Simulation of circulation response to
accelerational forces during spaceflight
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INTRODUCTION

We present a model for the steady state circula-
tion in the body, incorporating the effects of
gravity. The processes underlying the control
of blood flow under hyper-gravity and
micro-gravity are complex and non-linear. Much
has already been done to model the circulatory
system under micro-gravity using partial
differential equations. Few models have
approached this from a prediction perspective.
The simplicity and interpretability of this
modeling approach enables us to predict G
tolerance, and accurately parameterize a linear
control model for the steady state circulation
for a particular patient. We use biometric data
from a centrifuge study to compare our model
results to experimental simulations.

WHAT IS THE MAXIMUM G-FORCE
THAT A RELAXED SUBJECT CAN
TOLERATE?

ULTRASOUND
Custom Parameters
for Study Subject

height: 66 cm
eye-heart: 32 cm
heart-seat: 42 cm
BP: 108/68, HR: 53
MAP: 81.3

systemic arterial resistance:
16.49-20.02 mm / (L/min)

blood volume: 3.7 L +/- 10%
(sweat loss)

CVP: Est 3 mm Hg

Cardiac Output: CO =SV * HR

Cylinder volume = nir?h

Need: Radius of LVOT (r) and VTI from LVOT (h) Ultrasound: John Davis, BA
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IDEALIZED CONTROLLER: STEADY STATE

constant

eye to heart systolic BP

heart to seat

SELECTED INPUTS
- vascular/ventricular compliance

- arterial resistance (cardiac output)
- heights (head-heart, heart-seat)

- (hyper)gravity

m Health

variable
reserve volume

MODEL ASSUMPTIONS

idealized controller, steady state model

-> steady state: no change over time (equilibrium state)

-> idealized: body can make any adjustment to the control
variables (HR, reserve volume)

- two compartment model: baroreceptors in aortic arch and
carotid artery -> in aggreqgate upper body

assume ANS adjusts HR
and reserve volume

to keep SBP constant

upper circulation

lower circulation

-> linear assumptions: CVP, pressure-volume, flow-
resistance, pressure-density

-> relaxed state: no valsalva or AGSM

implicit modeling of control mechanisms for HR, BP

Circulation Model
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AORTIC COMPLIANCE

Results: Max G-Tolerance withoutdstrai'n
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Varying Arterial Compliance
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RESULTS: Predicted Max G-Tolerance with height, compliance
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lower compliance

0.000284
0.000347

0.00041
0.000473
0.000536
0.000599

0.000662

upper compliance

0.000725
0.000788

0.000852 °

heart to seat height

larger head-heart distance decreases g tolerance
cope with change in g

Conclusion

-Model behavior is in-line with our physiological
expectation

-Successful personalized prediction of G-tolerance
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lower arterial compliance has greater effect on ability to




