
Case Report

Mica-associated Pulmonary Interstitial Fibrosis1
, 2
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Fig. 1. High-resolution chest CT exhibits architectural remodeling and "honeycomb" change, especially in the
right lung.

SUMMARY We present the clinical and biopsy findings of a 63-yr-old white male with interstitial
pulmonary fibrosis and a long history of extensive exposure to mica while working In the rubber
industry. The patient presented 30 yr after the Initial exposure with complaints of progressive short­
ness of breath and a chronic nonproductive cough. Pulmonary function testing revealed restrictive
lung function with a mild reduction in the total lung capacity (80% of predicted) and a moderate-to­
severe reduction in the diffusing capacity of carbon monoxide (50% of predicted). The chest radio­
gram and high-resolution chest CT scan showed diffuse fibrosis and focal honeycombing involving
the upper and lower lung zones bilaterally. Bronchoalveolar lavage revealed 200/0 neutrophils in
the lavage fluid with abundant rectangular flaking crystals. Open-lung biopsy exhibited extensive
fibrosis and architectural remodeling with abundant sheets and fragments of engulfed polarizable
crystalline material. Energy-dispersive spectroscopy and electron diffraction studies confirmed the
material to have the features of mica. Asbestos and other silicates were not identified. The documen­
tation of prolonged exposure to mica, the clinical and radiographic features of severe Interstitial
fibrosis, and the histopathologic delineation of the interstitial lesion, including spectroscopic and
crystallographic verification of crystalline mica, support the causal relationship between mica and
interstitial fibrosis. AM REV RESPIR DIS 1991; 144:718-721

Introduction
There are few well-documented reports de­
scribing the clinical and pathologic features
of interstitial fibrosis associated with mica in­
halation (1-4). Only six previous cases of
mica-associated interstitial fibrosis are docu­
mented histologically. The relation of mica
to pulmonary interstitial fibrosis has been the
subject of a number of experimental and
epidemiologic studies (5-11). However, the
fibrogenic properties of pure mica exposure
remain unresolved (3, 4).

Mica is a group of silicates with unique
physical properties yielding sheetlike crystals.
Exposure to mica dust occurs in various in­
dustries and was cited as a potential occupa­
tional health hazard as early as 1932. Some
of the earlier studies of groups of workers
exposed to inhaled mica dust offer incom­
plete or imprecisecharacterization of occupa­
tional exposure, however, often with con­
founding accompanying exposure to other
fibrogenic agents (12-15).

We report an individual with severe inter­
stitial fibrosis who had extensive exposure to
mica while working in the rubber industry.
Elemental and crystallographic analysis in­
dicate that mica is present in the alveoli and
lung parenchyma, suggesting that mica is the
likely fibrogenic agent in this particular
patient.

Case Report
The patient is a 65-yr-old, never smoking, white
male who developed mild dyspnea in 1968 but con­
tinued to work relatively free of symptoms until
1986, when he was 62 yr of age. Following retire­
ment, the patient noted that he was more breath­
less than expected with exertion. This dyspnea slow­
ly progressed, and he developed a dry bothersome
cough. In mid-1988, he realized that he became dys­
pneic while walking up a flight of steps. A chest
radiograph in January 1989 revealed marked in­
terstitial fibrosis involving the upper and lower lobes
with more extensive disease in the right lung. Be-
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Fig. 2. The open-lung wedge biopsy exhibits architectural remodeling with very large, often debris-filled airspaces
yielding a honeycombed appearance. The large airspaces are intermixed with dense and fibrotic scarred paren­
chyma. Polarizable crystalline mica fragments (bright, white granules and fragments) are densely deposited and
spatially associated with the regions of fibrous scarring. The morphologic features reflect the radiographic find­
ings. (Hematoxylin and eosin; x10; polarized light microscopy.)
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An open-lung biopsy was performed and exhibit­
ed extensive interstitial fibrosis and architectural
remodeling (figure 2). There was abundant polariz­
able crystalline material, much of it engulfed with­
in individual histiocytes (rarely within giant cells),
often appearing as multiple crystalline sheets or
partially disrupted, "flaking" laminar plates. The
crystalline material was often present in two or more
parallel sheets. No ferruginous bodies were identi­
fied, and no polarizable silica component distinct
from the laminar material was evident. A small
amount of anthracotic pigment was present. In­
dividual crystals were examined by scanning elec­
tron microscopy, and energy-dispersive spectroscopy
exhibited the spatial features and elemental com­
position of mica (figure 3). Electron diffraction
analysis (figure 4) was performed, and the data in­
dicated the interplanar distances and angles expect­
ed of mica (muscovite). Reviewof the cytospin prep­
aration from the bronchoalveolar lavage demon­
strated similar polarizable crystals (figure 5) within
alveolar macrophages.

Although his lung volumes have remained sta­
ble during the follow-up 2-yr interval, he has expe­
rienced a progressive decline in his diffusing ca­
pacity and has become increasingly dyspneic. In
fact, because of these changes, he was placed on
corticosteroids (60 mg prednisone every day) for
3 months in the first 6 months of follow-up. This
treatment had no effect on his symptoms or lung
function, however. At a clinic visit in March 1990
his oxygen saturation was found to decrease from
92 to 800/0 with walking on level ground, and he
was placed on supplemental oxygen.

cause ofhis occupational exposures, he was referred
to the Occupational Medicine Clinic at the Univer­
sity of Iowa for further evaluation.

The patient worked in a rubber manufacturing
plant for approximately 40 yr (1946-1986). Between
1946 and 1951, he worked in the core department,
where he was exposed to mica dust, process oils,
carbon black, and "blowing agents." During this
period, he reports shoveling mica into the Banbury
mixing chambers and being exposed to visible
clouds of mica dust. From 1951 to 1968 he worked
in the maintenance department, where he was ex­
posed to the preceding agents and to urethane foam
manufacturing, including toluene diisocyanate
(TDI). He developed some mild dyspnea and wheez­
ing in 1968 and was transferred to the engineering
department, where he worked until his retirement
in 1986.

The physical examination revealed a well-de-

veloped, well-nourished male in no acute distress
who had a respiratory rate of 20 and was not using
his accessory respiratory muscles. He had bibasi­
lar late inspiratory rales but showed no signs of
right heart failure and did not have clubbing. A
chest X-ray confirmed the presence of diffuse in­
terstitial lung disease. and pulmonary function tests
revealed mild restrictive lung function (TLC = 770/0
of predicted, residual volume [VR] = 69% of
predicted, and FVC = 73% of predicted) and a
prominent reduction in carbon monoxide diffus­
ing capacity (65% of predicted). A high-resolution
chest computed tomographic (CT) scan (figure 1)
demonstrated an interstitial fibrotic process and
peripheral honeycombing that was more prominent
on the right side. A bronchoscopy was notable for
normal airway anatomy, an increase in lavage neu­
trophils (20%), and nondiagnostic transbronchial
biopsies.

Fig. 3. The spectrum represents the rel­
ative numbers of X-rays emitted from the
crystal as it was probed by the electron
beam (the various peaks) plotted against
the energies of the same, emitted X-rays.
Spectral analysis confirms characteris­
tic "peaks" representing silicon (Si), alu­
minum (AI), potassium (K), and calcium
(Ca).
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Discussion

It is necessary to carefully document cases
of mica-associated pulmonary interstitial
fibrosis, excluding those cases in which coin­
cidental exposures confound the putative as­
sociation of mica inhalation and disease. The
chronic exposures and long latency associat­
ed with development of disease in these pa­
tients suggest that mica is not as fibrogenic
as other pneumoconiotic agents. On the oth­
er hand, the few well-documented cases of
"pure" mica exposure indicate that mica is
not harmless. An exposure sufficient to pro­
duce serious pulmonary fibrosis can predate
the appearance of evenearly clinical signs and
symptoms.

Our report represents an additional case
with carefully investigated occupational and
environmental exposure history, documenta­
tion of radiographic and physiologic data,
description of bronchoalveolar lavage find­
ings, and presentation of anatomic features.
This patient had a protracted course of mica
inhalation and was not exposed to other es­
tablished fibrogenic agents. The increased
numbers of neutrophils, macrophages, and
polarizable, platelike, intracellular mica crys­
tals in the bronchoalveolar lavage specimen
suggest this technique may be a useful screen­
ing tool in similar cases. The biopsy exhibit­
ed extensive interstitial fibrosis and architec­
tural remodeling with spatial association of
heavy mica deposition in regions of dense
fibrosis. The markedly asymmetric distribu­
tion of the interstitial fibrosis lends further
support that it was caused by an environmen-
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Fig. 5. The bronchoalveolar lavage contained numerous neutrophils as well as polarizable mica crystals within
macrophages (bright, white material, x75).

tal agent. The predominance of right lung in­
volvement may be due to tracheobronchial
geometry or asymmetric diaphragmatic
excursion.

There remains a theoretical possibility that
small quantities of other fibrogenic silicates,
masked by the abundance ofmica, are respon­
sible for the genesis of interstitial lung dis­
ease in such patients. This would be testable
by experimental studies employing stringently
tested, pure mica chronic exposure or dosing
and long-term observation. Resolution of this
issue would clarify whether mica-associated
lung disease is, as it appears, a specific patho­
logic entity or merelya reaction to other fibro­
genic silicates in "dirty" mica.

The pathogenicity of mica and the demon­
stration of a cause-and-effect relationship be-

tween mica inhalation and interstitial lung dis­
ease remains controversial. Clearly, one could
argue that this case is consistent with idio­
pathic pulmonary fibrosis. However, docu­
mentation of prolonged exposure to mica,
characterization of the clinical and radio­
graphic features of severe interstitial fibro­
sis, and the histopathologic delineation of the
interstitial lesion (including spectroscopic and
crystallographic verification of mica) provide
evidence in this case for a causal relationship
between mica and interstitial pulmonary
fibrosis.
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