PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Shin HS, Choi DS, Na JB, Choi HY, Kim J-
E, Choi HC, et al. (2020) Low pectoralis muscle
index, cavitary nodule or mass and segmental to
lobar consolidation as predictors of primary
multidrug-resistant tuberculosis: A comparison
with primary drug sensitive tuberculosis. PLoS
ONE 15(10): €0239431. https://doi.org/10.1371/
journal.pone.0239431

Editor: Aleksandra Barac, Clinic for Infectious and
tropical diseases, Clinical centre of Serbia, SERBIA

Received: June 8, 2020
Accepted: September 6, 2020
Published: October 5, 2020

Copyright: © 2020 Shin et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Data cannot be
shared publicly due to ethical restrictions. The data
are available from Gyeongsang National University
ethical committee (contact via gnuhirb@gnuh.co.
kr) for researchers who meet the criteria for access
to confidential data.

Funding: The authors received no specific funding
for this work.

RESEARCH ARTICLE

Low pectoralis muscle index, cavitary nodule
or mass and segmental to lobar consolidation
as predictors of primary multidrug-resistant
tuberculosis: A comparison with primary drug
sensitive tuberculosis

Hwa Seon Shin', Dae Seob Choi', Jae Boem Na', Hye Young Choi', Ji-Eun Kim', Ho
Cheol Choi®', Jung Ho Won', Seung Jun Lee?, Mi Jung Park' *

1 Department of Radiology, Gyeongsang National University School of Medicine and Gyeongsang National
University Hospital, Jinju, Gyeongsangnam-do, Republic of Korea, 2 Division of Pulmonology, Department of
Internal Medicine, Gyeongsang National University School of Medicine and Gyeongsang National University
Hospital, Jinju, Gyeongsangnam-do, Republic of Korea

* pichola@naver.com

Abstract

Background

The loss of muscle mass in primary multidrug-resistant tuberculosis (MDR-TB) has not
been examined in previous studies. This study aimed to investigate that low pectoralis mus-
cle index and characteristic CT features can help differentiate patients with primary MDR-
TB from those with drug-sensitive tuberculosis (DS-TB).

Material and methods

From 2010 to 2016, we retrospectively enrolled 90 patients with primary MDR-TB and 90
age- and sex-matched patients with primary DS-TB. The pectoralis muscle mass was quan-
titatively measured on axial CT images using density histogram analysis. The pectoralis
muscle index (PMI) was defined as the pectoralis muscle mass divided by body mass index.
We compared the PMI and characteristic CT features of pulmonary tuberculosis between
the two groups.

Results

Low PMI, segmental to lobar consolidation, cavity in consolidation, cavitary nodule or mass,
and bilateral involvement were more frequently observed in patients with MDR-TB than in
those with DS-TB. In stepwise multivariate logistic regression analysis, low PMI (odds ratio,
2.776; 95% confidence interval, 1.450-5.314; p = 0.002), segmental or lobar consolidation
(odds ratio, 3.123; 95% confidence interval, 1.629-5.987; p = 0.001), and cavitary nodule or
mass (odds ratio, 2.790; 95% confidence interval, 1.348-5.176; p = 0.002) were significant
factors for MDR-TB.
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Conclusion

Low pectoralis muscle index, segmental to lobar consolidation and cavitary nodule or mass
can help differentiate primary MDR-TB from DS-TB.

Introduction

Tuberculosis (TB) is a deadly infectious disease worldwide. The WHO estimates that over 10 mil-
lion people developed TB and 1.5 million people died from TB worldwide in 2018 [1]. In particu-
lar, multidrug-resistant TB (MDR-TB) remains a public health concern because the treatment
failure rate is high, regardless of long treatment period. MDR-TB refers to tuberculous infection
caused by acid-fast bacterial organisms resistant to at least two anti-tuberculous medications,
including isoniazid and rifampin. In 2018, the WHO estimated that there were approximately
377,520 new cases of MDR-TB [1]. Globally, 3.4% of new TB cases and 18% of patients previ-
ously treated with anti-tuberculous medication had MDR-TB or rifampicin-resistant TB [1].

TB is divided into primary TB and acquired TB according to the history of anti-tuberculous
treatment. Primary anti-tuberculous drug resistance indicates that the patient has no anti-
tuberculous treatment or a previous treatment history of less than 1 month. In contrast,
acquired anti-tuberculous drug resistance indicates that the patient has a previous treatment
history of more than 1 month. It is important to detect MDR-TB early to avoid ineffective
first-line TB treatment and determine other proper medications. A history of previous TB and
intermittent and short-term TB medication use are crucial factors for acquired MDR-TB.
However, primary MDR-TB is more difficult to detect than acquired MDR-TB.

Malnutrition is a risk factor of active status [2], disease severity [3] and relapse [4] of TB.
Malnutrition is caused by the increased metabolic demands of chronic inflammatory responses
related to TB [5]. Body mass index (BMI) has been used as an easy and comprehensible tool to
estimate nutritional status, but it has some limitations in representing body composition. The
body composition of each patient can be different, regardless of weight or BMI. The gold stan-
dard method of body composition analysis is dual-energy X-ray absorptiometry, but this
method takes time to measure body composition. Chest CT has been widely used to evaluate
the active status, disease severity and treatment response of TB [6]. Furthermore, CT can differ-
entiate between muscle and fat and quantify muscle mass. The pectoralis muscle mass can be a
useful indicator to assess the skeletal muscle area without additional radiation exposure. Several
studies have reported that low pectoralis muscle mass on chest CT is associated with chronic
diseases such as malignancy [7,8] and COPD [9]. Previous studies found that muscle wasting
was prolonged in the follow-up period ranging from 6 months to 2 years after TB treatment
[5,10,11]. Other reports have suggested that patients with weight loss were prone to developing
MDR-TB [12,13]. We speculated that low muscle mass is more severe in patients with primary
MDR-TB than in patients with primary DS-TB. The purpose of this study is to assess that low
pectoralis muscle mass and pulmonary findings on chest CT can be useful indicators to predict
primary MDR-TB from primary DS-TB for selection of proper anti-tuberculous treatment.

Materials and methods
Patients

This study was conducted as a retrospective matched, case-control study and included 2181
pulmonary tuberculosis patients who received treatment in the Gyeongsang National
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University Hospital from January 2010 to December 2016. We classified the tuberculosis
patients into two groups, MDR-TB and DS-TB. MDR-TB was defined as TB from a strain
resistant to at least both isoniazid and rifampin. DS-TB was defined as TB with a drug sensitiv-
ity to all four first-line anti-TB drugs, isoniazid, rifampicin, ethambutol, and streptomycin.

The inclusion criteria for patients with primary pulmonary tuberculosis were as follows: (1)
age >20 years old, (2) a diagnosis of pulmonary tuberculosis, (3) positive culture for mycobac-
terium tuberculosis on bronchoscopy within 1 month of pulmonary TB diagnosis, (4) available
drug sensitivity test results, and (5) chest CT within 1 month of pulmonary TB diagnosis. The
exclusion criteria for patients with primary pulmonary TB were as follows: (1) acquired TB,
(2) insufficient data for the diagnosis or treatment of pulmonary TB, (3) mixed infection with
nontuberculous mycobacterium, (4) malignancy, and (5) interstitial lung disease. All patients
were HIV seronegative.

Among the 473 patients with MDR-TB, we excluded patients with acquired MDR-TB
(n = 352), no available data on the TB diagnosis and management (n = 3), mixed infection
with nontuberculous mycobacterium (n = 5), malignancy (n = 19), and interstitial lung disease
(n = 4). Among the 1708 patients with DS-TB, we excluded patients with acquired DS-TB, and
90 patients were enrolled as controls. Muscle mass can be affected by age and sex [14]; thus, we
enrolled age- and sex-matched patients with DS-TB as controls. The controls were matched by
sex and age within 2 years. The Institutional Review Board of our hospital approved this study
(Gyeongsang National University Hospital-2019-06-015, and the requirement for informed
consent was waived because our study was an observational retrospective study.

Image acquisition
Chest CT examinations were performed using a 64-detector CT (Brilliance-64; Philips Medical
Systems, The Netherlands). CT was performed with a detector configuration of 64 x 0.625
mm, a tube voltage of 120 kVp, a fixed tube current of 200 mAs, a pitch of 0.923, a gantry rota-
tion time of 0.5 seconds, and a smooth reconstruction filter (Philips “B” filter). The attenuation
coefficients ranged from -1024 to 3072 Hounsfield units (HU).

All patients were examined during full inspiration with their arm raised and in the supine
position. Chest CT scans were performed from the lung apex to the diaphragm in the cranio-
caudal direction. No contrast material was applied in this study.

Image analysis

We obtained axial images using a high-spatial-frequency algorithm with a 1-mm slice thick-
ness and 1-mm intervals and for lung parenchyma analysis. Two chest radiologists reviewed
the thin-section chest CT images. The radiologists were blinded to all clinical information
except that the patients had been diagnosed with pulmonary tuberculosis. A final decision
about these findings was reached by consensus.

We reviewed the axial images in both mediastinal (window width, 400 Hounsfield units
[HU]; window level, 25 HU) and lung (window width, 1500 HU; window level, -700 HU) set-
tings. The observers retrospectively interpreted the axial images for centrilobular nodules
(including a tree-in-bud pattern), large nodules (nodules 10-30 mm in diameter), consolida-
tion (further divided into lobular or subsegmental and segmental or lobar), cavity (further
divided into cavity in consolidation and cavitary nodule or mass), fibrotic scar, bronchiectasis,
calcifications, pleural or pericardial effusion, lymphadenopathy (lymph node enlargement of
more than 1 cm in the mediastinum or hilum) and density of lymph node (calcified or noncal-
cified). In addition, lobular consolidation was defined as the presence of a consolidative lesion
0.5 to 3.0 cm in size that was polygonal in shape with a subpleural location. Laterality
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(unilateral or bilateral) of the lung parenchymal lesions was also analyzed. Six locations (right
upper lobe, right middle lobe, right lower lobe, left upper lobe except the lingular segment, lin-
gular segment, and left lower lobe) were used to describe the extent of the lung lesions.

The axial images were reconstructed using a standard reconstruction algorithm with a slice
thickness of 3 mm and slice interval of 3 mm to measure the pectoralis muscle mass. The mass
of the pectoralis muscle, including the pectoralis major and minor, was measured by one radi-
ologist with 10 years of experience. We used open-source program (Slicer 4.8.1, http://www.
slicer.org as described previously [15] and the measurement method was as follows. First,
reconstructed axial images were analyzed at the level of the fourth thoracic vertebra. Second, a
region of interest was placed freehand around the outermost border of the muscles. Third, the
area of the pectoralis muscles visualized from -29 to 100 HU was calculated using CT histo-
gram analysis (Fig 1). The bilateral pectoralis muscles were measured separately, and the two
values were averaged. The pectoralis muscle mass area was divided by body mass index (BMI),
and we reported these values as the pectoralis muscle index (PMI).

Statistical analysis

Statistical analyses were performed using SPSS 21.0 software (SPSS Inc., Chicago, IL, USA). The
clinical features and presence of each pattern of parenchymal abnormality in primary MDR-TB
and DS-TB were evaluated using the chi-square test. The number of involved lobes with lung
parenchymal abnormalities was compared using the Mann-Whitney U test. Potentially signifi-
cant variables (P<0.10) in univariate analyses were included in a multivariate analysis. Stepwise
logistic regression analysis was performed to determine if the CT features and PMI could distin-
guish between primary MDR-TB and DS-TB. The median PMI value was 68.2 and considered
the cutoff value. A p value less than 0.05 was considered statistically significant.

Results

The characteristics of the patients with primary MDR-TB and DS-TB are summarized in
Table 1. The mean age, sex ratio and body mass index were not significantly different between

Fig 1. Measurement of pectoralis muscle area on chest CT. The pectoralis muscle area was quantitatively measured
in the axial CT (3mm slice thickness) with standard reconstruction algorithm and mediastinal setting. The bilateral
pectoralis muscle area (pectoralis major and minor) shaded in purple.

https://doi.org/10.1371/journal.pone.0239431.9001
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Table 1. Clinical features of patients with primary MDR-TB and patients with DS-TB.

Characteristics Primary MDR-TB (n = 90) Primary DS-TB (n = 90) p value
Age (years) 48.9 +14.0 48.8+12.9 0.947
Sex (male) 21 (28.4%) 21 (28.4%) 1.000
Body mass index (kg/m?) 21.8+29 212+2.6 0.132
Diabetes 21 (23.3%) 18 (20.0%) 0.587
Hypertension 13 (14.4%) 15 (17.8%) 0.543
Fever 11 (12.2%) 12 (13.3%) 0.823
Cough 74 (82.2%) 73 (81.1%) 0.847
Hemoptysis 7 (7.8%) 10 (11.1%) 0.445
Dyspnea 13 (14.4%) 5 (5.6%) 0.050
Chest pain 4 (4.4%) 8 (8.9%) 0.232
Duration of illness (days) 36.0 +46.2 40.1 +63.8 0.620
Sputum AFB smear positive 50 (55.6%) 38 (42.2%) 0.074
Extrapulmonary tuberculosis 5 (5.6%) 6 (6.7%) 0.756

AFB. Acid- Fast Bacilli; DS-TB, drug sensitive tuberculosis; MDR-TB, multidrug resistant tuberculosis.

https://doi.org/10.1371/journal.pone.0239431.t001

patients with MDR-TB and those with DS-TB. The prevalence of symptoms and disease dura-
tion were not significantly different between the two groups.

The CT findings of both primary MDR-TB and DS-TB are summarized in Table 2. Centri-
lobular nodules were the most common findings in patients with MDR-TB and DS-TB. Seg-
mental or lobar consolidation, cavities in consolidation and cavitary nodules or masses were
more frequently observed in patients with MDR-TB than in those with DS-TB (Figs 2 and 3).

Table 2. Comparison of CT findings and pectoralis muscle mass between patients with primary MDR-TB and patients with DS-TB.

CT findings Primary MDR-TB (n = 90) Primary DS-TB (n = 90) p value
Centrilobular nodules and tree-in-bud 82 (91.1%) 85 (94.4%) 0.388
Large nodules 50 (55.6%) 51 (56.7%) 0.881
Lobular or subsegmental consolidation (GGO) 36 (40.0%) 32 (35.6%) 0.539
Segmental or lobar consolidation (GGO) 57 (63.3%) 32 (35.6%) <0.001
Cavity in consolidation 32 (35.6%) 14 (15.6%) 0.002
Cavitary nodule or mass 46 (51.1%) 34 (37.8%) 0.072
Fibrotic scar 42 (46.7%) 33 (36.7%) 0.174
Bronchiectasis 29 (32.2%) 18 (20.0%) 0.062
Calcification 22 (24.4%) 26 (28.9%) 0.500
Pleural/Pericardial effusion 18 (20.0%) 18 (20.0%) 1.000
Mediastinal LNs 35 (38.9%) 27 (30.3%) 0.210
Hilar LNs 18 (20.0%) 16 (18.0%) 0.730
Calcified LNs 30 (33.3%) 23 (25.6%) 0.252
Non-calcified LNs 50 (55.6%) 38 (42.7%) 0.085
Bilateral 58 (64.4%) 35 (38.9%) 0.001
Emphysema 10 (55.6%) 8 (44.4%) 0.619
Pectoralis muscle (mm?) 1350.5 + 434.2 1677.6 + 500.2 <0.001
Pectoralis muscle index (mmz/kg/mz) 61.7 £ 16.7 79.0 £ 19.2 <0.001

DS-TB, drug sensitive tuberculosis; GGO, ground glass opacity; LNs, lymph nodes; MDR-TB, multidrug resistant tuberculosis.

https://doi.org/10.1371/journal.pone.0239431.t1002
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Fig 2. Primary multidrug-resistant tuberculosis with 37-year-old woman. The thin section CT (Imm slice
thickness) with high-spatial-frequency algorithm and lung window setting shows thick wall cavity and subsegmental or
lobular consolidation in right upper lobe. Tree-in-bud lesion is seen in left upper lobe.

https://doi.org/10.1371/journal.pone.0239431.g002

The other CT findings were not significantly different between the two groups. The PMI was
significantly lower in patients with MDR-TB than in those with DS-TB.

Fig 3. Primary multidrug-resistant tuberculosis with 58-year-old woman. Lung window setting of thin section CT
shows centrilobular nodules and tree-in-bud lesions in right lower lobe, lingula and left lower lobe. Lobar or segmental
consolidation and ground glass opacity are seen in lingula.

https://doi.org/10.1371/journal.pone.0239431.9003
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Bilateral parenchymal lesions were more frequently observed in patients with MDR-TB
than in those with DS-TB. The extent of total pulmonary abnormalities was significantly more
severe in patients with MDR-TB than in those with DS-TB (Table 3). The extent of centrilobu-
lar nodules, segmental or lobar consolidation, cavity in consolidation, and cavitary nodule or
mass was significantly more severe in patients with MDR-TB than in those with DS-TB
(Table 3).

Binary logistic regression analysis was performed to determine which variables, including
patient characteristics, CT findings and PMI, were associated with MDR-TB. In univariate
analyses, segmental or lobar consolidation, cavity in consolidation, cavitary nodule or mass,
and bilateral involvement were significant factors for MDR-TB (Table 4). In stepwise multivar-
iate logistic regression analysis, low PMI (odds ratio, 2.776; 95% confidence interval, 1.450-
5.314; p = 0.002), segmental or lobar consolidation (odds ratio, 3.123; 95% confidence interval,
1.629-5.987; p = 0.001), and cavitary nodule or mass (odds ratio, 2.790; 95% confidence inter-
val, 1.348-5.176; p = 0.002) were significant factors for MDR-TB (Table 5).

Discussion

Our study is the first to demonstrate that the pectoralis muscle mass on chest CT was signifi-
cantly lower in patients with primary MDR-TB than in those with DS-TB. After adjusting for
clinical and CT findings, low PMI, cavitary nodule or mass and segmental or lobar consolida-
tion were significant contributing factors to differentiating primary MDR-TB from DS-TB.
The associations between body weight and TB have been demonstrated in previous studies.
Underweight (BMI<18.5 kg/m?) was a high-risk factor for mortality in patients with TB
[16,17]. Other reports have suggested that underweight or prolonged weight loss after anti-
tuberculous treatment is associated with mortality in patients with MDR-TB [12,13]. However,
these studies included acquired and primary MDR-TB. In our study, pectoralis muscle mass
was significantly lower in patients with primary MDR-TB than in those with DS-TB, even
though the BMI was not significantly different between groups. Our findings suggest that pec-
toralis muscle mass is superior to BMI for differentiating primary MDR-TB from DS-TB. A pre-
vious study suggested that fat-free body mass is more closely correlated with mortality than
body weight in patients with TB [18]. Previous studies have usually focused on prolonged mus-
cle wasting in follow-up studies after anti-TB treatment [5,10,11]. These results explain why
patients with acquired MDR-TB were underweight compared to those with DS-TB [12,13]. The

Table 3. Comparison of extent of lung parenchymal abnormalities in patients with primary MDR-TB and patients with DS-TB.

CT findings Primary MDR-TBc Primary DS-TBc p value
Total 3.53 2.56 <0.001
Centrilobular nodules and tree-in-bud 2.88 2.38 0.068
Large nodule 0.96 0.71 0.397
Lobular or subsegmental consolidation (GGO) 0.84 0.56 0.292
Segmental or lobar consolidation (GGO) 1.10 0.64 0.001
Cavity in consolidation 0.68 0.20 0.001
Cavitary nodule or mass 0.97 0.42 0.001
Fibrotic scar 0.83 0.59 0.162
Bronchiectasis 0.52 0.28 0.073
Calcification 0.41 0.49 0.497

Six locations (five lobes and the lingular segment) were used to describe the extent of lung parenchymal lesions.
DS-TB, drug sensitive tuberculosis; GGO, ground glass opacity; MDR-TB, multidrug resistant tuberculosis.

https://doi.org/10.1371/journal.pone.0239431.t003
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Table 4. Univariate regression analysis for risk factors of multidrug resistant tuberculosis.

Factors B OR 95% CI p value
Body mass index (<21 kg/mz) -0.458 0.633 0.349-1.148 0.132
Diabetes 0.197 1.217 0.598-2.478 0.588
Hypertension -0.247 0.781 0.351-1.735 0.544
Fever -0.100 0.905 0.377-2.173 0.823
Cough 0.074 1.077 0.506-2.292 0.847
Hemoptysis -0.393 0.675 0.245-1.859 0.447
Dyspnea 1.043 2.836 0.966-8.325 0.058
Chest pain -0.741 0.477 0.138-1.644 0.241
Extrapulmonary -0.194 0.824 0.242-2.802 0.756
AFB smear positive 0.537 1.711 0.948-3.085 0.074
Pectoralis muscle index (<68.2 mm?/ kg/ m?) 1.046 2.845 1.554-5.207 0.001
Centrilobular nodules and tree-in-bud -0.506 0.603 0.189-1.919 0.392
Large nodule -0.045 0.956 0.531-1.722 0.881
Lobular or subsegmental consolidation (GGO) 0.189 1.208 0.661-2.209 0.539
Segmental to lobar consolidation (GGO) 1.141 3.131 1.704-5.752 <0.001
Cavity in consolidation 1.097 2.995 1.465-6.122 0.003
Cavitary nodule or mass 0.884 2.420 1.317-4.447 0.004
Fibrotic scar 0.413 1.511 0.833-2.743 0.174
Bronchiectasis 0.643 1.902 0.964-3.753 0.064
Calcification -0.228 0.796 0.411-1.545 0.501
Pleural or pericardial effusion 0.000 1.000 0.482-2.076 1.000
Mediastinal LNs 0.395 1.485 0.800-2.757 0.210
Hilar LNs 0.132 1.141 0.540-2.410 0.730
Calcified LNs -0.013 0.988 0.390-2.503 0.979
Noncalcified LNs 0.376 1.457 0.764-2.777 0.253
Bilateral 1.047 2.848 1.556-5.215 0.001

AFB. Acid- Fast Bacilli; CI, confidence interval; GGO, ground glass opacity; LNs, lymph nodes; OR, odds ratio.

https://doi.org/10.1371/journal.pone.0239431.t1004

mechanism is unclear why muscle wasting was more severe in patients with primary MDR-TB
than in those with DS-TB. We speculated that the patients with primary MDR-TB had poor
host immunity that led to muscle wasting. It is known that T cell-mediated immunity plays an
important role in tuberculous infection [19] and malignancy. Previous reports demonstrated
that the numbers of CD3" and CD4™" T cells were significantly different between MDR-TB and
DS-TB [20,21]. Another study reported that the numbers of CD3", CD4* and CD8™ T cells
gradually decreased during cachexia progression in C26 tumor-bearing mice [22].

We also assessed the pulmonary features on chest CT. We found that cavitary nodules or
masses and cavitary consolidation were more common and extensive in patients with

Table 5. Multivariate regression analysis for risk factors of multidrug resistant tuberculosis.

Factors B OR 95% CI p value
Pectoralis muscle index (<68.2 mmz/kg/mz) 1.021 2.776 1.450-5.314 0.002
Segmental to lobar consolidation (GGO) 1.139 3.123 1.629-5.987 0.001
Cavitary nodule or mass 1.026 2.790 1.348-5.176 0.002

CI, confidence interval; GGO, ground glass opacity; OR, odds ratio.

https://doi.org/10.1371/journal.pone.0239431.t005
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MDR-TB than in those with DS-TB. Cavities in patients with MDR-TB was a frequent finding
in previous studies [23-25]. It is known that cavities provide the virulent conditions for case-
ous tubercles and prohibit the penetration of anti-tuberculous medication in TB [26]. We
found that the smear-positive rate for acid-fast bacilli in sputum was significantly higher in
patients with MDR-TB than in those with DS-TB, and our result was consistent with previous
reports [25,27].

Our study showed that centrilobular nodules or tree-in-bud lesions were the most common
findings in both groups. However, the extent of this finding was not significantly different
between the two groups, and this result was consistent with previous results [23,28,29]. Tree-
in-bud lesions are the most common and earliest CT features of active pulmonary tuberculosis
with bronchogenic spread [6]. This feature corresponds to intrabronchiolar caseous necrosis
followed by peribronchiolar granuloma in pathologic specimens [6].

Bilateral involvement and segmental to lobar consolidation showed inconsistent results
compared to previous studies on identifying MDR-TB. We found that bilateral involvement of
whole lung parenchymal lesions, and segmental to lobar consolidation were more frequently
observed in patients with MDR-TB than in those with DS-TB. Some reports were consistent
with our results [24], but another study reported that bilateral involvement was not signifi-
cantly different between the two groups [23]. The previous study suggested that if the tubercle
within the cavity penetrated the airway, the tubercle bacilli can multiply and become wide-
spread in both lungs [26]. Additionally, we found that segmental to lobar consolidation was
more common and extensive in patients with MDR-TB than in those with DS-TB. Some stud-
ies were consistent with our results [24], but other studies reported that the presence and
extent of segmental or lobar consolidation were not significantly different between the two
groups [23,28]. Our study showed that segmental to lobar consolidation was a significant fac-
tor in multivariate analysis for MDR-TB, whereas bilateral involvement was not. It needs to be
further investigated whether bilateral involvement and segmental or lobar consolidation may
be helpful in differentiating MDR-TB from DS-TB or if these signs might represent a severe
course of active pulmonary tuberculosis.

Our study showed that the presence of fibrotic scarring, calcifications, large nodules, bronchi-
ectasis, pleural or pericardial effusion and lymph nodes were not significantly different between
the two groups. Our results were consistent with a previous study [24]. However, another report
found that bronchiectasis was more common in patients with MDR-TB, whereas calcifications,
large nodules and calcified lymph nodes were more common in patients with DS-TB. In particu-
lar, calcifications, bronchiectasis and calcified lymph nodes indicate the chronicity or healing
process of pulmonary tuberculosis [6,24]. These findings explain why the chronic feature of pul-
monary tuberculosis is frequently found in acquired MDR-TB [28], because acquired MDR-TB
is more common than primary MDR-TB [1]. More studies are needed to determine which factor
is essential for differentiating primary MDR-TB from primary DS-TB.

There are some limitations in this study. First, this study was a retrospective study in a sin-
gle institution, and we enrolled a relatively small number of patients with MDR-TB. This selec-
tion bias might affect our results. Second, we measured the cross-sectional area of the
pectoralis muscle in a single axial image. A three-dimensional volumetric measurement may
be necessary to reduce intra- or interobserver error. Third, the dietary habit or steroid intake
can affect the muscle mass, but these factors were not controlled in our study. Previous studies
were shown that dietary protein intake can accelerate protein synthesis in the muscle [30] and
lean muscle mass was significantly lower in vegan than in non-vegan [31]. Androgenic steroid
can increase the lean body mass and muscle strength [32].

In conclusion, low pectoralis muscle mass, cavitary nodule or mass and segmental to lobar
consolidation were more frequently observed in patients with primary MDR-TB than in those
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with DS-TB. Low PMI and characteristic CT findings can help avoid ineffective first-line anti-
TB medication and guide appropriate treatment.
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