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		Supplementary Material
The Mathematical equations used for assessing the calculated FFR from CTCA
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Pressure wires/catheters used for measuring invasive FFR
Invasive FFR was measured using one of following pressure wires/catheters: PressureWire X (Abbott Vascular, Illinois, USA), PressureWire Aeris (St Jude Medical, Minnesota, USA), Volcano Verrata pressure guidewire (Philips, Amsterdam, Netherlands), Navvus microcatheter (ACIST, Minnesota, USA), Comet Pressure guidewire (Boston Scientific, Massachusetts, USA).
CTCA image segmentation and 3D model reconstruction
CTCA images were loaded to QAngio CT software (version 3.0, Medis) for offline 3D reconstruction and coronary artery segmentation. Coronary ostia were identified from the reconstructed 3D whole-heart volume and centerlines of coronary arteries and approximate lumen outlines automatically traced using a fast vessel tracking algorithm. From curved multiplanar reformatted longitudinal and corresponding orthogonal cross-sectional views, lumen borders of coronary artery branches with lumen diameters ≥1.5 mm were further delineated using a semi-automatic algorithm with manual adjustments if necessary [1].
Computation of non-invasive FFRAM with analytical model  
In our analytical model, , where Pa is patient-specific mean aortic pressure at hyperemia, estimated as mean cuff pressure minus 6.8 mmHg to account for pressure drop during hyperemia [2]; and ∆P1 and ∆P2, pressure drops across the coronary lesion and from the coronary orifice to the proximal end of the coronary lesion, respectively. 
The latter is calculated from Hagen–Poiseuille equation , where μ represents a constant viscosity of the blood (μ=0.0045 Pa·s); and Ai, Li and Qi, lumen area, length, and flow rate of the i-th coronary branch of the left or right coronary tree, respectively.
[bookmark: _Hlk57474547]By law of energy conservation, ∆P1 entails convective and diffusive energy losses as well as energy loss attributable to sudden constriction and expansion [3]. Flow separation and swirling that exacerbate energy losses and pressure drops are related to features such as lesion length, lumen area, flow entrance and exit angles etc. [4]. We applied these considerations in series to a coronary lesion model of total length L decomposed schematically into three components: a proximal contracting segment of length Lps and distal expanding segment of length Lsd, which bookend a middle maximally stenosed segment of finite length L-Lps-Lsd, (Supplementary Figure 1). Respective pressure drops across the three segments ΔPps, ΔPsd and ΔPss sum up to ∆P1 and are, from a mechanical engineering perspective, analogous to pressure drops across contracting, expanding, and straight pipes, respectively. Figure 3 (f) illustrates how we measured anatomical parameters L, Lps, and Lsd, as well as AP, Ad, As, the lumen areas at the proximal and distal ends of the coronary lesion and the maximally stenosed segment, respectively. From these parameters, flow entrance (α) and exit (β) angles were derived to facilitate calculation of ΔPps and ΔPsd as below.
The flow entrance angle α at the interface of the proximal contracting passage [4] and the maximally stenosed segment (Supplementary Figure 2) is calculated as: 
                                                          (A-1)
where Lps is measured on 3D models as the length between the proximal ends of the coronary lesion and its maximally stenotic segment, which have lumen area Ap and As, respectively [4]. The pressure drop ∆Pps along the proximal contracting passage has a pressure loss coefficient δps:
                                                                    (A-2)
where k1 and k2 are related to α and lumen area ratio r (=As/Ap), respectively. Through polynomial curve fitting, these relationships can be represented as [4]: 
                    (A-3)
                           (A-4)
Accordingly, ∆Pps is calculated as:
                                                          (A-5)
where ρ and QAM represent blood density and hyperemia flow rate through the lesion, respectively.
Similarly, the flow exit angle β at the interface of the maximally stenosed segment and the distal expanding segment is calculated as: 
                                                         (A-6)
where Lsd is measured on 3D models as the length between the distal ends of the maximally stenosed segment and the coronary lesion, which have lumen area As and Ap, respectively. Flow separation and swirling as the lumen area increases induce a pressure drop ∆Psd along the distal expanding segment that has a pressure loss coefficient δsd given by: 
                                                         (A-7)
where, k3, through polynomial curve fitting, can be represented as [4]:
                         (A-8)
Accordingly, ∆Psd is calculated as:
                                                      (A-9)
Both Hagen–Poiseuille equations and Eq. (A-5) as well as Eq. (A-9) required the hyperemic flow rate through the coronary branches for calculation. We first calculated resting flow rate through the coronary vessel using the scaling law [5]: 
                                                         (A-10)
where Qi is flow rate in the i-th branch vessel; Qinlet , flow rate at orifice of left or right coronary artery tree; and Di, mean lumen diameter of the i-th branch of left or right coronary artery tree with N branches. Qinlet was calculated from total coronary flow rate and left and right coronary artery flow distribution determined by CTCA-assessed LVM [6] and scaling law [5], respectively. 
Hyperemic flow rate QAM through a coronary lesion located at the i-th branch of the coronary artery tree was then computed as kQi. [3]. The coefficient k reflects the magnitude of flow increase at hyperemia and is dependent on the diameter stenosis of the lesion (DS):
                                   (A-11)
Here  and reference diameter
                               (A-12)
                               (A-13)
Inputting QAM to the Hagen–Poiseuille equations and Eq. (A-5) as well as Eq. (A-9), noninvasive FFRAM is computed without the need for CFD simulation as 
                                                  (A-14)
∆P2 is the pressure drop between the coronary orifice and the proximal end of the coronary lesion; and ∆Pss, pressure drop along the straight maximally stenosed segment of the lesion with constant area As and finite length (L-Lps-Lsd). Both ∆P2 and ∆Pss can be calculated using the Hagen–Poiseuille equation. Pa is subject-specific mean aortic pressure at hyperemia. 
Supplementary Figure 2 shows an example of how to select the proximal “P” and distal ends “D” of the coronary artery lesion as well as the maximally stenosed point “S” at which measure lumen area and length parameters. Coronary lumen area along the stenosed coronary artery derived from 3D curved multiplanar reformatting of the coronary artery along a centerline are plotted against the straightened length of the artery from proximal (left) to distal (right). The curve is smoothed using a median or other low-pass filter to minimize the effect of noise. Coronary stenosis is maximal at point “S”, which corresponds to the minimum lumen area. While depicted as a point here, “S” is in reality of the finite length (Supplementary Figure 1). “P” and “D” correspond to proximate points on plotted curves with maximal absolute values of either curvature or change of slope to the left and right of point “S”, respectively (Supplementary Figure 2). Curvature is defined as the reciprocal of the radius of an osculating circle and is computed using the independent coordinates method for planar curves [7]. Change of slope is calculated as the difference of slopes for two adjacent points along the curve. 
Computation of non-invasive FFRB based on reduced-order CFD simulation
CFD simulation was performed on the reconstructed 3D coronary artery tree model assuming steady-flow with appropriate boundary conditions [8-10]. First, the computational domain was discretized to tetrahedral meshes using ANSYS Meshing (version 18, ANSYS, Inc.). Refined meshes were generated near the walls to ensure adequate flow resolution at the boundary layers. Approximately 0.5-1.2 million cells were generated to obtain mesh-independent results. 
Under hyperemic conditions, total coronary ﬂow was estimated at 4.76 times resting flow (computed from left ventricular mass as above) as coronary resistance reduced to 0.21 of resting value [2], and distributed between the left and right coronary artery trees according to the scaling law [11]. To facilitate solving governing equations for CFD simulation, total pressure boundary conditions were assigned to the inlet based on subject-specific mean aortic pressure Pa [2] and aforementioned hyperemic inlet flow rates. Novel resistance and non-slip boundary conditions were assigned to outlets and wall, respectively. The convergence criterion was set at residual values ≤10-4. Simulation was performed using FLUENT (version 18, ANSYS, Inc.).
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Supplementary Figure 1. Schematic drawing of the analytical model of a coronary lesion of total length L composed of a proximal segment of length Lps with lumen area Ap that contracts to a maximally stenosed area As, distal segment of length Lsd with lumen area As that expands to a distal area Ad; and a middle straight segment of maximum stenosis bookended by aforementioned segments with constant area As and finite length L-Lps-Lsd. α and β are flow entrance and exit angles when lumen area contracts from Ap to As and expands from As to Ad, respectively. 
[image: ]
Supplementary Figure 2. The proximal “P” and distal ends “D” of the coronary artery lesion as well as the maximally stenosed point “S” are identified as inflection points on graphs of the lumen cross-section area (A) and the derived curvature (B) and change of slope (C) versus the reformatted straightened length of the coronary artery. 
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