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Coronary computed tomography angiography (CTA) Is a promising tool for Transport of Contrast:

assessment of coronary stenosis and plague burden. Recent studies have shown 1D Equation a0 ; Radial Variation of  Partial Volume Averaging
the presence of axial contrast concentration gradients in obstructed arteries, but %% 4 (U.V)C = DV2C Approximation 1 dC n 1 dC ~ 0 £ Contrast fomm

the mechanism responsible for this phenomenon is not well understood. We use ot ' _ Q(t) dt  A(s) 0s g
computational fluid dynamics to study intracoronary contrast dispersion and the § _

correlation of concentration gradients with intracoronary blood flow and stenotic TAFE Formula for predicting g - :

severity. Data from our CFD patient-specific simulations reveals that contrast CFV from TAG s V=09225 - 6.0123 :

dispersions are generated by intracoronary advection effects, and therefore, aC A(s)dC ac i N

encode the coronary flow velocity. This novel method- Transluminal Attenuation FAG === == 0 ot _ Q = —A(s) 9t ¢ EQ.(1) o - - -

Flow Encoding (TAFE) - Is used to estimate the flowrate in phantom studies as s True Pump Flowrate (m/min) « Contrast is following a parabolic velocity profile
well as preclinical experiments. « CT imaging artifacts, ex: PVA and filtering

Figure 6: Correlation between TAFE estimate velocity and the true pump velocity. The

CO m p Utatl O n al Res u ItS correlation is far from the 45 degree angle because of radial variation of contrast because

of specific gravity and imaging artifacts such as partial volume averaging
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Methods

« Patient-specific models were extracted from CT images using Mimics®

Pressure (A)

« Stenosis geometry was manually created from the normal vessel to mimic 70% No Stenosis CBF vs. MBF (Stenosis Model) CBF vs. MBF (All Studies)
. . = 0.8 |
stenosis. Number of tetrahedral elements ~ 4.55 x 10~ (Figure 1) n o1 _
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» Used ANSYS for CFD solutions: 2nd order backward Euler scheme, At= 0.01 s 33 06 _
» Used Arterial Input Function (AIF) and Transluminal Attenuation Gradient (TAG) S osf e 0°r
from CT images (Figure 2) to solve for the flow rate analytically :TAFE (Figure 3 2 ol ° : Zj
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and EQ 1). 5 o] - !
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Model of the artery with 70% el / i 7.0 normalized transluminal Figure 7. Correlation between coronary blood flow (TAFE estimated), indexed to
stenosis. (C) Computational 5 ;)985_ 70% Stenosis = | attenuation profiles along the myocardial mass and microsphere myocardial blood flow (measured data)in the stenosis
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meshes emploved in the various el S1 g7 axial direction of main arterial model (A) and MI models added to the stenosis model (B).
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contrast gradient for a stenosed artery. 0] PPN i i~ 20 =088 ] L InSIlgchre]tnStﬁggtrgstgfgatf(?rI]SgIa\l/ésrzz l!)eleasd to
Luminal cross sections are sampled and "0 15 30 45 60 75 90 w 3 : P ®E T = K & = 8 ° y .
plotted over the vessel length to obtain Transluminal Distance (mm) Distance from Ostium (cm) Distance from Ostium (cm) o Formula for quantification of CFV from TAG (TAFE)

an axial variation of cross-sectional
averaged attenuation (HU) (top figure).
Bottom figure shows the axial and cross-
sectional visualizations of lumen area by
contrast agent.
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