeficiency
syndrome (AIDS) co-existing with DR-PTB

AIDS patients’ immune function is impaired or defective
and they often co-exist with opportunistic infections. PTB
is a common opportunistic infection in AIDS patients.
The global TB report released by WHO in 2022 pointed
out that an estimated 187,000 AIDS patients worldwide
would die from TB in 2021 (1). In the early stage of AIDS,
the chest imaging features of patients infected with M.zb
are not different from those of other patients with DS-
PTB. However, in the middle and late stages of AIDS, as
the count of CD4" T lymphocytes continues to decrease,
the imaging manifestations become increasingly atypical,
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and the lesions have diverse shapes, involving multiple
lobes and lung segments, and usually appear as atypical
infiltrates and miliary lesions. Mediastinal lymph node
enlargement and pleural effusion are more common,
whereas cavitation, nodules, old fibrous lesions and lymph
node calcification are relatively less common (83,84)

(Figure 7).

Differential diagnosis of PR-PTB
Differentiation from non-tuberculous mycobacteriosis

NTM refers to mycobacteria other than M.t complex and
Mycobacterium leprae. The bacteria mainly invade the lungs.
There are certain similarities with DR-TB, but both also
have their own characteristics (19,48,85-88).

Radiologically, I) NTM lung disease is more likely to
cause thin-walled cavities (the prevalence is about 33%) (89).
NTM infection firstly induce the formation of granulomas
in the terminal bronchioles, and then spread through the
bronchi, and the airway muscle layer is destroyed. The
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Figure 7 CT of a patient with HIV and DR-TB (male, 68 years old). Diffuse small nodules and miliary nodules are seen in both lungs, some
are randomly distributed or distributed along the bronchi (A,B), with uneven density and some with unclear boundaries. Scattered patchy
and nodular GGOs in both lungs with blurred borders (A,B). A small thin-walled cavity (white arrow) is seen in the upper lobe of the left
lung with streaks seen inside (A). The dilated bronchi are seen in both lungs, some with thickened walls and some lumens are twisted and
irregular (white arrow). Subpleural interlobular septa of both lungs are thickened and blurred (B). CT, computed tomography; HIV, human
immunodeficiency virus; DR-TB, drug-resistant tuberculosis; GGOs, ground glass opacities.

Figure 8 CT of a case of NTM (male, 68 years old). (A-D) Multiple sites of severe bronchiectasis in both lungs. Multiple thick-walled
cavities are found in both lungs, and the inner walls of the cavities are smooth, and the cavities have a subpleural distribution. (A) An air-
fluid level is seen in the cavity (black arrow) in the right upper lobe; (B) multiple bronchiectasis seen in the right middle lung lobe and left
lingual segment (white arrow), cavity seen in the right upper lobe (black arrow); (C) the walls of the dilated bronchi are thickened, and
multiple nodules can be seen around them, and lobular small central nodules (white arrows) can be seen in the lower lobe of the right lung; (D)

dilated draining bronchi on the hilar side of the cavity (black arrow). CT, computed tomography; NTM, non-tuberculous mycobacteria.

airway becomes narrowed or even blocked, resulting in
thin-walled cavities (85) (Figure §). Thick-walled cavities
appear in patients with PTB, whereas thin-walled cavities
in NTM lung disease are often surrounded by satellite
lesions distributed in segments or lobes (90). (II) NTM
lung disease is more likely to cause bronchiectasis, which is
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common in the lingual lobe of the left lung and the middle
lobe of the right lung (88) (Figure 8). Some studies have
pointed out that bronchiectasis is a susceptibility factor to
NTM infection (91). There is no significant difference in
bronchiectasis and bronchiolar wall thickening between
NTM and those due to PTB, except that MDR-PTB more
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Figure 9 CT of a case of airway invasive pulmonary aspergillosis (male, 70 years old). (A) A thick-walled cavity and bronchial wall

thickenings in the upper lobe of the right lung. The inner wall of the cavity is smooth, and halo signs (white arrow) are seen. Multiple

nodules in both lungs are seen, some of which are distributed along the bronchi with blurred boundaries. (B) Impacted bronchi with

dilatation (white arrow) are seen under the pleura in the upper lobe of the right lung. GGO shadows are seen around these lesions. CT,

computed tomography; GGO, ground glass opacity.

often involves the upper lobes, whereas NTM lung disease
more commonly involves the middle and lower lobes (92).
(IIT) NTM lung disease usually manifests as centrilobular
nodules, and CT images show clustered micronodules,
most of which are less than 5 mm in size, and parenchymal
infiltration lesions rarely occur around the bronchi and
bronchioles (Figure §), thus nodules and bronchiectasis are
the typical imaging findings of NTM (88). DR-PTB often
manifests as dissemination lesion in peribronchus or other
lung fields, and acinar nodules more likely to appear. (IV)
DR-PTB more likely involves the adjacent pleura than non-
tuberculosis mycobacteria, and the damage to lung tissue
is more severe. In NTM lung disease, lung consolidation
and atelectasis occur only when the large airways are
involved, but the occurrence is low (93). (V) The main sites
of NTM lung disease are the middle lobe of the right lung
and the lingual segment of the upper lobe of the left lung.
However, there is no significant difference in the extent of
nodule involvement between the 2 diseases. It is sometimes
difficult to distinguish DR-PTB from N'TM clinically, but
the differential diagnosis can be made through laboratory
tests and imaging features (94). When the identification
is difficult, diagnosis should be made with the help of
immunological tests, sputum culture bacteriology, and DST,
and it is very important to administer a targeted treatment
plan according to the testing result.

Differentiation from pulmonary mycosis

The imaging manifestations of DR-PTB are complex
and diverse, often involving multiple lung lobes, multiple
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nodules and cavities, and prone to intrapulmonary
dissemination (95). The incidence of lobar consolidation
and atelectasis is relatively high, and even the lungs are
damaged, and extrapulmonary lesions such as pleural
effusion and mediastinal lymphadenopathy are prone to
occur (47). The main differential diagnosis for DR-PTB
includes pulmonary mycoses such as pulmonary aspergillosis
and pulmonary cryptococcosis (PC).

Pulmonary aspergillosis

Airway invasive pulmonary aspergillosis

Airway invasive pulmonary aspergillosis is pathologically
characterized by hyphae invading or growing along the
bronchial mucosa, manifesting as bronchial granuloma and
invasive tracheobronchitis. The imaging manifestations
include small nodules and short linear shadows distributed
along the bronchi, forming the tree-in-bud sign (96).
Thickening of the bronchial wall, narrowing of the
bronchial lumen, bronchial dilation and deformation, and
destruction of bronchial cartilage can be seen. When the
proximal bronchus is blocked by hyphae, there are fewer
surrounding proliferative foci with blurred edges, yet there
are more GGOs (97) (Figure 9). The tree-in-bud sign is
also common in DR-PTB, DR-PTB has relatively more
proliferation foci with and clear edges, while GGO shadows
are less common.

Vasoinvasive pulmonary aspergillosis

The pathological mechanism of vasoinvasive pulmonary
aspergillosis is that hyphae invade and block small arteries,
causing local pulmonary infarction and lung parenchymal
involvement. Early manifestations include single or multiple
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Figure 10 CT of diabetic patient with chronic cavitary pulmonary aspergillosis (female, 73 years old). (A-C) There are multiple thick-walled

cavities and nodular shadows of different sizes in both lungs. (A) There is a cavity in the upper lobe of the right lung, with annular slightly

low-density shadows seen inside. Small nodules and a few patchy GGO shadows are seen around this cavity (white arrow); (B) irregular air-

containing nodular shadows (white arrow) are seen inside the cavity in the upper lobe of the left lung; (C) there are multiple cavities here (white

arrow, black arrow), with the larger one located in the right lower lung (black arrow), its inner wall is smooth, and halo sign is seen around

the cavity (black arrow); (D) the cavity wall is slightly enhanced on the enhanced scan (white arrow). CT, computed tomography; GGO,

ground glass opacity.

nodules and consolidation shadows, often accompanied
by a halo sign (98). Halo sign is less common among DR-
PTB pulmonary nodules. As the disease progresses, necrosis
begins to appear in the consolidation area of invasive
pulmonary aspergillus lesions, and parts of the necrotic
material are discharged through the bronchi, causing the
air crescent sign. Later in the disease course, cavities will
appear, and there are often contents in the cavities, namely
mycelia (98). The cavities in the lungs of DR-PTB are
mostly thick-walled cavities, and there is generally no inner
content in the cavities. In addition, invasive pulmonary
aspergillosis progresses quickly, and lung lesions can change
significantly within a few days, whereas DR-PTB has a
longer course and is more likely to have extrapulmonary
manifestations than invasive pulmonary aspergillosis (96).
Chronic cavitary pulmonary aspergillosis (CCPA)

CCPA is often secondary to old PTB, diabetes, and
other diseases. It usually presents as 1 or more cavities,
which can be thin- or thick-walled (99). According to
the different development stages of aspergillus, CCPA
will show different CT signs, which are divided into
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5 categories: typical aspergilloma, mural nodule, cavity
wall thickening, partial soft tissue filling, and complete soft
tissue filling. On enhanced scan, these inner contents are
not enhanced (98). However, the imaging manifestations
of DR-PTB are mainly the signs of the active phase,
manifested as multiple cavities and disseminated lesions in
the lungs, and the cavities generally do not contain inner
contents. In addition, the incidence of lobar consolidation
and atelectasis in DR-PTB is high, and it is common to
show damaged lungs, whereas these signs are rarely seen
in CCPA (Figure 10).

PC

PC has various manifestations, with nodules and masses
being the most common. PC mostly occurs in the
subpleural and peripheral lung zones, with a wide base
connected to the pleura. Lobulation signs and long spicules
can be seen. Halo sign can be seen at lesion’s edge, whereas
calcification is rare. Cavity within the lesion is relatively
uncommon and cavities are generally thick-walled, with
uniform and smooth walls and without surrounding satellite
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Figure 11 CT of a case of pulmonary cryptococcosis (male, 57 years old). (A) There is a thick-walled cavity in the medial segment of the

right middle lobe, with smooth edges, no lobulation or spicules, and without satellite lesions (black arrow); (B) the cavity wall shows uniform

soft tissue density on plain scan (white arrow); (C) the cavity wall shows slight enhancement at arterial phase scan (white arrow); (D) the

cavity wall shows moderate delayed enhancement at venous phase scan (white arrow). CT, computed tomography.

lesions (100). DR-PTB more likely involves multiple lung
lobes/segments. Cavities are common and larger in size,
with mostly thick-walled in DR-PTB. DR-PTB is more
destructive to lung tissue and often damages the lungs
(Figure 11).
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