CHANGES IN CARDIAC OUTPUT IN THE ACUTE PERIOD OF CLOSED
CHEST INJURY
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Experiments on dogs showed that a combination of external blood loss (20 ml/kg)
and injury to the thoracic cage causes a clear decrease in pumping function of
the heart, terminating in some cases in acute cardiac failure and death of the
animals, If the adaptive reactions of the heart and of the body as a whole are
maintained, after a period of temporary depression of the myocardium, gradual
normalization of the pumping function took place with restoration of homeostasis,
even without any special treatment.
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The mechanisms of death after severe closed chest injuries, which are so frequently
fatal, have not been adequately studied. In 50-70% of patients affected, this type of trau-
ma causes multiple fractures of the ribs, accompanied by a varied degree of bloed loss [1, 4,
8], However, the influence of these factors on the circulation and respiration calls for
more precise explanation. Exposure of the body simultaneously to a combination of pathogenic
factors of varied intensity is an obstacle to investigations of this type under clinical con-
ditions. Accordingly the authors decided to undertake an experimental study with the aim of
determmining the character of the effect of artificially reproduced components of chest trau-
ma, of standard intensity, on cardiorespiratory function: blood ions, disturbance of the in-
tegrity of the thoracic cage, and also a combination of both [5].

EXPERIMENTAL METHOD

Experiments were carried out on 43 dogs weighing 6-23 kg in which the arterial pressure
(BP), pulmonary arterial pressure (PAP), and heart rate (HR) were recorded through implanted
catheters. The cardiac output was determined by the thermodilution method, and the cardiac
and stroke indices (CI and SI), the mean central circulation time (MCCT), and total pulmonary
resistance (TPR) were calculated; the circulating blood volume (CBV) was determined by the
dye dilution method with Evans' blue. The pulmonary ventilation was estimated by spiro-
graphy (8G-1 spirograph), with measurement of the respiratory volume (RV), respiration rate
(RR), and respiratory minute volume (RMV). The efficiency of the pulmonary gas exchange was
investigated by measuring the partial pressure of oxygen and carbon dioxide in the arterial
blood (py0: and p,C02) and the acid-base balance was determined by measuring the pH and BE
of the blood by means of an Astrup micro-gas analyzer.

Altogether three series of experiments were carried out, in which the traumatic factors
(TF,, TFy, TF3) were external blood loss amounting to 20 ml/kg (series 1, 13 dogs), displace-
ment of a fragment of the thoracic cage prepared beforehand (series 2, 14 dogs), and a combi-
nation of these procedures (series 3, 16 dogs). The data were recorded initially and at in-
tervals thereafter: hourly for the first 4 h after trauma, then once a day for the next 7
days. The results were subjected to statistical analysis by Student's method. The signifi-
cance of differences (P) was determined by comparing each value of the parameters with its
initial value, and the results are given in the tables with a level of probability of P<0.05.

EXPERIMENTAL RESULTS AND DISCUSSION

The most significant feature of TF; was a decrease in the volume indices of the circula-
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tion, accompanied by an increase in HR, TPR, MCCT, and respiratory function, and by a ten-
dency toward arterial hypoxemia and metabolic acidosis (Table 1). However, after only 2-4 h
an improvement was observed in most of these parameters, and they returned completely to
normal after 24 h.

Under the conditions of TF. (Table 1) against the background of considerable and pro-
gressive arterial hypoxemia a tendency was noted for SI to fall, for MCCT to be slowed, and
for RR and RMV to rise; these changes were most marked toward the time of death of the ani-
mals, which took place on average after 99.5 h. In the group of surviving animals of this
series (six dogs) the values of py0; showed a reversed trend, and there was also a tendency
for CI to exceed its initial level, chiefly on account of an increase in HR.

Under TF; conditions (Table 2) a marked decrease was observed in SI, CI, BP, and CBV,
accompanied by an increase in HR, RR, RMV, TPR, MCCT, and BE. Later, despite restoration of
CBV, this trend of changes in the parameters persisted and ended with death of the animals
on average after 27.5 h. In the group of surviving animals (six dogs), a temporary decrease
in the volume indices of the circulation and stimulation of respiratory function was followed
by a period of gradual normalization of most of the indices measured. The most significant
feature was the reverse trend in SI and CI, recovery of which was accompanied by a fall in HR.

In all series of experiments, the changes in cardiac output were most significant. How-
ever, the nature of these disturbances differed in each series of experiments. Whereas under
TF; conditions the decrease in cardiac output was transient and due mainly to the deficiency
of CBV, in TF, and, in particular, in TF; signs of acutely increasing heart failure appeared
more and more conspicuously, with the appearance first of all of a decrease in SI, then a de-
crease in CI, and an increase in MCCT. The degree of severity of the disturbances in cardiac
function arising in the different series corresponded to differences in the mean length of
survival of the animals: maximal in the lst and minimal in the 3rd series of experiments.

An essentigl role in the genesis of heart failure in the 2nd series could have been played

by the marked arterial hypoxemia. However, in a combination of TF; and TF, heart failure de-
veloped in the absence not only of a deficiency of CBV, but also of hypoxemia, thus indicat-
ing a special character of development of depression of the myocardium under these conditionms.
At a certain stage the increase in TPR and in metabolic acidosis which, according to some
evidence [3, 6, 7], can depress cardiac function, may have made a contribution to the de-
velopment of cardiac failure. The appearance of profound arterial hypocapnia, impeding dis-
sociation of oxyhemoglobin in the tissues [2] must also be reflected in the working capacity
of the myocardium under extremal conditions.

Meanwhile analysis of the results reveals several mechanisms of compensation of dis-
turbances of cardiac activity, among which may be included strengthening of respiratory func-
tion and an increase in CBV, leading to elevation of py0z, improvement of coordination of
ventilation—perfusion relations, an increase in HR, and so on. Marked depression of cardiac
function and activation of an extensive series of protective and adaptive reactions dis-
tinguished the pathelogical state under TF; conditions in both essence and form from those
in the control experiments. The degree of preservation of protective reactions in the body
as a whole and, in particular, in the heart determined temporary stabilization of the state
of the animals which died and complete recovery of homeostasis in those which survived.
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