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The relationship of hemodynamics with plaque characteristics and renal function of the
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Abstract: Objective: We aimed to investigate the relationship between computational fluid dynamics metric and anatomi-
cal and morphological features of renal artery stenosis, and their efficacy in predicting impaired renal function. Methods: Re-
nal artery CTA images of renal arteries in patients with moderate —to —severe unilateral renal atherosclerotic plaque from
November 2021 to May 2023 were retrospectively analyzed to evaluaterenal artery plaque characteristics (degree of stenosis,
maximum plaque thickness, plaque area, plaque volume, plaque burden, arterial remodeling and calcification) and cortical
thickness difference (CTD). Hemodynamic parameters including time—averaged wall shear stress (TAWSS) and wall shear stress
ratio (WSSR) across the lesion were evaluated by finite element software. Differences in plaque characteristics among different
WSSR groups were compared, and the correlation with plaque characteristics was analyzed. Logistic regression analysis was
used to evaluate independent risk factors for renal cortical thickness. Results: A total of 104 patients were included in the
analysis. TAWSS in stenosis was higher than that in pre—stenotic and post-stenotic areas (P<0.001), and pre—stenotic TAWSS
was higher than post-stenotic TAWSS(P<0.001). The stenosis severity, plaque burden and proportion of non-calcified plaque in
the high WSSR group were higher than those in the low WSSR group(P=0.019, P=0.008, P=0.011). WSSR was positively cor-
related with stenosis severity(r=0.028, P=0.02) and plaque burden(r=0.028, P=0.02). Plaque burden(OR 1.764; 95%Cl 1.008~
8.087; P=0.047) and high WSSR (OR 3.047; 95%CI 1.123~8.262; P=0.029) were independently associated with high CTD. The
AUC of high CDT predicted by the combination of the two parameters is 0.72. Conclusion: WSSR and plaque characteristics
may provide important parameters to reflect renal function after renal artery stenosis. Plaque burden and high WSSR can pre-
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dict the degree of renal function impairment.
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@g Figure la. CTA reconstruction image showed the

0 narrowest segment of the renal artery and reference lumen.
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boundary of the vessel where the plaque located.

Figure 1b.

Delineation of the outer wall and lumen

Figure 1lc. Delineation of lumen of adjacent refer-

ence arteries. Figure 1d. Flowchart of computational fluid dynamics modeling using the original im-

ages of renal artery. Figure le. Schematic representation of quantifying the time—averaged wall shear

stress (TAWSS) in a computational fluid dynamics model for assessing atherosclerotic renal stenosis.

Figure 1f. Diagram of measurement of renal cortical thickness. Figure 1g. Box plot showing the

intergroup differences in TAWSS for different distributions of stenosis.
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WSSR between different CTD groups.
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Male, 86 years old, showed high WSSR in computational fluid dynamics model(Figure 3a); CTA coronary recon-

Figure 3a~3c.
struction showed the thickness of the left renal cortex is thinner than that of the contralateral renal cortex (Figure 3b); CTA recon-
struction image showed moderate stenosis of the left renal artery with a stenosis degree of 52.4% and plaque burden of 78.0%(Figure
3c¢). Figure 3d~3f. Female, 93 years old, showed low WSSR in computational fluid dynamics model (Figure 3d); CTA coronary re-

construction showed left renal cortex was not thinner than that of the contralateral renal cortex (Figure 3e); CTA reconstruction image

showed moderate stenosis of the left renal artery with a stenosis degree of 50.1% and plaque load of 47.1%(Figure 3f).
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