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Chronic pulmonary heart disease

Arthur J. Thomas'

Chronic cor pulmonale has been defined as

hypertrophy of the right ventricle resulting
from diseases affecting the function and/or
structure of the lung except when these
alterations are the result of diseases which
primarily affect the left side of the heart or

congenital heart diseases (World Health
Organization, I963). Right ventricular hyper-
trophy is defined as a pathological condition
and may not be clinically detectable in its
earliest stages when the pulmonary disease
is already causing an increase in right ven-

tricular work. Cor pulmonale is not synonym-
ous with heart failure because the right ven-

tricular hypertrophy can be present for long
periods without the heart failing. Pulmonary
heart disease may be a better description of

'the overall condition of the right heart from
the time it is first affected by pulmonary
disease to the final failure.
The increased work load is due to pulmon-

ary hypertension which may be vasoconstric-
tive or obstructive (obliterative) or a mixture
of both. Vasoconstrictive pulmonary hyper-
tension is the result of disorder of alveolar or

blood gases and is reversible. Obstructive pul-
Fmonary hypertension in chronic bronchitis is
thought to be due to longstanding vasocon-

striction of the small pulmonary arteries com-
plicated later by minor infective thickening of
the pulmonary arterioles. In pneumoconiosis,
bronchiectasis, sarcoidosis, and similar dis-
eases local permanent small artery lesions

.a3ccur, to be later complicated by the effects of
chronic bronchitis. Obstructive pulmonary

hypertension can follow thromboembolic
disease. A list of diseases capable of causing
pulmonary heart disease is given in the World
Health Organization Report (I963). Right
heart failure is a late stage and always associ-

# ated with severe pulmonary hypertension and
often severe hypoxia. Hypercapnia may be
responsible for oedema due to renal retention
of salt and water without right heart failure.

i 1 Address: University Hospital of Wales (Llandough
Hospital, Penarth, Glamorgan).

Haemodynamic studies suggest three stages
in the development of pulmonary heart
disease (Kremer, I969): (i) pulmonary arterial
hypertension during exercise; (2) pulmonary
arterial hypertension already present at rest;
and (3) pulmonary arterial hypertension with
right ventricular failure.

This does not involve cardiac catheteriza-
tion in every patient; it is possible to correlate
these steps with the clinical findings and the
severity of the respiratory disorder. There
will be exceptions in some forms of obstruc-
tive pulmonary hypertension when ventilatory
tests give good results, for example in throm-
boembolism. Coincident diseases of the left
heart, especially coronary artery disease, will
further complicate the picture. The pulmon-
ary circulation and cor pulmonale are the sub-
ject of much writing (Adams and Veith, I959;
Platts, Hammond, and Stuart-Harris, I960;
Harris and Heath, I962; Turino, Goldring,
and Fishman, I965; Ferrer, I965; Cournand,
I966; Oakley and Goodwin, I967; Lee,
I97').
-The mean pulmonary arterial pressure

(Ppa) in normal subjects at rest is below 20
mmHg but the exact reading depends on
technique. Many workers consider that Ppa
between I5 mmHg and 20 mmHg may be
normal or abnormal. Exercise in normal sub-
jects causes an increase in Ppa depending on
the age of the subject and the degree of effort,
the increase being greater in subjects over 50
years. In the majority on submaximal exercise
Ppa should not exceed 30 mmHg though
some workers have recorded pressures of 35
mmHg as normal (Donald et al., 1955;
Denolin, I96I, I966; Ekelund and Holmgren,
I967; Fowler, I969; Kremer, I969).
In severe chronic bronchitis and particu-

larly in those with clinical right ventricular
hypertrophy or failure Ppa is much raised at
rest (Ferrer and Harvey, 1959). In moderately
severe chronic bronchitis with a forced expira-
tory volume in one second (FEV1) below I-2
litres and reduced FEV1/VC percentage the
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Ppa is raised at rest. When the FEV1 lies be-
tween I-2 litres and 2-0 litres and a reduced
FEV1/VC percentage the Ppa may be normal
at rest but always increases more than normal
on exercise (Cotes, Pisa, and Thomas I963;
Horsfield, Segel, and Bishop, I968; Kremer,
I969). There is a significant relation between
Ppa at rest and FEV1 in these patients (r=
- 0-55). When the Ppa is persistently raised
at rest right ventricular hypertrophy develops.
When pulmonary fibrosis coexists with
chronic bronchitis, as in many patients with
pneumoconiosis, the Ppa again closely corre-

lates with the FEV1, at rest (r = - 0-706), and
during exercise (r= - o'625). However, pa-
tients with progressive massive fibrosis of
pneumoconiosis can develop obstructive pul-
monary hypertension without gross reduction
of ventilatory function though this is not
usual. Haemodynamic studies in coalworkers
with simple pneumoconiosis suggest that it is
those with obstructive airways disease who
develop pulmonary hypertension (Sadoul et
al., I968; Lapp et al., I97I). Field and Cotes
(I970) studied coalworkers with early pro-
gressive massive fibrosis and showed that the
pulmonary circulation was not impaired ex-

cept when there was superimposed bronchitis.
From a study of pressure/flow curves they
suggest that a reduction in the ability of the
pulmonary vascular bed to accommodate an

increase in blood flow during exercise occurs

early in the natural history of bronchitis.
These workers also regard these findings as
evidence of a vascular sluice with a reduction
in critical closing pressure of the vessels at
the site of the vascular waterfall. Lee (1971)
in his work on the pulmonary circulation and
capillary flow has demonstrated that the
diminished distensibility and decreased com-

pliance of the pulmonary arterial system in
the presence of increased pulmonary arterial
resistance plays an important part in maintain-
ing the flow characteristics of blood entering
the capillary system. In the more severe pul-
monary vascular disease this relation between
pulmonary arterial resistance and compliance

may break down.
In moderately severe chronic bronchitis

with no heart failure the cardiac output at
rest is normal and the response on exercise is
within normal limits (Wade and Bishop,
I962; Horsfield et al., I968; Field and Cotes,
I970). Severe chronic bronchitis with heart
failure causes a fall in cardiac output to low
normal or subnormal values. In the 1950's
these cardiac outputs were found to be high
normal or even high but in recent years the
values have fallen. Ferrer (I965) has attributed
this fall of cardiac output over 20 years to

better management of the pulmonary disease,
particularly of the infective element. The
more accurate identification and exclusion of
patients with bronchiolectasis whose cardiac
output would be in the higher range would
explain some of the change. Clearly, investi-
gation and therapy of chronic pulmonary
heart disease is producing important results.

In chronic bronchitis rise in the Ppa corre-
lates well with the fall in arterial oxygen ten-
sion (PaO2) (r= -oo6og) and arterial oxygen
saturation (SaO2) at rest (r = - 0-47) and
during exercise (r = -o-68) (Cotes et al.,
I963; Kremer, I969). The relation of raised
Ppa to hypoxia is emphasized by the effect of
oxygen breathing in patients with chronic
bronchitis. Cotes et al. (i963) demonstrated
a fall of io-i per cent in Ppa from 43-8
mmHg to 39 mmHg. Field and Cotes (1970)
found that the pressure/flow curves were dis-
placed downward on oxygen breathing and
more so in chronic bronchitis. Abraham, Cole,
and Bishop (I968) show that after the immedi-
ate fall in Ppa on short-term oxygen adminis-
tration the residual established pulmonary
hypertension can be reduced by long-term
oxygen administration (4 to 8 weeks). This
reversal may be due to regression of the mus-
cular hyperplasia of the small pulmonary
vessels. The fall in Ppa was not maintained
after oxygen breathing was stopped. With in-
creasing disability there is an increase in car-
diac frequency, relative to the oxygen uptake,
and either no change or a slight fall in stroke
volume. The cardiac frequency is much re-
duced on breathing oxygen, both at rest and
on exercise. The right side of the heart deals
with the increased work load in a normal man-
ner, but the increase above normal frequency
is a good clinical measure of the increased
cardiac work required.
Hypoxic pulmonary hypertension without

infection leads to right ventricular hyper-
trophy in man at high altitude and in
the experimental animal at reduced atmo-
spheric pressures. In mice exposed to half
atmospheric pressure for I9 days, severe
right ventricular hypertrophy developed and
some, but not all, showed thickening of
arteriolar walls and duplication of the elastic
lamina (James and Thomas, I968). There was
some individual variation in the susceptibility
of the animals. Abraham et al. (I97i) have
shown that rats exposed to chronic hypoxia
develop an increase in right ventricular mean
pressure, right ventricular hypertrophy, and
a characteristic form of hypertensive pulmon-
ary vascular disease but, more important,
when these animals are removed from the
hypoxic environment there is a progressive
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reduction of the right ventricular pressure, a
regression of the pulmonary vascular disease,
and a return of left-to-right ventricular ratio
towards control values. If these findings are

applicable to human subjects, and the work
of Grover et al. (I966) on high altitude pul-
monary hypertension suggests that they are,
prevention of hypoxia in subjects with pul-
monary disease is all important. Hypoventila-
tion is a major cause of hypoxia in many pa-
tients with chronic obstructive airways disease
and with the hypoventilation syndrome. In
these patients there is a decline of hypoxic
ventilatory drive which is progressive and
maintains the hypoxia leading to increasing
vascular change due to pulmonary hyperten-
sion. This applies in the type B chronic bron-
chitis and in the many forms of hypoventila-
tion syndrome, including the musculoskeletal
diseases of the thorax, and obesity. Ventilation
perfusion inequality, a large subject in itself,
plays a major role in the hypoxia and increased
vascular resistance of chronic obstructive
airways disease of all forms (West, I965).
Wide consideration has been given to the

site of the stimulus for pulmonary vasocon-

strictive hypertension. Bergofsky and Haas
(I967) have shown experimentally that de-
crease in oxygen tension affecting the pre-
capillary segment causes an increase in Ppa,
and further proved that alveolar hypoxia
caused the greatest rise in pulmonary vascular
resistance (5o%), and the pressor response of
alveolar hypoxia was noticeably less if the
pulmonary arterial blood was well oxygenated.
They and other workers suggest that the small
pulmonary arteries are sensitive to alveolar
hypoxia and to increased or decreased hydro-
gen ion concentration. A suggested mechan-
ism for this effect is the interference with
sodium and potassium exchanges across the
smooth muscle cell membrane favouring de-
polarization and increasing action potentials
(Bergofsky and Holtzman, I967). Potassium
depletion in patients with chronic respiratory
failure has been shown by Mills (I968) and
Schloerb et al. (1970), and they have shown
that the degree of depletion of body potassium
is not adequately reflected in the serum potas-
sium level. It is very likely that many of the
cardiac arrhythmias associated with pulmon-
ary heart disease arise from this same potas-
sium depletion of myocardial cells and simi-
larly the sensitivity ofpulmonary heart disease
to digitalis may be explained (Thomas and
Valabhji, I969).
The effect of change of hydrogen ion con-

centration is still debated. Enson et al. (I964)
showed an increasing Ppa response to hypoxia
with increasing hydrogen ion concentration

and Gomez developed an equation correlating
hypoxia and hydrogen ion with pulmonary
artery pressures, a graph of which is of clinical
value. Housley et al. (1970) were unable to
confirm this effect of acidaemia and hypoxia
in chronic bronchitis. Experimentally reduc-
ing blood pH in control and hypoxic animals
produces rises in Ppa and increases in pul-
monary vascular resistance (Barer, McCurrie,
and Shaw, 1971). Our experience confirms
these findings.
There are many other factors in the pul-

monary hypertension and right ventricular
hypertrophy of chronic bronchitis. Airways
resistance and increased alveolar pressure can
influence the pulmonary vascular resistance
and may be important in the local changes in
resistance (Harris et al., I968). The level of
total and central blood volume contributes to
the pulmonary hypertension in chronic bron-
chitis, but blood viscosity has little effect
(Segel and Bishop, I966). Hypercapnia is a
debatable factor in the production of pulmon-
ary hypertension; there is always a correlation
(r = o 5) but this is not of necessity causative.
Clearly hypercapnia has an effect on salt and
water retention and so can indirectly affect
pulmonary arterial pressure and also produce
oedema and mimic heart failure (White and
Woodings, 197I).
Emphysema alone shows little correlation

with the weight of the right ventricle. Severe
emphysema reaching 80 per cent can be
present with a normal right ventricle, but 45
per cent of emphysema with chronic bron-
chitis gives right ventricular hypertrophy
(Dunnill, I96I; Bignon, I967). Asthma alone
does not correlate with right ventricular
hypertrophy.
There remains the problem of the left ven-

tricular state. Many workers have found un-
explained left ventricular hypertrophy in pul-
monary heart disease. Coincident ischaemic
heart disease is common in chronic bronchitis
and pneumoconiosis but no commoner, and
possibly less common, than in the population
generally (Bhargava and Woolf, 197I; Mit-
chell, Walker, and Maisel, I968). Saunders
(1970) found that a majority of patients with
simple pneumoconiosis died of coronary artery
disease but only a minority of those with pro-
gressive massive fibrosis. Could it be that pro-
gressive massive fibrosis protects the patients
from the more severe effects of coronary heart
disease ? A study of left ventricular function in
chronic obstructive pulmonary disease has
shown a normal response to an increased
pressure load and no evidence ofimpairment of
left ventricular function (Williams et al., I968).

In many studies raised pulmonary arterial
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wedge pressures have been found in some
patients with chronic bronchitis alone or with
pneumoconiosis and there is further increase
on exercise. This increase of wedge pressure
could be due to a combined effect of large
intrathoracic pressure swing and an increase
in the haemodynamic load of the left ventricle
(Lockhart et al., I969, I970). Jesek and
Herles (I969) say that different readings of
wedge pressure can be obtained from different
parts of the lungs in obstructive airways
disease due to local changes. This finding may
explain some of the discrepancies but not all
and a raised wedge pressure must be accepted
in some cases. Whatever the explanation of
the occasional left ventricular hypertrophy, it
is oftener seen in chronic bronchitis than in
progressive massive fibrosis of pneumoconio-
sis. Moret, Bopp, and Panos (I967) have
shown that the coronary circulation of chronic
pulmonary disease with hypoxaemia is not
comparable to that of the normal subject with
acute hypoxaemia. In the former thecoronary
flow does not increase and is often diminished
and there is evidence of anaerobic metabolism.
If this is associated with some degree of coron-
ary atherosclerosis the two together may well
affect the myocardium of the left ventricle.
The electrocardiogram should prove of

value in detecting pulmonary heart disease
and in excluding ischaemic heart disease but
has been found to be only 70 per cent effective
(Rees, Thomas, and Rossiter, I964). Many
electrocardiographic criteria of right ventricu-
lar hypertrophy in pulmonary disease have
been proposed and these have recently been
reviewed by Kremer (I969). He suggests two
or more of the following: (I) P>3 mm in
standard leads; (2) AQRS > + I ioo or AQRS
+ IOO with negative T in lead III or a Lewis
index > I5 mm; (3) R/S > I in VI, R/S < I in
V6 or R < 5 mm in V6; (4) negative T wave
VI to V3.

In the presence of pulmonary arterial
hypertension at rest two or more of these were
present in 56-6 per cent of his cases.

It is doubtful that the electrocardiogram or
vectorcardiogram can identify the early chan-
ges ofright ventricular hypertrophy when they
are confined to the crista supraventricularis
and adjacent outflow tract, but they are more
likely to succeed when pressure overload
causes further hypertrophy (Hunsaker et al.,
I970).
The clinical aspects of pulmonary heart

disease have been described by Oakley and
Goodwin (I967). Recent work should be
applied to improve the clinical assessment of
these patients by combining measurement of
blood gases at rest and on exercise, detailed

analyses of lung function, the effect of oxygen
breathing at rest and on exercise on cardiac
frequency, electrocardiographic analysis, and
a full clinical assessment. The aim of assess-
ment is to enable treatment to halt or reverse
the disease process before permanent pul-
monary vascular changes can develop. That
this can be done is recognized by workers in
this field and the changes in the pattern of
pulmonary heart disease and right heart
failure over the years are evidence of some
success.
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