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Learning objectives

To illustrate the characteristic imaging features of Multidrug-resistant tuberculosis
(MDR-TB) and Extensively drug-resistant tuberculosis (XDR-TB) compared with non
MDR-TB.

In this poster we will review the definition of MDR-TB and XDR-TB and their
epidemiological and clinical significances. Then we will summarize typical imaging
features of typical pulmonary tuberculosis. After that, we will show differential imaging
characteristics between non MDR-TB and MDR-TB. We will also present difference
between non-XDR MDR-TB and XDR-TB.

Background

Definition of Multidrug-resistant tuberculosis (MDR-TB):

A disease caused by Mycobacterium tuberculosis strains with resistance to at least
isoniazid and rifampicin.

Definition of Extensively drug-resistant tuberculosis (XDR-TB):

A disease caused by Mycobacterium tuberculosis strains resistant to fluoroquinolone
and at least 1 of 3 injectable second-line drugs (ie, capreomycin, kanamycin and
amikacin) as well as both isoniazid and rifampicin (Fig.1).
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Fig.: This diagram shows relationship between MDR-TB and XDR-TB. As aggressive
form of MDR-TB, XDR-TB is included in MDR-TB.
References: Y. Song; Department of Radiology, Seoul National University Hospital,
Seoul, KOREA, Republic of

Epidemiology and Clinical Significance of MDR-TB and XDR-TB:

There were an estimated 390 000-510 000 cases of MDR-TB (primary and acquired)
arising in 2008, with the best estimate at 440 000 cases. Among all incident TB cases
globally, 3.6% (95% CI: 3.0-4.4) are estimated to have MDR-TB (Tab.1).

WHO region Estimated number of MDR-TB
cases(primary and acquired) in 2008(95%
confidence interval)

African 69 000 (53 000-110 000)

Americas 8 200 (7 300-9 300)

Eastern Mediterranean 24 000 (11 000-81 000)

European 81 000 (73 000-90 000)

South-East Asia 130 000 (110 000-170 000)

Western Pacific 120 000 (100 000-140 000)

Total 440 000 (390 000-510 000)
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Estimated number of MDR-TB cases (primary and acquired) in 2008, by WHO
region

References: Multidrug and extensively drug-resistant TB (M/XDR-TB)

2010 GLOBAL REPORT ON SURVEILLANCE AND RESPONSE, WHO

XDR-TB has been reported worldwide. As of January 2010, 58 countries had reported
to WHO at least one case of XDR-TB (Fig.2).

According to a recent report, XDR-TB was shown to compose 2% of TB isolates and
9.9% of MDR-TB.

Fig.: Distribution of countries and territories reporting at least one case of XDR-TB as
of January 2010
References: Multidrug and extensively drug-resistant TB (M/XDR-TB), 2010 GLOBAL
REPORT ON SURVEILLANCE AND RESPONSE, WHO

XDR-TB has also been suggested to be related to higher treatment failure and mortality
rate than non-XDR MDR-TB. In one previous study, survival was significantly worse
among XDR-TB cases compared with both MDR-TB cases (P=.04) and drug-susceptible
TB cases (P<.001) (Fig.3).
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Fig.: Survival Among XDR-TB, MDR-TB, and Drug-Susceptible TB Cases, United
States, 1993-2005
References: JAMA, November 12, 2008-Vol 300, No. 18

Images for this section:
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Fig. 1: This diagram shows relationship between MDR-TB and XDR-TB. As aggressive
form of MDR-TB, XDR-TB is included in MDR-TB.

Fig. 2: Distribution of countries and territories reporting at least one case of XDR-TB as
of January 2010
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Fig. 3: Survival Among XDR-TB, MDR-TB, and Drug-Susceptible TB Cases, United
States, 1993-2005
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Imaging findings OR Procedure details

Imaging review of pulmonary tuberculosis

1. Cavity(20-45%): The radiologic hallmark of reactivation TB and begins from
the oldest portion of the lesions, which are centrilobular in location. Cavity
occurs when an area of caseous necrosis liquefies and communicates
with the bronchial tree. The presence of a cavity is an important sign that
indicates active disease. (Fig.1,2)

2. Bronchogenic spread: The centrilobular small nodules and
tree-in-bud sign(branching linear structure 2 to 4 mm in diameter) reflect the
presence of endobronchial spread and are due to the presence of caseous
necrosis and granulomatous inflammation filling and surrounding terminal
and respiratory bronchioles and alveolar ducts. These tree-in-bud signs are
considered a reliable marker of the activity of the process. (Fig.3,4)

3. Tuberculoma(5%): A sharply marginated round or oval lesion measuring
0.5-4.0 cm in diameter. Most of these lesions remain stable for a long time,
and many calcify. Enlargement
of a nodule, or the development of a new one, suggests either reactivation
of TB or a new process, such as carcinoma. Satellite nodules around the
tuberculoma may be present in as many as 80% of cases. (Fig.5)

4. Lymphadenopathy: The radiologic hallmark of primary TB. Lymph node
enlargement is the most common abnormality in children(90-95% of cases).
The prevalence of lymphadenopathy decreases with increasing age.
The lymphadenopathy is usually unilateral and located in the hilum or the
paratracheal region. On CT, the enlarged nodes typically show central
low attenuation, which represents caseous necrosis, and peripheral rim
enhancement, which represents the vascular rim of the granulomatous
inflammatory tissue. (Fig.6-9)

5. Consolidation: Dense, homogeneous air-space consolidations are
typical CT findings of primary TB. Consolidation, related to parenchymal
granulomatous inflammation and usually unilateral, shows no predilection for
any particular lung zone. (Fig.10)

6. Miliary nodules: Widespread dissemination of TB by hematogenous
spread. Miliary TB occurs in 2-6% of primary TB and also occurs somewhat
more frequently in reactivation TB. The characteristic CT findings of miliary
TB consist of innumerable, 1- to 3-mm nodules scattered throughout both
lungs. (Fig.11)

Imaging features of MDR-TB compared with Drug-sensitive TB

Imaging findings of MDR TB do not basically differ from those of drug-sensitive
TB. However, there are some differences reported on previous studies.
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• The most characteristic CT finding of MDR-TB is the presence of multiple
cavities in several studies (Fig.12,13). The presence of a cavity itself does
not mean multidrugresistant tuberculosis, because 34% of patients with
drugsensitive tuberculosis also showed a cavity on CT scanning. Multiple
cavities, however, strongly suggest the possibility of multidrug-resistant
tuberculosis. Limited drug penetration into the cavities that harbor large
numbers of mycobacteria is believed to contribute to the drug resistance.

• Findings of chronicity, such as bronchiectasis (Fig.14) and calcified
granulomas, are more common in patients with MDR TB.

• Bilateral involvements of parenchymal lesions such as nodules, tree-in-
buds and consolidations were significant CT findings associated with primary
MDR TB (Fig.15)

Imaging features of XDR-TB compared with non XDR-TB MDR-TB

• Computed tomography findings of XDR-TB are basically similar to those
of non-XDR MDR-TB. Consolidations, cavities, bronchiectasis, and lobular
consolidations are frequent findings in XDR-TB patients (Fig.16).

• XDR-TB tends to have more extensive consolidation and
tree-in-bud appearance (Fig.17,18)

Images for this section:

Fig. 1: Left: Male patient with pulmonary tuberculosis. Cavity with multinodular opacities
in the RUL Right: Axial section image of CT in same patient at level of cavity(yellow line).
There is a thick walled cavity with multiple tree-in-bud appearanced nodules in the RUL.
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Fig. 2: Left: Male patient with pulmonary tuberculosis. Cavity with multinodular opacities
in the RUL Right: Axial section image of CT in same patient at level of cavity(yellow line).
There is a thick walled cavity with multiple tree-in-bud appearanced nodules in the RUL.
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Fig. 3: CT axial images from two different patient with pulmonary tuberculosis. Small
branching nodules resembling bud reflect endobronchogenic spread.

Fig. 4: CT axial images from two different patient with pulmonary tuberculosis. Small
branching nodules resembling bud reflect endobronchogenic spread.
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Fig. 5: Chest radiograph and axial images of the 39-year-old female with pulmonary
tuberculosis. A well demarcated nodule which is consistent with tuberculoma is seen in
the RUL.

Fig. 6: 24-year-old female with TB lymphadenopathy. Bulging contour at right side of
mediastinum is noted on chest radiograph. CT image shows enlarged 4R lymph node
with multiple central low attenuated lesions which mean caseation necrosis.
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Fig. 7: 24-year-old female with TB lymphadenopathy. Bulging contour at right side of
mediastinum is noted on chest radiograph. CT image shows enlarged 4R lymph node
with multiple central low attenuated lesions which mean caseation necrosis.
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Fig. 8: Right: Primary tuberculosis in a 12-year-old girl. Contrast-enhanced CT scan
shows conglomerate, enlarged mediastinal lymph nodes containing central necrotic low-
attenuation and peripheral rim enhancement. Left: Primary tuberculosis in a 29-year-
old female. CT scan shows enlarged right paratracheal lymph node containing central
necrotic low-attenuation and peripheral rim enhancement.
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Fig. 9: Right: Primary tuberculosis in a 12-year-old girl. Contrast-enhanced CT scan
shows conglomerate, enlarged mediastinal lymph nodes containing central necrotic low-
attenuation and peripheral rim enhancement. Left: Primary tuberculosis in a 29-year-
old female. CT scan shows enlarged right paratracheal lymph node containing central
necrotic low-attenuation and peripheral rim enhancement.
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Fig. 10: 29-year-old male with pulmonary tuberculosis. Chest radiograph and CT scan
show lobar air-space consolidation in the LLL.

Fig. 11: Left: 53-year-old male with miliary tuberculosis Right: 60-year-old male with
miliary tuberculosis There are innumerable 1-3mm nodules in a random distribution.
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Fig. 12: 29-year-old male patient of MDR-TB. There are total 6 cavities in both lobes of
the lung. There are also multiple small nodules around cavities.

Fig. 13: 19-year-old male patient with MDR-TB. There are total 6 cavities in the both
upper lobes. There are also multiple tree-in-bud appearancing nodules around cavities.
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Fig. 14: 30-year-old female patient with MDR-TB. On chest radiograph, air-
bronchograms are seen in both upper lung fields. On CT scan, bronchiectasis are noted
in both upper lobes.



Page 19 of 22

Fig. 15: MDR-TB in 39-year-old woman. Bilateral involvement of parenchymal lesions
such as small nodules and tree-in-buds are seen.

Fig. 16: A 24-year-old man with pulmonary XDR-TB. Left: A transverse, thin-section
CT scan at the level of aortic arch shows micronodules, tree-in-bud appearance,
lobular consolidations, bronchiectasis, consolidation, and pulmonary cavity in both upper
lobes. Right: At the level of the right atrial appendage, micronodules with tree-in-bud
appearances in both lower lobes and multiple cavitary consolidations in the right middle
lobe and the left upper lobe are seen.

Fig. 17: Compared images between XDR-TB(left) and non XDR MDR-TB(right) Left: 40-
year-old woman with XDR-TB. There are multiple tree-in-buds in the right upper lobe,
right lower lobe and left upper lobe. More extensive lobar involvement than non XDR
MDR-TB is shown. Right: 25-year-old man with non XDR MDR-TB. Less extensive lobar
involvemen of tree-in-buds is seen.
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Fig. 18: Compared images beween XDR-TB(left) and non XDR MDR-TB(right) Left: A 27-
year-old man with XDR-TB. At the ninth thoracic vertebra level with mediastinum window
setting, large extent of consolidation in the left lung is well demonstrated. Right: A 56-
year-old man with non XDR MDR-TB. Juxta below the aortic arch level with mediastinum
window setting, smaller extent of consolidation in the left lung is noted.
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Conclusion

MDR-TB and XDR-TB are already distributed worldwide and has worse prognosis
compared with drug-sensitive TB.

Imaging features of MDR-TB are basically similar with known imaging feature of drug-
sensitive TB, however there are some differences such as multiple cavities, extensive
lobar involvement of small nodules, more frequent bronchiectasis.

XDR-TB shows more extensive pulmonary abnormalities such as consolidations and
tree-in-bud appearance than MDR-TB, although XDR-TB shares a lot of common imaging
findings with MDR-TB.
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