Supplementary material
Methods
Animal Experimental Procedures
All animal procedures were conducted in accordance with institutional guidelines of the Griffin Institute, London, UK and the Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources, 1996). All experimental procedures received the approval of the UK Home Office (PPL 70/7765).
Experimental studies were performed in transgenic D374Y-PCSK9 hyperlipidaemic minipigs (n=5) fed a cholate free high fat high cholesterol diet (Test Diet) as previously reported2. Before cardiac catheterisation procedures, animals were initially premedicated with oral diazepam (1mg/kg) and acepromazine (1mg/kg) after which intramuscular ketamine (5mg/kg) and xylazine (1mg/kg). After endotracheal intubation, animals were mechanically ventilated with isoflurane (1-3%) as an inhalational anaesthetic. Vital signs including end-tidal CO2, oxygen saturations, arterial blood pressure and electrocardiogram were monitored continuously. At each instrumentation, animals received 1g ampicillin intravenously. The day before stent implantation, animals received clopidogrel 600mg and aspirin 300mg. Following stent implantation, animals received daily aspirin 75mg and clopidogrel 150mg orally for the study duration.
Cardiac catheterisation was performed via an 8 French right femoral sheath (Arrow International) placed percutaneously under ultrasound guidance. Unfractionated heparin (5000u) was administered with a further 1000u administered every hour. The left and right coronary arteries were engaged with an 8F Hockey Stick I guiding catheter. Coronary angiography was performed using a single plane X-ray fluoroscopy system (Innova 4100, GE Healthcare). Angiograms were acquired after administration of intracoronary isosorbide dinitrate (0.1-0.3mg) in orthogonal views (>30o separation) with respiration briefly held in end-expiration to minimise respiratory motion artefact using iodinated contrast (iodixanol 320 mgI/mL, GE Healthcare, UK) with views selected to minimise vessel overlap.
Inlet coronary blood velocity was measured in each coronary artery using a Combowire (Volcano Corporation, San Diego, CA, USA). Equalisation was performed at the guide catheter tip. Measurements were undertaken >5mm from a significant sidebranch (> 2mm diameter) for 10-20 cycles. Intracoronary frequency domain optical coherence tomography (OCT) was performed with an Illumien system and Dragonfly-2 catheters (Abbott Vascular). Before OCT image acquisition, the OCT catheter position was imaged in orthogonal views during injection of iodinated contrast to enable 3-D reconstruction of the catheter path within the coronary artery. OCT pullbacks were performed at 20mm/s during pump injection of iodixanol (4-8mL/s). 
Reconstruction of 3D coronary arterial geometries
OCT-based vessel reconstruction methodology was performed as previously reported 1, 2, 4, 6, 8, 9.  Coronary lumen contours were segmented using CAAS Intravascular Software (PieMedical, Rotterdam, NL). Only clear image frames with visible lumen and vessel >270o continuous arc were analysed.  Whenever a side branch was present in the OCT image, the lumen was segmented as if no side branch was present. 
A summary of the workflow used to prepare computational simulations of coronary arteries from vessel reconstructions based on the fusion of OCT and angiograms is as follows:
a) An OCT pullback of the vessel is manually contoured to provide coordinates of the outline of the lumen.  A subset of the frames is selected corresponding to the vessel Region Of Interest (ROI), based upon anatomical landmarks.
b) The OCT catheter outline is identified in sequential orthogonal angiograms and Quantitative Coronary Angiography using CAAS 3D QCA software (PieMedical, Rotterdam, NL) is used to perform a 3D reconstruction of the catheter.
c) Stl geometry of catheter generated from QCA is used to produce catheter path coordinates using VMTK lab software
d) The catheter path is smoothed, and a 3D reconstruction of the vessel is computed from the contoured OCT output and catheter path coordinates.  This is performed using in-house MATLAB code.
e) The reconstructed vessel lumen geometry is smoothed.
f) Reconstructed vessel lumen is used to generate the solid mesh and input file for the Abaqus/Standard implicit solid solver.
g) Reconstructed vessel lumen is used to generate the fluid mesh and input file for the Abaqus/CFD fluid solver.
h) Combowire raw measurement data of in-vivo blood pressure and flow velocity time-series is smoothed and synchronised using concurrent ECG data.  Processed values are inserted into Abaqus/CFD input file for use as directly measured fluid boundary conditions.
i) For FSI models with cardiac bending loading, a 3D QCA reconstruction from sequential orthogonal angiograms is computed for the vessel at diastole and systole.  Vessel centrelines from each state are calculated from the reconstructed vessel stl geometry.  The difference between the two centrelines is calculated and used to generate the bending displacement loading, which is input into the solid Abaqus/Standard input file.
j) The FSI simulation is run on the High Performance Computing (HPC) facility at Imperial College London
k) Shear and strain metrics are generated from the simulation results.
Mesh generation
Meshing of both the fluid and solid domains was performed using an in-house MATLAB script.  Linear hexahedral elements were used throughout.  All models were discretised in the same structured way, using 80 elements in the axial direction and 48 elements in the circumferential direction.  The fluid domain mesh incorporated a 3 element boundary layer mesh of growth factor 1.2 (Supplementary Figure 1).  The artery wall and perivascular material had 4 and 3 elements through thickness, respectively (Supplementary Figure 1).    The mesh for the fluid and solid domains was continuous and nodes were shared at the fluid-structure interface.  To facilitate the radial dilatation of the artery under loading from the blood flow within FSI simulations, automatic mesh movement was applied to the fluid mesh to enable it to expand with the movement of the artery wall.  This movement is automatically calculated by the fluid solver using an Arbitrary Lagrange-Euler (ALE) approach.
The vessel wall (structural domain) is discretized using fully-integrated linear 8-noded hexahedral elements.   Owing to the application of a nearly-incompressible hyperelastic constitutive model a hybrid element formulation, C3D8H, is used, which includes an additional independently-interpolated variable for pressure.  For the perivascular support material, a hybrid element formulation is not required, and so standard fully-integrated linear 8-noded elements are used with formulation C3D8.  For the fluid domain, linear 8-noded hexahedral elements with an ALE formulation, FC3D8, are used.  

Structural Boundary Conditions
The structural boundary conditions are detailed in Supplementary Table 1 for the three simulation types; rigid CFD, FSI without-bending and FSI with-bending.  Example construction of the fluid and solid domains is provided in Supplementary Figure 1.  The node sets on the inlet/outlet faces used for the constraints of the fluid and solid domains for the FSI models are shown in Supplementary Figure 2.  For the without-bending case, single point constraints are applied to the nodes in the node set, as described in Supplementary Table 1.  For the with-bending models, the node sets are used as a sliding contact surface with a rigid plane, to ensure all nodes on the face stay on the same plane whilst permitting the inlet/outlet faces to move with the bending displacement.  This is achieved using the *Contact Pair and *Surface Interaction keywords within Abaqus/Standard5.   Supplementary Figure 3 shows an example of the node set on the outer surface of the perivascular support material, used to constrain the FSI without-bending model, and to apply bending displacement for the FSI with-bending model, as per Supplementary Table 1.
Supplementary Table 1
	Rigid CFD

	Lumen walls, inlet and outlet faces.
	Lumen geometry completely constrained in all directions (rigid wall).

	FSI without bending

	Lumen and vessel wall
	No constraints applied - free to dilate under pressure loading from fluid domain.

	Perivascular material
	Outer surface – nodal constraints in all directions.

	Inlet face (fluid domain, vessel wall, perivascular material)
	All nodes constrained in axial and circumferential direction – radial movement free.

	Outlet face (fluid domain, vessel wall, perivascular material)
	All nodes constrained in axial and circumferential direction – radial movement free.

	FSI with bending

	Lumen and vessel wall
	Prescribed bending motion applied over 30% of vessel circumference, to nodes on outer surface of vessel wall.  
Remainder of nodes free to dilate under pressure loading from fluid domain.

	Perivascular material
	Prescribed bending motion applied to all nodes on outer surface of perivascular material.

	Inlet face (fluid domain, vessel wall, perivascular material)
	All nodes constrained to rigid-body plane via sliding contact, enforcing axial constraint but allowing radial movement.  Bending displacement applied to rigid-body plane, ensuring that inlet face translates under bending loading.

	Outlet face (fluid domain, vessel wall, perivascular material)
	All nodes constrained to rigid-body plane via sliding contact, enforcing axial constraint and allowing radial movement.  Bending displacement applied to rigid-body plane, ensuring that outlet face translates under bending loading.


Supplementary Table 1: Summary of structural constraints applied for rigid CFD, FSI without-bending and FSI with-bending simulations
Observed bending displacements vary according to axial position within the vessel, and hence are applied as 3D nodal displacements specific to the axial location of the node, in a row by row basis.  An example of the nodal locations for the bending displacements is shown in Supplementary Figure 5.
Reproduction of results
Input files have been made available for the three different analysis types of the Left Anterior Descending artery: rigid-wall Computational Fluid Dynamics (CFD), Fluid Structure Interaction (FSI) without-bending, and FSI with-bending.  The models are suitable for running in Abaqus/Standard and Abaqus/CFD v6.14.  The files can be found here: https://doi.org/10.5281/zenodo.7654957.
Calculation of shear metrics
Shear metrics were calculated according to the following equations.
Time Averaged Wall Shear Stress (TAWSS) 7:
					A1
Where T represents the cardiac cycle time period,  the instantaneous WSS vector, and t  the time.
Oscillatory Shear Index (OSI) 7:
  				A2
Transverse Shear Stress (tSS) 3:
 				A3
Where  represents the normal to the vessel wall surface.
Calculation of computed vessel diameters
Given that the reconstructed vessel geometries will have non-circular cross-sections, calculated values of diameter are based on mean values.  Diameters are calculated for each pair of opposite nodes on a circumferential section, which provides 24 values based on a circumferential mesh resolution of 48 nodes.  The mean of these 24 diameter measurements is then calculated.
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Supplementary Figure 1: Axial cross-sections showing combined fluid and structural domain FSI computational meshes for LAD, LCx, and RCA.  Fluid domain shown in pink, vessel wall shown in blue, perivascular support material shown in off-white.  Flow direction is from left to right, inlet extension not shown.  
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Supplementary Figure 2: Combined fluid and structural domain FSI computational meshes for LAD, showing outlet face without and with node set (marked in red) used for structural constraints.  Node set on inlet face is identical.  Fluid domain shown in pink, vessel wall shown in blue, perivascular support material shown in off-white.
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Supplementary Figure 3: Combined fluid and structural domain FSI computational meshes for LAD, showing node set, marked in red, used for structural constraints on outer surface of perivascular support material.  Fluid domain shown in pink, vessel wall shown in blue, perivascular support material shown in off-white.
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Supplementary Figure 4: Plots of showing multiple projections of vessel-centreline reconstructions used for calculation of bending displacement vectors, for LAD, LCx and RCA.  Centrelines were extracted from vessel reconstructions based on sequential orthogonal angiograms of uninstrumented vessels, at diastole and systole.  
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Supplementary Figure 5:  Undeformed mesh of LCx vessel wall showing nodal locations of applied bending displacements in red.  Bending displacement nodes are located on the inner curvature of the vessel and cover approximately 30% of the circumference.  Inlet extension is shown.  Inlet and outlet faces were also included in the bending displacements, but this was achieved via displacement of rigid contact planes.
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Supplementary Figure 6: Results of Oscillatory Shear Index (OSI) for rigid-wall CFD, FSI without (w/o) bending, and FSI with-bending, for LAD, LCx and RCA.  Maps of each artery are presented as opened and flattened, showing magnitude and location of OSI for flow from proximal (left) to distal (right).  Histograms compare the CFD, FSI without bending, and FSI with bending OSI datasets for each vessel.
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Supplementary Figure 7: Histograms comparing the three components of cyclic logarithmic strain (%) between FSI without bending and FSI with-bending, for LAD, LCx and RCA.
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