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Non-invasive measur ement of mechanical properties of peripheral arteries
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8.91
+ 0.88% vs. 6.96+ 1.95%, p<0.01
0.90+0.11 x10°dyne/cm? vs.
1.51+0.39 x10°dyne/cm? p<0.01  EDR
5.60+ 1.29% vs. 8.08+ 1.61%

6.96+1.95% vs.
6.36+2.05% 1.51+0.39 vs.
1.61+0.43 x10°dyne/lcm®*  EDR
8.08+1.61% vs. 11.51+2.07%

A novel methodology was developed
for the detection of arterial mechanical
properties non-invasively using
high-resolution ultrasound. The vascular
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wall motion is recorded simultaneously
with the pulsatile pressure, thus the
stress-strain relationship can be derived
accurately.

The subjects studied were divided into
three groups. young, diabetic patients and
their age-matched control. Postural change
was adopted to investigate the vascular
muscle tone and sympathetic response of
peripheral arteries. Results show that the
vessel distensibility at the dsalis pedis artery
(DPA) decrease substantiadly with age
(8.91+0.88% vs. 6.96+1.95%, p<0.01), the
corresponding arterial  elastic  modulus
increase (0.90+0.11vs.1.51+0.39 Mdyne/cm?,
p<0.01) and the energy dissipation ratio
(EDR) increase (5.60+1.29% VS.
8.08+1.61%). The arterid mechanical
properties of young group reacted more
effectively to the postural variation, which
suggested that the autonomic function in the
lower extremity would decay with age.

The diabetic patients have higher mean
arterial pressure than the control group, their
peripheral arteria distensibility decrease, the
pressure-diameter elastic modulus increase
and EDR increase notably (DPA: 8.08+
161% vs.11.51+2.07%). The periphera
arteries in the lower extremity of DM patient
were significantly affected by the circulatory
diseases than the vessels in the upper trunk,
this signifies the lost or degeneration of
sympathetic tone in diabetic foot.

Keywords: Ultrasound, Peripheral Arterial
Viscoelagticity Diabetic Médllitus



[1-6]

compliance stiffness

(Viscoelasticity)

[7-8]
85-95 mmHg (Mean
Arterial Pressure, MAP)

(PWV)
[4-6]
Woolam[9] PWV
PWV
Scarpello[10]
PWV
PWV
PWV

[11-13].

(
) PUV
( )
HDI3000(ATL, Bothell, WA) CL10-5

26 mm 10 MHz(ATL)

M-mode
Cuff
(MatLab, C++
[14]
10 G 5 )
18 (13 5 ) 57+7

24



3. 15 (7 8 )
59+7
EDR
(DP)
(DPA) (62+4 vs.
22+1°C 77113mmHg p=006)
BA
(BA) (RA) (DPA)
6
- OYOUNG OELDER
£ T
=4 [IpE
£
0
BA RA DP
100
90 OYOUNG HELDER
80
= 70
% d |_F_|
H W m
n 40 |
g 30
20
10
o ‘ ‘
BA RA DP
25
0 | OYOUNG  DELDER
Pressure-Diameter Curve (Age=22) % l
160 ° 15 |
140 r = g 1.0 |
120 t Fos |
100 -
80 | - ’ = 0.0
60
2.2 2.25 2.3 2.35
12
160 w0 b OYOUNG [M@ELDER
140 | Age=60) s |
ge=
120 + = |
100 © Yol
80 *
60 ?
0 0.02 0.04 0.06 0.08 0
BA




(BA:1.39+0.24 vs.
0.95+0.23 Mdyne/cm?, RA:1.45+0.36 vs.
1.33  +0.48 Mdyne/cm?) EDR
DPA
(1.51+0.39 vs. 0.90+0.11
Mdyne/cm®  p<0.01) EDR

DPA

(BA: 6.34+1.45 vS. 6.53+1.62%
RA:6.15+2.37  vs.6.74£1.58 DPA:
560£1.29 vs.8.08+1.61%,p<0.0)
DPA
DPA
DPA
RA -8.5%6.3
vs.-6.1+6.0 p=0.05 DPA:-8.2+6.4 S0
VS.-7.4£19.6 p<0.01
DPA
200
150 . OYOUNG MEELDER
=100
S
50 |
0
50 |
100
DP RA
120
OYOUNG O ELDER
0 7 BA 12614 vs. 146+29
< 60 - mmHg p<0.01 RA 139+14vs. 153+31
T 20 f T mmHg p<0.01 DPA 156+£15vs. 157+32
o N I S | mmHg p<0.01
20 | pp L 1RA | 7711 vs. 81+10 mmHg
60 p=0.37 RA 8619 vs. 88+13 mmHg
p<0.01 DPA 7849 vs. 80+12 mmHg
p<0.01



5
s | Dten o E0M BA 0.26+0.07 vs. 0.23+0.06mm
E p=0.17 RA 0.12+0.05vs. 0.09+0.02
., mm p<0.001 DPA 0.13+0.05 vs.
1 0.13+0.05 mm p=0.24
0 BA DPA
BA RA DP RA
. ’ ENonDM ©ODM
g1 BA 0.95+0.23 vs. 1.50+0.61
g Mdyne/cm’ p<0.01 RA:1.33 #0.48 vs.
2 1.78+0.68 Mdyne/cm’ p=0.06 DPA:1.51
B ) | | +0.39vs.1.61+0.43 Mdyne/cm’)
BA RA DP
- BA
ENon DM ODM RA
?10 -
-l
s |
. ‘ ‘ EDR
BA RA bp BA 6.53+1.62 Vs.

6.91+2.04 p=0.2 RA 6.74+1.58
vs. 6.91+1.78 p=0.28 DPA
BA RA DPA 8.08+1.61 vs.11.51+2.07 p=0.09)
DPA

RA DPA
DPA

BA 49+11 vs. 66+21 mmHg

p=0.01 RA 5146 vs. 62+21 mmHg
p<0.01 DPA 77£13 vs. 78+17 mmHg

p<0.01
BA 3.96+0.5 vs. 4.02+0.55 mm
p=0.37 RA 2.10+£0.36vs. 2.09+0.21
mm p<0.001 DPA 1.95+0.41 vs.
2.07+0.37mm  p=0.27 BA 1.78+0.68vs. 1.61+0.43 p=0.02
DPA EDR
RA



20
ONon DM ODM
10 | T
g 0 -
et ol e ol
20
-30 -
DP RA
Aﬁg | ONonDM [@DM
S 140
i N
O 20 |_—|——| |
20 +
-60
DP RA
120
100 + [CINon DM ODM
__ 80
E\O/ 60 | -
o 40
N R
© Lo 1 EH
40 1
-60
DP RA
RA
2.78+11.14 vs. 3.99+23.74 p=0.02
DPA 0.71+£13.26 vs. 1.68+24.12
p=0.03
RA
EDR DPA EDR

EDR

RA

[1] Hickler RB. Aortic and large artery
stiffness:  current  methodology and
clinical correlations. Clin Cardiol 1990;
13:317-322.

[2] Alva F, Samaniego V, Gonzdez V,
Moguel R, Meaney E. Structural and
dynamic changes in the elastic arteries
due to arterid hypertenson and
hyperchol esterolemia. Clin Cardiol
1993; 16:614-618.

[3] Nerem RM. Vascular fluid mechanics,
the arterial wall, and atherosclerosis. J
Biomech Eng 1992; 114:274-282.

[4] Asmar R, Benetos A, Topouchian J, et al.
Assessment of arterial distensibility by
automatic  pulse  wave  veocity
measurement. Validation and clinical
application studies. Hypertension 1995;
26:485-490.

[5] Lehmann ED, Hopkins KD, Gosling RG.
Aortic compliance measurements using
Doppler ultrasound: in vivo biochemical
correlates. Ultrasound Med Biol 1993g;
19:683-710.

[6] Lehmann ED, Riley WA, Clarkson P,
Godling RG. Non-invasive assessment of



cadiovascular disease in diabetes
mellitus. Lancet 1997; 350(suppl
1):S114-19.

[7] Ramsey MW, Stewart WR, Jones CJ.
Real-time measurement of pulse wave
velocity from arterial pressure waveforms.
Med Biol Eng Comput 1995; 33:636-642.

[8] Gillessen T, Gillessen F, Sieberth H,
Hanrath P, Heintz B. Age-related changes
in the elastic properties of the aortic tree
in normotensive patients: investigation by
intravascular ultrasound. Eur J Med Res
1995; 1:144-148.

[9] Woolan, G. L., Schnur, P. L., Valbona, C.
& Hoff, H. E., 1962, "The pulse wave
velocity as an early indicator of
atherosclerosis in diabetic  subjects,”
Circulation, Vol. XXV, pp. 533-539.

[10] Scarpello, JH.B., Martin, T.R.P. &
Ward, J. D. 1980, “Ultrasound
measurements of pulse wave velocity in
the periphera arteries of diabetic
subjects,” Clinical Science, Vol. 58, pp.
53-57.

[11] Tanaka TT, Fung YC. Elastic and
inelastic properties of the canine aorta
and their variation along the aortic tree. J
Biomech 1974; 7:357-370.

[12] Dobrin P, Vascular mechanics, in
Handbook of physiology. Part |,
Peripheral circulation and organ blood
flow. Batimore, MD: Williams &
Wilkins 1983;65-102.

[13] Milnor WR, Hemodynamics. 2™ ed.
Baltimore: Williams & Wilkins, 1989.
[14] Shau YW, Wang CL, Shieh JY, Hsu TC.
Non-invasive  assessment of  the
viscoelasticity of peripheral arteries.
Ultrasound Med Biol 1999; 25:1377-88.




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

