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Fig.1 Sketch of cerebral arterial system (Willis loop),

a certain kind of structure of AVM with single feeding

artery is shown at the up-left corner
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Table 1 Symbol and geometric data of cerebral blood

vessel sections

Name of blood vessel Symbol Length/cm Diameter/cm

CCA & ICA c1 ¢z 25 0.40
ACA1 a1 asa 2 0.22
ACA2 ai2 a2 5 0.21
PCA1l P11 P21 1.5 0.21
PCA2 Piz P22 5 0.2

MCA mi msz 4.5 0.30
VA v U2 25 0.3

BA b 3.5 0.32
AcoA Aco 0.5 0.12
PcoA Peol Pco2 2 0.10

CCA, common internal carotid artery, ICA, in-
ternal carotid artery, ACA, anterior cerebral artery,
PCA, posterior cerebral artery, MCA, middle cerebral
artery, VA, vertebral artery, BA, basilar artery, AcoA,
anterior communicating artery, PcoA, posterior com-
municating artery.

Speed of pulse wave, a = 450 cm/s, in the carotid

and vertebral astery; and a = 560cm/s, in the ante-
(12]

tior, middle and posterior cerebral artery
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Fig.2 Structure of cerebral AVM model. The meaning of all symbols is indicated in Fig.1, Table 1 and Table 2
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Table 2 Statistic measurement data of peripheral resistance of main cerebral arteries

Peripheral ACA MCA PCA
resistance left Rapl right Rap2 | left Rmpl right Rmp2 left Rppl right Rpp2
x10%dyn-s/cm® | (10 cases) (6 cases) (11 cases) (7 cases) (8 cases) (4 cases)
11.75+£3.15  12..5+2.55 | 5.21+£1.69 5.64+2.25 17.88+2.90 18.1442.07
Average 11.90+2.86 5.37+1.88 17.97+2.56
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w4 B (3R 2).
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Table 3 Comparison of cerebral vascular flow rates among the measured data, simulated data of the cases whose

input pressure waves were used in the model, and the documented data

(average value/systolic peak value/diastolic peak value)

Flow rate Measured data Simulated data Statistic average of clinic measured data(cases)

(ml/min) Documented datall8] Documented datall6] This article
ACA 91.7/126.3/59.2 80.9/134.3/67.2 68.027.0(46) 136.0(13) 65.0+15.7(16)
MCA 178.9/256.1/138.2  172.1/259.6/138.1 127.0+6.5(51) 104.0(15) 148.9+53.8(19)
PCA 53.9/92.6/41.4 53.1/94.2/44.2 39.5+4.0(40) 52.0(6) 44,045.8(11)
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Fig.4 Simulated flow rate wave of middle cerebral artery
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Fig.5 Simulation of the input impedance of carotid artery in

a cerebral AVM patient
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Table 4 Comparison of average flow rate of main
cerebral arteries between normal people and AVM

patients. The simulated structure of AVM is the same

as that in Fig.6 (flow rate of AVM: 500 ml/min)

Flow rate Normal AVM patients
(ml/min) people Left Right
ICA 252.0 664.7 321.8
Al section of ACA 80.8 2.6 156.2
ACA 80.8 79.2 79.6
MCA 1717 672.0 169.3
Pl section of PCA 53.0 62.2 55.9
PCA 52.6 52.3 52.3
AcoA 0.0 118.1
PcoA 0.45 9.9 3.6
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Fig.6 Simulated result of flow rate and pressure wave at the
end of a feeding artery in cerebral AVM patients and normal

people, providing that the AVM is fed with a single artery
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Fig.7 Simulated change of pressure at the end of feeding

artery, after an AVM with flow rate 500ml/min is embolized
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Abstract A novel unsteady hemodynamic model of the cerebral arteriovenous malformation(AVM) is pro-
posed. The major improvements of the novel model include the irtroduction of the vulsatile nature of blood
flow into the systemic hemodynamic investigation of cerebral AVM for the first time and the proposal of a
reasonable mechanism for feeding artery dilation bzsed cn the enthors’ first-hand measurements, which has not
been appropriately described in the previous models. The model can be used to study cerebral AVM hemody-
namincs of various vascular structures {rom either global or local viewpoint. Thus it should serve as a useful
theoretical tool for hemodynamic investigation of the cerebral AVMs pathology, embolization therapy, and it
should also serve for individual cases that are difficult of diagnoising and treating due to complicated vascular
structure.

With this model, the changes of pressure and flow rate wave and the input impedance of the cerebral
vascular system caused by the cerebral AVM are simulated. Through the analysis of simulation and clinic
measured data, the following findings are obtained: 1) Feeding artery dilation is an important factor for a
cerebral AVM hemodynamic model. Inappropriate description of this pathological phenomina phenomena will
lead to variance of input impedance between the model and the true cerebral vascular system. 2) The change
between the average value and the peak value of pressure wave in AVM feeding arteries is not consistent. The
change of systolic peak value is notablely greater than that of the average value after simulate embolization. 3)
The decrease of both the peripheral resistance and characteristic impedance is an important characteristic of
the cerebral vascular system in cerebral AVM patients. The decrease of the peripheral resistance is attributed
to the low resistance of AVM vessels while that of the characteristic impedance is attributed to the increase of
the feeding artery diameter. This result provides a theoritical basis for exploring the pathological mechanism,

diagnosing, selecting the therapeutic strategies and evaluating the curative effects.

Key words arteriovenous malformation (AVM), hemodynamics, pulsate flow, feeding artery dilation, input

impedance
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