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Correlation between carotid viscoelasticity and hemodynamics based on ultrasound shear wave dispersion imaging

LUO Xiang-hong'®, YAN Min**, SHAO Si-hui’, ZHANG Jian-hui’, DU Lian-fang®, LI Zhao-jun®"

1. Department of Echocardiography, Shanghai General Hospital, Shanghai Jiao Tong University, Shanghai 200080, China
2. Department of Ultrasound, Fuyang Cancer Hospital, Fuyang 236000, Anhui, China

3. Department of Ultrasound, Shanghai General Hospital, Shanghai Jiao Tong University, Shanghai 200080, China

[Abstract] Objective To measure the carotid viscoelasticity using ultrasound shear wave dispersion (USWD), and
to explore the correlation between the viscoelasticity and hemodynamics. Methods Forty-five volunteers without history of
cardiovascular and cerebrovascular events were recruited and divided into elder group (=50 years old, n=23) and younger
group (<50 years old, n=22) according to the median age. The common carotid arteries were detected by USWD, and
SWE; (elastic index) and SWDy (viscous index) were obtained. Hemodynamic parameters, including velocity time integral
(VTI), peak systolic velocity (PSV), end-diastolic velocity (EDV), and mean flow velocity (MFV), were measured using
Doppler ultrasound. Correlations between SWE;, SWD; and hemodynamic parameters were analyzed using Pearson analysis.
Results The SWE;, SWDy, VTI, PSV, EDV and MFV in the elder group were significantly lower than those in the younger
group (P<<0.05, P<<0.01). The SWE; was positively correlated with VTI, PSV, EDV and MFV (r=0.354, 0.400, 0.467
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and 0.310; P<<0.01, P<<0.05). The SWD; was negatively correlated with VTI and PSV (r=—0.481 and —0.522, both
P<0.01), but positively correlated with MFV (r=0.352, P<<0.01). Conclusion USWD may identify the change of carotid

viscoelasticity, and the change of viscoelasticity is related to hemodynamics.
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Fig1 Quadview display of USWD for evaluation of
common carotid viscoelasticity
A: SWE image. The scale of elasticity modulus was 0.0-40.0 kPa.

The blue areas corresponded to the low elasticity modulus (soft)
and red areas on the elastogram corresponded to the high elasticity
modulus (stiff). B: Shear wave propagation image. The color
curves represented shear wave arrival time contours. C: Ultrasonic
two-dimensional image. D: SWD color image. The scale of
SWD value between 0.0-100.0 m * s~ ' * kHz '. The blue areas
corresponded to the low SWD value and red areas corresponded to
the high SWD value. USWD: Ultrasound shear wave dispersion;
SWE: Shear wave elasticity; SWD: Shear wave dispersion
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Tab 1 General information of subjects

Item Elder group” N=23 Younger group’ N=22 1y’ value P value
Female/male n 11/12 11/11 0.023 0.879
Age (year), x s 65.9£9.5 31.1+9.8 13.673 <0.01
Height i/cm, x£s 162.9+7.1 167.5+7.9 —2.301 0.025
Body mass m/kg, x +s 68.3+17.3 66.7+15.6 0.348 0.729
BMI (kgem °),x*s 25.8+74 23.5+4.1 1.444 0.154
SBP p/mmHg, x *s 139.6+11.1 125.7+9.1 5.102 <0.01
DBP p/mmHg, x+s 87.9+7.2 79.7+6.1 4.607 <0.01

* Age=50 years; *: Age<<50 years. | mmHg=0.133 kPa. BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic

blood pressure
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Tab 2 Comparison of common carotid viscoelastic and hemodynamic parameters between two groups

x*ts

Item Elder group® n=23 Younger group® n=22 t value P value

SWE, p/kPa 10.29+9.57 17.24+14.07 —2.236 0.040

SWDg (m *s '« kHz ") 11.99+3.51 13.97+3.71 —2.129 0.043
PWVv/(mes ) 8.67+2.13 5.47%0.70 7.425 <0.01
VTI (m) 0.1940.06 0.27%0.10 —3.994 <0.01
PSV v/(cm * s ") 44.23+13.24 72.49+21.44 —5.876 <<0.01

EDV v/(cm * s ') 13.81£8.36 19.07+4.17 —2.891 0.006
MEV v/(cm * s ) 21.53+7.17 32.65+7.13 —5.710 <0.01

* Age=50 years; *: Age<<50 years. SWE,: Shear wave elastography at the R wave of the electrocardiogram; SWD,: Shear

wave dispersion at the R wave of the electrocardiogram; PWV: Pulse wave velocity; VTI: Velocity time integral; PSV: Peak systolic

velocity; EDV: End-diastolic velocity; MFV: Mean flow velocity
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Tab 3 Correlation analysis between common carotid viscoelastic and hemodynamic parameters

SWE, SWD,
Parameter - . 5 . a b
All subjects Elder group Younger group All subjects Elder group Younger group
VTI 0.354" 0.171 0.353" —0.481" —0.308 —0.438"
PSV 0.400™ 0.056 0.281" —0.522" —0.369° —0.509"
EDV 0.467" 0.423" 0.409" 0.198 0.025 0.248
MFV 0.310" 0.189 0.470" 0.352" 0.201 0.475"

“ Age=50 years; ": Age<<50 years. SWE,: Shear wave elastography at the R wave of the electrocardiogram; SWDy: Shear

wave dispersion at the R wave of the electrocardiogram; VTI: Velocity time integral; PSV: Peak systolic velocity; EDV: End-diastolic

velocity; MFV: Mean flow velocity. ‘P<<0.05, "P<<0.01
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Fig2 Intragroup repeatability of SWD; was analyzed by Bland-Altman (A) and linear correlation analysis (B)

SWDyg: Shear wave dispersion at the R wave of the electrocardiogram; SD: Standard deviation
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