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Objective: To describe the thin-section CT findings of arc-welders’ pneumoco-
niosis.

Materials and Methods: Eighty-five arc-welders with a three to 30 (mean, 15)-
year history of exposure underwent thin-section CT scanning. The extent of
abnormalities detected was correlated with the severity of dyspnea and pul-
monary function tests. For comparison, images of 43 smoking males (mean 25
pack-year) who underwent thin-section CT for other reasons (smokers’ group)
were also analyzed.

Results: Fifty-four welders (63.5%) and six smokers (14.0%) showed positive
findings. Predominant thin-section CT findings were poorly-defined centrilobular
micronodules (30/54, 55.6%), branching linear structure (18/54, 33.3%), and
ground-glass attenuation (6/54, 11.1%). In the smokers’ group, poorly-defined
micronodules were found in four patients, branching linear structures in one, and
ground-glass attenuation in one. In welders, the extent of abnormalities seen on
thin-section CT showed no significant correlation with the severity of dyspnea or
the results of pulmonary funotion test.

Conclusion: Poorly-defined centrilobular micronodules and branching linear
structures were the thin-section CT findings most frequently seen in patients with
arc-welders’ pneumoconiosis. Less commonly, extensive ground-glass attenua-
tion was also seen.

rc-welders pneumoconiosis is caused by chronic inhalation of inorganic
dust fumes during the welding procedure. The principal component of the
inhaled dust is iron-oxide; thus, the condition is also known as welders’
siderosis (1-4). After the first description in 1936 by Doig and McLaughlin (1), a num-
ber of studies of the radiographic findings of the disease follewed (2, 3). The thin-sec-
tion CT findings of 21 cases of arc-welders’ pneumoconiosis have been described by
Akira et al. (4) in a collation of uncommon pneumoconiosis.
The purpose of this study was to describe the thin-section CT findings of arc-
welders’ lung.

SUBJECTS AND METHODS

Subjects

Between April 1994 and January 1995, 85 arc-welders working in shipbuilding
yards or assembly plants were referred to our hospital for thin-section CT scanning
aimed at evaluating alleged lung abnormalities. Among them, 74 underwent CT be-
cause of respiratory symptoms without overt abnormal chest radiographic findings,
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and 11 because chest radiographs performed at other insti-
tutions showed positive findings of pneumoconiosis.
Eighty-two patients were men, and three were women,
and their age range was 25-57 (mean, 44) years. A history
of exposure to dust fumes was available for 53 individuals,
and the duration of this ranged from three to 30 (mean 15)
years.

In the study group of arc-welders, we had no pathologic
proof of the existence of pneumoconiosis, and because of
this, and because smoking may effect their CT findings, we
included in this study, for comparative purposes, a group
of smokers with a smoking history of 10 pack-years or
more. It consisted of 43 men, 29-71 (mean, 55) years old,
who between February and August 1995 underwent thin-
section CT for the following reasons: evaluation of lung
mass or nodule (n = 16), suspicion of active tuberculosis (n
=10), chronic obstructive lung disease (n = 10), pneumoth-
orax (n = 3), hemoptysis (n = 2), suspicion of pulmonary
metastasis (n = 1), and Loeffler’s syndrome (n = 1).
Patients whose CT scans revealed diffuse parenchymal ab-
normalities were not included in this group. The range of
their smoking history was 10-50 (mean, 25) pack-years.

Clinical findings and pulmonary function tests

Among welders, documents regarding clinical findings
were available for 53 individuals who answered a ques-
tionnaire designed to elicit clinical information including
the presence of cough, sputum production, dyspnea (classi-
fied as one of four grades, according to the New York
Heart Association), longevity of occupational exposure his-
tory, and smoking history (pack-year). All 53 underwent
pulmonary function tests which included measurement of
forced vital capacity (FVC), and forced expiratory volume
at 1 second (FEV1). FEV1/FVC was expressed as a per-
centage.

Imaging studies

All subjects in both the welders’ (n = 85) and the smokers’
(n = 53) group underwent thin-section CT, performed using
either a HiSpeed Advantage scanner (GE Medical Systems,
Milwaukee, WI) (n = 98) or a Somatom Plus-S scanner
(Siemens Medical Systems, Erlangen, Germany) (n = 40).
Scans were obtained with 1-mm collimation at full inspira-
tion and at five designated levels: 4-cm above the carina, at
the carina, 4 cm and 8 cm below the carina, and at the di-
aphragmatic dome. In no case was intravenous contrast
medium administered. A high-spatial-resolution algorithm
(bone algorithm) was used for image reconstruction, and im-
ages were photographed with window widths and levels ap-
propriate for visualization of the pulmonary parenchyma
(window width, 1500 H; window level, -700H).
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Imaging analysis

Images of thin-section CT scans were interpreted retro-
spectively by two radiologists experienced in thoracic
imaging and decisions were reached by consensus. Findings
were classified as either poorly-defined centrilobular mi-
cronodules, branching linear structures, or ground-glass at-
tenuation. Poorly-defined centrilobular micronodules were
defined as those showing fuzzy centrilobular round opacity
no greater than 7 mm in diameter, and 2-3 mm apart from
the interlobular septae or pleural surface (5); branching lin-
ear structures as poorly-defined X-or Y-shaped centrilobu-
lar densities which did not taper peripherally as normal
bronchovascular structures; ground-glass attenuation as
poorly-defined opacity greater than 7mm in diameter
which did not obliterate the parenchymal architecture. In
each patient, the predominant pattern as well as its vertical
and horizontal distribution was analyzed. Vertical distribu-
tion referred to whether the findings were observed pre-
dominantly in the upper lung zone (above the carina) or
the lower (below the carina). Horizontal distribution re-
ferred to whether they were noted predominantly in the
peripheral lung zone (less than 3 cm from the parietal pleu-
ra) or the central (more than 3 cm from the parietal pleura).

Fig. 1. 46-year-old man whose smoking and exposure history
were not available.
Thin-section CT at the level of the origin of the right middle lobar
bronchus shows poorly-defined centrilobular micronodules (ar-
rows). Visual assessment indicated that the extent of abnormali-
ties was 30 - 40%.
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Using a scale graduated in multiples of ten percent, the
extent of abnormalities was visually assessed; 20-30%, for
example, indicated that micronodules or ground-glass at-
tenuation occupied 20-30% of the area of lung parenchy-
ma seen in the images. Using Spearman’s correlation, the
extent of abnormalities was statistically correlated with the
results of pulmonary function tests (FEV1/FVC% and
FVC) and the degree of dyspnea (NYHA class 0 to 4). If
the findings of thin-section CT were positive, these were
correlated with smoking history (Spearman’s correlation).

RESULTS

Among 53 welders who answered to the questionnaire,
42 (79%) were smokers with a 1 to 30 (mean, 13) pack-
year history, and 46 had symptoms such as dyspnea (n =
40), sputum (n = 33), and cough (n = 25).

In 54 of 85 welders (64 %), the findings of thin-section
CT scanning were positive. The most common finding was
poorly-defined centrilobular micronodules (n = 30) (Fig. 1),
followed by branching linear structures (n = 18) (Fig. 2),
and ground-glass attenuation (n = 6) (Fig. 3). While many
cases of poorly-defined micronodules (17/30) and branch-

Fig. 2. 42-year-old man with a 20 pack-year smoking history and
14 years exposure to arc-welding. Pulmonary function tests were
normal.

Thin-section CT scan obtained at the level of the left lower lobar
bronchus shows branching linear structures (arrows). According
to visual assessment, the extent of abnormalities was 20-30%.
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ing linear structures (10/18) showed slight upper zonal pre-
dominance, and were less commonly randomly distributed
(7/30 for poorly-defined micronodules, 6/18 for branching
linear structures), ground-glass attenuation was (in 5/6 cas-
es) randomly distributed between upper and lower lung
zones, As far as central or peripheral distribution was con-
cerned, centrilobular micronodules and branching linear
structures showed neither central nor peripheral predomi-
nance. Ground-glass attenuation was distributed more cen-
trally (4/6). The extent of abnormalities was 0-10% in 29
cases, 10-20% in 11, 20-30% in seven, 30-40% in four,
and more than 40% in three.

Other thin-section CT findings in welders included local-
ized stable tuberculous lesions (n = 10), bronchial dilata-
tion or wall thickening (n = 8), localized emphysema (n =
5), noncalcified mediastinal lymphadenopathy (n = 2), sub-
segmental atelectasis (n = 2), or tracheal dilatation (n = 1).
In particular, in no patient was the appearance of emphy-
sema compatible with so-called focal dust emphysema.

In the smokers’ group, thin-section CT findings in six pa-
tients (14%) were positive. The predominant finding was
poorly-defined micronodules in four, branching linear
structures in one, and ground-glass attenuation in one. In

-
Fig. 3. 46-year-old man for whom smoking and exposure history
were not available.
Thin-section CT scan obtained below the carina shows areas of
ground-glass attenuation. Visual assessment revealed that extent
of abnormalities was 70-80%.
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all subjects, the extent of abnormalities was 0-10%. Other
findings included localized bronchiectasis (n = 12), stable
tuberculosis (n = 11), nodules or mass (n = 11), localized
emphysema (n = 10), pleural thickening (n = 7), bulla (n =
4), consolidation (n = 3), fungus ball (n = 2), or lobar col-
lapse (n = 1).

Among 53 welders who answered the questionnaire, the
rate of positive thin-section CT findings was 57.1% for
smokers (24/42) and 54.5% for non-smokers (6/11). The
extent of abnormalities seen on thin-section CT showed no
significant correlation with the results of pulmonary func-
tion tests (for FEV1/FVC, r = -0.045, p = .747; for FVC, r =
0.082, p = .55, respectively), with the degree of dyspnea (r
=0.023, p = 1), or with longevity of smoking (r =.0123, p
= .949).

DISCUSSION

Arc-welders’ pneumoconiosis is caused by the deposition
of iron oxide, Fe,05. Since the original description of the
condition in 1936, it has been generally assumed that the
disease is a benign one, not associated with respiratory
symptoms or fibrosis. Some authors, however, reported res-
piratory difficulty associated with arc-welding (6), or histo-
logic findings of emphysema or pulmonary parenchymal fi-
brosis in arc welders (7, 8). Here, the rare occurrence of
parenchymal fibrosis has been attributed to ingredients
other than iron (mostly silica) in welding fumes (9), based
on cases where heavy deposition of iron in lung parenchy-
ma was not associated with pulmonary fibrosis in either a
human (10) or in experimental animal model (11). Indeed,
in none of our cases with extensive ground-glass attenua-
tion, which possibly represented the accumulation of large
amount of iron oxide, was emphysema observed on thin-
section CT scans. Likewise, we strongly doubt that in a
study by Akira et al. (4), the emphysema revealed by thin-
section CT scanning of seven welders with a smoking histo-
ry was work related. Other thin-section CT findings in
their study coincided with those in ours.

In our study, the predominant finding was centrilobular
microndules, and this can be explained by reference to pre-
vious studies in which histological examinations were per-
formed (13-14). They described the presence of pigmented
macrophages in air spaces and interstitium close to the cen-
ter of the acinus, with occasional fibrosis around pigment-
ed deposits in these areas.

Our findings appeared similar to those of smokers’ lung
(14), and this similarity may be due to similarities in the
pathologic findings of both entities. Small-airway lesions in
patients with histories of exposure to nonasbestos dusts
consist of deposits of fibrous tissue, often accompanied by
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pigment, in the walls of membranous and respiratory bron-
chioles and alveolar ducts (15, 16). In addition, the fact
that 79% of the welders were smokers might call it into
question whether the findings in our study truly represent-
ed exposure to welding and were not the results of smok-
ing. On the basis of the following facts, however, we sug-
gest that the findings in our subjects are mostly due to ex-
posure to arc-welding. First, while there was a significant
difference in the positive rate of CT findings between the
welders (64 %) and the smokers (14 %), no such difference
was seen in the positive rates for welders who smoked
(57.1%) and those who did not (54.5%); second, among
welders, there was no statistically significant dose-response
relationship between smoking history and the extent of ab-
normalities.

Our study suffers from certain limitations. For example,
those who interpreted the CT findings were not blinded as
to whether a particular scan belonged to the welders’ or
the smokers’ group. Thus, we admit that image interpreta-
tion for the latter could have been subject to prejudice,
though not to the extent of significantly affecting the re-
sults of our study. Another limitation is that because most
of the patients in our study sought compensation, they may
have exaggerated the extent of their clinal symptons, and
this may have diminished the statistical accuracy of our
findings.

In conclusion, thin-section CT findings of arc-welder’s
lung include poorly-defined centrilobular micronodules,
branching linear structures, and ground-glass attenuation.
Some of our cases in which extensive abnormalities were
not associated with the development of emphysema seem
to indicate that this condition of emphysema is not caused
by inhalation of arc-welding fumes. Since the CT findings
in welder’s lung can sometimes be very extensive, we be-
lieve that in order not to mistakedly perceive evidence of
more serious conditions other than actually existing arc-
welders’ lung, cautious interpretation is required.

References

1. Doig AT, McLaughlin AIG. X-ray appearance of the lungs of
electric welders. Lancet 1936;1:771-775

2. Attfield MD, Ross DS. Radiological abnormalities in electric-arc
welders. Br | Ind Med 1978;35:117-122

3. Lee JB, Kim KI, Chang HS et al. Radiologic findings of chest ra-
diograph for the mass survey in shipyard welders, Pusan. |
Korean Radiol Soc 1990; 26:82-90

4. Akira M. Uncommon pneumoconiosis: CT and pathologic find-
ings. Radiology 1995;197:403-409

5. Austin JH, Muller NL, Friedman PJ et al. Glossary of terms for
CT of the lungs: Recommendations of the Nomenclature
Committee of the Fleischner Society. Radiology 1996;200:327-
331

6. Charr R. Respiratory disorders among welders. Am Rev Tuberc

Korean J Radiol 1(2), June 2000



Thin-Section CT Findings of Arc-Welders’ Pneumoconiosis

Pulm Dis 1955;71:877-884
7. Man BT, Lecutier ER. Arc-welders’ lung. Br Med | 1957;2:921-
922
8. Friede E, Rachow DO. Symptomatic pulmonary disease in arc
welders. Ann Intern Med 1961;54:121
9. Morgan WK. Arc-welders’ lung complicated by conglomeration.
Amer Rev Resp Dis 1962;85:570-575
10. Morgan WK, Kerr HD. Pathologic and physiologic studies of
welders’ siderosis. Ann Int Med 1963;58:293-304
11. Harding HE, Grout JLA, Lloyd Davies TH. The experimental
production of x-ray shadows in the lungs by inhalation of indus-
trial dusts: I. Iron oxide. Br | Ind Med 1947;4:223
12.Kalliomaki PL, Sutinen S, Kelha V, Lakomaa E, Sortti V,
Sutinen S. Amount and distribution of fume contaminants in the

Korean J Radiol 1(2), June 2000

lungs of an arc welder post mortem. Br | Ind Med 1979;36:224-
230

13. Harding HE, McLaughlin AIG, Doig AT. Clinical, radiographic,
and pathological studies of the lungs of electric-arc and oxy-
acetylene welders. Lancet 1958;23:394-398

14.Remy-Jardin M, Remy J, Gosselin B, Becette V, Edme JL. Lung
parenchymal changes secondary to cigarette smoking: patholog-
ic-CT correlation. Radiology 1993;186:643-651

15. Churg A, Wright JL. Small-airway lesions in patients exposed to
nonasbestos mineral dusts. Hum Pathol 1983;14:688-693

16.Kleinerman J, Green F, Harley RA, et al. Pathology standards
for coal workers’ pneumoconiosis. Arch Pathol Lab Med 1979;
103:375-432

83



