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PRESSURES AND OXYGEN SATURATION VALUES IN
PULMONARY ARTERY AND BRANCHES.—The values
for both pressure and saturation in the main pul-
monary artery resembled those of the right ven-
tricle. Analysis of the saturation figures of the
branches of the pulmonary artery, however, shows
that in 16 patients oxygen saturations were
obtained from one or more branches which
significantly exceeded those of the main pul-
monary artery and right ventriclee In 12
patients high figures were noted in one branch
only, whereas in Cases 11, 15, 16, and 27 high
arterial oxygen saturations, exceeding 829%, were
obtained from two lobar branches of the
pulmonary artery.

The pressures in the main and lobar branches of
the pulmonary arteries were normal in 12 patients
with high saturations in a single lobe (Fig. 2). In
Cases 15, 16, and 27 the pulmonary artery
systolic pressure was significantly raised in the
main trunk, but fell towards the periphery. Cases
16 and 24 showed a rise in diastolic pressure
towards the periphery (Fig. 3). No saturation
anomalies were noted in the pulmonary artery
branches of patients Nos. 13, 30, 31, 32, and
33. Case 13 suffered from sarcoidosis and
had no clubbing, but his chest radiograph
resembled that of patient 12 also suffering from
sarcoidosis and showing marked clubbing. The
latter patient showed a saturation abnormality in
the right lower lobe. Case 30 had very doubtful
clubbing, and, in view of the normal saturation
values in the left lower lobe pulmonary artery,
the diagnosis of arteriovenous aneurysm was
revised to that of a varicose dilatation of the left
lower lobe pulmonary artery. In Cases 11, 17, 18,
19, 20, and 22 marked differences in oxygen
saturation between samples taken at correspond-
ing points in two different lobes could be demon-
strated while the pressure tracings in all instances
remained of the arterial type (see Fig. 2). In
patients Nos. 5, 7, 21, and 29 no saturation abnor-
malities could be demonstrated in the single lobes
which were explored, and failure of exploration
of the other lobes precludes, therefore, adequate
assessment of these cases. In four cases a raised
pulmonary artery pressure was noted, and in Cases
15, 16, and 27 this was associated with bilateral
pre-capillary  bronchopulmonary anastomoses
This rise in pressure was not associated
with severe anoxia or heart failure. The arterial
oxygen saturations in these three cases were 87.5%,
89.49%, and 94.3% respectively, while the oxygen
saturations in two lobar branches of the pulmonary
artery exceeded those of both the right ventricle
and the main pulmonary artery respectively.
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F1G. 2.—Summary of the results in 14 patients with finger clubbing and in two control patients (Nos. 13 and 30) in respect of oxygelag-

saturation in (1) main pulmonary artery, (2) right lower lobe pulmonary artery, (3) left lower lobe pulmonary artery, (4) pulmonar

capillaries.
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DiscussioN

It is not proposed to discuss the association of
clubbing of the fingers in diseases outside the
thorax such as listed by Mendlowitz (1942), as the

W

variability of clubbing in common
lung diseases alone poses its own
problems. The mechanism of this
phenomenon remains obscure, but a
common denominator accompanying
lung diseases which have become
complicated by either hypertrophic
osteoarthropathy or painless clubbing
appears to be found in abnormal
anastomoses between the bronchial
and pulmonary arteries in one or
more lobes. A similar vascular
anomaly exists in those congenital
heart diseases which are associated
with atresia of the pulmonary arteries
and was demonstrated in a case of
transposition of the great vessels in
which a deformity of the pulmonary
valve was also present (Cudkowicz
and Armstrong, 1952).

The identification of the vascula-
ture in ordinary lung sections is
difficult even in the normal human

lung (Brenner, 1935) unless the bronchial or the

pulmonary
with a fixab
laries.

This

arteries have previously been injected
le medium too coarse to traverse capil-
identification becomes even more
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difficult in the presence of pre-capillary anas-
tomoses in abnormal lungs unless careful injection
techniques have been employed. Hence the
demonstration of anatomical abnormalities in lung
vessels in cases of pulmonary hypertension is in
itself not very helpful unless the circulations con-
cerned have been adequately identified. McKeown
(1952) has doubted if a relationship exists between
the vascular changes in the pulmonary artery bed
and pulmonary hypertension, and Whitaker (1956)
expected changes in the walls of the pulmonary
arteries only if the pressures are of the order of
50 to 70 mm. Hg. Abnormal communications
between the bronchial and pulmonary arteries are
now anatomically well recognized (Liebow and
others, 1949 ; Marchand, Gilroy, and Wilson,
1950 ; Cudkowicz and Armstrong, 1953a, 1953b),
but their clinical effects remain obscure. In the
experimental field the flow through the collateral
bronchial circulation after ligation of one pul-
monary artery in the dog was found to exceed
1 1./sq.m./min. (Bloomer, Harrison, Lindskog,
and Liebow, 1949) and was thought to burden the
left ventricle. A similar conclusion was reached
by Gray, Lurie, and Whittemore (1951), who
studied the pulmonary collateral circulation in 10
patients with chronic lung disease. The applica-
tion of the direct Fick principle is unlikely to
shed an accurate light on the exact volumes of
bronchial arterial blood reaching the pulmonary
artery bed through pre-capillary anastomoses as
this blood is already fully saturated, and other
methods .of study are necessary for accurate
measurement. It is of some interest that three of
our patients had pulmonary hypertension as well
as evidence of pre-capillary anastomoses in at least
two lung lobes. None of these patients suffered
from severe anoxia or heart failure. Facilities for
observing blood and alveolar pCO, were, unfor-
tunately, not available and hypercapnia may very
well have been present. The finding of wide-
spread bilateral pre-capillary anastomoses sug-
gests yet another factor in the mechanism of pul-
monary hypertension.  The existence of these
anastomoses throughout the periphery of the dis-
torted pulmonary artery bed is calculated to raise
the peripheral resistance of this circulation. This
contrasts with patent ductus arteriosus where the
augmented flow enters the pulmonary artery
proximally and can be accommodated in the com-
modious pulmonary artery bed for long periods
before arteriolar changes occur and pulmonary
artery pressure rises. The demonstration of pre-
capillary anastomoses between the bronchial and
pulmonary arteries does not in itself explain the
development of clubbing. Larger series of patients
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with clubbing require study before it can even be
assumed that this anomaly in the lungs is invari-
ably demonstrable.  Patients with liver disease
and clubbing may have a similar anomaly in the
hepatic vasculature which would be more difficult
to demonstrate. Common denominators in
diseases associated with clubbing are not easily
established, but this study suggests that in various
lung diseases pre-capillary bronchopulmonary
anastomoses constitute such a denominator.
These anastomoses do not have to be extensive,
and in small primary lung tumours associated
with painful clubbing they exist only in the imme-
diate vicinity of the growing tumour (Cudkowicz
and Armstrong, 1953b). It is of interest that
hypertrophic pulmonary osteoarthropathy sub-
sides after resection of the lung tumour (Semple
and McCluskie, 1955), presumably as a result of
the excision of both anastomoses and the tumour.
In our experience the severing of the vagus, as
described by Hansen (1952), at the hilum did not
reduce the measurable volume of the clubbed digit
but appeared to abolish pain.

The method of catheterization of the branches of
the pulmonary arteries to demonstrate broncho-
pulmonary anastomoses, as outlined in this study,
is not beyond criticism, particularly in respect of
blood sampling. Our saturation figures represent
only an approximation to the truth, in the absence
of a means of determining oxygen saturation at
any one point in a branch of the pulmonary
artery which does not require the aspiration of a
sample through the catheter. Nevertheless, using
a rigid sampling technique, fluoroscopic placing of
the catheter tip and accurate pressure recording,
we were able to aspirate nearly fully saturated
blood samples from unwedged positions in lobes
involved by disease which differed significantly
from those obtained in corresponding positions in
healthy lobes in the same patient. The inability
to obtain saturated blood from unwedged positions
in five control patients also precludes aspiration
from pulmonary capillaries. Arterial blood
sampled from a branch of the pulmonary artery
through an unwedged catheter is, in our view,
evidence of the existence of pre-capillary broncho-
pulmonary anastomoses.

SUMMARY

Bronchopulmonary pre-capillary anastomoses
exist in certain lung disorders which become com-
plicated by clubbing of the fingers. This vascular
anomaly, which has been found in lungs at
necropsy, has been sought in five control patients
and 24 with drumstick clubbing of the fingers by
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means of catheterization of the right heart and
the lobar branches of the pulmonary artery.

The pressures in the chambers of the right
heart, main pulmonary artery, its lobar branches,
and peripheral ‘“ wedged ™ positions and the
oxygen saturations at these sites have been
recorded.

The results in 16 successfully studied patients
suggest that abnormally high oxygen saturations
obtain in the pulmonary artery branches of
abnormal lobes. In three instances this abnor-
mality was present in at least two lobes and was
associated with a raised pulmonary artery pres-
sure, absence of congestive heart failure. and
arterial oxygen saturations within normal limits.
The significance of these findings is discussed.

We are indebted to Professor Sharpey-Schafer and
Dr. Raymond Daley for provision of cardiac catheter
facilities, and to Drs. H. J. Anderson and D. S.
Cadman for permission to study the patients under
their care. One of us (L.C.) wishes to thank the
physicians at Yale University Medical School and,
in particular, Dr. A. A. Liebow for his constructive
criticism and Dr. F. D. Gray. Jr.. and his technical
staff for much help. We would also like to thank
Mr. N. R. Barrett and Mr. G. Kent Harrison for
obtaining blood samples at operation. and Miss J.
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Dewe, the medical artist, St. Thomas' Hospital, and
the Department of Medical Photography for their
co-operation.
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