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An Investigation of Nontuberculous Mycobacteriosis in Pneumoconiosis

Tkuo Nakano™, Takumi Kishimoto®, Tkuji Usami®, Kazuo Onishi”, Keiichi Mizuhashi®, Yoshinori Otsuka”,
Takeshi Igarashi”, Nobukazu Fujimoto” and Kiyonobu Kimura™
"Department of Internal Medicine, Hokkaido Chuo Rosai Hospital
“Clinical Research Center for Occupational Respiratory Diseases
epartment of Internal Medicine, Okayama Rosai Hospital
"Department of Respiratory Medicine, Asahi Rosai Hospital
"Department of Internal Medicine, Kobe Rosai Hospital
9Center of Asbestos Disease, Toyama Rosai Hospital
"Department of Respiratory Medicine, Okayama Rosai Hospital

We investigated about 1,400 patients with pneumoconiosis who were visiting Hokkaido Chuo Rosai Hospi-
tal and Okayama Rosai Hospital from 2008 to 2012. Nontuberculous mycobacterium were detected in 56 cases
from at least two separate expectorated sputum samples. Fifteen cases fulfilled the criteria for diagnosing non-
tuberculous mycobacterial lung disease by the American Thoracic Society (ATS) guidelines in 2007. The age of
these 16 cases ranged from 55 to 88 years with an average age of 77 years. The occupational histories were 11
coalminers, 1 arc welder, 1 fire-proof brick-maker and others. Eight out of 16 cases had complications of pneu-
moconiosis (6 secondary bronchitis, 2 secondary bronchiectasis) and 6 cases were classified as supervision 4.
These data suggested that the prevalence of nontuberculous mycobacteriosis might be high in pneumoconiot-
ics with secondary bronchitis or advanced stage of pneumoconiosis.

(JJOMT, 62: 117—122, 2014)

©]Japanese society of occupational medicine and traumatology http://www.jsomt.jp
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Abstract

Background: The clinical features of asbestos-related dif-
fuse pleural thickening (DPT) remain unclear. Objectives: To
clarify the association between radiological findings of DPT
and respiratory function. Methods: Medical data from pa-
tients with asbestos-related DPT were collected, including
their history of occupational or neighborhood asbestos ex-
posure, initial symptoms, modified Medical Research Coun-
cil dyspnea grade, smoking history, radiological findings,
and respiratory function test results. Results: There were
106 DPT patients between 2005 and 2010 [i.e. 103 men
(97.2%) and 3 women (2.8%)]. The median age at diagnosis
was 69 years (range 46-88). Patient occupations related to
asbestos exposure included: asbestos product manufactur-
ing (n = 17); the shipbuilding industry (n = 14); the construc-
tion industry (n = 13); heat insulation work (n = 12); plumb-
ing, asbestos spraying, and electrical work (n = 7 each), and
transportation and demolition work (n = 4 each). The me-

dian duration of asbestos exposure was 25 years (range
2-54), and the median latency period before the onset of
DPT was 46 years (range 25-66). Involvement of the costo-
phrenic angle (CPA) was also negatively correlated with the
percent vital capacity (%VC; r = -0.448, p < 0.01). Pleural
thickness and the craniocaudal and horizontal extension of
pleural thickening, as determined by chest computed to-
mography (CT), were also negatively correlated with %VC
(r=-0.226, p < 0.05; r=-0.409, p < 0.01, and r=-0.408, p <
0.01, respectively). Conclusions: DPT develops after a long
latency period following occupational asbestos exposure
and causes marked respiratory dysfunction. The extension
of DPT should be evaluated by chest CT, and chest X-ray
would be important for the evaluation of the involvement
of the CPA. © 2014 S. Karger AG, Basel

Introduction

Asbestos-related pleural diseases include malignant
pleural mesothelioma, benign asbestos pleural effusion
(BAPE), and diffuse pleural thickening (DPT) [1]. DPT
often develops after the onset of BAPE [2, 3]; however,
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Fig. 1. Examples of the involvement of the
CPA on chest X-ray. a No involvement (0).
b CPA <90° (1). ¢ CPA >90° (2).

some patients develop DPT in the absence of BAPE. As-
bestos-related DPT is considered to be a consequence of
asbestos-induced inflammation of the visceral pleura,
which leads to adhesion to the parietal pleura [4]; how-
ever, the actual pathogenesis is unknown.

DPT is not precisely defined in radiological terms [5].
McLoud et al. [6] described DPT on chest X-ray as a
smooth, noninterrupted pleural density extending over at
least one fourth of the chest wall with or without involve-
ment of the costophrenic angle (CPA). However, these
criteria are somewhat ambiguous. In addition, radiologi-
cal differentiation between DPT and pleural plaques is
often difficult. The revised 2000 International Labour Or-
ganization Classification of Radiographs of Pneumoco-
nioses provides a criterion for the differentiation between
pleural plaques and DPT, in which involvement of the
CPA should be demonstrated for DPT [7]. However, the
validity of this criterion is still controversial. Some studies
have examined the characteristics and natural history of
DPT {2, 5, 6, 8-10]. One of the main limitations of these
earlier studies is that the definitions used for DPT varied;
a significant proportion of the studies included patients
with pleural plaques, BAPE, and malignant pleural meso-
thelioma, mainly due to the difficulty of making differen-
tial diagnoses based on chest X-rays without computed
tomography (CT) images.

In this study, we investigated the clinical features of
DPT. Our main purpose was to clarify the association be-
tween DPT and asbestos exposure. In addition, we fo-
cused on the association between radiological findings
and respiratory function. For this purpose, we analyzed
the extension of DPT on chest CT images in detail using
our own scoring methods, and we examined its associa-
tion with impaired respiratory function.

278 Respiration 2014;88:277-284
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Methods

Patients

All of the subjects diagnosed with DPT at each of the research-
ers’ institution were extracted. Medical data from those patients
were collected and analyzed retrospectively. Inclusion criteria
were a history of occupational or neighborhood asbestos exposure
and pleural thickening >5 mm on chest X-ray extending for more
than half of the lateral thoracic wall (LTW) in patients with unilat-
eral DPT or for more than a quarter of the LTW in patients with
bilateral DPT. The medical information we collected included the
initial symptoms, the modified Medical Research Council (nMRC)
dyspnea grade, the smoking history, radiological findings, and re-
spiratory function test results. Information about the history of
asbestos exposure and the mMRC dyspnea grade was also collect-
ed at the diagnosis. The respiratory function test was based on the
official statement of the American Thoracic Society [11]. To exam-
ine the association between radiological findings and respiratory
function, chest images and the results of respiratory function tests
undergone within a year were extracted. This study was approved
by the Japan Labour Health and Welfare Organization and the in-
stitutional review boards of each institution.

Radiological Analyses

The chest X-ray findings we examined included the craniocau-
dal extension of pleural thickening and the involvement of the
CPA. Craniocaudal extension was classified and scored as 0 (none),
1 (total length up to one quarter of the projection of the LTW), 2
(total length exceeding one quarter and up to one half of the pro-
jection of the LTW), or 3 (total length exceeding one half of the
projection of the LTW) in accordance with the International La-
bour Organization classification [7]. The involvement of the CPA
was also determined and classified into 3 categories: 0 (no involve-
ment), 1 (CPA <90°), or 2 (CPA >90°) (fig. 1).

The thickness of the pleura and the craniocaudal extension
were also determined by chest CT. The thickness of the pleura was
determined and scored as 0 (none), 1 (<3 mm), 2 (3-5 mm), 3
(5-10 mm), or 4 (>10 mm). To assess the craniocaudal extension
of pleural thickening, the thorax was divided into 5 zones accord-
ing to the upper border of the aortic arch, the tracheal bifurcation,
the inflow portion of the left inferior pulmonary vein to the heart,

Fujimoto/Kato/Usami/Sakai/Tokuyama/
Hayashi/Miyamoto/Kishimoto



and the upper border of the diaphragm (fig. 2). The number of in-
volved zones was scored as 0-5. The horizontal extension was de-
termined in the most involved zone and scored as 0 (no involve-
ment), 1 (less than a quarter of the outer perimeter of the thorax),
2 (between a quarter and half of the outer perimeter of the thorax),
or 3 (more than half of the outer perimeter of the thorax). The to-
tal scores in individual cases were calculated as the sum of both
sides of the pleura. Other items that were analyzed by chest CT
included pleural plaques, crow’s feet signs (defined as fibrous
strands with accompanying pleural circumscribed thickening), fi-
brotic changes, and emphysematous findings.

For all of the radiological analyses, the researchers were divided
in 2 groups, both of which comprised at least 1 radiation and 2 re-
spiratory specialists. The radiological findings were analyzed inde-
pendently by each group. In cases in which the results differed
between the 2 groups, 2 radiologists (K.K. and ¥.5.) and the chair-
man (T.K.) discussed to reach a final agreement.

Respiratory Function Test

Respiratory function tests were performed in clinical practice.
The data included the percent vital capacity (%VC) and the forced
expiratory volume percentage in 1 s (FEV,). The ratio of FEV, to
forced vital capacity (FVC) was also calculated as FEV/FVC.
Blood gas data such as PaO; and PaCO; were also extracted. The
data closest in time to when the chest CT was performed were used
for the analyses.

Statistical Analysis

Pearson’s rank correlation coefficient was calculated for the
correlation between respiratory function and radiological find-
ings. Cohen’s kappa coefficient (x) was calculated for intergroup
agreement [12]. These calculations were performed with SPSS11.0
software (SPSS, Inc,, Chicago, I1L., USA).

Results

Patient Characteristics

We collected and analyzed data from 106 patients di-
agnosed with DPT between August 1993 and November
2011 (103 men and 3 women). The median age (range)
was 70 years (46-88). There were 25 (24.0%) current and
64 (61.6%) former smokers; 15 (14.4%) of the patients
had never smoked, while the smoking status of 2 patients
was unknown. Forty-five (42.5%) patients had been diag-
nosed with DPT during a routine medical checkup, and
56 (52.8%) patients had visited a medical institution for
subjective complaints, including dyspnea in 45 cases,
cough in 38, sputum in 6, chest pain in 5, fever in 3, and
weight loss, anorexia, and chest discomfort in 1 patient
each. The mMRC dyspnea grade was determined in 96
cases. Fourteen patients (14.6%) were grade 0; 25 (24.0%)
were grade 1; 34 (35.4%) were grade 2, and 23 (24.0%)
were grade 3 or 4. Fifty-three patients (50.0%) had a med-
ical history of BAPE.

Asbestos-Related DPT

Upper o;déroftﬁ e diaphrac

Fig. 2. Examples of a CT image of the thorax divided into 5 zones
by the (1) upper border of the aortic arch, {2) tracheal bifurcation,
(3} inflow portion of the left inferior pulmonary vein to the heart,
and (4) upper border of the diaphragm. These zones were used to
assess the craniocaudal extension-of pleural thickening.

Table 1. Occupational categories associated with asbestos expo-
sure

Occupation Cases, n (%)
Asbestos product manufacturing 17 (16)
Shipbuilding 14 (13.2)
Construction 13 (12.3)
Heat insulation work 12 (11.3)
Plumbing 7 (6.6)
Asbestos spraying 7 (6.6)
Electrical work 7 (6.6)
Demolition work 4 (3.8)
Transportation 4(3.8)
Duct mounting 2(1.9)
Upholstery work 2(1.9)
Painting 2(1.9)
Other 15 (14.2
Total 106 (100)

Asbestos Exposure History

The occupational categories associated with asbestos
exposure are shown in table 1. The median duration of
exposure was 25 years (range 2-54), and the median
period of latency from the first exposure to the onset of
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6 (44.3%)

Fig. 3. Scores of the craniocaudal extension

2 (2.8%)

5 (20.8%)

1(11.3%) 8 (3.8%) 1(3.8%)

6 (33.0%)

2 (49.1%)

10 3.8%) 2 (2.8%)

2(3.8%)

3(19.8%)

of pleural thickening (a), involvement of
the CPA (b) determined on chest X-ray,
thickness of the pleura (c), craniocaudal
extension of pleural thickening (d), and
horizontal extension (e) determined on
chest CT. Values are presented as percent-

=" 4(38%)

ages of applicable patients for each score.

Table 2. Existence of radiological findings and Cohen’s k calcu-
lated for intergroup agreement

Respiratory Function Test
The median (range) values for %VC and FEV,/FVC

were 54.3% (17.3-99.4) and 79.7% (37.9-100.0), respec-
tively. The median (range) PaO, and PaCO, values were

Findings Existence, n (%) K

Pleural plaques 97 (91.5) 0.575
Crow’s feet signs 103 (97.2) 0.695
Fibrotic changes 46 (43.4) 0.481
Emphysematous changes 50 (47.2) 0.627

DPT was 47 years (range 25-66). There were no pa-
tients in whom neighborhood asbestos exposure was
suspected.

Radiological Features

The characteristic radiological findings are summa-
rized in table 2. Asbestosis, defined as a profusion rate >1
based on ILO criteria [7], was present in 7 patients (6.6%).

The craniocaudal extension of pleural thickening, the
involvement of the CPA scored on chest X-ray, the thick-
ness of the pleura, the craniocaudal extension of pleural
thickening, and the horizontal extension scored on chest
CT are shown in figure 3. Cohen’s « for these parameters
were 0.206, 0.431, 0.441, 0.843, and 0.565, respectively.
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81.0 mm Hg (52.4-94.8) and 42.7 mm Hg (22.3-73.2),
respectively. Constrictive respiratory dysfunction (%VC
<80) was found in 96 patients (91.0%), and obstructive
respiratory dysfunction (FEV/FVC <70) was found in 29
patients (28%). Mixed respiratory dysfunction was found
in 25 patients (24.0%).

We next analyzed the correlation between %VC and
the extension of DPT as measured on radiological im-
ages. The craniocaudal extension of pleural thickening as
determined and scored on chest X-ray was negatively
correlated with %VC (r = -0.483, p < 0.01), and involve-
ment of the CPA was also negatively correlated with
%VC (r = -0.448, p < 0.01) (fig. 4). In the 52 cases in
which the involvement of the CPA was scored as 2, the
%V C tended to be lower in cases with bilateral involve-
ment of the CPA (a score of 1 on each side) than in cases
with unilateral involvement (a score of 2 on one side and
0 on the other). However, this difference was not statisti-
cally significant (p = 0.078). The thickness of the pleura
(fig. 5a) and the craniocaudal (fig. 5b) and horizontal
(fig. 5¢) extension of pleural thickening, as determined
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