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A pilot study of pancreaticoduodenal artery aneurysms concomitant with coeliac artery stenosis: Using computational haemodynamics to better understand a rare disease.
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Inlet Boundary Calculations
4D-MRI data for patients with similar pathologies, Y. Mano et al. report and average body surface area of 1.67 m2 and average supra-coeliac flow rate of 0.038 kg/s for density of 1060 kg/m3. The cardiac output (CO) of the Y. Mano et al. cohort was estimated using Equation 2 for reported mean height and weight of 160.6 cm and 62.8 kg respectively.(Mano et al. 2013) The CO of our cohort was also estimated using Equation 2 (Jegier et al. 1963) to calculate a scaling factor to apply to the supra-coeliac flow measured by Y. Mano et al. as per Equation 3. The scaled supra coeliac flow was applied as the inlet condition (Equation 4). This assumes that the ratio of CO to supra-coeliac flow is constant across patients. 
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Where BSA = Body surface area (estimated); CO = Cardiac output; SC4D = Supra-coeliac flow rate measured using 4D-MRI by Mano et al.; SF = scaling factor. BSA is estimated using the method proposed by R.D. Mosteller (1987).

Where data were missing, a corresponding average height and/or weight for the Australian population (ABS 2012) was assigned based on gender and scaled based on the difference of the metric available to the population average using an estimated cubic relationship between height and weight. Values were converted using a density of 1060 kg/m3. Note, a transient solver was utilised when sufficient convergence could not be achieved using steady state methods. 


Mesh Sensitivity Analysis
Reconstructions were discretised using polyhedral cells with prismatic layers on the walls and mesh cell size that automatically varied based on vessel diameter.
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Supplementary Figure 1. Analysis of numerical error in the simulation of a case, estimated using the grid convergence index (GCI) showing estimated error in (A) average aneurysm wall shear stress (WSS) and (B) average lumen WSS calculations. 

Mesh settings used are summarised in Table I and mesh extrusions of ten times the diameter were applied at the inlets and outlets.
Supplementary Table I. Summary of parameters used for creating the computational mesh throughout the fluid domain.
	Region / diameter - mm
	Aneurysm
	0-5
	5-10
	10-100

	Prism layers - n
	16
	16
	12
	8

	Prism layer thickness - mm
	0.20
	0.15
	0.40
	0.80

	Prism layer stretching
	1.30
	1.30
	1.30
	1.25

	Absolute cell size - mm
	0.1
	0.2
	0.4
	0.8







Murray’s Law Exponent Selection
Using Equation 5, Murray’s law (ML) exponents of 2.00, 2.33, 2.42 and 3.00 (previously reported for other vasculatures) were compared (Chnafa et al. 2017; Revellin et al. 2009).
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Where  and .
The results detailed in Table II demonstrate the importance of outlet boundary condition selection, with the difference between ruptured and intact groups decreasing as the exponent increased. A ML exponent of 2.42 produced average aneurysm shear stress within 34% of those measured by 4D-MRI in the cohort studied by Mano et al.,(Mano et al. 2013) indicating it may be the most suitable outlet condition in lieu of more accurate in-vivo data. Note, the flow regime was assumed laminar as the Reynold’s number was approximated at 250 in a PDA region where it was expected to be highest. 
Supplementary Table II. Comparison of aneurysm wall shear tress (WSS) between rupture and intact groups for different Murray’s law exponents set as the outlet condition. 
	ML Exponent
	2
	2.33
	2.42
	3

	Cohort
	1.27 (1.44)
	0.57 (0.67)
	0.46 (0.12)
	0.12 (0.13)

	Rupture
	0.57 (0.36)
	0.27 (0.16)
	0.46 (0.12)
	0.07 (0.04)

	Intact
	1.53 (1.62)
	0.69 (0.76)
	0.55 (0.61)
	0.14 (0.15)

	Rupture vs Intact difference - %
	63
	62
	17
	46

	Cohort vs 4DMRI difference - %
	76
	47
	33
	159


Results are reported as mean (std. deviation) unless otherwise stated. ML = Murray’s law; 4DMRI = four-dimensional magnetic resonance imaging obtained by Mano et al.1


Image Reconstruction
[image: ]
Supplementary Figure 2. Workflow used during the three-dimensional reconstruction of visceral arteries from computed tomography angiography images.
* If PDA vessel not fully captured, trim up to where it can be defined and place outlets at trimmed surface.
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Image to 3D Object Conversion
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