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Abstract

Clinical teaching generally asserts that large opacities of progressive massive fibrosis (PMF) on
chest radiographs present primarily bilaterally in the upper lung zones, and with an elevated
background profusion of small opacities. However, the contemporary basis for these descriptions
is limited.

Radiographs taken for the Coal Workers’ Health Surveillance Program during 2000-2015 and
previously determined to have large opacities (“PMF radiographs”, 7= 204), and a random sample
previously deemed free of large opacities (r7=22), were independently reevaluated by three
National Institute for Occupational Safety and Health (NIOSH) B Readers. Large opacities were
noted primarily in the upper right (41%) or upper left (28%) lung zone, but 31% were in middle or
lower zones. Unilateral involvement was observed in 34% of readings, with right lung
predominance (82%). The median small opacity profusion category for the radiographs with PMF
was 2/1. The number of large opacities was not correlated with small opacity profusion category.
The “classic” descriptions of PMF as bilateral, associated with elevated background profusions of
small pneumoconiotic opacities, were each absent in a third of miners.
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Introduction

Coal workers’ pneumoconiosis is a chronic, irreversible occupational lung disease caused by
the long-term inhalation of coal mine dust, triggering inflammation of the distal airways,
which eventually produces scarring and irreversible lung damage. Pneumoconiosis can range
from simple to complicated with progressive massive fibrosis (PMF). PMF can be
debilitating and fatal. In an effort to prevent PMF, the Federal Coal Mine Health and Safety
Act of 1969 established a federal permissible exposure limit for respirable dust in
underground and surface coal mines.! The Act also established a surveillance system, the
Coal Workers’” Health Surveillance Program (CWHSP), where actively working miners are
eligible for periodic chest radiographs to screen for pneumoconiosis. The Act also directs
the National Institute for Occupational Safety and Health (NIOSH) to use these data to study
the relationships between coal mining and occupational diseases, to develop epidemiological
information about pneumoconiosis and other mining-related respiratory diseases, and to
periodically publish reports highlighting significant aspects of occupational diseases of
miners.

Following the establishment of the permissible exposure limit in 1969, prevalence of
pneumoconiosis among working underground coal miners declined markedly from 11.7%
assessed during 1970-74 to 2.0% assessed during 1995-99. However, during the last 15
years pneumoconiosis prevalence has increased to 4.6% among all underground working
miners and 12.7% among longer tenured miners.2-> Additionally, PMF, the most severe
form of pneumoconiosis, which was nearly eliminated before 1999, has also increased,
especially in central Appalachia where prevalence has surpassed 5% among long-tenured
miners.® These recent findings have brought renewed attention to the clinical presentations
and management of coal mine dust lung disease among underground and surface coal
miners.

Chest radiographs are classified for changes consistent with pneumoconiosis according to
the International Labour Office (ILO) Classification of Radiographs of Pneumoconiosis.’
Parenchymal abnormalities captured by an ILO classification include small and large
opacities. Small opacities are fibrotic masses less than 10 mm in diameter and an ILO
classification captures profusion (or concentration), affected zones of the lung, as well as
shape and size of the small opacities. A large opacity is identified when the longest
dimension of a fibrotic mass exceeds 10 mm. PMF is defined as the presence of one or more
large opacities. Clinical teaching generally asserts that large opacities usually appear
bilaterally (though some reports suggests that large opacities are more common in the right
lung),8 in the upper lung zones, and often have an asymmetric shape, well-defined margins,
with a background profusion of major category 2 or 3 small opacities. This conventional
knowledge appears in several respiratory health resources and has been perpetuated in
occupational respiratory disease articles®10 and medical texts.11-15 However, the scientific
basis underpinning these descriptions is limited and appears to rely upon individual
examples and case reports, many of which are not consistent with the broad description of
upper lung zone involvement.13.16 We undertook this study to provide a contemporary
population-based description of PMF in coal miners, and to establish a baseline which may
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be useful in monitoring disease patterns over time. Our objective was to characterize the
radiographic presentation of large opacities in modern coal miners, by documenting their
number, location (lung zone), size, shape, and the background profusion of small opacities.

Materials and methods

Results

All radiographs of coal miners who had participated in the CWHSP between 2000 and 2015,
and that had been determined!’ to show large opacities, were selected for the current study,
as well as a random sample of 22 radiographs which were free of large opacities. Three B
Readers, selected at random from the NIOSH CWHSP Reader pool, were asked to
participate in this study. Each B Reader independently reevaluated all study radiographs for
changes consistent with pneumoconiosis, according to the International Labour Office (ILO)
Classification of Radiographs of Pneumoconiosis’ and recorded their readings using the
standard Chest Radiograph Classification Form (CDC/NIOSH (M) 2.8) and information
about large opacities, if present, using a computerized custom data collection tool. Analog
film radiographs were cleaned using compressed air and/or a lint-free nonabrasive antistatic
cloth and isopropyl alcohol, scanned using a Vidar Film Digitizer at default settings to
DICOM format at 300 DPI, and the digitized images were inspected for digitizing artifacts.
Personally identifiable information was removed, analog film radiographs were digitized,
and the digital and digitized images were displayed on dual-screen high-resolution
physician-quality workstations in a manner previously described.1® Data from the (M) 2.8
and the PMF characterization data collection tool were captured digitally in the NIOSH
Picture Archiving and Communications System (PACS) and a database of the B Readers’
responses was automatically generated.

For each of the large opacities noted on a radiograph, Readers were asked to characterize the
shape, location, and size. Readers were asked to use their best judgement in assigning
opacities to shape and location categories, understanding that only one shape and one
location category could be assigned to each opacity. Opacities which were more than 50%
rounded were considered to be rounded, and opacities which were more than 50%
asymmetric/polygonal shaped were considered to be polygonal. Each large opacity was
assigned to a single lung zone, using the zones defined in the ILO Classification.” If an
opacity overlapped lung zones, the Reader assigned the zone where the majority of the
opacity was located. Readers used the PACS display software measuring tool to determine
the long and short axis in millimeters for each opacity. Aspect ratio of the opacity was
calculated (long axis/short axis). Relationships between categorical variables were evaluated
using chi-square test for independence and Pearson’s Correlation Coefficient was used for
interval and ratio variables. Statistical analysis was completed using SAS 9.4 (Cary, NC,
USA). This study used existing radiographs, received a waiver of informed consent, and was
approved by the NIOSH Institutional Review Board (15-DRDS-03XP).

A total of 226 radiographs collected between 2000 and 2015 were identified for evaluation:
204 radiographs had previously been classified as having large opacities (“PMF
radiographs”; including 122 films [digitized prior to evaluation] and 82 digitally-acquired

Arch Environ Occup Health. Author manuscript; available in PMC 2020 May 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Halldin et al.

Page 4

radiographs). The remaining 22 were randomly selected radiographs that had previously
been classified as not having PMF (“Non-PMF radiographs™) but may have had other
characteristics of interest like small opacity profusion greater than or equal to 1/0,
coalescence of small opacities (AX; precursor to the development of a large opacity), or
radiographs that were previously considered to be free of pneumoconiosis (small opacity
profusion 0/0 or 0/1) (Table 1).

B Readers did not identify large opacities among the 15 radiographs which were either
previously classified as free of pneumoconiosis or radiographs previously classified as small
opacity profusion = 1/0 subcategory (without coalescence of small opacities). B Readers
identified large opacities among 82% to 92% of the PMF radiographs and between 29% and
86% of the = 1/0 small opacity profusion with AX radiographs (Table 2).

Presentation of large opacities

Because at least two Readers identified large opacities on a majority of the 7 radiographs
with = 1/0 small opacity profusion subcategory that had a previous indication of coalescence
of small opacities (AX; Tables 1 and 2) we chose to include these radiographs in our overall
characterization of large opacities. From this point forward in this manuscript, we consider a
case of PMF to be = 1 large opacity identified by at least one reader. Therefore, the results
will include data collected from the 204 radiographs previously identified to have large
opacities and 7 radiographs that had a previous indication of coalescence of small opacities
(AX), for a total of 211 radiographs. Readers identified 1131 large opacities (mean of 377
large opacities per Reader) among the 211 radiographs (Table 3); 53% (600/1131) were
rounded (47% [531/1131] were polygonal). Regardless of shape, large opacities occurred
most frequently in the upper right lung zone (41%) followed by the upper left lung zone
(28%); the most common shape and location for large opacities was rounded occurring in
the upper right lung zone (22%; 251/1131). However, almost a third of large opacities were
identified in the middle or lower lung zones (31%).

Of the 547 readings with a large opacity indicated in Table 2, 544 (99%) had complete
information for small opacity profusion subcategory; of these, 203 (37%) were found in
miners with a background of category 1 small opacity profusion (subcategory 1/0 to 1/2).
The median small opacity profusion category for the radiographs with PMF was 2/1. The
number of large opacities was not correlated with small opacity profusion category (Pearson
Correlation Coefficient r=0.07, p =0.11). Shape and location of large opacities were not
associated with small opacity profusion (shape p= 0.13; location p = 0.58). Median aspect
ratio was 1.5 (range 0.68-13.38), with 3.89% (44/1131) large opacities having an aspect
ratio greater than 3.

Individually, B Readers identified the number of large opacities and classified shape and
location of large opacities in somewhat different proportions (Table 4). Reader 3 identified
half as many large opacities as Reader 1 (Reader 3 n =227 vs. Reader 1 7=483). Reader 1
and 2 identified opacities in similar proportions. Reader 3 identified proportionally more
rounded large opacities in the upper right and upper left lung zones and less in the middle
and lower lung zones than Readers 1 and 2.
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B Readers identified between one and three large opacities in a majority (86.4%), of the
radiographs, the remaining radiographs had between four (9.0%) and eight (0.2%) large
opacities. Repeated patterns of lung zone involvement were observed and were generally
consistent among all three Readers (Figure 1). Among radiographs with one large opacity, a
majority were found in the upper zones (73.8% upper right, 16.2% in the upper left lung
zone); the remaining 10.0% occurred in the middle and lower zones. Over two thirds
(66.8%) of radiographs with two large opacities had bilateral upper lung zone involvement.
Among the most commonly observed patterns for radiographs with three large opacities,
large opacities were always present in the upper lung zones.

B Readers identified large opacities in 79.6% to 90.5% of radiographs of the 211
radiographs previously identified to have large opacities or AX, for a total of 547 readings
with at least one large opacity. Data on opacity location were complete in 513 readings; of
those 173 (33.7%) had an opacity(ies) in only one lung (unilateral involvement). A total of
82.7% (143/173) of the unilateral opacities were located in the right lung. Of the 513
readings, 6.8% (35/513) had exclusively middle and/or lower lung zone involvement with no
large opacities identified in the upper lung zones.

Discussion

A limited number of studies have been conducted assessing the shape, size, and location of
small opacities on chest radiographs of coal mine dust exposed workers.1%-21 However, to
our knowledge, similar studies assessing the radiographic characteristics of PMF in these
populations have not been conducted. The objective of this study was to design a
straightforward empirical approach to characterize large opacities on chest radiographs of
modern coal miners by describing the number, location (lung zone), size, and shape using
experienced NIOSH B Readers. In general, our findings are consistent with standard clinical
teaching with regard to location; among coal miners with PMF, large opacities were found
predominantly, though not exclusively, in the upper lung zones with right lung
predominance. However, PMF did not always present in the “classical” fashion. We found
no clear association related to large opacity shape, the number of large opacities, or with
small opacity profusion category. Of note we found 37% of PMF cases had a background of
small opacities with profusion category 1 (subcategory 1/0 to 1/2). This observation is
similar to that recently observed in a population of former miners applying for federal black
lung benefits, where 40% of former miners with large opacities had a low (category 1)
background small opacity profusion.22 In addition, our findings do not support the “classic”
definition of PMF opacities typically presenting bilaterally; of the 513 individual readings
that identified at least one large opacity and had information on location, 33.7% had large
opacities in a single lung and 6.8% had solely lower or middle lung zone involvement. Often
PMF is thought to present as large opacities that are elongated and less spherical than other
lesions. We looked at the aspect ratio and only 4% were found to have an aspect ratio (long
axis diameter/short axis diameter) greater than 3 suggesting an elongated shape.

The ILO classification system requires readers to indicate the affected zones of the lung and
shape and size of small opacities. However, for large opacities, the system requires no
indication of shape or location, and a single indication of opacity size, which indicates either
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a single large opacity or the summation of the area of multiple large opacities. Therefore, we
designed a data collection tool that permitted readers to record information on the number,
shape, predominant lung zone, and size of each large opacity observed.

We found that large opacities were more common in the right lung and the upper zones.
Possible reasons for upper zone predominance may include slow lymphatic drainage in the
upper lobes.23.24

Additionally, visceral pleural lymphatics in the upper lobes have delayed clearance which
results in increased deposition of dust around bronchovascular lymphatics in this region.2®
The finding that large opacities more commonly appear in the right lung is likely associated
with normal airway anatomy. The right upper lobe bronchus arises shortly beyond the
bifurcation of the main stem bronchi at the carina making the right upper lobe the shortest
pathway for dust deposition. In some cases, the right upper lobe bronchus may arise from
the distal trachea. Furthermore, particle deposition models have suggested that the upper
lobes, especially the upper right lobe, may receive the highest deposition of inhaled
particles.26:27

It is important to note that unilateral large opacities require a full clinical evaluation to rule
out other pathologies, including lung cancer. Evaluation with CT/PET scanning and other
modalities including biopsy may be required unless radiologic stability can be demonstrated.
One recent study demonstrated the utility of magnetic resonance imaging (MRI) using the
T2W sequence in differentiating PMF from lung cancer.28

Strengths of this study include a large sample radiographs previously identified as having
PMF; three B Reader interpretations for each radiograph; and a standardized and
straightforward data collection tool. No true gold standard exists for determining the
presence of PMF, however plain chest radiographs are the most widely used technique to
screen for pneumoconiosis. Classification of chest radiographs has subjective components;
therefore, to minimize impacts reader variability three Readers characterized the radiographs
in this study. The Readers did not agree on every case of PMF. However, for the metrics we
were measuring (shape/size, location) the findings were overall consistent among the
interpretations performed by the Readers. Classifying digitized radiographs is not an optimal
practice. Therefore, a potential limitation of our study is that the performance of ILO
classification of digitized radiographs originally acquired as analog film has not been
rigorously studied. This change in technique may have introduced some variability relative
to past classifications of film radiographs.

Since this study required collection of data beyond the standard ILO reading B Readers are
asked to perform for our surveillance program, the B Readers could not be entirely blinded
to the objectives of the study. The impact of this cannot be fully assessed, however given the
consistency of the findings we have confidence that the overall characterization of large
opacities we observed is robust.

There is some indication that current coal mine dust exposures and pneumoconiosis patterns
may not be similar to historical observations. Whether the cases and characteristics
represented in this report are typical of what may have been observed in the past or reflect
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new patterns cannot be ascertained because we limited our cases from 2000 to 2015.
However, our findings are broadly consistent with the historical descriptions and textbook
definitions of PMF so this is likely not a significant factor. Having a data-driven empirical
understanding of the diversity of large opacity radiographic presentations is important for
clinical, epidemiological, and medico-legal purposes. Our findings establish a clear pattern
that can be used as a baseline to measure whether disease configurations change over time.
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Figurel.
Lung zone locations of large opacities identified among 211 radiographs with PMF or AX

previously indicated stratified by B Reader and number of opacities identified. “X” denotes
the location of one large opacity. Boxes represent the right and left, upper, middle, and lower
lung zones as defined in the ILO Classification.2 1 (1.7) additional pattern. Total patterns
shown for 1 lesion is 129/130 (99.2%) of all patterns (0.8% additional pattern not shown).? 8
(11.6) additional patterns,® 7 (11.5) additional patterns,d 2 (3.2) additional patterns. Total
patterns shown for 2 lesions are 176/193 (91.2%) of all patterns (8.8% additional patterns
not shown).& 10 (23.3) additional patterns,f 11 (29.8) additional patterns,9 2 (15.3) additional
patterns. Total patterns shown for 3 lesions are 69/93 (74.2%) of all patterns (25.8%
additional patterns not shown).
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Table 1.

Summary of study radiographs.

Characteristics n =226
PMF radiographsa 204
Digitized 122
Digitally acquired 82
Non-PMF radiographsb 22
21/0 with AX® 7
>1/0 without AX® 8
No pneumoconiosis 7

aRadiographs with prior classification of PMF through the CWHSP.
bRadiographs had a prior classification through the CWHSP that did not include PMF.

c H 3 H “ Rl
AX is the classification symbol for “coalescence of small opacities”.
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Table 2.

Number and proportion of radiographs each reader identified with large opacities by the radiograph’s previous
classification.

Radiograph previoudly classified as:

PMF Pneumoconiosiswith AX?
n =204 n=7

Reader 1 noted Large Opacity 187 (0.92) 4(0.57)

Reader 2 noted Large Opacity 181 (0.89) 6 (0.86)

Reader 3 noted Large Opacity 167 (0.82) 2(0.29)

a H 3 H “ Rl
AX is the classification symbol for “coalescence of small opacities”.

Arch Environ Occup Health. Author manuscript; available in PMC 2020 May 04.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Halldin et al.

Total number and proportion of large opacities identified by three B readers by shape and lung zone.

Table 3.

Rounded (n =600) Polygonal (n =531) Total (n =1131)
Lung Zone Right L eft Right L eft Right L eft
Upper 251(0.22) 152(0.13) 217(0.19) 163(0.14) 468 (0.41) 315 (0.28)
Middle 103 (0.09) 57(0.05) 63(0.06) 59(0.05) 166 (0.15) 116 (0.10)
Lower 16 (0.01)  21(0.02) 14(0.01) 15(0.01) 30(0.03) 36 (0.03)

Values in parentheses represent the proportion of the total number of large opacities identified (7=1131).
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