Supplementary Data 1. Methods
1. Cardiac computed tomography protocol and 3-dimensional computational modeling of atrial fibrillation

Before the computed tomography (CT) scan, we administered 60–120 mL of intravenous contrast agent at a rate of 3–5 mL/s after appropriately controlling the heart rate of the patients. Then, the CT images were acquired 10–12 seconds after contrast agent injection with an electrocardiogram-gated scan considering the systolic and diastolic phases in a breath-hold. We segmented the left atrial (LA) blood cavity by applying a median filter to the images, then applying a Sobel edge filter at a threshold >250 HU and drawing the outlines manually.1) Then we reconstructed a 3-dimensional (3D) LA geometry with the marching cube algorithm. We measured the registered clinical voltage values in 3D coordinates at 600–2,000 points in the LA endocardium through a bipolar catheter. Finally, we generated virtual LAT and voltage maps by mapping clinical voltage values to 3D LA geometry. The mesh was generated and reconstructed by the customized CUVIA software (Model: SH01; Laonmed Inc., Seoul, Korea) with a triangular type. The 3D model was monodomain model and the following equation was employed for electrical wave propagation.2)
[image: image1.png]1,
DV2V —





Here, Vm is the membrane potential, D is the conductivity tensor, Iion and Istim are the ion current density and stimulation current density, respectively, and Cm is the membrane capacitance per unit area. The 3D model was performed using CUDA 6.5 in Microsoft Visual Studio 2015 (Microsoft, Redmond, WA, USA). Time step was adaptively varied between 0.01 and 0.05 ms. Each triangular element consisted of 3 nodes. The element sizes of the model were generated between 800,000 and 1,000,000. The nodes were generated between 400,000 and 500,000. The distance between adjacent nodes was 232.7±31.4 μm. The computational time for 1 second of atrial fibrillation (AF) was 1.8 minutes, and the real-time simulations run on graphics processing unit (GPU) (NVIDIA Titan-V) and central processing unit (Intel Xeon E5 series). For calculation of the ionic currents, the human atrial myocyte model was used.3) To replicate the electrical remodeling associated with AF in the cell model, the conductance of IK1 was increased by 50%, and the conductances Ito, ICaL, and IKur were decreased by 80, 40, and 50%, respectively, as described previously by us4) and others.5)
2. Fiber orientation and distribution of the fibrosis in the in-silico modeling

The fiber orientation was generated based on a clinical local activation map, using an atlas-based mesh of each patient’s LA geometry.6) The GPU-based fiber tracking method was conducted with 2 steps: tracking and visualization. Fiber tracking was a parallel task, and we used the GPU system efficiently by applying the same independent algorithm for each fiber. We defined the vector of the fiber orientation on the model according to the myocardial fiber direction. Using the fiber tracking method, we implemented the differences in the conduction according to the orientation.7) The conductivity in the direction perpendicular to the vector set up is smaller than the conductivity parallel to the vector. We adjusted the fiber orientation based on the clinical LAT map. The conductivity of the fiber orientation was incorporated by setting the longitudinal (0.1264 S/m on non-fibrotic and 0.0546 S/m on fibrotic cells) and transverse (0.0252 S/m on non-fibrotic and 0.0068 S/m on fibrotic cells) diffusion.8) The virtual LAT was synchronized with the individual clinical LAT map.
The fibrotic areas were determined based on a clinically acquired voltage map to develop realistic modeling.9) The virtual voltage maps were developed by interpolating the clinical bipolar signals. The inverse distance weighting method was applied to interpolate the clinical voltage for the virtual voltage.7) Before spatial interpolation, the experimental measurements of LA voltage data were recorded from about 500 points on the LA during sinus rhythm or regular atrial pacing. The clinical voltage data maps were applied to the surface of the 3D LA model employing interpolation. To determine the fibrosis status (yes/no) for each node, we used the nonlinear relation between the bipolar voltage [X (mV)] and the probability of fibrosis [Pfibrosis (%)].
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For each node, the probability of fibrosis calculated based on clinically acquired bipolar voltage data was compared against a random number between 0 and 1. If the random number was below the calculated probability of fibrosis, the node was considered to have a positive fibrosis status. The equation was developed by comparing the predicted percentage of fibrosis across the 3D atrial model with the pre- and post-ablation fibrosis data, as previously reported byBenito et al.10)
3. Virtual Smax mapping

The area of the virtual Smax ablation in the LA model targeted the regions with the highest 10% Smax calculated using the CUVIA software. To determine the Smax for each node, the action potential duration (APD) of 90% (APD90) and diastolic interval (DI) were measured during ramp pacing for the duration from the start of the pacing to 3 beats after AF induction. The ramp pacing was conducted with cycle lengths from 200 to 120 ms. Initially, the pacing was applied 8 times with a 200 ms cycle length. The cycle length then decreased by 10 ms until it reached 120 ms. The overall pacing duration was 11,520 ms. Since the study was conducted as a real-time clinical study, the pacing site was defined as the earliest activation site (mostly around Bachmann’s bundle) from the clinical local activation time map. Then the APD restitution curve was determined by employing the relationship between the APD90 and DI, and the Smax was calculated via the maximal slope of the restitution curve, defined at each node of the LA model. In the equation for calculating Smax, y0 and A1 are free-fitting variables, and τ1 is a time constant. The relationship between the APD90 and DI was calculated through the correlation formula shown below.11)
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To represent the Smax value as a visual map on the entire surface of LA, interpolation was applied to create a virtual 3D Smax map.
