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INTRODUCTION

In recent years, it has become increasingly clear, on the basis
of human and experimental data, that lung fibrosis associated
with mineral dust inhalation was the end-stage phenomenon
of a long chronic inflammatory process initiated by the reten-
tion of biologically active mineral particles in the lung tissue.

The early stages of lung tissue reaction to mineral dust deposi-
tion is characterized by an excessive accumulation and activa-
tion of macrophages in the peripheral bronchoalveolar tissue.
This is well documented both in animal studies® and in
humans.45-6 Asbestos dust inhalation produces the fun-
damenital early lesion of asbestosis the peribronchiolar fibros-
ing alveolitis; quartz dust inhalation produces the more
nodular, often perivascular accumulation of macrophages and
lymphocytes in the alveolar spaces of lung tissue.

As these mineral dust diseases progress, they are associated
with extension of the process to the adjacent alveolar and in-
terstitial lung tissues which leads to diffuse interstitial lung
fibrosis. However, we know now that this process can be
limited to its early peribronchiolar reaction and leave the lung
tissue nearly intact. This is particularly the case for asbestos-
induced lung disease. In silica-induced lung disease,!! after
the initial nodular lesion, the process becomes less inflam-
matory, fibroblasts accumulate in the nodules with excessive
deposition of reticulin and collagen in and between the cells
in the nodule, and eventually the fibrotic collagenous process
aggregates the individual nodules to form masses of fibrotic
tissue.

Knowing these fundamental pathological processes, strategies
to detect these diseases at an early inflammatory stage have
been developed.

MODES OF DETECTION

Rales

The observation of bilateral basilar end-inspiratory in asbestos
workers with or without asbestosis suggest that auscultatory
rales are found in most workers with asbestosis; their profu-
sion correlates fairly radiographic and functional parameters
of severity of asbestosis.? However, rales are the initial find-
ing of disease in asbestos workers in less than 5% of cases and
when present, they likely reflect a fibrotic process already in
place. In quartz exposed workers, rales are usually absent and
of limited interest in detection of silicosis.

Chest Radiograph

The standard PA high kilovoltage chest radiograph is the
definite indicator of the mineral dust pneumoconiosis and its
value has been well established for the detection of both
asbestosis and silicosis. However, it has been documented that
the chest radiograph can be normal in up to 10% of symp-
tomatic patients with proven interstitial lung disease. In
asbestosis, we have documented similar findings,>-5 and in
silicosis substantial pathological changes in the lung tissues
have been observed in stone cutters with normal chest
radiograph.!’ Thus, whereas chest radiograph is a useful
mode of detection of disease, cannot be considered as a sen-
sitive indicator of early disease.

Computed Tomograph of the Thorax

In asbestos related pleuropulmonary diseases, earlier clinical
studies!*:!4 on relatively small populations of patients have
found that the CT scan was significantly more sensitive than
conventional chest X-rays in the detection of disease. We ob-
tained a CT scan of the thorax in 127 long term asbestos
workers who were also evaluated by conventional
posteroanterior (PA), lateral and obliques (4-view) X-rays,
and clinical and functional evaluations.? Qur analysis of the
total scores of the pleuropulmonary changes and profusion of
parenchymal opacities shows that the three methods can detect
about the same total amount of abnormalities in each subset
of workers, which is at variance with previous clinical
reports. 1314 Pleural plaques were scored slightly higher on
the four-view films than on the PA film, in agreement with
a previous report comparing these methods, '*14 but pleural
plaques were scored significantly lower on the CT scan, most-
ly because of the lower yields at the costophrenic angles and
diaphragms. The largest discrepancies between the three
methods were observed in the evaluation of pleural calcifica-
tions. On PA films, calcified pleural plaques were often
suspected, but could be confirmed by one of the other methods
in only two of nine cases. Of the 27 definite pleural calcifica-
tions detected in our 127 asbestos workers, however, 14 were
detected only by CT scan and all those detected by the PA and
four-view films were also observed on the CT scan. Our data
on asbestos workers without sufficient criteria for asbestosis
but with rigid P-V curve and increased Ga-67 lung uptake
show that the CT scan does not detect significantly more
pleuropulmonary abnormalities than PA films. With both
methods, workers with early asbestos alveolitis could not be
separated from those without asbestos alveolitis or asbestosis,
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In 58 silica-exposed workers, we have also used computed
tomography of the thorax.? On the basis of chest radiograph,
6 were without silicosis, 30 had simple silicosis without
coalescence or large opacity, 13 had silicosis with coalescence
and 9 had silicosis with large opacity. In the presence of sim-
ple silicosis without coalescence or large opacity on plain chest
film, CT scanning of the thorax revealed conglomerations in
10/30 cases, 70% of which could not be secn with the addi-
tion of lateral and oblique chest films. This additional infor-
mation on the presence of conglomeration is particularly im-
portant as it identifies the presence of a complicated disease
which could be either early coalescence of silicotic nodules,
tuberculosis or other lung processes such as lung tumor. Fur-
ther investigations docurnented that of the 10 conglomerations
detected by CT scan only, 2 were tuberculous lesions, 1 was
a carcinoma and 7 were of silicotic origin. It has been reported
in the last year that the use of ultra-thin CT scan cuts (1-2 mm)
may improve the imaging of interstitial reticular or nodular
lung lesions. However, these clinical observations by others
and ourself have not been scientifically validated.

Gallium-67 Scan

Ga-67 scanning has been used in clinical medicine for over
15 years in the detection of tumors and sites of occult infec-
tion, two disease processes associated with chronic inflam-
mation. The mechanisms of localization of the radionuclide
in the inflammatory site, however, has been only partially
clarified recently. After intravenous injection of the ra-
dionuclide, Ga-67 is rapidly bound to serum proteins, transfer-
rin, haptoglobin and albumin, and less than 1% is transferred
to the leucocytes. Gallium-67 lung uptake is primarily
associated with activated macrophages producing excessive
amount of fibronectin* and to correlate with histopatho-
logical scores of inflammation in lung tissue and with BAL
levels of Ga-67 radioactivity retrieval .

In asbestos workers of the mines and mills of Quebec, we have
obtained routinely Ga-67 scans in over 300 workers who can
be divided into 4 categories:

A = workers without asbestosis and normal scan,

B = workers without asbestosis and abnormal scan,
C = workers with asbestosis and abnormal scan,

D = workers with asbestosis and normal scan.

The workers in groups A and B have chest radiograph in the
ILO categories 0/1 or 0/0 and they do not have bilateral rales
on auscultation. Their lung volumes are within normal predic-
tion but some 66 % of the workers in group B have increased
rigidity of the lung pressure-volume curve and exercise in-
duced hypoxemia.3!! On lung biopsy, they have a peribron-
chiolar macrophagic alveolitis. The workers in groups C and
D have radiographic changes of category 2 1/0, the majori-
ty of them have bilateral rales and a restrictive pattern of lung
function. What differentiates groups C and D is that workers
with asbestosis in group C have increased Ga-67 lung uptake
whereas those in group D have a normal scan. These dif-
ferences between groups A and B or C and D are not related
to pleural disease, ! but relate best to the rate of fall of vital
capacity; the workers with enhanced Ga-67 lung uptake have
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increased rates of decline of vital capacity per year.

We have obtained computer-based quantitative analysis of
Ga-67 uptake in a group of 46 long term workers exposed to
silica dust at work in the granite industry or in foundry and
in a group of 13, age, sex and smoking habit matched con-
trols. In the controls, Ga-67 scan index averaged 1.77 + 0.46;
in the 11 workers exposed to silica dust without silicosis, the
index was 3.05 £+ 0.69. In 12 workers with simple silicosis
3.75 £ 0.70; in 8 workers with silicosis and coalescence it
was 7.25 + 2.23 and in 15 workers with large opacities it was
7.97 + 1.03. These data therefore confirm the work of
Siemsen in documenting that Ga-67 lung uptake is enhanced
in silicosis and document that in long term silica-exposed
workers with or without simple silicosis, Ga-67 lung uptake
is increased at 200% control value and when the disease
becomes complicated by coalescence and/or large opacity, the
Ga-67 uptake is further enhanced to 400% control value.

Bronchoalveolar Lavage

In the interstitial lung disease which could be related to
asbestos exposure, BAL analyses are of interest: 1) to
eliminate other etiologies of lung injury, 2) to document
asbestos exposure, 3) to support other clinical information,
4) to study the biological mechanisms. Following our initial
report of a substantial number of long term workers with ab-
normal Ga-67 scan in the absence of other criteria for
asbestosis,! we have investigated several asbestos workers
and similar studies were conducted by Dr. Rom at NIH. In
these studies, it was documented that macrophages of the
bronchoalveolar space of asbestos exposed workers
demonstrated marked stmactural changes, were producing ex-
cessive amount of fibronectin, fibroblast growth factor and
increase y-interferon which could participate in the
pathogenesis of asbestosis. In our experimental studies in the
sheep model, we have fully reported similar evidences of ac-
tivated macrophages producing excessive amount of fibronec-
tin, fibroblast growth factor and neutrophil chemotactic fac-
tors. Thus, these data document that in support of a diagnosis
of early asbestosis (ashestos alveolitis), BAL analyses can pro-
vide additional information whicb pertains to several
mechanistic features of disease activity.

Among our silica workers presented in the Ga-67 scan sec-
tion of this paper, we obtained BAL in 17. In the workers
without silicosis (group 2), our results demonstrated increases
in total cellularity (X 2), macrophage ( x 2), lymphocyte (X
1.5), neutrophil (X 4), eosinophil (x 2), albumin (X 2.5) and
immunoglobulin IgM (X §), without increases in fibronec-
tin or procollagen. These data in silica exposed long term
workers without overt silicosis are essentially in agreement
with the data of Christman et al’® in documenting the
presence of a sub-clinical quartz alveolitis in these workers.
In the workers with simple silicosis, cellularity of BAL is fur-
ther increased, particularly for iymphocytes (X 4 control),
neutrophils (x 8 control) but with BAL biochemical results
comparable to those of group 2. In the workers with com-
plicated silicosis (coalescence and/or large opacity), cellularity
is also increased but, whereas albumin in BAL is now com-
parable to control, immunoglobulins IgG, IgA, IgM are the



highest, fibronectin and procollagen are highly increased (P
< 0.05), which would agree with the current concepts of an
activated fibrotic process. Of interest, we have also
documented that when the discase was radiographically detec-
table, there was a significant increase in fibroblast growth fac-
tor which was observed even in the absence of coalescence
and/or conglomeration.8

Pulmonary Function Tests

In the evaluation of early disease in asbestos workers, several
investigators have suggested that spirometry, diffusion and
gas exchange studies could identify workers with asbestosis
as well as chest radiograph. Futhermore, it has been
documented by Jodoin et al,!2 and confirmed in our own in-
vestigations that rigidity of the lung pressure-volume curve
could be seen in several workers without radiograph
changes.?* We have further documented that this finding
was usually associated with enhanced gallium-67 lung uptake
and when a lung biopsy was obtained, it showed the fun-
damental early macrophagic peribronchiolar alveolitis
associated with early asbestosis. Also we found that early
peribronchiolar disease did not significantly reduce the
spirometric flow rates but caused a slight increase in upstream
resistance only at low lung volumes.®

In silica-exposed workers, we have also obtained the usual
lung function tests as well as pulmonary mechanics. This is
the subject of distinct report.

DISCUSSION

Recent researches in the biology of the mineral dust
pneumoconioses have substantially increased our understand-
ing of the sequence of events leading to fibrosis of the lung.
Fibrosis in the mineral dust pneumoconioses is an end-stage
result of a chronic inflammatory process which is continuocusly
activated by the chronic retention of the mineral particles in
the lung tissue. In parallel, in-depth clinical investigations of
mineral dust exposed workers with or without pneumoconiosis
have identified workers without the classical findings of the
pneumoconiosis but with significant abnormalities of CT-
scan, lung lavage, Ga-67 lung scan and lung pressure-volume
curves similar to those of early disease in the animal studies.
These abnormalities can detect the early inflammatory lesion
of mineral dust pneumoconioses before its fibrotic stage.
Newer approaches to prevent fibrosis of the lung tissue are
currently under animal investigation in several laboratories.
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