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Surgical threshold

methods for the prediction of AAA growth can impact on these aspects of clinical practice 

Surveillance Interval

SVS, ESVS, AHA, EHJ guidelines: 
• 3.5-4.4cm – yearly scan
• 4.5-5.5cm – biannual scan

NHS AAA screening program:
• 3.5-4.4cm – yearly scan
• 4.5-5.5cm – quarterly scan

Karthikesalingam et al NEJM 2016

Beck et al Circulation 2016

Discrepancies in the management of ‘small’ AAAs between geographical regions



Physiological BiomarkerR Lee et al 2017Patent x1 (granted)

Biochemical Biomarkers

R Lee et al 2019,2020

Patent x1

Machine Learning

R Lee et al 2018

Imaging Biomarkers
R Lee (last) 2020 x2, 2021

Patents x3
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Prediction of growth in AAA patients – OxAAA study

Baseline
characteristics

Fast
vs

Slow

Aim:
Using baseline features

To predict future growth rate 

Oxford Abdominal Aortic Aneurysm Study

Methods:
• Prospective cohort study of AAA patients 

undergoing NHS surveillance pathway
• Individual consent (IRB: SC/0250/13)
• Recruitment: since Nov 2013
• At baseline: 

• AAA size by U/S – max AP diameter (APD)
• Measurement of FMD

• Marker of endothelial dysfunction
• Collection of plasma samples

• EDTA, platelet poor plasma
• Future growth rate calculation :

• For patient receiving AAA surveillance: 
• repeat sampling yearly follow up

• For patients undergoing AAA surgery:
• Repeat sampling before and after Surgery
• Intra-operative tissue biopsy 



 Flow Mediated Dilatation (FMD) as a biomarker of AAA growth

Flow mediated dilatation (FMD) of brachial artery is physiological index of endothelial function (ie ‘healthiness’ of the artery) 



Mode 1: prediction of AAA growth using physiological parameter
Bench mark Machine Learning techniques: 
• Two input features (FMD, AAA diameter), 
• nonlinear support vector machine regression (SVR) with Kernel tricks 
• hyper-parameter optimisation with nested 5-fold cross-validations
• Allowed 2mm margin of size prediction (accepted technical variation between U/S scans)

Successful prediction of growth: At 12 months - 85%; at 24 months - 71%



AAA “complex” as the source of mediators for systemic biological manifestations

Hypothesis:
The aneurysm complex is the source of mediators that drives 

systemic biological effects in AAA patients



Experiment 1

AAA 
Thrombus

omentum

Experiment 3 

omentum

AAA Thrombus

RPMI

Experiment 4

Experiment 2

Integrated Plasma and Tissue Proteomics 
Reveals Attractin Release by Intraluminal Thrombus of Abdominal Aortic Aneurysms

Experiment 1: plasma samples of fast vs slow growth patients
Experiment 2: plasma samples from same patient before vs after surgery

Experiment 3: Analysis of ILT protein content 
Experiment 4: Analysis of ILT protein ‘secretome’

We found 3 proteins that: (1) higher in patients with fast growing AAA, (2) reduced in systemic circulation after AAA 
repair, (3) highly abundant in AAA ILT, (4)  released from ILT: Attractin, Complement C8, HSPAA5P



R Lee et al
Ann Surg 2020

Technical validation of the LC-MS/MS data by ELISA

Mode 2: prediction of AAA growth with biochemical markers

Attractin + AD

AD only



Anirudh Chandrashekar 
BE, DPhil

AI enables high throughput characterization of arterial morphology with or without contrast



Geometric features and AAA growth: radius of curvature and undulation index

Chandrashekar A et al, 
Annals of Surgery, 2021



Radius of Curvature and Undulation Index are independent of demographic traits



Diameter, UI and RC correlates with future AAA growth 
Independently observed in two cohorts

Oxford Cohort
(n=192)

MA3RS Cohort
(n=148)

Newby et al. 
(Edinburgh)

Chandrashekar A et al, Annals of Surgery, 2021

Diameter Undulation Index Radius of Curvature



 Mode 3: Prediction of AAA growth using Geometric Features on CT scans
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Linear regression model, trained and optimised 
using 10 fold cross validation to predict AAA 

growth as a continuous variable

By combining AD, UI and RC as variables, 
prediction of growth (12 months) to 

within 2mm accuracy in ~90% of cases

The optimised prediction model was 
tested in the independent MAR3S cohort

Chandrashekar A et al, Annals of Surgery, 2021





Prediction of individual AAA growth is feasible
 

*Seeking Collaborators for further validation studies* 
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Regent.Lee@nds.ox.ac.uk


