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Estimation of Arterial Viscoelastic Properties during the Flow-mediated Dilation Test

Daisuke KIHARA*, Harutoyo HIRANO™*, Hiroki HIRANO*, Yuichi KURITA**, Teiji UKAWA***,
Tsuneo TAKAYANAGI™**, Haruka MORIMOTO***, Ryuji NAKAMURA**** Noboru SAEKT****,
Yukihito HIGASHI***** Masashi KAWAMOTO****, Masao YOSHIZUMI**** and Toshio TSUJI**

The flow-mediated dilation (FMD) test is a method of evaluating the vascular endothelial function and has been

popular as it is noninvasive and readily performed by a skillful ultrasound technician. The FMD test, however,
evaluates only the maximal increase in vascular diameter mediated by the increases in blood flow after the release
of the occlusive cuff and does not evaluate the arterial viscoelastic properties. Therefore, this paper proposes a
new index, called log-linearlized viscoelasticity, to evaluate the arterial viscoelastic properties using the arterial
diameter and blood pressure measured in a beat-to-beat manner during the FMD test. To six healthy people,
we performed the FMD test to measure the arterial diameter and blood pressure with ultrasound diagnostic
imaging equipment and noninvasive continuous arterial blood pressure monitor. As a result, the maximal vasodi-
latation ratio of FMD (%FMD) was obtained after cuff occlusion. In comparison with the arterial viscoelastic
characteristics before FMD test, the stiffness of the arterial wall 8 and the viscosity of the artery 7 temporarily
decreased and increased, respectively. The change of log-linearlized viscoelasticity after cuff occlusion may be
caused by vascular endothelial function. Vascular endothelial function might thus be estimated using the arterial
viscoelasticity 8 and 7.

Key Words: flow mediated dilation test, vascular endothelial function, viscoelasticity
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ARSI (Flow-mediated dilation: FMD) #4
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PR E L, FMD &R OIE ) F4EELL O FFHG %
779 . #L T, FMD W& R & MERHEEHEOM R L
BoMCT 5.

2. FMD R&EROEHIREE #EE MR HETE A

2.1 FMD &7

%8 % YRR ILE & 0 &V E C—E R RTERIL L 7278 1SR
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Fig.1 Schematic model of arterial wall
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Fig.3 Comparison of measurement results of left and right
upper arm between before and after cuff occlusion:
(a) Mean arterial pressure, (b) Pulse pressure
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Fig.5 Measured biological signals and estimated indices be-
fore and after cuff occlusion (Sub. E)

Table 1 Results of the FMD test

Indices Sub. A Sub.B Sub.C Sub.D Sub.E Sub.F
Age [yrs] 22 24 22 23 53 53
Smoking [+ or —] — — — — - —

B i i t
aseline diameter | o 557 388 447 415  3.78
[mm]

Maximum
4.41 4.07 4.25 4.73 4.33 4.18
diameter [mm]
%FMD [%)] 53 52 95 58 85 106
Time to dpeor [s] | 26.8 51.8 437 505 47.0 347

Time to Buottom [s]| 18.9 28.8 241 21.3 324 344

LTwa (Fn#Fhp=0013, p=0.007) Z&ziERLL.
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THRIMBR RIS L, WA B (3 SBRE B\ CERILIFR %
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Fig. A.1 Example of a measured arterial diameter wave
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