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Characterization of in-vitro hemodynamic difference
between carotid endarterectomy patch and no-patch repair
by magnetic resonance velocimeter

Seungbin Ko, Simon Song, Doosang Kim', Sang Hyung Lee

Abstract : There are two ways to seal the incision after the carotid endarterectomy (CEA). One is
primary closure which is a simple suture and the other is patch repair which stitches with a biocompatible
patch to increase the lumen size. Numerous studies claim no significant difference in prognosis between
patch and no-patch repair (primary closure), however, hemodynamic differences have yet to be uncovered.
Here, we studied in-vitro hemodynamic difference between patch and no-patch repair by time-resolved
magnetic resonance velocimeter (MRV). Carotid models including control, pre- and post-operation were
obtained from the CT images of two patients and real-size, solid phantoms were fabricated with a 3D
printer. Patient-specific pulsatile flows were introduced with a custom-built pump system. A glycerin
aqueous solution matching a human blood viscosity was used as a working fluid. The MRV results
successfully showed time-resolved 3-component velocity field in 3D vessel geometries and we calculated a
wall shear stress (WSS) and oscillatory shear index (OSI) from the velocity data. The WSS was decreased
after the operation and even lower than the control for both patch and no-patch cases, while the high OSI
region agreed with the plaque removal area of the post-operative carotid and the ICA bulb of the control
case. The most significant difference in hemodynamics between the patch and no-patch repair was a large
separation bubble in the ICA of patch/post case at the early diastole, which made the actual ICA flow
passage much narrower than the one of no-patch/post. This kind of large recirculation area is thought to

be stimulate the growth of restenosis in the future.
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Fig. 1 Carotid models
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Fig. 2 Box plot of magnitude of normalized time—-averaged WSS
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Fig. 4 Cross—sectional velocity field at early diastole
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