APOLLO CARDIOVASCULAR EVALUATION

Well documented changes in cardiovascular homeostasis occur as a
result of relative inactivity or reduced stress input, such as the
confinement and weightlessness of spaceflight. Potential problems of
cardiovascular deconditioning were anticipated and studied by various
earth-based simulations (e. g., bedrest) even before man's first space
flight. America's Mercury and Gemini programs demonstrated that,
though consistently present, cardiovascular deconditioning posed no
serious problems for earth orbital flights to 14 days' duration.
However, Apollo brought a considerably different spacecraft and the
mission of lunar landing. Further data on cardiovascular alterations
and their effect on lunar surface activity became a requisite for the
mission. Pre- and postflight cardiovascular evaluations were performed
on all crewmembers of Apollo manned flights, together with control
subjects, to assess one prime aspect of cardiovascular function,
orthostatic tolerance.

VISUAL AID I lists objectives of these cardiovascular evaluations.

VISUAL AID II shows test methods used for assessing orthostatic
tolerance. Physiological measurements teken were: heart rate, blood
pressure, and change in leg size (as an indicator of pooled blood in
the lower body). Other variables interacting with these cardiovascular
elements were considered (e. g., body weight, blood volume, exercise
capacity, vasoactive hormones).

VISUAL AIDS III and IV show typical LBNP and 90O Stand test data.

VISUAL AID V summarizes heart rate responses for all five missions
Of the several physiological measurements, heart rate is the most
sensitive indicator of change.

It should be pointed out that only 60% of the 15 Apollo astronauts
showed significant postflight elevations of their resting supine heart
rate, while TT% of those stressed by LBNP and lOO% of those stressed




> wva &

by simply standing had significantly elevated heart rates. Provocation
by a cardiovascular stressor reveals changes which would not otherwise
be detected.

Thus far nearly all subjects have returned to their preflight
ranges by about 30 to 50+ hours after splashdown. This corresponds
well with recovery times noted in CGemini flights.

An shown in VISUAL AID VI, postflight decreases in calf circum-
ferences have been observed in all crewmen, this being significant
(p<£0.05) in 10 of fifteen (67%) subjects. This has not been observed
among control subjects.

The nine crewmen of Apollos T - 9 were tested with LBNP. Only two
showed significantly increased calf size postflight during LBNP, while
three measured significantly less increase in calf size. This rather
implies that heart rate response postflight is disproportionately
greater than the amount of blood pooled in the lower extremities.

Even with this apparent paradox, however, the correlation of heart
rate response with change in leg volume has shown a very high correla-
tion for all subjects tested. This has allowed use of regression
correlation parameters as indicators of cardiovascular response.

VISUAL AID/VII shows graphically the results of these regressions for
the Apollo 8 crew. Preflight consistency is remarkable within a given
subject. Immediate postflight alterations are obvious and subsequent
following through recovery is qualitatively and quantitatively possible.

VISUAL AID VIITI summarizes results of regression slopes and
intercepts for heart rate response with change in leg volume.

Blood pressure should theoretically follow more closely a gravity
simulation stress on the cardiovascular system. VISUAL AIDS IX and X
show some typical LBNP and 90o Stand blood pressure curves. But
results (VISUAL AID XI) from neither LBNP nor 90O Stand tests for
Apollo flights have shown consistency of any quantitative patterns in
either systolic or diastolic blood pressures.k/Evéh pulse pressure does
not correlate well with other measurements, but its resting supine

value is generally decreased postflight (13 of fifteen). Only four of




15 are statistically significant decreases (p 0.05), however. In all
cases during LBNP pulse pressure is decreased from preflight values

(5 significant) and three episodes of postflight presyncope occurred.
Seven of 9 showed decreased pulse pressure during the 90o Stand test

(3 significant). It is obvious that more accuracy and better resolution
of blood pressure measurements are needed. Contributory to this high
variability, however, is the typically observed tendency toward hyper-
reactivity and lability of blood pressure during the recovery period

one to three days after splashdown.

Weight loss accurred in all 15 Apollo astronauts (VISUAL AID XII).
This averaged 5.6 pounds with a range of 1.25 to 10 pounds over the
8 to 11 day flights. Most of this is probably due to alterations is
body fluids.

Blood volume changes are surely involved in the overall cardio-
vascular responses and some preliminary reports indicate highly
significant postflight changes in vasoactive and fluid control hormones.

Finally, preflight data from the 90O Stand test were used
predictively in following Apollo 11 CDR and LMP during lunar EVA.

From VISUAL AID XIII it is evident that the hydrostatic stress of 1/6 g
is less than that of 1 g, but some high peaks of heart rates during
activity must indicate decreased work capacity, partially contributed

to by decreased orthostatic tolerance.




SUMMARY

Some degree of cardiovascular deconditioning, as measured by
orthostatic tolerance testing, has been & consistent reality throughout

the relatively short (8 - 11 days) duration Apollo flights.

Heart rate response is the best currently available indicator of

the presence and magnitude of this cardiovascular deconditioning.

Whether longer duration flights will incur additive and/or
irreversible effects or whether man will readily adapt can be determined

only by continuing space related investigations.

VISUAL AID XIV presents several recommendations for the future course

of cardiovascular space medicine.

1. Continued studies over longer duration flights.

2. More extensive measurements of cardiovascular and related functions,
such as the electromechanical events of the cardiac cycle and the
interrelationships of renal, hormonal and hematological systems.

3. Development of more reliable, automated, and inflight operational
measurements, as body mass, blood pressure resolution, cardiac
output, and urinalyses.

4, Correlation of interrelated systems changes.

5. Evaluation of the time course of changes through space-based and
inflight test capabilities.

6. Determination of etiological factors for application of

therapeutic and/or preventive measures.

Hut o
G. W. Hoffler, M. D.
T September, 1969
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