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Foreword

Environmental and occupational exposure to mineral dusts (i.e., pneumoconiosis)
has long been known to be an important cause of lung disease. Since the latter half
of the twentieth century, the number of pneumoconiosis cases recognized by phy-
sicians has increased significantly, related to both an increased likelihood of ex-
posure to toxic materials in industry and more detailed surveillance of workers.

Our ability to diagnose and subsequently avoid, control, and regulate these
harmful exposures has been based on understanding their relationship to clinical
symptoms and pathologic lung abnormalities. Fundamental to this understanding
has been the widely used system for classification of chest radiographic abnor-
malities in pneumoconiosis introduced by the International Labour Office (ILO).
Based on this system, the type and degree of lung abnormality could be readily
assessed in a population of exposed subjects, and correlations made with exposure
severity or duration, morbidity, and mortality. However, the limitations of the ILO
system have long been recognized. Chest radiographs are insensitive to the di-
agnosis of early abnormalities produced by pneumoconioses, and they lack speci-
ficity as well; a number of findings considered abnormal on chest radiographs us-
ing ILO criteria are in fact nonspecific and may not be related to pneumoconiosis
at all.

The development of high-resolution computed tomography (HRCT) over the
last 20 years has revolutionized the diagnosis of all types of lung disease, includ-
ing pneumoconiosis. The anatomic detail provided by HRCT, in combination with
detailed correlations of HRCT Iung abnormalities and histologic findings, has
provided a powerful tool for assessment of these diseases. However, a compre-
hensive system for the classification and quantification of the lung abnormalities
typically seen in patients with pneumoconiosis has been lacking. Without ques-
tion, a HRCT system for the classification and quantification of pneumoconiosis,
similar to the ILO system, would be valuable in our attempts to accurately diag-
nose and effectively prevent these diseases.

This monograph provides just such a system. Based on a fundamental under-
standing of HRCT, both its technical aspects and anatomic correlations, the au-
thors have provided a detailed and comprehensive description of significant
HRCT findings and methods for appropriately recording them. They have consid-
ered all aspects of the HRCT diagnosis of pneumoconiosis, including the technical
aspects of CT, radiation exposure and risks associated with HRCT, the use of ap-
propriate terminology in the description of abnormalities, coding systems (includ-
ing a review of the ILO system), and pathologic correlations, and they also pro-
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vide reference standards for diagnosis. This work is based on the conclusions of an
international meeting of experts in lung imaging and pneumoconiosis diagnosis
held in Nikko, Japan, and subsequently refined by investigators from countries
around the world; it thus represents the contributions of a number of experts in this
field. It is a major step in our ability to assess pneumoconiosis.

W. Richard Webb, M.D.

Professor of Radiology

Chief, Thoracic Imaging

University of California, San Francisco
January 2005



Preface

Modern medical textbooks are rarely single-author efforts; rather, they are more
often the products of multi-author scientific cooperation. This volume is no excep-
tion to that trend, and the work is indeed an example of the international collabo-
ration required to produce a text with global relevance. Brought together here are
unique contributions from many nations on several continents, and the true cata-
lyst has been the steady encouragement of Japanese colleagues.

This work represents an international journey, an odyssey with historical paral-
lels that are interesting to reflect upon. Ancient Japan was known for its gold
trade. Refined gold was transported through China to the Netherlands and then to
the rest of Europe. In fact, Japan was called Jipang, meaning literally, Golden
Hope Island. This book is the golden fruit of the hope and work of many medical
scientists.

Nikko, the famous Japanese city, originally located near a gold mine opened in
the early fifteenth century, was the auspicious location and memorable site where
international experts from Germany, Finland, the United States, and Japan agreed
on a principal coding system, along with reference films and imaging parameters.
This work, referred to as the Nikko Agreement, has been the cornerstone for the
International Classification of High-Resolution Computed Tomography for Occu-
pational and Environmental Respiratory Diseases.

Subsequently, British, French, and Belgian colleagues worked together in

Dortmund, Germany, to further refine the classification system. Ultimately, col-
leagues from seven countries collaborated in the development of this project.
In many cultures, traditional phrases have suggested that too many cooks can spoil
the soup, or make it too salty. However, also recognizing seven as a lucky number
in many societies, colleagues from seven countries have managed to create a
wonderful product from this collaboration and have indeed produced quite a tasty
soup. The international flavor of the project is further exemplified by reading trials
of candidate HRCT films with as many as 25 colleagues from the seven countries.
In addition, reviews, comments, and suggestions for the further refinement of the
classification system have also come from Sweden, Norway, Denmark, Switzer-
land, the Czech Republic, Brazil, Malaysia, India, Vietnam, Thailand, Korea, and
China.

The editors would like to acknowledge the hard work and contributions of
many colleagues around the globe. We dedicate this book, and also wish to ex-
press our gratitude to, three life-long collaborators closer to our respective homes
and dear to our hearts, our wives: Mrs. Johanna Hering, Mrs. Junko Kusaka, and
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Mrs. Christine Parker. Without their support this project would not have become a
reality, and the soup would have indeed been far too salty.

Yukinori Kusaka
Kurt G. Hering
John E. Parker
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Introduction

Yukinori Kusaka', Kurt G. Hering”, and John E. Parker’

! Department of Environmental Health, School of Medicine, Fukui Medical
University, 23-3 Shimoaizuki, Matsuoka-cho, Fukui 910-1193, Japan

2 Department of Diagnostic Radiology, Radiooncology and Nuclear Medicine,
Radiologische Klinik, Knappschaftskrankenhaus, Dortmund, Wieckesweg 27,
44309 Dortmund, Germany

? Pulmonary and Critical Care Medicine, Robert C. Byrd Health Sciences Center,
West Virginia University, HSC 475A-9166, Morgantown, West Virginia
26506-9166, U.S.A.

Mineral dust-related lung diseases, the pneumoconiosis, have been recognized for
centuries, and these diseases are especially common since global industrialization.
Recently, not only occupational, but also environmental exposures to asbestos
have been recognized throughout the world. Accordingly, industrialized nations
will face the highest numbers of asbestos-related pulmonary diseases including
malignant mesothelioma, over next few decades. Although the International La-
bour Office Classification System for the Pneumoconioses is widely used, it is de-
signed for conventional analogue chest radiographs.

New modalities in the radiological sciences continue to be developed. Com-
puted Tomography (CT) including High-Resolution CT has revolutionized the di-
agnostic universe of chest diseases, especially for lung cancer and diffuse lung
disease. Clinical radiology has used the advantages of CT and continues to explore
the potential of CT to provide exquisite imaging details of the thorax. The same
advantages of CT can be used to study the pneumoconioses, also disorders repre-
senting forms of diffuse interstitial lung disease. CT is thus a potential tool for
both clinical and epidemiological evaluation of dust diseases. Recently, trials for
lung cancer screening with CT in a variety of populations have been implemented.

The primary disadvantage of chest CT over analogue radiographs is higher ra-
diation exposure. Despite this disadvantage, surveillance and screening with CT
may compete favorably as a tool with conventional radiography, especially if a
standardized approach to classification using low dose CT, analogous to the ILO
System for traditional radiographs, lis widely available. The International Classifi-
cation of High-Resolution Computed Tomography for Occupational and Envi-
ronmental Respiratory Diseases has been developed and now introduced by physi-
cians active in the recognition and prevention of dust diseases.

The International Classification of High-Resolution Computed Tomography for
Occupational and Environmental Respiratory Diseases can assist in diagnostic
evaluations of dust-exposed individuals. The Classification also provides a tool for



quantitative and analytical measurement of disease, and can contribute to medical
epidemiology.

The International Classification of High-Resolution Computed Tomography for
Occupational and Environmental Respiratory Diseases is a powerful and reliable
tool for international clinicians and scientists who study pulmonary fibrosis and
malignancy.
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Chapter1 A Glossary of HRCT Terms

Hiroaki Arakawa

Department of Radiology, Dokkyo University School of Medicine, 880, Shimo-
tuga-gun, Tochigi 321-0207, Japan

In this chapter we provide a quick reference for HRCT terms used in this coding
system. The terms are used in a similar fashion as for non-occupational diseases.
However, due to the variability of common usage of HRCT terminology, we at-
tempt to clarify the meaning of the terms used in this coding system. The readers
can use the following descriptive terms for occupational lung diseases as well for
non-occupational lung diseases.

Air trapping

Abnormal gas retention in the lung specifically diagnosed by use of
post-expiratory CT (1). It should not be used based on the observation of inspira-
tory CT scan only. The presence of air trapping is suggested by no or little in-
creases of lung attenuation and cross-sectional area change before and after exha-
lation. Therefore, for the accurate diagnosis of air trapping, both inspiratory and
expiratory images at the same or similar anatomical levels are required.

Alveolar pattern

Alveolar pattern is one of the radiographic descriptions of abnormal increase in
lung attenuation seen with CT. Pathologically, airspace and most peripheral air
conduction portions are filled with inflammatory exudate or tumor cells. On CT,
alveolar pattern is seen as slightly increased lung attenuation area (ground-glass
opacity) or homogeneously increased dense opacity with or without airbroncho-
gram (consolidation). However, CT description of alveolar pattern is used confi-
dently only when abnormally increased lung attenuation is accompanied with air
bronchogram.



Bronchial wall thickening (BR)

Bronchial wall thickening is subjectively diagnosed. Comparison of the bronchial
wall diameter with that of the adjacent pulmonary artery may be helpful. Because
bronchial wall thickening and bronchiectasis are often multifocal rather than dif-
fuse, comparison of the bronchial wall of concern with those of other lung areas
can also be helpful.

Bronchovascular bundle (structure)

Pathologically, the brochovascular bundle is a strong connective sheath around
bronchi and central pulmonary vessels that begins at the pulmonary hilum and
spreads peripherally. On CT, soft tissue density surrounding bronchi and central
vessels is called the bronchovascular bundle.

Bronchiectasis/bronchiolectasis (BE)

Bronchiectasis and bronchiolectasis are localized or diffuse dilatation of bronchi
or bronchioles, respectively. On CT, bronchiectasis and bronchiolectasis are di-
agnosed on the combination of the following (2): 1) inner diameter of bronchi is
larger than that of the accompanying pulmonary artery, 2) loss of normal tapering
of bronchial lumen, 3) a bronchiole visible within 1cm of the pleura and 4) bron-
chial wall thickening. Because bronchial diameters often exceed that of the ac-
companying pulmonary artery even in normals, the diagnosis should not be made
only on the size criteria (3).

Bulla (BU)

Bullae are well-demarcated air-filled spaces with a thin wall larger than lcm.
They are a specific form of a lung cyst. Bullae are usually associated with the
presence of emphysema but can be present in the absence of emphysema.

Coalescence

Coalescence is the term used for a group of pneumoconiotic nodules gathering in a
specific area of lung and forming a nearly single mass, but each nodule is still in-
dividually identifiable.



Centrilobular

Centrilobular is the adjective meaning the center of each secondary lobule. The
centrilobular area includes pulmonary arteries and bronchioles as well as support-
ing connective tissue of bronchovascular interstitium. On CT, abnormalities in
centrilobular location may be identified as a dot, nodule or binary branching
structure depending on the pathologic processes creating the abnormality. One can
recognize the abnormality as located centrilobular when one of the followings are
identified (4): 1) the opacity is a few millimeters away from the pleura and/or
septal lines, 2) the opacity is contiguous with peripheral pulmonary artery or
bronchiole, 3) opacities are separated about 1cm with each other.

Comet tail appearance

See Rounded atelectasis.

Cyst

Cyst is a nonspecific word that describes well-circumscribed air-/fluid-filled space
larger than 1cm. The wall is smooth and well-defined and is usually thin, although
thick wall such as in honeycomb cyst is included.

Dependent opacity (DO)

Dependent opacity on CT, is the increased lung attenuation in the dependent por-
tion of each lower lung and is seen in normal individuals even without an under-
lying pathologic process. This phenomenon is considered to be associated with the
loss of air in alveoli due to gravity and should not be mistaken as ground-glass
opacity. Because early interstitial abnormality can occur in the dorsal portion of
lower lobes in asbestosis, prone position is preferred to avoid difficulty in dis-
criminating the pathologic process and gravity dependent opacity in this coding
system.

Diffuse pleural thickening

Diffuse pleural thickening is the condition where both parietal and visceral pleurae
are affected by fibrous thickening. Pleural thickening is said to be diffuse only
when there is also adjacent pulmonary parenchymal fibrosis recognizable on CT.



In this coding system, diffuse pleural thickening is called visceral type pleural
thickening.

Eggshell calcification (ES)

Eggshell calcification is seen in silicosis and mixed dust pneumoconiosis, the
enlargement of hilar and/or mediastinal lymph nodes is common. Calcification in
lymph nodes often occurs and is preferentially in periphery, giving the appearance
of eggshell. This type of calcification may also be seen in other diseases such as
sarcoidosis, tuberculosis, and after radiation treatment for mediastinal lymphoma.

Emphysema (EM)

Emphysema is abnormal permanent enlargement of the airspaces distal to the ter-
minal bronchioles, accompanied by destruction of their walls and without obvious
fibrosis (5). On CT, emphysema is identified as cystic airspace usually without
visible walls.

Grade

In this coding system, we grade the severity of each abnormality in its extent and
consistency. Grade is scored with a four-point scale with the most severe grade as
3 and absence of abnormality as grade zero. Each grade is explained simply in the
text and is accompanied by images of reference CT films.

Ground-glass opacity

Ground glass opacity is a hazy increase of lung attenuation that does not obscure
underlying vessels. This is a non-specific descriptor of HRCT finding and both
interstitial and alveolar abnormalities can cause this appearance.

Honeycombing

Honeycombing in the lung parenchyma is characterized by clustering of thick-
walled cystic spaces. The thick walls are typically covered with bronchiolar epi-
thelium (6). It is usually bilateral and identified in the subpleural areas of lower
lungs. It is regarded as the result of end-stage pulmonary fibrosis of any etiology.



Inhomogeneous attenuation

Inhomogeneous attenuation is the visual impression of lung attenuation with in-
tervening areas of higher and lower attentuations. Mosaic perfusion and
ground-glass attenuation both can cause such appearances. Before deciding mo-
saic perfusion or ground-glass attenuation, one can just describe the presence of
inhomogeneous lung attenuation in this coding system.

intralobular opacity

See Irregular opacity.

Interlobular septal line

See Irregular opacity.

Irregular opacity

Irregular opacity comprises two distinct opacities; that is, interlobular opacity and
intralobular opacity. Interlobular opacity is synonymous with thickening of inter-
lobular septal line or Kerley’s line. Interlobular opacity is often irregularly thick-
ened in pneumoconiosis due to fibrosis or shows nodular appearance due to exist-
ing pneumoconiotic nodules. The opacity is linear and polygonal with a diameter
1-2cm apart.

Intralobular opacity is an irregular or reticular opacity seen within a secondary
lobule. It is finer than interlobular opacity and can be seen anywhere within sec-
ondary lobule. In asbestosis, it represents fibrosis and collapse of peribronchiolar
interstitium and surrounding alveoli (7). Although centrilobular binary structure or
dot in p-type silicosis can simulate intralobular opacity, they are not included in
irregular opacity and should be recorded as rounded opacity due to their original
nature to form nodules.

Large opacity

A large opacity is a nodular or mass-like opacity more than | ¢m in largest diame-
ter. It is subcategorized depending on the summation of their size. Pneumoconiotic
opacity as well as nodules or masses of other etiology are included as a large
opacity. However, rounded atelectasis is excluded and should not be described as
large opacity in this coding system.
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Macule

Macule is an accumulation of dust-laden macrophages at the centrilobular inter-
stitium forming a colored nodule on cutting. On CT, macule is not typically visi-
ble because of lack of fibrosis.

Lung distortion (DI)

Lung distortion means an irreversible displacement of normal pulmonary struc-
tures due to lung fibrosis. On CT, one can recognize the abnormality when pul-
monary vessels, inter-lobar fissures, bronchi or mediastinal structures are dis-
placed irregularly in or near the area with reticular and ground-glass opacities.

Mosaic perfusion (MP)

Mosaic perfusion, is the visual impression of lung attenuation mixed with the
lower attenuation area representing the abnormal finding. The lower attenuation
area is considered less perfused due to decreased pulmonary arterial blood volume
or to air trapping and subsequent hypoxic vasoconstriction. Discrimination of mo-
saic perfusion from ground-glass opacity with adjacent normal lung may some-
times be challenging. Usually, in mosaic perfusion, vessels in the lower attenua-
tion area are smaller than those in higher attenuation area, thus enabling correct
diagnosis. With additional expiratory scan at the area in concern is diagnostic in
most of the case (8).

Mosaic pattern

Mosaic pattern is often used interchangeably with mosaic perfusion. Because
some people use the term mosaic pattern implying the presence of ground-glass
opacity adjacent to normal lung, which is misleading, we avoid this usage.

Nodule

A nodule is a focal rounded opacity of any size less than lcm in diameter. They
are usually well-defined in pneumoconiosis but can be ill-defined as is often iden-
tified in p-type silicosis (9). Nodule can be used interchangeably with small
rounded opacity. A focal rounded opacity more than lcm in diameter is described
as large opacity in this coding system.
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Panlobular/multilobular

Panlobular/multilobular is the radiological description of disease processes in-
volving one or more of the secondary lobules in a homogeneous fashion. On CT,
the abnormal attenuation area(s) shows homogeneous attenuation and are bounded
by interlobular septa.

Parenchymal band (PB)

Parenchymal bands are linear, non-tapering densities 2-5cm in length extending
through the lung to contact to pleural surface. Pathologically, parenchymal band
represents fibrosis along the bronchovascular sheath or interlobular septa, with
distortion of the parenchyma (7). On CT, it is usually identified in the lower lung
zones in patients with asbestosis.

Pleural plaque

Pleural plaques, are crater-shaped as well as flat or less elevated thickenings of the
pleura with or without calcification and without sub-pleural fibrosis. It is used in-
terchangeably with parietal type pleural thickening.

Pleural thickening

Pleural thickening is visible thickening of the pleura. On CT in normal subjects,
this thin strip of soft tissue density is often visible at the interface of the lung and
chest wall that represents the combination of pleura, endothoracic fascia and in-
nermost intercostal muscle (10). If any visible thickening of this thin strip is iden-
tified, pleural thickening should be described. In this coding system, there are two
types of pleural thickening: visceral and parietal type.

Profusion

Profusion is an assessment of the concentration of opacities by the chest radio-
graph. It is done by comparison with the standard film in ILO system and is re-
garded as the good indicator intensity of the lung reaction to dust. In this coding
system, the term “profusion” is not used and instead “grade” is introduced.



12

Pseudoplaque

Pseudoplaques are pneumoconiotic nodules often accumulating in the sub-pleural
interstitium that mimics or resembles a pleural plaque. In contrast to the smooth
appearance in pleural plaque, pseudoplaques show a granular appearance due to
the accumulation of small pneumoconiotic nodules in the subpleural pulmonary
parenchyma.

Progressive massive fibrosis

Progressive massive fibrosis is characterized by large opacities of pneumoconiotic
origin more than lcm in largest diameter. In silicosis, it is a conglomeration of
numbers of silicotic nodules with lung fibrosis. In coal worker’s pneumoconiosis,
it represents a black mass surrounded by fibrous tissue.

Rounded atelectasis (RA)

Rounded atelectasis is a special type of lung atelectasis, usually seen in associa-
tion with asbestosis. In most cases, it is the result of pleural fibrosis and adjacent
lung collapse; however, in some occasions, it can occur with the development of
pleural effusion. The diagnosis is suggested on CT by the combination of the fol-
lowing: wedge-shaped appearance that is usually identified in lower lobes, with
convergence of vessels and bronchi from hilum to the mass, the comet tail ap-
pearance, the loss of lung volume of the affected lobe, and the presence of diffuse
pleural thickening or effusion (11).

Rounded opacity

Rounded opacity is a round-shaped opacity of any etiology. It is synonymous with
nodule. It is subcategorized in three groups based on the size; i.e., less than 1.5mm
as P, between 1lmm and 3mm as Q, and between 3mm and 10mm as R. A round
opacity larger than 1cm is designated as large opacity.

Subpleural curvilinear line

Subpleural curvilinear line is a linear opacity within 1cm of the pleura that meas-
ures 5-10cm and parallel to the inner chest wall. Usually, it is seen in subjects with
asbestosis and the line should persist irrespective of the subject’s position either
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prone or supine. In asbestosis, it represents the early stage of lung fibrosis in the
centrilobular areas of the lung (12).

Traction bronchiectasis

Traction bronchiectasis is bronchial dilatation associated with lung organization
and fibrosis. It is usually seen in association with ground-glass opacity or consoli-
dation. Principally, it is irreversible but it can be reversible when organization and
fibrosis are successfully treated.

Tree-in-bud (TIB)

Tree- in- bud is a reaction to bronchiolar dilatation with filling by mucous, pus
and fluid. It resembles a budding tree with branching and indicates the presence of
airway disease (13). In pneumoconiosis such as those showing p-type chest radio-
graphs, small rounded opacity can appear as a centrilobular dot or binary structure
and can resembie tree-in-bud. However, because the lesion in silicosis is not asso-
ciated with dilatation of the bronchi, it should not be called tree-in-bud.
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Foreword

The coding system is to be applied as strictly descriptive system and is not diag-
nostic. It is intended to cover all aspects of occupational and environmental disor-
ders dealing with parenchymal and pleural abnormalities. Although some of the
descriptive terms are classically associated with pneumoconiosis{xe "pneumoco-
niosis"}, for example rounded opacities{xe "rounded opacities"} with silicosis{xe
"silicosis"}, or interlobular septal and intralobular non-septal lines and honey-
combing with asbestosis{xe "asbestosis"}, these are radiographic patterns that
must be carefully considered for an appropriate differential diagnosis reached.

In this coding system neither reference films{xe "reference films"} nor text
have precedence over each other. To successfully classify an HRCT study the
reader needs to use both text and reference films. For detailed explanation of the
terms the reader is referred to chapter 1 on glossary of terms.

For screening{xe "screening"} purposes 6 to 8 slices are taken, distributed over
all zones, preferably in the prone{xe "prone"} position. The reading sheet{xe
"reading sheet"} has correspondence for each zone. If more than one slice per
zone is taken, all findings per zone have to be summarized and classified for each
zone{xe "zone"}. See reading sheet{xe "reading sheet"} example (Fig. 2.1).

The “Comments/Summary” Section leaves the opportunity for free text.
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CT-Classification
Name No. CT-No. /Date
No. slices | Sequential | kv
Slice thickness Single slice spir. | ma
Window | Multi slice spiral | | sec
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Comments /Summan

Date /Signature

Date Signature
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Fig. 2.1 Reading Sheet
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Basic Data

Name/No.:
Data for Registration:
CT-Information:
Date and Number
Modality
Sequential CT{xe "CT:Sequential"}
Spiral-Single-Slice CT{xe "CT:Spiral-Single-Slice"}
Spiral-Multi-Slice CT{xe "CT:Spiral-Multi-Slice"}
No. of slices for evaluation — at least 6 reference-slices
Slice thickness{xe "Slice thickness"} — 1-2 mm
Window settings — preferably 2 window settings
Quality{xe "Quality"}:

1 = good; 2 = acceptable, with no technical defect likely to im-
pair classification; 3 = acceptable, with some technical defect but
still adequate for classification purposes; 4 = unreadable

Position —preferably prone position at least for the 6 reference slices

The Initial or Basic question

”Is the film completely negative?”
If “Yes” just fill date and signature at the bottom of the sheet; if “No” the classifi-
cation has to be done step by step for each item!

Well defined rounded opacities

Absence (No) or Presence (Yes) has to be reported.

It includes all measurable, well defined rounded opacities{xe "rounded opaci-
ties"} from <1.5 mm in diameter (= P{xe "P"}), between 1.5 and 3 mm (= Q{xe
"Q"}), to 3 up to 10 mm (= R{xe "R"}).

NOTE: It has to be remembered that hardcopy CT images are diminished and the
dimensions of opacities recorded should be true or life size measurements.

The overall distribution is recorded in a grading{xe "grading"} system, regard-
less of form and size, for each side right (R) or left (L) and each zone of the tho-
rax: upper (U) — arch of the aorta{xe "arch of the aorta"} and above, middle (M) —
arch of the aorta down to the inferior pulmonary vein{xe "inferior pulmonary
vein"}, lower (L) — inferior pulmonary vein and below including diaphragm{xe
"diaphragm"}. The precise definition of the borderline of the zone is not crucial
for the application of the system.
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0 = no definitive opacities
1 = mild, small opacities definitely present but few in number
2 = moderate, numerous small opacities
3 = severe, small opacities very numerous, normal anatomical lung structures
poorly visible
It is possible to check more than one opacity, e.g. P and Q or another combina-
tion, and then the predominant size P, Q or R has to be recorded.
Sum of grading, regardless of size, side and zone.
Possible ranging from 0 to 18.

e.g. R-U-3 L-U-2
M-2 M-1
L-0 L-0 Sum =8

Irregular and/or linear opacities

Absence (No) or Presence (Yes) has to be reported.

Morphologic abnormalities of parenchymal disease: Intralobular opacities,
Interlobular opacities

Intralobular opacities include dotlike lesions in early asbestosis or hypersensi-
tivity pneumonitis. Subpleural curvilinear opacities are a specific distribution of
fibrotic intralobular core structures, paralleling the pleura, few millimetres or less
in thickness and usually 1 cm from the pleural surface and are reported as a sym-
bol (“SC”). Parenchymal bands are peripheral linear opacities, branching from the
surface of a thickened pleura. They have to be reported with pleural abnormalities
separately as a symbol (“PB”). If there is no visible contact to the pleural surface
(maybe due to limited number of slices) they should be mentioned as translobular
bands and additional explanatory notes should be made without using a symbol.

Mark the absence (X) or presence (X) for each item and predominant type.

The overall distribution is recorded in a grading system, regardless of type, for
each side right (R) or left (L) and each zone, upper (U), middle (M) and lower (L):

0 = no definite abnormalities

1 = mild, abnormalities definitely present but few in number

2 = moderate, numerous abnormalities

3 = severe, abnormalities very numerous, normal anatomical lung structures
poorly visible

Sum of grading, regardless of type, side and zone.
Possible ranging from 0 to 18.
e.g. R-U-0 L-U-0
M-2 M-1
L-2 L-2 Sum =7
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Additional parenchymal abnormalities

Inhomogeneous attenuation:
Absence (No) or Presence (Yes) has to be reported.

Inhomogeneity is possibly due to mosaic perfusion (MP) or ground glass opac-
ity (GGO). In cases where GGO is present, grading has to be done for each side
and each zone by judging the extent of the finding:

1 = focal
2 = patchy
3 =diffuse

In a case of mosaic perfusion related to air trapping or vessel obstruction, use
only the symbol “MP”.

Honeycombing (HC):

Honeycombing can occur with and without GGO. Absence (No) or Presence
(Yes) has to be reported. Irregular opacities within the HC-area are not classified
separately.

Grading has to be done for each side and each zone:

1 = mild, up to 10 mm in the subpleural parenchyma
2 = moderate; >10 to 30 mm in the subpleural parenchyma
3 = severe; >30 mm up to whole area of one zone

Emphysema:
Presence (Yes) or absence (No) has to be reported.

Emphysema is graded for right and left side and for all zones.

1 = mild, up to 15 % of the area of one zone

2 = moderate, between 15 and 30%

3 =severe, > 30 %

Differentiation - e.g. acinar, panlobular, subpleural or cicatricial - must be given as
a comment. If bullae are present, the symbol “BU” has to be noted.

NOTE: An overall sum of grading for both sides and all zones is required for
GGO, Emphysema or Honeycombing.

Large opacities

Absence (No) or Presence (Yes) has to be reported.
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Pneumoconiotic as well as non-pneumoconiotic opacities larger than 1 cm in
diameter have to be reported. Rounded atelectasis (“RA”) is not reported as a large
opacity. Usually in case of “RA” there is a definite connection to pleural thicken-
ing and this has to be recorded as “Visceral Type” with the symbol “RA”.

Opacities are measured in 2 perpendicular axes, as soon as the mean diameter is
>1 cm. All large opacities of both sides are combined. Additional symbols can be
used, e.g. suspicious for carcinoma = symbol "CA"; for pneumonia = symbol
"OD" with additional text.

A = One or more opacities, extent >1 cm up to 1/4 of the area (quad-
rant) of the right side of the CT-slice at the carina (see Fig. 2.2)

B = Area of one or sum of more opacities larger than ,,A“, less than
1/2 of the area (2 quadrants) of the right side of the CT-slice at the carina

C = Area of one or sum of more opacities larger than half of the area
of the right side of the CT-slice at the carina

Predominance

Reach a conclusion regarding the predominant finding from the recorded signs:

RO (Rounded opacities) IR (Irregular/linear opacities)
GGO (Ground glass opacities) HC (Honeycombing)
EM (Emphysema) LO (Large opacities)

If there are two or more findings in equal predominance, check each of them
and give a comment!

Pleural abnormalities

Two types are differentiated according to the CT appearance: Parietal and Visceral
type. Absence (No) or Presence (Yes) has to be reported.

The term “Parietal Type” includes the typical tableland-shape as well as the flat
(less elevated) thickening of the pleura without subpleural fibrosis. For classifying
there should be no lower limit. If detectable and measurable, it should be reported.

“Visceral Type” is often described as “Diffuse Pleural Thickening” and is al-
ways associated with the presence of subpleural fibrosis or parenchymal bands
and rounded atelectasis. Additional information is obligatory when a visceral type
is reported as pleural abnormality, either irregular and linear opacities or symbols
like “PB” or “RA”.

At first report the presence (X) or absence (X) for each item, location and pre-
dominant type, secondly document the distribution of both types combined for
right and left and for each zone!

Extent and Width are reported independently for each side, but again for both
types combined.
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Extent:

All abnormalities of the wall and mediastinum except the findings at the dia-
phragm are measured. Choose the slice with the most extensive pleural thickening
for each zone and transfer and add it (virtually) to the slice, positioned at the ca-
rina (see drawing, Fig. 2.2). Extent is measured in terms of degrees of the circum-
ference of 360° for each side:

1 =up to 90° (< %)
2=>90°up to 180° ( Y4 - 15)
3=>180°(> ")

Width:
The thickest part of the parietal or the visceral type of the 3 chosen slices will
be measured:

a=up to 5 mm
b=5-10 mm
¢=>10 mm

Pleural abnormalities of the Mediastinum (“M”) and the diaphragm (“D”’) will
be documented as absent (X) or present (X).

Findings at the diaphragm are not measured concerning extent and width.

Pleural calcifications:

Absence (No) or Presence (Yes) has to be reported.
If present, localisation has to be reported for wall (W), mediastinum (M) and dia-
phragm (D). Per definition the paravertebral space belongs to the wall.

Large opacities:
A=>1cm -area 1/4
B=area>1/4-1/2
C=area>1/2

Pleural abnormalities:
1=<90° (< 1/4)
2=90-180°(1/4 - 1/2)
3=>180°(>1/2)

Fig. 2.2. Measurement of Large Opacities and Extent of Pleural Thickening
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Symbols

Symbols describe additional features related to dust exposure and other etiologies.
The definitions of symbols assume a qualifying phrase such as “changes indicative
of” or “compatible with” (Table 2.1).

Use capital letters to differentiate between ILO-symbols (used for the classifi-
cation) and CT-symbols.

Table 2.1.

0 None

AX  Coalescence of small pneumoconiotic opacities

BE Bronchiectasis; all types, including traction bronchiectasis
BR  Bronchial wall thickening

BU  Bullae, additional information on emphysema

CA  Lung Cancer

CG  Calcified Granuloma

CV  Cavity, central necrosis, liquid and/or air containing

DI Distortion of intrathoracic structures and organs

DO  Dependent Opacity

EF Effusion, free or loculated pleural fluid

ES Eggshell calcification of hilar and/or mediastinal lymph nodes
FP Fat Pad, extrapleural/subcostal fat

FR  Fractured Rib (s)

HI Enlargement of hilar and/or mediastinal lymph nodes, >1,5-2 cm
ME  Malignant Mesothelioma of the pleura, the pericardium or the peritoneum
MP  Mosaic Perfusion

OD  Other Disease; comments under ,,Additional Findings*

PB  Parenchymal Band, due to pleuroparenchymal scars

RA  Rounded Atelectasis

SC Subpleural curvilinear lines

TB  Tuberculosis

TD  Tree in Bud

Comments/Summary

Comments

Additional information on each paragraph can be documented. If there are
findings which are not covered by the evaluation sheet, e.g. descriptive terms for
particular patterns of intralobular opacities, they can be mentioned in this section
of the Reading Sheet (Fig. 2.1).



23

Summary

A conclusive summary is necessary, ¢.g. findings are compatible with occupa-
tional or non-occupational disease, differential diagnostic considerations should be
mentioned.
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introduction

Despite the fast technical development of magnetic resonance imaging, computed
tomography (CT) is still the most accurate imaging modality to show the ana-
tomical detail in such aerated organs as the lungs. By modern slip-ring technology,
spiral CT, capable to produce thin section images (1-2 mm) with high or ultra high
algorithm (high resolution CT, HRCT), has become available on practically all
types of scanners. Spiral CT, in either one or multirow form, is a volume scanning
procedure in non-planar geometry, data acquisition extending over selected
amount of rotations

The technical quality of the scanner, patient characteristics (especially the size
of the body part to be imaged) and some other technical variables, such as the de-
velopment process of the hard copies, may influence the selection of imaging pa-
rameters. From the epidemiological and research point of view, the imaging pa-
rameters are best standardized to make all images in the study comparable with
each other. The reading sheet (Chapter 2, Fig. 2.1) has space for the description of
these parameters. At least any deviations from the agreed protocol (Nikko Agree-
ment, Table 3.1) should be described.

The differences in performance of scanners are mostly in the power of the x-ray
system and of the computer. The power of x-ray system creates the limits for
scanning times and volumes. Multislice CT performs from two to sixteen slices in
a single rotation. The method is faster than single slice CT and reduces artifacts
produced by patient moving. The x-ray tube heating, constraining parameters in
single-slice scanning is reduced in multislice scanning.

To minimize motion artifacts, the scanner should be able to produce short ex-
posure times, preferably less than 1 second. Thin section slices computed by ultra
high algorithm may be generated from the raw data produced with equipment ca-
pable for volume CT, spiral or the most recent technical approach, multirow or
multislice CT (Anonymous 2002). This has the advantage of no extra radiation
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and of an exposure in short time (0.5 sec) added to the spiral imaging (Kalender et
al. 2000).

Spatial and contrast resolution along the z axis, previously a limiting step for
slice images, has improved because of the possibility of reconstructing arbitrarily
many images in any direction and any slice thickness for the scanned volume
(Kalender et al. 2000).

Unfortunately, there are several parameters to be optimized in HRCT and rela-
tively few scientific studies supporting their adequate use.

Patient posture

It is widely accepted that imaging should normally be done at full inspiration to
prevent false positive findings resulting from poor lung aeration. The demonstra-
tion of air trapping may need expiratory scans (Webb 1997). The standard scan-
ning direction is axial although special directions have been reported in special in-
dications (Uchisako et al. 1997). Scanning with the patient in prone position
(Murray et al. 1995) has the advantage that dorsal parts of the lungs, i.e. the region
where most fibrotic changes in asbestosis are located, will be free of dependent
oedema and possible hypoventilation. Obese patients may find the prone lie diffi-
cult and full inspiration may thus be prevented. Supine lie may then be used. Su-
pine imaging only may be used in silicosis cases (Zhang et al. 1995).

Exposure parameters

The question of slice thickness is closely related to whether the patient should be
imaged with HRCT of conventional or volume CT. According to Gevenois et al.
(1994) asbestosis diagnosis was best made and parenchymal bands best visualised
with HRCT while pleural lesions were best detected with conventional CT. Both
of them may be calculated separately and retrospectively from an acquired data
volume performed by spiral/multislice CT. It is the general custom to use HRCT
for a detailed view of lung pathology.

In HRCT, scanning with the thinnest possible collimation (from less than 1 to 2
mm) has been recommended (Webb et al. 1996) to keep the spatial resolution
(sharpness of the image) optimal and the noise (random variation of the CT num-
ber, mainly dominated by the finite number of detected x-rays) as low as possible
(Judy 2000). The best visualisation of nodules of 1-5 mm in size was found with 3
mm spiral slices when compared to lmm, 5 mm or 8 mm slices (Paranjpe & Ber-
gin 1994). They found it difficult to separate between vessels and nodules in
1-mm slices. The difference between 1.5 and 3 mm slices was minimal in the
study by Murata et al. (1988) in such lesions as lymphangitic carcinomatosis and
radiation fibrosis. The personal experience of the authors is that there was little if
any difference in image quality between 1 and 2 mm slices when lungs were stud-
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ied after transplantation (Ikonen et al 1997). 2 mm thick conventional and helical
slices with pitches 1.0, 1.5 and 2.0 were graded equivalent to 1.0 mm HRCT slices
when animal lungs were studied (Hopper et al. 1998). Due to the simultaneous in-
crease in voxel size and collimation the noise varies inversely with the square root
of collimation (Paranjpe & Bergin 1994). Increasing the radiation load (mAs) may
counteract this. As far as we know, no one has suggested lung imaging with slices
thinner as 1 mm. By multislice computed tomography (volume scanning) it is pos-
sible to calculate any slice thickness or image manipulation effect from the ac-
quired data volume, making the importance of separately acquired HRCT to be
less prominent.

For simplicity and for radiation protection purposes, it would be ideal to have a
limited number of HRCT slices. This is possible if the disease under observation is
homogeneously distributed in lungs. A single prone scan showed a relatively high
accuracy in asbestos-related lung disease (Murray et al. 1995). Three-level thin
section CT revealed the pathologic changes associated with idiopathic pulmonary
fibrosis as well as sections at 10-mm intervals (Kazeeroni et al. 1997). Overall
emphysema could be quantified by using only three slices: one in the upper, mid-
dle, and lower lung (Hitsuda et al. 2000). Diseases with non-homogenous distribu-
tion (pleural changes, bronchiectases, and few nodules) may fail to manifest in
such a short protocol. The Nikko Agreement (Table 3.1) tries to compromise be-
tween the high radiation exposure associated with a liberal number of slices and
the possible false negative findings due to too few slices.

While the voltage is best set as recommended by the manufacturer of the
equipment the selection of current (mA) has a profound effect on the image qual-
ity and radiation exposure, which are inversely proportional to each other. Majurin
et al. (1994) studied the ability of slices with I-mm collimation to show asbes-
tos-related pathology by changing the tube current. 160 mAs slices gave good
images in most entities while using 120 mAs led to poorer visibility of subpleural
short lines. 60 mAs images showed inferiority in most studied findings. Their
findings conceming lungs after radiotherapy are similar (Majurin et al. 1995).
Zwirewich et al. (1991) compared the diagnostic potential of HRCT at 20 and 200
mA (1,5 mm collimation, 2 s rotation time and 120 kV). The low-dose method
was equal in the evaluation of vessels, bronchi, the anatomy of secondary pulmo-
nary lobules, the characterisation of reticulation, honeycomb cysts and interlobular
septa. It failed to demonstrate ground glass opacities and emphysema in a few
cases and showed more linear streak artifacts. It is possible that the newer genera-
tion CT equipment may operate with less current, even be automatically modu-
lated according to anatomical structures, still maintaining the image quality (Kal-
ender et al. 2000). The author (TV) uses 100 mAs for HRCT in pneumoconioses.
Multislice CT has a potential to increase the radiation dose of the patients. Radia-
tion exposure is dealt with in a separate section.
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Imaging parameters

The window level (WL, expressed in Hounsfield units, HU) governs the bright-
ness of the image while the window width (WW, as above) sets the contrast. If
narrow windows are used to study the hard copies, separate printouts for lung and
mediastinum /soft tissues are needed. Suganuma et al. (unpublished) compared the
visibility of rounded, linear and reticular opacities by using the lung window (WL
-650 / WW 1200) and a single wide window (WL -400/ WW 2000). They found
the lung window significantly better considering small rounded opacities, septal
/non-septal lines, ground glass opacity and emphysema. A wide window dilutes
subtle differences in lung density but may show the pleuroparenchymal findings
(visceral pleural / diffuse fibrosis) better. A low window mean (-800 to -900 HU)
is needed for the optimal visualisation of emphysema (Webb et al. 1996). The se-
lection of the window is also related to the particular equipment used, including
the workstation monitor and the hard copy processing device. In filmless image
reading, more attention should be paid to the brightness and the contrast of the
monitor. There should be either a proper standardisation of the monitor contrast
and brightness based on phantom images or a creation of special criteria for
anatomic structures, which should be visible in the images of the normal lung.
Without such system, the image quality may be evaluated in a matter similar to the
ILO 1980 classification: 1 = good; 2 = acceptable, with no technical defect likely
to impair classification; 3 = acceptable, with some technical defect but still ade-
quate for classification purposes; 4 = unreadable. An independent observer best
assesses the image quality, but this is seldom practically possible. The authors’
recommendations for the selection of the window level and width are given in Ta-
ble 3.1.

The larger the image matrix the more detailed the images will be. To our
knowledge, the HRCT hard-copy size has not been studied regarding diagnostic
performance. Schaefer et al. (1992) studied a large material of digital chest radio-
graphs with full-size images and those reduced to 67 %, 50 % and 45 % in length.
Their detection of micronodular opacities and lines deteriorated with declining
image size. On the other hand, in their smaller material van Heesewijk et al.
(1997) could not find a difference in radiologists' performance in detecting pul-
monary, mediastinal or pleural pathology between life-size or minified films. It
seems that care is needed not to loose small details in HRCT with too reduced
image size. These problems are going to be less prominent in filmless image
reading on the monitor.

The authors of this book have discussed the imaging parameters and give their
consensus recommendation (Nikko Agreement) in Table 3.1.
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Table 3.1. Nikko Agreement on imaging parameters. The images should be exposed at fuil
inspiration and the high resolution algorithm should be used

Parameter Comment Clarification

Slice thickness 1-2mm

Number of slices Minimum 6 Carina 1, above it 1,

below it 4

Scan time <1 second

kV 120 - 150

mAs 40 — 100 (up to 150)

Patient position Prone

Image windowing  Lung and mediastinal windows Lung: WL -400 — -700 HU
normally WW 1200 - 2000 HU

Mediastinal: WL 20 — 50 HU
WW 300 - 500 HU
Single: WL -400 HU

(If a single window is used) WW 2000 HU
Matrix size >512 pixels
No. of images <12ina35x43 c¢m film Image size>10x 10 cm
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Introduction

CT is a widely employed modality and delivers a considerable part of the total
collective dose in radiology. The use of CT examinations has continued to in-
crease in recent years in spite of the widespread availability of MR imaging. In
view of the newest technical developments in CT, it is not expected that this trend
will reverse in the foreseeable future. On the contrary, the possibilities of the
multi-slice spiral CT will most likely lead to a further increase in the number of
CT examinations performed.

The International Commission on Radiological Protection (ICRP) recom-
mended that the application of the dose limits to medical exposure is not appropri-
ate, because the examinations are usually intended to provide a direct benefit to
the exposed individual. Nevertheless, from the safety point of view, exposure due
to radiological examination must be kept minimal, while sufficient image quality
be maintained. This is known as the ALARA (as low as reasonably achievable)
principle (ICRP, 1996). This is especially true in the screening, since most exami-
nees are supposed to be healthy. Risk-benefit of every screening should be evalu-
ated.

The European Commission (EC 1999) has developed recommendations con-
cerning achievable standards of good practice in high resolution CT (HRCT) of
the chest. The subjective image criteria include critical reproduction of anatomical
features. Criteria concerning patient dose are given in special measurable quanti-
ties associated with the examination technique used for dosimetric phantoms. In
clinical imaging, the quality of diagnostic information and the radiation exposure
must always be weighted against each other.

The conditions of exposure in CT, in which thin slices of the patient are irradi-
ated in rotational geometry by a fan beam of x-rays, are quite different from those
in conventional x-ray examinations. Specific dosimetric techniques are therefore
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needed to assess patient doses and risks and to allow monitoring for different
types of CT examinations. In this chapter, possible doses from HRCT screening
will be evaluated on the basis of actual measurement data, and then risk-benefit of
HRCT screening will be discussed.

Dose evaluation

Two methods have been widely used in the estimation of the effective dose or the
risk from CT examination; the estimation in terms of computed tomography dose
index (CTDI) and the measurement with an anthropomorphic tissue equivalent
phantom. The CTDI is well defined and its calculation protocol is well docu-
mented internationally as described in the following chapters. However, some of
simplified assumption is necessary for the evaluation of the effective dose of pa-
tients. The method based on the measurement with an anthropomorphic phantom
is in close accordance with the evaluation method recommended by ICRP. Its
shortcoming is that the estimation is valid for a particular anthropomorphic phan-
tom and is not applicable to all physiques. These two methods have merits and
demerits and are complementary; it is useful for an average risk evaluation.

Dose quantities

The dosimetric quantity widely used in CT is the computed tomography dose in-
dex, CTDI (Shope, 1981, FDA,1984). The CT dose index, given in units of mGy,
is defined as:

J
CTDI = W _:[D] (Z)dZ .

Here Dy(z) is the dose profile for a single slice per rotation along a line perpen-
dicular to the tomographic plane, where dose is measured as absorbed dose to air.
N is the number of tomographic sections produced in a single 360° rotation of the
x-ray tube. T is the nominal tomographic section thickness. The traditional CTDI
is integrated from -7 T to +7 T as defined by the FDA (1984).

In practice, the dosimetry in CT is based on measurements of the line integral
of the dose profile. Such measurements may be accomplished using a stack of
thermo-luminescent dosimeters (TLDs) or, more conveniently, using an appropri-
ately calibrated 100 mm long pencil-shaped ionisation chamber. The output of the
chamber represents the CT dose of a single slice. When the active length L of the
chamber is multiplied by this dose D;, the resulting product of dose and length,
DL, is equivalent to the area under the dose profile.

Reference values for CT are based on measurements in a standard CT do-
simetry phantom (FDA, 1984). Standard head or body phantoms are presently
homogeneous cylinders of polymethylmethacrylate (PMMA), with diameters of
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16 ¢cm or 32 cm. A weighted sum CTDI,, of CTDI values measured at the centre
and 10 mm below the surface of standard CT head and body dosimetry phantoms
provide more relevant information from the average dose to patient's tissue (EC,
1999, IEC 2001)):

CTDI,, = 1/3 CTDl, g (centre) + 2/3 CTDI;y (peripheral).

According to an international standard (IEC, 2001), the CTDI,, should be dis-
played on the operator's console; if the total thickness of slices produced in one
scan is not equal to the table increment per rotation, a corrected CTDI,, value
should be displayed on the operator's console describing the average dose over the
total volume scanned for the selected conditions of operation.

Since clinical studies seldom consist of one scan, the total dose in the procedure
is calculated as a sum over all contributing scans, because tissues irradiated in one
slice receive contributions from other slices due to scattering and field overlap. If
the table feed (Ad) per rotation differs from the slice thickness (N-T), an average
dose quantity, the multiple scan average dose (MSAD) takes into account the dis-
tance between successive slices (rotations) and represents the average dose at the
scanning area.

L/2
1
MSAD= — _"D1 (z)dz= — (D, L)=CTDI/(Ad/N-T),
~L72 Ad
where Ad /N-T is called the pitch (table feed Ad per rotation relative to N-T).

Typical multiple-scan average doses are in the range of 40-60 mGy for head
scans and 10-40 mGy for body scans (EC, 1999).

In CT examinations, the analogic quantity of the dose area product (DAP) is the
dose length product (DLP). The DLP, given in units of mGycm, can be estimated
from an integral of the multiple-scan dose profile D(z) for the sequence (examina-
tion)

DLP = _[D(z)dz .

When CT examination consists of many scans (or rotations), DLP is simply the
product of the DLP, of one scan (or one rotation in helical scanning) and the
number of scans n (or rotations)

Li2
DLP=n .[DI (z)dz =n DLP, =n.Ad -MSAD
-L/2
=nNT-CTDL

Therefore, DLP per sequence is the product of the table scan length n-Ad and
the average dose MSAD or the product of the number of scans (rotations) n, the
slice thickness N-T and the CTDI.
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Estimation of effective dose by CTDI

In addition to the comparison of performance against reference dose values, there
is sometimes a need to estimate organ doses and the effective dose, E (ICRP,
1991) for CT procedures to allow risk assessment and comparison with other types
of radiological examination. The effective dose for a particular scanning protocol
can be estimated from a measured CTDI,; value, utilising scanner-specific nor-
malised organ dose data determined for a mathematical anthropomorphic phantom
using Monte Carlo techniques (Jones and Shrimpton, 1993; Zankl, 1991).
Alternatively, broad estimates of effective dose can be derived from values of
DLP for an examination using appropriately normalised coefficients (EC, 1999):

E=Epp- DLP,

where Ep;p is the conversion coefficient from dose length product to effective
dose, specific to the anatomic region under investigation. The effective dose cal-
culated from DLP values compared with the effective dose based on The NRBP
method (Jones et al. 1993) is 15 % lower for the routine chest (Olerud et al. 2001).

Doses in CT of the chest

Table 4.1 gives an analysis of estimated doses calculated for routine chest exami-
nations and HRCT. Imaging and operational parameters have been chosen ac-
cording to clinical needs (Olerud et al, 2001). The influence of changes in some
key technical and operational parameters on the doses is summarised. Such dose
data are broadly comparable with practice reported in other countries. Doses from
scan projection radiography, also called scout or tomogram image, which is com-
monly taken to aid localisation in CT scanning, are not included. They contribute
only a few percent of total patient dose.

Table 4.1. An analysis of estimated dose values for routine chest CT and HRCT

Scan parameters Spiral CT of chest Serial CT of chest HRCT of chest
Tube voltage (kV) 140 140 140
Tube current (mA) 206 206 111
Rotation time (s) 0,75 0,75 1,5
Current time product/360° (mAs) 154,5 154,5 166,5
Slice thickness (mm) 8 8 1
Table feed/360° (mm) 12 8 10
Number of slices 23 20 22
CTDI(mGy) 21 21 35
MSAD (mGy) 14 21 3,5
DLP (mGy-cm) 386 336 77

Effective dose (mSv) 6,5 5,6 1,3
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While maintaining the imaging parameters (tube voltage, current time prod-
uct/rotation) nearly constant, the values of MSAD, DLP and effective dose in
HRCT with 1 mm slices and 10 mm intervals are about 75 - 80 % lower than in
the serial or spiral scanning with conventional 8 mm slices. The CTDI,, is highest
in HRCT; the CTDI,, values cannot be used as a criterion for patient exposure,
because the dose from 8 mm slices is, in practice, about five times higher than that
from 1 mm slices.

Measurement of organ or tissue dose and calculation of
effective dose

The effective dose, E, could be calculated from the measurement results of organ
or tissue doses with the following expression in publication of ICRP,

E:EWTHT R

where wr is the tissue-weighting factor that represents the relative contribution of
the organ or tissue, T, to the total damage caused by irradiation and Hy is the
equivalent dose of an organ or tissue, T. The values, wr, are tabulated in Table
42

The effective dose was primarily defined on the basis of the occupational ex-
posure. To apply the concept of effective dose to the assessment of medical expo-
sure, there are some problems. The occupational exposure is based on the healthy
adults ranging from 18 to 65 years old, however those undergone medical expo-
sure range from infants to aged people and are supposed not to be healthy. Addi-
tionally, the occupational exposure is assumed to be uniform but the medical ex-
posure is divisional. Since there is no other measure to assess medical exposure,
we have to apply the concept of the occupational exposure to the assessment of the
medical exposure, with which we can evaluate the medical devices and their ex-
amination. The effective dose was used to evaluate the risk described later.

Usually dose measurements are done in the organs or tissues whose tissue
weighting factors (Wr) are listed in the 1990 Recommendation of the International
Commission on Radiological Protection (ICRP 60, 1990). To measure the dose,
the small size detectors are placed in an anthropomorphic tissue equivalent phan-
tom, exposed to the radiation field and then are measured. For this purpose,
thermo-luminescent dosimeter (TLD) or the photoluminescence (PL)
glass-dosimeter system are appropriate for this purpose. TLD is of cylindrical
shape, 2 mm or less in diameter and 10 mm or less in length and the PL glass chip
is also of cylindrical shape, 1.5 mm or less in diameter and 12 mm or less in
length. There are a variety of detectors of a variety of physical characteristics such
as effective atomic number, energy dependency and sensitivity. Generally, energy
dependency and sensitivity are complementary and therefore it is important to se-
lect suitable detectors according to the purpose.
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Table 4.2. Tissue weighting factors (ICRP 60)

Tissue or organ Tissue weighting factor, Wy

Gonads 0.20
Bone marrow (red) 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Bladder 0.05
Breast 0.05
Liver 0.05
Oesophagus 0.05
Thyroid 0.05
Skin 0.01
Bone surface 0.01
Remainder* 0.05

For purpose of calculation,
the remainder is composed of
the following additional tissue
and organs: adrenals, brain,
small intestine, kidney, mus-
cle, pancreas, spleen, thymus
and uterus. The list includes
organ which are likely to be
selectively irradiated. Some
organs in the list are known to
be susceptible to cancer in-
duction. If other tissues are
having a significant risk of
induced cancer they addi-
tional list constituting the re-
mainder. The later may also
include other tissues or or-
gans selectively irradiated.

Organ or tissue dose evaluation and estimation of

effective dose

Nishizawa et al (1995) reported the organ or tissue doses and effective dose in
routine chest CT examination with four types of CT. The effective doses were
evaluated by the measurement method described in ICRP 60 with an anthropo-
morphic phantom as mentioned before. Each model was operated in conventional
CT scan mode and spiral CT scan mode. The average scan parameters and effec-

tive dose of them are listed in Table 4.3.

Table 4.3. Averaged scan parameters and effective dose in routine chest examination

Scan parameter Conventional CT Spiral CT
Tube voltage (kV) 120 120
Tube current (mA) 190 165
Scan time (s/rot) 1.125 1.125
Slice thickness / interval (mm) 10/10 10/10
Number of slice 27 27
Effective dose (mSv) 9.2 7.6
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Authors measured the organ or tissue doses of the patient during the HRCT
examination with an anthropomorphic phantom (Kyoto-Kagaku Inc. Japan, 163cm
stature and 53kg weight for whole body) under the current CT examination condi-
tion in Japan and that of Nikko Agreement (Chapter 3, Table 3.1) by 2 types of CT
apparatus, which are designated as A and B in Table 4.4. The phantom was used
as a model of Japanese adult, but the phantom size seems to be smaller than aver-
age body size of European or American people. Then the evaluation of organ
doses and risk through this phantom measurement is likely to be overestimated for
European or American people. Nevertheless, it will be able to show the range of
doses and risks.

Table 4.4. Scan parameters and estimated dose values for chest HRCT

Current condition Nikko Agreement

Apparatus A B Al B~ B’
Scan parameter
Tube voltage (kV) 120 120 120 120 140
Tube current (mA) 200 240 200 200 200
Scan time (s/rot) 1 1 1 1 1
Slice thickness (mm) 2 2 2 2 2
Number of slice 36 11 6 6 6
Organ or tissue doses (mGy)

Gonad (male) 0.02 0.004 0.01 0.002 0.004

Red bone marrow 4.36 1.20 1.12 0.49 0.70

Lung 13.52 29.5 4.40 1.38 3.22

Thyroid 5.59 1.20 0.92 0.54 0.59
Effective dose (mSv) 5.74 1.69 1.38 0.57 0.93

It can be seen from Table 4.4 that the dose under Nikko Agreement scan condi-
tion can be drastically decreased mainly due to the decrease of number of slices.
Note also that the dose depends on the device models as seen by the comparison
between type A and B. Even with the Nikko Agreement condition, the dose with
the Device A is about 2.5 times higher than that of B as seen by the columns A
and B superscripted by 1 in Table 4.4. If the tube voltage to a device is varied, the
patient dose varies as seen in Columns B superscripted by 2 in Table 4.4. The data
with the device B with the tube voltage of 140 kV is intended to show the dose for
people of larger body built.

Even though the health examination is done by less exposure than the sequen-
tial scanning of all pulmonary area, it is comparatively high according to the cur-
rent hospital condition. By the condition of Nikko Agreement, the exposure dose
can be greatly decreased.
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Risk evaluation

Epidemiological studies of irradiated populations

Numerous studies have demonstrated increased risks of cancer and other health
effects due to radiation exposure among various populations. These populations
include patients who were irradiated for diagnostic or therapeutic reasons
(UNSCEAR 2000) as well as radiation workers in nuclear industry (Cardis et a/
1995, Muirhead et al 1999, Iwasaki et a/ 2003) and medical profession (Yoshi-
naga et al), and atomic bomb survivors in Japan (Thompson ef a/ 1994, Preston et
al 1994, Pierce et al 1996, Shimizu et al 1999). Epidemiological studies of atomic
bomb survivors is the main source to provide direct evidence of radiation-induced
cancer that is considered as the most important health effect due to radiation ex-
posure. However, atomic bomb survivors received single exposure to moder-
ate-to-high dose of radiation at high dose rate. The cancer risk of low dose of ra-
diation, e.g., under 200 mSv, has not been well clarified by epidemiological
studies or animal studies.

Assessment of cancer risk due to HRCT exposure

As described in the previous chapter, the magnitude of exposure doses from
HRCT was estimated, at most, to be 4.5 mGy for organ or tissue dose and 1.4 mSv
for whole body effective dose under the condition of the Nikko Agreement. Ac-
cording to UNSCEAR 2000 report, worldwide average annual dose from natural
radiation is 2.4 mSv, comprising 0.39 mSv from cosmic X-ray, 0.48 mSv from
terrestrial external radiation, 1.26 from radon and its decay products, and 0.29
mSv from internal exposure from foodstuff. It should be noted that there is a large
variation in dose from natural radiation between nations or individuals. An ex-
pected increase of risk due to HRCT exposure would be small at such low doses
with low statistical power to detect the increased risk. In addition, other factors
than HRCT exposure would confound the effect of interest. In such situation, the
HRCT-related risk cannot be easily discriminated from that of other sources of ra-
diation even in a well-designed epidemiological study. Extrapolation of risks from
high dose to low dose is commonly used to assess cancer risks at low dose, which
is often referred as “risk projection”. Risk projection can be a useful alternative of
epidemiological studies to get a quantitative estimate of the risk due to HRCT ex-
posures.

Measures of radiation risk due to HRCT exposure

In the risk projection, several measures can be used to quantify risks (UNSCEAR
1994). First, “loss of life expectancy (LLE)” is the difference of the expectation of
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life between individuals with and without exposure to radiation, e.g., HRCT. LLE
for an individual exposed to dose D at age e is given by

LLE(D,e) = ?S(a‘e)da —]S(a|D, e)da

where S(a|D,e) and S(ale) indicate the probability that an individual with and
without exposure to dose D at age e, survives to age a given that he or she was
alive at age e.

Another measure of the risk is “excess lifetime risk (ELR)”. The definition of
the ELR is the difference of the proportions of people dying of cancer in their life
among a target population (e.g., with HRCT exposure) and among a similar popu-
lation (e.g., without HRCT exposure). ELR for an individual exposed to dose D at
age e is given by

ELR(D,e) = ]‘m(a’D, e)S(a|D, e)da —]m(a)S(a|e)da

where m(a|D,e) and m(a) indicate the mortality rates from cause of interest at age
a with and without exposure to dose D at age e, and other quantities are the same
as in the definition of LLE.

“Risk of exposure-induced death (REID)” is also used as a measure of radiation
risk. This is a probability that an individual would die of a cancer that occurred, in
his/her life, due to the exposure of interest. REID for an individual exposed to
dose D at age e is given by

oo

REID(D,e) = j [m(a|D, &) — m(a)1S(a|D, e)da
e
where quantities are the same as in the definition of LLE or ELR.

These three measures describe the impact of exposure on an exposed popula-
tion regardless of whether an event actually occurred in an individual in the popu-
lation. On the other hand, if the LLE is divided by the REID, this measure be-
comes years of life lost per radiation-induced case (YLC), describing the impact
of exposure on an individual whose cause of death is radiation exposure of inter-
est.

Above measures of risk are derived from life-table method for which basic data
are needed on age- and sex-specific distribution of target population, correspond-
ing background mortality, and risk models with risk coefficients. The two types of
risk models are commonly used for the risk projection, i.e., absolute risk model
under which excess mortality depends on a risk coefficient that is often expressed
as excess absolute risk (EAR), and exposure dose, and relative risk model under
which excess cancer mortality depends on background mortality rates as well as
on a risk coefficient that is often expressed as excess relative risk (ERR), and ex-
posure dose.
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Estimates of radiation risk due to HRCT exposure

The four measures of risk from HRCT exposure were calculated. All cancers ex-
cept leukemia and lung cancer, were considered in the calculation because other
sites of cancer have lower radiation sensitivity or lower background mortality. Ta-
ble 4.5 shows the assumptions for the risk calculation. For the calculation of risks
of all cancers except leukemia and lung cancer, we assumed a 10-year latent pe-
riod and a constant ERR after the period. For leukemia risk calculation, we as-
sumed a 2-year latent period and a constant EAR until 40 year after exposure, with
zero risk after then. In the calculation, the life-table and cause-age-specific cancer
mortality of Japanese population in 2000 was used. The risk coefficients, i.e., ERR
or EAR per Sv/Gy were derived from mortality data for atomic bomb survivors
between 1950 and 1990 (Pierce et al 1996). Although data on atomic bomb survi-
vors indicate ERR and EAR depend on age at exposure and/or time since exposure
(Pierce et al, 1996), our calculation was based on simple assumption with no time
dependency. A reduction factor is widely used for the effect of low dose and/or
low dose-rate of exposure, but this factor was not taken into account here.

Table 4.5. Assumptions for lifetime risk calculation

Cancer Dose for Risk Risk co- Latent Projection
sites calculation | model efficient period methods
All ex- 1.38 mSv Relative 0.38 per Sv 10 ERR is assumed
cept for | (effective risk model (ERR) years constant from 10
leukemia | dose) years after exposure
Lung 440 mGy Relative 0.30 per Sv 10 ERR is assumed
(lung dose) risk model (ERR) years constant from 10
years after exposure
Leuke- 1.12 mGy Absolute | 3.45 per 10°* 2 EAR is assumed
mia (red  bone | risk model per- years constant from 2
marrow son-year-Sv years and zero from
dose) (EAR) 40 years after expo-
sure

Note: ERR, excess relative risk. EAR, excess absolute risk. ATE, age at exposure

Table 4.6 shows ELR, REID, LLE, and YLC for all cancers except leukemia, lung
cancer, and leukemia due to HRCT exposure under the condition of Nikko
Agreement (Chapter 3, Table 3.1). Risks from such low dose exposure from
HRCT are very small regardiess of measures of risk. It should be mentioned that
these estimates of the risks would vary according to different assumption on risk
models, projection methods, background mortality, etc.
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Table 4.6. Estimated risks of selected cancers due to HRCT exposure (Nikko Agreement,
Table 3.1, Chapter 3)

Age at Type of cancer ELR REID LLE YLC
exposure (%) (%) (years) (years)
30 All except leukemia 0.0122 0.0157 0.0018 12
Lung 0.0086 0.0091 0.0010 11
Leukemia 0.0014 0.0014 0.0004 29
50 All except leukemia 0.0115 0.0148 0.0015 10
Lung 0.0083 0.0088 0.0009 10
Leukemia 0.0007 0.0007 0.0001 20

Risk-benefit analysis is of value to examine the usefulness of HRCT or other
medical procedures. Nishizawa er al performed a risk-benefit analysis for lung
cancer screening CT, showing that the benefit will exceed the risk for Japanese
over forty years of age for men and over forty-five for women. However, the
benefit of HRCT use, such as decrease of mortality or prolongation of life after
finding early stage of lung disease cannot be easily quantified without various as-
sumptions. A controlled trial can provide direct evidence of the benefit and risk of
HRCT screening, although it has not become available to date. Judging from cur-
rent scientific knowledge of the effects of exposure to low dose radiation, the risk
from HRCT screening would be negligible, and its use can be justified.
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Introduction

Applying computed tomography (CT) to the occupational lung diseases has been
an attempt to understand morphological feature of respiratory manifestation more
adjacent to pathology. It has been introduced as a thorough investigation for posi-
tive cases screened by chest radiograph. The high-resolution CT (HRCT) provides
higher spatial resolution to enable us to recognise morphologic changes of secon-
dary lobule (Itoh et al. 1978). When it is introduced into screening for early detec-
tion of occupational lung diseases, it will shift the scheme of screening for
dust-induced respiratory diseases from detection of definite cases to recognition of
the earliest manifestation of the diseases (Fig. 5.1).

severer

Dust-exposed workers Dust-exposed workers

Fig.5.1. Introducing HRCT into screening for pneumoconioses enables an earliest preven-
tive intervention to dust exposed workers. Note severity of pneumoconiosis progresses up-
ward usually as latent period and amount of dust-exposure increases

The purpose of the ILO 2000 International Classification of Radiograph for
Pneumoconioses (ILO 2000) is to classify dust-exposed workers with moderate
chest roentgenogram (CXR) manifestation and to make intervention to stop them
from further exposure to dust. This ILO system is well organised and has minor
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disagreement among trained readers, especially when classifying the profusion of
small opacities. However, as pneumoconioses are progressive diseases without
curative therapy, it seems to be too late to detect moderate cases for intervention.
Also a well-spread awareness of asbestos a as definite carcinogen among workers
has lead to demand more sensitive screening for asbestos-related respiratory dis-
eases.

It is well recognised that HRCT gives clear view both for parenchymal and
pleural abnormalities. However, standard textbooks on the occupational lung dis-
ease often deny possibility of using HRCT for screening purposes (Bretland
1994). Cost and availability of the test as well as radiation dose with usual scan
will be the reasons why HRCT are excluded from screening tests (Table 5.1). In
order to overcome these shortcomings, low dose technique is introduced into
HRCT, in which dose with as low as plain chest radiograph can be obtained. Also
for the purpose of screening, limited number of slices is reported to be enough for
detecting occupational lung diseases, especially asbestosis (Aberle et al. 1988;
Friedman et al. 1988; Gamsu et al. 1989; Staples 1992). For detailed discussion on
dose reduction effect by introducing the Nikko Agreement, see Chapter 4 (Table
4.6) by Nishizawa et al., this volume.

Table 5.1. Application of radiological diagnostic tests for screening, surveillance and clini-
cal diagnosis

Diagnostic Radiation Time Data Cost Screening  Surveillance Clinical
dose for exam per test

test (mSv) (min) Diagnosis

CXR 0.05 within 5 film $20 good good minimum

DR 0.05 within 5 digital $20 good good minimum

helical 1.0*-95 20 digital $100 for for good

CT cancer, cancer,

conditional conditional

HRCT 1.0¥-95 20 digital $100 for for good
OERD, OERD,
conditional condtional

MDCT 1.0*-95 20 digital $100 for for good
both both

Note that abbreviations are as follows. CXR: chest radiograph; DR: digital chest radio-
graph; CT: computed tomography; HRCT: high-resolution or thin slice CT; MDCT:
multi-detector CT and OERD: occupational and environmental respiratory diseases.

*When low dose protocol (Nikko Agreement, Table 3.1, Chapter 3) is applied.
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Rather experimental screening programmes performed in Germany (Kraus et
al. 1996), France and Finland (Huuskonen et al. 2001) are among those targeted
both for benign and malignant asbestos-induced respiratory diseases. Their pro-
gramme use combination of selected slices of HRCT and a whole lung spiral CT.

There are many questions to be asked when introducing this International Clas-
sification of HRCT for the Occupational and Environmental Respiratory Diseases
into screening programme for population at risk of developing the occupational
lung diseases. How could the Classification be used in various setting? Is it for the
purpose of academic research? Is it for radiologists, or for pulmonary physicians?
Or is it practical enough to be used in clinic to assess dust-exposed individuals?
Are the readings by different readers standardised enough to give grades of pneu-
moconiotic findings? Could the positive findings by the Classification automati-
cally be interpreted as pneumoconioses? How can we accumulate the data and
utilise them for prevention of dust-induced pulmonary diseases? We will try to
answer these questions.

Application of the Classification may differ from country to country in which
the Classification is applied as measure of secondary prevention of dust-induced
respiratory diseases. It may depend on availability of the CT apparatus, implica-
tion of CT screening for dust-exposed individuals, social interest or needs for
dust-induced respiratory diseases, and so forth. In fact, although 67% of Japanese
hospitals possessed CT scanner, and even though this percentage is exceptionally
high, CT screening is not obligatory for pneumoconioses according to govern-
mental regulations. Japan has been using chest X-ray for legitimate screening of
dust-exposed workers since 1960. Recently, the Scientific Committee of Ministry
of Health, Welfare and Labour, Japan has recommended pneumoconiotics to un-
dertake annual spiral CT exam in order to screen for lung cancer and the Pneu-
moconioses Law has been revised to include the statement.

On the other hand, some European countries, namely Finland (Huuskonen et al.
2001), Germany (Kraus et al. 1996) and France (De Vuyst 2000) have started
HRCT screening programme. These countries are economically matured enough
but the CT scanner is not as abundant as Japan. In these countries, a need for
screening for lung cancer and mesothelioma among asbestos-exposed workers has
arisen, because it is socially recognised that asbestos is a carcinogenic dust. Hel-
sinki criteria (Anonymous 1997) agreed in 1997 may have convinced European
researchers to introduce HRCT for screening for earlier manifestation of asbesto-
sis or asbestos-related pleural abnormalities than irregular opacity 1/0 of radio-
graph by ILO 1980. By the utilisation of the HRCT Classification, earlier recogni-
tion of dust-induced the occupational lung diseases would become possible and
the positive-test individuals will increase largely in number, and when the causa-
tive dust is carcinogenic they are subjected to cancer screening by spiral CT.

As described above, target diseases of medical screenings for dust-exposed in-
dividuals are of two kinds, one is for detection of non-malignant respiratory dis-
eases and the other is for that of malignant diseases. Although screening of
dust-exposed individuals for medical assessment for pneumoconioses has been
performed in most of developed countries, not many countries have introduced
screening programme for occupational lung cancer. Japanese Pneumoconiosis
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Law legitimates medical screening by chest X-ray for dust-exposed workers
against dust-induced benign respiratory diseases, and for individuals with car-
cinogenic dust exposure another law legitimates chest X-ray for detection of ma-
lignant respiratory diseases. German researchers have already developed
CT/HRCT classification to detect very subtle findings up to tumours and have
performed survey over 600 dust-exposed workers (Woitowitz and Kraus 2000). In
their protocol non-malignant respiratory diseases were screened by HRCT, while
malignant respiratory diseases were screened by spiral CT. The latter technique
has low resolution than HRCT but, theoretically, has no gap between slices. Simi-
lar practice was made by Finnish group (Huuskonen et al. 2001). They have de-
veloped their own Fibrosis Grading system to assess clinical severity of each case
by HRCT. Their results showed the superiority of the grading by HRCT to ILO
1980 Classification through receiver operating curve (ROC) analysis (Fig. 5.2).
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Fig. 52. Curves of the receiver operating characteristic (ROC) classification. [a =
high-resolution computed tomography (HRCT) fibrosis score, b = classification of the In-
ternational Labour Office (ILO), ¢ = 0.5 reference line] (from Huuskonenn et al. 2001, with
permission)

The purpose of the HRCT Classification is to describe and code parenchymal
and pleural manifestation of diffuse non-malignant occupational and environ-
mental respiratory diseases. The Classification gives a semi-quantitative tool for
early detection of fibrotic changes induced by occupational and environmental
dust-exposure. Positive scoring by the HRCT Classification does not always mean
the presence of pneumoconioses. Therefore, it could be used in following three
settings.



49

Clinical Diagnosis

The Classification system is not originally designated for clinical diagnosis of the
occupational lung diseases. Usually, in clinical setting, most of HRCT films will
be assessed by pulmonary radiologists in well-equipped general hospitals, because
such hospitals can afford to be equipped with the CT scanners. The patient will be
referred to those hospitals and HRCT will be subsequent examination to
chest-X-ray with positive findings. Low dose HRCT will not be applicable in this
setting.

However, the Classification could be used in clinical setting with modification.
The reading sheet of the classification (Fig. 2.1, Chapter 2) gives physician a
checklist of possible manifestation of the occupational lung diseases when re-
viewing HRCT of patients with or without dust-exposure. The reference film set
in accompany (CD-ROM) is also useful to know typical parenchymal and pleural
manifestation of dust-induced respiratory diseases. A set of the Classification, in-
cluded in this handy book, can be utilised in educating residents or physicians who
are not familiar with pneumoconioses. This system will be soon prepared as a
computer-assisted system (Kraus et al. 1997). Clinicians, in near future, may look
at patient’s HRCT scan and the reference slice of the Classification side-by-side
on the monitor.

Another benefit of introducing the Classification into clinical works is that we
have standard scale to evaluate HRCT of the dust-exposed. One radiologist may
diagnoses HRCT with grade 1 intralobular irregular opacities as ‘definite pulmo-
nary fibrosis’, while other may call it ‘mild fibrotic changes’. Several studies per-
formed by authors have described possible variation of HRCT reading results even
among experts of occupational lung diseases (Suganuma et al. 2001). This
strongly suggests definite need for standardising readers’ quality when using the
Classification into practical use. Using grade referring to the same reference films
set, we can share what we saw in more quantitative and comparative way. This
will accelerate our accumulation of knowledge on the HRCT findings of the dis-
eases.

Evidence-based medicine requires physicians to have their own practice to be
related to epidemiologic knowledge. Accumulation of clinical data in standardised
way using the HRCT Classification system will help to perform clinical epidemi-
ologic studies.

Screening

Purpose of medical screening is to detect disease in its pre-clinical stage to benefit
an individual underwent a certain diagnostic test. When we look at two popula-
tions either with or without a disease, e.g. pneumoconiosis, the meaning of
screening becomes much easier to understand. Any diagnostic test does not accu-
rately decide whether a person has disease or not. Most of the positive-test indi-
viduals have disease and most of the negative-test individuals do not have disease,
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but there are some who are test positive and do not have disease and others who
are test negative but with disease. According to the ILO 1980 Classification of
Radiograph, the profusion 1/0 is, by definition, considered to be positive and 0/1 is
negative. The distinction between 0/1 and 1/0 is called cut-off point of the screen-
ing test, i.e. chest X-ray, for pneumoconiosis. Cut-off point of the screening test is
decided as suited for the purpose of the test, basically maximising sensitivity
and/or specificity of the test. Sensitive test will detect most of the disease, while
specific test will detect most of the disease free individuals. When sensitivity
changes from 1 to 0, specificity moves from O to 1. Thus, there is trade-off be-
tween sensitivity and specificity and we cannot have them both 1, lest we use the
very same test as a golden standard, which means that there is always false posi-
tive and false negative cases. The trade-off between sensitivity and specificity is
well described by receiver operating curve (ROC) (see Fig. 5.2). When the pur-
pose of the screening test is to detect malignant disease, increasing sensitivity of
the test is more important than increasing specificity. On the other hand, high spe-
cific screening test will be appropriate for detecting benign diseases.

Another aspect of screening test is positive predictive value that shows ratio of
true positive cases among test positive individuals. Number of false positive and
false negative cases differs when populations differs, because it depends on the
prevalence of target disease for which the screening test is applied. In practice,
this positive predictive value decides number of test-positive individuals among
the tested people when the prevalence of the disease in the population is given.
Thus, the process of selecting a population to apply a screening programme is the
very important part in the assessment whether a proposed programme is
cost-effective or not.

Application of screening programme should be carefully assessed by following
conditions that Wagner (Wagner 1996) summarised. He states that the disease “(7)
causes significant morbidity and mortality; (2) can be identified at a
pre-symptomatic stage before the individual would ordinarily seek medical care;
(3) responds to acceptable, available and effective intervention and treatment, (4)
is prevalent in the population undergoing screening.” And that the test “(1) is ac-
ceptable to those at risk for disease; (2) has adequate sensitivity, specificity and
predictive value in the target population; (3) is available at a reasonable cost, (4)
is sufficiently standardised to be performed with consistency, accuracy and re-
producibility.”

The disease targeted by the HRCT Classification is the occupational lung dis-
eases whose prevalence among dust-exposed workers is high enough as 15.1%
(2857/18,900) (Koskinen et al. 1998). As HRCT will detect pulmonary involve-
ment of the occupational lung diseases earlier than conventional radiographs, in-
tervention to exposed individuals in earlier stages than 1/0 of ILO1980 would
show better response. As stated in Chapter 3, low dose scan will produce suffi-
cient image for screening purpose. Cost of the screening HRCT scan plus spiral
CT is about 20 times as radiograph, and whether this is cost effective or not is
subjected to further study. However, as thin- and thick slice section had become
able to be obtained by single multi-detector CT (MDCT) scan, MDCT may be-
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come standard tool for the occupational lung diseases screening. At least we have
just cleared the last condition listed above (4), the standardisation of screening
protocol (Anonymous 2000).

Surveillance

Surveillance is a public health practice for disease prevention by continuing col-
lection of health-related data, analysing them and distributing the results to appli-
cable person. It is more emphasised to obtain health related information of popula-
tion in surveillance rather than early detection of a disease for an individual as in
medical screening (CDC 1988). Data utilised for surveillance could be any accu-
mulated data, including environmental monitoring or social statistics as well as
individual laboratory data. Any health statistics accumulated at health department
of national government, or environmental chemical substances monitored by stra-
tegic sampling system can be subjected to surveillance. In workplaces environ-
mental hazard is monitored and at the same time adverse health effect of the haz-
ard on workers is also monitored periodically.

As for pneumoconioses, radiographic change as well as environmental dust
concentration is monitored in dusty workplaces. The surveillance could utilise in-
dividual clinical data obtained at hospital or private medical doctors when its pur-
pose is to monitor health problem among population at risk of the occupational
lung diseases. The definition of the disease or health problems to be surveyed or
monitored, of course, should be clearly stated and same standardised method
should be used.

When the Classification system is introduced widely into many hospitals and
clinics, number of data on dust-exposed individuals screened by HRCT will be
accumulated. We furthermore have to analyse and distribute the data to healthcare
staffs, workplaces and workers continuously in order to establish surveillance sys-
tem. The target diseases of the Classification system, however, do not require as
quick response as the surveillance against communicable diseases, as the former
diseases usually progress with more continuous exposure and longer latent periods
than the latter do. Anyhow, as surveillance system needs real time reporting and
quick response to the possible clustering of target diseases, computerisation of the
Classification system will accelerate to develop such network.

Linkage of screening data and referral hospital data would be expected when
assessing the screening programme, and following up dust-exposed populations.
The data accumulated by the screening programme and those by referral hospitals
should be separately analysed because prevalence of the occupational lung dis-
eases among population underwent HRCT examination will differ widely. Infor-
mation technology is well developed enough to provide secure and speedy com-
munication system for the purpose.

Expected effect of the surveillance using HRCT is knowledge on prevalence of
the occupational lung diseases among dust-exposed individuals or in general
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population, which reflect dose of dust-exposure among the population. As some of
the dust has been shown to be carcinogenic, surveillance for malignant diseases
should be jointly performed. Workers using newly synthesised and hazardous,
sometimes carcinogenic, substances in dust form should also be surveyed with this
sensitive method for possible respiratory adverse effect.

Table 5.1 summarised bilateral aspects of several radiological diagnostic tests
possibly used for screening, surveillance or clinical diagnosis of the occupational
lung diseases. The line to divide appropriate screening measure for the occupa-
tional lung diseases will be drawn with considerable variation in social situation
among countries. Introduction of low dose CT and HRCT will allow the Classifi-
cation system to be used for screening and surveillance. The technique itself is of
course for diagnosis of the occupational lung diseases and, as described previ-
ously, the system may give valuable checklist and sample slices for clinicians
when interpreting HRCT findings of dust-exposed individuals.

When the impact of the disease to individuals is considered, cancer screening
will prevail to benign the occupational lung diseases screening. There have been
reports from Japan (Sone et al. 1998) and from USA (Henschke et al. 2001) on
similar spiral CT screening for lung cancer. These successful reports have en-
couraged us to perform similar screening programme among population at higher
risk of occupational lung cancer and mesothelioma than usual tobacco smoking
subjects. However, last expert meeting did not declared introduction of this new
screening method for cancer detection among dust-exposed population. This
seemed to be rather conservative but the consensus report recognises potential ef-
ficacy of new methods. When spiral CT screening for cancer and mesothelioma is
justified, HRCT is then needed to define population at higher risk to be subjected
to cancer screening (Fig. 5.3).

Dust-exposed individuals

HRCT for detecting pneumoconioses

Spiral CT for
lung cancer and
mesothelioma

Fig. 5.3. Screening of workers exposed to carcinogenic dust like asbestos. HRCT is a tool
for detecting benign respiratory diseases, and spiral CT a lung cancer detector
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Reliability and Education

Reliability of the screening and surveillance consist of various factors that build
up its system, but one of the most important factor is repeatability of reading re-
sults among the physicians who read the CT films and use the Classification. Our
study revealed satisfactory repeatability among multinational physicians with con-
siderable experience in management of pneumoconiotic patients (Suganuma et al,
submitted). This result should be tested among physicians with various back-
grounds and also with less experience in this field.

As the purpose of the Classification is standardization of CT reading among
physicians, it needs education tools and system that gives certain standard that the
users can rely on. We have held 2 days” workshop for radiologists, pulmonolo-
gists, and occupational physicians on radiological images of pneumoconioses in
Tsuruga, Japan in November 2000. That was a view-box seminar, in which par-
ticipants could practice reading CXR and CT films with reference to the ILO or
the CT Classifications.

Standardisation is now on-going in various fields. The benefit of this time con-
suming effort is globalisation of the field, which enables us to share experiences
internationally, and to minimise future effort to harmonise similar domestic stan-
dards. At least participants of the HRCT project will share their experiences in
their field of practice, clinics, workplaces, screening trial field and so forth to
deepen their knowledge on epidemiology, radiology, pathology, occupational and
environmental medicine of the occupational and environmental respiratory dis-
eases.

The twenty-first century is the era of network. The distribution and popularisa-
tion of the CT Classification system will proceed not from orthodox vertical way
but from everywhere. As long as the classification is well organised and further
application is proposed continuously, the Classification will diffusely distributed
spontaneously.

Further accumulation of research on the HRCT Classification is needed to es-
tablish world wide surveillance system for the occupational lung diseases. Among
the expected work will be pilot screening programme for benign occupational lung
diseases by the Classification and assessment of listed findings on the Reading
Sheet (Fig. 2.1, Chapter 2) to select most attributable to severity of clinical stage,
prognosis or malignant complication of the occupational lung diseases. Mathe-
matical modelling using the selected factors will provide us computerised HRCT
diagnosis assistant system for the occupational lung diseases.

Conclusions

As stated above, the Classification is designated for the purpose of medical
screening and surveillance for the occupational lung diseases. However, the set of
classification included in this book will give assistance also in clinical diagnosis of
the occupational lung diseases. Wide application of the Classification is expected
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for further understanding of prevalence, prognosis and complications of the occu-
pational lung diseases.
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Minami-ku, Hiroshima, 732-0815, Japan

The ILO International Classification of Pneumoconioses is an internationally used
system to identify and record radiographic changes provoked by industrial dusts.
The preliminary classification was first proposed at the 1930 International Con-
ference on Silicosis held in Johanesburg South Africa and the prototype of the
present classification was made in 1950 for pulmonary abnormalities due to min-
eral dust exposures. Since then, the scope has been expanded to exposures to all
other dusts to keep pace with the industrial changes. This chapter is concerned
with the guidelines and standard radiographs of the 1950, 1958, 1968, 1971, 1980
and 2000 versions. A look to the future is also included.

Initial or Pioneering Classifications : Profusion or
Size/Type

Before use of radiographs, pneumoconiosis was evaluated by working capacity.
When radiographs came to wide use, various radiological classifications were de-
veloped in industrial countries such as Britain, France, Germany, South Africa,
United States, and former USSR in 1930s and 1940s (1-8), mostly combined with
clinical findings, as seen in the recommendation by the 1930 International Con-
ference on Silicosis held in Johannesburg. In radiographical classifications, there
were two major schools. One is the classification with emphasis of profusion of
discrete small shadows as represented by the Welsh National Memorial Associa-
tion (1931) and British Medical Research Council Pneumoconiosis Research Unit
(PRU, 1945) and the other that stressing the dominant morphological size/type of
such shadows as represented by French and Belgian groups (6).
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internationally Agreed Classifications (Tables 6.1 and 6.2)

The 1950 International Labour Office (ILO) Sydney Classification

Scope: Mineral dusts

With some degree of international agreement at the 1950 Sydney Meeting, ILO
issued “a suggested international scheme of the classification of radiographs in
some of the pneumoconioses” mainly for coalmines, but also for other industries.
The size/type of shadow was put outside of the main classification, but allowed to
be used if considered important. When small opacities are unevenly distributed in
different areas of the lung fields, the profusion category is determined by the most
advanced abnormality that is present in at least half of a lung field. This concept
differs from the 1980 guidelines mentioning the consideration of profusion in 6
lung zones in both sides. In those days, coalescent opacities were so frequently
combined with tuberculosis that separation of the two disecases was difficult
(silico-tuberculosis) .

It should be noted that the experts participating in this 1950 conference were
wise enough to avoid terms suggesting a definite process of development, or a
definite pathogenesis such as “initial”, “terminal”, “progressive”, “infective”, in
describing radiographic features. As for the definition of classifications, higher
priority was usually put on standard reference films than verbal definitions. As
film-to-film copying techniques were not available at that time, each reference
film set contained different original radiographs (Personal communications with J
Gilson, then director of British Medical Council Pneumoconiosis Research Unit
PRU).

In 1951, three groups, PRU, France and ILO jointly issued “Proposed An-
glo-French Classification of Radiographs in Pneumoconiosis™ by combining pro-
fusion with size/type referring to the 1950 ILO Classification, using three lan-
guages; for example, the current terms of small opacities were denoted as simple
penumoconiosis (PRU), ombres fines (French) and pneumocniosis with discrete
opacities (ILO). The concept of combining profusion with size/type may have
been a basis toward later classifications (6).
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The 1958 Classification

Scope: Mineral dusts

The 1950 Sydney classification was widely used, particularly in connection with
coal miner’s pneumoconiosis, but did not cover pneumoconioses occurring in
other industries. To cope with the users’ voice, ILO called another expert meeting
at Geneva at the end of 1958. The experts agreed to make a single classification
for various pneumoconioses provoked by mineral dusts, and entitled “the Interna-
tional Classification of Persistent Opacities in the Lung Field Provoked by the In-
halation of Mineral Dusts”. (9) (Table 6.1)

Over 900 standard radiograph sets were distributed to 55 countries.

In this classification, profusion of small opacities was expressed by an indirect
estimate of number combined with extension in the lung fields. The guidelines
mentioned that “The basic idea underlying the categorization of small opacities
was that of number, but as simple count was impossible, an indirect estimate of
number had to be made from an unhappy combination of extension and profu-
sion.”
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The 1968 Classification

Scope: mineral dusts including coal and carbon

Some experts were critical of the 1958 category 1 profusion standard film as rep-
resenting profusion below a typical category 1. To meet these objections, new film
selections were made of the category 1 standard (mid-category) film.

Later when a further revision of the Classification was being prepared, the In-
ternational Union Against Cancer (UICC) groups gathered in Cincinnati in 1967
to propose UICC/Cincinnati Classification mainly to deal with asbestos-related
lung and pleural abnormalities (10). In order to address this concern, the 1968 ILO
classification included an “extended classification” to deal with asbestos-related
abnormalities in addition to a “short classification” to handle mineral dusts, in-
cluding coal and carbon. (11) (Table 6.2)

The “Extended classification” included the following three important changes.

1) Profusion: Each of the 4 major point scales (0, 1, 2, and 3) was further
sub-divided into 3 (0/-, 0/0, 0/1 ; 1/0, 1/1, 1/2 ; 2/1, 2/2, 2/3 ; 3/2, 3/3 and 3/4)
which had originally been used by the British National Coal Board. Thus, the 12
minor point scale system was adopted. (Note 3/4 was described as 3/+ in the 1980
version)

2) Irregular opacities. Irregular small opacities were classified as L in the 1958
version, but in this revision acquired three letter designations for the first time
analogous to the counterpart of small rounded opacities.

3) Pleural abnormalities. Another major change was about pleural thickening
and calcification. The two were to be classified before listing other symbols.
Pleural abnormalities were graded, focusing on asbestos-related pleural condi-
tions.

Table 6.2. Scopes of the ILO International Classfications of Radiographs of
Pneumoconioses

1950 Mineral dusts
1958 Mineral dusts

1968 Mineral dusts including coal and carbon
1971 All types of mineral dusts, including silica, coal, asbestos, & beryllium
1980 Dusts

2000 Dusts
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The 1971 Classification

Scope: All types of mineral dusts including silica, coal, asbestos and
beryllium

In 1970, the ILO and UICC groups convened a joint meeting in Cardiff to publish
the comprehensive classification of pneumoconioses under the name of ILO U/C
International Classification of Radiographs of Pneumoconioses 1971(12). There-
fore, the 1968 version had a short life of only 3 years (Table 6.1).

The main items proposed by UICC groups had already been adopted in the
1968 extended classification.

The 1980 ILO Classification

Scope: Dusts

At the 1978, ILO Geneva Meeting, the ILO expert group including the author
recommended selection of new standard radiographs. Two years later, the 1980
revision of the Classification was published (13, 14) .

How the 1980 standard radiographs were selected.

The reading trial to provide the 1980 new standards was assisted scientifically
and financially by US National Institute of Safety and Health (NIOSH), and
American College of Radiology (ACR), though at that time USA withdrew its
ILO membership. The ILO international expert group headed by George Jacobson
and later Russell Morgan collected more than 200 candidate standard radiographs
in cooperation with world experts. Considering the quality of films, they finally
selected 106 candidate films. Then, 27 specialists; 10 Europeans, 8 Americans and
9 Japanese, read these films in reference to the 1971 standard films. The reading
trial was little criticized by the method in which the films were read as they in-
cluded the 1971 standards themselves. As a result, many of the 1971 standards
came to be selected again. The statistical analysis of the standard film reading trial
was performed initially by Harlan Amandus in the U.S. at NIOSH. Based on his
data, a further study was made by T. Matsumoto and the author (15), as described
below.

1) Selection of standard films. Each standard radiograph, for example the 1/1
p/p standard radiograph, was selected among from candidate radiographs
whose reading variation was the smallest (Fig. 6.1).

Likewise, the 1/1 t/t standard was determined (Fig. 6.2).

2) Reading difference in rounded and irregular small opacities (Fig. 6.3):
Rounded small opacity profusion showed a smaller reading variation than ir-
regular ones, especially in the low profusion categories. Furthermore, the two
curves show a different upward tendency from 0/- to 3/+.
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3) Middling tendency (Fig. 6.4). Out of 12 point profusion scales, only 4 major
middle category films are actually available and the remaining 8
sub-categories should be mentally decided. The reading scores proved that
the 3 major middle categories (1/1, 2/2, and 3/3) had a higher rate than the
remaining 8 categories for which no standard radiographs were available.

4) International reading variations (Fig. 6.5): There were definite international
reading variations, even though all readers referred to the same standards.
That is, Japanese readers showed higher average scores of small opacity
profusion than Europeans and Americans whose reading variations were
nearly the same.

At a workshop of the 1988 ILO Pittsburgh Pennsylvania Conference on the
Pneumoconioses users strongly demanded an effort to revise the text and attempt
to select 0/1 and 1/0 boundary standards.
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Training of readers

The purpose of training is to reduce inter- and intra-observers variations and many
countries have made efforts to train radiologists, occupational doctors and chest
physician. In 1949, Fletcher was deeply concerned with the problem of consistent
radiological diagnosis in pneumoconiosis (16). In 1970, a unique teaching method
of weekend “view box seminar” was developed by American College of Radiol-
ogy (ACR) to train radiologists to interpret and classify the radiological manifes-
tations of pneumoconiosis (17). This seminar combined two pedagogic tech-
niques, group view box study and a test-teach-test sequence of instruction that
compels active participation in the learning process. Every two trainees are as-
signed to a long view box with enough space for 2-3 films. Those who finish the
training course may be given A-reader certificates, while B-reader certificates are
given to who successfully pass a test administered by NIOSH. It became evident
later that even B-readers lose skills if they did not frequently interpret occupa-
tional radiographs. In 1984, a recertification examination system was introduced.
To remain certified as a NIOSH B reader, an individual was required to be
re-certified every 4 years or to begin the process over after a waiting period.
Analysis of the pass-fail rate indicates that over-reading is a major factor in failing
the examination.

Such ACR view box seminars were so far held about 40 times in US. In other
countries, ACR-system view box seminars are also growing in popularity. ILO
organized several ACR-system view box seminars in Asia (Vietnam, Thailand and
Indonesia) by inviting ACR and Japanese instructors. Japan held two big semi-
nars; in Kyoto in 1997 and Tsuruga in 2001 participated by about 100 trainees, in
addition to the annual training course for overseas and domestic trainees in Rosai
Hospital for Silicosis, Japan.

The 2000 ILO Classification

Scope: Dusts

Since the publication of the 1980 version, ILO expert group informally gathered to
revise 1980 classification in various occasions in Tokyo (1983), Bochum (1983) ,
Nikko Japan (1988) and Pittsburgh (1988). One of the important recommendations
made by them is that no change should be made in the ILO International Radio-
graphs of Pneumocnioses until the existing evidence and views had been re-
viewed. This group also proposed to examine the possibility of use of sectional
standards.

In 1989, ILO called an expert meeting in Geneva to review the 1980 classifica-
tion. Unexpectedly, it took more than 10 years before finalizing the publication of
next version, the 2000 version, because of a large-scale international reading trial
of quadrant standards. It took 11 years before finalizing the millennium (2000)
guidelines at the Washington DC expert meeting in December 2000.
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The guidelines of the 2000 version are likely more practical than the 1980
guidelines, though the standard radiographs are the same except for sectional or
quadrant films and a new film of pleural abnormalities. Film reproduction tech-
nique was changed to digital copy style.

Quadrant standard radiographs

For the use of standard radiographs, x-ray readers are always requested to read
films in reference to standard radiographs, not using mental images of standards
that are in readers’ mind. However, it is an actually troublesome work for readers
to compare a film to be read with several category standards whenever they read.
Already in the 1970s, experienced radiologists such as Russell Morgan were using
a home-made composite (sectional) standard radiograph (quadrant or sextant on a
radiograph) . The Japanese Ministry of Labour officially adopted quadrant stan-
dards ahead of the international use, based on the domestic reading trial (18).

An ILO expert group made a large-scale trial for the use of quadrant radio-
graphs, aiming to establish whether and to what extent, use of composite standard
radiographs would affect readers’ classifications of chest films in persons who
have been exposed occupationally to dust. Thirty-nine physicians from 10 coun-
tries joined the study to repeatedly classify 120 chest radiographs in reference to
full size and quadrant standards (19).

The summary and conclusions were based on 12,929 valid film reading sheets
by 39 readers and are as follows:

The proposed modification to the ILO standard radiographs, involving repro-
ductions of sections from 15 of the ILO standards on five new quadrant films,

1)  would not increase variability between readers, and might improve re-

producibility of small opacity profusion classifications in some respects

2)  but could also reduce slightly the frequency with which some readers

identify large opacities

3) is likely to increase the frequency with which some readers describe the

shapes of the small opacities that they see as predominantly irregular
rather than rounded.

Classification of small opacity profusion for films identified as predominantly
irregular are likely to be higher using the modified standards when compared to
the same classification using the current ILO 1980 full-size standards.

The results were detectable in the context of a controlled trial setting, involving
a contrived high proportion of films classifiable as showing small opacities (about
60% with category 1 or more). The effects described are unlikely to be distin-
guishable from inter- and intra- reader variability in most real-life occupational
health survey situation where the prevalence of pneumoconiosis is usually less
severe.

Thus, use of the quadrant standard film sets was recommended by the expert
group of the ILO. Indeed, the ILO has now issued Quadrant or Composite Stan-
dard films along with the Full-size Standard films.
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Future Aspects of ILO Classification

Radiographic techniques

The current standard radiographs were taken with traditional analog-system of
conventional film-screen method. A great disadvantage of analog system x-rays is
that images of radiographs with both side emulsion are aging with time and it is
difficult to keep the original quality and they deteriorate over time, even with good
storage conditions. In case of digital radiography, no such decay occurs. The 1980
ILO standard films are photo-printed copies of the analog radiographs. When the
ILO experts compared the photo-printed standard films with digitally acquired
films at a Washington Meeting on in 2000, they agreed that digital ones were su-
perior to photo-copied ones. Eventually, both x-ray-taking and copying techniques
will change to digital methods. The ILO has been encouraged to provide a collec-
tion of digital standard radiographs of good quality to be copied by digital tech-
niques for the next version.

Size of chest radiographs

Almost all images by CT, isotope study, MRI and ultrasound are obtained in re-
duced size, and not full life size. Only the conventional film-screen system gives
life size images. A study revealed that reduced size computed chest radiographs
(1/2 in length, or 1/4 in area) provide similar reading results when compared with
the reduced size standards (19). With the wide use of digital images, digital radio-
graphs will be read on CRT or liquid crystal display and not on view boxes and
not in full life size. Ultimately, it will not be possible and indeed there will be no
reason to continue the use of full or life size images.

Computed tomography

Recently CT has become an indispensable tool to examine pulmonary parenchy-
mal and pleural abnormalities, because of the shortened exposure time (as long as
20 seconds was required in the late 1970s) (21) and lowered radiation exposure.
With the resolution of these problems, CT came to be used even for the screening
purpose in some countries such as Finland and Germany. With frequent CT use,
an international CT classification has been proposed. Initially, researchers tried to
make an HRCT classification system comparable to the ILO classification, but
actually the system (International Classification of HRCT for Occupational and
Environmental Respiratory Diseases) is a hybrid with mixed principles of ILO
chest radiographic classification system and with CT characteristic language and
images. The mobile CT unit (on car) (22) will promote wider use of CT in the
early diagnosis of pneumoconiosis and other lung diseases.
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Chapter 7 Pleural Diseases
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Whilst many occupational and environmental diseases affect the lung parenchyma
it is only asbestos dust which results in radiographic manifestations in the pleura
and these may be due to either benign or malignant processes.

Benign Asbestos Induced Pleural Disease

Inhaled Asbestos fibres can induce various benign lesions of the pleura : parietal
pleural plaques, visceral pleural thickening (a term that is preferred to that of
“diffuse” pleural thickening), and benign pleural effusion.

Pathogenesis

The pathogenesis of these lesions remains speculative, even if the presence of as-
bestos fibres, found in limited areas of the parietal pleura called “black spots” by
Boutin (Boutin et al. 1996), suggests the migration of inhaled fibres through the
lung to the pleura, predominantly by the lymphatic pathway. The mechanisms
leading to pleural plaques rather than to benign pleural effusion are not clear, but
visceral pleural thickening seems to be most likely the consequence of asympto-

matic benign pleural effusion (Epler et al. 1982) (Mc Loud et al. 1985) (Lilis et al.
1988).

Pathologic findings

Pleural plaques are elevated, hard ivory-coloured structures, generally bilateral,
placed most typically on the parietal pleura, following the ribs, and the domes of
the diaphragm. Their thickness may vary from a few mm to more than 1 cm, and
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their surface is free of adhesions with the adjacent visceral pleura. Microscopi-
cally, they are made of a basket weave pattern of collagen (Greenberg 1992)
(Churg 1998).

Visceral pleural thickening is a non specific fibrous thickening involving the
visceral pleura, consisting of dense collagenous tissue containing inflammatory
cells. It is often unilateral, and may be associated with pulmonary rounded atelec-
tasis where the pleura is drawn into the underlying atelectatic lung (Greenberg
1992).

Benign asbestos pleural effusion is an exudate and may be hemorrhagic, with
non specific fibrotic lesions of the pleura.

Epidemiology

The prevalence of pleural plaques is dependent on the radiographic criteria used
(Greene et al. 1984). In the United States, a prevalence rate of 3% has been re-
ported in the general population (Rogan et al. 1987), whereas prevalence rates in
asbestos-exposed occupational settings may exceed 50%. Household contacts of
asbestos factory workers have shown prevalence rates up to 20% (Epler et al.
1980) (Sider et al. 1987). There does not seem to be a threshold in the
dose-response relationship between asbestos exposure and pleural plaques, and
this is consistent with the report of endemic pleural plaques in various geographic
areas characterised by fibrous mineral outcrops (Bignon 1989) (Hiraoka et al.
1998).

In contrast with pleural plaques, the latency of which is usually over 20 years,
benign pleural effusion and visceral pleural thickening may occur within the 10
years following the onset of exposure. Their prevalence is lower than that of pleu-
ral plaques (Scwartz 1991), and they are associated with higher levels of asbestos
exposure (De Vuyst et al. 1998) (Rockoff et al. 1987) ( Jakobsson et al. 1995).

The prevalence of pleural plaques increases with increasing time since the first
exposure, but there is no clear relationship between cumulative asbestos exposure
and the extent of pleural plaques (Van Cleemput et al. 2001). The possible rela-
tionship between plaque size and pulmonary function is also controversial. Vari-
ous radiographic studies, some recent (Wang et al. 2001) suggest an association
between pleural changes and functional pulmonary impairment, and a relationship
between reduction in lung volumes and radiographic score of pleural lesions has
been reported (Schwartz et al. 1990) (Broderick et al. 1992). Yet when computed
tomography is performed, a more accurate differentiation between pleural plaques
and visceral pleural thickening becomes possible. Then, if visceral pleural thick-
ening proves to be related to decrease of pulmonary function parameters, pleural
plaques alone appear to be not functionally relevant (Van Cleemput et al. 2001)
(Copley et al. 2001).

No clear relationship has been established between pleural plaques and meso-
thelioma or bronchial carcinoma (Weiss 1993).
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Clinical features

Most patients with pleural plaques alone are asymptomatic, and the presence of a
pulmonary functional impairment raises the question of an associated parenchy-
mal fibrosis which may be radiographically inapparent.

Chest pain and dyspnea may be present in the case of extensive visceral pleural
thickening, and functional impairment can then manifest as restriction in lung
volumes, independently of any radiographic sign of parenchymal fibrosis
(Schwartz et al. 1990) (Rosenstock et al. 1988). Once it has appeared, this deficit
in lung function does not seem to change very much over time even though the ra-
diographic score may increase (Yates et al. 1996).

Benign pleural effusions are frequently asymptomatic, but chest pain or dysp-
nea are possible, and recurrence may be seen (Hillerdal and Ozesmi 1987). The
diagnosis of asbestos-related benign pleural effusion should not be made unless all
other cause of pleural effusion has been ruled out by thoracoscopic procedures,
and a negative follow-up of at least three years.

Radiological features
Pleural plaques

On postero-anterior chest radiography, pleural plaques are best observed when
viewed tangentially : they then appear as focal areas of pleural thickening along
the lateral chest walls, between the sixth and ninth ribs, and along the diaphragm,
generally sparing the apices and the costophrenic angles. Usually bilateral, pleural
plaques can also be unilateral (Koskinen et al. 1998) (Gevenois et al. 1998). They
are sharply demarcated on all sides and particularly from the lungs. When viewed
en face, they may appear as hazy densities, more visible when enhanced by calci-
fication (Greenberg 1992) (Fig. 7.1). Their extent in length and in thickness can be
assessed according to the ILO Classification of Radiographs of Pneumoconioses
(International Labour Office 1980).

A high false negative radiographic detection rate has been reported in autopsy
studies : small plaques on the anterior or posterior chest wall, or on the diaphragm,
are particularly difficult to detect by standard chest films (Greenberg 1992). Con-
versely, false positive diagnosis can result from misinterpretation of sub pleural fat
pad or extrapleural muscles. Oblique radiographs have been proposed in order to
increase sensitivity of detection (Baker and Greene 1982), but they also tend to
enhance false positive rate and are not recommended (Ameille and al. 1993).
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Fig. 7.1. Plain chest radiograph : bilateral calcified pleural plaques are viewed en face and
on the diaphragm

CT of the thorax has been shown to increase both sensitivity and specificity for
the detection of pleural plaques (Aberle et al. 1988) (Friedman et al. 1988) (Al
Jarad et al. 1991). Pleural plaques are recognized as focal areas of pleural thick-
ening, with solid attenuation values and sometimes including calcifications. They
may have a typical tableland shape (Fig. 7.2) or be a flat thickening of the pleura
(Fig. 7.3); what defines their parietal nature are their smooth and sharply defined
edges, well demarcated from adjacent extrapleural tissues on one hand, and from
adjacent lung on the other hand. Their attenuation values are different from those
of extrapleural fat deposits (Fig. 7.4), and CT scan can also show them when they
are located on the diaphragm (Fig. 7.5).

A focal stripe of parenchymal ground glass opacity can sometimes be seen next
to thick parietal pleural plaques, at a small distance from the pleural thickening ;
probably a consequence of focal alveolar collapse.

The frequent location of pleural plaques in paraspinal regions of the thorax is
easily identified by CT (Fig. 7.3 and Fig. 7.5), but sometimes intercostal vessels
mimicking pleural thickening need to be recognised (Fig. 7.6); the presence of
thickening on multiple levels, the visibility of extrapleural fat between the pleura
and intercostal vessels, or the presence of calcification within the abnormality,
may help to identify the pleural origin of the opacity (Im et al. 1989).

In subjects with only “passive exposure” to asbestos, such as living or working
in a building with known asbestos contamination, a CT study has reported minor
pleural changes. The significance of these changes is unknown because of the
poor inter-observer agreement in this study, and because of the lack of histopa-
thologic confirmation (De Raeve et al. 2001).
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Even if the pathologic meaning of very subtle pleural changes may sometimes be
unclear, CT allows the identification of small parietal pleural plaques measuring
no more than 1 or 2 mm in thickness on the chest wall. They can be differentiated
from the normal intercostal stripe which includes the thickness of normal visceral
and parietal pleurae, the endothoracic fascia, and the innermost intercostal muscle
(Fig. 7.7). In paravertebral regions, where intercostal muscles are absent, even a
thin stripe can be consistent with asbestos-related pleural thickening (Webb et al.
1996).

i -4 * g
Fig. 7.3. CT scan : pleural plaques with tapering margins
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Fig. 7.5. CT scan : pleural plaques are visible on the diaphragm, with calcification on the
right side. Bilateral calcified pleural plaques can also be seen on the parietal pleura, and a
right pleural effusion is present
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Fig. 7.6. CT scan : intercostal vessels in paraspinal regions of the thorax

\

Fig. 7.7. CT scan : normal intercostal stripe

Mild diaphragmatic pleural changes may be more difficult to recognise.

In some patients the transversus thoracis muscle and subcostalis muscle must
be differentiated from pleural plaques. Adjacent to the lower sternum or the
xiphoid process, the transversus thoracis muscles are often visible internal to the
anterior ends of ribs or costal cartilage. Subcostalis muscles may rarely be present,
at the same level, along the posterior chest wall, internal to one or more ribs
(Webb et al. 1996) (Fig. 7.8).

In subjects with silicosis, or in the case of other pulmonary granulomatous dis-
eases, confluent sub-pleural parenchymal nodules can mimic parietal pleural
thickening (“pseudo-plaques”) (Fig. 7.9).
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Fig. 7.8. CT scan : subcostalis muscle
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Fig. 7.9. CT scan : confluent subpleural pulmonary nodules mimicking parietal pleural
thickening

Visceral pleural thickening

The radiographic appearance of so-called diffuse pleural thickening has been de-
fined as smooth non interrupted pleural density extending over at least one quarter
of the chest wall, internal to the lower ribs, with or without costophrenic angle
obliteration (Mc Loud et al. 1985) (Fig. 7.10). Differentiation from pleural plaques
remains difficult, and the revised edition of the ILO Classification does not elimi-
nate some uncertainty (International Labour Office 1980). Sargent ef al. proposed
to reserve the term diffuse pleural thickening to pleural thickening associated with
homolateral costophrenic angle obliteration (Sargent et al. 1978). This restrictive
definition had the merit of clarifying the radiographic diagnosis, but could not ac-
count for possible focal visceral thickening without costophrenic angle oblitera-
tion.
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A CT definition of diffuse pleural thickening relying only on dimensional crite-
ria has previously been proposed (Lynch et al. 1989). This did not take into ac-
count the possibility of widely extended pleural plaques.

The major discriminative feature of visceral pleural thickening is that the adja-
cent lung parenchyma is usually affected by the pleural disease, and this is mani-
fested by parenchymal bands and rounded atelectasis.

Parenchymal bands are linear opacities 2-5 cm length, sometimes shorter, ex-
tending from the pleural thickening through the lung. They may be visible on a
plain PA chest radiograph (Fig. 7.11) and, on CT of the thorax, they appear as
coarse linear opacities, with a tapering shape and a course different from that of
vessels (Fig. 7.12). When they radiate from the surface of the pleural thickening,
they can give the appearance of “crows’ feet” (Hillerdal 1985).

Although situated in the lung, rounded atelectasis must be mentioned among
pleural diseases because it is always associated with a visceral pleural thickening.

Rounded atelectasis is due to lung folding at the thickened pleural surface, and
is particularly seen in the lingula, middle lobe, or lower lobes (Hillerdal 1989).

It is frequently associated with parenchymal bands, and is sometimes visible on
plain X-rays as a rounded opacity that may be confused with lung cancer (Payne et
al. 1980).

On CT scans of the thorax, rounded atelectasis is generally easily recognised as
it contacts with a thickened pleura and the bronchovascular structures sweep into
the mass with a comet tail appearance (Mc Hugh and Blaquiere 1989) associated
with a volume loss of adjacent lung (Lynch et al. 1988) (Gevenois et al. 1994)
(Fig. 7.13).

Fig. 7.10. Plain chest radiograph : bilateral pleural thickening with a visceral (or diffuse)
type on the right side (costophrenic angle obliteration)
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Fig. 7.11. Plain chest radiograph : left visceral pleural thickening, with costophrenic angle
obliteration and parenchymal bands
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Fig. 7.12. CT scan : visceral pleural thickening with parenchymal bands ; a fissural pleural
thickening is also present
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Fig. 7.13. CT scan : right rounded atelectasis

In a population of asbestos-exposed workers with normal or near-normal radio-
graphs, PA Gevenois clearly identified visceral pleural fibrosis as a distinct pattern
from pleural plaques or pulmonary fibrosis (Gevenois et al. 1998).

So whatever the extent of the pleural changes, visceral pleural thickening
should be diagnosed as soon as pleural thickening, even if circumscribed, and
even with non tapering margins, is associated with parenchymal bands with or
without rounded atelectasis. Observation of “hairy plaques” is not unusual, and
such abnormalities should be classified among visceral changes, that is visceral
pleural thickening. Conversely, widely extended pleural thickening, free of any
parenchymal shadowing such as parenchymal bands or rounded atelectasis, should
be classified as pleural plaques even when its margins have a tapered shape (Fig.
7.3).

Visceral pleural thickening may exist in the absence of any pulmonary fibrosis,
but, when pulmonary asbestosis is present, parenchymal changes adjacent to pleu-
ral thickening may be difficult to interpret, and definition of the strictly parietal or
visceral type of the pleural thickening may be uncertain.

Pleural calcification can occur in visceral pleural thickening as well as in pleu-
ral plaques (Aberle et al. 1988).

Circumscribed pleural thickening can rarely be localised in a fissure and the
position within the line of the fissure will help to rule out a pulmonary origin for
the opacity.

Benign pleural effusion

There is no specific radiographic or tomodensitometric feature for asbestos-related
benign pleural effusion.

Computed tomography of the thorax may reveal a higher attenuation value in
the case of a hemorrhagic effusion, and tomodensitometry can also be useful in
order to exclude pleural effusions of pulmonary origin (Solomon 1991).
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Diffuse Malignant Mesothelioma

Diffuse mesothelioma was an uncommon tumour in the early 1970’s but there has
been a relentless increase in annual deaths from the disease since that time (Rudd
1995) (Ferguson et al. 1987) and the incidence is expected to increase until 2020
(Pieto et al. 1995).

Exposure to asbestos is by far the most important risk factor for the develop-
ment of this neoplasm (Whitwell and Rawcliffe 1971) (Teta 1983) (Edge and
Choudhury 1978).

Incidence figures vary considerably in different regions and this largely reflects
the likelihood of asbestos exposure whether that be occupational or environ-
mental. The majority of mesotheliomas occur in men (Lamphear and Buncher
1992) and this reflects occupational asbestos exposure. The mean age at diagnosis
is between 60 and 65 years.

Radiological features

Plain chest radiographs typically demonstrate a unilateral nodular or lobulated
thickening of the pleura which may be localised or extend such that it encases the
lung. The tumour may be seen extending along the line of the interlobar fissures
(Brenner et al. 1982).

There maybe an accompanying pleural effusion which can vary from a small
amount up to a large volume which obscures the underlying tumour. Lung en-
casement may fix the mediastinum such that the shift is less than with other causes
of a large effusion.

The affected hemithorax may show evidence of loss of volume and this may be
very marked. Calcification of the tumour is rare but reported.

In advanced tumours chest wall invasion may be identified by rib erosion, de-
struction or periosteal reaction. Haematogenous metastases to the lungs may be
seen as multiple nodules or masses. Rarely a miliary or an interstitial pattern is
identified (Fraser et al. 1999) (Solomons et al. 1985) (Ohishi et al. 1996)

CT findings

When mesothelioma is suspected or considered a possible diagnosis the CT scan
would usually be performed with a volumetric technique and contiguous image
slices; a high resolution technique is not likely to be utilised in usual clinical prac-
tice. CT shows the presence and extent of the tumour with greater accuracy than
plain films and it demonstrates the accompanying pleural fluid with greater sensi-
tivity (Law et al. 1982).

On CT the soft tissue density of the tumour can be readily distinguished from
the adjacent pleural fluid (Fig. 7.14). Frequently the pleural thickening is exten-
sive and gross but on occasions apparently not marked although the tumour is
frequently more extensive at the time of operation than predicted from the imme-
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diate pre-operative CT scan. The mediastinal pleura can be thickened (Fig. 7.15).
Unilateral pleural effusions are identified at presentation in between 30% and 80%
of cases. When the tumour encases the lung the hemithorax is frequently con-
tracted (Fig. 7.16). CT frequently demonstrates extension of the tumour into a
major or less commonly a minor fissure (Alexander et al. 1981) (Miiller 1993).
Rarely a mesothelioma is seen on CT presenting as a solitary mass. Calcification
within mesotheliomas is seen in approximately 10% of cases and usually repre-
sents engulfment of benign asbestos induced plaques (Kawashima and Libshitz
1990) (Fig. 7.17). Rarely it is the result of an osteosarcomatous component.

Fig. 7.14. CT scan: 66 year old man with sarcomatous mesothelioma. There is a right pleu-
ral effusion, diffuse thickening of the parietal pleura but also a localised well defined tu-

mour mass

Fig. 7.15. CT scan: 78 year old man with a histologically proven mesothelioma. There is a
left pleural effusion and there is irregular thickening of the mediastinal pleura overlying the
ascending aorta. There is no shift of the mediastinum



86

Fig. 7.16. CT scan: 49 year old man with histologically proven mesothelioma. The right
lung is encircled by nodular pleural thickening and there is contraction of the right
hemithorax

Fig. 7.17. CT scan: 72 year old man with epithelioid mesothelioma. There is a large right
pleural effusion with thickening of both visceral and parietal pleura with areas of calcifica-
tion due to engulfment of pre-existing benign plaques

CT is superior to conventional radiography in the assessment of invasion of the
mediastinum, chest wall and upper abdomen (Alexander et al. 1981).

Findings suggesting chest wall invasion include indistinct fat planes, infiltration
of intercostal muscles (Fig. 7.18), periosteal reaction and bone destruction (Fig.
7.19).
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Fig. 7.18. CT scan: 68 year old man with an epithelial mesothelioma. The soft tissue tu-
mour is seen encircling the left lung including extension over the mediastinal pleural sur-
face. There is direct invasion of the tumour into the soft tissues of the chest wall anteriorly.
The patient complained of localised chest wall pain at this site. There are enlarged nodes in
the pre tracheal region

Fig. 7.19. CT scan: 45 year old man with proven a histologically proven mesothelioma.
There is a localised mass in the right hemithorax postero-laterally with evidence of rib de-
struction and a metastasis is noted in the left lung

Features of mediastinal invasion include obscuration of fat planes, nodular or
diffuse pericardial thickening (Fig. 7.20) and direct soft tissue invasion (Fig. 7.21).

Enlarged lymph nodes are not infrequently seen (Fig. 7.22). Extension of the
tumour to the contra-lateral thoracic cavity is not uncommon in advanced cases.
The tumour may invade through the diaphragm into the upper abdomen (Alexan-
der et al. 1981) (Fig. 7.23). Extension of the tumour outside of the pleural cavity is
seen in approximately 11% of patients at presentation, increasing to over 50%
during the course of the disease (Brenner et al. 1982) (Mirvis et al. 1983).



Fig. 7.20. CT scan: 65 year old man with a biphasic mesothelioma. There is an extensive
bulky tumour mass within the right hemithorax which is slightly contracted. The tumour
has invaded the pericardium which shows diffuse thickening. There is a small left pleural
effusion

Fig. 7.21. CT scan: 59 year old man with an epithelial mesothelioma. There is thickening of
both parietal and visceral pleura with a small right pleural effusion. The tumour has directly
invaded the mediastinum and a mass is seen adjacent to the right wall of the oesophagus
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Fig. 7.22. CT scan: 69 year old man with an epithelial mesothelioma. Left sided tumour
with thickening of both costal and mediastinal pleura. Several enlarged nodes are seen in
the mediastinum adjacent to the aortic arch

Fig. 7.23. CT scan: 66 year old lady with proven mesothelioma. There is an extensive tu-
mour within the right hemithorax (not shown) which has directly invaded the liver having
penetrated the diaphragm
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Correlation with radiographic classification system

In the chest radiographic classification system associated with pneumoconiosis,
the radiographic opacities are divided into two categories, small and large, with
each defined in specific quantitative terms. An opacity of any size or shape that is
larger than 10 mm in diameter is classified as a large opacity. With respect to
small opacities, two shapes are recognized: small rounded and small irregular.
According to the International Labour Office (ILO) 1980 International Classifica-
tion of Radiographs of Pneumoconiosis, small rounded opacities smaller than 1.5
mm in diameter are classified as p; those between 1.5 and 3 mm, q; and those be-
tween 3 and 10 mm, r [1]. Opacities of the q and r types are characterized by
sharply demarcated, rounded nodules or contracted nodules on HRCT (Fig. 8.1).
In contrast, opacities of the p type are characterized by tiny branching lines or
ill-defined punctate opacities, usually in a centrilobular location on HRCT ( Fig.
8.2) [2]. Previous studies have shown that these tiny opacities correspond to ir-
regular fibrosis around and along the respiratory bronchioles or dust macule with
dilatation of respiratory bronchioles. In some patients with pneumoconiosis, non-
periperal, small areas of low attenuation with a central dot are found (Fig. 8.3).
These small areas of low attenuation with a central dot have shown to correspond
to focal dust emphysema. Focal emphysema has been most commonly founded in
prneumoconiosis with p-type changes [2]. When small rounded opacities of the p
type are few in number, that is profusion category 1, they are not easy to distin-
guish from pulmonary vessels. These opacities are similar to the appearance of
pulmonary vessels because of their branching structure but differ in regional dis-
tribution; the opacities are intermingled with dots or minute, binary branching
structures corresponding to pulmonary vessels, and there are many tiny opacities
in part of a lobe compared with the surrounding, normal-appearing lung paren-
chyma [2].

HRCT appearances of small irregular opacities are various and include in-
tralobular interstitial thickening, interlobular septal line, subpleural line, subpleu-
ral wedge-shaped nodular irregularity, parenchymal band, honeycombing, and
ground-glass opacity.
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Fig. 8.1. HRCT scan of q type opacities. Opacities of predominant q type are seen. These
nodules are sharply demarcated and rounded

Fig. 8.2. HRCT scan of p type opacities. Numerous tiny branching lines of ill-defined
punctate opacities, usually in a centrilobular location, are seen
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L -
Fig. 8.3. HRCT scan of focal emphysema. Centrilobular areas of low attenuation with a
central dot are seen (arrows)

CT imaging in silicosis

Silicosis is characterized by the presence of small discrete nodules extensively
distributed in the upper zones of the lung, with a posterior predominance (Fig.
8.4). Micronodules can be detected in the subpleural areas, and confluence of the
subpleural micronodules may simulate pleural plaques and is referred to as pseu-
doplaques (Fig. 8.5). Progressive massive fibrosis (PMF) is seen as irregularly
shaped masses, most frequently in apical and posterior segments of upper and
lower lobes, with peripheral parenchymal distortion (Fig. 8.6) [3]. Cavitation can
occur from ischemic necrosis or accompanying tuberculosis. PMF and nodules
may occasionally calcify. Low attenuation areas in PMF are sometimes seen.
Cavitation usually occurs after large low attenuation area appears in PMF. As
conglomeration develops, the affected lung loses volume and compensatory em-
physema occurs in the unaffected portion.

Acute silicosis occurs in subjects exposed to very high concentrations of silica
over periods of as little as a few weeks. The radiographic findings are similar to
those in alveolar proteinosis. HRCT scans show a diffuse ground-glass or atveolar
pattern.
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Fig. 8.4. HRCT scan of silicosis. Nodules are predominantly posterior in distribution

Fig. 8.5. HRCT scan of silicosis. Subpleural micronodules along the concavity of the chest
wall mimic a pleural plaque (pseudoplaque) (arrows)
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Fig. 8.6. HRCT scan of complicated silicosis. Progressive massive fibrosis (PMF) is seen in
posterior segments of upper and lower lobes. Compensatory emphysema is seen around the
PMEF

CT imaging of coal worker’s pneumoconiosis (CWP)

The inhalation of coal mine dust may lead to the development of coal worker’s
pneumoconiosis (CWP) and silicosis. The characteristic lesion of CWP is the col-
lection of closely packed dust-laden macrophages around the respiratory bronchi-
ole which contains little collagen, so-called coal dust manule. Another type of le-
sion is the fibrotic nodule. Reflected with the pathological findings, small nodular
opacities are classified into two patterns: ill-defined tiny hyperattenuating areas
that appear either as fine branching structures or as a few dots clustered together;
or well-defined, discrete nodules. The appearance of PMF seen in CWP is similar
to that in silicosis. However, histopathologically PMF of coal or other carbona-
ceous pneumoconiosis is distinguished from a silicotic conglomeration by the ex-
cess of black dust, and by the absence of individually identifiable silicotic nodules
with their distinctive whorled pattern in the aggregate. Complicated pneumoco-
niosis is defined by the presence of nodules measuring 1 cm or more, that is PMF.
Complicated pneumoconiosis is associated usually with a large amount of bullous
scar emphysema. Central lesions tend to contact toward the hilum, whereas pe-
ripheral lesions are often seen with a thickening of overlying extrapleural fat [3].
Diffuse interstitial pulmonary fibrosis (DIPF) is sometimes found in the lungs
of coal miners. The overall incidence of DIPF is approximately 18 percent [4].
DIPF in coal workers is associated with irregular opacities. Caplan’s syndrome or
rheumatoid pneumoconiosis consists of rounded discrete rheumatoid nodules
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ranging in size from 0.5 to 5 cm in diameter, superimposed on pneumoconiotic
opacities. These nodules appear rapidly and often cavitate.

CT imaging of asbestosis

The common HRCT findings of asbestosis include thickened intralobular lines,
irregular thickening of interlobular septae, subpleural curvilinear lines, parenchy-
mal bands, ground-glass opacity, and honeycombing (35, 6]. In asbestosis, core re-
gions of intralobular interstitium, that is centrilobular regions, are more affected.
The thickened intralobular lines showed predominant subpleural distribution. The
subpleural lesions appear as dotlike structures a few millimeters from the pleural
surface. Some of them appear as fine branching structures, and some are con-
nected with the most peripheral branch of the pulmonary artery (Fig. 8.7). The
subpleural dotlike structures are arranged along the inner chest wall and resemble
a curvilinear line (Fig. 8.8). Interlobular lines are 1-2 cm in length and are seen in
the subpleural parenchyma, extending peripherally toward the pleural surface and
contacting it. Subpleural curvilinear lines are defined as linear areas of increased
attenuation seen within 1 cm of the pleura and parallel to the inner chest wall.
Parenchymal bands are defined as linear densities from 2 to 5 cm in length cours-
ing through the lung, usually to contact the pleura. Hazy patches of increased at-
tenuation of various sizes are seen in the subpleural dependent or nondependent
parenchyma, often accompanied by other architectural abnormalities. In the sub-
pleural location, unlike gravity-dependent opacity, the hazy patches are discon-
tinuously arranged and do not disappear when the patient is in the prone position.
Small cystic spaces with thick walls are seen, mingled with other areas of in-
creased attenuation. Honeycombing is defined as an accumulation of cystic spaces
with thickened walls. Lobular areas of low attenuation, which represent areas of
air-trapping, may be seen in the affected lung.
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Fig. 8.7. HRCT scan of asbestosis. Thickened intralobular core lines. The subpleural lesions
appear as dotlike structures a few millimeters from the pleural surface (arrows)

Fig. 8.8. HRCT scan of asbestosis. Subpleural dotlike lesions are arranged along the inner
chest wall (arrows).
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The thickened intralobular lines are shown histologically to be due to peri-
bronchiolar fibrosis with subsequent involvement of the alveolar ducts. Thickened
inlerlobular lines are due mainly to interlobular fibrotic or edematous thickening.
Subpleural curvilinear lines correspond to peribronchiolar fibrotic thickening
combined with flattening and collapse of the alveoli due to fibrosis. The distance
of the subpleural curvilinear lines from the inner chest wall is never > 1.0 cm but
is mostly < 0.5 cm [7]. The curvilinear lines observed at distance of about 1.5 —2
cm from the inner chest wall are due to the thickened secondary lobular septa [8]
or plate-like atelectasis in the corticomedullary junction of the lung [9]. Areas of
ground-glass attenuation are shown to be the result of mild alveolar wall and in-
terlobular septal thickening due to fibrosis or edema. Parenchymal bands corre-
spond to fibrosis along the bronchovascular sheath or interlobular septa, with dis-
tortion of the parenchyma caused by traction of the thickened pleura [5].

To determine the earliest stage at which lesions in asbestosis can be diagnosed
and to assess their progression, asbestos-exposed patients with profusion score of
less than 1/1 were examined with serial HRCT, with an interval one — three years
between examinations [10]. On the basis of the paired serial CT findings, Figure
8.9 shows progression of asbestosis on HRCT. The paired serial CT scans showed
that subpleural isolated dots or branching lines connected with the most peripheral
branch of the pulmonary artery stated to appear in lower subpleural zones and then
became confluent to create pleural-based nodular irregularities and subpleural
curvilinear lines. Ground-glass opacity appears around these parenchymal abnor-
malities. Later, small cystic spaces appear in these perenchymal abnormalities.
Early findings in asbestosis include subpleural thickened intralobular lines, thick-
ened interlobular septal lines, subpleural curvilinear lines, and ground-glass opaci-
ties, without lung distortion or with slight lung distortion. Honeycombing, traction
bronchiectasis, and severe lung distortion are late findings of asbestosis. Paren-
chymal bands caused by traction of the thickened pleura may appear without as-
bestosis. Parenchymal bands are often associated with diffuse pleural thickening.
Gevenois et al. [11] described that the association of parenchymal bands and dif-
fuse pleural thickening in the same cluster suggested that these bands reflect vis-
ceral pleural fibrosis rather than interstitial fibrosis. Because of associated abnor-
malities of the pleura, “ infolding > of the lung occurs (rounded atelectasis).
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Fig. 8.9. Progression of asbestosis on HRCT. A4; Dot-like lesions appear in the subpleural
region. B; The dot-like lesions increase in number. C; Ground-glass opacity appears but
with the lung architecture preserved. D; Small cystic spaces appear with lung distortion. E;
The dot-like lesions create subpleural curvilinear lines. F; Pleural-based nodular opacities
appear

CT imaging in other pneumoconioses

Four distinct forms of pulmonary disease caused by talc have been described. The
first form, talcosilicosis, is caused by talc mined with high-silica-content mineral.
Findings in this form are identical with those of silicosis. Talcoasbestosis closely
resembles asbestosis and is produced by crystalline talc, generally inhaled with
asbestos fibers. The third form, talcosis, caused by inhalation of pure talc, may in-
clude acute or chronic bronchitis as well as interstitial inflammation; radiographi-
cally, it appears as interstitial reticulations or small, irregular nodules, typical of
small-airway obstruction (Fig. 8.10). The fourth form, due to intravenous admini-
stration of talc, is usually associated with abuse of oral medications and produc-
tion of vascular granulomas manifested by consolidations, large nodules, and
masses [12]

The typical HRCT findings in arc welder’s siderosis are ill-defined micronod-
ules diffusely distributed in the lung. Some of the micronodules appear as fine
branching lines (Fig. 8.11). In less affected lung, micronodules show centrilobular
distribution [13]. The micronodules do not reflect reactive fibrosis but, rather, ra-
diopaque accumulations of iron particles that lie within macrophages, aggregated
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along the perivascular and peribronchial lymphatic vessels. The HRCT appearance
sometimes resembles with that of hypersensitivity pneumonitis.

Aluminum pneumoconiosis can produce several CT appearances: predomi-
nantly reticular fibrosis; predominantly nodular fibrosis; and upper lung fibrosis
[13] (Fig. 8.12). Fibrosis is usually most severe in the upper lung zones, although
it may be diffused. The HRCT findings in the early stage of aluminum
dust-induced changes that could be diagnosed for the first time using HRCT in a
worker exposed long-term to high levels of aluminum dust are described. The
HRCT findings were characterized by small, centrilobular, nodular opacities and
slightly thickened interlobular septae [14].

The HRCT findings in two hard metal workers are reported [13]. The common
HRCT findings included bilateral air space consolidation or ground-glass attenua-
tion, which were mainly panlobular and multilobular in character, with parenchy-
mal distortion (Fig. 8.13). Traction bronchiectasis and bronchiolectasis were evi-
dent in the consolidation. Typical honeycomb appearance was not found, but the
presence of air bronchiolograms within areas of intense lung attenuation with
parenchymal distortion suggested the existence of microscopic honeycombing
[13].

Fig. 8.10. HRCT scan of talcosis. Diffusely distributed ill-defined small nodules and
ground-glass opacity are seen
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Fig. 8.11. HRCT scan of siderosis. Ill-defined centrilobular nodular areas of ground-glass
attenuation diffusely distribute throughout the lung. The HRCT appearance resembles that
of hypersensitivity pneumonitis

Fig. 8.12. HRCT scan of aluminum pneumoconiosis. Areas of ground-glass attenuation
with intralobular interstitial thickening and traction bronchiectasis is seen
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Fig. 8.13. HRCT scan of hard metal pneumoconiosis. Multilobular consolidation with bul-
lae and traction bronchiectasis and bronchiolectasis is seen
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In this chapter, we provide case presentations of various pneumoconioses with ra-
diological and pathologic correlation. Included here are classical silicosis, asbes-
tosis, talcosis, arc-welder’s pneumoconiosis and mixed dust pneumoconiosis. In
recent years, the incidence of classical silicosis is on the decline, whereas mixed
dust pneumoconiosis has become increasingly frequent and, thereafter, has got the
importance in clinical setting. A few years ago, based on this recognition, the au-
thors held an international meeting about mixed dust pneumoconiosis and made
clear its clinical and pathologic findings and proposed its definition (1). We
briefly describe the concept and definition of mixed dust pneumoconiosis.

Definition of mixed dust pneumoconiosis (MDP)

Mixed dust here does not mean mixed dusts of any kind. A consensus was
reached in terms of the definition of mixed dust pneumoconiosis at the Nikko
Symposium in 1997 (1)—

1) Mixed dust pneumoconiosis (MDP) is caused by occupational exposure to
crystalline silica (less than 18%) and non-fibrous silicates including talc,
mica, and kaolinite.

2) Pathologically, MDP is defined as a pneumoconiosis composed of a com-
bination of dust macules and mixed dust fibrosis with or without a small
number of silicotic nodules or massive fibrosis.

3) Jobs probably causing mixed dust pneumoconiosis include foundry, weld-
ing, stone processing, production and handling of diatomite and concrete,
cosmetics (containing talc or diatomite), construction of tunnels and dams,
gravel collection, and building demolition.
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Manifestation of MDP in relation to dust exposure level in
workplace

The growing incidence of MDP is closely related to the improvement of dust ex-
posure level so far (2).

In Japan, the governmental regulation of dust exposure level in ore mining be-
gan at 1948, when dramatic change in ore mining method ensued (3).
In the high exposure period (before 1950), the predominant type of disease was
silicosis. Many of the patients had large opacities in addition to small rounded
opacities, and showed severe impairment in their respiratory physiology. About
30% were complicated with tuberculosis, which did not respond to the therapeutic
regimen at that time (2). Most of them died within 3 years after hospitalization.
In the low-level exposure period (after 1950), the disease had gradually shifted
toward MDP with a decreased profusion of small rounded opacities and an in-
creased prevalence of irregular opacities. Patients have become to live longer but
at the same time the incidence of lung cancer increased in the elderly pneumoco-
niotics. In recent years (1970-) when exposure level has become minimal, not only
the profusion of small rounded opacity but also the incidence of pneumoconiosis
has dramatically been reduced.
All the cases presented here are selected from a large series of pneumoconiotics
treated and autopsied in Rosai Hospital for Silicosis for the past 50 years (4). We
believe that these cases provide important and useful information about pneumo-
coniosis that occurred in Japan in the last century.
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Case 1

A case of mixed dust pneumoconiosis in a 77-year-old man who worked as a
hauler in a metal mine for 24 years. Died of double lung cancers. He has been a
life-long smoker.

Fig. 9.1. A PA chest radiograph reveals a few numbers of small rounded opacities and ir-
regular opacities in both upper lung zones. A well-defined mass, 4 cm in diameter, is noted
in the right upper lobe. Pulmonary vessels have become sparse and overinflation of the lung
is obviously identified. The radiograph is read as 1/1, p/s with symbol ca according to ILO
classification
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Fig. 9.2. CT scans demonstrate a round mass in the right upper lobe with lobulated contour,
suggesting a probable lung cancer. Obvious pulmonary emphysema and small nodular
opacities are noted as well
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Fig. 9.4. Gough-Wentworth whole lung section demonstrates large tumor replacing the
right upper lobe, sparse pigmented fibrous nodules and advanced emphysematous change
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Histological findings—

Fig. 9.5a, b. Magnified image of silicotic nodule by Elastica-Goldner stain (a). Under po-
larized light (b), sparse birefringent dust particles (silicate) are identified
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Fig. 9.6. Mixed dust fibrosis with marked emphysema

Fig. 9.7. Diffuse interstitial fibrosis with microscopic honeycombing
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Case 2

A case of classical silicosis.
A 67-year-old man who worked in coal mines as a driller for 13 years. Died of

congestive heart failure.

1998

Fig. 9.8. A PA chest radiograph reveals multiple small rounded opacities involving all lung
zones bilaterally. These nodules are clearly defined. Note that there are eggshell calcifica-
tions in both hilar lymph nodes. According to the ILO classification, this radiograph is read
as 2/2 g/q and es
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Fig 9.9. Spiral CT scans obtained with 10-mm collimation demonstrate well-defined nod-
ules in all lung zones with slight predominance in the upper lobes
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Fig. 9.10. Gough-Wentworth whole lung section demonstrates scattered silicotic nodules
throughout the lungs and heavy deposition of dust in the hilar lymph nodes
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Histological findings—

Fig. 9.11. Silicotic nodules

Fig. 9.12. Confluent nodules in the subpleural parenchyma that is associated with fibrous
pleural adhesion
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Case 3

A case of mixed dust pneumoconiosis and lung cancer.
An 86-year-old man who worked as a hauler in a metal mines for 24 years and
died of lung cancer.

Fig. 9.13. A PA chest radiograph reveals a small number of g-size small rounded opacities
in both upper lung zones. A larger nodule is noted in the right hilar area (white arrow).The
ILO classification is 1/1 q/q, ca
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Fig. 9.14. CT scans with 10-mm collimation at upper lung zones show multiple tiny nod-
ules in the posterior portion of both upper lobes
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Fig. 9.15. CT scans with mediastinal window setting shows a nodule of 2-cm in diameter in
the periphery of right upper lobe

Fig. 9.16. Gough-Wentworth whole lung section shows moderate number of pigmented fi-
brous nodules, collapsed right upper lobe and pigmented hilar lymph nodes
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Histologic findings —

Fig. 9.17a, b. Mixed dust fibrosis shown for stellate nodules with birefringent dust particles
deposited in the nodule (b; under polarized light)
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Case 4

A case of mixed dust fibrosis and diffuse interstitial fibrosis.
An 85-year-old man who was a pit worker in a metal mine for 33 years. He died of
lung cancer (small cell carcinoma).

Fig. 9.18. A PA chest radiograph reveals densely distributed irregular opacities throughout
the lungs with honeycombing. Elevation of the right hemi-diaphragm is noted. The ILO
classification is 2/2 s/s, ho
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Fig. 9.19. CT images of the upper and middle lung zones demonstrate diffuse interstitial fi-
brosis with honeycombing. There are multiple large bullae as well
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Fig. 9.20. CT images of the lower lung zones show extensive areas of honeycombing and
an irregular shaped nodule in the left lower lung posteriorly (arrowhead), suggesting a pos-
sible lung cancer

Fig. 9.21. Gough-Wentworth whole lung section demonstrates diffuse interstitial fibrosis in
the lower lobes and sporadic pigmented fibrous nodules in the upper lobes
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Histologic findings—

Fig. 9.22. Advanced diffuse interstitial fibrosis with honeycombing

Fig. 9.23. Mixed dust fibrotic nodules with emphysematous change
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Case 5

A case of mixed dust pneumoconiosis in a 71-year-old man who worked in a
foundry as an arc welder for 30 years. He died of respiratory failure.

Fig. 9.24. A PA chest radiograph reveals densely scattered tiny rounded opacities through-
out the lungs. The ILO classification is 2/2, p/p



126

Fig. 9.25. Magnified CT images of right lung show densely disseminated small nodules that
are located centrilobularly

Fig. 9.26. Gough-Wentworth whole lung section shows sporadic pigmented fibrous nod-
ules, dust macules and centrilobular emphysema
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Histologic findings—

Fig. 9.27a, b. A degenerated silicotic nodule with birefringent dust particles under polarized
light

Fig. 9.28. A stellate nodule of mixed dust fibrosis with deposition of birefringent dust par-
ticles
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Fig. 9.29. Non-asbestos ferruginous body showing a black fibrous core

Fig. 9.30. A cluster of ferruginous bodies adjoining the fibrotic area
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Case 6

A case of asbestosis in an 84-year-old man who worked in a foundry for 42 years.
He died of lung cancer.

Fig. 9.31. A PA chest radiograph reveals diffuse irregular opacities of s-size throughout
both lungs. There are two small irregular tumours in the right costophrenic angle (black
arrow) and in the left upper lobe (white arrow), respectively. The appearance suggests lung
cancers. The ILO classification is 3/3, s/s, ca, pi, ho, pc
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Fig. 9.32. CT images demonstrate dense distribution of reticular and linear opacities
throughout the lungs accompanied with pulmonary emphysema and bullae. There are two
nodules suggesting lung cancers, one in the left upper lung (white arrow), and the other in
the right lower lung (black arrowheads)
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Fig. 9.33. CT images with mediastinal window setting show calcified plaques in the left
middle lung zones, suggesting asbestos-related pleural abnormalities (white arrows)
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Fig. 9.34. Gough-Wentworth whole lung sections reveal diffuse interstitial fibrosis, spo-
radic pigmented nodules and markedly emphysematous parenchyma
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Histologic findings—

Fig. 9.35. Intra-alveolar asbestos body
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Fig. 9.36. Diffuse interstitial fibrosis with honeycombing
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Fig. 9.37a, b. Mixed dust fibrosis having a large amount of birefringent dust particles under
polarized right
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Case 7

A case of asbestosis associated in a 59-year-old man.
He engaged in asbestos spraying for 22 years and died of respiratory failure.

Fig. 9.38. A PA chest radiograph reveals dense distribution of irregular opacities in both
middle and lower lung fields. Diffuse pleural thickening is noted in both lower zones, a
finding typical of asbestos-related pleural disease. A calcified plaque is visible on the right
hemi-diaphragm (arrow). The ILO classification is 2/2, s/s, ih, pc, pt
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Fig. 9.39. CT images show diffuse interstitial fibrosis in both middle and lower lung zones
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Fig. 9.40. CT images with mediastinal window setting demonstrate diffuse pleural thicken-
ing. Calcified plaque is noted on the right hemi-diaphragm

Fig. 9.41. Gough-Wentworth whole lung sections demonstrate diffuse interstitial fibrosis
and markedly thickened pleurae
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Histologic findings—

Fig. 9.43. Diffuse interstitial fibrosis with microscopic honeycombing
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Case 8

A case of talco-asbestosis in a 68-year-old man who was engaged in crushing of
diatomaceous earth and packing talcum powder in a talc factory for 13 years. Died
of cor pulmonale.

Fig. 9.44. A PA chest radiograph reveals diffuse interstitial fibrosis and multiple large
opacities in both lungs. A cavity with fluid level is noted in the right upper lung. The ILO
classification is C, 2/2, t/t, cv, pt



139

Fig. 9.45. CT images demonstrate a large cavity with fluid level in the right upper lung
zone. In the lower zones, ground-glass and reticular opacities are noted bilaterally, sug-
gesting diffuse interstitial fibrosis

Fig. 9.46. Gough-Wentworth whole lung section demonstrates large pigmented cavitary
masses in the upper lobes, diffuse interstitial fibrosis and marked honeycomb change in-
volving the right lower lobe, sporadic pigmented fibrous nodules and diffuse pneumonic
consolidations in the lower lobes
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Histologic findings—

Fig. 9.47a, b. Talc granuloma is noted in the center of this image. Note the clusters of as-
bestos bodies in the alveoli (wedges) (a) and numerous birefringent talcum particles (b)

Fig. 9.48. A cluster of asbestos bodies surrounded by a fibrotic talc granuloma
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multislice —, 25
post-expiratory —, 5
prone —, 7, 13, 15, 26
sequential —, 17
supine —-, 13, 26
spiral —, 25
spiral-multi-slice —, 17, 26
spiral-single-slice —, 17
volume —, 25, 27

cyst, 6,7

dependent opacity (oedema), 7, 25, 26

diaphragm, 17, 22
diffuse pleural thickening, 7, 12, 21
digital chest radiograph, 28
distortion, 10, 25

lung —, 10
dotlike lesion, 7, 13, 18

effusion, 25
eggshell calcification, 8, 25
emphysema, 6, 8, 27

acinar —, 19

cicatricial —, 19

panlobular —, 19

panlobular/muitilobular —, 11
endothoracic fascia, 11
end-stage pulmonary fibrosis, 8
extent, 21
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fat pad, 25 mosaic perfusion, 9, 10, 19, 25
full-size image, 28

Nikko Agreement, 27, 28
grade, 8, 11, 17 nodule, 10, 12
Granuloma, 25
ground-glass opacity (attenuation), 5,
7-10, 13, 19, 27 P, 12,17
paravertebral space, 22
parenchymal band, 11, 18, 21, 25

helical slice, 27 parietal type pleural thickening, 11, 20
honeycomb cyst, 7 pleura, 11

honeycombing, 8, 19 pleural calcification, 22
hypersensitivity pneumonitis, 18 pleural effusion, 12

hypoventilation, 26 pleural plaque, 11

pneumoconiosis, 1, 15
pneumonia, 20

idiopathic pulmonary fibrosis, 27 predominance, 20

ILO 1980 Classification, 1, 11, 28 profusion, 11

image quality, 27, 28 progressive massive fibrosis, 12
imaging parameter, 25, 28 pseudoplaque, 12

inferior pulmonary vein, 17 p-type silicosis, 10, 13

inhomogeneous attenuation, 9, 19
inspiration, 26
intercostal muscle, 11 Q, 12,17
interlobular opacity, 9, 18 quality, 17
intralobular opacity, 9, 18
irregular opacity, 9, 19
R, 12,17
radiation exposure, 27
Kerley’s line, 9 radiation fibrosis, 26
radiation load, 27
reading sheet, 15, 25

large opacity, 9, 10, 12, 20 reference CT film, 8, 15
low-dose method, 27 rounded atelectasis, 9, 12, 20, 25
lung cancer, 25 rounded opacitiy, 12, 15, 17

lung fibrosis, 10
lymphangitic carcinomatosis, 26

lymphoma, 8 sarcoidosis, 8
scan
expiratory —, 26
macule, 10 single-slice —, 25
malignant mesothelioma, 1, 25 volume —, 27
mediastinum, 22 screening, 15
minified film, 28 secondary lobule, 7, 9, 11, 27

mixed dust pneumoconiosis, 8 silicosis, 8, 12, 15, 26



slice thickness, 17, 26

small rounded opacity, 10
standard film, 11

subpleural curvilinear line, 12, 25
subpleural fibrosis, 19, 21
symbol, 23

terminal bronchiole, 8
thin section, 25, 27
traction bronchiectasis, 13
translobular band, 18
tree- in- bud, 13, 25

tube current., 27
tuberculosis, 8, 25

ultra high algorithm, 25
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vessel, 27

visceral type pleural thickening, 8, 11,
20,21

voltage, 27

voxel size, 27

wall, 22
window
— level, 28
low —, 28
lung —, 28
wide —, 28
— width, 21, 28
zone, 15





