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Clinical-Pathologic Approach to Diffuse |
Infiltrative Lung Discase* |

CHARLES B CARRINGTON AN EDWARD A GAENSLER

‘

Clinicians recognize a group of chronic lung diseases with several features in ;
comamon Chimeally, dyspnea s the predominant svmptom. and on examination \
frequently the only finding s “dry rales " Radiographs generally show a diffuse |
!} nodules, or “ground glass” shadows Phys-
wlogieally, the abnormalities primanly afiect oxagen exchange and result in
hypoxemia, whereas the mechanies of breathing are little unpaired. None of the

“infiltration” by wregular lines, sm:

-~ nemes used to designate this group s entirely accurate. “Diffuse lung disease”
; does not exclude the much more common obstructive disorders which are also

“diffuse” vet specifically excluded here. The term “interstitial” is misleading
because most of these disorders also have intra-alveolar abnormalities, and in
some the latter actually predominate. Finally, “alveolar-capillary black" does not
correspond to recent interpretation of the pathophysiologic process involved. We
believe that the term “chronic diffuse infiltranve” is the most appropriate,
although it must be acknowledged that sometimes the disease is more or less
localized and sometimes the distinction between “acute” and “chronic” is uncer-
tam

This group of disorders has received increasing attention in recent vears,
perhaps because of more liberal use of lung biopsy with the opportunity to study
early and active rather than nonspecific end-stage disease. A growing interest in
environmental lung disease and in immunologic disorders also may have focused
attention on infiltrative lung disease. Finally, an increasing therapeutic arma-
mentarium, including effective antibiotics, antiinflammatory agents, immunosup-
pressive drugs and pulmonary lavage, has stimulated a search for more precise
diagnosis and a study of the natural history of these diseases. The proportion of
these disorders among all of our referrals has increased each vear, and the 1,234
cases now on file represent 21.2% of all referrals seen dunng the last 25 vears
(Table 1). Most hikely, this experience has been weighted hy our special interests.

This review will focus primarily on the diagnostic approach; and, in this context,

* This study was supparted i part by Pulmaonary SCOR Grant HL.15063. Program Project Grant
HL 19717 and Career Award HL-1173 from the Nationa! Heart, Lung and Blood Institute, the Urnited
States Public Health Service, and the Shernll A Parsons Memornial Fund
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it will emphasie the expectations of the clinician with regard to histologic
stst with regard to climead information
d may be essential, 1o correct hustologie interpretation

rs included in chronie diffuse infiltrative lung discase

examsation and the nevds of the path
that may be helpful, inds

he spectrum of i

fe
is very large and constantly growing An alphabetic histing 15 not useful, and,
therefure, for some years we followed an etiologic grouping sugzested by Buech-
ner* With clarification of certain etiologes, description of new histol BIC patterns,

charactenzavion of allergic and immunologivally mediated disorders, and the

1
|
growing List of environmental lung diseases, we have recently used a classification
based upon our expeneace (Table 1) This may form a useful framewark for the
following discussion although we will nat specifically deal with the clinica) and

histologie features of each “entity” nor even of each major category.

DIAGNOSTIC APPROACH ‘

In must instances the disease is discovered as the result of a chest roentgeno-
gram obtaned because of respiratory symptoms. Discovery was incidental to
routine examination or because of svmptoms suggestive ofa systemice disorder in
about 20% of cases™ The chief complaint in over one-half of our cases was
dyspnea, sometimes with cough, expectoration, and weight loss, and less fre- ‘
quently with fever, might sweats, or other evidence of toxicity. Joint pains, with ‘
or without swelling and redness, was the only other relatively common chief ‘
complaint, occurring in about 6%, prominently in sarcoidosis and quite often in
the titerstitial pnecamonias.” ‘

Tiwe history is by far the most procductive part of the examination and, in our
earbier expenence, has led to a diagnosis in 32% of all cases.™ Apart from the ‘

conventional present, past, and family history, the most important aspect con-
cerns environmental and occupational review. This should account for all mate-
nals worked on and for the tools and any intermediary compound used to
facilitate the job, for example cutung oils. graphite, or tale.'™ * ¥ Similar symp-
toms in other workers, the avadability of masks, and frequent state inspections ‘
are important clues to potentially dangerous exposure. A review of recreational ‘
activities, hobbies, and geographic locations must be included here. The following

case illustrates the importance of an occupational history accounting for every ‘
Job, however brief, and also the importance of special stains.

Case |* This 40-year-old policeman in a small town was first seen locally because of cough and
dyspnea progressive for seven or eight vears Except for this, and some problems with a duodenal
ulcer. he had been well and had worked for the police department since graduation from high school.
Examination revealed diffuse dry rales wath a close-to-the-ear sound and finger clubbing Routine
laboratory studies were all nurmal The chest roentgenogram revealed the lungs to be somewhat
reduced in volume Additionally, there were fine wrregular or inear markings at both bases, and the

ardiac silhouette was indistinet (Fig 1) A lung biopsy was interpreted as usual interstitial pneumonia
(U1F) with honeycombing. and this diagnosis was confirmed by an authonty an lung pathology

About two years later the patient's physician attended our seminar on environmental lung disease.
We mentioned a paper plant where, many years ago, aigarette filter paper had been made by meung
in a carding, machine B5% acetate with 13% "Cape Blue™ asbestos Since then there has been a high
prevalence of ashestosis amony these wirkers even after brief exposure. The physician then recalled
that this policeman had actually worked for 3 months at that same paper plant 17 years previously,
but he bad alwavs worn a mask Upon referral to us this history was confizmed. Lung function studies
showed marked lung volume restriction. slight impaurment of flow attnbuted to a long smoking

g
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Fi 1. Chest roentgenogram of patient #1. The lung volume is somewhat reduced and there is a
fine Linear or irrepular infltration causing the cardiac outline to become wndistinct. Note the largeiy
boal distrihution of lesions and also the discrepancy between the refatively slight radiographic
opacities and the marked functional (Table 21 and severe pathologic alterations (Fig. 2).

hestaes, marked hyporemun dunng slight exercise and a single breath diffusing capacity reduced to
407 of predicted (Table 21 The sections of lung tissue were reviewed. A chromc interstitial pneumonia
of the usual pattern and some regons of endstage honeycombing were indeed present 1Fig 21, A
moderate number of asbiestus bodies were readas dentified on recut sections stained for won (Fig. 2,
inaet), although they were more difficult to find on sections stawned with hematosylin and eusun.

5] e esiian 1SS e R S = S — ager

As this case illustrates, historical information is as important to the pathologist
as 1t is to the clinician, since there are many ways in which the lung can be
injured, but onlv & few stereatyped ways in which it can react. A few of these
tissue reactions, such as the dust macule with or without fibrosis, are diagnostic
of an environmental insult, especially when they contain abundant dust. Virtually
all other lung reactions may or may not be related to the environment. For
example, the sarcoid reaction may be “idiopathic” or it may result from exposure
to beryllium, UTP may be “cryptogenic™” (Case 4) or it may be caused by exposure
1o fibrous silicates (Fig. 2); and bronchiolitis ohliterans may be the consequence
of a viral preumonia or it may result from acute or chranic expasure to oxides of
mitrogen. Sometimes the pathologist is more familiar with the causes of occupa:
tional Jung inury than the clinician, and then direct questions or those implied
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Fic. 2 Gpen lung biopsy from patient =1 Typical vanegated interstitial pneumonia of "usual
pattern with changes ranging from cellular inflitrates to end-stage honeycombiig There s pooling of
macus in the large air spaces, and there is proteinsceous detns in some of the alveoli whose walls are
whilusted by a musture of round cells. Inset: A few of the asbestos bodies, readily identified on recut
sections, stauned with 8 Prussian biue stun for won,

by the tentative diagnoses may be of great help both in focusing the investigation
and in stunulating renewed efforts when the original history was inadequate.
Such questions are especially important when there is only a little dust in the
lung ssue (Case 1) or when the histologic pattern is compatible with an
environmental insult and there ts no pathognomonic dust (Figs. 4 and 5). In such
cases, the correct diagnosis can be made only with the aid of epidemiologic data.

The chest roentgenogram by definition should be abnormal. However, the
pathologist consulted about a possible lung biopsy should be aware that the
roentgenogram may be normal even when there is severe interstitial lung disease.
This was true in 7.7% of our 508 patients who had lung biopsy, including patients
with UIP, desquamative interstitial pneumonia (DIP), sarcoidosis, bronchiolitis
obliterans, allergic alveolitis, asbestosis, and Iymphanginle-ium_vomnto:ais," As a
corollary, in our expenence the seventy of radiographic infiltration correlates
poorly both with physiologic abnormalities and with pathologic estimates of
severity " """ The following patient llustrates such a discrepancy in that the
roentgenogram was always normal while there were a severe impairment of gas
exchange and impressive lesions microscopically. This patient, like the first (Case
1), also illustrates the importance of taking a detailed environmental history, with
noxious exposure here unrelated to occupation
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The Lung

As a result we pevivaed her envgommental lastors She disbinsd animals and buds and had never

‘ i rwork Howevey s il phe A2 f her Bome daneg the winier and
" ¥ udiflers installed o ries in the forced ar heating system of her home
-~ fier water grew the tinomsces, Pemicilivem cladosporgaom veasis, and #
unidentfied furin The poatient had § serum precpitins o THermom inomilen (L yarts
Microz r faeni, and Cladosponum. a uble gol diffusion showed the stronges! bands against
the humidifier water The diagnosis of allergir alveolitis was now conflirmed. and dramanc wmprove
ment during the sucoreding summer was sustained dusre the next winter. when the hurudficaton
seatem was removed [ndeed, her diffusing caps nore than doubled without specidic therapy
(Tabile 2i i

This case also illustrates the nonspecificity of same tissue reactions. Neverthe-
less, the way in which the biopsy findings redirected the clinical investization
towards an environmental cause emphasizes the value of close collaboration
between the clinician and the pathologist.

Radiographic opacities may consist of the linear or irregular markings™ that
are most often seen in interstitial pneumomnas (Figs. 1, 12, and 14). Alternauvely,
they may be rounded, as in silicosis,” or “reticulo-nodular”—perhaps a combi-
nation of l’me.;r and rounded opacities—as is seen most often in granulomatous

disorders.” Additionally, and mos unpon.mr.l\. the entire lungs or parts thereof
may have a gruund glan appearance.” Such opacities have been referred to as
“alveolar pattern” or “airlessness” and may indeed result from displacement of
alveolar gas by cellular or amorphous debris, as in pulmonary edema, or from
patchy or diffuse atelectasis. However, a similar ground glass pattern also may be
seen when the alveoli are smaller than normal, as in full expiration, or. more
pertinent, when all alveolar walls are diffusely thickened by cells and/or sc:us
Finally, a honevcomb pattern has been well described both from the radiologic'®
and from the pathologic standpoint;® " the significance of this “end-stage lung"
15 discussed below.

These various radiographic patterns, together with their predominant location,
can be related statistically to certain pathologic entities, but in individual cases
they are rarely diagnostic. A few exceptions include pulmonary alveolar micro-
lithiasis, recognized by the sand-like appearance of the roentgenogram, or a
ground glass pattern involving the lung periphery, which is virtually diagnostic
for chronic eosinophilic pneumonia.'® Other radiographic patterns may be diag-
nostic when supported by minimal clinical information, for example a reticulo-
nodular pattern together with bilateral hilar adenopathy in young black persons
represents a combination of findings diagnostic of sarcoidosis.

A review of previous radiographs often is the most revealing diagnostic proce-
dure in the study of pulmonary disease. The pathologist should share in this
information or ask for older films for an indication of the natural history of the
disease. Most persons have had such roentgenograms during previous unrelated

Py admissions, for insurance examinations or in connection with pre-employment
':‘!3'.5 screening. The time and expense involved in correspondence and travel to obtain
\ h’-‘-‘i'...." such films is paltry compared to the alternatives of Jong hospitalization, extensive
| ::,\;:: laheratory investigations, or, worse, discharge and later resdmission with the

hope of establishing the natural history prospectively. Recent films frequently
enable differentiation of acute from chronic disease as discussed below; and films
spanning many vears often document the onset of ditfuse lung disease many years

Clinical-pathologic approach to diffuse infiltrative lung disease (1978) Published by AsbestosClaims.Law
ACL Doc 25351 - Page 9 of 30 asbestosclaims.law/library/25351/9


https://asbestosclaims.law/library/25351/9

Ty 3 PRV Y0P ; =
L 34 Ay il i o . RLE AS‘T—‘-—'-T—‘
S . o . 4

o

}

LS
2

b 4
v s

Ve e b

Diftuse Infiltratve Lung Disease
nearance of symptoms This is hecause the pulmonary reserve 18

. restrictive lung disease initially does

very Derge, and, Urdihe aliwads ohstr

not preatly merease the work of breathing

Phiysical exaenation does nat olten al 1in diagnosis. Dry rales with a "¢ lose-
may be heard early dunng the course of
We recorded such adventitious

sis and in 205 with

a
O N

I

tis-rhe-oar” sound or “velluphane rales’
interstitial disease obut mre guite nunspecifi
Diout 0% of our patients with UIP and ashestc

Digital clubbing, exercise Ccyanas and siens of cor pulmonale
metelv are indicative of advani e disvase Muore speafic findings, suc h as hepa-
tosplenomegaly, enlarged lymph nodes and e spraially signs suggesting connective
vissue disorders, are unportant leads to further examination. Careful cardiac
may reveal the diffuse lung disease 10 be a consequence of heart

sountdds

sarcoidosis

Lamination
<pase, most often matral stenosis

Routine laboratory studies may be of interest in
Polycvthemia generally 1s secondary and nonspecific as 1s a reversed
obulin ratio or an elevated sedimentation rate. Eosinophilia suggests
an allergic disorder or the presence of parasites However, such allergic reactions
as chronic eosinophilic pneumonia may be seen without eosinophilia,” while this
finding is not uncommon i nfections <uch as tuberculosts or cocaidioidomycosis.
Addinonally, our routine studies have included screening for connective tissue
di=orders, although the results more often than not have been confusing rather
than enlichtening. More recently we have screened for precipitating antibodies to

regard to kidney disease or

an=inia
albumin gl

various biologic dust antigens.

There are other routine examinations that can be done quickly, inexpensively
and paini Thev include skin testing for anergy, tuberculosis. and fungal
1 «amination of the sputum by aerobic and

infections and especially repeated e
anaerobic culture for bactenia and funzi as well as multiple cytologic examinanons.

Occasionally, a search for asbestos bodies or alveolar casts may be useful.
Physiologic examination, particularly of respiratory gas exchange, is useful in
detecting ditfuse infiltrative fung disease, especially if the chest roentgenogram is
normal (Cases 2 and 3). Furthermore. such studies characterize the severity of
the disease much more accurately than either clinical examination or the chest
entgenogram. Therefore, pulmonary function tests are useful for monitoring
« natural course of disease and for evaluating the results of therapy. They are,
wever, not helpful for specific diagnosis, because the type of physiologic
ment observed is common to virtually all of the disorders shown in Table
i. The type of pathophysiology has been well described.” ** Generally, there is no
overt obstruction, and restriction of lung volumes is variable and usually 1s seen
anly in advanced disease. The characteristic abnormalities consist of diminution
alveolar-arterial oxygen pressure difference
*his is accompanied by
alkalosis stimulated

als
PRSIV

wrange

of diffusing capacity and increased
(P(A-alo.) resulting in hypoxenia (Table 2, Fig. 16). T

A s it

»
} alveolar hyperventilation and a compensated respiratory

E perhaps by chronic hypoxemia or perhaps by excessive reflexes from the lung or
. other sites. The principal abnormality, hypoxemia, was attributed for years to a
! decrease of the diffusing capacity from thickening of the alveolar-capillary mem-

1% 3 AMare recently this theory has fallen into disrepute for the following

brane
e lung membrane 1s so large that

four reasons: {1) The diffusing capacity of th

Clinical-pathologic approach to diffuse infiltrative lung disease (1978)
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normally complete equilibration of oxsgen partial pressure between alveolr gas

{ occurs in onls one-f

and capaliary bloo time available for gas exchange
Therefore, a marked reduction of diffus

would not resalt 1n an alveolar-end capillary Po. “gradient™; yet such patents

capacity, say to one-half of nurmal

commonly have an elevated PtA-alo, From this it has been reasoned that the
PiA-a)0: must be due to posteapllary venous admixture rather than to impuired
nE capacity (2) It has heen shown that at least one-halfl of the total
resistance to diffusion 1s caused by the slowness of the reaction rate of oxvgen
with hemoglabin," and this is not altered by lung disease (3) I impaired ditfusion
were the sole cause of an elevated PiA-aro., then this PlA-a)oy would always
increase with exercise, which causes an accelerated flow rate of blood through
capillaries ' 7 Actually, in about one-third of our patients P(A-a)o: decreased
with exercise” Finally, (4) the histologic picture evoked by the term “alveolar-
capillury block”—a umiform thickening of the blood-gas bamer—is rarely seen
Occasionally, alveolar walls are uniformly lined by epithelial cells, and sometimes \
there are selected fields where the walls are diffusely thickened by cellular }
infiitration or amyloid, Except for such uncommon examples, microscopic exam- |
ination rarelv reveals lesions suggesting alveolar-capiilary block. Most often there \
are foeal sohd lesions and much normal intervening lung tissue, as in sarcoidosis

diffu

(Fig. 211 and silicosis; or sometimes the alveoli appear to be completely filled by
granular debris or macrophages, as in proteinosis, Even in interstitial pneumonia,
cellular thickening and fibrosis generally are quite uneven (Figs. 4, 7, 8, and 13).
Sometimes the alveolar walls are thick, but the capiliaries are seen to spiral
around the penphery of the fibrous tissue, which then does not contribute to an
increased diffusion distance. Thus, edema and cellular infiltration may not alter
the thickness of the blood-air barmer, a possibility confirmed by electron micro-
scopic studies discussed elsewhere in this manograph.™ For all ot these reasons,
it is now assumned that hypoxemia in this group of disorders is largely the result
of ventilation/perfusion discrepancies.'” * Such mismatching of gas and blood is
ezsily explained on histologic grounds considering the very Gneven involvement
in most cases and the predilection of some lesions for the broncho-vascular rays.”
These ventilation-perfusion discrepancies undoubtedly fully explain hypoxemia
at rest. During exercise, however, the contact time between alveolar gas and
capillary blood is greatly reduced, especially in patients with a compromised
pulmonary capillary bed. Then impaired diftusing capacity may well contribute
to hvpoxemia in some cases.

Financially or physically traumatic procedures: Many more elaborate diag-
nostic procedures have been performed almost routinely in the past. Indeed, until
1965 our consulting physicians generally would not permit lung biopsy until
virtually all other “special procedures” had been exhausted and until several
extrapulmonary sites had been biopsied. Thus, virtually all patients had gastroin-
testinal series, barium enemas, intravenous pyelograms, skeletal surveys and a
variety of scans, ostensibly in search of a primary tumor that might be the source
of diffuse pulmonary metastases. Conjunctivae, muscle, bronchial walls, and liver
were biopsied routinely in search for sarcoidosis, and renal biopsy was not
uncommon to rule out Wegener's granulomatosis, Goodpasture's syndrome, or
neoplasm. Finally, supraclavicular triangle exploration and, more recently, me-
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distinoscopy | were used routinely untl we demonstrated that thess procedures
hiad & vield of less than 179 m diffuse nfiltrative disease without hilar adenaopa. |
thy, " With this W pron b, the average interval between the discovery of infiltra.

tive disease and diagnosis was 1.53 vears,” often with multiple adnussions and
repetitive sxuminations, frequentls patients were unemplovahle during this entire
tirne. We found chat extensive radiographic studies and extrapulmonary biopsies
not onlyv were not Justifiable on the basis of cost-benefit analysis but also that the
combined morbidity and mortality of all of these studies far exceeded that of
open lung biopsy. " * Also, it should be noted that about vne-third of the disorders
hsted i Table | do not have extrapulimonary manifestations nor do they lead to
char: enstie secretions
these considerations have persuaded us that lung biopsy should be
wd forthwith when (1) chronicity has been demonstrated, generally by
persisting for more than one month: (2) there are no specific leads, and
: ae simple studies, including blood tests, sputum examination and skin
(tivity, have been unrevealing In the past. 29.7% of our 1,234 patients with
fuse infiltrative disease eventually came to open lung biopsy (Table 1),

PATHOLOGIC EVALUATION OF THE BIOPSY
Diacyusis FROM HISTOLOGY AND ACCESSORY DaTa

The histologic features of the many diseases listed in Table 1 have been
deseribed previously and will not be repeated here. However, in approaching the
differentia! dizgnosis of such lesions, there are several broad categories and
specific questions which should be considered. and the features listed in Table 3
merit as-essment. In many cases, one can quickly decide whether a lesion is acute
or chronic, nterstinial or alveolar or both, granulomatous or not, exudative or
arcanizing. Thus, a lesion dominated by hyaline membranes and proteinaceous
debris is more likely to be an acute reaction. The presence of tumor, dust, or
infectious agents is also easily decided in most cases, although a few simple aids
such as special stains may be needed and cultures should always be done. We
' have made it a rule to scan all sections under polarized light; it may be mentioned

in passing that birefningent crystals are readily missed without high intensity
ilumination. Special studies that may aid in analyzing dusts are discussed
elsewhere in this monograph.'
The distribution of parenchymal lesions is sometimes a useful clue. For exam-
ple. pneumoconioses, sarcoidosis, and malignant lymphoma are the only diseases
in which the lesions commonly tend to concentrate along the lymphatic pathways.
Similarly, noting whether a lesion is diffuse or focal and whether it 1s uniform
throughout or highly variegated helps in making some diagnoses. Finally, it is
i important to note lesions of blood vessels and of conducting airways (in most
: biopsies this means bronchioles). It must then be decided whether these are the
' dominant lesions or simply components of a more diffuse reaction. Bronchiolitis
obliterans, for example, may result from infection, toxic injury, or allergy, and the i
resolution of this ditferential depends more on the associated parenchymal g ,
.
g
!
}

changes than on the morphology of the bronchioles themselves
1t 1s worth noting that the significance of some of the features in Table 3 may
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such a patient is best
since in these respects the usu
quite different. The need for epidemio
of a few dust particles has already been noted.

The relationship of honeycombing to diffuse infiltrative lung disease merits
cial comment. Honeycombing is a nonspecific end stage of a wide variety of
lesions which cause loss and revision of architecture with
W 0 \When seen more or less diffusely, it is usually the result of some
honeycombing itself is not useful in identifying the
original process, however, but merely indicates that it was destructive and scar-
ristic features and patterns of the active disease are |

spe
pulmonary
scarrting
interstitial process. The

forming. The characte

injury occasionally closely
vation has interesting implicatio

\ sl i spaces
by o T Ane s

Proveltace

stasw of secrelions

exudates

epithelal rogeneration
hemurrhage
hemosiderns tmacrophages:
alseolar cell pupatation iknd and aumber)
organsing, inclusion bodies
dust
lnterstitium
roema
diffuse cell population
loenlized lympho'd follicles
dust
granufomas, with or without necrosis
destruction
organization, fibrosis, huneycombing
Conducting Airways
narrowing by mural or external lesions
obstruction or obliteration by scar or mucus
cellular infiltrates
granulomas
loss
Vessels
diffuse hypertrophy, intimal proliferation
thromba, embols
fibrous obliteration
angutis
Tumor

Tamiy § Historontc FEATURES Assbsst]

It 1o assess from the biopsy alone. The presence of widespread alveolar
hemorrhage may be the only apparent lesion in an early stage of pulmonary
hemosiderosis, but more often it is an irrelevant result of the trauma of the
biopsy. Radiographic and hematologic data clarify this situation. Acute alveolar
simulates pulmonary alveolar proteinosis. This obser-
ns in regard to the pathogenesis of such lesions.
However, the practical problem of deciding the likely course and prognosis in
resolved by evaluating the history and chest radiograph,
al form of proteinosis and acute alveolar injury are
logic data in interpreting the significance

s Divvist isererratier Lo sa DisFast

increasingly obscured as the lesion progresses and the scars accumulate. The ‘
closer a lesion approaches the final common pathway of honeycombing, the more |
|
|
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Diffuse Infiltrative Lung Disvase o

disficule it beromes to distinguish 1t from the other interstitial disvases which

silarly organize (Fig 6). Such progression to honeveombing 1= lustrated by a
pattent whose ongn i} biopsy had typical lesions of osintophilic granuloma iFig
=) When the patient died of respiratory failure two years later, the autopsy
revealed only notspecific honeveombing (Fig. 8)

Confrdence of Dingnosts and Differential Diagnosis In a classic case, the
pathologist may be certan of the diagnosis, but often this certainty is diluted (1)
by the lack of some components; that is, either when the lesion is mild and early
or when it is severe but burned out and late; (2) by the presence of atypi al
features. (31 because the lesion is a rather nonspecific one such as noncaseating
granulonut or 4) because cimilar histologic findings have different significance
when they are localized rather than diffuse. A DIP-like or UIP-like reaction is

vimes encountered adjacent to other focal lesions such as neoplasms or
ceses or even near the granulomas of histiocytosis X. and an early stage of

P also may be mumicked by a resolving viral pneumonia. Sometimes one

eounters relatively focal lesions which resemble UIP but which never progress

a affect other parts of the lung. Even more commonly, end-stage honeycombing

s encountered as the focal residue from a vanety of processes such as healed
necrotizing pneumorua. When such impostors of a diffuse interstitial process are
met, it is invaluable to have available the physiologic and radiographic data to
determine whether or not one is dealing with a widespread process. The pathol-
ogist can gain some help from reports by the radiologst, but actual inspection of
films is preferable. This will give him a much better concept of the lung as a
whole and of the extent, distribution, and character of the radiographic abnor-
malities which must be correlated and explained. The patient whose roentzeno-
gram 1s shown in Figure 9 illustrates this problem. The biopsy from the solid
nodular lesion (Fig. 101 suggests there 1s little normal lung, whereas the other
biopsy (Fig. 11) implies there is only normal lung. This disparity is readily
explained by examination of the roentgenogram.

/—\
/uxp nn\
§1P oy uo«ncona‘f’“’

/ LUNG

EOSINOPHILIC BIOLOGICAL
GRANULOMA pusST

SARCOIDOSIS

in some patients, may

Fiu 6 Schematic representation of some of the pulmonary lesions which,
closely the lesion

progress w a nonspecific end-stage scarmng or “honeycomb lung " The more
approaches this final stage, the more difficult is recagnition of the orijanal pattern of reaction GIP,
UIP. DIP, and LIP = gant cell, usual, desquamative, and lymphocytic interstitial pneumonias

(Reproduced {rom Chest £9. 324. 1976.)

i
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Fio. 7. Open lung bopsy from a 38 yeas-old dawry fasmner who hac a wedge resection because of

progressive dysprea. This has e classical focal interstitial lesion of eosinophic grarwoma. and under

greater magnification the charactenstic Langerhans histiocytes were easiy identified. These same
cells and a scattering of eosinophis infilurate uregularly into adjacent & veolar walls,

Irrerersible Change and Actitity, In addition to rendering a duagnosis. it s
impurtant to estimate histologically the extent of destruction. fibrosis, and other
irreversible damage and also the activity of the lesion. Both the diagnosis and the
amount of irreversible damage affect the prognosis and the likely response to
therapy. For example, a patent with UIP is not likely to do well with coriicoste-
roid therapy irrespective of the extent of fibrosis, but a patient with DIP and
mild fibrosis may well have arrest of his disease and even considerable improve-
ment with such treatment.® In contrast, a patient with DIP at a stage of estensive
fibrosis and honevecombing is unhkely to recover with steroids even though he
has a disease which is usually responsive to such treatment. This is illustrated by
the following case.

Case 3 A Shvear-old physican with tuberculosts first noted cough and exertional dysprea in the
fall of 1949 A chest toentgenogram had shown fine tnangular densities and arregular markings in
both cardiophrenic angles since 1946, in the spnng of 1970 there was marhed progression with
reduction of lung volume and the uregular markings had become coarser and were now visible
evervwhere (Fig 12) Functional impairment was also sesere with marked restniction and a duffusing
capacity of only 397 of predicted (Table 21 His tuberculin shan test hud been positive for many vears
and now. treated with woniand, he failed to improve and therefore eventually consented to lung
tiopsy The biopsy (Fig. 13) had many features characrenistic of DIP but this process had progresaed
to @ stape in which there was conswderable interstizial fibirosis. This wniplied at best a lumited potential
for recovers on drug treatment and more likely only a possibidits of arrest of the prozression He then
recenved predione for about 1 vear with sume ininal unprovement, but this was not sustained (Tabie
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Grading the activity of a lesion is also helpful in estimating prognosis. Thus |
althiough UILP is a progressive disease in most patients, the rate of progression

carios from barely pereeptible to very rapid, The activity of the lesion. as

B T T O T L i

indicated by collular mfiltrates, protemaceous debns, epithelial regeneration, and
fileoblasts, helps in predicting this course. The following case tlustrates this

correlation

T e £l el

Crise 4 This Gnvear old getaed secretary was referred on 9 T4 because of an abnormal chest

P e g LT [ R

ritm T A

rorntgenogeam obtaned dunng an atnal checkup She had alwass been entyely well and had no
f bre th. she teported that she could clumb two flights

When questioned about shurtness

syire all of her groceries without difficulty She had never smoked. and no o cupational

wis reported The chest roenteenogtam showed strking cuarse uregular inear opacitics, |
varhed i the meht mud and basal zones And honeveumbing was suspected (Fig 140 The l2ft i
i was elevaled but not paraly zed. and the mediastinum was shafted to the nght The mass

¢ night hdar arva was the sscending aorta Interestangly. two and one years eazhier, her chest

§ U TG TY

virarance

firrs had exactls the same 3

recwaled bulareral dry rales Usual shin tests, sputuls eXanunation, routine blood and
Wrine tests, electrn and immunoeiectrophoresis, LE preparations, and latex fixation were all negative
or normal Lung function stuiies revealed normal Jung voluimes and no obstruction However. her

cirgle breath difusing capacity was only 647 of predicted and there was severe hypovemia with an

Exam

exercise PLA ans, ! 6] tors (Table 2)
A lute biopsy revealed a usual interstitial pneumonia (Fig 15 There was a sparse wntersti
cellular infitrate i some rexions and minumal proteinaceous exudate i the aur spaces In some fuct
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Fie, & Lung from autopsy of same patient as in Figure 7 who died from respiratory falure two
vears atter biopey The lungs now have extensive huneycombing. and there is no longer any clue to
the diagnosis uf eoanophilic granglomas
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Fic 9 Chest roentgenogram of a 28-year-old photographer’s model who complained of marked
weight loss The film shows fine nodular infiltration apparently limuted to both arienor segments of
the upper lobes, more noticeable on the nght. Lung function was entrely normal. A small antenor
thoracotomy was performed with a preoperative Giagnosis of talcosis because, for some years, she had
sniffed cocaine cut with talc. Two biopsies were obtained, one from a hard nodulated mass in the
antenor segment of the nght upper lobe, and one from a normal-appeanng middle lobe.

there was end stage fibrosis and fine honey combing. Although the cellular components were sufficient
to permit a uiagnosis of UIP, the low degree of activity suggested that a relatively slow progression

could be anticipated. Because of the histologic diaznosis. @ favorable response to sieroid therapy was

thought to be unlikely

Durtng the next two years there was
developed shight dyspnea and a productive cough
physician but three months and one vear later lung function (Table
roentgencgram nad worsened considerably Therapy was discontinued

minumal detenoration of lung function (Table 2) but she
Therefore prednsone was prescribed by her
2) and the appearance of her

when evaluating a lung biopsy it is useful for the pathologist to

In summary,
Its of the pulmonary function

know the history, radiographic appearance, and resu
tests. And it is important for the clinician to know the confidence with which the
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Fic. 10. The upper lobe biopsy from the patient in Figure 9. Most of the alveoli are obliterated by
partly fibrotic. coalescent noncaseating granulomas typical of sarcovdosis. A bronchuvie near the
center 15 invaded and compressed by the granulomas. No extnnsic dust 1S seen, and nune was
identified by exarmunation under bnght polanzed bght. Compare with Figure 11

P e 8

| FiG. 11. The middie lobe biopsy from the patient in Figure 9 This is entirely normal [n this
entire section there was but a single muliary granuloma, adjacent to a small venule in the pleura
| Compare with Figure 10
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better means than examination of a biopsy. Nevertheless,
severity histologically serves a practical
anent damage, and prognosis obviously will be
the biopsy is representative. The
matchine the histology to the pulmonary function and to the chest radiographs.
In regard to abnormalities in function, both the type
Thus oxyge
interstitial infiltrates, alveolar destruct

with laboratory measurements of gas exchange (Fig. 16) ’

.;_ .S | - .
v b
. L)
3 » g
ARy SRS
\ S - b e
¢ t"’Al'l. .“".1". "‘};‘r-r‘ » % e &y ¥ Vi,
q P . . . N . j ¥ "

e 2eb wariilastico. . tos el Baa "'43' . l\l‘:-lt;: lr*' "
. = - - 4 -
,_,..-m amrd o Jabaw ma b b e B 4wl - L. Ca - -t.d“-..:‘d'-: :..n‘-mn‘:"ﬁ-.

Th [ oo

8.7

eram of patient =3 shortly after lung biopsy shows reduction in lung
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For assessing the severity of pulmo-
there are obviously
an estimate of this
purpose. Conclusions regarding diagnosis.
sound only when
degree to which this is true can be estimated by

verity and Biopsy Quality:
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contrary, is most sensitive to thuse lesions of emphy sema, bronchius, and bron ¢
chivctasis which canniot be assowsed reliably from a lung hopsy. As descnbed ’.
above, certain radiographic pasterns are common in iterstitial lung discase. The . ’

histologic findings should match the radwgraph within certain lunits, although 1t
1s true that so

e interstinal lesions may be found in patients with relatively
novmal radiczr A mild incerstitial infiltrate or irregular alveolar filling will
not explain “eannon-ball” shadows on the radiograph, however, nor will the
presence of a fibrocalaific granuloma or similar diserete nodule explain a diffuse
Faziness or reticular pattern. A marked disparity between the histology and the
{ function or the radiagraph should raise doubt that the biopsy s
| iwe and, accordingly, doubt that its interpretation is meaningful.
! the quality and validity of the biopsy are affected by the choice of

., the selection of biopsy site, and the subsequent handling of the tissue

v T g S S A AR S5

B,
¥

TECHNICAL CONSIDERATIONS OF LUNG BIOPSY c' =

] eN Lunc Bilorsy '.E 4
l This procwdure was rarely performed before 1945 and then anly by formal 4 <
3 &

postero-lateral thoracotomy.*® In 1949 Klassen™ suggested a small thoracotomy. ¢
This simpler and briefer operation greatly increased the scope and usefulness of
open biopsy, made it avallable to much sicker patients, and reduced the morbidity
and possibly also the mortality.’ It called for local anesthesia and resection of a
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Fic.. 13. Open lung biopsy from patient #3 The typical festures of desquamative interstitia)
pneumonia are clearly seen Note, however, ©/at there is considerable scarning of some alveolar walls,
and i some foci the normal architecture s obscured.
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Fic. 14 Chest roentgenogram of patient »4. There s a diffuse, coarse linear or irregular infil'ra-
tion. most marked 1n the nght midlung region Honeycombing ts suspected. The left diaphracm s
elevatec but not paralyzed and the mediastinum is shifted to the right. The bulge at the nght nilus
is the ascending aona.

small segment of rib; a portion of the lung was forced through the incision by
positive pressure to avoid pneumothorax after excision.

Our own technique, used since 1952, is quite different and was designed for
minimal trauma while permitting exploration and optimal choice and preservation
of lung tissue. General endotracheal anesthesia is mandatory for control of
inflation: local anesthesia has been associated with a much higher mortality and
morbidity.* The anesthetic of choice is one that permits rapid intubation, is
short-acting so that the patient is fully conscious at the end of the procecdure, is
not a respiratory depressant and permits administration of increased insoired
oxygen concentration. Muscle relaxation is not required.

The incision is 4-7 em long depending upon the thickness of the chest wall, and
its location is dictated by the distribution of the disease. With diffuse involvement,
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we prefer an approach originally suggested by Chamberlain® for mediastinal
exploration in the second interspice anteniorly, beginning medially just lateral to
the sternum and internal mammary artery. This approach permits inspection and :

possible biopsy of the antenior aspect of the upper lobe, the entire muddle lobe, . v ;
and the superior and antenor segments of the lower lobe, The anterior medi | L K
tinum and hilus from the midportien of the supenor cava to the supenor I E ;
pulmonary vein are easily expo ed for inspection and possible node biopsy 'l :. ; :
: Parenthetically, we also prefer this incision for mediastinal exploration, because, S- ¥
] unlike the neck incision of mediasimoscopy,’ it 18 not visible in clothing and 813 4 2
\ er exposure and hemostasis. In patients with infiltration apparently : i b
' ne lower lung regions and in young women, the incision 1s made in the | 2
breast such that it 1s not visible with a brassiere or a bikini, The breast N b4
retracted upwards for a thoracic incision in the 4th interspace. This BIgT S
-pace may be too low in patients with verv small fibrotic lungs. ‘ - 34
he lung is allowed to collupse, and the thoracic cavity 18 explored. Enlarged 1| } &
swmph nodes or pleural lesions are biopsied. An infant-size Tuffier reiractor is 4
‘ then placed between the nbs and the reinflated lung 1s inspected and palpated as 1t 4
far as is possible. Pk ; p
! For biopsy. a region of lung is selected with apparently average involvement. ‘; F
1f various par:s of the lung appear or feel quite differently, then two biopsies of : E
! _ the more and of the less involved areas can be obtained. Generally, the most i O
severely involved areas are avoided, because they may show nothung but nonspe- % k H \
'
1

e ————— — "
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Fi. 15 Open lung iopsy from patient =4 A few alveolar walls are normal, and some are badly
scarred In others there is a defimte but sparse infiltrate of monocytes, lymphocytes. and plasma cells.
Proteinacevus exudates are virtually absent This was interpreted as relatively inactive UlP
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in routime fhion (Fig 181 The pramptly fixed portion was sufficiently expanded

that the individ il alveolar walls —all normal-=could easily be seen In the other ! ‘
sample there was so much irregular atelectasis that it was difficult to determine \

l
if the alseolar walls voere normal or not i
The remaining third of the specimen is then excised About one-third of this s |
submitted routinely for aerobie and anaerobic cultures for bactena, mycobactena,
and fungt Dipostion of the remaning tissue depends upon indications and
| special interests. Chemical analysis for taxic substances generally requires at least
=5 pm Tissue also may be stored for biochenical studies or frozen for immu-
‘ nologie studies. Generally, we imn.ediately place a small portion under glutaral-
debivde, cut it into several T-mm’ blocks and store it for electron microscopy.
The tissue underneath the clamps is closed with a continuous interlocking
“cobbler's” suture, the clamps are removed and the wound is oversewn with an
interlocking over and over stitch. The suture line is then tested under warm
Iine with an endotracheal pressure from 20-30 cm H.0 '
A small No 18-22 French catheter 1s placed laterally in the incision and !
attached to an underwater seal, and the wound is closed in lavers while the
patient is recovering. The importance of drainage cannot be overemphasized. It
is virtually impossible to close lung absolutely airtight. A resulting small pneu- |
mothorax 1s of no consequence to a person with nearly normal lungs. However,
if the vital capacity and the pulmonary capillary bed are already severely reduced,
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Fia 17 Wedge from the normal part of lung from patient who underwent a lobectomy because of
bronchiectasis. This sample, resected with the lung fully inflated, was immersed in formalin within
seconds as described i the text The individual alveolnr walls and other architectual features are
easdy distinguished, and are all normal. Compare with Figure 18
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Fic. 18 Same patient as in Fig 17, and same magnification As described in the text. this sedge
was taken immediately adjacent to the biopsy in Figure 17, but this sample was wrapped in a sa_ne-
moistened sponge and refngerated before fixation Many alveoli are collapsed. and it 1s much more
ditficult to determune whether or not the alveolar walls are normal. The only real difference bet=een
the two samples, however, was the way 10 which they were handled after resection.

then even a small pneumothorax is poorly tolerated. In series where this precau-
tionary drainage was omitted, mortality and morbidity have been excessive.”

Postoperatively, oxygen may be given to hyposic patients with appropriate
monitoring, and mobilization is begun immediately. If the roentgenograpaic
appearance is satisfactory, the tube is removed after 24 hours; and, generally,
discharge is possible on the 3rd or 4th postoperative day.

Following this procedure for 25 years we have lost only one patient following
490 open biopsies. This single death occurred more than 20 years ago on the 13th
postoperative day in a patient with advanced carcinomatosis and multiple pul-

monary emboli.

Crosep Lunc Biopsy

Review of the diagnostic criteria for many diffuse infiltrative lung disenses
reveals a strong reliance on histologic patterns, especially for the chronic lesions
for which there is no histologically demonstrable causative agent. Hence the
preference of many lung pathologists for open lung biopsies, the size of which
facilitates pattern recognition, Nevertheless, there are some situations in which
other biopsv techniques are sufficient; and then, because of the speed with which
they are arranged, minimal hospitalization and cost, and perhaps lower morbidity,
they are even preferable. Thus, in an attempt to identify an infectious agent such
as pneumocystis carinit in the appropriate clinical setting, a closed biopsy may
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Ywinte the need for a thoracotomy. Similarly, the finding by a closed lung biopsy y |
of Ivmphangitic carcinomatosis or numerous noncaseating granulomata tvpt al & |
: : . 5 |
e all aspects of saremdoss ) pate adequate for diagnosis The following case ‘ ) |
instrates the value of transhronchal lung biopsy. v ‘
i
! . g 4 A y § 4 \ e
Care 5 A JTvearwld white elevtronics repair manager had anfectious hepatiis in 1%% He {3 ‘
/ recovered uneventiully and since then had had annual examinations including a chest roes tpenogram ’ i y |
The flms were norma, umtd 1977 when 4 veny fine diffuse in"ltration was poted ") as conaisted of g R | ‘
tiey routicded apacities of less than | mm in diagieter which cowd be seen oily on cluse tepection ‘
tFig 19 ARrhough entrely asympromatic. he was referred to us for evaluation Upon arrival three : |
- bus flm was normal Borh with hugh and luw kidosoltage techmigues and with several ‘
wires (Fig 200 The history, including a detaded account of environment. physical [ }
indd rouhine labotatory studies were all unremarkable Skin tests for hstoplasmoms, . {
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Fi. 19 Detai of chest roentgenogram of patient =5 obtained during routine health examination

shows a delicate diffuse infiltration which, on close wnspection, consists of tiny rounded epacities each

apparently less than 1 mm in diameter
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negative v t protewq electrog v

! ' were alsa hotmal LDH 5 was elevated to 2
suggesting hepatore precguting fur thermophvhie bactena and fung were
pegative Lung f tion studivs showed normal luog solumes and mr flow However the screeniag
singie breath dltiaing capacits was only ¢ of predicied. and the steady stare &iffuing capacity

failed to mse duning exercise (Table 20 A transbronchial Sopsy revealed many coaestont milary

non-necrot e sapoid granalomas 1Fig 2100 These invoived o ssnall branchus and a hror ¢ tut
thete wax np ofher bronchatis of broncboolits an these twp small conducting arwass Most of the
alvestar walls betwern granulumas were normad, but a few had 8 munumal round cell fdieare Troere
domas ta cunventrate near sinad bluod vossels, te, along Lomphatic
routes Hecause the biopsy was so tipical of sarcoidosis, an open bicpny was hot believed o be

Necessary

was a tendencs fur the gra

|
It must again be emphasized, however, that the presence of a few granulomas }
is not specific, and the diagnosis of sarconlosis must be made with consideration |

|

Fic. 20 A film of patient #5 obtained 3 weeks later than that in Figure 19 was withun normal
limits
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of the rest of the histologic features and the clinical settng (Case 2. Buth the
transthoravic and transbronchial approaches have been employed for closed

Diffuse Infiltrative Lung [hisease

l'llrl»\}

Transthoracic Needie Biopsy. A vanety of needles such as those described by
Vi Siverman’® and electnic dnll dniven needles” have been used for core biopsy
of lung tissue for the diagnasis of diffuse infiltrative lung disease. The hterature
suggests, and our experiences confirm, that this procedure eatails a higher
mortality than open lung biopsy because of several complications, including
bleeding, tension pneamothorax, massive hemoptysis, and especially air embo-
lism.* which are not encountered with open biopsy. The procedure thus entails
all the disadsantages of a small specimen selected without thoracic inspection
but not the advantages of lower morbidity; and, therefore, it should be avoided.

Transbronchial Biopsy. This procedure was first performed through a ngid
bronchos ope’ but gained popularity only with the advent of the fiberoptic
bronchoscope.” The design of the larger of these instruments permits introduc-
tion of a tiny forceps. This is advanced to the periphery of the lung either by
measurement or by fluoroscopic control. The instrument is then withdrawn
slightly, the patient is asked to expire while the forceps are opened and several
biopsies are obtained in this fashion. The fragments of tissue are tiny, usually 1
. and rarely up to 3 mm in diameter; but several specumens can be obtained.
Mortality and morbidity in several series have been very low,* ¥ but have not
been finally evaluated. The procedure has the great advantage that it can be
performed under topical anesthesia, thus not requinng expensive operating room
time: and also hospitalization is shortened. Studies comparing diagnostic yield of

e 2
R 5.

Fic 21 Transtironchial bopsy from patient #5 There are many smiall, cualescent noncaseating
granulumas, one of which i olves the wall of n small bronchus. This 1s typical of sarcoidosis.

3
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st The Lurg

transbronchial and open biopss are in prostess, and the definitive place for the
transbronchial procedure is not establishe i The diagnosis of UIP or interstitial
fibrosis is especially foolhardy with a specizien ohtained by transhronchial biopsy |
Many patients with old or current bronchisis—which, unfortunately, includes a w
large part of our population—have charzes confined to peribronchial alveoli

which simulate UIP when no other alveol: are sampled. We have seen several

instances where such a diagnosis from a trans-bronchial biopsy was invalidated by

study of tissue subsequently obtained by open biopsy or at autopsy. We have

ceen another example where a transhranchial biopsy failed to confirm a clinical

diagnosis of chronic eosinophilic pneumonia with an atvpical roentgenogram

because the bronchial and nearby parenchymal changes were indistinguishable

from those which could be expected solely from the patient’s underlying asthma.

An open biopsy resolved this question and confirmed the orginal clinical impres-

sion. Thus there are still a vanety of situatisns in which open biopsy is necessary. |
When this technique is chosen, proper size selection, inflation, and iminediate
fixanion greatly enhance the value of that part of the specunen used for routine
MICTOSCOPY.
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