e Within 1 year, establish guidelines and an approval process for facilities, equipment, and
image quality. Seek consistency for the quality assurance processes with oversight and
documentation. Define acquisition protocols with guidelines (scatter reduction, beam
quality, rating of generators, exposure index, exposure monitoring over time, etc.).

Define file format and QC guidelines. Conduct beta testing of the approach.

e [n the medium term (1-3 years), create a more representative and complete phantom with
automated analysis. Determine exposure requirements. Develop integrated QC with the

phantom.

e In the long term (36 years), develop automated disease classification. Develop

automated image quality assessment based on image data.

Discussion

Dr. Clunie wondered about the possibility of having influence over the sites’ acquisition of
equipment. We need to define values such as exposure index and influence vendors, perhaps
through a NIOSH request for proposals. Dr. Samei cited the goal of classification in the
requirements proposed. Dr. Ravin emphasized the basic point that digital images are better than
film images. Dr. Henry noted a paradoxical trend in which radiographers produce poorer-quality
images as a result of their overconfidence in a better technique (digital). Dr. Flynn suggested
that exposure indicator/range may be a key value on which to focus. Dr. Weissman noted that
NIOSH will have to engage Federal lawmakers to specify digital regulations or standards. A
main goal, reminded Dr. Petsonk, is to protect the continuity of the program to protect the health
of coal miners—a public health function. The workshop participants cited a need to establish an

accreditation system or update the current NIOSH accreditation system.

2 — Image Presentation, Including Processing and Display

Dr. Flynn summarized the results of the second subgroup’s discussion of image processing,

focusing on three areas and making the following recommendations:

179



e Develop a reference case library for digital radiography to elaborate the effect of
processing on classification, to provide a basis for a digital reference set, and to provide
training material. Images would be in “for processing” form. Recent and ongoing
studies could provide data for the library, which would be modest in size—perhaps a few
thousand cases. Various institutions (e.g., National Library of Medicine, National Cancer
Imaging Archive) have experience in developing such a collection. The NIOSH effort
could include digital standard films, documentation on disease stages, and perhaps

correlated film-screen and CT images.

e Develop consensus on display hardware specifications, for example, a 2-monitor, 24-
inch, 3-megapixel system with grayscale cards, calibration, and navigation. This should
be a discrete flat-panel technology, such as LCD. The system should include embedded
test images, and there should be a document specifying aspects of the reading

environment (ambient light, etc.).

e Develop display software for reading images and comparing them to standards. It should
support a NIOSH/ILO viewer tailored to present reference comparisons, and it should be
incorporated on a CD. One problem that must be avoided is the presence of an image
from a prior reading left on a screen, which is read mistakenly as a current image. Cross-
sectional cases present difficulties. A report template should be included in the electronic

viewer presentation (it could then be easily transmitted electronically).

Discussion

Dr. Audrey Banyini noted that South Africa has a large database of images from medical
surveillance, some of which might be shared with the reference case library. The workshop
participants proposed standards and testing for reader vision. Dr. Henry wondered about
incorporating the American Association of Physicists in Medicine test pattern in discs. Dr.
Samei suggested that in addition NIOSH develop a reference image or pattern. The workshop

participants agreed that there should be procedures for measuring and controlling, perhaps with
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the aid of a light meter, the screen brightness and ambient lighting. The second subgroup
proposed that, for image presentation in general, the first efforts involve tools that resemble film-

screen tools (this could change over time).
3 — File Interchange, Including Formats and Interoperability

Dr. Clunie presented the results of the third subgroup’s discussion of file interchange, listing
assumptions, caveats, and requirements for image filing issues. The group assumed that the
approach will be reusable in similar settings, will use NIOSH-supplied equipment, and will
depend on a limited NIOSH support staff. There are questions about training and needed
changes in regulations. The acquisition site must have pre-qualification of system and transfer
processes. A central site will require pre-qualification processes and tools, QC processes and
tools, and archival and disaster-recovery capabilities. Readers must receive images, read them,

dispose of them, and send results.

Dr. Clunie listed the following fecommendations for a CD-based solution in the short term (3-

month):

e The acquisition site burns CR/DX to CD from a modality or PACS. Features include one
patient per CD, identity in the header, a “for presentation” image (or, optimally, with “for
processing” as well), the DICOM GP-CDR and IHE PDI profile, and no lossy

compression. The site submits an initial pre-qualification CD.

e The central site receives and checks the CDs. Required tools include standalone PCs,
displays, viewers, an automated CD format checker, an automated DICOM file checker, a
CD duplicator, and a DICOM header editor. The central site duplicates CDs for archives
and disaster recovery, sends CDs and ID documents to B readers, and receives the

completed document from the B readers.
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e The B readers’ equipment is installed and calibrated by NIOSH and supplied in a
configured state. The B readers complete reading and evaluation forms, then destroy the

CDs.

o Viewer features include the following: custom or off-the-shelf, supporting calibrated 3
megapixel grayscale displays, read from a DICOM CD, a PA CXR display on left
monitor, a single reference image on right monitor, scrolling through a reference set,
supporting all grayscale variants, supporting window level and width with a sigmoid
function, supporting pan and zoom, with identification and technique annotation and

linear distance measurements.

Dr. Clunie listed the following recommendations for the longer term:

The central site builds or uses an off-the-shelf PACS/RIS

Acquisition sites submit CDs or send the information via the Internet

Central site PACS match identifiers and archive images

B readers view images on PACS remotely and securely over the Internet, complete

forms, and make use of hardware as in the short-term solution

Dr. Clunie listed requirements for a reference set. The short-term recommended solution should
assume the ILO 2008 standard, with highest-fidelity digitized data. DICOM encoding should
feature DX “for presentation,” contrast adjustment for P value grayscale output, window values
either sigmoid or linear, black borders to reduce glare, identifying attributes in the header,
spacing attributes that allow measurement of nodule size, orientation attributes that allow correct
hanging, and validation as DICOM standard. The DICOM header identification should follow
the current rules. The modality operator should be allowed to change social security number to a

patient ID, to change date to DICOM study date, and to change the ALOSH approval number.
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Facility name and address will be fixed by the field engineer. The central site (NIOSH) might

have to perform some cleanup of headers during CD copying.

Discussion

It was noted that NIOSH will install B reader stations only for participants in the NIOSH
program. As for a broader program, Dr. Clunie suggested that the paradigm for filing could be
scaled-up. He noted that a header attribute could indicate no lossy compression. Responding to
a question about their long term stability, he concluded that CDs might not be suitable for long-
term archiving of data. Of course, the longer-term solution possibly will not use CDs at all. We

should consider eventually a QC program for archiving,.

THE ILO REVISION

Dr. Petsonk asked the workshop participants to offer ideas for revision of the ILO standards for
reference images. How should the revision proceed? How should it reach out to partners?

Should the ILO manufacture an image or accumulate and validate existing images?

Dr. Fedotov suggested that a next meeting focus more on international points of view as they
relate to revising the guidelines. Tests of placing ILO standards on CDs have identified some
problems. Perhaps NIOSH could work with ILO to prepare a CD with calibration and a test
pattern and to conduct a study using various monitors. The result might lead to an international

standard.

Dr. Balmes wondered whether the ILO was willing to develop generated standard images. In
fact, noted Dr. Wagner, this is a research question. Dr. Samei stated that his research group has
been performing simulations and validation and has learned that it takes about one year to
develop a validated simulated image/pathology. Dr. Henry noted that actual candidate
radiographs offer the benefit of cross-sectional comparison. Boundary radiographs of normal

and abnormal cases would be helpful. Yet, noted Dr. Petsonk, how would we select from current
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standard images? Dr. John Parker suggested considering only validated standard films, and he
stated that we cannot simulate what dust does to the lung. Dr. Michael Jacobson stressed the
need to maintain continuity with the past in advancing classification. Joseph Burkhart proposed

a two-step approach featuring research followed by the acquisition of films.
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Abstract

Purpose: This investigation assessed the equivalency of digital radiographic images (hard copy
(HC) and soft copy (SC)) with traditional film-screen radiographs (FSR) for recognition and
quantification of parenchymal and pleural abnormalities due to pneumoconiosis and other forms of
fibrotic lung disease using the International Labour Organization (ILO) classification system.
Materials and Methods: This report is based on analyses of readings of FSR, HC and SC images
from 107 subjects by 6 certified B readers.

Results: Readings of FSR and SC for small parenchymal opacities did not differ significantly; in
contrast HC readings demonstrated a significantly greater prevalence of small opacities compared
to FSR and SC. The prevalence of large opacities differed significantly among all three image
formats, with HC>FSR>SC, however, no difference was seen between FSR and SC readings when
images with ‘ax’ were grouped with large opacities. The prevalence of pleural abnormalities
differed significantly among all three image formats, with FSR>HC>SC.

Conclusion: ILO classification outcomes are similar using either film-screen radiographs or soft
copy digital images (but not hard copy images) for small parenchymal opacities and for large
opacities (with ‘ax®). Both film-screen and soft copy digital images can therefore be recommended
for the recognition and classification of dust-related parenchymal abnormalities. The role of

digital radiography in reading for pleural abnormalities requires additional clarification.
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