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COAL WORKERS’ LUNG DISEASES

Intro iction and History

Coal miners are at risk for developing several distinct clinical
illnesses in relation to their occupational exposures. Historically,
some names applied to these disorders were miners’ asthma, ph-
thisis, anthracosis, and, in Scotland, miners’ black lung. It was
recognized early that these afflictions were related to the occu-
pation of mining. However, it wasn’t until the development of
specialized techniques such as chest radiography and pulmonary
function testing, the discovery of the tubercle bacillus, and the
sophisticated histologic examination of tissue that respiratory
diseases affecting miners could be differentiated and defined.
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Coal workers’ pneumoconiosis (CWP) is the parenchymal
lung disease that results from the inhalation and deposition of
coal mine dust and the tissue’s reaction to its presence. This oc-
cupational lung disease was first defined in the early 1800s. In
addition to CWP, coal mine dust exposure increases a miner’s
risk of developing chronic bronchitis and pathologic emphysema
and accelerates loss of ventilatory lung function.

For a long time, the pneumoconiosis that affected coal miners
was thought to be silicosis. In the 1930s, however, it was argued
for the first time that silicosis, CWP, and bronchitis were distinct
clinically and pathologically. Unfortunately, it was also suggested
that coal dust was not harmful, despite reports of the adverse ef-
fects from coal dust among coal trimmers. It was not until washed
coal that was free of silica was shown to produce a dust disease
in the lungs of stevedores leveling coal in the holds of ships that
CWP was widely accepted as a distinct pathologic entity.

In the United States, little attention was given to coal miners’
respiratory diseases until the Public Health Service (USPHS)
conducted a pilot prevalence study of CWP in the early 1900s.
Since then, a large number of studies, performed by the National
Institute for Occupational Safety and Health, have greatly in-
creased our knowledge of the lung diseases associated with coal
mining in the United States.!!

Coal and Coal Mining

Coal is not a pure mineral. It is a conglomeration of carbona-
ceous rocks derived from the accumulation of vegetation sedi-
mented under swampy conditions and subjected to extreme pres-
sure over long periods. Coals are characterized by rank (which
relates to geologic age), hardness, carbon content, and the
amount of heat released (BTUs) when burned. Peat is the low-
est-rank (softest) and geologically newest type of coal, while an-
thracite is the highest-rank (hardest) and oldest coal.

Since coal may be found in outcroppings and in seams that
are only a few feet below the surface, it can often be readily ob-
tained by simply scraping off the surface, or overburden, and
mined with large earth-moving equipment. This type of mining,
called strip mining, currently accounts for most U.S. coal pro-
duction. Occasionally, surface mining is also performed by bor-
ing into coal outcrops with an auger. Dust levels in the air at sur-
face mines are generally considerably lower than in underground
mines, with a few notable exceptions (see below).
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When coal seams are buried deep
within the earth’s crust, it is not eco-
nomically feasible to strip away the
overburden. The only practical way of
mining the coal is to sink shafts from
the surface to the coal seam and then
follow the seam with a series of more
or less horizontal tunnels. In the past,
shaft mines of this sort were the most
common type of coal mine in the
world. They still represent an impor-
tant source of coal and produce
slightly less than half of the coal
mined in the United States.

Not all coal-mining jobs are
equally exposed to respiratory haz-
ards. In underground mines, airborne
dust concentrations are highest at the
>oal cutting face, where coal is re-
:noved from the intact seams. Face
jobs include the loading of coal into
transportation vehicles or train cars
and, depending on the techniques
used in the mine, operation of con-
tinuous or long wall mining ma-
chines. Exposure to crystalline silica
and thus the risk of silicosis also oc-
cur in underground mines, particu-
larly in miners engaged in roof sup-
port, called roof bolting (Fig. 59-1), or drilling operations, and
in motormen who operate underground coal trains and use sand
for traction on the rails. Workers in some exclusively above-
ground coal-mining operations also may have important ex-
posure to dusts. These include workers at tipples and prepa-
ration plants, where crushing, sizing, washing, and blending
of coal are done and coal is stored and loaded into ships. rail-
road cars, or river barges. Workers at surface coal mines who
operate the drilling rigs (drillers), to make holes in which ex-
plosives are placed, are exposed to silica and are at risk for
the development of silicosis rather than CWP.!-6

FIGURE 59-1

Epidemiology of Lung Diseases in U.S.
Coal Miners

The first major survey of the health of American coal workers
was conducted by the USPHS from 1969 to 1971, evaluating
symptoms, lung function, and chest radiographic findings.>* This
study included more than 9000 miners at two anthracite and 29
bituminous mines. Participation in the survey was over 90 per-
cent. The mines were chosen to represent different geographic
areas, coal seams, and mining methods. Since this initial study,
subsequent surveys have studied miners at these and other U.S.
mines.

RADIOGRAPHIC FINDINGS

Radiographic data from the initial survey showed an overall
prevalence of simple and complicated CWP of nearly 30 per-

Roof bolting in underground coal mine. A potentially high-risk operation for res-
piratory exposures to airborne silica. (Photo courtesy of U.S. Bureau of Mines.)

cent. There was variation by region of the country and the type
(rank) of coal mined. Among eastern Pennsylvania anthracite
(high-rank) coal miners, 46 percent had simple and 14 percent
had complicated CWP. In contrast, among miners in the western
plateau of Colorado and Utah mining a lower-rank coal. only 5
percent had simple CWP and none had the complicated form.3*
Among underground miners, those working at the coal face and
exposed to higher concentrations of coal mine dust had higher
prevalences of CWP than surface workers or those whose jobs
caused them to enter the face area intermittently.

After this initial survey, many miners with CWP became el-
igible to retire. and follow-up studies have demonstrated a de-
cline in the prevalence of CWP in active US miners.!! Enforce-
ment of and compliance with dust control measures. adopted in
1969 and introduced about the time of the initial survey, also re-
sulted in a reduced attack rate of CWP. This was confirmed in
the periodic chest radiograph surveillance program in U.S. min-
ers. In 1970-73, CWP was found in 28 percent of participants
with 25 years or more underground. By 1992-95, fewer than 10
percent showed radiographic evidence of CWP (Fig. 39-2).1!
Compliance with lower exposure standards probably also re-
duced the risk of disease progression among miners with CWP
who continued to work in mines that were in compliance with
mandated dust standards.

Data from the U.S. studies noted above clearly demonstrated
that the prevalence of radiographic changes of simple CWP is
related to the duration and intensity of dust exposure. even at
current dust levels.” Data from studies of British miners also
demonstrated that the attack rate (incidence of new cases) and
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FIGURE 59-2 Percentage of miners with chest radiograph of ILO cat-
egory 1/0 or greater, by tenure in mining, 1970-95, examined in the
NIOSH Coal Workers’ Radiograph Surveillance Program. Criteria for a
recommended standard: Occupational exposure to respirable coal mine
dust.'® (Courtesy of Rochelle Althouse, National Institute for Occupa-
tional Safery and Health, Morgantown, WV.)

the probability of disease progression in simple CWP were re-
lated to the mass of respirable dust to which the miner was ex-
posed during his or her lifetime.?* The same cannot be said for
the complicated form of CWP—progressive massive fibrosis
(PMF). Once a person has inhaled sufficient coal mine dust into
the lungs for the chest radiograph to be classified with at least
ILO category 2 pneumoconiosis (see below), the probability of
its progressing to the complicated form appears to be indepen-
dent of any further dust exposure. The rate of progression to PMF
appears to be influenced chiefly by the age at which the miner
begins to show radiographic changes of CWP. Progression may
also be influenced by the presence of a rheumatoid diathesis (see
below).30

VENTILATORY LUNG FUNCTION

Ventilatory function was also evaluated in the large studies of
U.S. miners mentioned above. Initial reports examined miners’
lung function in comparison to their radiographic findings. Min-
ers with complicated CWP were found to consistently show an
important defect in lung function. This defect could be restric-
tive or obstructive, depending on the contributions of fibrosis and
bronchitis, respectively. In contrast to the ventilatory findings as-
sociated with progressive massive fibrosis, mild obstructive ab-
normalities were often noted in miners with simple pneumoco-
niosis. However, the findings were not consistent, and with
increasing category of simple CWP, the average functional decre-
ment was small and quite variable.3? Subsequent studies in the
United States and Great Britain helped to clarify the adverse ef-
fects of dust on coal miners’ lung function by evaluating lung
function with respect to the miners’ cumulative dust exposure.”®
They noted that miners manifest a progressively greater risk of
lung function loss with increasing cumulative dust exposure and

that this deterioration was independent of the chest radiographic
findings of CWP.3 The FEV, loss was most severe in those who
worked for many years at the dustiest jobs. Among smoking min-
ers, the effects of tobacco smoke appeared to be additive to the
dust effect.* The studies also noted that miners experience a more
rapid loss of lung function over their first few years of mining,
with slower dust-related declines after that time.*!

In summary, epidemiologic data have shown that coal miners
experience ventilatory lung function loss with increasing expo-
sure to dust, either in the presence or in the absence of CWP.
Among smoking miners, the effects of tobacco and dust appear
to be additive. Although. on average, functional losses associ-
ated with dust are small, it is estimated that 35 years of work at
the current dust limit will cause a clinically important FEV loss
in eight of 100 nonsmoking coal miners.?® When complicated
CWP is present, an additional restrictive or obstructive ventila-
tory deficit is often noted.

MORTALITY

Studies of mortality in coal miners have been reported from the
United States and Britain. The findings from both nations have
been generally consistent, revealing that miners experience in-
creased mortality attributable to pneumoconiosis. emphysema,
and chronic bronchitis. Radiographic findings of advanced CWP
(i.e., PMF) are consistently associated with mortality, especially
in categories B and C (see below). Among miners with simple
CWP, decreases in survival were significantly smaller.26-3! Of in-
terest is that miners’ risks of dying from emphysema and chronic
bronchitis exhibited a geographic pattern different from that as-
sociated with their mortality from CWP, suggesting that these
dust effects may be mediated by different mechanisms.!3

Pathology of Coal Miners’ Lung Diseases

The coal macule is the primary lesion of simple CWP and is es-
sential for the pathologic diagnosis of the disorder.?> The lesion
consists of a focal collection of coal dust in pigment-laden
macrophages around respiratory bronchioles, tapering off toward
the alveolar duct (Fig. 59-3). A fine network of reticulin is pre-
sent in the early lesion. Macules may also contain a small amount
of collagen, depending on the character of the initiating dust.
Centriacinar emphysema, the dilation and injury of lung gas ex-
change units, is also observed with increased prevalence in the
lungs of coal miners. The severity of this lesion is proportional
to the miner’s cumulative dust exposure and retention. Focal em-
physema is the form of centriacinar emphysema that is seen as
an integral part of the lesion of simple CWP. It is characterized
by enlargement of the airspaces immediately adjacent to the dust
macule (Fig. 59-3). Muscular thickening of pulmonary arteries
can be observed in both simple and complicated CWP. In severe
cases, especially when CWP is complicated or associated with
other disorders, cor pulmonale with hypertrophy of the right ven-
tricle is noted. Pathologic changes in the airways consistent with
chronic bronchitis, including enlargement of mucous glands,
have also been noted in miners’ lungs.

With increasing dust exposure, owing to the overwhelming of
the normal clearance mechanisms of the lung, coal-induced le-
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FIGURE 59-3 A coal macule, microscopic section. (Courtesy of Dr. Val Vallvathan, National In-

stitute for Occupational Safery and Health, Morgantown, WV.)

sions increase in size and number. These larger fibrotic lesions are
called coal nodules and are palpable in lung specimens. Palpable
coal nodules are classified as micronodular up to 7 mm in diam-
eter and macronodular if they are 7 mm or larger (Fig. 59-4).%

Complicated CWP or PMF is diagnosed when one or more
nodules in a lung specimen are noted to attain a size of 2 cm or
greater in diameter. The 2 ¢m cutoff is an arbitrary choice of a
minimal diameter that permits better correlation with clinical and
radiographic measurements.>> Radiographically, PMF is said to
be present when coal-induced radiographic shadows are at least
1 cm in diameter. These lesions are solid, heavily pigmented, and
rubbery to hard, and they occur most commonly in the apical
posterior portions of upper lobes or the superior segments of
lower lobes (Fig. 59-5). They tend to occur symmetrically, but
they may be asymmetric and cavitate. Airways and vessels ad-
jacent to the lesions may be distorted, and within the lesions.
they are destroyed. PMF generally occurs in association with
background pathologic changes of simple CWP.

Clinical Features of Coal Workers’
Lung Diseases

Some coal-exposed workers, even those with simple pneumoco-
niosis, do not manifest respiratory signs or symptoms. Others ex-
perience a variety of respiratory problems, with chronic cough
and sputum production being the most common. These symp-
toms are more common with increasing dust exposure and can
be seen in the presence or absence of simple pneumoconiosis.
The symptoms are probably related to bronchitic changes in the
large airways, including thickening of the airway wall and mu-
cous gland enlargement and hypersecretion. These findings re-
sult from continued inhalation of dust particles, presenting a
chronic burden to the mucociliary escalator. With more severe
airflow obstruction or advanced pneumoconiosis, dyspnea can
be noted. cough and sputum production are more frequent, and

edema of the lower extremities and cor
pulmonale may occur. Melanoptysis
(expectoration of black sputum) has
also been reported; it is due to the ex-
cavation of progressive massive fibro-
sis lesions.

Clubbing is not a feature of coal
miners’ lung diseases; if noted, it
should prompt further studies. In con-
trast to silicosis, CWP has not been as-
sociated with an increased risk for the
development of coexisting mycobacte-
rial infection. It should be kept in mind,
however, that in autopsy studies, the
lungs of 12 percent of miners show
classic silicotic nodules.'® Thus, the
appearance of a cavity in PMF should
prompt examination of the sputum for
typical and atypical mycobacteria.

RADIOLOGY AND
DIAGNOSIS OF CWP

The diagnosis of CWP can be made
with confidence, without histologic confirmation, in the presence
of an adequate history (at least five to ten years) of coal mine
dust exposure and a characteristic chest radiograph. The radi-
ograph in simple pneumoconiosis shows small opacities. rang-
ing in size from a pinhead up to 1 cm in diameter. Rounded nod-
ules predominate and tend to appear first in the upper zones and
invaded middle and lower zones as the number of opacities in-
crease. Progressive massive fibrosis is characterized by one or
more large opacities greater than 1 cm in diameter. An upper-
lobe predominance is typical of this complicated pneumoconio-
sis. Lower-lobe emphysema is also commonly noted, and at-
electisis and consolidation can be appreciated. High-resolution
computed tomographic scanning appears to be the most sensi-
tive radiologic technique in coal workers, since it can reveal
parenchymal nodules and emphysema when standard radi-
ographs are normal.'*

Several schemes have been used to classify the radiographic
shadows of pneumoconiosis in epidemiologic studies. Currently,
the 1980 classification of the International Labour Office (ILO) is
the most widely accepted.?> When the ILO system is used, simple
pneumoconiosis is divided into major categories 1, 2, and 3, ac-
cording to the profusion of small opacities in the lung fields. Cat-
egory O represents a normal radiograph. Each major category, in-
cluding 0, is subdivided into 3 minor categories, providing a range
of 12 categories for simple CWP. A reading of category 1/0 indi-
cates the definite presence of opacities consistent with pneumoco-
niosis (see Chapter 56). Complicated CWP (PMF) is divided into
categories A, B, and C, based on the size of the large opacities.

The clinician may be presented with the diagnostic dilemma
of distinguishing a primary or metastatic neoplasm from an un-
usual presentation of progressive massive fibrosis or Caplan’s
syndrome. When typical large opacities of PMF occur sym-
metrically and bilaterally on a background of simple CWP, one
can be confident that the lesions are unlikely to represent neo-
plastic disease. Prior radiographs from medical screening pro-









CHAPTER 59

COAL WORKERS’ LUNG DISEASES AND SILICOSIS

907

was included in the analysis, mine dust exposure resulted in
lung function losses about 38 percent of that attributable to
smoking (average 13 cigarettes per day).?

GAS EXCHANGE

Diffusing capacity has been studied in relation to the radi-
ographic changes of CWP. In general, the small rounded opaci-
ties seen in miners with simple CWP have not been associated
with measurable reductions in DLCO. However. subgroups of
miners do have abnormal diffusing capacities that correlate with
radiographic alterations. Gas transfer is often low when the large
opacities of complicated CWP are present, and it may also be
reduced in miners who show either predominantly pinpoint opac-
ities (“p” type by the ILO classification) or small irregular opac-
ities on their chest radiographs.!>3

Gas exchange on exercise has also been used in studying coal
miners. Many of the reports have been based on patients referred
for disability evaluations, and thus suffer from ill-defined selec-
tion biases. Exposure-response relationships are also unclear
with respect to findings in these series. Exertional hypoxia, pul-
monary arterial hypertension, and excess ventilation have fre-
quently been observed in miners, particularly those with com-
plicated CWP or airflow obstruction.?’3> However. the
proportion of miners who show exertional gas exchange abnor-
malities in the absence of either PMF or clinically important air-
flow obstruction is still a topic of investigation.!”

Caplan’s Syndrome

In 1953, Anthony Caplan described an association between dis-
tinctive nodular opacities in the lungs of Welsh coal miners and
rheumatoid arthritis.® The pulmonary nodules were 0.5 to 5 cm
in diameter, bilateral, and located peripherally. They often de-
veloped rapidly (over weeks) in the presence of a mild pneu-
moconiosis and could cavitate or calcify. In many cases, the pul-
monary opacities preceded the onset of the arthritis by months
to years. In others, the pulmonary nodules and arthritis appeared
coincidentally or the pulmonary lesions appeared only after the
arthritis was full-blown. In its early stages, the opacities of Ca-
plan’s syndrome and progressive massive fibrosis are readily dis-
tinguishable. They are not mutually exclusive, however: Caplan’s
lesions and PMF lesions have been found in the same subjects.
Although Caplan’s syndrome was originally seen in coal min-
ers, its definition has since been broadened to include patients
with rheumatoid arthritis, similar radiographic abnormalities, and
a variety of other pneumoconioses, including silicosis and as-
bestosis.

Immunology of CWP

The potential role of immunologic factors in the pathogenesis of
mineral dust pneumoconioses was first noted with the descrip-
tion of Caplan’s syndrome. A number of lines of evidence have
provided additional support for this concept. First, a Caplan’s-
like syndrome has been noted in miners without arthritis but with
circulating rheumatoid factor (RF), and coal workers with
rheumatoid arthritis have been noted to have an increased preva-

lence of progressive massive fibrosis. In addition, patients with
CWP have a high prevalence of autoantibodies, with RF and an-
tinuclear antibody (ANA) evaluations being positive in 9 to 10
percent and 17 to 34 percent of patients, respectively.843 It is
interesting to note that the prevalence of these autoantibodies
varies with the stage of CWP, with a positive ANA or RF being
detected in 13 percent of patients with simple CWP and 45 per-
cent of patients with stage C CWP.28-43.47

To further understand the mechanisms of injury and repair in
CWP, a variety of serum parameters have been examined in pa-
tients with simple and complicated CWP and Caplan’s syn-
drome.!® These studies noted significantly higher serum con-
centrations of C3, a;-antitrypsin, IgA. and IgG in anthracite
miners than in bituminous miners with PMF. Compared to nor-
mal controls, the miners’ C3, «;-antitrypsin, IgG, and IgA val-
ues were also elevated. The significance of these findings is not
clear, since the authors did not find any association between the
elevated immunoglobulins and FEV,. The IgA antibodies may
play a role, however, since IgA autoantibodies against collagen
and reticulin have been detected in the sera of patients with
CWP38

A reproducible feature of CWP is the variability in the re-
sponses manifested by different persons with similar levels of
dust exposure. As a result, it has been suggested that constitu-
tional differences contribute, in a major way, to important facets
of this response, such as attack rates and rates of disease pro-
gression. To date, however, no definite associations between per-
sonal or genetic factors and CWP have been noted.

Bronchoalveolar Lavage Evaluations

The development of bronchoalveolar lavage (BAL) has provided
a means for sampling lung cells and fluids in a variety of pul-
monary disorders. When it is applied to the pulmonary reactions
in CWP, somewhat divergent results have been noted. Early stud-
ies of symptomatic, nonsmoking coal miners with simple CWP
found no significant difference between miners with CWP and
controls in the number or differential of cells recovered by BAL
or their release of superoxide anion or hydrogen peroxide. They
did, however, note elevated levels of production of fibronectin
and alveolar macrophage—derived growth factor, providing in-
sight into potential mechanisms that could contribute to fibro-
genesis in this disorder.?® In contrast, others have noted that BAL
in miners with simple and complicated CWP yields increased
numbers of lung cells, alveolar macrophages, lymphocytes, and
neutrophils, and alveolar cells that produce significantly more
superoxide than controls.*8

Management of Coal Workers’ Lung Diseases

There is no specific therapy for CWP. Thus, management is best
directed at prevention, early recognition, and treatment of com-
plications. The primary prevention of lung disease in miners must
include continuing efforts at reducing exposure to coal mine dust.
The major clinical challenges are the recognition and manage-
ment of airflow obstruction, respiratory infection, hypoxemia, res-
piratory failure, cor pulmonale, arrthythmias, and pneumothorax.
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Improved mining methods and lower dust levels appear to be
reducing exposure and the number of new cases of both simple
and complicated pneumoconiosis. Medical surveillance pro-
grams, using chest radiographs, allow early recognition of work-
ers with simple pneumoconiosis. Workers with simple pneumo-
coniosis should be encouraged to exercise transfer rights to
low-dust jobs. Any worker with the unexpected finding of PMF
should be carefully advised about the hazards of further dust ex-
posures.

Workers presenting with respiratory symptoms should have a
careful evaluation. The history and physical examination should
be supplemented by chest radiography. spirometry with lung vol-
ume and diffusing capacity assessments, an evaluation of bron-
chodilator responsiveness (if the patient has airway obstruction),
and resting arterial blood gas measurement as indicated. A thor-
ough initial database allows accurate assessment of the worker’s
respiratory health and serves as a starting point for observing the
response to therapy or progression of disease.

Symptomatic reversible airflow obstruction may benefit from
treatment with inhaled and oral bronchodilators. Patients with se-
vere obstruction and inadequate improvement from the usual mea-
sures should be considered for a monitored trial of corticosteroids.
If improvement is objectively documented, continuation of in-
haled and, rarely, oral steroids may be of bénefit. When it is an
issue, smoking cessation needs to be strongly encouraged.

Hypoxemia can be a serious complication in advanced, com-
plicated pneumoconiosis, categories B and C. It may be present
at rest, with exercise, or during sleep. Chronic hypoxemia can
lead to additional complications, including polycythemia, pul-
monary hypertension, cor pulmonale, and cerebral dysfunction.
Therapy with low-flow oxygen is indicated when arterial oxy-
gen tension is less than 55 mmHg. Oxygen therapy in this set-
ting may improve exercise tolerance, reduce dyspnea, and pre-
vent arrhythmias, polycythemia. and heart failure.

Patients with significant airflow obstruction or PMF should re-
ceive appropriate immunization with influenza and pneumococ-
cal vaccines. Bacterial and viral episodes of bronchitis or pneu-
monia should be promptly recognized and appropriaiely treated.

Patients with complicated CWP, especially those who have
been exposed to silica as well as coal mine dust, deserve special
attention with regard to mycobacterial infection. Patients with a
history of weight loss, fever, sweats, or malaise should be
promptly investigated with chest radiographs and their sputum
examined for AFB with stains and cultures. Occasionally,
fiberoptic bronchoscopy with brushings and washings is required
to establish the diagnosis. Active tuberculosis in patients with
CWP can usually be successfully treated with the usual drug reg-
imens, provided rifampin is one of the drugs employed.'® In coal
miners with a significant history of concurrent silica exposure
(such as motormen, roof bolters, and shaft development work-
ers), some authorities suggest that the treatment for tuberculosis
should be more aggressive (see silicosis section below). Long-
term follow-up is also indicated in view of several reports of re-
current pulmonary tuberculosis in patients with PMF after com-
pletion of apparently adequate therapy.32

Respiratory failure may complicate advanced disease in coal
miners, as it does in other chronic obstructive respiratory disor-
ders. Ventilatory support measures are indicated when the fail-

ure is precipitated by a treatable complication. The application
of ventilatory support measures should be discussed with the pa-
tient before the need arises. .

Clinicians may need to assess the contribution of coal dust
exposure to the ventilatory impairments of their patients. Factors
that can assist in this evaluation include a careful work history,
with documentation of the mining region. duration and categories
of coal mine employment, as well as the duration and intensity
of any tobacco smoking. Factors associated with an increased
risk of a clinically significant dust effect are a history of pro-
longed exposures in dusty jobs, exposures to higher-rank coals,
a younger age at first employment, and the finding of radi-
ographic changes of CWP.

SILICOSIS
Introduction and High-Risk Occupations

Silicosis is a fibrotic disease of the lungs caused by the inhala-
tion, retention, and pulmonary reaction to crystalline silica. De-
spite knowledge of th: -ause of this disorder—respiratory ex-
posures to silica-con:: g dusts—this serious and potentially
fatal occupational lung wisease remains prevalent throughout the
world. Silica, or silicon dioxide, is the predominant component
of the earth’s crust. It is particularly important in sandstone, gran-
ite, and slate, as it makes up 20 to 100 percent of these rock for-
mations. When the earth’s crust is disturbed or silica-containing
rock is used or processed. there are potential respiratory risks for
workers. Occupational exposure to silica particles of respirable
size (aerodynamic diameter of 0.5 to 5 ) is associated with min-
ing, quarrying, drilling, tunneling, and abrasive blasting with
quartz-containing materials (sandblasting). Silica exposure also
poses a hazard to stonecutters (Fig. 59-6) and pottery, foundry,
ground silica, and refractory workers. The silicon dioxide that is
inhaled is usually crystalline and most often quartz. Cristobalite
and tridymite are other crystalline forms of silica. These three
crystalline forms are also called “free silica” to distinguish them
from silicates, such as asbestos and talc.

The development and progression of silicosis frequently oc-
cur after exposure has ceased. Because of this latency, the true
prevalence of the disease is unknown. However, crystalline sil-
ica exposure is so widespread, and silica sand is such an inex-
pensive and versatile component of so many manufacturing
processes, that millions of workers throughout the world are at
risk of the disease. This is reflected in the fatal cases of silico-
sis, multiple cases of silicosis from the same work site, and epi-
demics of silicosis that continue to be recognized, even in de-
veloped countries.5-1046

Forms of Silicosis
EXPOSURE HISTORY AND CLINICOPATHOLOGIC DESCRIPTIONS

Chronic, accelerated, and acute forms of silicosis have been well
characterized. These clinical and pathologic expressions of the dis-
ease reflect differing exposure intensities, latency periods, and nat-
ural histories. The chronic or classic form usually follows one or
more decades of exposure to respirable dust containing quartz. The
accelerated form results from heavier exposures. often with a du-
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Other Disorders Even in the absence of radiographic silicosis,
silica-exposed workers may develop chronic bronchitis and em-
physema from their occupational dust exposure. Progressive de-
clines in lung function have also been documented in workers
exposed to silica and other occupational mineral dusts.

Pathogenesis

The precise pathogenesis of silicosis is uncertain. An abun-
dance of evidence, however, suggests that interactions between
pulmonary alveolar macrophages and silica particles play a
major role in the pathogenesis of this disorder. Surface prop-
erties of the silica particle appear to promote macrophage ac-
tivation. These cells then release chemotactic factors and in-
flammatory mediators that elicit cellular responses by
polymorphonuclear leukocytes, lymphocytes, and additional
macrophages. Fibroblast-stimulating factors are also released;
they promote hyalinization and collagen deposition. The re-
sulting pathologic lesion is the hyaline nodule, which contains
a central acellular zone, with free silica surrounded by whorls
of collagen and fibroblasts, and an active peripheral zone com-
posed of macrophages, fibroblasts, plasma cells. and additional
free silica.!’

The precise properties of the silica particles that evoke the pul-
monary response described above are not known. The nature and
the extent of the biologic response are, in general, related to the
intensity of the exposure. The surface characteristics of the dust
also appear to be important. For example, there is growing evi-
dence that freshly fractured silica may be more toxic than aged
silica-containing dusts, perhaps because of reactive radical
groups on the cleavage planes of the freshly fractured moiety.*
This may offer a pathogenic explanation for the more frequent
observation of cases of advanced disease in both sandblasters
and rock drillers, in whom exposures to recently fractured silica
are particularly intense.

The initiating toxic insult in silicosis may occur with mini-
mal immunologic reaction. However, a sustained immunologic
response to the insult may be important in the generation of
some of the chronic manifestations of the disease. For exam-
ple, the antinuclear antibodies that are noted in the accelerated
form of silicosis associated with scleroderma and other colla-
gen vascular disorders may contribute to the pathogenesis of
this syndrome. Indeed progressive systemic sclerosis and other
autoimmune phenomena have been noted in patients with sili-
cosis.*

Assocfation with Tuberculosis

The propensity for people with silicosis to get tuberculosis has
been recognized for nearly a century.*? Tuberculosis can com-
plicate all forms of silicosis. Patients with the acute and accel-
erated forms of the disease appear to be at the highest risk of-in-
fection. Silica exposure alone, even without silicosis, may
predispose to this infection. Mycobacterium tuberculosis is the
usual organism, but atypical mycobacteria (and, less often, No-
cardia asteroides) can also be seen. The mechanism of this sus-
ceptibility is poorly understood. It may, however, be related to
the toxic effects of silica on alveolar macrophages.

Clinical Manifestations of Silicosis

Patients with silicosis can be asymptomatic and present with ab-
normal chest radiographs. They can also be minimally sympto-
matic in spite of advanced radiographic abnormalities. When sil-
icosis is symptomatic, the primary symptom is usually dyspnea.
It is first noted with activity or exercise and later, as the pul-
monary reserve of the lung is lost, also reported at rest. The ap-
pearance or progression of dyspnea may herald the development
of complications, including tuberculosis, airway obstruction, or
PME. Productive cough is often present, secondary to chronic
bronchitis from occupational dust exposure, tobacco use, or both.
Cough may, at times, also be attributed to pressure from large
masses of silicotic lymph nodes on the trachea or main-stem
bronchi.

Other chest symptoms are less common than dyspnea and
cough. Hemoptysis is rare and should raise concern for compli-
cating disorders, such as pulmonary neoplasms or mycobacter-
ial infection. Wheeze and chest tightness may occur in the pres-
ence of silicosis, but they occur more commonly as part of
associated obstructive airway disease or bronchitis. Chest pain
and finger clubbing are not features of silicosis. Systemic symp-
toms, such as fever and weight loss, suggest complicating in-
fection or neoplastic disease. Advanced forms of silicosis are as-
sociated with progressive respiratory failure with or without cor
pulmonale. Few physical signs may be noted unless complica-
tions are present.

Radiographic Patterns in Silicosis

The earliest radiographic signs of uncomplicated silicosis are
generally small rounded opacities. These can be categorized us-
ing the ILO International Classification of Radiographs of Pneu-
moconioses by size, shape, and profusion category.?3 In silico-
sis, rounded opacities of the “q” and “r” type dominate (Fig.
59-7). Other patterns have also been described, including linear
or irregular shadows. The opacities seen on the radiograph rep-
resent the summation of pathologic silicotic nodules. They are
usually found to predominate initially in the upper lung zones
and may progress to invade other zones. Hilar lymphadenopathy
is also noted, sometimes in advance of nodular parenchymal
shadows. Eggshell calcification of the lymph nodes is strongly
suggestive of silicosis, although this feature is seldom seen (Fig.
59-11).

PMF is characterized by the formation of large opacities.
These are generally categorized by size, using the ILO classifi-
cation, as category A, B, or C. The large fibrotic lesions of PMF
tend to contract to the upper lung zones, leaving areas of com-
pensatory emphysema at their margins and in the lung bases (Fig.
59-9). As a result of this process, small rounded opacities that
previously were evident on the radiograph may become less vis-
ible or at times disappear. Pleural abnormalities are not a fre- -
quent radiographic feature with silicosis but do occur, particu-
larly in association with conglomerate lesions. Large opacities
also frequently pose a concern regarding neoplasm. The radi-
ographic distinction between PMF lesions and lung malignan-
cies may be difficult, particularly if previous chest films are un-
available for comparison. Although ischemic necrosis may occur
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FIGURE 59-11 Eggéhell calcification of hilar lymph nodes in silico-
sis.

in large silicotic lesions, the onset of cavitation or a rapid change
in the radiographic appearance should prompt a search for ac-
tive mycobacterial disease. Acute silicosis may present with a
radiologic alveolar filling pattern (Fig. 59-10) and progress
rapidly to PMF or complicated mass lesions.

Lung Function Abnormalities in Silicosis

Pulmonary function tests, such as spirometry and diffusing ca-
pacity, are helpful for the clinical evaluation of people with sus-
pected silicosis. Spirometry may also be of value in the early
recognition of the health effects from occupational dust expo-
sures, as it can detect physiological abnormalities that may pre-
cede radiographic changes. No specific or characteristic pattern
of ventilatory impairment is present in silicosis. Spirometry may
be normal; when it is abnormal, the tracings may show obstruc-
tion, restriction, or a mixed pattern. Obstruction may indeed be
the more common finding. Silica and mixed dust exposures’ may
lead to clinically significant airflow limitation independent of ra-
diographic abnormality.36

In general, workers experience lung function loss propor-
tionate to the duration and intensity of silica dust exposure. In
addition, functional changes tend to be more marked with ad-
vanced radiologic categories. However, no good correlation ex-
ists between radiographic abnormalities and ventilatory impair-
ment. Diffusing impairment may also occur in the absence of
ventilatory impairment. In acute and accelerated silicosis, func-
tional changes generally occur earlier, are more marked, and
progress more rapidly than in the chronic form of the disease. In
acute silicosis, radiographic progression is accompanied by in-
creasing ventilatory impairment and gas exchange abnormalities,
which lead to respiratory failure and eventually to death from in-
tractable hypoxemia.

Complications and Special Diagnostic
Issues in Silicosis

With a history of exposure and a characteristic radiograph, the
diagnosis of silicosis is generally not difficult to establish. Chal-
lenges arise only when the radiologic features are unusual or the
history of exposure is not recognized. Lung biopsy is rarely re-
quired to establish the diagnosis. However. tissue samples are
helpful in some clinical settings when complications are present
or the differential diagnosis includes tuberculosis, neoplasm, or
PME. Biopsy material should be sent for culture, and in research
settings, dust analysis may be a useful additional measure. When
tissue is required, open or thoracoscopic lung biopsies are gen-
erally necessary for adequate material for examination.

Vigilance for infectious complications, especially tuberculo-
sis and other mycobacteria, cannot be overemphasized. New on-
set or a change in cough, hemoptysis, fever, or weight loss should
trigger a workup to exclude this treatable problem. Nocardial and
fungal infections are also reported in association with acute sil-
icosis.

Lung Cancer and Silicosis

Substantial concern and interest about the relationship between
silica exposure, silicosis, and cancer of the lung continue to stim-
ulate debate. The International Agency for Research on Cancer??
has classified crystalline silica as a 2A carcinogen on the basis
of “sufficient” evidence of carcinogenicity in experimental ani-
mals and “limited” evidence of carcinogenicity in humans. Un-
certainty over the pathogenic mechanisms for the development
of lung cancer in silica-exposed populations exists, and the pos-.
sible relationship between silicosis (or lung fibrosis) and cancer
in exposed workers continues to be studied.

Prevention of Silicosis

Prevention remains the principal goal in dealing with this occu-
pational lung disease. Exposures can be reduced through the use
of improved ventilation and local exhaust, process enclosure, wet
abrasive techniques, personal protection (including the proper se-
lection of respirators), and, when possible, substitution of in-
dustrial agents less hazardous than silica. The education of work-
ers and employers regarding the hazards of silica dust exposure
and measures to control exposure are also important.

If silicosis is recognized in a worker, termination of exposure
is advisable. Unfortunately, the disease can progress even with-
out further silica exposure. Additionally, the finding of a case of
silicosis, especially in the acute or accelerated form, should
prompt a thorough evaluation of workplace exposures and in-
dustrial hygiene measures, with the goal of recognizing the haz-
ardous operation and protecting other workers who may be at
risk.

Medical Screening and Surveillance in Silicosis

Workers exposed to silica and other mineral dusts should un-
dergo periodic screening for adverse health effects as a supple-
ment to, but not a substitute for, dust exposure control. Such
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screening commonly includes evaluations for respiratory symp-
toms, spirometric abnormalities, radiographic changes, and neo-
plastic disease. Evaluation for tuberculosis infection with intra-
dermal skin testing should also be performed. In addition to the
reporting of results to the individual workers, screening health
data from all workers in a plant or operation should be periodi-
cally assembled and evaluated for surveillance and prevention
activities.

Therapy, Management of Complications, and
Control of Silicosis

Over the years, a variety of treatments for silicosis have been at-
tempted. However, aerosolized aluminum did not prove suc-
cessful in the treatment of the disorder, and polyvinyl pyridine-
N-oxide, a polymer that has protective effects in experimental
animals, is not available for use in humans. In addition, tetrani-
dine, an agent that diminishes fibrosis in silica-exposed animals,
has not been shown to be effective in humans and is highly ter-
atogenic. As a result of this unsuccessful search, therapy for sil-
icosis is directed largely at complications of the disease. Thera-
peutic measures are similar to those commonly used in the
management of airflow obstruction, infection, pneumothorax,
hypoxemia, and respiratory failure complicating other pulmonary
disorders. For workers with a diagnosis of silicosis, further ex-
posure to silica-containing dusts is undesirable. If the disease is
advanced, or has occurred after a relatively short exposure (less
than 15 years), further dust exposure should be assiduously
avoided. Advice on job reassignment should be considered in the
context of the worker’s age, symptoms, and functional status and
the current working conditions and measured silica exposures.

In the medical management of silicosis, vigilance for com-
plicating infection, especially tuberculosis, is critical. This en-
tails yearly chest radiographs and PPD evaluations. The use of
prophylactic isoniazid for tuberculin-positive silicotic subjects is
recommended. The use of bacillus Calmette-Guérin in the
tuberculin-negative silicotic patient is not recommended.

The diagnosis of active tuberculosis infection in patients with
silicosis can be difficult. Clinical symptoms of weight loss. fever,
sweats, and malaise should prompt radiographic evaluation and
sputum acid-fast bacilli stains and cultures. Radiographic
changes with infection may be subtle and atypical. Enlargement
and cavitation in conglomerate lesions or nodular opacities are
of particular concern. Bacteriologic studies on expectorated spu-
tum may not always be reliable in silicotuberculosis. Fiberoptic
bronchoscopy for additional specimens for culture and study may
be helpful in establishing a diagnosis of active disease. The use
of multidrug therapy for suspected active disease in patients with
silicosis is justified at a lower level of suspicion than in the non-
silicotic subject, owing to the difficulty in firmly establishing ev-
idence for active infection. To obtain satisfactory results in the
presence of silicosis, antituberculous treatment must be more
prolonged, with regimens lasting at least & months.

Ventilatory support for respiratory failure is indicated when
precipitated by a treatabie complication. Pneumothorax, sponta-
neous and ventilator related, is usually treated by chest tube in-
sertion. Bronchopleural fistula may develop, and surgical inter-
vention may be required.

Acute silicosis may rapidly progress to respiratory failure.
When this disease resembles pulmonary alveolar-proteinosis and
severe hypoxemia is present, aggressive therapy has included
massive whole-lung lavage with the patient under general anes-
thesia in an attempt to improve gas exchange and remove alve-
olar debris. Although it is appealing in concept, the efficacy of
whole-lung lavage has not been established.*® Glucocorticoid
therapy has also been used for acute silicosis. However, it is still
of unproven benefit.

The rare young patient with end-stage silicosis may be con-
sidered candidates for lung or heart-lung transplantation in cen-
ters experienced with this expensive and high-risk procedure.
Early referral and evaluation for this intervention may be offered
to selected subjects.

The discussion above underscores the serious and potentially
fatal nature of silicosis. The lack .of a specific therapy for sili-
cosis further emphasizes the crucial role of primary prevention
in our therapeutic approach to this disorder. The control of sili-
cosis ultimately depends on the control of workplace dust expo-
sures. This is accomplished by rigorous and conscientious ap-
plication of fundamental occupational hygiene and engineering
principles, with a commitment to the preservation of worker
health.
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