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ABSTRACT 

Rationale: Radial accelerations generated in modern 
combat aircraft maneuvers (Gz) may result in impaired 
vision or loss of consciousness (G-LOC). We are interested 
in developing mathematical models of cerebral blood flow 
during exposure to Gz. Our previous model (1] showed 
that intracranial vascular resistance does not change with 
Gz since the vessels are protected from collapse by the 
cerebrospinal fluid and that reduction of the blood flow to 
the brain is mainly due to the increased vascular resistance 
of the large extracranial veins. 
Methods: Based on the previous results, we propose 
a model with simplified presentation of the arteries and 
intracranial vessels and a more detailed description of the 
jugular veins. The extracranial arteries are accounted for 
by the hydrostatic pressure drop from the heart to the 
head level. The intracranial vessels are represented by 
a resistance independent of the mechanical effects of Gz. 
However, a model of cerebral autoregulation is incorpo
rated, which involves. active change in the cranial vascular 
resistance in reaction to the change in blood pressure at 
the head level. The jugular veins are modeled using one 
dimensional equations of fluid dynamics and a non-linear 
relation between the transmural (blood minus external) 
pressure and the local vessel cross-sectional area. The 
central arterial and venous pressures are taken to be 105 
mmHg and 5 mmHg respectively and Gz was varied from 
-5 to + 10. To simulate the effects of positive pressure 
breathing, blood pressures at the arterial and venous ends 
of the model were elevated by the same amount, so that the 
perfusion pressure was always maint<!lned at 100 mmHg. 
Results and conclusions: The model is successful in 
reproducing the drop in cerebral blood flow with +Gz. This 
reinforces our belief that the elevated venous resistance 
plays a significant role in G-LOC. The autoregulation has 
a positive impact at moderate +Gz but is ineffective at 
higher +Gz. This is mainly due to the fact that the venous 
resistance becomes absolutely dominant at high +Gz and 
a further decrease in the cranial vascular resistance makes 

little difference. The model predicts an increase in the 
blood flow in the case when the central venous and arterial 
pressures are elevated. We attribute this to the fact that 
an elevated central venous pressure prevents the venous 
collapse and maintains the extracranial veins patent. 

1 INTRODUCTION 

It is known that exposure to +Gz acceleration can cause in
adequate perfusion of the retina and brain leading to loss of 
vision and/or loss of consciousness (2]. When Gz is greater 
than the normal gravitational acceleration of the earth ( + 1 
Gz), the weight of the blood is increased, and at approxi
mately +5 G z blood pressure at the level of the head can be 
expected to be zero. However, in a closed system with no net 
change in potential energy, such as the circulatory system, 
an increased hydrostatic gradient is not sufficient to explain 
the decrease in cerebral blood flow. If the blood vessels 
were rigid the cerebral perfusion would not be affected by 
Gz force, since the hydrostatic gradients on the arterial and 
venous side are equal and of the opposite sign, and the vas
cular resistance is independent of Gz stress. Blood vessels, 
however, have elastic walls and their cross-sectional area is 
a function of the transmural (internal minus external) pres
sure. In particular, thin-walled compliant vessels, such as 
veins, have tendency to collapse when subjected to negative 
transmural pressure. Therefore, in the case when vessels are 
compliant the vascular resistance is affected by the hydro
static gradient, central arterial and venous pressures, and 
the external pressure acting on the vessels. 

We have used opened loop mathematical models of the 
cerebral vascular system to model cerebral perfusion under 
Gz stress. Figure 1 shows a resistive network of compliant 
vessels representing the cerebral vascular tree. The ex:tracra
nial portion of the network is represented by carotid. and ver
tebral arteries and by jugular veins, which extend vertically, 
from the heart level to the cranium. The intracranial vessels 
are enclosed in a rigid container representing skull and sur
rounded by the cerebrospinal fluid (CSF). The results from 
the network suggest that the drop in cerebral blood flow dur-
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