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flow. Conservation of mass was also applied to each junction within
the COW.
Autoregulation of Peripheral Resistance
The autoregulatory response of the resistance of the vascular bed was
modelled using a feedback loop, previously described by Ferrandez et
al [3], which consists of two main blocks, the Controller and the Plant
(Figure 2).

Figure 2: Figure of the Feedback loop
The controller used is a Proportional + Intergral (PI) controller.
Mathematically, its behaviour can be described by the following
equation :
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The plant describes the dynamic behaviour of the peripheral
resistance. Mathematically, the dynamic response of the peripheral
resistance can be described as :
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where t  is the time delay of the response of the autoregulatory
mechanism. This time delay is an important part of this model as it is
important to recognise that the body is unable to produce
instantaneous responses to changes in physiological conditions.
The physiological limits for vaso-dilation and vaso-constriction have
also been included in the model [3]. This is an important part of the
model as it must be recognised that the blood vessels cannot dilate or
constrict infinitely. It is the inclusion of these limits that give a clear
indication of how anatomical variations of the COW affect the
distribution of flow to the efferent vessels.

 RESULTS
A step pressure drop of 17 mmHg in introduced to the right internal
carotid artery, simulating a sudden compression of the artery. Analyses
of the results produced give an indication of how anatomical variations
of the COW affect the distribution of efferent flux The results
produced by this model were compared to the results reported by
Ferrandez et al [3].It is seen that the configuration with the A1
segment of the left anterior cerebral artery (LACA-A1) absent
produces the least ideal distribution of efferent flux. From Figure 3,
where the ipsilateral non-dimensional fluxes are plotted as a function
of time, it is seen that there is a 21% decrease in the flux through the
right middle cerebral artery (MCA) and the anterior cerebral artery
(RACA-A2). The posterior cerebral artery (RPCA-A2) only
experiences negligible drop in flux. Figure 4 shows the contralateral
efferent flux for the same configuration of the COW. It can be seen
that there is a 21% decrease in the flux through the LACA-A2 and a
4% drop in the flux through the LMCA. The flux through the LPCA-
P2 only experiences a slight drop in flux. Careful observation of the
flux of the LACA-A2 reveals that after the initial drop, the flux does
not recover to its initial value. When the LACA-A1 segment of the
COW is absent, the peripheral resistance of that artery decreases, i.e.
the vascular bed vaso-dilates so as to increase the flux through it. This
flux will have to come from the ipsilateral side of the COW, which is

also the side affected by the pressure drop. When the pressure drop
occurs, the efferent flux through the LACA-A2 segment is unable to
regain its full theoretical flux due to the cerebro-vascular bed reaching
its physiological limits for dilation.

Figure 3 : Plot of ipsilateral efferent fluxes for a COW with
missing A1 segment of the left anterior cerebral artery

Figure 4 : Plot of contralateral efferent fluxes for a COW
with missing A1 segment of the left anterior cerebral artery

CONCLUSION
This work has developed a model which investigates how different
anatomical configurations of the COW influences the distribution of
the flux through the efferent vessels when coupled with the dynamic
responses of the cerebro-vascular bed. The further development of this
one-dimensional model to one which is ready for clinical tests is then,
relatively easy.
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Ipsilateral efferent f lux for missing LACA-A1 segment
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Contralateral efferent f lux for missing LACA-A1 segment
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