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Chapter 4 

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 
common Clinseally, dyspnea s the predominant svmptom. and on examination 
frequently the only finding is “dry rales " Radiographs generally show a diffuse 
“infiltration” by arregular lines, small nodules, or “ground glass” shadows Phys- 
wlogically, the abnormalities pnmanly afiect oxyvgen exchange and result in 
hypoxemia, whereas the mechanies of breathing are little unpaired. None of the 
nzmes 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 “interstizial” is misleading 
because most of these disorders also have wntra-alveolar abnormalities, and in 
some the latter actually predominate. Finally, “alveolar-capillary block" does not 
correspond to recent interpretation of the pathophysiologic process involved. We 
believe that the term “chronic diffuse infiltrative” is the most appropnate, 
although it must be acknowledged that sometimes the disease is more or less 
localized and sometimes the distinction between “acute” and “chronic” is uncer- 
tamn 

This group of disorders has received increasing attention in recent years, 
perhaps because of more liberal use of lung biopsy wath 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 year, and the 1,234 
cases now on file represent 21.2% of all referrals seen duning the last 25 years 
(Table 1). Most Likely, this experience has been weighted by our special interests. 

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

* Thus study was supported inn part by Pulmonary SCOR Grant HL- 15063 Program Project Grant 
HL 19717 and Career Award HL-1173 from the Natiopa! Heart, Lung and Blood Institute, the Urnuted 
States Public Health Service, and the Shernll A Parsons Memonal Fund 
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chiome eusipophilic preumoma 30 
asthima with infliration and drug reactivng L] 

Mali reoplasms (2 4%) 
e and lvmphoma 9 

hoalveolar carcinnma 4 
[ JATOMS, Metastatic 16 

Envirunmental diseases (24 8%) 
allerge alveolits 15 
silicosis. coal and graphute 65 
asbestonis (egcluing survey cases) 115 
other silioates 17 
bery Liosis [X) 
tove gases (NO; S0, Br. Ch and “smoke’” 31 

Connective tissue disorders (7 aT) 
Progressive systemic sclerosis 4 

26 
22 

7 

Sarcnidosis (208%) 257 
Inte~titial pneumonias (12 8% 

acute 7 
ususl 76 
usual, due to radiation 24 
desquamative 47 
lymphocytic 4 

Unusual specific disorders (18%) 
Wegener's granulomatosis 6 
wdiopathic hemosideross 3 
Goodpasture's syndrome 5 
pulmonary alveclar proteinosis 13 
puimonary aiv eolar mucrolithiasis 1 
eosinophilic granuloma 15 
tuberous sclerosis 1 
lymphangioleiomyomatosis 3 

Pulmonary vascular diseases (647 
artenolitis 3 
veno-occlusive 3 
multiple emboli and diopathic hypertension 2 

Chrome passive copgestion 8% 23 
Nonspecific reactions (58%) 

hanevcombing, enology? 18 
focal fibrosis . 2 
primanly smull airways disease 2 
cystic fibrosis 10 

3 

primardy emphysema 
aspiration (o, blood, food) 4 
normal lung 

No diagnosis (7.2%) 
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it will emphasive the expectations of the clician with regard to histologic 
stion and the peeds of the pathologst with regard ta climieal information 

ay be b od may be essential, to correct histaloge i terpretation 
The spectrum of disorders included in chronie diffuse infiltrative lung disease 

is very large and constantly growing An } 
therefore 

shetic histing s not useful, and, 
etinlogic grouping sugzested by Buech- 

1es, description of new histolugi praiterns, 

for some years we followed a 

ner * With clanfication of certain etiol 
charactenzation of allergic ¢ inologivally mediated disorders, and the 
growing list of environmental lung dizeases, we have receitly used a classification 
based upon our expenieace (Tahle 1) This may form a useful framewark for the 
following discussion although we will not specifically deal with the clinica) and 
histulogie features of each “entity” nor even of each major category 

DIAGNOSTIC APPROACH 

In moust instances the disease is discovered as the result of a chest roentgeno- 
gram obtained because of respiratory symptoms. Discovery was incidental to 
routine examination or because of symptoms suggestive of a systemic disorder in 
about 20% of cases.TM The chief complaint in over one-half of our cases was 
dyspnea, sometimes with cough, expectoration, and weight loss, and less fre- 
quently wit ver, night sweats, or other evidence of toxicity. Joint pains, with 
or without swelling and redness, was the only other relatively common chief 
complaint, accurring in about 6%, prominently in sarcoidosis and quite often in 
the nterstitial pneamonias.” 

The history s by far the most procductive part of the examination and, in our 
earlier 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 n 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 I' 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 with 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 irregular or linear markings at both bases, and the 
arhiac silhouette was indistinet (Fig 1) A lung biopsy was interpreted as usual interstitial pneumonia 

(U1Ps with honeycombing, and this diagnosis was confirmed by an authonty on lung pathalogy 
About two years later the patient's physician attended our seminar on environmental lung disease. 

We mentioned a paper plant where, many years ugo, cigarette filter paper had been made by muxing 
in a carding machine 85 acetate with 13% "Cape BlueTM asbestos Since then there has been a high 
prevalence of ashestosis among these wirkers even aiter 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 had alwavs worn a mask. Upon referral to us this history was confizmed. Lung function studies 
showed marked lung volume restriction, shight imparment of flow attnbuted to a long smoking 
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Fi 1. Chest roentgencgram of patient #1 The lung volume is somewhat reduced and there s a 
fire Linear or irregular intration causing the cardiac outline to become wndistinct. Note the largely 
beal distrbution of lesions and also the discrepancy between the relatively slight radiographic 
opacities and the marhed functional (Table 21 and severe pathologic alterations (Fig. 2). 

histars, marked hyporemin dunng slight exercise and a single breath diffusing capacity reduced to 
4.7 of predicted (Table 21 The sections of lung tissue were reviewed. A chromic interstitial pneumonia 
of the usual pattern and some regions of endstage honeycombing were indeed present (Fig 2). A 
moderate number of astestos bodies were readids dentified on recut sections stawned for won (Fig. 2, 
inset), although they were more difficwlt to find on sections stained with hematosslin and eosun. 

As this case illustrates, historical information is as important to the pathologist 
a< it is to the clinician, since there are many ways in which the lung can be 
injured, but onlv a few stereatyped ways in which it can react. A few of these 
tssue 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 “idiopathicTM or it may result from exposure 
to bervilium, ULP may be “cryptogenicTM (Case 4) or it may be caused by exposure 
1o fibrous silicates (Fig. 2); and bronchiolitis ohliterans may be the consequence 
of a viral pneumonia or it may result from acute or chranic exposure to oxides of 
mtrogen. Sumetimes the pathologist 1s more familiar with the causes of occupa- 
tional Jung injury than the clinician, and then direct questions or those implied 
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Diffuse Inpiltrative Lung Disease (%) 
i 

Fic 2 Open lung biopsy from patient »1 Typical vanegated interstitial pneumonia of “usual” 
pattern with changes ranging from cellular inflitrates o end-stage honeycombiig There s pooling of 
macus 10 the large air spaces. and there 1s proteinsceous dens in some of the alveoli whose walls are 
wfilirated by a musture of round cells. Inset” A few of the asbestos bodies, readily identified on recut 
sections, stauned wich 8 Prussian biue stain for won, 

by the tentative diagnoses may be of great help both in focusing the investigation 
and in stimulating renewed efforts when the original history was inadequate. ' 
Such questions are especially important when there is only a little dust in the 
lung ussue (Case 1) or when the histologic pattern 18 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 lymphangiolelomyomatosis.'' As a 
corollary, in our expenence the seventy of radiographic infiltration correlates 
poorly both with physiologic abnormalities and with pathologic estimates of 
sevenity " " The following patient illustrates 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 tllustrates the importance of taking a detailed environmental history, with 
noxious exposure here unrelated to occupation 
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X » wo ye H v the " 
PRI howinier Her hist ' . s i WS Bt teved 

3 1} s t r and her 

G St } " 

v more, now f 5 

resting A Y \ wers 

rest Wh i VPO 
she had always boen 3 s I s 

i a factory Hep cheat ot nurmal onwe 1 

not remarkable Laboratory erd & diffuse hyperg 3 

of 12,00 Lungt ant lung volume 1 n, no obstructive aumen 

and & screening ddfusing capacity was reduced to 37 of predicted. Furthermore, she severe 
with a Pacos of ondy 46 torr dunng shight exercise (Table 20 Her open lung biopss imtially hapore 

was intepreted as compatible with sarcoidusis However, the fact that the miliary granuomats were 
randemiy scattered rather than clustered along lymphatic vessels, and that an extensive wrerstitial 
wflltrate neh n § cells (Fig 4), and an intense bronchiolitis were present (Fig 31, suggested 
that & biologie dust sensitivity reaction should also be strongly considered 

Fic 3 The chest roentgenogram of patient #2 shows no abnormalitiés at a tune when her Pau; 
was only 48 torr (Table 2) 
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Fic 4. Open hiopsy of patient #2 Despite 

2 cells The combination of a diffuse interstitial pneumonia, bronchiolitis, and miliary 
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the normal roentgenogram there 1 a diffuse nterstitial 
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Open biopsy of patient #2. There is an intense infiltration of this bronchiole by lymphocytes 

ta 1s suggestive of a bologic dust reaction although it is also compatible with idiopathic 
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« s was removed [ndeed, her diffusing capacity more than doubled without specdic therapy 
(Table 21 

This case also illustrates the nonspecificity of some tissue reactions. Neverthe- 
‘ less, the way in which the biopsy findings redirected the clinical investization 
o it towards an environmental cause emphasizes the value of close collaboration 

1 between the clinician and the pathologist. 
. o 

Radiographic opacities may consist of the linear or irregular markingsTM that 
{ are most often seen in interstitial pneumonias (Figs. 1, 12, and 14). Alternatively, 
B they may be rounded, as in silicosis,”* or “reticulo-nodular”—~perhaps a combi- 

nation of linear and rounded opacities—as is seen most often in granulomatous 
disorders.” Additionally, and most importantly, the entire lungs or parts thereof 
may have a “ground glass" 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 scars. 
Finally, a honeycomb pattern has been well described both from the radiologic'® 
and from the pathologic standpoint;?**" the significance of this “end-stage lung" 
is dizcussed 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 
admissions, for insurance examinations or in connection with pre-employment 
screening. The time and expense involved in correspondence and travel to obtain 
such films is paltry compared to the alternatives of Jong hospitalization, extensive 
laboratory 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 diseass as discussed below; and films 
spanning many vears often document the onset of ditfuse lung disease many years 

Mg “—'fl 
= Pl 

Clinical-pathologic approach to diffuse infiltrative lung disease (1978)
ACL Doc 25351 · Page 9 of 30

Published by AsbestosClaims.Law

asbestosclaims.law/library/25351/9

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


ive Infiltrative Lung Disease 67 
D 

hecause the P monars resenve 18 
hefore the appearatice of symptoms This s 
very burge, and, urlike alrways ohstruction, restrictive tung disease imtially does 
not preatly increase the work of bre thing 

518 Dry rales with a “close- 
the caurse of Physical exam natian does nat often avl in diag 

tir-the-earTM sound or “velluphane rales” may be heard early d 
i interstitial disease obut are g notepecific. We recorded such adventitious 

! 

wents with UIP and ashestosis and in 20% with 
counds 1 about 607 of our | 
sarcordosis Digital clubbing, exercse cyanos: and siens of co: ;.ulm.-n.de 

85, SuC h as hl'p.l- metely are indicative of advan od disvase More speafic fir 
tosplenomegaly, enlarged lymph nodes and sprcially signs suggesting connective 
vissue disorders, are important leads to further examination. Careful cardiac 

ination may reveal the diffuse lung disease to be a consequence of heart 
spase, most often mutral stenosis 

Routine laboratory studies may be of interest in regard to kidney disease ot 
anwmia. Polycythemia generally 1s secondary and nonspecific as is a reversed 
albumin globulin ratio or an elevated cedimentation 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 in infections such as tuberculosts or coccidividomycosis. 
Acddinonally, our routine studies have included screening for connective tissue 
dicorders, although the results more often than not have been confusing rather 
than enlichtening. More recently we have screened for precipitating antibodies to 
various biologic dust antizens. 

There are other routine examinations that can be done quickly, inexpensively 
and painiessly. They include skin testing for anergy, tuberculosis. and fungal 
infections and especially repeated exanunation of the sputum by aerobic and 
anaerobic culture for bactena and funzias well as multiple cytologic examinanuons. 
Occasionally, a search for asbestos bodies or alveolar casts may be useful. 

Physiologie examination, particularly of respiratory gas exchange, is useful in 
detecting diffuse infiltrative lung disease, especially if the chest roentgenogram is 
normal (Cases 2 and 5). 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 

‘crangement observed 1s 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 is seen 
only in advanced disease The characteristic abnormalities consist of diminution 
of diffusing capacity and increased alveolar-arterial oxygen pressure difference 
(P(A-a)0.) resulting in hypoxenia (Table 2, Fig. 16). This is accompanied by 
alveolar hyperventilation and a compensated respiratory alkalosis stimulated 
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- 
brane > ® * Mare recently this theory has fallen into disrepute for the following 
four reasons: (1) The diffusing capacity of the lung membrane 1s 50 large that 
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normally complete equilibration of oxygen g 
and capallary blood occurs inonls one-f le for gas exchange 
Therefore, a marked reduction of diffusing o one-half of nurmal, 

id not result in an alveolar-end capillary Po. “gradientTM; yet such patients 

e between alveo! o gas 

Wil 

commonly have an elevated PiA-aio, From this it has been reasoned that the 
PiA-a)o: must be due to posteapillary venous admixture rather than to impaired 
diffusing capacity. " (2) It has been shown that at least one-half of the total 
resistance to diffusion 1s caused by the slowness of the reaction rate of oxyvgen 
with hemoglabin,' and this is not altered by lung disease (3) If impaired ditfusion 
were the sole cause of an elevated PiA-aro,, then this P(A-a)o; 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 blockTM—a uniform thickening of the biood-gas barmer—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 
infiltration or amyloid. Except for such uncommon examples, microscopic exam- 
ination rarely reveals lesions suggesting alveolar-capiilary block. Most often there 
are focal sohid lesions and much normal intervening lung tissue, as in sarcoidosis 
(Fig. 21) 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 generalls are guite uneven (Figs. 4, 7, 8, and 135), 
Sometimes the alveolar walls are thick, but the capillaries are seen to spiral 
around the periphery of the fibrous tissue, which then does not contribute to an 
increased diftusion distance. Thus, edema and cellular infiltration may not alter 
the thickness of the blood-air barner, a possibility confirmed by electron micro- 
scopic studies discussed elsewhere in this monograph.® For all ot these reasons, 
1T 15 now ass d 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 diffusing capacity may well contribute 
to hypoxemia 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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i "y 1y ( stin OpN i were used routinely unul we demonstrated that these procedures 
had & vield of fess than 1 

thy " With this approach, the average interval between the discovery of infiltra. 
tive disease and dingnosis was 1.53 vears,” often with multiple admissions and 

i diffuse wfiltrative disvase without hilar adenopa- 

repetitive sxmuinations frequentls patients were unemplovable during this entire 
time. We found that extensive radiographic studies and extrapulmaonary biopsies 
not only were not yustifiable on the basis of cost-benefit analysis but also that the 
combined morbidity and mortality of all of these studies far exceeded that of 
oven lung biopsy.* * Also, it should be noted that about une-third of the disorders 
hsted i Table 1 do not have extrapulmonary mamfestations nor do they lead to 
char: enistic secretions 

these considerations have persuaded us that lung biopsy should be 
o forthwith when (1) chronicity has been demonstrated, generally by 

persisting for more than one month; (2) there are no specific leads, and 
ne simple studies, including blood tests, sputum examination and skin 

iotivity, have been unrevealing In the past. 39 7% of our 1,234 patients with 
fuse inflitrative disease eventually came to open lung biopsy (Table 1), 

PATHOLOGIC EVALUATION OF THE BIOPSY 

Diacyosis FROM HISTOLOGY AND ACCESSORY Data 

The histologic features of the many diseases listed in Table 1 have been 
descnibed previously and will not be repeated here. However, in approaching the 
differential diagnosis of such lesions, there are several hroad categories and 
specific questions which should be considered. and the features listed in Table 3 
ment assessment. In many cases, one can quickly decide whether a lesion is acute 
or chronie, interstinal or alveolar or both, granulomatous or not, exudative or 
orzanizing. 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 birefnngent 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 
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 
doninant lesions or simply components of a more diffuse reaction. Bronchiolitis 
obliterans, for example, may result from infection, toxic injury, or allergy; and the 
resolution of this differential depends more on the associated parenchymal 
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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be difficult to 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 i1s an irrelevant result of the trauma of the 
biopsy. Radiographic and hematologic data clarify this situation. Acute alveolar 
injury occasionally closely simulates pulmonary alveolar proteinosis. This obser- 
vation has interesting implications in regard to the pathogenesis of such lesions. 
However, the practical problem of deciding the likely course and prognosis in 
such a patient is best resolved by evaluating the history and chest radiograph, 
since in these respects the usual form of proteinosis and acute alveolar injury are 
quite different. The need for epidemiologic data in interpreting the significance 
of a few dust particles has already been noted. 

The relationship of honeycombing to diffuse infiltrative lung disease merits 
special comment Honeycombing is a nonspecific end stage of a wide variety of 
pulmonary lesions which cause loss and revision of architecture with 
scarring ' When seen more or less diffusely, it is usually the result of some 
interstitial process. The honeycombing itself is not useful in identifying the 
original process, however, but merely indicates that it was destructive and scar- 
forming The characteristic features and patterns of the active disease are 
increasingly obscured as the lesion progresses and the scars accumulate. The 
closer a lesion approaches the final common pathway of honeycombing, the more 

e . 50 
LEW 

(O R e 
y 

o) 

A3 

Clinical-pathologic approach to diffuse infiltrative lung disease (1978)
ACL Doc 25351 · Page 13 of 30

Published by AsbestosClaims.Law

asbestosclaims.law/library/25351/13

https://asbestosclaims.law/library/25351/13


Diffuse Inpiltrative Lung Disvase T 

ditficult n beeomes to distinguish 1t from the other interstuitial diseases which 
sularly organize 1Fig 6). Such progression to honeycombing 1= Wustrated by a 

) biopsy had typical lesions of eosintophilic granuloma (Fig 
pattent whose on 
7). When the patient died of respiratory failure two years later, the autopsy 
revealed only notspecific honeycombing (Fig. 8) 

Confrdence of Dingnosts and Diffe rential Diagnosis In a classic case, the 
pathologist may be certain of the diagnosis, but often this certainty 1s diuted (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. (3 because the lesion is a rather nonspecific one such as noncaseating 
granuloma; or (4) because amilar histologic findings have different sigmificance 
when they are localized rather than diffuse. A DIP-like or UIP-like reaction is 

times 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 mimicked by a resolving viral pneumonia. Sometimes one 
neounters relatively focal lesions which resemble UIP but which never progress 
o affect other parts of the lung. Even more commonly, end-stage honeycombing 

s encountered as the focal residue from a variety of processes such as healed 
necrotizing pneumonia. 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 3 widespread process. The pathol- 
ogist can gain some help from reports by the radiologist, but actual inspection of 
films is preferable. This will give him a much better concept of the lung as a 
whole and of the exteat, distribution, and character of the radiographic abnor- 
malities which must be correlated and explained. The patient whose roentgeno- 
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. 

T 

utLpe D1P 

P 61P s yonevconpe— | 
/ LUNG 

EOSINOPHILIC BIOLOGICAL 
GRANULOMA pus? 

SARCOIDOSIS 

Fio 6 Schematic representation of some of the pulmonary {e<ions which, in some patients, may 
progress to a nonspecific end-stage scarmng or “honeycomb lung " The more closely the lesion 
approaches this final stage, the more difficult is recognition of the orynal pattern of reaction GIP, 
UIP. DIP, and LIP = gant cell, usual, desquamative, and lymphocytic interstitial pneumonias 
(Reproduced from Chest 69 324.1976.) 
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Fic. 7. Open lung bopsy from a 38-yeas-old dairy fasmer who hac a wedge resection because of 

progressive dysprea This has 8 classical focal interstitial lesion of eosinophiic grarw.oma. and uader 
greater magmification the charactenstic Langerhans histiocytes were easy identfied. These same 
cells and a sca:tering of eosinophils infltrate wregularly into adjacent s eular walls, 

Irreversible Change and Activity, In addition to rendering a duagnosis. it s 
important to estimate histologically the extent of destruction. fibrosis, and other 
irreversible damage and also the activity of the lesion. Both the dizgnosis and the 
amount of irreversible damage affect the prognosis and the likely response to 
therapy. For example, a patient 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 honevcombing is unlikely 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 56 vear-old phyaican with tuberculosis first noted cough and evertional dysprea in the 
fall of 199 A chest toentgenogram had shown fine tnangular densities and urregular markings in 
both cardiophrenic angles since 1%, in the spring of 1970 there was marked progression with 
reduction of lung volume and the uregular markings had become coarser and were now visible 
everywhere (Fig 120 Functional impairment was also sesere with marked restniction and a diffusing 
capacity of only 397 of predicted (Table 20 His tuberculin shin test hud been postitive for many years 
and now. treated with woniand, he failed to improve and therefore eventually cunsented to lung 
tiopsy The biopsy (Fig. 13) had many features characteristic of DIP but this process had progressed 
to & stage in which there was considerable interstitial fibrosis This wmplied at best a hmited potential 

of the pre zression He then for recovers on drug trestment and more likely only a possibiity of are 
recesved prednisone for about | year with sume minial unprovement, but this was not sustained (Tabie 
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trative Lung Disease 

rrher rease of coarse wregular Marsings a wo e § 

Grading the activity of a lesion is also helpful in estimating prognosis Thus 
although ULP s a progressive disease in most patients, the rate of progression 
carios from harels perceptible to very rapid, The activity of the lesion, as 
indicated by cellular infiltrates, protemaceous debns, epithelial regeneration, and 
filroblasts, helps i predicting this course. The following case tlustrates thus 
correlation 

rred on 9773 because of an abnormal chest Cnse 4 This Sayear old petired secretary was s 

roentgenogram oblaned dunng atrial checkup She had alwass been entizely well and had no 
¥ 

When questioned at rtness of bre th. she reported that she could cimb two flights 
r groceries witho ulty She had never smoked aad no occupational 

d striking coarse uregular inear opacities, : PSL FOentaer 

arhed o the mzht mud and basal zoovs 40d honeyeombng was suspected (Fig 18 The left 
o was elevated but not paralszed, and the mediastinum was shafted 1o the nght The mass 

o gkt hilar arva was the ascending aorta lnterestungly, two and one years easier, her chest 

falrms had evac the samnie apprarance 

3 bilgreral dey rales Usual skin tests, sputum examination, routine blood and 
tex fixation were all negative 

Exar 
snoelectrophoresis, LE preparations, and laf 

con stuties revealed normal Jung volummes and no obstruction However her 
W testy, ele 

or normal Lung 

sirgle breath ci ; capacity was only 647 of predicted and there was severe hypovemia with an 
exercise PIA 2, uf 6) tors (Table 2) 

A lung biopsy revealed a usual interstitial pneumonia (Fig 15) There was a sparse nterstital 
cellular infiltrate 1 some regions and miumal proteinaceous exudiate in the awr spaces In some fuci 

PP Py et e ) 
0 *“"’Vs" =3 
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Fio & Lung from autopsy of same patient as in Figure 7 who died from respiratory faldure two 

years atter biopsy The lungs now have extensive huneycombing and there 1s no longer any clue to 
the diagnosis of posnophidic granvloma 
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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 anienor segments of 
the upper lobes, more noticeable on the nght Lung function was entirely normal. A small antenor 
thoracotomy was performed with a preoperative diagnosis of talcosis because, for sume years, she had 
snuffed cocaine cut with talc. Two biopsies were obtained, one from a hard nodulated mass in the 
antenor segment of the night upper lobe, and one from a normal-appeanng middle lobe 

there was end stage fibrosis and fine honeycombing. Although the cellular components were sufficient 
to permit a uiagnosis of UIP, the low degree of actvity suggested that a relatively slow progression 
could be anticipated. Because of the histologic diaznosis. & fasorable response to steroid therapy was 
thought to be unlikely 

During the next two years there was minumal detenoration of lung function (Table 2) but she 
developed shight dyspnes and a productive cough. Therefore prednsone was prescribed by her 
phisician but three months and one year later lung function (Table 2) and the appearance of her 
roentgenvgram had worsened considerably Therapy was discontinued 

In summary, when evaluating a lung biopsy it is useful for the pathologist to 
Kknow the history, radiographic appearance, and results of the pulmonary function 
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 Lhe 
center 18 invaded and compressed by the granulomas No extnnsic dust 1s seen, and nune was 
\dentified by examunation under bnght polanzed Lght. Compare with Figure 11 

Fic. 11. The middie lobe biopsy from the patient in Figure 9 This is entirely normal In 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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Fic 1. Chest roentgenogram of patient =3 shortly after lung biopsy shows reduction in lung 

Lnes distributed evenly throughout both lung felds There 
£ 

tely Coamve, UTeE volume and mode 

are also a few patchy, “ground glass” opatities. 

pathologist offers the diagnosis, the differential which was considered, the activity 
of the process, and the extent of tissue destruction and fibrosis. 

Histologic Severity and Bropsy Quality: For assessing the severity of pulmo- 
nary disease in terms of diminished respiratory function, there are obviously 
better means than examination of a biopsy. Nevertheless, an estimate of this 
seventy histologically serves a practical purpose Conclusions regarding diagnosis. 

anent damage, and prognosis obviously will be sound only when 
the biopsy is representative. The degree to which this is true can be estimated by 
matchins the histology to the pulmonary function and to the chest radiographs. 

abnormalities in function, both the type and the sev erity of the lesion 
e at the parenchymal level is sensitive to 

d usually to a small extent, by 
should correlate closely 

% Air flow, on the 

acuvity, perm 

In regard to 
<hould fit. Thus oxygen exchang 
interstitial infiltrates, alveolar destruction an 
alveolar filing. A composite assessment of all of these 
with laboratory measurements of gas exchange (Fig. 16) ' 
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1 § \ § 
contrary, is most sensitive o tho-e lesons of emphy sema, bronchits, and bron S 
chivctasis which cannot be assossed reliably from a lung biopsy. As desenbed t.§ 
above, certain radiographic patterns are cOmMmon i itesstit 1l lung disease The ! »> 
histologic findings should match the radwgraph within certain himits although 1t 
I« true that some interstinial lesions may be found in patients with relatively 
novmal radiczraphs. A mild interstitial infiitrate or irregular alveolar filling will \ 
not explain “cannon-ball” shadows on the radiograph, however, nor will the 
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: presence of a fibrocelafic granuloma or sianlar discrete nodule explain a diffuse 1 
Faziness or reticular pattern. A marked disparity between the histology and the 

| function or the radingraph should raise doubt that the biopsy is 
| siwe and, accordingly, doubt that its interpretation is meaningful. 

the quahity and validity of the biopsy are affected by the choice of 
., the selection of biopsy site, and the subsequent handling of the tissue 
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 TECHNICAL CONSIDERATIONS OF LUNG BIOPSY 

) o~ LUNG Blopsy 

This procedure was rarely performed before 1945 and then only by formal 
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 available to much sicker patients, and reduced the morbidity 
and possibly also the mortality.' It called for local anesthesia and resection ofa g
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Fit.. 13 Open lung biopsy from patient #3 The typical festures of desquamative nterstitia) 
preumonia are clearly seen Note, however, < 1t there is considerable scarnng of some alveolar walls, 
and in some focr the normal architecture s obscured. ! 
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Fic. 14 Chest roentgenogram of patient #4. There 1sa diffuse, coarse linear or irregular infil*ra- 
tion. most marked 1n the nght midlung region Honeycombing ts suspected. The left diaphracm s 
elevater but not paralyzed and the mediastinum is shifted to the nght. The bulge at the nght hilus 
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 procedure, is 
not a respiratory depressant and permits administration of increased inspired 
oxygen concentration. Muscle relaxation is not required. 

The incision is 4-7 cm 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 s jzpested by Chamberlain® for mediast nal 
exploration in the second interspace anteniorly, beginning medially just lat ; 
the sternum and internal mammary artery. This approach permits inspection and 
possible biopsy of the rior aspect of the upper lobe, the entire muddle lobe, 
and the superior and antenor segments of the lower lobe, The anterior medias 
tinum and hilus from the midporticn of the supenor cava to the supenor 
pulmonary vein are easily exposed for inspection and possible node biopsy 
Parenthetically, we also prefer this incision for mediastinal exploration, because, 
unlike the neck incision of mediasimoscopy,” it 1s not visible in clothing and 

er exposure and hemostasis. In patients with infiltration apparently 
e lower lung regions and in young women, the incision 1s made in the 
breast such that it is not visible with a brassiere or a bikini. The breast 

retracted upwards for a thoracic incision in the 4th interspace. This 
-pace may be too lov in patients with very small fibrotic lungs 

I'he lung is allowed to collapse, and the thoracic cavity 1s explored Enlarged 
swmph nodes or pleural lesions are biopsied. An infant-size Tuffier retractor is 
then placed between the nbs and the reinflated lung 1s inspected and palpated as 
far as is possible, 

For biopsy, a region of lung is selected with apparently average involvement. 
1f various parts of the lung appear or feel quite differently, then two biopsies of 
the more and of the less involved areas can be obtained. Generally, the most 
severely involved areas are avoided, because they may show nothing but nonspe- 
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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 definite but sparse infiltrate of monocytes, lymphocytes. and plasma cells. 
Protemnaceous exudates are virtually absent This was interpreted as relatively inactive UlP 
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in routine fashion (Fig 18) The promptly fixed portion was sufficiently expanded 
that the individeal alveolar walls =all normal-=could casily be seen In the other 
sample there was so much irregular atelectasis that it was difficult to determine 
if the alveolar walls voere normal or not 

The remaining third of the specimen 1s then excised About one-third of this s 
submitted routinely for aerobie and anaerobic cultures for bactena, mycobactena, 
and fungi Dipostion of the remaining tissue depends upon indications and 
special interests. Chermical analysis for toxic substances generally requires at least 
35 gm Tisue also may be stored for biocheniical studies or frozen for immu- 
nologie studies. Generally, we imn.ediately place a small portion under glutaral- 
debivde, cut it into several 1-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 
saline with an endotracheal pressure from 20-30 cm H.O 

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 awrtight. A resulting small pneu- 
mothorax 1s of no consequence to a person with nearly normal lungs. However, 
\f the vital capacity and the pulmonary capillary bed are already severely reduced, 

.
 

5 i‘\ . 
LR 

P 

Fio 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 in the text The individual alveolnr walls and other architectual features are 
easily 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 s2_ne- 
moistened sponge and refngerated before fixation Many alveoli are collapsed. and it s much more 
ditficult to determine whether or not the alveolar walls are normal. The only real difference bet=een 
the two samples, however, was the way in 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 hypoxic patients with appropriate 
monitoring, and mobilization is begun immediately, 1f 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 LunG Biopsy 

Review of the diagnostic criteria for many diffuse infiltrative lung diseases 
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, minima) hospitalization and cost, and perhaps lower morbidity, 
they are even preferable. Thus, in an attempt to identify an infectious agent such 
as pneumocystis carinii in the appropriate clinical setting, a closed biopsy may 
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olwiate the need for a thoracotomy. Similarly, the finding by a closed lung biopsy 
' 

Phangitic carcinomatosis or NUMerous noncaseating gr inulomata vpt al 
pepects of saremdosis v guate adequate for diagnosis. The following case 

strates the value of transhronchial lung biopsy 

Caswe 5 A 27 vearwld white electronics repair manager patitis 10 199 He 

{ e vt v and <ince then had had & sal examinations #31 roen i Lenogram 

The were normas untd 1977 when 4 vens fine difuse in"ltratiorn ted | s conspsted of 

tiey rounided opacities of less than | mm in diasieter which cows be seern culy on close inspection 
Fig 1% Although enturel smptomatic. he was referred to u r evaluation Upon armival three 

. his flm was o nal Both with hugh and low ki ge technigues and with several 

wres (Fig 200 The history, including a detaded account of environment. physical 

ind rounine Lahoratory studies were all unremarkable Skin tests for hustoplasmoss, 

- 

e v ",g . 

Fi. 19 Detail of chest roentgenogram of patient =5 obtained during routine health examination 
shows a delicate diffuse infiltration which, on close inspection, consists of tiny rounded opacities vach 
apparently less than 1 mm in diameter 
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was a tendencs fur the g mids L0 Cuncentrate near sinad ¢t vossels, te, along 
routes Because the biopsy was so typical of sarcoidosis, an open bicpsy was not believed to be 
necessary 

It must again be emphasized, however, that the presence of a few granulomas 
is not specific, and the diagnosis of sarcoidosis 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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Diffuse Infiltrative Lung Disease 85 

of the rest of the histologic features and the clinical setung (Case 2). Both the 
transthoracic and transbronchial approaches have been employed for closed 
b psy 

Transthoracic Needle Biopsy. A vanety of needles suc h as those described by 
Vien Siverman TM and electnie drill dnven needlesTM have been used for core biopsy 
of lung tissue for the diagnasis of diffuse infiltrative lung disease. The literature 
suggests, and our experiences confirm, that this procedure eatails a higher 
mortality than open lung biopsy because of several complications, including 
bleeding, tension pneumothorax, massive hemoptysis, and especially air embo- 
lism.* which are not encountered with open biopsy. The procedure thus entails 
all the disadvantages of a small specimen selected without thoracic inspection 
but not the advantages of Jower morbidity; and, therefore, it should be avoided. 

Transhronchial Bropsy. This procedure was first performed through a ngid 
bronchoscope’ but gained populanty 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 
mm, and rarely up to 3 mm in diameter; but several specimens 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 requiring expensive operating room 
time: and also hospitalization is shortened. Studies comparing diagnostic vield of 
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Fic 21 Transbronchial bopsy from patient #5 There are many small, coalescent noncaseating 

granulomas, one of which nvolves the wall of n small bronchus. This s typical of sarcoidosis. 
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transbronchial and open biopsy are i prosress, and the definitive place for the 
transbronchial procedure is not establishel The diagnosis of UIP or interstitial 
fibrosis is especially foolhardy with a specizen obtainad by transhronchial biopsy ‘ 
Many patients with old or current bronchis—which, unfortunately, includes a | 
large part of our population—have charies confined to peribronchial alveoli 
which simulate UIP when no other alveol: are sampled. We have seen several 
instances where such a diagnosis from a transbronchial biopsy was invahidated by 
study of tissue subsequently obtained by open biopsy or at autopsy. We have 
ceen another example where a transbronckhial biopsy failed to confirm a clinical 
diagnosis of chronic eosinophilic pneumonia with an atypical roentgenogram 
because the bronchial and nearby parenckymal changes were indistinguishable 
from those which could be expected solely irom the patient’s underlying asthma. 
An open biopsy resolved this question and confirmed the original clinical impres- 
sion. Thus there are still a vanety of situations in which open biopsy is necessary. ‘ 
When this technique is chosen, proper sie selecton, inflation, and imimediate 
fixation greatly enhance the value of that part of the specunen usec for routine 
MICTOSCOPY. 

REFERENCES 

Abraham. ) L. Recent advances in pneumoconios&: The responsibility of pathologsts in etiologic 
diagnosis (see Chapter 6 of this volume) 

Andersen. H. A and Fontana, R S: Transbr zchioscopi 
b diseases Technique and results in 45) cases Crest 62 125-124. 1972 

3 1 Austnan, R. McClement, J H., Rinzet. A Do Jr, Donald. K. W., Rdey. R L. and Cournand. 
A Clinical and physiologic features of some ©vpes of pulmonary diseases with imparment of 
alveoiar-capillary diffusion. The syndrome of “alveoiar-capulany block.” Am. J. Med. 11: 
667-685, 14951 

2
 ung biopsy for diffuse pulmonary 

4 Buechner. H A The differential diugnosis of mi.ury diseases of the lungs Med Clin N. Am. 43: 
84-112, 1959 

5 Carlens. E. Mediastnoscopy: A method for insp=tion and tissue biopsy in the superior medias- 
unum Dis Chest 36: 343-352, 1959 + 

Carnngton. C B., Gaensler, E. A, Coutu. R E., TuzGerald, M. X.. and Gupta, R. G.: Usual and 
desquamative interstitial pneumonia Chest A% 261-263, 1975 (Abstr ). 

Carnngton, C B, Gaensler, E. A, Mikus, J. P. Nhachter. A. W.. Burke, G. W., and Goff, A. M. 
Structure and Function in Sarcoidosis. Tth In:ernational Conference on Sarcoidosis and other 
Granulomatous Disorders, Ana N. Y. Acad S 278 265-233, 1976 

Chamberlain. J M Discussion of “mediastinosceoy TM -/ Thorac. Cardiovasc. Surg. 49. 20, 1965. 
Comtoe. J H. Forster, R E.,, DuBois, A. B, Bnxoe, W A, and Carlsen, E.. The Lung: Clinical 

Physiology and Pulmonary Function Tests, pp 111-139, Chicago. Year Book Medical Publish- 
ers, Inc, 1962 

10. Epler. G R, Gaensler, E. A, and Carnington, C. B.. Rales in interstitial lung disease Clinical, 
pathologic and physiologic correlations. Br J Dis Chest (i press) 

11. Epler, G R, Mikus, J. P, McLoud. T. C., Carnzzion. C B. and Gaensler, E. A- Normal chest 
roentgencgrams in chronic interstitial and punonary vascular dusease. Am. Rev. Resp Dis 
115 suppl 104, 1977 

12 Finley, T N, Swenson, E. W, and Comroe, J. H Jr. The case of arterial hyposemia at rest in 
patients with “alveofar-capillary block svndrome “d Clin Incest 41 H18-H22, 1962 

13 FizGerald. M X, Carrington, C. B, and Guenslez, E- A Envwonmental lung disease Med. Chin 
N Am 57 503-622 1973 

14 Gaensler. E A Disgnostic techniques in diffu or miliary lung diseases Experience with 381 
patients. In Adcances Cardwpulmunary Dieases Vol 111 pp. 81-122 Edited by Banyas, A 
L. and Gordon, B L Chicago, Year Book Me-c.cal Publishers. 1966 

15 Gaensler. E A, Ball-Mowster, M V., and Hamm. ). Open lung biopsy in diffuse pulmonary 
disease N Engl J Med 270: 1319-1331, 1903 

o
 

~
 

©
 

®
 

Clinical-pathologic approach to diffuse infiltrative lung disease (1978)
ACL Doc 25351 · Page 29 of 30

Published by AsbestosClaims.Law

asbestosclaims.law/library/25351/29

https://asbestosclaims.law/library/25351/29


v 

3 

Diffuse Infiitratice Lung Disease 

Garnsier. E A, and Carnngton C B Penpheral opacities in chronw € 

Gavivler, B A Carnngron C B Coutu R E and FuzGeraid. X Ratiographic pt Fy 
pothologie eorrelations in wienstitial pueamonias In Alieolar Interstitium of the Lung 
Internatunal Sy nposium Pans. 1974 Prog Resp Res § 221-241. Basel 5 Karger 1975 

Gaensier, £ A, Carmngtnn C B, Coutu. & E, Tomasian. A Hoffman, L. and Smith. A A 
Parhologieal, phisioing al and raciological vorrelations in the preumoconioses Am NY Acad 
Sei 200 574007, 1972 

Gepereux. G P The end stage lung Pathogeness. pathology and radiology Rad e 116 

Hep ton. A G The pathology of honeycor b lung Thorax 11: 77-93, 1956 
theda. S, Yanai, N, and {shikawa € Flewuble broncholiberscope Keo J Med 17 1-18, 198 

2 Jacobson, G Lainhart, W S eds s LLO 1471 international classification of radiographs of 
the t nioses. Med Radwogr Photogr 48 65-TH 1972 

Jefterso | Lawton B R Myers W O etal Open pulmonary biopsy: 19 year expenence 
with 418 consecutive operations Chest 89 41-47, 1976 

Jones, F. L A companson of trephine and Franhlin-Suverman needles for pere utaneous lung 
bopsy Am Kev Resp Dis 108 625-620, 1974 

Klassen, h ' Anlvan. A ). and Curtis. G M Biopsy of diffuse pulmonary lesions. A7« A Surg 
50 HA4-T04, 1949 

Kuhn € Ultrastructure and cellular function in the distal lung (see Chapter 1 of this voiume! 
Lihow, A A, and Carnuigton. C B. The intersutial paeumonias. In Frontiers of Pulmonary 

Rudilug. Edized by Sumon, M. Potchen, E J , and LeMay, M pp. 102-141. New York. Grune 
& Stratton, 1309 Muarks. A, Cu D W, Cudigan. J B and Gaensler, E. A Clinical determination of the 
ditfusion caps of the lungs Comparison of methods in normal subjects and patients with 
“alveolar capdlary blockTM syndrome Am J Med 22 5-73, 1957 

organ, W. K. C, and Seaton, A. Occupntional Lung Diseases. Philadelphia, W. B. Saunders, 
1475 « W R Crenpational Lung Disor Jors London, Butterworth & Co., Lad., 1974 
wn, F J. W, and Forster, R. E. Relunve unmportance of ditfusion and chemal reaction 
. i fetermmiming rate of exchange of gases in the human lung. with spec 1al reference to true 
g Capacity of pulmonary membrane and volume of blood in the lung capilianes J Appl. 

vstol 11 290-302, 1957 
el 8 J,and Winstanley, D P.. Trephine biopsy of the lung and pleura Thorax 24. 576=584, 

1964 Suratt. P M. Smuddv. J F, and Gruber B Deaths and complications associated with fiberoptic 
bronchoscopy. Chest 69 747-751, 1976 

Theodos, P. A, Alibnitten, F F.Jr.and Breckenndge, R L. Lung bopsy in diffuse pulmonary 
disease. Dis. Chest 27 637-638, 1955 

Wagner, P D Dantzker. D. R, Dueck, R. dePolo, J. L, Wasserman, K., and West, J. B: 
Disinbution of ventilation-perfusion ratios in patients with interstitial lung disease Chest 69 
256-257, 1976 Weetcott, 4 L. Air embolism complicating percutaneous needle biopsy of the lung Chest 61 
108-110, 1973 « Zavala, D. C: Diagnostic fiberoptic bronchoscopy Techniques and results of biopsy in 600 
patients. Chest 68 12-19, 1975 

HUOVIDED BY: 
f:, ( ")O TECHNICAL REF 
! 

rary, Poemn 203 

vy of Colorado 
L ‘,A.C‘ulur:r.‘o 0309 

Coldeddd (300 AV2.R774 

ERENCE CENTEP 

L
 R

 
i
 

o 
A

 
o

~
 

M
Y

 
e

y
 

T
S

 

Clinical-pathologic approach to diffuse infiltrative lung disease (1978)
ACL Doc 25351 · Page 30 of 30

Published by AsbestosClaims.Law

asbestosclaims.law/library/25351/30

https://asbestosclaims.law/library/25351/30



