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University, and the Presbyterian Hospital, New York City)
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It is now well established that in,cardiac insuffi-
ciency there is an increase in the circulating blood
volume as calculated by dye methods (1, 2). The
mechanism of the rise in the red cell component
has been attributed to anoxemia (3); that of the
increase in plasma volume has remained obscure.

Discrepancies in the different quantitative meas-
urements of cardiac insufficiency are not rare.
The occasional appearance of acute right-sided
failure without a comparable rise in peripheral
venous pressure has been observed in this hos-
pital. In addition, others have noted that the
plasma volume rise preceded the venous pressure
change in several cardiac patients in whom fail-
ure was induced by sodium chloride administra-
tion (4). Although a general parallelism between
the blood volume, circulation time and venous
pressure has been reported (1), other workers
were unable to determine any significant relation-
ship between these values (2).

Because of the lack of consistent correlation be-
tween the various clinical measurements of cardiac
insufficiency, the present study was undertaken to
determine whether the plasma volume might be
related to the degree of circulatory interference
in the hepatic and portal vascular beds. This was
based on the hypothesis that these areas were
larger and more logical sites for the volume in-
crease than the smaller pulmonary and more er-
ratic peripheral circulations.

MATERIAL AND METHODS

Sixteen patients with heart disease were studied on the
wards of the Presbyterian Hospital, all having been ad-
mitted because of uncomplicated acute cardiac insuffi-
ciency and with no evidence of acute or chronic blood
loss or shock. Only those patients whose heart failure
was predominantly right (portal and systemic conges-
tion) or left-sided (pulmonary congestion) were in-
cluded, and they were divided into 2 equal groups on this
basis. Although several of each group gave a history of
previous episodes of cardiac insufficiency, the duration of
acute signs or symptoms was not longer than 2 weeks
before admission in any instance. Every effort was made

to secure data as soon after hospital admission as pos-
sible and before essential therapy had produced any
modification of the clinical picture. The average age of
the 2 groups of patients was comparable, although they
varied in age from the fourth to the seventh decade.

All observations were made within a period of several
hours. Blood samples were obtained with the patient
lying in bed with a 300 head gatch, and after at least a
20-minute period of inactivity in that position. Circula-
tion times were measured with either sodium dehydro-
cholate or calcium gluconate. The plasma volume was
determined with the blue dye T-1824, the optical density
being measured with the photoelectric colorimeter (5).
Multiple serum samples were obtained after 10 minutes
because of expected variations and delay in mixing.
Predictions of plasma volumes were based on the data
of Gibson and Evans (6) and the observed hematocrit,
using both weight and surface area for comparison. The
difference between observed and predicted values was ex-
pressed as a percentage deviation from normal. Deter-
minations of red cell volume were not made because of
the variable and conflicting results obtained by current
methods.

RESULTS

The results are shown in tabular form. It is
apparent that the patients with right-sided cardiac
insufficiency exhibited a greater increase in plasma
volume than did those with left-sided failure. Al-
though the degree of insufficiency was in general
reflected in other measurements, such as venous
pressure, circulation time, and vital capacity, only
a rough parallelism between these values and the
plasma volume was observed. Quantitative cor-

relation with liver size was impossible because of
difficulties in accurate measurements, because of
variations in body build and the position of the
diaphragms, and because antecedent liver enlarge-
ment could not be excluded. Nevertheless, the
rise in plasma volume was also generally related
to the degree of liver enlargement (Figure 1).

Predicted plasma volumes based on weight are

regarded as unsatisfactory in cardiac patients be-
cause of edema. Yet, at times, the comparison
between predicted values based on height and
surface area showed marked deviation from each
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other in either direction. This suggests that any
single method of estimating normal values may

sometimes be subject to error and that only major
changes in plasma volume can be regarded as sig-
nificant in a study of this kind.

DISCUSSION

The observation that the increase in plasma vol-
ume may be correlated with right-sided cardiac
insufficiency is in itself neither surprising nor

illogical. Left-sided failure does not permit large
volume increases as it requires but small reduc-
tions in vital capacity to produce marked symp-

toms; whereas major increases in congestion in
the portal and peripheral bed can be tolerated
readily. At autopsy, the liver in cardiac insuffi-
ciency may be greatly increased in weight, its
vascular channels dilated and congested, and a

likely reservoir for many hundred ml. of blood.
The increase in plasma volume noted in this

study cannot be explained by loss of dye in edema
fluid (1). Although the initial rapid fall in con-

centration of the dye is delayed in cardiac insuffi-
ciency, presumably because of delayed mixing, no

positive evidence could be obtained to show that
there was any abnormal loss of dye from the cir-
culation. Comparison of the subsequent constant

disappearance slope in the patients with increased
volumes gave no indication of a faster removal of
dye than existed in those with left-sided failure.

As regards the mechanism of the increase in
plasma volume in right-sided cardiac insufficiency,
it cannot be explained solely by the retention of
salt and water. Oliguria or anuria due to other
than cardiac failure is not accompanied by changes
in plasma volume of the same degree or rapidity
as seen in heart failure. It has been suggested
that in cardiac insufficiency the kidneys may not
be able to excrete salt and water in a normal
manner and that this may be a function of de-
creased cardiac output rather than secondary to
congestion (4). The observation that certain pa-
tients first gain weight, then increase blood vol-
ume, and only later demonstrate a rise in venous

pressure, can only be explained by postulating a

reduction in renal excretion secondary to heart
failure.

There are several reasons which support the
hypothesis that the portal and peripheral circula-
tory beds do not react similarly to the same in-
creased load and that, as reviewed years ago by
Krogh, the liver may have potentialities as a

variable reservoir (7). These include the ab-
sence of any exact linear relationship between the
plasma volume and the venous pressure or cir-
culation time, as noted by others (2) and con-

firmed in this study. When excessive fluids are

administered rapidly by vein, using the technique
of Caughey (8), it is at times possible in both
normal and cardiac patients to see enlargement of
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the liver without a comparable rise in venous
pressure. The clinical observation that pressure
on an enlarged liver in cardiac insufficiency pro-
duces a rise in venous pressure has been made
repeatedly.

It is therefore suggested that the liver and pos-
sibly the entire portal circulation react to in-
creases in hepatic vein pressure by dilatation and
an enlarged venous bed. Peripheral veins on the
other hand, perhaps because of better venous tone
or increased pressure from without, respond to
the same stimulus primarily by a rise in pressure
and with less change in volume. A mechanism
such as this may be at least a partial factor to ac-
count for the increased plasma volume in cardiac
insufficiency.

CONCLUSIONS

1. The increase in plasma volume, frequently
encountered in patients with cardiac insufficiency,
appears to be associated with right-sided failure.

2. It is suggested that this increase is due to
dilatation and engorgement of vascular channels
in the liver and portal circulatory beds.

I am indebted to Miss Barbara Wright for assistance
in compiling some of the clinical data, and to Dr. Dickin-
son W. Richards, Jr., for his valuable suggestions.
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