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Hard metal lung disease: a case series
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ABSTRACT

Objective: To describe diagnostic and treatment aspects of hard metal lung disease
(HMLD) and to review the current literature on the topic. Methods: This was a
retrospective study based on the medical records of patients treated at the Occupational
Respiratory Diseases Clinic of the /nstituto do Coracao, in the city of Sao Paulo, Brazil,
between 2010 and 2013. Results: Of 320 patients treated during the study period, 5
(1.56%) were diagnosed with HMLD. All of those 5 patients were male (mean age, 42.0
+ 13.6 years; mean duration of exposure to hard metals, 11.4 + 8.0 years). Occupational
histories were taken, after which the patients underwent clinical evaluation, chest HRCT,
pulmonary function tests, bronchoscopy, BAL, and lung biopsy. Restrictive lung disease
was found in all subjects. The most common chest HRCT finding was ground glass
opacities (in 80%). In 4 patients, BALF revealed multinucleated giant cells. In 3 patients,
lung biopsy revealed giant cell interstitial pneumonia. One patient was diagnosed with
desquamative interstitial pneumonia associated with cellular bronchiolitis, and another
was diagnosed with a hypersensitivity pneumonitis pattern. All patients were withdrawn
from exposure and treated with corticosteroid. Clinical improvement occurred in 2
patients, whereas the disease progressed in 3. Conclusions: Although HMLD is a rare
entity, it should always be included in the differential diagnosis of respiratory dysfunction
in workers with a high occupational risk of exposure to hard metal particles. A relevant
history (clinical and occupational) accompanied by chest HRCT and BAL findings
suggestive of the disease might be sufficient for the diagnosis.
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INTRODUCTION

Hard metal lung disease (HMLD) is a rare disease caused
by exposure to particles of hard metal alloys, whose major
components are tungsten carbide (approximately 90%)
and cobalt (approximately 10%) or cobalt and diamond.*?
Other components , such as tantalum, titanium, nickel,
niobium, and chrome, are found in small amounts.

histopathological presentation is giant cell interstitial
pneumonia (GIP), described by Liebow® in 1968. GIP
is characterized by the presence of multinucleated giant
cells, which can be “macrophagic” in nature,*® in alveolar
spaces. In addition to GIP, other patterns described
include usual interstitial pneumonia, hypersensitivity
pneumonitis (HP), and desquamative interstitial pneu-
monia.(*® In the present study, we describe diagnostic
and treatment aspects of HMLD and review the current
literature on the topic.

Because they are extremely hard and maintain their
physical properties even at high temperatures, hard
metals are used in tools for cutting and sharpening
metals, drilling wells, polishing diamonds and dental
prostheses, etc. Workers are exposed to particles rich in
cobalt (in ionized form) and tungsten carbide, which are
absorbed by the lungs and gastrointestinal tract, both in
cobalt powder production and when using cobalt alloy
tools. The pathophysiology of HMLD remains unknown.
The proposed mechanism for the pathogenesis of the

METHODS

The study subjects were treated at the Occupational
Respiratory Diseases Clinic of the Pulmonology Division
of the Instituto do Coragédo of the University of Sao Paulo
School of Medicine Hospital das Clinicas, in the city of
Sao Paulo, Brazil, between 2010 and 2013. Occupational

interstitial disease involves a hypersensitivity reaction
to cobalt.® In addition, genetic susceptibility® may play
a role in the pathogenesis of the disease, although this
role has yet to be fully understood.

Exposure to cobalt can cause several forms of lung
disease, from asthma to various interstitial patterns
in the lungs.®) The most widely known and typical

histories were taken, after which all subjects underwent
clinical evaluation, chest HRCT, pulmonary function tests
(Elite DX Series, Medical Graphics Corporation, Saint Paul,
MN, USA), bronchoscopy, BAL, and lung biopsy. When
the lung tissue obtained was considered insufficient for
diagnosis, surgical biopsies were performed. We performed
elemental analysis of lyophilized lung tissue specimens by
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energy-dispersive X-ray fluorescence spectrometry”)
in 2 patients (EDX 700-HS, Shimadzu Corporation,
Analytical Instruments Division, Kyoto, Japan).

RESULTS

During the study period, 320 patients were treated
at the facility. Of those, 5 (1.56%) were diagnosed
with HMLD. The mean age at diagnosis was 42.0 +
13.6 years. All of those 5 patients were male and
were working at the time of the initial evaluation. The
mean duration of exposure was 11.4 £ 8.0 years.
One patient reported working as an industrial tool
maintenance technician, 2 reported being industrial
tool sharpeners, and 2 reported being grinder operators
(Table 1). All 5 clinically presented with dyspnea on
exertion and cough.

The most common chest HRCT finding was ground
glass opacities, in 4 patients (80%; Figure 1). Other
findings included peripheral reticular opacities with
traction bronchiectasis and bronchiolectasis, in 3
(60%; Figure 2); micronodules, in 2 (40%; Figure
2); and bronchial wall thickening, in 2 (40%; Table
1). Restrictive lung disease, in varying degrees, was
found in all subjects, and decreased DLCO was found
in 3 (Table 2).

All patients underwent bronchoscopy, BAL, and
lung biopsy, with the diagnosis being established by
examination of a bronchoscopy specimen in 1 patient
and by examination of a surgical biopsy specimen in
4. Large numbers of multinucleated giant cells were
found in the BAL fluid of 4 of the 5 patients (Figure 3)
and in the biopsy tissue of 3 (Figure 4). Desquama-
tive interstitial pneumonia associated with cellular
bronchiolitis was diagnosed in 1 patient; a histological
pattern suggestive of chronic HP, with no evidence of
other occupational or environmental exposures that
could be associated with HP, was identified in 1; the
presence of tungsten was identified in 2, whose tissue
samples were analyzed by energy-dispersive X-ray
fluorescence spectrometry; and the presence of cobalt
was identified in 1 of those 2 (Table 1).

Following diagnosis, all patients were withdrawn from
their occupational exposure and received systemic
corticosteroid therapy. Two patients showed clinical,
radiological, and functional improvement, although
their lung function did not normalize (Tables 1 and
2). Three patients experienced disease progression
despite corticosteroid therapy, 2 of whom additionally
received azathioprine. One patient was placed on a
lung transplant list, but he died before undergoing
transplantation.

DISCUSSION

In the case series presented here, ground-glass
opacities were the most common chest HRCT changes.
Restrictive lung disease was the most common finding,
occurring in all patients. Multinucleated giant cells
were detected in the BAL fluid of most patients, and
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this finding was correlated with the typical histological
pattern of GIP. Withdrawal from exposure combined
with corticosteroid therapy was successful in 2 patients,
and disease progression occurred in 3 patients.

The functional, cytological, histopathological, and
imaging findings are similar to those found in other
studies.®.68)

HMLD is a rare entity, even in populations at
occupational risk. The published literature on cases of
HMLD in Brazil is scarce and consists of the reporting
of the disease in 4 patients.'?) In the literature,
data on the prevalence and incidence of HMLD among
individuals exposed to hard metals vary. Meyer-Bisch
et al.* and Kusaka et al.* found no cases of HMLD in
cross-sectional studies involving 425 and 319 workers,
respectively, with a mean duration of exposure to hard
metals of 9 and 14 years, respectively. Sprince et al.(*>
found only 1 patient with HMLD among 290 hard metal
production workers evaluated. The diagnostic imaging
methods available at the time might have contributed
to the low HMLD detection results observed in those
studies. 31

The paucity of cases and the varying latency period
suggest that a hypersensitivity mechanism may be
involved in the pathophysiology of HMLD. Sabbioni et
al.® found that 9% of the workers who had contact with
hard metals had lung disease, and that the observed
prevalence was not correlated with cobalt, tungsten,
or tantalum levels, nor was it correlated with age,
gender, or duration of occupational exposure, which,
in the authors’ view, reinforced the hypersensitivity
hypothesis. Recurrence of HMLD in unilateral*®*”) or
bilateral® lung transplant recipients, even after cessation
of exposure to hard metals, suggests the hypothesis
that immune-mediated mechanisms are involved in the
pathophysiology of the disease. In those 3 reported
cases of recurrence,®*¢17) the histological pattern of
GIP was found, and no traces of tungsten or cobalt
were detected in the transplanted lungs, which, in
the authors’ view, reinforced this immune-mediated
hypothesis.

Genetic susceptibility also contributes to the develop-
ment of HMLD. Potolicchio et al.» demonstrated that
HLA-DP-BGIu69 was more prevalent among hard-met-
al-exposed workers with HMLD than in those without.
In that study,® 19 (95%) of 20 hard-metal-exposed
workers with HMLD exhibited this polymorphism,
compared with 17 (48.6%) of 35 hard-metal-exposed
workers without the disease.

The individual contribution of the major components
of hard metal has also been investigated. In animal
models, instillation of tungsten alone did not produce
pulmonary inflammation, whereas cobalt alone was
able to produce tissue injury. When combined, cobalt
and tungsten had a synergistic effect and caused
increased tissue inflammation. &9

Moriyama et al.® performed electron microprobe
analysis of elemental levels in 17 patients with HMLD
and concluded that cobalt and tungsten accumulate in
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Table 1. Characteristics of the patients with hard metal lung disease.

Characteristic Case 1 Case 2 Case 3 Case 4 Case 5
Age, years 44 30 30 43 63
Smoking No No No Former smoker No
Occupation Grinder operator  Grinder operator Industrial tool Industrial tool Industrial tool

sharpener sharpener maintenance
technician
Duration of 25 6 8 6 12
exposure, years
Chest HRCT Extensive ground- Fine reticulation, Interstitial Ground-glass Fine reticulation,
findings glass opacities ground-glass micronodular opacities, ground-glass
and poorly defined opacities, infiltrates peripheral opacities, traction
centrilobular and traction distributed in a reticulation, bronchiectasis and
micronodules, bronchiolectasis, perilymphatic and traction bronchiolectasis,
predominantly in distributed pattern, bronchiectasis and distributed
the middle and symmetrically predominantly in  bronchiolectasis, peripherally, and
upper lung fields. and mainly the upper lung predominantly an area of air
Pattern suggestive peripherally, fields in the lower lung trapping in the
of subacute HP predominantly in fields left lower lobe
the lung bases
BAL pattern Multinucleated Multinucleated Multinucleated Multinucleated Lymphocytic
giant cells giant cells giant cells giant cells
Type of biopsy Surgical Surgical Transbronchial Surgical Surgical
Histological DIP and cellular GIP GIP GIP HP
pattern of the bronchiolitis

biopsy specimen

EDS results Cobalt + Tungsten  Cobalt - Tungsten NA NA NA
+ +
Treatment Corticosteroid Corticosteroid Corticosteroid Corticosteroid Corticosteroid
therapy, therapy therapy therapy, therapy
azathioprine azathioprine,

placement on a
lung transplant
list
Patient course Worsening Improvement Improvement Death Worsening

DIP: desquamative interstitial pneumonia; GIP: giant cell interstitial pneumonia; HP: hypersensitivity pneumonitis;
EDS: energy-dispersive X-ray fluorescence spectrometry; and NA: not assessed.

Figure 1. HRCT scans. Case 2, before treatment initiation (Figures A and B): ground-glass opacities and parenchymal
consolidations with some air bronchograms in both lungs, predominantly in the middle and upper lung fields, in a
pattern similar to that of organizing pneumonia. Case 2, after treatment (Figures C and D): the pulmonary changes
were significantly reduced, there now being subtle foci of ground-glass opacification, mild, poorly defined centrilobular
nodules, and scattered linear opacities, bilaterally.

centrilobular fibrotic lesions. In that study, immunohis- and T CD8+ lymphocytes. The authors® suggest
tochemistry revealed the presence of tungsten particles  that such macrophages play an important role in the
within lesions surrounded by CD163+ macrophages  development of fibrotic lesions.
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Figure 2. HRCT scans. Case 3 (Figures A and B): micronodular opacities distributed in a perilymphatic pattern,
predominantly in the middle and upper lung fields. Case 4 (Figures C and D): ground-glass opacities and foci of
parenchymal consolidation, predominantly in the middle and upper lung fields, as well as mild peripheral reticulation

with traction bronchiectasis and bronchiolectasis.

Table 2. Course of lung function in the study subjects.?

Variable Case 1 Case 2 Case 3 Case 4 Case b
Baseline  After Baseline  After Baseline After Baseline After Baseline  After
14m 60m 56m 30m 24m
FVC, L 4.17 3.74 2.85 2.88 3.47 4.12 2.22 1.76 2.81 2.33
(79%) (67%) (63%) (59%) (63%) (76%) (49%) (39%) (83%) (61%)
FEV,, L 3.54 3.20 2.45 2.38 2.73 3.08 2.09 1.70 2.32 1.94
(83%) (73%) (65%) (60%) (60%) (68%) (56%) (46%) (86%) (69%)
FEV,/FVC 0.85 0.86 0.86 0.83 0.81 0.75 0.94 0.94 0.82 0.83
TLC, L NA 5.57 4.31 5.11 5.19 5.89 3.80 NA 4.07 4.06
(75%) (68%) (83%) (66%) (75%) (56%) (65%) (65%)
RV, L NA 1.84 1.56 2.09 1.47 1.83 1.54 NA 1.29 1.67
(91%) (96%) (142%) (79%) (98%) (77%) (54%) (76%)
DLCO, NA NA 22.76 28.89 32.44 43.25 6.15 NA 19.39 11.29
mL/min/mmHg (72%) (106%) (93%) (107%) (20%) (67%) (39%)

m: months; and NA: not assessed. ?Percent predicted values calculated for the Brazilian population according to

Neder et al.3?

Figure 3. BAL specimen containing macrophages,
neutrophils, and lymphocytes, as well as multinucleated
giant cells (Papanicolaou stain; magnification, x400).

The clinical presentation of HMLD varies widely,
as shown in this case series. The initial symptom is
usually dyspnea on exertion. Patients who have HMLD
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Figure 4. Histological analysis of a lung biopsy specimen.
Respiratory bronchiole stripped of its lining epithelium,
filled with multinucleated giant cells (arrow), also observed
in the adjacent alveoli, which are covered by metaplastic
columnar epithelium (H&E; magnification, x200).

develop restrictive lung disease and have a reduction
in DLCO, of varying severity.®
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A relevant clinical and occupational history is essential
for the diagnosis of HMLD. Although chest X-ray and
HRCT findings are nonspecific, they are important in
diagnosis, together with a history of exposure and
histopathological changes. The major chest HRCT
changes found by Choi et al.?® were ground-glass
opacities and irregular linear opacities, predominantly
in the lower lung fields; these changes were also
commonly seen in the 5 cases described here.

Unlike in other pneumoconioses, in which, in most
cases, relevant occupational history and suggestive
chest X-ray findings are sufficient to establish the
diagnosis, in HMLD, chest HRCT and a specimen for
cytological or histological analysis are required. BAL,
which is a minimally invasive method, can confirm
the diagnosis without the need for lung biopsy.®2Y

Forni,?Y in reviewing BAL cytopathological findings
described in the literature, concluded that there are two
patterns that suggest the diagnosis of HMLD. The first
is characterized by significantly increased cellularity,
resulting from characteristic multinucleated giant cells,
lymphocytosis with a decreased CD4/CD8 ratio, and
eosinophilia. To Forni,?V these findings mirror the
histopathological findings of GIP, and, in such cases, a
lung tissue biopsy would not be required. The second
BAL pattern is that of predominant lymphomono-
nuclear infiltrates, with a decreased CD4/CD8 ratio,
rare eosinophils, and giant cells, being similar to the
pattern found in HP. In such cases, biopsy is essential
to establish the diagnosis.?

In the present case series, the BAL patterns coincided
with those described by Forni?® and reinforce the
relationship between the presence of multinucleated
giant cells in the BAL and the histological diagnosis
of GIP.

Naqvi et al.,*) in a review of 100 patients who had
undergone lung biopsy and had a diagnosis of HMLD,
reported that 59 of those patients had the pattern of GIP,
defined as the presence of typical multinucleated giant
cells in the alveolar space. Moriyama et al.® highlighted
the importance of the presence of centrilobular fibrotic
lesions in the histological specimen for the diagnosis
of HMLD, even when there are no multinucleated giant
cells. Another histopathological pattern that is seen
is that of HP.(*?? Hard-metal-exposed workers often
also use cutting oil, which may be contaminated with
Mycobacterium immunogenum, whose antigens can
cause HP.?3

When the observed histological patterns are incon-
sistent with GIP, elemental analysis, by a combination
of electron microscopy and energy-dispersive X-ray
fluorescence spectrometry, is important in establishing
the diagnosis.(¥ Tungsten is usually found at high
levels, (824 whereas cobalt is usually found at moderate
or low levels, since cobalt is highly soluble and is
eliminated rapidly.®*

Although some authors have suggested that GIP is
a pathognomonic finding of HMLD,?> there have been
several published reports of cases*®® with a histological
pattern of GIP without occupational exposure to hard
metals and without tungsten or cobalt being detected
in lung tissue. Other authors(®?®) have suggested that
such cases correspond to idiopathic GIP. Other reported
cases of GIP have been associated with exposure to
titanium®@” and to nitrofurantoin.®

Treatment of HMLD consists of withdrawal from the
occupational exposure, which can stabilize or even
improve lung function,® and corticosteroid therapy.
Because of the scarcity of cases in the literature, there
have been no studies comparing corticosteroid therapy
and placebo treatment; however, clinical experience
is that corticosteroid therapy results in improvement.
(930 The use of immunosuppressive therapy also is not
well established, although immunosuppressants are
occasionally used.® Lung transplantation is a treatment
option in patients with advanced lung disease that
progresses despite treatment, Y despite the possibility
of GIP pattern recurrence in the transplanted lung.(®1617

Although HMLD is rare, it should always be included
in the differential diagnosis of respiratory dysfunction
in hard-metal-exposed workers—such as tool sharp-
eners, toolmakers, operators of machines (such as
milling cutters, grinders, and lathes), operators of
diamond-blade cutting discs, and diamond polishers
(using polishing discs made of hard metals)—who
present with clinical complaints, functional changes,
or imaging changes. Data in the literature and our
experience with the cases reported here suggest that
adequate occupational history taking accompanied by
chest HRCT changes and BAL findings (lymphocytosis
with a decreased CD4/CDS8 ratio and, especially, the
presence of large numbers of giant cells) consistent
with the disease might be sufficient for the diagnosis,
there being no need for an open lung biopsy. Treatment
is based on permanent withdrawal from exposure and
corticosteroid or immunosuppressive therapy, with
varying results.
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