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Proposed Criteria for Mixed-Dust
Pneumoconiosis: Definition, Descriptions,
and Guidelines for Pathologic Diagnosis
and Clinical Correlation
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We defined mixed-dust pneumoconiosis (MDP) pathologically as
pneumoconiosis showing dust macules or mixed-dust fibrotic nod-
les (MDF), with or without silicotic nodules (SN), in an individual
ith a history of exposure to mixed dust. We defined the latter
rbitrarily as a mixture of crystalline silica and nonfibrous silicates.
ccording to our definition of MDP, therefore, MDF should outnum-
er SN in the lung to make a pathologic diagnosis of MDP. In the
bsence of confirmation of exposure, mineralogic analyses can be
sed to support the pathologic diagnosis. The clinical diagnosis of
DP requires the exclusion of other well-defined pneumoconioses,

ncluding asbestosis, coal workers’ pneumoconiosis, silicosis, hema-
ite miners’ pneumoconiosis, welders’ pneumoconiosis, berylliosis,

ard metal disease, silicate pneumoconiosis, diatomaceous earth
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neumoconiosis, carborundum pneumoconiosis, and corundum
neumoconiosis. Typical occupations associated with the diagnosis of
DP include metal miners, quarry workers, foundry workers, pottery

nd ceramics workers, and stonemasons. Irregular opacities are the
ajor radiographic findings in MDP (ILO 1980), in contrast to sili-

osis, in which small rounded opacities predominate. Clinical symp-
oms of MDP are nonspecific. MDP must be distinguished from a
ariety of nonoccupational interstitial pulmonary disorders.
UM PATHOL 35:1515-1523. © 2004 Elsevier Inc. All rights reserved.

Key words: dust, pneumoconiosis, silica, silicates, silicosis.
Abbreviations: MDP, mixed-dust pneumoconiosis; MDF, mixed-

ust fibrotic lesions; SN, silicotic nodules.
Cases of pneumoconiosis that do not show typical
linicopathologic features of silicosis or other well-de-
ned pneumoconiosis are frequently encountered in
apan and elsewhere. The term mixed-dust pneumoconio-
is (MDP) originated in European countries to describe
he lung lesions of ferrous and nonferrous foundry
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he purpose of this consensus report is to arrive at a
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ôpital Erasme, Bruxelles, Belgium; the Department of Histopathol-

f Pathology and Laboratory Medicine, University of Calgary, Calgary,
search Institute of Tuberculosis, Tokyo, Japan; the Department of
d Kingdom; the National Institute of Industrial Health, Ministry of
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HUMAN PATHOLOGY Volume 35, No. 12 (December 2004)
ocus on a narrow definition of MDP, based on the
athologic descriptions of the lungs of patients ex-
osed occupationally to a mixture of crystalline silica
nd mainly, nonfibrous silicates. Silicates represent rel-
tively weakly fibrogenic dusts and modify the intense
brogenic response to crystalline silica, as do other
usts such as iron.4 Iron oxide and non-coal carbon
articles are considered to be minor constituents of
ixed dust in certain situations. Crystalline silica plays
key role in our definition of MDP, and it is expected

hat this definition would constitute the basis for fur-
her attempts to evaluate diverse biologic effects of
ombinations of nonsiliceous dust mixture in general.5

ISTORICAL REMARKS AND EXPERIMENTAL
ACKGROUNDS

In 1934, Stewart and Faulds6 reported the clinico-
athologic and mineralogic features of lung changes in
5 hematite miners; these features closely resemble
hose of mixed-dust fibrosis. Stewart and Faulds6 cate-
orized it as “sidero-silicosis” at that time. The term
ixed-dust pneumoconiosis (Mischstaubpneumokoniose)
as first introduced by Uehlinger in 1946.1 According

o his clinicopathologic descriptions of MDP, “mixed
ust granulomas” are softer than those of the silicotic

esion, and the fibrosis of silicotic type is masked exten-
ively by the mixture of dust. Persistent layering of the
ranuloma with paucicellular fibrosis alternating with
istiocyte-rich, less fibrotic tissue, prominent vascula-

ure, and microcavitation further were considered to be
haracteristic of MDP pathology. The evolution of clin-
cal symptoms in MDP was slower than that of those of
ilicosis because of the less prominent lung fibrosis.
apidly progressive pulmonary tuberculosis was also

een but less often than in silicosis.
Several years later, Harding et al2 described

erivascular and peribronchial reticulin and collagen

brosis (“dust reticulation”) as a cardinal feature of l

1516
DP. The lesions that they described showed, in most
nstances, intermediate features between dust macules
nd mixed-dust fibrosis. Exposure to mixed dust that
ontained a small proportion of free silica was consid-
red to be responsible for the development of MDP.
egarding the threshold level, a mixture of about 10%

ree silica was mentioned by McLaughlin,7 and later, of
18% by Nagelschmidt.8 In the German literature, the

erm mixed-dust silicosis (Mischstaubsilikose) was prefer-
ntially used instead of mixed-dust pneumoconiosis.9,10

he term anthracosilicosis was often used when the nonsi-
iceous component included carbon (mostly coal).11,12

Early descriptions of the chest radiograph findings
anged from mottling6 or snowflake picture9 to reticu-
ation.2,7 Di Biasi9 pointed out difficulties in differenti-
ting mixed-dust silicosis from tuberculosis on the
oentgenograms.

A number of experimental studies have been per-
ormed so far, focusing on the biologic effect of mixed
ust that is composed of both crystalline silica and
onsiliceous particles. The results indicate that the in-

ense fibrogenic effect of crystalline silica is modified or
ampened by a variety of agents including iron,13-16

oal,17,18 feldspar,16 kaolin,19,20 and montmorillon-
te.21,22

ATHOLOGIC FEATURES

Three types of lesions are typically seen in individ-
als who are exposed to dusts containing a mixture of
rystalline silica and silicates. These include macules,
ixed-dust fibrotic lesions (MDF), and silicotic nod-

les.23 Macules are nonpalpable lesions consisting of
nterstitial accumulations of dust-laden macrophages.
hese typically show a peribronchiolar or perivascular
istribution and are associated with a delicate mesh-
ork of reticulin fibers without obvious collagenization
Fig 1). MDF is a palpable, irregularly contoured, stel-

FIGURE 1. Histology of dust macules, show-
ing peribronchiolar and perivascular collec-
tion of dust-laden macrophages accompa-
nied by little collagen fibrosis. A mild
centrilobular emphysema is seen. Hematox-
ylin & eosin; original magnification, �25.2.
ate-shaped lesion with varying degrees of collageniza-
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MIXED-DUST PNEUMOCONIOSIS (Honma et al)
ion (Fig 2). Macules and MDF have a tendency to
pread diffusely into the adjacent lung tissue (diffuse
nterstitial fibrosis pattern, Fig 3).24 Centrilobular em-
hysema may accompany macules and MDF, and in
ome cases, it may be a dominant pathologic feature
ven in the absence of a history of smoking. Silicotic
odules are well-delineated, firm, almost acellular fi-
rotic nodules composed of whorled hyalinized colla-
en (Fig 4). When viewing these various lesions by
olarizing microscopy, numerous birefringent particu-

ates are typically observed. Crystalline silica usually
hows a weak birefringence in contrast to most silicates,
hich are intensely double refractile.23 The presence of
articles compatible with crystalline silica under polar-

zed light helps to distinguish silicotic nodules from
imilar fibrous nodules of other etiologies. In any indi-
idual case, macules, MDF, and silicotic nodules may be
bserved to varying degrees and in various combina-

IGURE 2. Histology of mixed-dust fibrosis,
howing an irregular-contoured soft nodule
omposed of dust-laden macrophages and
odest collagen fibrosis. Hematoxylin & eo-

in; original magnification, �15.
1517
ions. Progressive massive fibrosis or conglomerate le-
ions may be observed in some cases (Fig 5).

We define MDP pathologically as a combination of
acules and MDF lesions, with or without silicotic nod-

les or massive fibrosis, in an individual with a history of
xposure to mixed dust as defined above. If silicotic
odules are present, then MDF lesions should outnum-
er the silicotic nodules. If silicotic nodules predomi-
ate, the appropriate diagnosis is silicosis. Macular
neumoconiosis (MP), which is composed exclusively
f macules, is arbitrarily included in MDP on the as-
umption that MP may represent an early stage of MDP.
n the absence of a history of exposure, mineralogic
nalyses showing a mixture of crystalline silica and sil-
cates would support the diagnosis. In the absence of
ither a history of exposure or mineralogic analysis, it is
ecommended that pathologists use the term mixed-dust
neumoconiosis pattern. The terms anthracosilicosis and

FIGURE 3. Diffuse interstitial fibrosis pattern
of macules associated with emphysematous
change. Hematoxylin & eosin; original mag-
nification, �15.
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FIGURE 4. Histology of a typical silicotic
nodule, showing a well-demarcated pauci-
cellular rounded fibrous lesion composed of
thick, hyalinized collagen fibers in a whorled
pattern of arrangement. Hematoxylin & eo-
sin; original magnification, �20.
IGURE 5. Paper-mount whole lung sec-
ions from a 76-year-old male patient who
ad been a brick worker for 31 years, show-

ng mass lesions in the left upper and right
iddle lung areas due to coalescence of

ndividual mixed-dust fibrotic lesions (MDF)–
ype fibrous nodules. Original magnification,
0.15.
1518



s
t
t
u
s

M

p
p
e
T

c
i
t
A
s
t
c
n
s
s
s
t
u
t
t
s
s
c
t
b
i
c
a
T
s
o
d
t
w
s
u
s
p

A
B
C
C
C
D
H
H

S

S
W

F
o
c
n
l
s
c
n

MIXED-DUST PNEUMOCONIOSIS (Honma et al)
iderosilicosis also refer to a subset of MDP. Because of
heir equivocal clinicopathologic definitions, however,
hey should only be used with the greatest caution
nless they are meant in the context of historical con-
ideration.

INERALOGIC ANALYSIS

Mineralogic analysis of tissue specimens may be
erformed in a number of different ways. One ap-
roach is the ashing of the tissue and analysis of recov-
red dust gravimetrically and by x-ray diffraction.25,26

o obtain accurate identification of the mineral spe-

TABLE 1. Pneumoconioses to Be Excluded From
Mixed-Dust Pneumoconiosis

Type Ref. No.

sbestosis 49,50
erylliosis 51
arborundum (silicon carbide) pneumoconiosis 52,53
oal workers’ pneumoconiosis 54,55
orundum pneumoconiosis 5,56
iatomaceous earth pneumoconiosis 57,58
ematite miners’ pneumoconiosis 6,59
ard metal (lung) disease (tungsten carbide

pneumoconiosis) 60-64
ilicate pneumoconiosis (silicatosis) 65,66
Fuller’s earth 67-69
Kaolin 70-74
Mica 75,76
Talc 77-83

ilicosis (including silicoproteinosis) 23,84
elders’ pneumoconiosis 85-87

IGURE 6. Chest radiograph of an 82-year-
ld male patient who had been working in a
opper mine for 24 years, showing a small
umber of micronodules distributed in the bi-

ateral upper and middle lung fields. Egg-
hell-type calcifications are noted in the tra-
heobronchial and supraclavicular lymph
odes.
1519
ies, the x-ray diffraction analysis is required, employ-
ng the x-ray absorption correction.27,28 Unfortunately,
his approach requires a large sample of lung tissue.
nother approach involves in situ analysis of tissue

ections by analytical electron microscopy (scanning,
ransmission, or scanning transmission electron micros-
opy). A convenient and frequently employed tech-
ique is the examination of 5-�m-thick sections in a
canning electron microscope equipped with a back-
cattered electron detector and an energy dispersive
pectrometer.29,30 An advantage of this technique is
hat it can be performed on a section serial to the one
sed to make the pathologic diagnosis. Another de-
ailed and rather complete technique is the examina-
ion of particles directly transferred to electron micro-
copic grids after ashing 5- to 20-�m-thick lung tissue
ections.31 This provides comprehensive data on parti-
le shape, crystal structure, and chemical composi-
ion.31,32 Electron-microscopic particle analysis can also
e performed on particles isolated from lung tissue

ncluding transbronchial lung biopsy material,33 bron-
hoalveolar lavage fluid, or even lymph nodes after
shing or digestion of the organic components.34-36

hese data contribute to defining the characteristics
uch as chemistry, crystallinity, size and concentration
f the particles. A discussion of the advantages and
isadvantages of each of these approaches is beyond
he scope of this report but has been dealt with else-
here.37 Analysis typically shows the presence of silica,

ilicates, and various metal particles. These dust levels
sually exceed by orders of magnitude the levels of
uch particles that are found in a background, unex-
osed population.30
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FIGURE 7. Chest radiograph of a 64-year-
old male stonemason, demonstrating numer-
ous irregular opacities mainly in the middle
lung fields, obscuring the normal pulmonary
vasculature. Apical and basal lung fields ap-
pear emphysematous. He was an ex-smoker
with a smoking history of 20 pack-years.
IGURE 8. Chest radiograph of a 76-year-
ld brick worker (the same case as Fig 5),
howing numerous small irregular opacities
s well as left-side dominant, large irregular
pacities in the upper lung fields, associated
ith extensive pleural thickenings. He was an
x-smoker with a smoking history of 40 pack-
ears.
1520
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MIXED-DUST PNEUMOCONIOSIS (Honma et al)
LINICAL DIAGNOSIS

The diagnosis is aided by a well-documented occu-
ational history of concomitant exposure to mixed dust
s defined above. Typical occupations associated with a
iagnosis of MDP include metal miners, quarry work-
rs, foundry workers, pottery and ceramics workers,
nd stonemasons. Lesions found in coal workers’ pneu-
oconiosis and hematite miners’ pneumoconiosis are

ery similar to those observed in MDP.4 However, we
re arbitrarily restricting the definition of MDP to ex-
lude these and other well-defined clinicopathologic
ntities (Table 1). Radiologic findings (below) also
elp to differentiate these pneumoconioses and to dis-

inguish classic silicosis. In exceptional cases, however,
n which MDP is present together with another well-
efined pneumoconiosis such as asbestosis, the diagno-
is mixed pneumoconiosis or MDP with, for example, as-
estosis might be made.

Radiologic findings of MDP on plain chest radio-
raphs include a mixture of small rounded and irreg-

IGURE 9. Conventional computed tomography of the pat
500HU; window level, –600 Hounsfield units), demonstrating
mphysema throughout the lungs. Posterior part of the left
hrinkage of the parenchyma. Peripheral portions of both lung
lar opacities as defined by the 1980 International La- r

1521
our Office International Classification of Radiographs
f Pneumoconioses. In some cases with pathologically
roven macular pneumoconiosis, the chest radiograph
ay be within normal limits. If small rounded opacities

redominate and siderosis38 is excluded, the appropri-
te diagnosis is silicosis (Fig 6). Small rounded opacities
een in cases with MDP, if any, tend to have ill-defined
ontours. In cases in which irregular opacities predom-
nate or are found exclusively, a diagnosis of MDP can
e made with the appropriate occupational history (Fig
).39 Large opacities may or may not be present (Fig 8).
omputed tomography scans of the thorax40,41 show

eticular, reticulolinear, or reticulonodular opacities in
ases with MDP42 (Fig 9) or may be normal in some
ases with macular pneumoconiosis. Areas of emphy-
ema are often seen. In the emphysematous lungs,
9mTc macroaggregated human serum albumin scinti-
rams clearly show a marked reduction of the pulmo-
ary arterial perfusion.39

The symptoms of MDP are nonspecific. They in-
lude productive cough and dyspnea, which could be

seen in Fig 7 at the level of the aortic arch (window width,
minated irregular micronodules associated with centrilobular

shows coalescence of the pulmonary vasculature due to
ar paraseptal emphysema with several interlobular septa.
ient
disse
elated to pneumoconiosis, smoking, or associated em-
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HUMAN PATHOLOGY Volume 35, No. 12 (December 2004)
hysema. Pulmonary function tests can be normal or
how an obstructive, restrictive, or mixed pattern. In
eneral, pulmonary function tests tend to be less ab-
ormal than in classic silicosis or asbestosis,43,44 and the
rognosis is better.

MDP must be distinguished from a variety of non-
ccupational interstitial pulmonary disorders including
sual interstitial pneumonia, eosinophilic granuloma,
arcoidosis, and respiratory bronchiolitis-associated in-
erstitial lung disease.45,46 The differential diagnosis,
gain, depends on a thorough knowledge of the pa-
ient’s occupation and dust exposure. Mineralogic anal-
sis of dust from the lungs or workplace can be used to
upport the diagnosis of MDP in patients with a com-
ination of obscure or unconvincing exposure history,
uggestive radiology, and pathologic demonstration of
acules or nodular lesions in the lungs. Although un-

omplicated MDP is typically a benign disease, cases
ith fatal extensive diffuse interstitial fibrosis causing
oneycombing may be encountered. It should be noted

hat some patients with typical MDF lesions have super-
mposed diffuse interstitial fibrosis indistinguishable
rom UIP.47 The pathogenesis of such cases is poorly
nderstood, and an etiologic link between the 2 condi-
ions has yet to be determined.48
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