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ABSTRACT

It was the hypothesis of this project that the simple lack of hydrostatic pressure in
microgravity generates several purely physical reactions that underlie and may explain,
in part, the cardiovascular response to weightlessness. For instance, hydrostatic
pressure within the ventricles of the heart may improve cardiac performance by
Promoting expansion of ventricular volume during diastole. The lack of hydrostatic
pressure in microgravity might, therefore, reduce diastolic filling and cardiac

may serve to increase central venous pressure (CVP) and boost cardiac output (CO).
The concurrent release of gravitational force on the rib cage may tend to increase chest
girth and decrease pericardial pressure, augmenting ventricular filling. The lack of

performance. For instance, fluid shifts from the lower body to the thorax in microgravity

Methods

Hydraulic model - The hydraulic model [Gillars, et al. 1999a] incorporated left and right
ventricles of a pneumatic artificial heart, left and right atria, a peripheral venous pool
(PVP), three systemic vascular sections (cephalic, central and caudal) and a pulmonary



section. Each vascular section comprised a proximal resistor, proximal compliance,
peripheral resistor and peripheral compliance. A small amount of inertance was also

introduced in connecting tubiqg. The resistors were made from open-cell foam

with a different posture being tested each flight day and a ditferent cardiac output for
each set of ten parabolas.

Computer model - The computer model [Petersen, et al. 1999] consisted of a
distributed parameter Systemic arterial system with 28 tapered elastic segments
representing the large arteries and lumped parameter terminal Windkessel elements
representing the small arteries, along with resistive elements representing minor artery
branches off the main systemic tree. The ventricles were modeled with time-dependent

The influence of hydrostatic pressure was included in the ventricular response, as well
as in the systemic venous volume calculations. The quasi-one-dimensional unsteady

to describe arterial wall behavior, including wall viscoelasticity. The MacCormack finite
difference predictor-corrector scheme was used to solve the non-linear partial
differential equations.

Results and Discussion

Hydraulic model! - (see Gillars, et al. [1999b]) A shift to the right of the cardiac
performance curve (cardiac output [AOQ] versus left atrial pressure [LAP)) was evident
with decreasing gravity, as noted by the investigators in previous experiments. This
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Note that in the recumbent positions (launch and supine), the intraventricular hydrostatic
pressure (IVHP) is smaller (along the anterior-posterior axis) than in the upright position,
but does not disappear. Diminished filling was seen in the supine posture, though less
than in the upright posture. Cardiac performance was similar for all postures in 0-G.



Because of the large compliance of the PVP when elevated to model the launch
posture, LAP, aortic pressure (AOP) and AOQ dropped sharply from 1-G to 0-G. The
large PVP compliance raised the HIL significantly above the heart, resuiting in drops in
pressures at the level of the heart in 0-G. This phenomenon was not evident in the

intraventricular hydrostatic pressure was the more important factor, since only AOP rose
with entry into weightlessness, while LAP and AOQ decreased slightly.

The change in right atrial pressure (RAP) in the model from 10.1 mmHg in 1-G to
4.1 mmHg in 0-G at the nominal 6.0 I/'min set point in the launch posture compared
favorably with measurements by Buckey, et al. [1996], who found that central venous
pressure (CVP) dropped in three astronauts from 11 mmHgin 1-Gto 1.8 mmHg in 0-G.
The lower CVP in 0-G in humans has been attributed to decreased intrathoracic

Computer model - (see Petersen, et al. [1999]) Simulated arterial pressure and flow
waveforms resembled thos_,e of the human._Becausp the model included hydrostatic

ventricular volume and peak aortic pressure were all increased in the numerical model
output for 0-G as compared to 1-G standing posture. These results are in agreement
with the results for left ventricular pressure and aortic pressure for the hydraulic model,
which increased in 0-G as compared to 1-G standing due to the cephalad shifting of
blood even though cardiac output decreased. Systemic venous volume shifts in the
computer model followed expected trends, with caudal fluid shifting into the central and
cephalic regions with entry into weightlessness. ,

Small changes were seen in the faunch posture as x\}ell. Most notably, caudal
venous volume increased in 0-G as compared to 1-G and was shifted from both the

cephalic and central regions. Stroke volume and left ventricular end-diastolic pressure
decrease_d in 0-G as compared to the 1-G launch posture, due to the absence of

expected. Fluid shifts footward decrease volume and therefore pressure at the level of
the right atrium [Watenpaugh and Hargens 1995]. .



Conclusions , :
The findings from these models lend support to the notion that the purely
biomechanical response to w_eigr]tlessness', ie., the direct response of the heart, blood
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