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Application of the ILO International Classification of Radiographs of
Pneumoconioses to Digital Chest Radiographic Images

A NIOSH Scientific Workshop
March 12-13, 2008
Washington DC, USA

Workshop Summary

On March 12-13, 2008, the National Institute for Occupational Safety and Health (NIOSH) of
the Centers for Disease Control and Prevention (CDC) hosted a workshop to address issues for
classifying digital chest radiographs for patients with pneumoconioses. The international group
of scientists in attendance heard from representatives of the International Labour Organization
(ILO), the American College of Radiology (ACR), NIOSH, and academia. Expert presenters
described current and future issues in digital radiography. especially as they relate to
classification. The workshop participants broke into smaller groups to discuss (1) image
acquisition, (2) image presentation, and (3) file interchange, and to develop recommendations for

advancing digital classification for pneumoconioses.

DISCLAIMER: The findings and conclusions in these proceedings are those of the authors and
do not necessarily represent the official position of the National Institute for Occupational Safety
and Health (NIOSH). Mention of any company or product does not constitute endorsement by
NIOSH. In addition, citations to Web sites external to NIOSH do not constitute NIOSH
endorsement of the sponsoring organizations or their programs or products. Furthermore,

NIOSH is not responsible for the content of these Web sites.
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Introduction

David Weissman, M.D., Director of NIOSH's Division of Respiratory Disease Studies,
welcomed the workshop participants and emphasized the background of the meeting—that is, the
transition of radiologic surveillance from film to digital methods. Gregory R. Wagner, M.D.,
NIOSH Senior Advisor, also welcomed the workshop participants and introduced the plenary

speakers,
Organizational Perspectives
Igor A. Fedotov, M.D., Ph.D.; Edward L. Petsonk, M.D.: and Daniel Henry, M.D.

Dr. Igor Fedotov, of the International Labour Organization (1LO), reviewed advances in
conventional chest radiography (film screen) during the past 20 years—for screening and health
surveillance, clinical care, diagnosis, evaluation of response to treatment, and epidemiological
research. Film screen radiography is easy to perform, cost-effective, and relatively specific for
some conditions, including advanced coal-workers’ pneumoconiosis. Chest radiography is the
most commonly applied tool for the screening and surveillance of dust-cxposed workers. It can
indicate failure in dust control and can help establish exposure-response relationships. Yet there
are limitations. For example, conventional radiography may miss some airway disorders and

may not correlate with functional impairment.

Dr. Fedotov stated that new digital techniques for chest radiography produce better-quality
images, allow easier manipulation, and afford casy access and storage. Digital methods can
allow for teleradiology—transmitting images through network connections. They allow the use
of Picture Archiving and Communication Systems (PACS). Two digital radiographic methods
are in use—computed radiography (CR), which uses an imaging plate and scanner, and digital
radiography (DR), which uses a flat-panel detector. Digital methods feature high equipment
costs, and they lack standardization. Trials must be conducted to establish the comparability of
the various digital imaging techniques with film-screen classifications, and the ILO must
produce standard digital images for comparisons. Legal aspects have slowed the introduction of

digital systems—for example, state and Federal laws and qualifications for compensation for
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lung injury. Dr. Fedotov suggested a future medical-screening scheme featuring the use of
digital subject films and standard digital images and the use of CT classification of

pneumoconiosis as a supplementary method.

Dr. Fedotov presented the case for revising the ILO 2000 classification scheme, which has
served to improve international comparisons of data on pneumoconiosis. The revision will
feature increasing use of new soft (image) standards as opposed to hard copies. A draft text of
the revision will be completed in 2008. It will address many technical issues, such as
standardization of file formats, the use of different brands of equipment, and ensuring image

quality for classification.

Dr. Edward Petsonk, of NIOSH's Division of Respiratory Disease Studies, provided background
on the ILO classification, which was defined as “a means for describing and recording
systematically the radiographic abnormalities in the chest provoked by the inhalation of dusts.”
He noted that incidence of pneumoconiosis in coal miners declined steadily in the 1970s and
1980s, yet has risen since the 1990s. Challenges for the ILO revision of classification include a
need to ensure detailed and uniform images for classification and a need to merge science and
practicality. Dr. Petsonk described the NIOSH perspective, based on surveillance programs,
compensation and clinical evaluations, and epidemiological and clinical research. NIOSH
requires the uniformity and integrity of digital images. Migration to digital imaging will require
specifications for acquisition and formation of digital chest radiograph images, as well as
procedures for classification of images based on the ILO system, local and disseminated systems

for managing images, and a capacity to examine and approve B readers.

Dr. Daniel Henry, of the Medical College of Virginia and Chair of the American College of
Radiology Pneumoconiosis Committee, provided an ACR perspective, stressing the need to
create an environment in which to view images. ACR’s mission includes education and
technical development and support. Dr. Henry reviewed the ACR s history in this field,
including the development of guidelines and support for B readers. The ACR has incorporated
the Digital Imaging and Communication in Medicine (DICOM) standard to promote the
communication of images and support PACS. Dr. Henry stated the ACR’s goal of moving away



from traditional viewboxes and creating a new logistical paradigm for image viewing. One trend
today is the use of 3-D color rendering. Color LCD monitors may be more versatile for cross-
sectional imaging and CR/DR. There is a need to integrate digital acquisition and display
guidelines with elements of chest radiography, The ACR has construcied a new facility in
Reston, Virginia, known as the ACR Education Center. The site likely will host future teaching
seminars and B-reader testing. Dr. Henry described a plan to transition the ACR’s
Pneumoconiosis Committee into a task force that can move beyond issues of education to a role

of working with NIOSH and ILO to support the transition to digital media.

Discussion

In response to a question, Dr. Henry noted that newer color monitors are cheaper and faster than
the older black-and-white monitors. However, during a period of transition, we do not want to
exclude people because of the PACS systems in place. Availability of technologies is a key. Dr.
Michael Flynn stressed the importance of pixel size and ficld of view. Dr. Carl Ravin
encouraged the group to consider converting from B readers to A+ readers, which might include
computerized reading. It was noted, however, that attempts at computer automated readings a
decade ago were less than successful. Dr. Henry suggested that a first step be the development
of computer standards for opacity and profusion. Dr. David Clunie wondered whether CT would

be a better imaging strategy because of its success with computer evaluation.

Plenary Presentations

Comparison of Digital Radiographs with Film-Screen Radiographs for Classification of

Pneumoconiosis — Alfred Franzblau, M.D.

Dr. Alfred Franzblau, of the University of Michigan School of Public Health, described a study
that assessed the impact of image format on the ILO classification as performed by experienced
readers. The study compared the use of DR and film-screen radiograph (FSR) images. Study

participants read both hard copy (printed out) and soft copy (on the monitor) DR images. The



images featured abnormalities of lung parenchyma and pleura resulting from inhalation of dust.
Dr. Franzblau reviewed the study methods, including recruitment of subjects, capturing of
images, reading of images, data cleaning, and statistical analyses. The cases included all major
ILO small opacity profusion categories, with both rounded and irregular small opacities, large

opacities and pleural abnormalities.

The investigators captured images from 107 subjects. Six B readers classified each image in
random order based on the ILO 2000 system and ILO standard films and digitized images for
comparison. Subsequent analyses compared inter-reader reliability, using the kappa statistic.
The investigators also analyzed marginal rating differences across image formats. Dr. Franzblau

presented the following conclusions from the study:

e There were few significant differences in reliability of image classifications across

formats, and the differences were solely among classifications of image quality.

e Parameter estimates for image format in adjusted models were similar to results for
unadjusted models, indicating that covariates (age, gender, etc.) were not acting as

confounders of the effect of image format on prevalence of findings.

e For film quality, classifications for FSR and digital soft copy images did not differ
significantly. Hard copy images tended to be classified as worse than FSR and soft copy

images.

e For parenchymal abnormalities and small opacity profusion, classifications of FSR and
digital soft copy images did not differ significantly. Classifications of digital hard copy
images demonstrated significantly greater prevalence of parenchymal abnormalities and

small opacity profusion.

« For large opacities, the three image formats differed significantly. (When “ax™ were

included, the difference between FSR and soft copy disappeared.)

i



e For the presence of pleural abnormalities, all three formats differed significantly.

e There were no significant differences among the formats with regard to costophrenic
angle obliteration and diffuse pleural thickening, although the study power was low for

these outcomes.

Dr. Franzblau cautioned that the study did not employ a gold standard. When there was a
difference in prevalence by image format, one could not determine which was closer to the

“truth.”
Discussion

In response to questioning by Dr. John Balmes, Dr. Franzblau concluded that there is little reason
to read digital hard copies. He noted that readers of soft copies were allowed to manipulate the
images on the screens. In the analyses, kappa values were not weighted. The workshop
participants noted that, despite drawbacks, digital hard-copy reading likely will be used
throughout the world. That might not matter for pleural disease, for which clinicians can use CT.
The workshop participants wondered whether inter-reader variability might have played a role in
the results. Dr. Franzblau noted that techniques (e.g., different times spent in reading different
formats) might have led to differences. One key for future studies may be the optimizing of
reader processing. Dr. David Lynch noted that the results do not rule out the possibility that both

hard- and soft-copy DR may be more sensitive than film-screen.

Acquisition of Digital Chest Images for Pneumoconiosis Classification: Methods,

Procedures, and Hardware — Ehsan Samei, Ph.D.

Dr. Ehsan Samei, of Duke University Medical Center, reviewed the conventional film-screen
process and listed the benefits of digital radiography (improved dynamic range, post-processing
for visualization, analytical capability, archiving). Digital radiography features analog image
capture followed by digitization. It can suffer from x-ray scatter and requires pre-and post-

processing of the image. Digital radiography systems can differ in detector technology, image



