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HEART DISEASE, COR PULMONALE
Richard I.. Naeye

INTRODUCTION
INCLUDING DEFINITIONS

Cor pulmonale is defined as heart failure
caused by lung disease. The right ventricle of the
heart malfunctions due to pulmonary arterial
hypertension. Increased pulmenary vascular re-
sistance resulting in pulmonary arterial hyper-
tension may be caused by anatomic or vaso-
motor narrowing of small arteries and arterioles
or both. A variety of occupational agents can
produce pulmonary vascular abnormalities and
cor pulmonale. Each will be considered. Despite
their variety, there arc only a limited number of
ways in which pulmonary blood vesscls can react
to noxious stimuli. Knowledge of these response
patterns will explicate cor pulmonale in indi-
vidual occupational disarders—particularly its
diagnosis, clinical features, reversibility, and
prevenlion,

There may be important interactions be-
tween occupational and nonoccupational agents
that affect pulmonary vessels. These interactions
will be discussed together with genetic factors
that likely affect pulmonary vascular resistance
in occupational lung disease. Pulmonary vascu-
lar abnormalities in occupational lung disease
usually affect the heart by increasing the pressure
load on the right ventricle. Factors that may af-
fect the reaction of the heart to this pressure load
are also to be considered.

In adulrs, about half of normal pulmonary
vascular resistance is located in the pulmonary
arteries, one third in the capillaries, and the re-
mainder in the pulmonary veins (3). This differs
from systemic circulation distribution where most
of the resistance lies in the arterioles. Before
birth, both circulations have arterioles. Muscle
normally disappears from the arterioles in the
pulmonary circulation within two weeks of birth,
markedly decreasing its resistance. Lacking ar-
terioles, blood flow cannot be as finely con-
trolled in the lung as in the systemic circulation.

Autonomic nervous system regulation of blood
flow, so imparlant in the systemic circulation,
is almost absent in the pulmonary circuit. Many
drugs that affect systemic vascular resistance
have atmost no influence on pulmonary vascular
resistance.

Atrteriolar disease is the principal cause of
increased resistance and hypertension in the
systemic circulation. Since the pulmonary circuit
lacks arterioles, it might be assumed that in-
creased resistance and hypertension would be
rare in the lesser circuit. Such is not the case.
The pulmonary blood vessels are in much closer
proximity to the external environment than are
their systemic vascular counterparts. As a result,
environmental agents more frequently damage
pulmonary than systemic blood vessels. Many
of these agents are in the daily work environ-
ment and are thus the cause of occupationally
induced pulmonary arterial hypertension and cor
pulmonale.

In some respecrs, the cardiac right ventricle
is less suited to respond to pressure load increases
than is the left ventricle. By 6-8 ycars of age, the
two ventricles no longer respond to increased
workloads with myocardial fiber hyperplasia.
From that age, hypertrophy is the main response.
Hypertrophy is more limited as a response mech-
anism to pressure loads than is hyperplasia be-
cause fiber surfaces available for nutrient and
gas exchange are relatively decreased with fiber
hypertrophy; they are not much challenged by
hyperplasia. Hypertrophy effectively limits the
size which individual myocardial fibers can reach
without metabolic impairment. Occupationally
induced pulmonary arterial hypertension de-
velops at an age when the heart can only respond
to increased loads with hypertrophy. Resultant
pressure workload increases on the right ventri-
cle are often greater than comparable pressure
workload increases in the left ventricle, associ-
ated with hypertension in the systemic circuit.
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For this reason, the right cardiac ventricle is
vilnerable to failure when it is subjecicd to high
pressure loads in a variety of occupational pul-
monary disorders.

LIST OF AGENTS THAT CAUSE
OCCUPATIONALLY RELATED
COR PULMONALE

Acute cor pulmonale may be associated
with any disorder causing severe alveolar hy-
poxia including pulmonary edema associated
with toxic exposures.

Documented Causes of Chronic
Cor Pulmonale

1. Free silica (silicon dioxide) including
quartz, flint, granite, sandstone, slate,
and diatomaceous earth

. Silicates: tale, kaolin

. Asbestos

. Beryllium

. Coal mine dust

. Tungsten carbide

. Antigenic agents that cause allergic al-
veolitis

Probable Causes of Chronic Cor Pultmonale

[ = L R CNRR L

1. Cadmium

2. Graphite

3. Hemp

4. Uranium mine dust

LIST OF OCCUPATIONS AND
INDUSTRIES INVOLVED

(See chapters on these entities)
. Free silica

. Silicates

. Asbestos

. Bervllium

. Coal mine dust

. Tungsten carhide

. Allergic alveolitis

. Cadmium

. Graphite

10. Hemp, cotton, and flax workers
11. Uranium mine dust

12. Nitrogen oxides

EPIDEMIOLOGY

The epidemiology of cor pulmonale in occu-
pational pulmonary disorders is largely the
consequence of the epidemiology of individual
disorders.
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ESTIMATE OF POPULATION AT RISK
AND PREVALENCE OF COR
PULMONALE

No credible data for cor pulmonale are
available for any occupational pulmonary dis-
order because the diagnosis is often made only
at autapsy and postmortem examinations are not
performed on most workers. Cor pulmonale is
difficult to detect in its early stages by commonly
available, noninvasive clinical and laboratory
techniques. Clinical surveys of ai-risk popu-
lations have almost never used diagnostic tech-
niques that would detect any but the most ad-
vanced cases of cor pulmonale. The little infor-
mation that is available is summarized in Table
X-1,

PATHOLOGY

The pathology and genesis of occupation-
ally induced pulmonary vascular disease can only
be understood against the background of nor-
mal changes in vascular structure with age. No
significant resistance resides in the large, elastic
pulmonary arteries, but atherosclerosis (in them)
saometimes reflects an increased resistance in the
more peripheral, smaller pulmonary arteries.
The structure of muscular pulmonary arteries
has great influence on pulmonary wvascular
resistance. In normal adults, the thickness of the
muscular artery walls is similar in the upper and
lower lobes of the lungs and uniform from begin-
ning to end in individual muscular arteries (55).
By contrast, such thickness varies greatly from
one muscular arterial segment to another in aged
nonsmokers and in middle-aged cigarette smokers
(33). These segmental changes are mainly due
to the uneven deposition of collagen and longi-
tudinally oriented smooth muscle in the walls of
the arteries. Between the ages of 30 and 70, the
collagen content of pulmonary muscular artery
walls increases in nonsmokers from 8% of total
wall constituents to 25%. The comparable change
in cigarette smokers is from 15% to 40% (38).

Longitudinally oriented smooth muscle in-
creases with age in the walls of muscular pul-
monary arteries. It appears sooner and is more ex-
tensive in cigarette stnokers than in nonsmokers
(38). In themselves, the collagen and longitud-
inally oriented muscles appear to have little func-
tional significance. For example, there is no signi-
ficant increase in the frequency of cor pulmonale
if these vascular lesions are the only vascular ab-
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normalities in the lungs (38). It is important that
these pulmonary arterial changes, due to age and
smoking, not be attributed Lo occupational ex-
posures.

Pathophysiologic Causes of Pulmonary
Hypertension Which May Be Associated
With Occupational Exposures

Emboli—There are a large number of
substances that can embolize to the pulmonary
arteries and capillaries. Only a few are related
to occupational exposures. The most frequent
are bone marrow and fat that result from bone
and adipose tissue trauma at the workplace (6).
Gas emboli occur in divers. When repeated, such
gas emboli produce occlusive sclerotic lesions in
the pulmonary arteries of experimental animals.
It is not known if similar lesions develop in
humans.

Hypoxia—Alveolar hypoxia is probably the
commonest cause of chronic pulmonary arterial
hypertension in the United States. A list of oceu-
pationally related disorders to which alveolar
hypoxia contributes would include fumes and
gases that induce acute pulmonary edema; occu-
pations that require residence at high altitude;
brain stem trauma that affects central mecha-
nisms of respiratory control; and by far the most
common, disorders that obstruct the airways and
lead to uneven distribution of inspired air. All
of these disorders decrease alveolar levels of oxy-
gen. Adjacent pulmonary arteries have a charac-
teristic response. They constrict and in time
develap a coat of hyperplastic and hypertrophied
smooth muscle fibers (20)(39)(40). Pulmonary
vascular resistance increases. Muscular hyper-
trophy and hyperplasia are reversible if normal
alveolar oxygen levels are restored (9)(45). Most
occupational diseases responsible for severe
alveolar hypoxia cannot be completely reversed
(39), and any improvement in the pulmonary
arterial lesions may require the use of supple-
mental oxygen.

Both genetic and acquired factors appear
to influence the pulmonary vascular response to
alveolar hypoxia. Some individuals living at high
altitude have pulmonary arterial pressures as low
as those found at sea level while others have very
high pressures (35)(36)(60). Such genetically
based differences in the pressor response Lo
alveolar hypoxia also appear to influence the
outcome of patients with airways obstruction
and pulmonary emphysema. In individuals with

severe emphysema, cardiac failure due to cor
pulmonale develops later and survival is longer
in those who have only a small pulmonary arter-
ial pressor response to alveolar hypoxia than in
those who have a larger pressor response (27).*
The intimate mechanism involved in the pulmo-
nary arterial pressor response to alveolar hypoxia
is not fully known, but it appears to be locally
inediated through the adventitia of the arteries.
Prostaglandin release may be involved (58). It
is important to note that thrombotic or occlusive
sclerotic lesions are rare in the pulmonary arter-
ies of individuals with hypertension due to alve-
olar hypoxia. The vasoconstrictor effects of
alveolar hypoxia are potentiated by acidosis.
Finally, the wall of the pulmonary artery
can be made hypoxic with resultant chronic con-
striction and muscular hypertrophy in a number
of occupational disorders in which environmen-
tal materials (e.g., dust macules) collect around
the artery (40). The functional significance of
this mechanism has not been assessed in most
occupational pulmonary disorders because quan-
titative studies have not been undertaken.

Obliterative Lesions—Many different lung
diseases include inflammatory or fibrotic processes
that engulf and then destroy blood vessels. Such
lesions probably make a major contribution to
cor pulmonale in some diseases, but this has not
been proven by quantitative, maorphologic studies.

It is not cnough to describe types of pul-
monary vascular lesions associated with occu-
pational disorders. Such listings give no clues to
the relative functional importance of various le-
sions. There are additional problems. The arte-
rial medial hypertrophy induced by hypoxia is
a major factor in the development of cor pulmo-
nale in many occupational lung disorders. Be-
cause increased pulmonary blood volumes com-
monly dilate hypertrophied arteries, the arterial
wall does not appear unusually thick and the
hyperirophy is usually not recognized.

There are further difficulties in interpreting
the significance of pulmonary vascular abnor-
malities in occupational lung diseases. Both
surgeons and pathologists are apt to select lung
tissues that have obvious gross abnormalities for

*Individuals with advanced cirrhosis of the liver have lit-
tle or no pressor response to alveolar hypoxia (10). The
mechanism of this loss is unknown. Cirrhosis of the liver
can be occupationally induced, ¢.g., those who use carbon
tetrachlaride.
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microscopic analysis, Obliterative vascular Je-
sions are apt to be both more extensive and
severe in such samples than in the lungs as a
whole. Finally, emboli are often unevenly distri-
buted to the pulmonary vascular bed so that
many microscopic sections must be taken from
different areas of the lungs to assess their num-
ber and role in changing pulmonary vascular
resistance. With the partial exception of coal
workers’ pneumoconiosis, published analyses of
occupational lung diseases are inadequate for
quantitative distinctions. For many occupational
lung diseases there is no published information
at all.

With so little information published on
occupationally induced cor pulmonale, another
approach must be used to assess its possible im-
pact on the work force. This can be done by
identifying major disease processes in various
occupational lung disorders, and then predicting
probable extant pulmonary vascular lesions.

Before describing (published) pulmonary
vascular abnormalities in individual occupational
disorders, it is useful to describe vascular ab-
normalities associated with major diseases that
are constituents of most occupational lung dis-
cases. The most frequent occupationally induced
pulmonary disorder in the United States is bron-
chitis/bronchiolitis. It is found with exposures
to a wide range of environmental agents. [ts ana-
tomic correlates are mucous gland hyperplasia,
gobilet cell metaplasia, increased mucous produc-
tion, inflammation and sometimes a mild fibrosis
in the airways. In autopsy studies, these findings
correlate poorly with functionally significant
chronic airways obstruction present during life
(32)}(51). Cor pulmonale almost never develops
with chronie bronchitis/bronchiolitis in the ab-
sence of airways obstruction (52)(53). The
presence of emphysema correlates more closely
with airways obstruction. Emphysema without
airways obstruction reportedly does not cause
cor pulmonale (54). Functionally significant air-
ways obstruction must usually be present if cor
pulmonale is to develop in parients with bron-
chitis/ bronchiolitis and/or emphysema (25)(31)
(32)(52) (54).

Alveolar hypoventilation and ventilation/
perfusion imbalances which cause hypoxemia are
not easily correlated with the morphologic ab-
normalities. Thus, although the level of pulmo-
nary artery pressure 1s correlated with the severity
of arterial hypoxemia in patients with chronic
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airways obstruction (7), the relationship between
right ventricular weight and anatomic emphy-
sema is weak (31). The pulmonary vascular ab-
normality mainly responsible for cor pulmonale
in cases of airway obstruction is medial hyper-
trophy in small muscular arteries (39). Such hy-
pertrophy is potentially reversible because sev-
cral weeks of oxygen administrarion sometimes
lowers pulmonary arterial pressures in patients
with severe airways obstruction (7).

Alveolar hypaventilation, hypoxia, and con-
sequent pulmonary arterial hypertension are prob-
ably responsible for the acute cor pulmonale
occasionally reported in cases of occupationally
induced acute pulmonary edema. Acute cor pul-
monale is probably far more common in cases
of acute pulmonary edema than has been
reported (50).

Destruction of blood vessels is another ma-
jor mechanism involved in the genesis of pul-
monary arterial hypertension in occupational
lung disease. Such disorders are usually incon-
sistently distributed throughout the lobes of the
lungs which makes quantitation of the vascular
destruction difficult. The functional significance
of such vascular destruction is also difficult to
assess, because as much as two-thirds of the total
pulmonary vascular bed must be destroyed to
produce pulmonary arterial hypertension (62).
Thus, the striking obliterative vascular lesions
present in many occupational pulmonary dis-
orders may (sometimes) have less functional sig-
nificance than authors have claimed.

Pathology of Specific Disorders
Sificosis

In silicosis, macrophages characteristically
phagocytize toxic particles, move to new sites,
die, release the toxic particles and the cycle is
repeated, Each cycle praoduces fibrosis which
spreads, often concentrically. The macrophages
characteristically invade the adventitia of pulmo-
nary vessels which contributes to the vascular
abliteration characteristic of the disorder (44)(56)
(Figure X-1). Both the direct toxicity of the silicic
acid released by the silica particles and immu-
nologic mechanisms may be involved in the
genesis of the fibrosis. Pulmonary vessels often
display an intimal fibrosis and published reports
have frequently mentioned thrombi in pulmo-
nary arterics {(48) (Figure X-2). It would be un-
wise to accept these obliterative and thrombotic




Figure X-1. Macrophages with silica particles and
chronic inllammatory cells hava infilirated the wall
and obliterated a segment of a muscular pulmonary
arlery in a case of acute silicosis (aldehyde fuchsin
elastic stain,X560).

Figurs X-2. Marked Intimal fibrosis in a muscular
pulmonary ariery. The artery Is entering a large
fibrotic area in a case of chronic puimonary sliicasis
{aldehyde fuchsin siain,X225).
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Figure X-3. A smali pulmonary artery enters a gran-
ulomatous area and is obliterated in a case of ashes-
tosis (aldahyde fuchsin, X225).

Figure X-4. Marked intimal fibrosis is visible In this
muscuiar pulmanary artery. The artery is antering an
area of dense fibrosis In a case of asbestosis
{aldehyde fuchsin, X 380).




Figura X-5. A small muscular pulmonzry artery is in-
vested by a mantle of coal dust in coal workers'

pneumoconiosis (trichrome, X20D).

lesions as the sole cause of pulmonary arterial
hypertension and cor pulmonale in silicosis. Air-
ways obstruction as well as pericicatricial and
other forms of emphysema are common in the
disorder, so alveolar hypoxia may make a con-
tribution to the cor pulmonale (11)(44)(48)(56).

Silicates

Talc is not a uniform commercial product.
Some commercial tale is mixed with other sili-
cates such as serpentine, tremolite and anthro-
phyllitc as well as other ingredients such as
carbonates. The extent to which each of these
contributes to the granulomatous process char-
acteristic of talcosis is not preciscly known. In
addition, the length of some fibers in talc mixes
(such as tremolite) reportedly affects the fibro-
genic properties of the product (23}, Commercial
talc may also contain traces of quartz. Usually
the amount of reticulum and collagen in tale
granulomas is somewhat less than that found in
strictly silicotic lesions. The extensive arterial
obliteration found in silicosis is not so often en-
countered in talcosis (56). However, endarteritis
with vascular obliteration is common at the edge

of granulomas and many cases of chronic cor
pulmonale have been reported in workers cxposed
to talc (23)(24). Other studies have reported no
cor pulmaonale in talc workers despite long €x-
posures to the agent (21}).

Asbestos

Asbestos bclongs to a group of silicate
minerals known as amphiboles. The production
and use of asbestos has increased greatly through-
out the world in the last two decades. When in-
haled, the needle-like fibers mainly pass to the
lower lobes where the greatest damage occurs.
In scvere cases the lower lobes are largely replac-
ed bv a mass of grey fibrous tissue. The gran-
ulomas may start in bronchioles, alveolar ducts,
or alveoli, A diffuse, interstitial, alveolar fibrosis
develops in some cases when the asbestos par-
ticles are very small (Figures X-3 and X-4). Severe
airways obstruction and emphysema are not usual-
ly a prominant feature in ashestosis, so alveolar
hypoxia and cor pulmonale are not as common
as in silicosis. Clinically, signs of right sided car-
diac failure are usually a very late feature of the
disease (1)(12). Mare specific information abourt
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Figure X-B. Progressive massive fibrosis (PMF) in a
d0.vear-cid coal miner. Blood vesseals are usually
completely obliterated In such lesions. (Gough
section).

vascular lesions and cor pulmonale is absent
from the literature.

Beryllium

Chronic beryllium disease of the lungs is
characterized by a chronic interstitial pneu-
monitis, often accompanied by focal granu-
lomatous lesions which resemble sarcoid (15).
The chronic disease has an immunologic origin.
There is no doubt that a portion of the victims
develop cor pulmonale, but published accounts
have little to say about pulmonary vessels
(15)(19). Seventeen of 124 patients with chronic
beryllium disease in one series had pulmonary
emboli or infarcts at autopsy (15). This is not
a large number considering many of these indi-
viduals had protracted cardiac failure prior to
death (15). It has been reported that some
pulmonary arteries are obliterated by the granu-
lomas in the disorder, but their relative number
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is unknown. Published information is not ade-
quate to estimate the frequency of cor pulmonale
or to speculate on its exact canses when present.

Coal Workers’ Pneumoconiosis

Far more is known about the frequency and
causes of cor pulmonale in coal workers’ pneu-
moconiosis than about cor pulmonale in any
other accupational lung disease. Several types
of pulmonary vascular abnormalities are found
in the lungs of coal workers with pneumoc-
oniosis: A} lesions related to the primary dust
macule; B) lesions related to fibrotic nodules and
progressive massive fibrosis (PMF); C) lesions
related to other pulmonary disease processes.
Only one of these lesions (A) is relatively specific
far coal workers, and its functional significance
may be small. Coal dust macules evolve by the
incorporation of dust-filled macrophages into
the walls of respiratory bronchioles and adja-
cent alvecli. In this process the associated small
muscular artery is invested by the mantle or cuff
of coal dust (Figure X-5). It has been postulated
that such mantles lead to a perfusion derange-
ment. Quantitative analysis has shown that arte-
rial medial muscle mass increases significantly
in those artery segments inside the dust macules
(40). The increase is mainly due to hypertrophy
of individual arterial medial muscle fibers. In
young miners, this muscular hypertrophy is not
associated with cor pulmonale, an indication that
by itself, the hypertrophy does not have great
functional significance.

Obliterative vascular lesions are often as-
sociated with fibrotic nodules and progressive
massive fibrosis in coal workers’ pneumaoconi-
osis. Occluded and destroyed blood vessels are
common in completely collagenized nodules and
in areas of progressive massive fibrosis (Figures
X-6, X-7). These vascular lesions are most fre-
quent in anthracite workers (17)(18).

Most of the cor pulmonale in coal workers
appears related to airways disease and emphy-
sema (40). The emphysema is of several types:
focal, centrilobular, pericicatricial, and mixed.
The predominant vascular lesion in miners who
develop cor pulmonale is an increase of circu-
larly-oriented muscle in the media of muscular
pulmonary arteries (40). This is presumably due
to alveolar hypoxia (39). Although studies show
overall correlations between degrees of emphy-
sema and chronic cor pulmonale, such correla-
tians are often poor in individual patients. This
may be due to genetic differences between in-



Figure X-7. Collagen has replaced most other con-
stituents In a coal dust macule. Blood vessels are

obliteraled In such lesions {irichrome, X130).

dividual miners which appear ta significantly
influence the pulmonary vascular pressor rc-
sponsc to alveolar hypoxia (35). Individual vari-
ations in this pressar response seem to influence
the clinical course of emphysema. In individuals
with severe emphysema, cardiac failure develops
later and survival is longer in those who have
only a small pulmonary arterial pressor response
to alveolar hypoxia (27).

Tungsten Carbide

Twao forms of disease are produced by ex-
posure to cobalt which is a contaminant in tung-
sten carbide. One resembles berylliosis in that
it has both an interstitial and a granulomatous
component. The other is a disorder that produces
airways constriction. A few cases of cor pul-
monale have been reported in individuals with
the diffuse, interstitial form of the disorder in
which many capillaries and small artcries are
presumably replaced by fibrous tissue (8)(14).
Published information is so sketchy that the
exact nature of the pulmonary vascular lesions
responsible for the cor pulmonale is not known.

Allergic Alveolitis

This describes a series of disorders produced
by the inhalation of antigenic materials which

produces an inflammatory process in the alveolar
wall. The lesions are ofren complex which may
explain why the vascular lesions responsible for
occasional cases of cor pulmonale have not been
described. Inflammation often involves the bron-
chioles as well as the alveoli, and sometimes ap-
pears in the form of noncaseating granulomas
that resemble sarcoid. In rare instances, lesions
progress to severe interstitial fibrosis and even
honeycomb lung. Patients tend to hyperventilate
during the acute phase of the disease and may
have a slight increase in pulmonary vascular
resistance and pulmonary arterial pressure.
Severe pulmonary arterial hypertension and cor
pulmonale develop only in advanced cases with
severe interstitial fibrosis. It is likely that com-
hinations of airways obsiruction and vascular
obliteration are responsible for the right ventri-
cular hypertrophy and failure.

Cadmium

An acute cxposure to high concentrations
of cadmium fumes results in acute pulmonary
edema and acute cor pulmonale (16). Workers
chronically exposed to cadmium fumes may de-
velop a mild interstitial fibrosis and perhaps em-
phvsema, without much obstructive airways dis-
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Figure X-8. This lung section from a graphite worker
shows giant cells with enclosed graphite crystals

(H&E,X1075).

ease. Cor pulmonale has not been reported in
these latter cases.

Graphite

Synthetic or naturally occurring graphite
can cause remarkable granulomatous lesions in
the lungs, often perivascular in location (22)(28).
A few workers have developed cor pulmonale
(28). Not enough information has been published
to identify the nature of the vascular lesions
responsible for the cor pulmonale (Figure X-8).
Byssinosis

Cotton, flax, and hemp workers sometimes
develop byssinosis. Many workers are involved
and large epidemiologic studies have been pub-
lished {29)(30)(59). The disease is usually char-
acterized by a reversible airways obstruction
accompanied by signs and symptoms of bron-
chitis. An increased mortality has been reported
in workers heavily exposed to such dusts for long
periods (49). A few reportedly develop chronic
airways obstruction and some hemp workers
have reportedly died with cor pulmonale (4).
Nothing has been reported on the nature of the
pulmonary vascular abnormalities in these fatal
cases.
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Nitrogen Oxides

Nitrogen dioxide can produce acute pulmo-
nary edema with consequent acute cor puimonale.

CLINICAL DESCRIPTION OF
COR PULMONALE

*Of the many disease entities that affect the
heart, the internist and even the cardiologist is
least familiar with the entity of cor pulmonale. . .
there is a definite lack of prevalence data because
of the lack of uniform diagnostic criteria and
reporting®’ (13},

Symptoms

Acute cor pulmonale is usually produced by
embolism or acute pulmonary edema. A number
of occupational exposures produce such edema.
The symptoms referable to cor pulmonale are
obscured in such cases by the dyspnea and dis-
comfort associated with the edema.

Chronic cor pulmonale—An early diagnosis
is made only when it is recognized that a pul-
monary disorder in a patient can culminate in
pulmonary hypertension. Overt right sided car-
diac failure if often a late feature of chronic cor
pulmonale. When it develops, such failure is




often insidious in onset unless it appears during
the course of an acute respiratory tract infection.
Frequently, diagnosis is made only when short-
ness of breath fails to resolve after an acute in-
fection is controlled. Paticnts with marked
pulmonary ventilation/perfusion imbalances and
gas diffusion defects may also experience somno-
lence due to hypercapnia.
Signs

The signs of right venticular hypertrophy
are a cardiac thrust along the left sternal border
or just below the sternum and a fourth heart
sound, arising in the hypertrophied right ventri-
cle at the same site. Pulmonary hypertension is
often accompanied by a loud second heart sound
in the second left interspace adjacent to the ster-
num and a cardiac thrust in the same area.
Sometimes the pulmonic valvular ring dilates and
the murmur of pulmonic valvular insufficiency
can be heard. If the right ventricle fails, a right
ventricular gallop and tricuspid valvular insuf-
ficiency murmur may appear. Hydrothorax is
rare but dependent edema is commonly present.
Systemic venous congestion is often evident.

Natural History Including a Consideration
of Reversibility and Progression

Since overt signs and svimptoms of cor
pulmonale frequently appear during the course
of an acute respiratory infection, improvement
often follows successful treatment of the in-
fection. More fundamental questions relate to
the causes of increased pulmonary vascular re-
sistance and its reversibility. Pulmonary hyper-
tension whose main cause is alveolar hypoxia,
is potentially reversible, because structural changes
in the pulmonary arteries involve only a hyper-
trophy of medial smooth muscle. This potential
reversibility is confirmed by the finding that
some individuals with hypoxia-induced pulmo-
nary arterial hypertension have a decrease in
pulmonary vascular resistance following the sus-
tained administration of oxygen (7). In general,
cardiotonic drugs are not effective in relieving
right-sided cardiac failure unless oxygenation is
improved. If adequate arterial blood oxygen ten-
sion is restored, it is often possible to discon-
tinue diuretics and digitalis.

Since airways obstruction is the most com-
mon cause of low aveolar and arterial blood oxy-
gen tension, the course of pulmonary hyper-
tension and the resultant cor pulmonale depends
on the reversibility of the obstruction. The funda-

mental causes of the obstruction are at least par-
tially irreversible, i.e., destruction of airways and
loss of the radial traction that keeps them open.
Respiratory tract infections add to the obstruc-
tion by narrowing or plugging the airways with
mucus and inflammatory debris. Treating the in-
fections often partially alleviates the obstruction.
Usual treatment measures are hydration, an-
tibiotics, and bronchodilators. When respiratory
failure supervenes, mechanical aids to respiration
are often needed.

- Treatment for cardiac failure is usually
instituted when there is evidence of right-sided
failure. Methods include digitalis, diuretics, low
salt diet, and phlebotomies to bring hematocrits
and blood volumes to more normal levels. Di-
uretics have to be carefully administered because
patent diuretics (like ethacrynic acid) may cause
metabolic alkalosis which depresses the CO
stimulus to the respiratory center. The most im-
portant therapeutic measure in a patient with
severe hypoxemia is the administration of supple-
mental oxygen.

Complications of cor pulmonale are diffi-
cult to treat when the increase in puimonary
vascular resistance is mainly dueto blood vessel
destruction. This applies particularly to cases of
silicosis in which silica-bearing macrophages
have invaded the adventitia of arteries and led
to widespread fibrous obliteration of vessels.

Appropriate Laboratory Investigations

The diagnosis of cor pulmonale can be
made with certainty by right-sided cardiac cathe-
terization. Typically such catheterization shows
phimonary arterial hypertension, a normal pul-
monary arterial wedge pressure, and an increased
right ventricular diastolic filling pressure—when
ventricular failure is present. Roentgenographic
analyses have value in diagnosing cor puimonale,
but they are often not definitive. A pfuned per-
ipheral pulmonary arterial tree is perhaps the
most definitive diagnostic finding when the pul-
monary arteries are obstructed. Enlarged central
pulmonary arteries coupled with a known pul-
monary disorder raise the suspicion of pulmonary
arterial hypertension. Selective right-sided car-
diac enlargement is difficult to recognize on ro-
entgenographic examinations, but should be
suspected in cases where heart size increases dur-
ing bouts of acute respiratory insufficiency.

The electrocardiogram is sometimes helpful
in making a diagnosis of cor pulmonale, mainly
when it is advanced. It is not as useful in many
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occupational disorders as in those of nonoccu-
pational origin. A high proportion of individuals
with cor pulmonale due to occupational lung
disease have chronic airways obstruction. Re-
portedly, the diagnosis of cor pulmonale can be
made by ECG on only about one quarter of the
patients who have the disorder secondary to ob-
structive airways discase {13). This is apparently
due to hyperinflated lungs and to the episodic
nature of the pulmonary hypertension in many
patients with airways obstruction. The ECG is
somewhat more uscful in diagnosing cor pulmo-
nale due prcdominantly to obliterative pulmo-
nary vascular disease. EC( patterns that sug-
gest chronic cor pulmonale include P-pulmonale
in leads II, I11, IV; AVF, right axis deviation; R:S
ratio in V,>1, in V,,1, and in right chest leads;
and partial or complete right bundle branch block
(13)(54). These criteria are moderately specific
but insensitive. Recently introduced radionuclide
technology can also be used to demonstrate cor
pulmonale. Patients with cor pulmonalc report-
edly have a reduced right ventricular ejection
fraction (3).

The echocardiograph can detect somc cases
of cor pulmonale. Both hypertrophy and dilata-
tion can sometimes be detected in the right ven-
tricle by this means. Such patients often have
abnormal motion in the pulmonic valve, i.e., an
absent or decreased alpha dip and a rapid systolic
opening velocity of the valve. Most echocardia-
graphers have difficulty making rhe diagnosis of
chronic cor pulmonale unless right ventricular
hypertrophy is moderate or severe. Thus, the
technique is not suitable for screening programs
designed to detect early thickening of the right
ventricular wall.

DIAGNOSTIC CRITERIA

The post mortem diagnosis of acute cor
pulmonale rests on finding a dilated right ven-
tricle. Flattening of the trabeculae carneac usu-
ally makes this diagnosis easy. Chronic cor pul-
maonale is recognized by finding myocardial hy-
pertrophy in the right ventricle wall. This latter
diagnosis is not easy to make when the hyper-
trophy is mild or when the ventricular wall is
dilated. Comparisons with the left ventricular
wall are not always helpful because left ven-
tricular hypertrophy and failure are common in
cor pulmonale (31). A more certain diagnosis can
be made by separately dissecting and weighing
the two cardiac ventricles and then comparing
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thern with body weight (31)(43). Such dissections
are rarely undertaken and are one reason there
is 50 lirtle prevalence data on cor pulmonale for
occupational pulmoenary disorders. Finally, many
pathologists do not recognize mild or cven mod-
erate degrees of right ventricular hypertrophy be-
cause they do not consider a diagnosis of cor
pulmonale. Or when they do recognize the ab-
normality, they do not connect it with the oc-
cupationally related pulmonary parenchymal
disorder. This accounts for the many reports in
the literature of advanced occupational lung
disease without any recognition of abnormalities
in the right heart.

Even greater problems are posed by the in-
adequate methods available for making the
diagnosis of cor pulmonale in living patients.
Cardiac catheterization is the most definitive
method for detecting cor pulmonale, but it is ex-
pensive and involves risks to the patient. It is
therefore unsuitable for mass screening and
prevalence studies. Echocardiography is nonin-
vasive but as used by most cardiologists detects
only advanced right ventricular hypertrophy. Its
use in surveys would greatly underestimate the
prevalence of chronic cor pulmonale. Physical
examination evidences of chronic cor pulmonale
are usually late manifestations of the disorder
and are usually absent when patients die of non-
pulmonary disorders. Chest radiographs are
unreliable in recognizing mast mild and many
moderate cases of chronic cor pulmonale. The
diagnosis can reliably be based on the ECG only
when obstructive airways discase is absent and
the cor pulmonalce advanced. The true prevalence
of cor putmonale will not be known for any oc-
cupational disease until inexpensive, sensitive,
practicable, and noninvasive techniques are de-
veloped to make the diagnosis in life.

METHODS OF PREVENTION

Methods for preventing acute cor pulmonale
depend entirely on avoiding contact with toxic
fumes and gases that produce acute pulmonary
edema and on avoiding the trauma that results
in fat and bone marrow emboli, Because obstruc-
tive airways disease is the most commaon cause
of chronic cor pulmonale in most occupational
lung disease, methods for preventing chronic cor
pulmonale are largely those required to prevent
individual occupational pulmonary disorders.
A public health program that delays the appear-
ance and reduces the frequency of chronic air-




ways obstruction—through enforcement of air
pollution standards; anti-smoking education; a
monitored system of pulmonary function testing;
etc.,—should reduce the prevalence of chronic
cor pulmonale in occupational lung disease.

RESEARCH NEEDS

1. The mast obvious need is for prevalence
data. This will be both expensive and dif-
ficult to obtain. To obtain postmortem
data, a program of sponsored autopsies
like that operated by ALOSH for coal
workers is needed. Hearts would prob-
ably have to be collected and examined
at one central location ta insure uniform
dissections and weighing. Obtaining clini-
cal prevalence data on cor pulmonale
presents formidable problems. The only
definitive available method for making
the diagnosis is cardiac catheterization,
and it is unsuitable for epidemiologic
studies because of its expense and risk (o
paticnts. Studies should be undertaken
to determine if ECG, in combination
with echocardiography and x-ray, would
be suitable epidemiologic tools. The
recently introduced radionuclide techni-
ques are another possible diagnostic tool.

2. The most common mechanism respon-
sible for cor pulmonale in occupational
lung disease is alveolar hypoxia. Possible
biochemical mediators and mechanisms
of hypoxia-induced pulmonary hyperten-
sion, such as prostaglandins, histamine
receptors, calcium transport, etc., need
further investigation.

3. New drugs are needed to dilate pulme-
nary arterics. All currently effective drugs
have side effects that are too serious to
permit Jong-term use. Some dilate sys-
temic as well as pulmonary arteries. All
have the inherent limitation that they per-
mit perfusion of poorly ventilated areas
of the lung and thereby causc hypox-
emia. Despite these limitations, there are
substantial numbers of patients whose
high levels of pulmonary vascular resis-
tance are a prime threat to their survival.
More effective, safe pharmacologic vaso-
dilator agents would likely benefit many
of these individuals.

4. There are almost no data in the literature

guantitating the individual pulmonary
vascular lesions responsible for cor pul-
monale in accupational lung diseases.
Coal workers’ pneumoconiosis is a par-
tial exception; CWP data confirmed that
alveolar hypoxia, rather than fibrotic and
obliterative lesions, was primary respons-
ible for cor pulmonale. Similar studies
are needed for other occupational lung
diseases.

. In the first section of this report there is

an outline of pulmonary vascular changes
related to aging and cigarette smoking.
These changes in themselves do not signi-
ficantly increase pulmonary vascular re-
sistance and cause cor pulmonale. They
might, however, potentiate vascular
damage due to occupational agents and
thereby accelerate the development of
cor pulmonale. Postmortem matcrial for
this line of research is readily available
and should be studied.

. No systematic studies have been published

detailing specific effects—on human pul-
monary arteries and veins—aof common
air pollutants in our industrial environ-
ments. Not only should such studies be
undertaken, but possible interactions be-
tween these air pollutants and occupa-
tional agents need to be examined.

. The list of documented occupational lung

disorders involving cor pulmonale is short.
The actual incidence of occupational
disorders involving cor pulmonale is un-
doubtedly substantial. Systematic studies
should be undertaken to search for these
associations. Most such (currently un-
recognized) associations are likely to be
found in occupational disorders in which
airways obstruction is a major feature.

. Quantitative studies have shown that the

microcirculation of the left ventricle is
affected by cigarette smoking. Smoking
accelerates the replacement of normal,
circularly oriented, smooth muscle in
small artery walls by collagen and longi-
tudinally oriented muscle (42). There is
strong evidence that these small artery
lesions impair ventricular contractility
when a severe pressure load is imposed
on the ventricle (41). Such studies should
be repeated on the right ventricle to deter-
mine if lesions in the small intramyo-
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10.

11.

12.
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cardial arteries contribute to the develop-
ment of right-sided cardiac failure in pa-
tients with chronic pulmonary arterial
hypertension.
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