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[Abstract] Objective To analyze the relationship between different degrees of cerebral venous sinus stenosis and the trans-
stenotic pressure gradient using a 3D-printed hemodynamic simulation system for cerebral venous sinuses. Methods Based on the
double elastic cavity model, a complete morphological model of the superior sagittal sinus, transverse sinus, and sigmoid sinuses was
constructed using 3D printing technology. An in vitro hemodynamic simulation system incorporating pulsatile blood flow was
established to simulate the hemodynamic environment of cerebral venous sinus stenosis. Using this system, both unilateral dominant

drainage and bilateral balanced drainage were simulated. The degree of stenosis and the pressure upstream and downstream of the
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stenosis were measured. The pressure difference and pressure ratio were calculated to analyze the correlation between stenosis degree
and the trans-stenotic pressure gradient. Results In the unilateral dominant drainage model, as the stenosis severity increased, the
upstream pressure increased, whereas the downstream pressure remained relatively stable, leading to an increased pressure gradient
between the two ends. The regression equation for stenosis degree (X) and pressure gradient (pressure difference AP) was: Y,,=
1.962X-1.417 (R=0.867, R*=0.753, P<0.001). In the bilateral balanced drainage model of cerebral venous sinuses, when the stenosis
degree on one side of the model increased, the pressure gradient between the two ends changed slightly and eventually reached a
stable state. The regression equation between X and AP was: Y,,=0.62X+1.047 (R=0.98, R’=0.96, P<0.001). Conclusions Stenosis
in cerebral venous sinuses with unilateral dominant drainage has a more significant impact on the pressure gradient, while unilateral

stenosis in bilateral cerebral venous sinuses with balanced drainage has a smaller impact on the pressure gradient. This result suggests

that for bilateral venous sinus stenosis, stent implantation can be prioritized in one side of the cerebral venous sinuses.
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Fig.1 Enhanced magnetic resonance venography (CE-MRV) image of transverse section of cerebral venous sinus at normal (A), axis (B),

and lateral position (C) in a healthy subject
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Fig.2 Invitro hemodynamic simulation system (A) and simulated cerebral venous sinus stenosis model diagram (B)
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Fig.3 Experimental setting of unilateral dominant drainage (A) and bilateral equilibrium drainage (B) for simulation of cerebral venous

sinus
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Fig.4 Change of pressure, pressure difference, and pressure ratio in unilateral dominant drainage and bilateral equilibrium drainage for

simulation of cerebral venous sinus
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