
Introduction
Following large vessel occlusion (LVO) stroke, collateral 
arterial circulation beyond the site of occlusion is thought 
to modify individual extent of neurological damage.

Quantitative collateral status is increasingly used for acute LVO
decision-making, including endovascular thrombectomy 
eligibility, but remains poorly standardized. 

We aimed to 1) assess concordance of collateral status ratings 
among neuroradiologists, and 2) compare radiologist 
performance to a CTA radiomics-based model

Interrater concordance of collateral status among 
neuroradiologists was poor, despite individual rater’s 
scores being predictive of clinical outcome.

Current measures of collateral status are not reliable in 
the real-world setting, especially when used as a marker 
for endovascular thrombectomy eligibility or other 
decision-making in acute LVO. 

Further development of automated machine-learning 
models may help provide objective, consistent collateral 
status quantification. 

Radiomics model performance

Support
1. SP: Doris Duke Charitable Foundation (2020097) and Radiological Society of North America (A129581)
2. EA: Neiman Health Policy Institute Fellowship 2022-2023
3. KS: NIH U24NS107215, U24NS107136, U01NS106513, R01NR018335; American Heart Association

17CSA33550004; grants from Novartis, Biogen, Bard, Hyperfine & Astrocyte. Equity interests in Alva Health.

Contact: Emily Avery, emily.avery@yale.edu

Interrater concordance

Emily W. Avery1, Anthony Abou-Karam1, Sandra Abi-Fadel1, Jonas Behland1,2, Adrian Mak1,2, Kevin N. Sheth1, Charles C. Matouk1,
Pina C. Sanelli3, Ajay Malhotra1, Seyedmehdi Payabvash1

1: Yale University School of Medicine; 2: Charite Lab for AI in Medicine, Charite - Universitatsmedizin Berlin;
3: Dept. of Radiology, Northwell Health

Interrater concordance of collateral arterial flow in large vessel occlusion CT angiography

497 subjects were included in the training cohort, and best-performing
models from cross-validation were applied to an independent cohort of 
101 subjects

Independent validation, n=101
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Cohen’s kappa = 0.39 Cohen’s kappa = 0.21 Cohen’s kappa = 0.17

3-rater kappa = 0.22, p<0.001
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Independent validation

AUC=0.78 
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*The collateral status ratings were determined as 
  poor (1), intermediate (2), or good (3)

0.689 0.803

Models successfully 
predicted collateral status in 
cross-validation and 
independent validation

Model scores were significantly 
correlated with outcome and 
were an independent predictor 
of outcome in multivariate 
logistic regression

B.  Poor/moderate vs good  

Consensus score distributions

Correlation with mRS 
(rho)

Multivar. logistic 
regression coeff.

Neurorad. #1 0.35, p<0.001 0.64, p=0.0120

Neurorad. #2 0.28, p=0.00509 0.15, p=0.532
Neurorad. #3 0.13, p=0.134 0.28, p=0.04
Consensus 0.31, p=0.00196 0.48, p=0.0535
Radiomics 0.45, p<0.001 0.87, p=0.0183

Relationship with clinical outcome

mRS=modified Rankin scale at 3-month follow up

Individual rater and radiomics 
model collateral status scores 
were significantly correlated 
with clinical outcome (mRS) and 
were independent predictors of 
clinical outcome

Multivariate logistic regression 
controlled for age, sex, stroke 
severity, and reperfusion success
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Anterior circulation LVO stroke patients with 
good quality admission CTA who presented to 
Yale Health between 2014-2021, n=598 

Collateral status rated by 3 
independent neuroradiologists 
using the Miteff scale (good, 
moderate, or poor collateral flow)

Consensus assessed between 
each pair of neuroradiologists
(Cohen’s kappa) 

 

1116 radiomics features extracted from 
bilateral MCA territories of each CTA

Model training and cross-validation: 36 
combinations of 6 machine learning 
classifiers & 6 feature selection methods 
assessed as candidate models (n=497) 

Best-performing models selected for 
validation on independent cohort 
(n=101)

Concordance of radiomics models 
with ground truth

Relationship between collateral status 
scores and clinical outcome (modified 
Rankin scale at 3-month follow-up) 
assessed

Consensus as
ground truth

Miteff score
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