ORIGINAL ARTICLE

CrossMark

click for updates

JKMS

e J Korean Med Sci 2015, Forthcoming

CT Findings in People Who Were Environmentally Exposed to

Asbestos in Korea

Eun Kyoung Lee,' Jeung Sook Kim,'
Yookyung Kim,? Jai Soung Park,?

Department of Radiology, 'Dongguk University llsan
Hospital, Goyang; “Ewha Womans University Mokdong
Hospital, Seoul; *Soonchunhyang University Bucheon
Hospital, Bucheon, Korea

Receiced:
Accepted:

Address for Correspondence:

Jeung Sook Kim, MD

Department of Radiology, Dongguk University llsan Hospital, 27
Dongguk-ro, llsandong-gu, Goyang 10326, Korea

Tel: 82-31-961-7820, Fax: 82-31-961-8281

E-mail: jeungkim@dumc.or.kr

Funding: This research was supported by the Korea Ministry of
Environment under "The Environmental Health Action Program"”.

Asbestos related pleuropulmonary disease has been emerging health problem for
recent years. It can cause variable clinical symptoms and radiological abnormalities.
However, there has been no report for their characteristics in subjects who were
environmentally exposed to asbestos. We reviewed the CT images of 35 people who
were environmentally exposed to asbestos in Chungnam province, Korea. The study
result showed high incidence of pleural plaque and pulmonary fibrosis on chest CT
(949% and 77%, respectively). The common CT findings of lung parenchymal lesions
were as follows: centrilobular opacities (94%), subpleural dot-like or branching
opacities (80%), interlobular septal thickening (57%), intralobular interstitial
thickening (46%), parenchymal bands (43%) and subpleural curvilinear line (29%).
There were no significant differences in the prevalence of pulmonary fibrosis and
pleural plaques according to sex, age and duration of exposure. In conclusion, pleural
plague and pulmonary fibrosis are common asbestos-related CT finding in the
exposed people. Asbestos related lung parenchymal CT findings in the participants
with environmental exposure show similar to those observed in the occupational
exposure.

Keywords: Asbestos; Environmental Exposure; Pulmonary Fibrosis; Asbestosis; Plaque;
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INTRODUCTION

Asbestosis is defined as diffuse pulmonary interstitial fibrosis
caused by the inhalation of excessive amounts of asbestos
fibers. The pathogenesis of asbestos-related pleuropulmonary
disease is complex and not yet completely understood. Fiber
dose, dimension, and chemical composition may influence
fibrogenicity and carcinogenicity. Factors related to the host,
including pulmonary clearance and immunologic status
and exposure to other noxious substances such as cigarette
smoking are also important in determining the nature and
severity of the reaction to inhaled fibers (1-4). There have
been a number of epidemiological reports about pleural
mesothelioma as a result of environmental exposure to
asbestos (5-8). However, there had been only a few reports
about asbestosis by environmental exposure because it needs
relatively high concentration of asbestos and prolonged
exposure, usually over 10 to 20 years (9).

The midwestern part of the Korean Peninsula (Chungnam
province) has many historic asbestos mines. Approximately
71% of asbestos mines in Korea were located in this rural
area. Unlike other countries, mines and villages intermingle
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with each other in this area. These mines had been exploited
as asbestos mines for several years since the 1930s.They
contain mainly three types of asbestos forms, chrysotile,
tremolite and actinolite (10). Most mines have been in disuse
sincel945, but mining and processing of asbestos were
restarted with increased use of slate roofs by the government
5 Year’s Planning of Economic Development (1972 - 1977).
Over 100,000 tons of asbestos were produced annually from
1978 t01983. Since then, the mines have been in a state of
neglect for decades (11). Recently, there had been a report
about the increasing mortality and incidence of asbestos-
related disease among people residing near the asbestos
textile factory (12), so more concern and research should be
needed in environmentally asbestos exposure groups. Since
2008 the Ministry of Environment of the Republic of Korea
carried out a health impact assessment by asbestos exposure
for residents who lived near asbestos mines.

To our knowledge, radiographic and computed tomography
(CT) findings of asbestosis were characteristic and have
been described in the previous reports. However, there
has been no report for their characteristics in a subjects
environmentally exposed to asbestos. In this study we
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evaluate the 35 CT findings of the lung and pleural lesions
in people who were environmentally exposed to asbestos.
Also we assess the frequency of specific CT findings and the
correlation of asbestos-related pleuropulmonary disease
with demographic characteristics.

MATERIALS AND METHODS

Participants

From August 2008 to February 2009, the Ministry of
Environment carried out epidemiological studies, and health
impact assessments for residents from 5 villages (Deokjeong,
Yadong, Gwangcheon-eup, Cheongso-myeon and Ocheon-
myeon), who lived within 2 km from the Kwangcheon,
Joongang and Daeboseoksan mines. Each participant
received a letter describing the study, provided informed
consent and completed in-person interviews. Among
villagers, posteroanterior chest radiographs were performed
for 215 residents (about 50% of all residents in 5 villages)
who were over 40 years old, had more than 1 year residence
history during the mining operation period, and lived
within 2 km from 3 historic asbestos mines. CT scans were
recommended to 110 (51.2%) participants with an abnormal
chest radiograph and/or clinical symptoms (cough, dyspnea,
shortness of breath and wheezing), and 95 participants
underwent a chest CT scan. We excluded 10 participants
due to the following conditions: 1) inadequate CT images (n
=6); and 2) an incomplete questionnaire (n = 4). Among 85
participants, 50 (58.8%) had occupation history in asbestos
mining, and the remaining 35 (41.2%) were only residents.
Finally, a total of 35 participants (17 men, 18 women; mean
age, 68.5 years; age range, 48-82 years) with environmental
exposure to asbestos were included in our study (Fig. 1).

Questionnaire

Questions included 1) residence: one’s past and present
address, the length of residence around a mine and in a slate
house, 2) occupation history: any work in asbestos mines and
industries, or other occupational asbestos exposure, 3) past
medical history: especially related to respiratory diseases,
and 4) smoking history.

CT Scanning Protocol

CT images were acquired using a 64-channel multidetector
CT scanner (Sensation 64; Siemens Medical Solutions,
Erlangen Germany). Participants were examined in the
supine position with full inspiration without administration
of intravenous contrast. To remove the gravity-dependent
attenuation, a prone position scan with full inspiration was
also performed. For the evaluation of lung parenchyma,
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Fig. 1. Flow chart of participant selection.

thin sections (1 mm thickness) were reconstructed at 10
mm intervals from the apex to the diaphragm. And for the
evaluation of pleural and other lung parenchymal lesions,
scanning and image reconstruction were performed with a
section thickness of 5 mm and a reconstruction interval of 5
mm. All images were obtained at window levels appropriate
for lung parenchyma (window width, 1,500 HU; window
level, -700 HU) and mediastinum (window width, 440 HU;
window level, 40-50 HU).

Evaluation of Chest Radiographs and CT scan

Chest radiographs were evaluated by two board-certified
radiologists (with over 10 years of experience in thoracic
radiology), who were blind to the participant information.
Reports were classified by the 2000 International Labor
Office (ILO) International Classification of Radiographs
of Pneumoconioses. Parenchymal abnormalities, pleural
abnormalities were evaluated.

Chest CT scans were taken in people with an abnormal
chest radiograph and/or clinical symptoms. Serial chest
CT scans of participants were interpreted by three board-
certified radiologists (with over 10 years of experience in
thoracic radiology) with consensus. Pleural abnormalities
were described separately as noncalcified and calcified
pleural plaques, and the other pleural abnormalities,
such as blunting of the costophrenic angle, pleural
effusion and pleural mass were included. Parenchymal
abnormalities were reviewed according to the following
CT findings: subpleural dot-like or branching opacities,
subpleural curvilinear line (SCL), parenchymal bands
(PB), intralobular interstitial thickening (IIT), interlobular
septal thickening (IST), honeycombing (HC), ground-glass
opacities (GGO), emphysema, dilatation of intralobular
bronchiole, bronchiolectasis within consolidation, traction
bronchiectasis (TB), consolidation and centrilobular
opacities (CLOs) and a lung nodule or mass. According to the
report of Akira et al. (13, 14) subpleural dot-like or branching
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Table 1. The prevalence of pleural plaque and lung fibrosis according to sex, smoking

Table 2. Comparison of prevalence of CT findings

history, age groups and duration of exposure Findings Total. No (%), Akiraetal. (13), Aberle etal. (15),
Parameters Lung fibrosis P value™  Pleural plaque P value® n=35 n=7 n=29
Total (n=35) 27 (77.1%) 33 (94.3%) Centrilobular opacities 33 (94.3%)
Sex Male (n=17) 4 (82.4%) 0.482 7(100%)  0.163 Subpleural dot-like or branching opacities 28 (80%) 7 (100%) 59%/14%*
Female (n=18) 3 (72.2%) 6 (88.9%) Interlobular septal thickening 20 (57.1%) 7 (100%) 97%/86%"
Smoking Yes (n=15) 14 (93.3%) 15 (100%) Intralobular interstitial thickening 16 (45.7%) 7 (100%)
No (n = 20) 3 (65%) 0052  18(90%) 0214 Parenchymal bands 15 (42.9%)  5(71%) 66%
Age (1) 40-49 (n=2) 0 (0%) 2 (100%) Subpleural curvilinear line 10 (28.6%) 4 (57%) 28%/10%"
50-59 (n=4) 3 (75%) 4 (100%) Emphysema 6(17.1%)
60-69 (n=11)  10(90.9%) 9 (81.8%) GGO 5(14.3%)  4(57%)
70-79 (n=17) 13(76.5%) 17(100%) Traction bronchiectasis 4(11.4%) 4 (57%)
>80(n=1) 1 (100%) 0.129' 1(100%)  0.623" Dilatation of intralobular bronchiole 3(8.6%)
Duration of 10-19(=1) 1(100%) 1(100%) Honeycombing 1(2.9%) 2 (29%) 17%
exposure (yr) 20-29 (n=3) 2 (66.7%) 3 (100%) Bronchiolectasis within consolidation 0 (0%)
30-39 (=29 3(37.5%) 6 (75%) Consolidation 0(0%)
40-49 (n=7) 6 (85.7%) 7 (100%) Data are presented as number (%).GGO, ground-glass opacities.
50-59 (n=§) 8 (100%) 8 (100%) “spine/prone, respectively.
60-69 (n=98) 7875%  0.084' 8(100%)  0.251"

Data are presented as number (%).*Comparison was done by chi-square test; 'By Linear-by-
linear association test.

opacities, SCL, PB, IIT, TB and HC correlated with fibrosis
and were significantly more common in patients with
asbestosis. Thus we considered it to be lung fibrosis when
more than two aforementioned findings were found for more
than two sections of chest CT scans. The axial anatomic
distribution was analyzed into three zones (upper, middle
and lower): the upper lung zone was above the level of the
aortic arch, the middle lung zone was between the level of
the aortic arch and the level of the right inferior pulmonary
vein, and the lower lung zone was below the right inferior
pulmonary vein.

Statistical analysis

All statistical analyses were performed using SPSS software
(IBM SPSS Statistics ver. 19.0; IBM, Inc., Amonk, NY, USA).
We compared the frequencies of pleural plaque and lung
fibrosis in the different demographic characteristics using
chi-square test. Linear-by-linear association was used to test
whether there was a linear association in advanced age and
duration of exposure with the prevalence of pleural plaque
and lung fibrosis. In all statistical analyses, values of P < 0.05
were considered statistically significant.

Ethics statement

This study was approved by the institutional review board of
Dongguk University Ilsan Hospital (IRB No. 2011-102) and
informed consent was obtained from all participants.
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RESULTS

The prevalence of lung fibrosis and pleural plaque depending
on demographic characteristics is shown in Table 1. On
CT scans, pleural plaque was observed in 94.3% (33/35) of
participants. There was no significant difference in prevalence
of pleural plaque between male (n = 17, 100%) and female (n
=16, 88.9%) participants (P = 0.163). The prevalence of pleural
plaque showed no difference depending on the age groups
(P = 0.623) nor duration of exposure (P = 0.251). Pleural
plaque was detected in 15 (100%) of the 15 smokers and in 18
(90%) of the 20 nonsmokers (P = 0.214). One patient showed
pleural mass which is suspicious of mesothelioma, however
pathologic confirmation cannot be accessed. Blunting of the
costophrenic angle was observed in 5 participants and none
of the participants showed pleural effusion.

On chest CT scans, 77.1% (27/35) participants showed
lung fibrosis. There were no significant differences in the
prevalence of lung fibrosis in male (n = 14, 82.4%) and female
participants (n = 13, 72.2%) (P = 0.482). The prevalence of
lung fibrosis showed no difference depending on the age
groups (P = 0.129) nor duration of exposure (P = 0.084). Lung
fibrosis was more frequently seen in the smokers (n = 14,
93.3%) than in the nonsmokers (n = 13, 65%) (P = 0.052),
however, it was not statistically significant. Lung nodule
was observed in 8 participants and none of the participants
showed lung mass.

Seven participants showed pleural plaque without lung
fibrosis while only one participant showed lung fibrosis
without pleural plaque. Both pleural plaque and lung fibrosis
were found in 26 participants. A female participant showed
no evidence of pleural plaque or pulmonary fibrosis.
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Fig. 2. CT images of a 72-year-old man with 72 years residence history. (A) Prone positioned
HRCT scan shows subpleural dot-like or branching opacities (arrows), and intralobular
interstitial thickening (arrowheads). (B) Noncalcified thin pleural plague is also noted in left
lower posterior portion (arrow).

Fig. 3. CT images of a 77-year-old woman with 69 years residence history. (A) Prone
positioned HRCT scan shows parenchymal band in right mid lobe and left lower lobe (arrows).
(B) Multifocal bilateral discontinuous calcified (arrows) and noncalcified (arowheads) pleural
plaques are also noted in mediastinal and bilateral lower posterior areas.

Parenchymal abnormalities were as follows: CLOs (94.3%),
subpleural dot-like or branching opacities (80%), IST
(57.1%), IIT (45.7%), PB (42.9%), SCL (28.6%), emphysema
(17.1%), GGO (14.3%), TB (11.4%), dilatation of intralobular
bronchiole (8.6%) and HC (2.9%) (Table 2). CLOs were evenly
distributed in the upper, middle and lower lung zones, and
emphysema was more common in upper lung zones (Fig. 2
and 3). The other findings were more frequently seen in the
lower lung zones. PB and TB were more common findings in
older paticipants (P value, 0.021 and 0.033, respectively) and
dilatation of intralobular bronchiole were more common
findings in longer exposures (P = 0.039) (Table 3).

DISCUSSION

Our study show high prevalence of lung fibrosis and plaque
among village people with environmental asbestos exposure.
Unlike mesothelioma or lung cancer, asbestosis from
environmental exposure is rare because asbestosis requires
relatively high concentrations and long latency of asbestos
exposure. The high prevalence of asbestos related pleural
and pulmonary abnormality in our study may be explained
by three reasons. First, most villages are located close to
mines (within 2 km from the mines) and mines intermingled
with villages. So people had been exposed to an atmosphere
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Table 3. P values of CT findings according to sex, smoking history, age groups and duration
of exposure

Findings Sex* Smoking* Age' Duration of
exposure’
Centrilobular opacities 1.0 1.0 0284 0470

Subpleural dot-like or branching opacites 0.691  0.672  0.147  0.328

Interlobular septal thickening 0625 0767 0530 0.158
Intralobular interstitial thickening 0.404 0142  0.148 0.466
Parenchymal bands 0625 0278 0021 0.060
Subpleural curvilinear line 1.0 0266 0456 0514
Emphysema 0.088 0.064 095  0.182
GGO 1.0 1.0 0.208  0.965
Traction bronchiectasis 0338 0292 0033 0.082
Dilatation of intralobular bronchiole 0.603 0565 0183 0.039
Honeycombing 0486 0429 0455 0.248
Bronchiolectasis within consolidation N/A N/A N/A N/A

Consolidation N/A N/A N/A N/A

Data are presented as number (%).GGO, ground-glass opacities; NA, not applicable because
of negative CT findings.
“Comparison was done by chi-square test. "By Linear-by-linear association test.

contaminated with asbestos every day. Second, participants
had more than 1 year residence history near a mine during
its operating period, and considering that most mines were
in disuse in late 1980s, the mean residence time during
operation period was about 30 years. It means they had been
exposed to high concentration of asbestos during their daily
activities. Last, over 90% of participants in our study had
over 50 year residence history, which implies they had been
exposed to asbestos for a long time.

On 35 chest CT scans, pleural plaques were found in 94%
(n = 33) and lung fibrosis were found in 77% (n = 27). A high
incidence prevalence of lung fibrosis on CT scans in our
study may be explained by some reasons. First, a CT has the
superior ability to detect lung fibrosis. Many studies showed
that computed tomography is more sensitive in detecting
parenchymal abnormalities in an asbestos exposed subject
(15-23). Aberle et al. (16) reported that for 45 subjects with a
clinical diagnosis of asbestosis, 35 (78%) showed abnormal
chest radiographs while 45 (100%) CT findings suggestive
of asbestosis. Staples et al. (18) demonstrated that 57 (34%)
of 169 asbestos-exposed subjects for whom asbestosis was
highly suspected by CT had normal chest radiographs.
Second, lung fibrosis is underestimated on chest radiograph
due to following reasons. There had been no large scale
research of asbestosis in Korea before, so radiologists were
not familiar with findings of asbestosis. Furthermore Korea is
still an endemic area with pulmonary tuberculosis which can
hide lung fibrosis.

http://dx.doi.org/10.3346/jkms.2015.30.2.7??
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Our study showed insignificant correlation of lung fibrosis
according to smoking history. Cigarette smoking has been
suggested as an additional factor in the pathogenesis of
asbestosis. Several studies revealed that smoking increases
the prevalence of small parenchymal opacities and/
or the progression rate of asbestosis among asbestos-
exposed workers (24-26). On the other hand, Aberle et al.
(16) showed no relationship between HRCT probability
scores for lung fibrosis with a smoking history. However
quantification of pack-year smoking history is more relevant
than simple smoking status. Also, started smoking during
mining operation and after closure might have different
effect to asbestosis occurrence, which was omitted in our
study. Considering only a small number of participants
were included in our study, a future study based on a larger
population with qualified information could show significant
correlation between lung fibrosis with a smoking.

Subpleural dot-like or branching opacities, IST, IIT, PB,
SCL were common findings in our study, which was similar
to Akira et al. (13). Histologically, thickened intralobular
lines, pleural-based opacities, PBs, SCLs, TB and HC
correlated with fibrosis. However, the IST and GGO could
be due to fibrosis or edema (13). On the other hand, IST and
PB were the more frequent CT findings in Aberle et al. (15)
compared with our study (86% vs 57.1% and 66% vs 42.9%,
respectively). Although the subjects of these studies have been
occupationally exposed to asbestos, our study shows similar
CT findings in the participants with environmentally exposed
to asbestos. CLOs were the most common CT findings (94.3%)
in our study which we presumed related to nonspecific dust
exposure.

Only one participant was suspicious for malignant
mesothelioma in our study. But pathologic confirmation
was not performed due to a patient’s refusal. According
to the Korea Central Cancer Registry report, there are 9
reports of malignant mesothelioma in village and city of
these area (Hongseong-gun, 5; Boryeong-si, 4). Incidence
of malignant mesothelioma is also higher as compared to
other regions of Korea (27). Our study included relatively
small numbers of environmental asbestos exposures, so a
large population based retrospective cohort study would be
needed to evaluate the malignant mesothelioma morbidity
and mortality in these areas.

Our study had some limitations. First, we did not evaluate
the chest radiographs and CT of all residents in the village,
instead we included participants with relatively long and
heavy exposure which could lead to selection bias. Second,
histologic confirmation and a functional assessment were not
done in the subjects. But according to a modified asbestosis
guidelines published by the American Thoracic Society

http://dx.doi.org/10.3346/jkms.2015.30.2.2??

(ATS) in 2004 (28), our study population can be classified as
having asbestos-related disease. Third, some report showed
household contamination with asbestos from industrial
sources may result in radiologic changes (29). However, we
could not exclude the individuals lived with asbestos workers
due to lack of history.

In conclusion, our study shows high frequency of
pleural plaque and pulmonary fibrosis in subjects with
environmentally exposed to asbestos. CT findings of lung
parenchymal lesions were more common in the following
order: CLO, subpleural dot-like or branching opacities, IST,
IIT, PB and SCL. Asbestos related lung parenchymal CT
findings in the participants with environmental exposure
shows similar to those observed in the occupational
exposure.
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