@ https://ntrs.nasa.gov/search.jsp?R=19680004805 2020-03-12T12:11:13+00:00Z

This document has been approved for public release and sale;
its distribution is unlimited,

EFFECT OF HYPOXIA ON MYOCARDIUM IN
HEART-LUNG PREPARATION*

N. S. Nejad and Eric Ogden

Bureau of Medicine and Surgery

MRO11.01.1
Approved by Released by
Ashton Graybiel, M.D. Captain J. W. Weaver, MC USN
Director of Research Commanding Officer

13 November 1967

*This study was supported in part by Ames Research Center, National Aeronautics and
Space Administration.

NAVAL AEROSPACE MEDICAL INSTITUTE
NAVAL AEROSPACE MEDICAL CENTER
PENSACOLA, FLORIDA 32512



SUMMARY PAGE*

THE PROBLEM

To study the direct influence of hypoxia per se on myocardium. An isolated heart-
lung preparation was chosen to exclude nervous and humoral influences.

FINDINGS

Starling heart-lung preparations were ventilated with various mixtures of oxygen,
nitrogen, and carbon dioxide,and the performance of the heart was evaluated by re-
lating stroke work to left atrial pressure. At oxygen tensions of arterial blood between
65 mm Hg and 25 mm Hg performance improved. At 20 mm Hg or lower the performance
was impaired but the impairment was reversible. The impairment was accompanied by
an accumulation of lactate and pyruvate in the blood which also was reversible as oxy-
gen tension was restored. Possible mechanism of these changes is discussed.
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INTRODUCTION

The circulatory responses to acute hypoxia have been under investigation for many
years (1-3). It has been reported that mild hypoxia (10-12%) induces an increase in
heart rate, cardiac output, and blood pressure (4-6). The heart rate and cardiac output
are likely to fall if exposure to such levels of hypoxia is prolonged or if severe levels of
hypoxia are induced (6, 7). It has generally been believed that the terminal cardio-
vascular failure is due to weakness of oxygen starved heart muscle (6, 8). On the other
hand, some experiments indicate that hypoxia may increase the contractile sirength of
the heart through a direct influence on the myocardium (9, 10).

Because cardiovascular response to hypoxia results from a complex interaction of
direct effects on the heart or indirect effects via nervous or humoral control, or both,
the question of direct action of hypoxia per se on myocardium is not fully explained or
agreed upon. In our experiments an isolated heart-lung preparation (HLP) was selected
in preference fo the intact animal so that the direct action of hypoxia on the heart could
be investigated specifically. The oxygen tension of blood was changed by ventilating
the lungs with gas mixtures containing various amounts of oxygen. In a few pilot exper-
imenfs, an attempt was made to study the metabolism of carbohydrate by heart muscle at
various arterial oxygen tensions.

PROCEDURE

Heart-lung preparations according to the method of Starling (11) were prepared from
mongrel dogs weighing 7.7 to 10 kg. They were ventilated with a pump connected fo a
spirometer filled with gas mixtures varying in content from 2.5 to 45% 02, 4% COz,
with the balance Nz. The preparations were supported by a continuous infusion of glu-
cose (10 mg/min) and insulin (0.008 unit/min) (12). Respiratory COz and 0; were
measured continuously with a Beckman Model LB-1 gas analyzer and a Model E2 Oxygen
Analyzer, respectively. .

The following parameters were recorded: (a) pressures from the left subclavian
artery and the left atrium with Statham pressure fransducers; (b) the systemic flow with
a Wilson flowmeter; (c) the pulmonary flow with a pulsed field electromagnetic flow-
meter. A porfion of the systemic flow was shunted through a modular cuvette for con-
tinuous measurements of p0;, pCO,, and pH of the blood. The details of the experi-
mental design, instrumentation, and calibrations are explained elsewhere (13).

In all experiments arterial pCO2z was maintained at 30 mm Hg to 36 mm Hg, and
arterial pH ranged from 7.35 to 7.40. No significant changes were noted in arterial
pCO; and pH at various levels of hypoxia.

When gaseous oxygen mixture was altered, 8 fo 10 minutes were allowed until a
new steady level was reached. This level was then sustained for an additional 25 to 30
minutes.



For chemical analyses 4-ml samples of arterial blood were collected in weighed
cold centrifuge tubes containing 6 .ml of 10% trichloracetic acid. Each tube was re~
weighed and cenfrifuged immediately. The blood glucose was determined by the an- .
throne method (14); lactate and pyruvate were measured enzymatically (15, 16). The
performance of the heart was evaluated by a comparison of curves relating left atrial
pressure (LAP) to left ventricular stroke work (SW). SW was computed from pulmonary
or systemic flow fimes the mean aortic pressure/heart rate. Ejection (ml) times arterial
pressure (mm Hg) was converted fo gram centimeters approximating the density of dog
blood as 1.045. The work load was varied by changing the flow and keeping the arte-
rial pressure constant. Since the heart rate changes were small and all data were con-
sidered on the basis of the relationship of atrial pressure to stroke work, effects of heart
rate are not considered here.

RESULTS

In the early part of this study a comparison was made of the stroke work of the left
ventricle when various amounts of respiratory oxygen were present. Data from the 18
preparations in which respiratory gas compositions were recorded without blood gas
studies were in essential agreement with the later experiments in which blood gas meas-
urements were also made. In general, the performance of the heart was not depressed
and in some cases was even improved as the respiratory oxygen content was reduced from
21 to 4 per cent. At 3 per cent oxygen the heart showed a clear sign of depression in
its performance as judged by an increase in left atrial pressure at any given stroke work.

Figure 1 shows that in a total of 40 dog hearts tested, there was no definite change
in heart rate with change of arterial p0,. In each experiment the HLP was subjected to
two or three levels of hypoxia.

Figure 2 presents data from a single preparation typical of 14 experiments in
which work curves were made at arterial oxygen tensions of 250, 115, 37, 24, and
17.5-18.5 mm Hg. The work curves in the upper graph are computed on the basis of
pulmonary flow and mean aortic pressure, those in the lower graph on the basis of
systemic flow and mean aortic pressure. The upper graph shows that the performance
improves both at 37- and 24-mm Hg oxygen tension, but is impaired at p0, of 18 mm Hg.
The improvement is greater at pO, of 37 mm Hg than 24 mm Hg. The lower graph indi-
cates improvement at p0, of 37 mm Hg, no change at p0; of 24 mm Hg, and a greater
impairment in the "systemic work" at p0, of 18 mm Hg than in the "pulmonary work."
This quantitative difference between the two graphs is due to change in coronary circu-
lation at low pO,. The pulmonary computation represents the total work of the left
ventricle and reflects the energy transformation by the myocardium. The systemic com-
putation, on the other hand, excludes the coronary circulation (which was increased by
hypoxia as judged by the difference of pulmonary and systemic flow) and serves fo indi-
cate changes in the total circulatory effectiveness of the heart.
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Figure 3 demonsirates that the performance is restored fo normal at higher pO0,.
This recovery begins immediately when the arterial oxygen tension is increased.

Figure 4 presents the results of lowering p0, from 250 mm Hg by steps to 15 mm Hg
and finally returning fo 250 mm Hg. The ordinate shows the resulting change of LAP
from the initial values. Siroke work was maintained constant at 700 gm cm. When we
consider the work curves based on the computation of the pulmonary flow (Figure 4 A),
it is clear that in eight out of nine cases, lowering the p0, fo 35 mm Hg induces an
apparent improvement in the performance of the heart. In other words, in all cases,
the heart is doing the same work at lower filling pressures at p0, of 35 mm Hg as at
250 mm Hg. For the reasons just mentioned, the improvement in circulatory effective-
ness (systemic) is less evident (Figure 4 B).

In five heart-lung preparations, heart performance was correlated with metabolic
changes at low oxygen tension (Figure 5). The performance was measured at pO; of 250
or 100 mm Hg; 33-38 mm Hg; 17-22 mm Hg; retum to 100 or 250 mm Hg, for 30 minutes
at each level of oxygen tension. At the beginning and end of each period, duplicate
arterial blood samples were taken for determining lactate, glucose, and pyruvate.
There was no difference in values at p0, of 100 mm Hg or 250 mm Hg; therefore, these
values were combined. Figure 5 shows that there is no clear change in lactate and
pyruvate levels of the blood at p0, of 250 mm Hg or 33-38 mm Hg. However, at oxygen
tension of 22 mm Hg or less, the lactate level of the blood increases 65 per cent and
the pyruvate level 40 per cent. This indicates an increase in anaerobic metabolism and
suggests that oxygen delivery has become a limiting factor in the rate of energy vutili-
zation. With restoration of oxygen tension, both lactate and pyruvate levels were
lowered.

DISCUSSION

The performance of the hearfs subjected to a change in arterial oxygen tension in
the range of 250 mm Hg to 15 mm Hg was evaluated by comparing the left atrial pres-
sures at constant stroke work. In general, our results indicate that the performance of
a heart improves with mild hypoxia (p0, 70-35 mm Hg) and begins fo decline under
severe hypoxia. The depressed heart can be quickly restored by an increase in the
blood oxygen tension.

The cause of the improved performance of the heart under mild hypoxia has not
been resolved in this study. The limited chemical studies made were designed rather
to throw light on the deterioration with severe hypoxia. .1t is possible that mild hy-
poxia may effect an intramyocardial liberation of catecholamines and/or a histamine-
like agent (9, 17, 18). We might expect the heart to perform more effectively in the
presence of inotropic catecholamines as long as the availability of oxygen does not
fall below a critical level, but after that the performance would begin to decline. In
some of our experiments the heart performed better at normal oxygen tension after severe

hypoxia than it did before. This may have resulted from release of catecholamines
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during mild or severe hypoxia, the released catecholamines manifesting their maximum
activity when adequate oxygen tension was restored. (See the dotted lines in Figure 4.)

Our resulis are in accord with Penna and his co-workers (9) who showed that hy-
poxia induces an increase in myocardial coniractile force in an isolated guinea pig
afrium bathed in Tyrode solution. The studies of Kahler et al. (19), on the other hand,
indicate that the contractile strength is decreased when the heart is perfused with hy-
poxic blood.

The study of carbohydrate metabolism in some of the experiments showed no changes
in blood lactate and pyruvate levels until the arterial oxygen tension was at or below
22 mm Hg, at which level their concentrations rose markedly. The accumulation of
these metabolites was reversed, with a return to normal or above normal oxygen tension.
We believe that the accumulation of lactate and pyruvate under our controlled experi-
mental conditions (constant rate of ventilation, pH, CO; tension, and blood glucose
level) is clear evidence of an increase in anaerobic metabolism. This belief is further
supported by a decline in their levels on retum fo normal oxygen even though the con-
tinuous infusion of glucose kept the blood glucose at the normal level. Therefore,
heart performance is depressed when the aerobic metabolism is markedly reduced as a
result of lack of oxygen.

Finally, we conclude that diminishing oxygen tension produces a biphasic cardiac
response, being positively inotropic from p0, of 100-35 mm Hg and negatively ino-
tropic at lower values. The negative inotropic effect is accompanied by demonstrable
metabolic changes. The negative inotropic effect and the metabolic changes are both
reversible.



REFERENCES

1. Harrison, T. R., Blalock, A., Pilcher, C., and Wilson, C. P., The regulation of
circulation. VIII. The relative importance of nervous, endocrine and vascular

regulation in the response of the cardiac oufput to anoxemia. Amer. J. Physiol.,
83:284-301, 1927-28.

2. Harrison, T. R., Wilson, C. P., Neighbors, D. E. W., and Pilcher, C., The
regulation of circulation. VII. Effects of anoxemia of mild degree on the
cardiac output of unnarcotized dogs. Amer. J. Physiol., 83:275-283, 1927.

3. Jarish, A., and Wastl, H., Observation on the effect of anoxemia upon heart and
circulation. J. Physiol. 61:583, 1926.

4. Gorlin, R., and Lewis, B. M., Circulatory adjustments to hypoxia in dogs. J.
appl. Physiol., 7:180-185, 1954.

5. Scarborough, W. R., Penneys, R., Thomas, C. B., Baker, B. N., and Mason,

R. E., The cardiovascular effect of induced, controlled anoxemia. Circulation,
4:190-210, 1951,

6. Wiggers, C. J., Cardiac adaptations in acute progressive anoxia. Ann. Int. Med.,
14:1237-1247, 1941,

7. Lewis, B. M., and Gorlin, R., Effects of hypoxia on pulmonary circulation of the
dog. Amer. J. Physiol., 170:574-587, 1952.

8. Gremels, H., and Starling, E. H., bn the influence of hydrogen ion concentration
and anoxemia upon the heart volume. J. Physiol., 61:297-304, 1926.

9. Penna, M., Linares, F., and Cdceres, L., Mechanism for cardiac stimulation dur-
ing hypoxia. Amer. J. Physiol., 208:1237-1242, 1965.

10. Woods, E. F., and Richardson, J. A., Effects of acute anoxia on cardiac con~
tractility. Amer. J. Physiol., 196:203-206, 1959.

11. Knowlton, F. P., and Starling, E. H., The influence of variations in temperature
and blood-pressure on the performance of the isolated mammalian heart. J.
Physiol . 44:206-219, 1912,

12. Bayliss, L. E., Muller, E. A., and Starling, E. H., The action of insulin and
sugar on the respiratory quotient and metabolism of the heart-lung preparation.
J. Physiol., 65:33-47, 1928.

10



13.

14,

15.

16.

17.

18.

19.

Nejad, N. S., and Ogden, E., Effect of temperature change on heart performance
(heart-lung preparation.) Proc. Exp. Biol. Med., in press.

Green, P., and Wade, E., Determination of true blood sugar using anthrone.
Can. Med. Assoc. J., 66:297-304, 1952,

Ellis, J. P., Jr., Cain, S. M., and Williams, E. W., Rapid, accurate analysis of
blood lactate. SAM=-TDR-63-49. Brooks Air Force Base, Texas: School of Aero-
space Medicine, June, 1963.

Gloster, J. A., and Harris, P., Observations on an enzymic method for the de-
termination of pyruvate in blood. Clin. Chim. Acta , 7:206-211, 1962.

Levy, M. N., Ng, M. L., Degeest, H., and Zieske, H., Effect of hypoxia
upon left ventricular contractility. Abstract. Physiologist, 8:218, 1965.

Soma, L. R., Penna, M., and Aviado, D. M., Mechanisms for cardiac stimulation

during anoxemia in the modified heart-lung preparations. Arch. Ges. Physiol.,
282:209-224, 1965.

Kahler, R. L., Goldblatt, A., and Braunwald, E., The effects of acute hypoxia
on the systemic venous and arterial systems and on myocardial contractile force.
J. Clin. Invest., 41:1553-1563, 1962.

11



Unclassified

Security Classification

DOCUMENT CONTROL DATA-R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classilied)

1. ORIGINATING ACTIVITY (Corporate authot) 2a. REPORY SECURITY CLASSIFICATION
Naval Aerospace Medical Institute Unclassified
Pensacola, Florida 32512 26. cROUP
N/A
3

. REPORT TITLE

EFFECT OF HYPOXIA ON MYOCARDIUM IN HEART-LUNG PREPARATION

. DESCRIPTIVE NOTES (Type of report and inclusive dates)

. AUTHORIS) (First name, middle initial, last name)

N. S. Nejad and Eric Ogden

6.

REPORT DATE 78. TOTAL NO. OF PAGES 7b. NO. OF REFS

13 November 1967 12 19

8a. CONTRACT OR GRANT NO.

98. ORIGINATOR'S REPORT NUMBE R({(S}

b. PROJECT NO. NAM"1024

MRO11.01

9. OTHER REPORT NOI(S) (Any other numbers that may be assigned
this report)

1
d.

. DISTRIBUTION STATEMENT

This document has been approved for public release and sale; its distribution is unlimited.

Joint r&rf with Ames Research Center,
NASA, Moffett Field, California

12. SPONSORING MILITARY ACTIVITY

. ABSTRACT

Starling heart-lung preparations were ventilated with various mixiures of oxygen, nitrogen,
and carbon dioxide,and the performance of the heart was evaluated by relating stroke work to left
atrial pressure. At oxygen tensions of arterial blood between 65 mm Hg and 25 mm Hg performance
improved. At 20 mm Hg or lower the performance was impaired but the impairment was reversible.
The impairment was accompanied by an accumulation of lactate and pyruvate in the blood which

also was reversible as oxygen tension was restored. Possible mechanism of these changes is dis~
cussed.

D

FORM o
D 1 NOV 651473 (PAGE 1) UnCIOSSiﬁed

S/N 0101-807-6801 Security Classification




Unclassified

Security Classification

KEY WORDS

LINK A

LINK B

LINK C

ROLE wT

ROLE WT

ROLE wWT

Hypoxia

Heart-lung preparation
Pulmonary flow
Systemic flow

Work curves

Cardiac performance
Myocardial metabolism

Blood oxygen tension

DD [2%*..1473 (eacx)

(PAGE 2)

Unclassified

Security Classification




