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The histopathologic and ultrastructural features ofintralu-
minal organizing and fibrotic changes were studied in
open lung biopsies and autopsy specimens from 373 pa-
tients with interstitial lung disorders, including hyper-
sensitivity pneumonitis (n=44), idiopathic pulmonary
fibrosis (n=92), collagen-vascular diseases (n= 20), chronic
eosinophilic pneumonia (n= 10), pulmonary histiocyto-
sis X (n-90), pulmonary sarcoidosis (n=62), pneumoconi-
oses (n= 25), Legionnaire's disease (n=5), drug- and toxin-
induced pneumonitis (n=4), radiation-induced pneumo-
nitis (n=2), lymphangioleiomyomatosis (n= 11), and
chronic organizing pneumonia ofunknown cause (n =8).
Three patterns ofintraluminal organization and fibrosis
were recognized: 1) intraluminal buds, which partially
filled the alveoli, alveolar ducts and/or distal bronchioles;
2) obliterative changes, in which loose connective tissue
masses obliterated the lumens of alveoli, alveolar ducts
or distal bronchioles, and 3) mural incorporation ofpre-
viously intraluminal connective tissue masses, which fused
with alveolar, alveolar ductal, or bronchiolar structures

FIBROTIC CHANGES in the interstitial lung diseases
are classically conceptualized as fibrous thickening of
the pulmonary interstitium, ie, those portions of the
alveolar walls bounded by the alveolar epithelial and
endothelial basement membranes.I-5 In this context, the
terms "fibrotic lung disease" and "interstitial lung dis-
ease" are often used synonymously. Because of the em-
phasis on the interstitial nature of these disorders, rel-
atively little attention has been given to the fact that
intraluminal organizing processes also may play an im-
portant role in their pathogenesis. These intraluminal
phenomena take different forms and can involve alveoli,
alveolar ducts, and, usually to a lesser extent, terminal
or respiratory bronchioles. The final outcome of these
intraluminal changes is variable. In certain circum-
stances, intraluminal organizing processes can be regres-
sive.68 In others, intraluminal fibrous scarring develops
and may be followed either by incorporation of the
fibrous tissue into the alveolar wall, resulting in fibrous
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and frequently became reepithelialized. All three pat-
terns had common morphologic features, suggesting that,
regardless oftheir severity, they resulted from a common
pathogenetic mechanism, ie, the migration of activated
connective tissue cells, through defects in the epithelial
lining and its basement membrane, from the interstitial
into the intraluminal compartment. Intraluminal buds
were observed most frequently in hypersensitivity pneu-
monitis, chronic eosinophilic pneumonia, and organiz-
ing pneumonia ofunknown cause. Mural incorporation
and, to a lesser extent, obliterative changes were observed
in most interstitial disorders and were very prominent
in idiopathic pulmonary fibrosis. Mural incorporation and
obliterative changes play an important role in pulmonary
remodeling, especially when several adjacent alveoli
and/or other air spaces are involved. Under these circum-
stances, intraluminal organization can mediate the fu-
sion of adjacent alveolar structures by intraluminal con-
nective tissue. (Am J Pathol 1986, 122:443-461)

thickening of the alveolar septa, or by filling and oblit-
eration of the alveolar lumens.4'9-"
The distinction between interstitial and intraluminal

fibrosis is of importance in understanding the patho-
genesis of interstitial lung diseases, because the mech-
anisms leading to an accumulation of mesenchymal
cells and their products within alveolar walls and within
alveolar lumen appear to vary and to have diverse con-
sequences in different diseases. To evaluate this prob-
lem in detail, we have made light- and electron-
microscopic studies of the characteristics, frequency,
and evolution of intraluminal changes in a series of
open lung biopsies and autopsy specimens from 373
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individuals with a variety of chronic and acute pulmo-
nary disorders.

Materials and Methods

Samples of human lung were collected in two differ-
ent institutions: INSERM U 82, Faculte Xavier Bichat
in Paris, France, and the Pulmonary Branch of the Na-
tional Heart, Lung and Blood Institute in Bethesda,
Maryland. A great majority (n= 366) of these samples
were taken at open lung biopsy, performed for diag-
nostic purposes. A few (n= 7) were taken at necropsy,
as soon as possible after death, from patients who died
of interstitial pulmonary disorders in intensive care
units.

Both categories of samples were prepared similarly:
one part was fixed for light microscopy in 10070 forma-
lin or Bouin's solution, and another was used for
electron-microscopic study. Paraffin sections were
stained with hematoxylin and eosin, periodic acid-silver
methenamine (PAM),12 Verhoeff, Masson, and Giemsa
stains. For electron-microscopic study, a thin slice was
fixed for 1 hour in 2.5% glutaraldehyde, buffered with
0.1 M cacodylate or 0.1 M phosphate, pH 7.4, at 4 C.
Selected pieces were cut into small cubes, refixed for
20 minutes in freshly prepared fixative, rinsed overnight
in buffer, postfixed in 1% osmium tetroxide, dehydrated
in graded ethanols and propylene oxide, and embed-
ded in Epon 812 or Polybed 812. One micron-thick sec-
tions were stained with alkaline toluidine blue and used
to select appropriate areas for ultrathin sections, which
were stained with uranyl acetate and lead citrate and,
on some occasions, with the Kajikawa stain for elastic
fibers. 13

Tissues from a total of 373 patients were used for
this study. Of these, 252 were studied by transmission
electron microscopy. The clinical and pathologic diag-
noses in these patients included idiopathic pulmonary
fibrosis (n= 92), hypersensitivity pneumonitis (n= 44),
sarcoidosis (n= 62), histiocytosis X (n= 90), interstitial
lung disease associated with collagen-vascular disease
(n= 20), Legionnaire's disease (n= 5); bleomycin-
induced interstitial disease (n= 1); amiodarone-induced
interstitial disease (n= 2); paraquat poisoning (n= 1);
radiation-induced pneumonitis (n= 2); pneumoconio-
sis (n= 25); lymphangioleiomyomatosis (n= 11); chronic
eosinophilic pneumonia (n= 10); and chronic organiz-
ing pneumonitis of unknown cause (n= 8). We use the
term "chronic organizing pneumonitis of unknown
cause" to designate patients who have a pulmonary
morphologic picture resembling that of postinfectious
organizing pneumonia14' 5 but in whom no infective
cause can be identified; this type of disorder has also
been described as "bronchiolitis obliterans organizing

pneumonia."8 All diagnoses were based on previously
established clinical and morphologic criteria.1'2'4'5'16-18

Results

Light-Microscopic Observations

Patterns of Intraluminal Organization and Fibrosis

Intraluminal organization and fibrosis were observed
in three major patterns. The first two consisted of ob-
vious intraluminal changes and are referred to as "in-
traluminal buds" and "obliterative changes," respec-
tively. The third pattern was characterized by mural
structural changes which resulted from previous intralu-
minal alterations. Because the sequence of development
of this third pattern involves intraluminal components
becoming mural components, this pattern is designated
as "mural incorporation." When this pattern involves
several adjacent alveolar structures, it results in remodel-
ing of the alveolar architecture. This remodeling can
be either limited or extensive.

Intraluminal buds partially filled the affected air
spaces and were composed of variable amounts of cells
mixed with, and surrounded by, connective tissue fibers.
Buds were located chiefly within alveoli (Figures 1 and
2) and/or alveolar ducts (Figure 3) and were often con-
nected to alveolar walls by narrow stalks (Figure 1). Less
frequently, similar intraluminal buds were observed
within respiratory or terminal bronchioles and were
sometimes connected to the bronchiolar walls either by
narrow stalks or by broader bases (not shown). Inflam-
mation and fibrosis were present to a variable extent
within intraluminal buds, but fibrosis usually was not
prominent.

Obliterative changes consisted of clumps of loose
connective tissue which filled and obliterated whole lu-
mens of alveoli, alveolar ducts, and/or respiratory or
terminal bronchioles. The epithelial lining of areas
affected by obliterative changes often had disappeared
entirely (Figures 4-6). Inflammation and fibrosis were
associated to variable degrees within areas of oblitera-
tive changes, but fibrosis was prominent.
Mural incorporation was characterized by masses of

loose connective tissue, which was morphologically
similar to the connective tissue in areas of intraluminal
buds or obliterative changes; however, these masses ap-
peared to have fused with, or were incorporated into,
alveolar, alveolar ductal, or bronchiolar structures (Fig-
ure 7). The surfaces of these structures often were partly
or totally reepithelialized. This process of incorpora-
tion resulted in thickening of the affected structures,
either in limited areas or involving several adjacent al-
veoli and/or alveolar ducts. Fibrosis of the incorporated
tissue masses often was prominent, and inflammation
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have a relatively poor cell content and are composed mainly of loose connective tissue fibers. Chronic organizing pneumonia of unknown cause (PAMstain, x 300) Figure 2-Avascular intraalveolar bud is surrounded by alveolar macrophages and lymphocytes. Note the concentric arrangement ofelongated fibroblasts and collagen bundles and the absence of an epithelial lining. Hypersensitivity pneumonitis. (Plastic-embedded tissue, toluidineblue stain, x700) Figure 3-Polypoid intraluminal mass composed of fibrous tissue and inflammatory cells contains centrally located vessel andoccupies the lumen of an alveolar duct. Same biopsy as in Figure 1. (PAM stain, x 300) Figure 4-Alveolar duct has been completely obliteratedby mass of loose connective tissue containing a few inflammatory cells and connective tissue cells; a small blood vessel is also present. Regularly spacedposts (arrowheads), found along the periphery of this mass, represent sites of previous openings of alveoli into this duct. Hypersensitivity pneumonitis.(Plastic-embedded tissue, toluidine blue stain, x 300)
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Figure 5- Intraluminal fibrosis involves several adjacent alveolar spaces and is associated with focal but marked remodeling. Bleomycin toxicity. (Mas-
son stain, x 150) Figure 6-Higher magnification of area similar to that in Figure 5. Inflammatory cells and elongated connective tissue cells are

present in area of intraluminal fibrosis and remodeling. Note epithelial cell changes in adjacent areas. Bleomycin toxicity. (Masson stain, x300)
Figure 7-Two areas of mural incorporation (arrowheads) into walls of respiratory bronchioles are clearly outlined by the PAM stain. Idiopathic pulmo-
nary fibrosis. (x 300) Figure 8-Lesion that is connected to the alveolar walls and is considered to be an intermediate stage in the formation of
an intraalveolar bud consists of an accumulation of fibrin and inflammatory cells. Organizing pneumonia of unknown cause. (PAM stain, x 400)
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and focal necrosis were sometimes present. Oblitera-
tive changes and mural incorporation appeared to par-
ticipate in focal remodeling of the lung parenchyma.

Morphologic Findings Common to All Forms of
Intraluminal Organization
Some morphologic characteristics were common to

all patterns of intraluminal organization. The intralu-
minal masses generally consisted of loose connective
tissue and usually had a relatively poor cellular con-
tent. The cells and connective tissue fibers had a paral-
lel or concentric arrangement, with most of the cells
having elongated shapes. Clusters of alveolar macro-
phages often surrounded areas of intraluminal organi-
zation, especially intraluminal buds. The epithelial lin-
ing over areas of intraluminal organization was either
absent (and then replaced by elongated cells or macro-
phages), discontinuous, or morphologically abnormal.
The vascularization was poor (only a few capillaries)
or absent, and the areas of intraluminal organization
usually did not contain elastic fibers detectable by light
microscopy with the Verhoeff stain.
The (PAM) stain (Figures 1, 3, 7, and 8) highlighted

the differences between the areas of intraluminal orga-
nization and the alveolar structures. Basement mem-
branes and related materials (stained black by this
method) were scarce in areas of intraluminal organiza-
tion, in which they were related mainly to connective
tissue cells. In contrast, basement membranes and
related materials were abundant in alveolar structures,
because of the presence of the epithelial lining cells,
capillary endothelial cells, and interstitial connective
tissue cells. The Giemsa stain often showed purple-
stained areas in freshly organized intraluminal buds,
obliterated airways, and patches of recent mural incor-
poration, presumably due to their high content of pro-
teoglycan material.
Superimposed on the three patterns of intraluminal

fibrosis described above, some samples showed exuda-
tive or fibrotic changes which were considered to be pre-
liminary stages and sequelae of these patterns of in-
traalveolar organization, respectively.

Exudative Changes
Exudative changes were observed mostly in associa-

tion with intraluminal buds and more rarely with ob-
literative changes and mural incorporation. Exudative
changes included intraluminal masses of fibrin ag-
gregated with macrophages and other inflammatory
cells (Figure 8). Unlike hyaline membranes (which are
composed of fibrin and cell debris and are apposed to
the alveolar walls), these masses usually were detached
from the alveolar walls. More rarely, true hyaline mem-
branes were also observed. Intermediate stages between

fibrinous exudation and intraalveolar fibrosis consisted
of partly organized masses that were connected to al-
veolar walls or alveolar tips by stalks arising from the
organized parts of the buds (Figure 8). Inflammatory
cells, especially plasma cells and macrophages, were
more abundant than in more mature stages, especially
in intraluminal buds located in alveolar ducts (Figure
3) and respiratory or terminal bronchioles.

Intraluminal Fibrosis and Pulmonary Remodeling
Collagen deposition was present in areas of intralu-

minal buds, obliterative changes, and mural incorpo-
ration, thus inducing, at least to some extent, intralu-
minal fibrosis. Remodeling processes were associated
with confluence of septal and intraalveolar fibrous tis-
sue and collapse or disappearance of the preexisting
air spaces. Because of this, the late stages of intralumi-
nal fibrosis appeared as fibrotic changes involving both
the lumens and the walls of alveolar structures (Figures
5 and 6). These changes mostly followed obliterative
changes and mural incorporation and resulted either
in limited patches or in large, widespread areas of
remodeling. Limited patches were localized mainly at
alveolar tips or on openings of alveolar ducts. In both
the widespread and the limited forms, the fibrotic
masses sometimes sealed off adjacent alveoli. The epi-
thelial lining was absent or covered parts of the intralu-
minal fibrotic masses in a process of reepithelialization.
In areas where interstitial fibrosis was also present, some
epithelial cells appeared either as large, isolated cells
or as glandlike structures without visible connections
to alveolar lumens. Furthermore, when there was se-
vere, widespread intraluminal organization (eg, in pa-
tients with paraquat poisoning or drug-induced dis-
eases), proliferating, atypical bronchiolar epithelium
was observed in the vicinity of organized areas.

Electron-Microscopic Observations
General Features
The connective tissue in intraluminal buds, as well

as in obliterative changes and mural incorporation
(Figures 9-12), was mainly composed of poorly defined
collagen bundles or of thin, separated collagen fibrils
which were loosely arranged in an abundant electron-
lucent matrix. This matrix contained irregular masses
of finely fibrillar material resembling fibrin or basement
membrane components (Figures 9-11). The matrix usu-
ally also contained a network of small stellate electron-
dense spicules that probably represented proteogly-
cans. 19 Elastic fibers were usually absent in intralumi-
nal buds; however, on rare occasions they were found
in lesions of mural incorporation, in which the lumi-
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Figure 9-Electron micrograph of part of the surface and subjacent area of an intraalveolar bud. The surface layer is composed of macrophages. The

underlying zone contains a fibroblast, collagen fibrils (see Inset) and amorphous electron-dense material (arrowheads). Hypersensitivity pneumonitis.

(Uranyl acetate and lead citrate, x 7000 and x 18,000) Figure 10-Electron micrograph of stalk connecting an intraalveolar bud (right) with the al-

veolar wall (left). The surface of the bud is composed of macrophages (upper right) and fibrin (arrowheads). Inset shows electron-dense material and

connective tissue microfibrils in stalk. Hypersensitivity pneumonitis. (Uranyl acetate and lead citrate, x 15,000 and x 54,000)
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Figure 11-Interior of an intraalveolar bud contains a parallel arrangement of fibroblasts with elongated cytoplasmic processes forming intercellularcontacts (arrowheads); a lymphocyte with a dark nucleus is also present. The stroma is composed of loose connective tissue that is rich in proteoglycangranules (see inset) but lacks elastic fibers. Hypersensitivity pneumonitis. (Uranyl acetate and lead citrate, x 7500 and x 54,000)

nal surfaces had been reepithelialized. Collagen fibrils
sometimes exhibited increased granularity and fragmen-
tation. These changes, which were particularly well
demonstrated by the Kajikawa stain (Figure 13), resem-
bled those which have been reported to occur as the
result of collagen degeneration in implanted biopros-
thetic cardiac valves.20
The cell populations within the connective tissue

framework of intraluminal buds and areas of oblitera-
tive changes and mural incorporation were relatively
poor. Most of the cells were elongated, stellate or
spindle-shaped fibroblasts and/or myofibroblasts (Fig-
ure 11). These cells were arranged concentrically or in
parallel and were interconnected through long and slen-
der cytoplasmic processes which made contact with one
another, forming an irregular network interspersed be-
tween the connective tissue bundles. A few inflamma-
tory cells were sometimes present, such as lymphocytes
and mast cells. The latter usually exhibited partial de-
granulation and thin, straight filopodia. Alveolar mac-
rophages often surrounded partially the connective tis-
sue masses (Figure 9) and sometimes had an elongated

shape along the edges of these masses (Figure 14). Capil-
laries were usually absent. However, in sections in which
a connecting stalk was present between a bud and an
alveolar wall, a capillary was sometimes observed within
or close to this stalk. These capillaries had narrow lu-
mens, thick endothelial cells, and thick basement mem-
branes.
The surfaces ofintraluminal buds usually were cov-

ered by flattened cells. Some of these cells had charac-
teristic features of alveolar macrophages, such as filopo-
dia and numerous cytoplasmic inclusions (Figure 14).
They did not have a basement membrane and usually
were loosely apposed to one another, with no junctional
structures. Other flattened cells on the surface of the
buds had characteristics of fibroblasts or myofibroblasts
(Figures 15 and 16), including cytoplasmic bundles of
microfilaments, abundant rough endoplasmic reticulum
with dilated cisterns, and occasional cytoplasmic lipid
droplets. These cells were either isolated or connected
to each other by junctional structures such as nexus-
like contacts between long cytoplasmic processes (Fig-
ure 16). A few of the surface cells exhibited some fea-

Vol. 122 * No. 3
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Figure 12-High magnification of connective tissue stroma in an intraalveolar bud, showing amorphous electron-dense material, collagen fibrils, connec-

tive tissue microfibils, and proteoglycan granules. Hypesensitivity pneumonitis. (Uranyl acetate and lead citrate, x 54,000) Figure 13-Collagen fibrils
in this area of an intraalveolar bud appear disrupted and are associated with granular material. Hypersensitivity pneumonitis. (Kajikawa stain, x 23,500)

tures of epithelial lining cells: they appeared somewhat
polarized, with an apical surface which often had short
microvilli and a smooth basal surface surrounded by
a discontinuous basement membrane.

Early Stages

In early stages of intraluminal organization with ex-

udative changes, the most important features included
1) large strands of fibrin, located either on the surface
of, or within, organizing buds, and 2) large numbers
of inflammatory cells, especially plasma cells, which
were particularly numerous in buds located in alveolar
ducts or respiratory bronchioles. A most important fea-
.ture, encountered especially in patients with hypersen-
sitivity pneumonitis, consisted of evidence of a "leak"
in epithelial mural structures adjacent to sites of lumi-
nal exudation. In these instances a limited defect in the
alveolar epithelial lining and in its basement membrane
was observed; and various types of cells, including
fibroblasts and inflammatory cells, appeared to be
migrating through this defect from the alveolar wall to
the air space (Figure 17).

Late Stages

In late stages, characteristically represented by areas

of obliterative changes, mural incorporation, and
remodeling, the connective tissue had a more mature
appearance than in intraluminal buds, with less edema,
fewer proteoglycan spicules, and occasional elastic fibers
(Figures 17 and 18); capillaries were less scanty and had
thick endothelial cells and basement membranes.
Inflammatory cells were usually absent. The surfaces
of some of the intraalveolar fibrotic masses were still
lined by flattened macrophages and/or fibroblasts.
However, epithelial cells which were cuboidal or irregu-
lar in shape and contained few or no characteristic
lamellar bodies of Type II pneumocytes had grown in
some places over the connective tissue or over the sur-

rounding flattened cells (Figures 14 and 18). These epi-
thelial cells had no hemidesmosomes or other special-
ized structures along their basal surfaces, but had a

continuous basement membrane and often contained,
mainly in their basal portions, prominent bundles of
intermediate filaments. In some areas the resulting epi-
thelial layer was discontinuous. The process of re-

12 13
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Figure 14-Connective tissue at the surface of an intraalveolar bud is shown at the lower right. The surface lining of this bud is complex: note partof afiboblat ()an anelonate marophge M), hic arecovredby a layer of several epithelial cells (E) with differentiated intercellular junctionsand surface microvilli. Three lymphocytes (L) are also present. This arrangement of cells is interpreted as evidence of reepithelialization of the intraalveo-
lar bud. Hypersensitivity pneumonitis. (Uranyl acetate and lead citrate, x 7500)

epithelialization appeared to arise from contacts be-
tween the intraluminal connective tissue masses and
the mural structures. Some epithelial cells were large,
isolated, and entirely surrounded by connective tissue
(Figure 19). Others formed small, often asymmetrical,
glandlike structures or lined remodeled areas, some-
times contributing to sealing off collapsed and coales-
cent alveolar structures (Figure 18).

In areas of mural incorporation, obliteration, and
remodeling, intraluminal fibrosis was often character-
ized by more or less complete fusion between intralu-
minal connective tissue masses and mural structures,
with no epithelial or surface lining remaining on either
side of the zone of fusion. In the continuum of con-
nective tissue thus formed, a clear distinction between
previously luminal and previously mural components
was sometimes difficult, especially when interstitial
fibrotic changes were associated with intraluminal or-
ganization. However, areas with normal capillaries and
elastic fibers were likely to represent remnants of alve-
olar structures. Loops of loosely arranged, denuded

basement membranes with no corresponding epithelial
or vascular structures were often seen, forming com-

plicated whorls or foldings; these structures seemed to
belong to collapsed and subsequently coalescent alve-
olar structures (Figures 18 and 19). Processes of fibrob-
lasts or myofibroblasts were interspersed between some
of these denuded basement membranes. These pro-
cesses were apposed to the luminal side of the basement
membranes and represented parts of connective tissue
cells migrating into the air spaces (Figures 18 and 19).

Incidence of Various Patterns of Intraluminal Fibrosis
in the Different Interstitial Lung Disorders (Table 1)
Intraluminal Buds

Both the frequency and the degree of this change var-
ied considerably according to the disease. It was ob-
served in each of our 8 cases of chronic organizing pneu-
monitis of unknown cause: it was mild in 4 cases,
moderate in 2, and severe in 2. Intraluminal buds were
also very frequently observed in hypersensitivity pneu-

Vol. 122 * No. 3
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Figure 15-Elongated fibroblast forms part of the surface of area of mural incorporation without reepithelialization. The surface of the fibroblast (arrow-

heads) is associated with collagen fibrils (inset). The tips of two alveolar septa (left and lower right) are lined by Type and Type II pneumocytes and

contain capillaries, collagen, and elastic fibers. Dermatomyositis. (Uranyl acetate and lead citrate, x 8500 and x 30,000)

Figure 16-Surface of area of mural incorporation is lined by elongated myofibroblasts that contain numerous ribosomes and cytoplasmic filaments.
Amiodarone toxicity. (Uranyl acetate and lead citrate, x 16,000) Figure 17-Portion of alveolar septum showing area of loss of continuity of epithelial
lining and basement membrane (arrowheads). Macrophagelike and fibroblastlike cells appear to be passing through this gap in the wall. Hypersensitivity
pneumonitis. (Uranyl acetate and lead citrate, x 8000)
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Figure 18-Area of mural incorporation and remodeling showing several loops of basement membranes, which appear to have been derived from preex-

isting alveolar structures. Fibroblasts with elongated cytoplasmic processes are interspersed between the basement membranes. Collagen fibrils (see

Inset) are present on both sides of the basement membranes. Elongated cells with surface microvilli form a continuous surface layer. Hypersensitivity

pneumonitis. (Uranyl acetate and lead citrate stain, x 8500 and x 16,000).
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Figure 19-Elongated cytoplasmic processes of a fibroblast are surrounded by loops of basement membrane (which are the only remnant of previous
alveolar structures) and spicules of proteoglycan material. Hypersensitivity pneumonitis. (Uranyl acetate and lead citrate, x35,000) Figure 20-Area
of severe remodeling, showing an isolated epithelial cell which is surrounded by convoluted basement membranes, numerous fibroblasts, and a few
inflammatory cells embedded in a loose stroma containing proteoglycan spicules. Amiodarone toxicity. (Uranyl acetate and lead citrate, x 9200)
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Table 1-Incidence and Severity of Patterns of Intraluminal Fibrosis in 373 Patients With Interstitial Lung Disorders

% Patients with
% Patients with obliterative % Patients with

No. of intraluminal budst changest mural incorporationt
Diagnosis patientst + + + + + + Total Alv AD Br + + + + + + Total

Hypersensitivity pneumonitis 44 41 23 2 66 48 26 23 32 23 20 75
Indiopathic pulmonary fibrosis 92 14 0 0 14 19 13 4 22 36 16 74
Collagen-vascular diseases 20 15 15 0 30 25 5 0 50 20 10 80
Chronic eosinophilic pneumonia 10 60 10 0 70 40 10 75 60 40 0 100
Pulmonary histiocytosis X 90 7 0 0 7 2 0 1 24§ 0 0 24§
Pulmonary sarcoidosis 62 6 0 0 6 2 0 0 3 0 0 3
Pneumoconioses 25 8 4 0 12 8 0 0 28 0 0 28
Legionnaire's disease 5 0 0 0 0 0 0 0 60 0 0 60
Drug-induced pneumonitis 4 50 0 0 50 75 25 0 25 50 25 100
Radiation-induced pneumonitis 2 0 50 0 50 50 0 0 50 50 0 100
Lymphangioleiomyomatosis 11 0 0 0 0 0 0 0 9 0 0 9
Chronic organizing pneumonia 8 50 25 25 100 100 100 75 37 50 13 100

of unknown cause

* Number of patients is the number with each diagnosis. All other numbers express the percentages of patients showing each type of change in each
diagnostic group; in each group, "total" is the total percentage of patients showing the type of change indicated, independent of severity.
t For the presence of intraluminal buds and mural incorporation, the changes are expressed as follows: 0, absent; +, slight or focal; + +, moderate;

+ + +, severe.
t Obliterative changes are classified according to their localization: Alv, alveoli; AD, alveolar ducts; Br, bronchioles. All samples which had obliterative

changes in alveolar ducts or bronchioles also had them in alveoli. Therefore, the total incident of obliterative changes is represented by the incidence
in alveoli.
§ Areas of mural incorporation in histiocytosis X were almost always located at the margins of granulomas.

monitis (66%), chronic eosinophilic pneumonia (70%),
and drug-induced pneumonitis (50%). This change was
seen in 30% of the patients with collagen-vascular dis-
eases, but only in 14% of the patients with idiopathic
pulmonary fibrosis and 12% of the patients with pneu-
moconioses. It was extremely uncommon in patients
with histiocytosis X (7%) and pulmonary sarcoidosis
(60/0) and was not observed in patients with Legion-
naire's disease or lymphangioleiomyomatosis.

Luminal Obliteration
This pattern of intraluminal organization was ob-

served less frequently than intraluminal buds and was
found in all cases of drug-induced pneumonitis and
chronic organizing pneumonitis of unknown cause. It
was observed in 48%o of patients with hypersensitivity
pneumonitis, 40% of patients with chronic eosinophilic
pneumonia, 250/o of patients with collagen-vascular dis-
eases, 19%o of patients with idiopathic pulmonary fibro-
sis, and only 2% of the patients with sarcoidosis and
histiocytosis X. The sites of obliteration were much
more frequently the alveoli or the alveolar ducts than
the bronchioles. "Bronchiolitis obliterans,'"19 al-
though seen in 75% of patients with chronic organiz-
ing pneumonia of unknown cause and in 23% of pa-
tients with hypersensitivity pneumonitis, was observed
only rarely in all other conditions included in the study.
Obliteration of alveolar ducts was so marked in some
samples that only the presence around an area of loose
connective tissue of regularly arranged "posts," consist-

ing of smooth muscle cells and elastic fibers, was sug-
gestive of a preexisting opening of an alveolar duct (Fig-
ure 4). Extensive smooth muscle cell proliferation was
often observed in the vicinity of obliterated alveolar
ducts or respiratory bronchioles, especially when severe
remodeling was also present. Luminal obliteration was
usually associated with all other forms of intraluminal
organization and fibrosis.

Incorporation of Intraalveolar Organized Fibrotic
Masses Into Alveolar Walls

This change was observed to some degree in all
diseases in the study group. It was the predominant
pattern of intraluminal fibrosis found in biopsy speci-
mens of patients with hypersensitivity pneumonitis,
drug-induced pneumonitis, and chronic eosinophilic
pneumonia. Incorporation was observed also in 73qo
of patients with idiopathic pulmonary fibrosis, 75% of
patients with collagen vascular diseases, and 28% of
patients with pneumoconioses. In pulmonary histiocy-
tosis X, in which other patterns of intraluminal orga-
nization were usually absent, incorporation and
remodeling occurred in 24% of the patients and were
observed mostly in marginal areas of healing granu-
lomas.

Changes associated with intraluminal organization
and fibrosis often resulted in focal or extensive derange-
ment of alveolar architecture, with concomitant forma-
tion of scar tissue and microcysts. In our study group,
the extensive type of remodeling was mostly observed
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Basement membrane
Collagen fibrils
Elastic fibers
Fibroblasts
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c~IC Regenerating epithelial cells

(2F Macrophages

Figure 21 -Pathogenesis of intraluminal fibrosis. A-Diagram of an intraalveolar bud which projects into the lumen of an alveolus and is attached
to the alveolar wall by a thin stalk. B-Early stage of an intraalveolar bud is characterized by fibroblasts migrating through a defect in the alveolar
epithelial basement membrane. The bud contains a small amount of collagen, and its surface is lined by macrophages. C-In later stages, the bud
becomes lined by regenerating epithelial cells and may contain capillaries. D-Diagram of areas of mural incorporation. E and F-Fibroblasts
in an area of mural incorporation have migrated into the luminal region (E) through defects in the alveolar epithelial basement membrane. This area
is incorporated into the alveolar wall (F) as it becomes reepithelialized. G-Diagram of an area of obliteration of an alveolus. H-Diagram of
an area of pulmonary remodeling related to the obliteration of an alveolar duct and several adjacent alveoli. I-Convoluted segments of remnants
of epithelial basement membranes remain in fibrotic areas which represent former lumens of obliterated alveoli.

Vol. 122 * No. 3



458 BASSET ET AL

in patients with drug-induced pneumonitis, chronic eo-
sinophilic pneumonia, and Legionnaire's disease. The
focal type of remodeling was more prominent in chronic
organizing pneumonia of unknown cause, hypersensi-
tivity pneumonitis, idiopathic pulmonary fibrosis,
collagen-vascular diseases, and pneumoconioses. In idi-
opathic pulmonary fibrosis and in collagen-vascular dis-
eases, the remodeling pattern related to intraalveolar
fibrosis often took the form of limited patches of scar
tissue affecting mostly respiratory bronchioles, alveo-
lar ducts, and adjacent alveoli. In extensive as well as
in focal areas of remodeling in these conditions, epi-
thelial metaplastic changes2" were present, but were usu-
ally less marked in areas of intraluminal fibrosis than
in areas of interstitial fibrosis.

Discussion

The present study demonstrates that the interstitial
lung disorders are associated with intraluminal fibrosis
much more frequently than was thought to be the case
previously. These changes occur, at least to some ex-
tent, in most of these disorders, but the types of intralu-
minal fibrosis (intraluminal buds, obliterative changes
and mural incorporation) vary considerably in fre-
quency, severity and ultimate outcome among the var-
ious entities studied.

General Aspects of Intraalveolar Fibrosis

Intraalveolar fibrosis has been previously reported
in interstitial lung disorders but has been thought
limited to specific diseases. Masson22 described intralu-
minal connective tissue buds, or "bourgeons conjonc-
tifs," and regarded these structures (termed Masson
bodies) as specific for rheumatic pneumonitis. This con-
cept was the subject of prolonged controversy.23125
Spencer2'10 suggested that incorporation of intraalveo-
lar organized fibrotic masses into alveolar walls, with
subsequent reepithelialization, occurred in what he
called "interstitial fibrosis of the lung." Liebow reported
a type of interstitial pneumonia, which he termed "BIP"
(bronchiolitis obliterans with classic interstitial pneu-
monia), as characterized by intrabronchiolar organized
plugs associated with changes of usual interstitial pneu-
monia.1 Recently, Epler et al8 reported the pathologic
and clinical features of "bronchiolitis obliterans organiz-
ing pneumonia," in which plugs of edematous granu-
lation tissue involve terminal and respiratory bronchi-
oles and extend into alveolar ducts. Intraluminal fibrosis
has also been described in paraquat toxicity,26-37 Legion-
naire's disease,38 drug-induced pneumonitis,11'39
collagen-vascular diseases,40-45 and hypersensitivity
pneumonitis."9 Thus, intraluminal fibrosis is a wide-

spread phenomenon in the interstitial lung disorders
and probably represents a type of response to injury
rather than a manifestation of any single disease entity
or small group of entities. The morphogenesis of the
various patterns of intraluminal organization described
in the present communication is illustrated in Figure 21.

Intraluminal Buds

Intraluminal buds may represent a transient form of
fibrosis which can undergo resorption, possibly by mac-
rophages clustered around their periphery. Intralumi-
nal buds also can progress to luminal narrowing or
obliteration, due to maturation and contraction of their
connective tissue fibers; they also may become incor-
porated into alveolar walls by reepithelialization, leav-
ing little or no functional consequences if their inci-
dence and extent are limited.
The concept that intraluminal buds can be regres-

sive is in agreement with the usual favorable course of
hypersensitivity pneumonitis when the patient is re-
moved from contact with the antigen, and also with the
benign evolution of "bronchiolitis obliterans organiz-
ing pneumonias" with steroid treatment or even with-
out treatment.6-8 The clinical and morphologic features
of our patients diagnosed as having chronic organiz-
ing pneumonia of unknown cause correspond very
closely to those of the entity described by Epler et al,8
although 2 of our 8 patients failed to respond to corti-
costeroid therapy. Pathologically, they were also very
similar, except that these 8 patients, as well as some pa-
tients with hypersensitivity pneumonitis, had numer-
ous unaffected bronchioles, which sometimes were sur-
rounded by intraluminal buds located in alveoli and
alveolar ducts. These findings suggest that the organiz-
ing process may have started in the distal structures of
the acini rather than in the bronchioles. This concept
is also supported by electron-microscopic observations
in patients with hypersensitivity pneumonitis,"9 in
whom intraalveolar buds appeared to result from small
defects in the alveolar epithelial structures of alveolar
walls, with exudation of fibrin and migration of fibro-
blasts, mast cells, lymphocytes, and macrophages into
alveolar spaces. In this context, the term "bronchiolitis
obliterans" may not be appropriate to describe the
processes in the present study. This does not exclude
the possibility that lesions similar to those described
in the present study sometimes occur primarily within
bronchioles as a result of other processes, including in-
halation of toxic fumes,48 bronchiolar infections,49 or
other causes.50 53 In this regard, "bronchiolitis obliter-
ans" and "intraalveolar buds" may represent similar pat-
terns of response to injury in bronchioles versus alveo-
lar ducts and alveoli, respectively.
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Obliterative Changes

Obliterative changes may result from expansion of
intraalveolar buds. However, broad areas of damage
or disappearance of the epithelial lining usually occur
in areas of obliterative changes, suggesting that these
lesions are related to more severe injury than is the case
with intraluminal buds. When luminal obliteration oc-
curs, alveolar structures that had been separated from
each other by an air space become joined by connec-
tive tissue which fills the obliterated air space. Concom-
itant reduction of functional alveolar-capillary units
and vascular redistribution may result from this change.
Therefore, obliterative changes likely induce permanent
remodeling.

Mural Incorporation

Mural incorporation can be considered as a minor
form of alveolar tissue remodeling that results in per-
manent thickening of alveolar walls. In drug-induced
pneumonitis, in paraquat poisoning, and also to some
extent in Legionnaire's disease, the architectural changes
that we observed in association with intraluminal fibro-
sis were prominent and were similar to those observed
in healing stages of diffuse alveolar damage described
in the adult respiratory distress syndrome.9,46-48'54 In
diffuse alveolar damage, however, the changes are more
extensive, more acute, and usually more homogeneous
than those described in the present study. In diffuse al-
veolar damage, two types of alterations (which are con-
sidered to be sequential) have been described: 1) exuda-
tive lesions, with hyaline membrane formation and/or
intraalveolar fibrin, and 2) an organizing process lead-
ing to fibrosis.54 In descriptions of the latter process,
emphasis usually has been placed on the resulting in-
terstitial fibrosis, but associated intraalveolar fibrosis
also has been found, especially in paraquat lung.26-37
Comparisons often have been made between the

changes in diffuse alveolar damage and the early fea-
tures that are supposed to occur in idiopathic pulmo-
nary fibrosis.4,54 Spencer'0 described intraluminal or-
ganization as occurring rarely in idiopathic pulmonary
fibrosis, and then mainly in the form of incorporation
of fibrous masses into alveolar walls; however, the
results of our study suggest that intraluminal fibrosis
occurs more commonly in idiopathic pulmonary fibrosis
than has been thought to be the case previously. In fact,
while intraluminal buds were rarely observed in this dis-
ease, incorporation and remodeling patterns clearly oc-
curred in association with interstitial changes, at least
to some extent, in more than 70%0 of our cases of idi-
opathic pulmonary fibrosis. These changes appear to
reflect the tendency of this disease to follow a course

of progressive, severe fibrosis, as opposed to other dis-
orders in which such changes either occur to a very
limited extent (sarcoidosis and histiocytosis X) or tend
to be regressive (hypersensitivity pneumonitis and
"bronchiolitis obliterans organizing pneumonia").

Morphogenesis of Intraalveolar Fibrosis
The crucial feature in the morphogenesis of the var-

ious patterns of intraluminal fibrosis that develops in
human diffuse alveolar damage, in the animal model
of paraquat toxicity, and in other disorders is the migra-
tion of fibroblasts or myofibroblasts to the luminal side
of partially disrupted and denuded epithelial basement
membranes through a defect induced in the alveolar ep-
ithelial lining and in its basement membrane by injury
or inflammation.46'47 The various chemotactic and
growth-inducing factors, including fibronectin,55 that
are released by activated macrophages and other inflam-
matory cells5'55 probably play a role in inducing septal
fibroblasts or myofibroblasts to migrate through the ep-
ithelial defect, to replicate and to produce connective
tissue components, which are deposited beyond the lu-
minal side of the epithelial basement membrane.37 The
epithelial defect produced by certain types of initial in-
jury or stimulus may be limited, and may result only
in intraalveolar bud formation, as is often the case in
hypersensitivity pneumonitis. 19 When the alterations are
more severe, as in conditions resulting in diffuse alveo-
lar damage, severe intraalveolar fibrosis, with collapse
and obliteration of alveolar lumens, is more likely to
occur. The connective tissue components produced by
fibroblasts and/or myofibroblasts in intraalveolar lo-
cations can seal off the gap in the damaged alveolar
epithelial layer. This process, in frequent association
with some degree of atelectasis, gradually results in a
fibrous tissue mass which comprises intraluminal and
collapsed mural components. A further step in the or-
ganizing and remodeling process is reepithelialization
of the surface of this composite mass by cells which
may be derived either from remnants of the alveolar
lining or from bronchiolar cells.2' When this step has
been completed (which does not always occur), the
fibrous tissue mass is no longer intraluminal, but has
become incorporated into the thickened interstitium.
In this situation, which is characteristically observed
in idiopathic pulmonary fibrosis, the intraluminal and
interstitial components of the final changes often are
difficult to distinguish. The PAM stain is useful in mak-
ing this distinction, because it outlines areas of incor-
poration (Figure 7).

In conclusion, different patterns of intraluminal or-
ganization and fibrosis were observed by light- and
electron-microscopic study in a large group of patients
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with various interstitial pulmonary disorders. The over-
all frequency of these phenomena varied according to
the different disease entities. Some of the patterns of
intraalveolar fibrosis were observed preferentially in cer-
tain conditions. The mechanism common to all pat-
terns of intraluminal fibrosis was the migration of
fibroblasts and myofibroblasts from the interstitial com-
partment into air spaces, through defects caused by in-
jury or inflammation in the epithelial lining and its base-
ment membrane. This mechanism plays an important
role in processes of remodeling, because it mediates the
fusion of adjacent alveolar structures by intraalveolar
connective tissue components. The severity and extent
of intraluminal organization and/or fibrosis, which in
some circumstances are reversible lesions, depend in
part on the nature and severity of the initial epithelial
injury and on the associated interstitial changes.

References

1. Liebow AA: Definition and classification of interstitial
pneumonias in human pathology. Progr Respir Res 1975,
8:1-33

2. Spencer H: Pulmonary disease of uncertain etiology,
Pathology of the Lung. Vol 2. Edited by H Spencer. W.
B. Saunders, Pergamon Press, 1977, pp 697-772

3. Coalson JJ: The ultrastructure of human fibrosing al-
veolitis. Virchows Arch [Pathol Anat] 1982, 395:181-199

4. Katzenstein AL, Askin FB: Chronic interstitial pneumo-
nia, interstitial fibrosis, and honeycomb lung, Major
Problems in Pathology. Vol 13, Surgical Pathology of
Non-neoplastic Lung Disease. W. B. Saunders, Philadel-
phia, 1982, pp 43-72

5. Crystal RG, Bitterman PB, Rennard SI, Hance AJ, Keogh
BA: Interstitial lung diseases of unknown cause. Disorders
characterized by chronic inflammation of the lower re-
spiratory tract. N Engl J Med 1984, 310:154-166; 235-244

6. Grinblat J, Mechlis S, Lewitus Z: Organizing pneumonia-
like process: An unusual observation in steroid respon-
sive cases with features of chronic interstitial pneumo-
nia. Chest 1981, 80:259-263

7. Davison AG, Heard BE, McAllister WAC, Turner-
Warwick MEH: Cryptogenic organizing pneumonitis. Q
J Med 1983, 52:382-394

8. Epler GR, Colby TV, McLoud TC, Carrington CB,
Gaensler EA: Bronchiolitis obliterans organizing pneu-
monia. N Engl J Med 1985, 312:152-158

9. Carrington CB: Organizing interstitial pneumonia: Defini-
tion of the lesions and attempts to devise an experimen-
tal model. Yale J Biol Med 1968, 40:352-363

10. Spencer H: Pathogenesis of interstitial fibrosis of the
lungs. Progr Respir Res 1975, 8:34-44

11. Geraads A, Brambilla E, Hohn B, Piton JL, Blanc-Jouvain
F, Kamel A: Polyarthrite rhumatoide, bronchiolite ob-
literante et D-penicillamine. Poumon-Coeur 1983,
39:257-262

12. Yajima G, Aihara K: (Periodic acid methenamine silver
staining). Igaku no Ayumi 1971, 76:328-338

13. Kajikawa K, Yamaguchi T, Katsuda S, Miwa A: An im-
proved electron stain for elastic fibers using tannic acid.
J Electron Microsc (Tokyo) 1975, 24:287-289

14. Auerbach SH, Mims OM, Goodpasture EW: Pulmonary
fibrosis secondary to pneumonia. Am J Pathol 1952,
28:69-88

15. Goldstein JD, Godleski JJ, Balikian JP, Herman PG:
Pathologic patterns of Serratia marcescens pneumonia.
Hum Pathol 1982, 13:479-484

16. Basset F, Corrin B, Spencer H, Lacronique J, Roth C,
Soler P, Battesti JP, Georges R, Chretien J: Pulmonary
histiocytosis X. Am Rev Respir Dis 1978, 118:811-820

17. Cooney TP: Interrelationship of chronic eosinophilic
pneumonia, bronchiolitis obliterans, and rheumatoid dis-
ease: A hypothesis. J Clin Pathol 1981, 34:129-137

18. Fox B, Seed WA: Chronic eosinophilic pneumonia. Tho-
rax 1980, 35:570-580

19. Kawanami 0, Basset F, Barrios R, Lacronique JG, Fer-
rans VJ, Crystal RG: Hypersensitivity pneumonitis in
man: Light and electron-microscopic studies of 18 lung
biopsies. Am J Pathol 1983, 110:275-289

20. Ferrans VJ, Spray TL, Billingham ME, Roberts WC:
Structural changes in glutaraldehyde-treated porcine het-
erografts used as substitute cardiac valves: Transmission
and scanning electron microscopic observations in 12 pa-
tients. Am J Cardiol 1978, 41:1159-1184

21. Kawanami 0, Ferrans VJ, Crystal RG: Structure of alve-
olar epithelial cells in patients with fibrotic lung disorders.
Lab Invest 1982, 46:39-53

22. Masson P, Riopelle JL, Martin PO: Poumon rhumatis-
mal. Ann Anat Pathol (Paris) 1937, 14:359-382

23. Neubuerger KT, Geever EF, Rutledge EK: Rheumatic
pneumonia. Arch Pathol 1944, 37:1-15

24. Herbut PA, Manges WE: The "Masson body" in rheu-
matic pneumonia. Am J Pathol 1945, 21:741-751

25. Massumi RA, Legier JF: Rheumatic pneumonitis. Cir-
culation 1966, 33:417-425

26. Matthew H, Logan A, Woodruff MFA, Head B: Para-
quat poisoning. Lung transplantation. Br Med J 1968,
28:759-763

27. Toner PG, Vetters JM, Splig WGS, Harland WA: Fine
structure of the lung lesions in a case of paraquat poison-
ing. J Pathol 1970, 102:182-185

28. Brooks RE: Ultrastructure of lung lesions produced by
ingested chemicals: I. Effect of the herbicide paraquat
on mouse lung. Lab Invest 1971, 25:536-545

29. Vijeyaratam GS, Corrin B: Experimental paraquat
poisoning: A histological and electron-optical study of
the changes in the lung. J Pathol 1971, 103:123-129

30. Murray RE, Gibon JE: A comparative study of paraquat
intoxication in rats, guinea pigs, and monkeys. Exp Mol
Pathol 1972, 17:317-325

31. Smith P, Heath D: Paraquat lung: a reappraisal. Thorax
1974, 29:643-653

32. Smith P, Heath D: The pathology of the lung in para-
quat poisoning. J Clin Pathol 1975, 28:81-93

33. Dearden LC, Fairshter RD, McRae DM, Smith WR,
Glauser FL, Wilson AF: Pulmonary ultrastructure of the
late aspects of human paraquat poisoning. Am J Pathol
1978, 93:667-680

34. Kelly DF, Morgan DG, Darke PGG, Gibbs C, Peason H,
Weaver BMQ: Pathology of acute respiratory distress in
the dog associated with paraquat poisoning. J Comp
Pathol 1978, 88:275-294

35. Rebello G, Mason JK: Pulmonary histological appear-
ances in fatal paraquat poisoning. Histopathology 1978,
2:53-66

36. Seidenfeld JJ, Wycoff D, Zavala DC, Richerson HB: Para-
quat lung injury in rabbits. Br J Industr Med 1978,
35:245-257

37. Fukuda Y, Ferrans VJ, Schoenberger CI, Rennard SI,
Crystal RG: Patterns of pulmonary structural remodel-
ing following experimental paraquat toxicity: The mor-
phogenesis of intraalveolar fibrosis. Am J Pathol 1985,
118:452-475

38. Blackmon JA, Harley RA, Hicklin MD, Chandler F: Pul-
monary sequelae of acute Legionnaire's disease pneumo-
nia. Ann Intern Med 1979, 90:552-554



Vol. 122 * No. 3 FIBROSIS IN INTERSTITIAL LUNG DISORDERS 461

39. Epler GR, Snider GL, Gaensler EA, Cathcart ES, Fitz-
gerald MX, Carrington CB: Bronchiolitis and bronchi-
tis in connective tissue disease: A possible relationship
to the use of penicillamine. JAMA 1979, 242:528-532

40. Murphy KC, Atkins CJ, Offer RC, Hogg JC, Stein HB:
Obliterative bronchiolitis in two rheumatoid arthritis pa-
tients treated with penicillamine. Arthritis Rheum 1981,
24:557-560

41. Matthay RA, Schwarz MI, Petty TL, Stanford RE, Gupta
RC, Sahn SA, Steigerwald JC: Pulmonary manifestations
of systemic lupus erythematosus: Review of twelve cases
of acute lupus pneumonitis. Medicine (Baltimore) 1974,
54:397-400

42. Schwarz MI, Matthay RA, Sahn SA, Stanford RE, Mar-
morstein BL, Scheinhorn DJ: Interstitial lung disease in
polymyositis and dermatomyositis: Analysis of six cases
and review of the literature. Medicine (Baltimore) 1976,
55:89-104

43. Geddes DM, Corrin B, Brewerton DA, Davies RJ, Turner-
Warwick M: Progressive airway obliteration in adults and
its association with rheumatoid disease. Q J Med 1977,
46:427-441

44. Herzog CA, Miller RR, Heidal JR: Bronchiolitis and
rheumatoid arthritis. Am Rev Respir Dis 1981,
124:636-639

45. Kinney WW, Angelillo VA: Bronchiolitis in systemic lu-
pus erythematosus. Chest 1982, 82:646-649

46. Bowden DH: Alveolar response to injury. Thorax 1981,
36:801-804

47. Rinaldo JE, Rogers RM: Adult respiratory distress syn-
drome: Changing concepts of lung injury and repair. N
Engl J Med 1982, 306:900-909

48. Charan NB, Myers CG, Lakshminarayan S, Spencer TM:
Pulmonary injuries associated with acute sulfur dioxide
inhalation. Am Rev Respir Dis 1979, 119:555-560

49. Azizirad H, Polgar G, Borns PF, Chatten J: Bronchioli-
tis obliterans. Clin Pediatr 1975, 14:572-577; 582-584

50. Epler GR, Colby TV: The spectrum of bronchiolitis ob-
literans. Chest 1983, 83:161-162

51. Hawley PC, Whitcomb ME: Bronchiolitis fibrosa obliter-
ans in adults. Arch Intern Med 1981, 141:1324-1327

52. Tukiainen P, Poppius H, Taskinen E: Slowly progressive
bronchiolitis obliterans: a case report with detailed pul-
monary function studies. Eur J Respir Dis 1980, 61:77-83

53. Seggev JS, Mason UG III, Worthen S, Stanford RE, Fer-
nandez E: Bronchiolitis obliterans: Report of three cases
with detailed physiologic studies. Chest 1983, 83:169-174

54. Katzenstein AL, Askin FB: Diffuse alveolar damage,4 pp
9-42

55. Bitterman PB, Rennard SI, Adelberg S, Crystal RG: Role
of fibronectin as a growth factor for fibroblasts. J Cell
Biol 1983, 97:1925-1982


