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Participant Recruitment and Study Design
[image: Diagram

Description automatically generated]
Figure S1: Flow diagram of participant recruitment (left) and computational workflow of the study (right). Patients (n = 295) in this study population underwent routine computed tomography angiography (CTA) from which the computational model of the AAA was created for flow simulations. Measured clinical metrics (blood pressure, heart rate, height and weight) were used to determine inputs for the computational model.  

Blood Flow Simulations 
Simulation methods were based on established methods43-45 and were fully automated following creation of CT-based 3D reconstructions. Computational meshes consisted of polyhedral elements throughout the lumen domain with layers of prism elements adjacent to the lumen wall. Patient mass (M, kg) and height (H, m) were used to calculate patient body surface areas (BSA, m2) as per Equation 146, 47 which were in turn used to calculate the expected cardiac output as per Equation 248 for each patient. We used an established infrarenal AAA flow waveform obtained from literature46 and computed the expected cardiac output of the cohort (BSA = 2.06 m2; cardiac output = 6.6736 L/min). The ratio of patient-specific cardiac outputs (computed for each case in this study) to the average cardiac output of the infrarenal AAA flow waveform cohort46 (Equation 3) was used to adjust the amplitude of the flow waveform to improve the fidelity of patient-specific model input. 
							Eqn. 1
		Eqn. 2
			Eqn. 3
Windkessel models were implemented to represent the distal arterial bed at truncated outlets and parameters were tuned using patient-specific systolic and diastolic blood pressure and verification was done to ensure the correct pressure waveforms were produced. Blood was modelled as a non-Newtonian fluid using a Carreau-Yasuda rheological model based on established parameters49-51. Numerical accuracy of the simulations was tested using the grid convergence index (GCI)52, 53 to ensure results were independent of the mesh used; specifically, we verified convergence of time-averaged wall shear stress (TAWSS), time-averaged pressure (TAP), oscillatory shear index (OSI) and relative residence time (RRT). All GCI values were < 1 % indicating the asymptotic convergence of the solution as the computational mesh was refined.  Data was averaged over the cardiac cycle and extracted from each case for the entire domain. 
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Figure S2: Convergence of hemodynamic parameters. GCI values were well below 1% for all parameters (TAWSS = 0.35%, TAP = 0.001%, OSI = 0.15%, RRT = 0.44%). 


Repeatability of 3D Reconstructions
Table S2: Reconstruction repeatability study. Measurements 1-3 were completed by the primary analyst whilst 4-6 were completed by three separate analysts. Error (ɛ) is the difference from the mean of the three measurements made.
	Measurement
	Volume [mm³]
	ɛ %
	Surface Area [mm²]
	ɛ %

	1
	126,259
	0.18
	22,581
	2.60

	2
	126,593
	-0.09
	23,836
	-2.82

	3
	126,591
	-0.09
	23,131
	0.22

	Mean
	126,481
	0.12
	23,183
	1.88

	Std. dev.
	192
	0.05
	629
	1.44

	Primary
	126,481
	-1.16
	23,183
	3.03

	4
	125,216
	0.15
	22,139
	7.40

	5
	119,951
	4.06
	23,439
	1.96

	6
	128,473
	2.75
	26,866
	12.38

	Mean
	125,030
	2.03
	23,907
	6.19

	Std. dev.
	3642
	1.73
	2,051
	4.75


Additionally, we calculated the intra-class correlation coefficient (ICC) to quantify reproducibility. The ICC for intra-observer measurements was 1 (95% confidence interval [0.9998, 1]) and 0.9983 (95% confidence interval [0.9976, 1]) for inter-observer measurements, both representing excellent reproducibility.
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Missing Growth Rate Data
As with our previous study of this same cohort54, growth rate was not available in 46 cases, either due to repair prior to follow up ultrasound (n = 37) or death (AAA rupture, n = 2; myocardial infarction, n = 1; cancer, n = 1; other cause, n = 1). A further three cases of large AAA in elderly men were not repaired as they were unfit for surgery or declined. One case with a small AAA (36 mm) was lost to follow up after initial ultrasound.

Shear Stress as a Continuous Variable
We developed a Random Forest regression model and hyperparameter tuned the model on 75% of the data as a training set using Bootstrap samples. The best fit was obtained with 1000 trees, a target node size of 35 and a mtry of 4. The resultant model had an accuracy of 70.7% and an ROC AUC of 0.80. The partial dependence profile for each variable suggested that patients with a TAWSS of 0.4 Pa or less were most likely to encounter a major adverse aortic event.
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Figure S3: Random Forest regression model showing the dependence on shear stress below 0.4 Pa.


Inlet Flow Sensitivity Analysis
Aortic flow is likely to vary, particularly in AAA patients with hypertension, so we investigated the effect of varying flow rates. First, we examined the sensitivity of TAWSS to the inlet flow condition by simulating one case from each TAWSS tertile (low, medium, high) with 80%, 90%, 110% and 120% of the applied flow rate. A strong linear relationship was observed between the inlet flow rate and TAWSS, however no major changes to the surface distribution were observed.
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Figure S4: (A) Linear association between TAWSS and inlet flow rate for low, medium and high tertiles. (B) Surface plots of TAWSS scaled to the normal modeled scenario. No significant changes in TAWSS distributions were found with varying inlet conditions.
Next, we examined the sensitivity of TAWSS to heart rate in 12 randomly selected patients from the three tertiles (four per tertile). Briefly, we compared the effect of scaling the period of the inlet waveform to the average heart rate of the cohort to patient-specific heart rates. Differences were insignificant between the two approaches, with no association between TAWSS and heart rate (). Cases remained in the same grouped tertiles (Table S3). 

Table S3: Effect on TAWSS (Pa) of using patient-specific heart rates compared to the cohort averaged heart rate to scale the period of the inlet waveform. Differences were minimal and cases remained in the same tertile grouping. 
	Case
	TAWSS
	
	Tertiles

	
	Cohort HR
	Patient specific HR
	% difference
	
	Cohort HR
	Patient specific HR

	1
	0.3578
	0.3592
	-0.40
	
	Low
	Low

	2
	0.2986
	0.3105
	-3.98
	
	Low
	Low

	3
	0.3241
	0.3276
	-1.10
	
	Low
	Low

	4
	0.3446
	0.3534
	-2.53
	
	Low
	Low

	5
	0.4876
	0.4782
	1.92
	
	Medium
	Medium

	6
	0.5149
	0.4864
	5.54
	
	Medium
	Medium

	7
	0.5147
	0.5151
	-0.08
	
	Medium
	Medium

	8
	0.5050
	0.5077
	-0.52
	
	Medium
	Medium

	9
	0.6524
	0.6494
	0.47
	
	High
	High

	10
	0.6792
	0.6862
	-1.03
	
	High
	High

	11
	0.7204
	0.7177
	0.39
	
	High
	High

	12
	0.8173
	0.8078
	1.17
	
	High
	High
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