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Spinal cord ischemia after complex EVAR
• Incidence of spinal cord ischemia (SCI): 2% - 12.5%1,2

• Preoperative imaging to predict SCI has not been investigated extensively.

“Prediction of spinal cord ischemia after complex EVAR 
using artificial intelligence focussing on pre-operative imaging”

• High risk SCI patients à CSF drainage, staging or pre-emptive coiling of spinal arteries

• Our project:
• Enhance SCI prediction using preoperative imaging
• Use AI for imaging-based feature extraction on large datasets
• Combine imaging features and clinical data to predict SCI

1Dias-Neto, J Vasc Surg, 2023, 2Rinaldi et al., JEVT, 2023

Oderich et al., 2021
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Project overview

Preoperative CTA

Deep learning-based
segmentation

Baseline demographics Risk factors

Procedural information

Lumen

Thrombus

Left subclavian artery

Vertebral artery

Hypogastric arteries

Spinal canal

Iliopsoas muscle

Spinal arteries

Analysis:
SCI vs non-SCI patients

Predictive AI-model for spinal cord ischemia
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Project partners
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Step 1: Anatomical FEATURES automatic analysis
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Automatic segmentation of the aorta

ü Priors
ü Symmetries
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Scale-invariant rotation-equivariant segmentation

Alblas et al, Medical Image Analysis (Under review)
Rygiel, Alblas et al. MICCAI STACOM (2024)
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Automatic TBAD segmentation

Manually segmented Predicted

Outer wall segmentation
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Aortic dissections

Segmentation of true and false aortic lumen

Centerline tracking of true and false aortic lumen

Ø Diameter, Volume, Shape analysis, Radiomics
Milou ter Braak, Jelmer Wolterink, Kak Khee Yeung
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Pre-operative

Volume
Top T12 – top L4

320 ml

Max diameter 8.1 cm

Post-operative – 2 years

Volume
Top T12 – top L4

279 ml

Max diameter 7.3 cm

*Multiplanar reconstruction based central luminal line
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Deep learning-based segmentation of intercostal and lumbar segmental arteries on 
preoperative CTA

11 patients with AAA

196 visible arteries with
centerline annotations

ROI selection with AI model1

Dataset splitting
• 134 arteries for training
• 62 arteries for validation

Performance evaluation based on:
• Detection rate
• Precision
• Dice similarity score (overlap)
• Average surface distance

1L e s s m a n n  N ,  v a n  G i n n e k e n  B ,  d e  o n g  P A ,  I š g u m  I .  I t e r a t i v e  f u l l y  c o n v o l u t i o n a l  n e u r a l  n e t w o r k s  f o r  a u t o m a t i c  v e r t e b r a  s e g m e n t a t i o n  a n d  i d e n t i f i c a t i o n . M e d i c a l  I m a g e  A n a l y s i s .  2 0 1 9 ; 5 3 : 1 4 2 - 1 5 5

2 F .  I s e n s e e ,  P .  F .  J a e g e r ,  S .  A .  A .  K o h l ,  J .  P e t e r s e n ,  a n d K .  H .  M a i e r - H e i n ,  “ n n U - N e t :  a  s e l f - c o n f i g u r i n g m e t h o d f o r d e e p l e a r n i n g - b a s e d b i o m e d i c a l i m a g e  s e g m e n t a t i o n , ”  N a t .  M e t h o d s 2 0 2 0  1 8 2 ,  v o l .  1 8 ,  n o .  2 ,  p p .  2 0 3 – 2 1 1 ,  D e c .  2 0 2 0 .  

3D nnU-Net2 model was trained
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Results

Validation performed on 62 annotated arteries.

Metric Result

Correct detection rate 97% (60/62)

Precision 94%

Dice similarity score 0.71

Average surface distance 1.7 mm
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Trained again Dataset
(n=14)

Lumbar arteries:
I - IV

Posterior intercostal arteries:
III - XI

Subcostal arteries

14

Results

Test sample 2

Red = ground truth
Blue = U-Net
Green = nnU-Net

DSC clDice

U-Net 0.702 0.825

nnU-Net 0.717 0.907

a b c
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(Ilio)psoas muscle as a predictor for SCI after F/B-EVAR
• Sarcopenic patients have an increased risk of early mortality after EVAR and FB-EVAR                       

[Meta-analysis by Bradley et al., Sci Reports 2022]

• Evaluation of psoas muscle as prognostic factor for SCI 
[Kölbel et al., JEVT 2023] [Alenezi et al,. CVIR 2021] [Doonan et al., Ann Vasc Surg 2022]

• Psoas muscle volume might be superior for defining sarcopenia
[Amini et al., J Gastrointest Surg.] [Takahashi et al., BMC Cancer 2024]

Goal: 
Investigate the predictive value of (ilio)psoas muscle parameters for SCI 

after Fenestrated and Branched EVAR
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Psoas muscle as a predictor of SCI

138 patients
87 non-SCI, 51 SCI

Non-ruptured Crawford I-IV

Amsterdam & Hamburg

2D measurements
- Psoas muscle area – cm2

- Attenuation – HU
- Lean psoas muscle area – cm2*HU 

3D measurements
- Iliopsoas muscle volume – cm3

- Attenuation – HU
- Lean Iliopoas muscle volume  - cm3*HU

SCI vs non-SCI
Exclusion criteria

- Inadequate pre-op CTA
- Metal implants Multivariate analysis
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Performance of 2D and 3D measurements

Deep learning-based
segmentation

(nnUNet model)

Preoperative  CTA Segm entation

Automatic 
postprocessing for
feature extraction

3D iliopsoas muscle
parameters

Iliopsoas muscle 

segmentation

Psoas muscle area 

measurement

Two independent observers

Dice Similarity Coefficient: 0.937

Preoperative  CTA

Psoas muscle area 

measurement

Two independent observers

Preoperative  CTA
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Multivariate analysis showed that the psoas muscle area is 
predictive for SCI

Variable Univariate analysis Multivariate analysis

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age - per year 0.982 0.940-1.025 0.405

Female sex 1.686 0.823-3.451 0.153

Height - per cm 0.969 0.932-1.007 0.111

eGFR <60 ml/min/1.73m2 1.594 0.784-3.238 0.198

ASA 4 4.446 1.293-15.287 0.018 4.522 1.138-17.972 0.032

Diameter – per mm 1.018 0.990-1.047 0.214

Crawford I, II, III 5.350 2.170-13.186 <0.001 3.692 1.344-10.144 0.011

Symptomatic aneurysm 4.446 1.293-15.287 0.018 N/A N/A N/A

Preoperative drain 2.500 1.198-5.218 0.015 2.847 1.233-6.574 0.014

Dissection 2.098 0.849-5.186 0.109

Prior aortic intervention 0.817 0.348-1.917 0.642

Psoas muscle area – per cm2 0.787 0.668-0.926 0.004 0.815 0.680-0.977 0.027
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Automatic spinal canal centerline extraction

1. Region labelling in axial slices
2. Size and location constraints
3. Centroid of eligible regions

Vertebrae segmentation
Localization of enclosed

spinal canal centroids
Spline fitting 
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Methods

239 patients
181 non-SCI, 58 SCI

Non-ruptured Crawford I-IV + 
complex AAA

Amsterdam & Hamburg

Minimal enclosed spinal canal area per 
vertebra

SCI vs non-SCI

Exclusion criteria
- Inadequate pre-op CTA
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Results: no difference in minimal enclosed spinal canal area 
between SCI and non-SCI patients à excluded for further
analysis in the model
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Machine learning-based prediction of SCI after complex EVAR

260 patients
• 190 non-SCI – 70 SCI

Two centers
• Amsterdam & Hamburg

Crawford I-IV & complex AAA

Performance evaluation
• 5-fold cross-validation

• 10 random splits
• Area Under ROC

Training of multiple classifiers
• Logistic regression, random forest, 
• MLP, XGBoost

Input parameters
• Age, sex, ASA, eGFR, aneurysm extent, 

symptomatology, psoas area x 
attenuation
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Results

Cross-validation

Aneurysm extent

Psoas area x 

attenuation

Symptomatology

Renal function

Age

Sex

ASA classification

In favour of SCIAgainst SCI

Feature importance

Classifier Mean AUC ± Std Min – Max

Logistic regression 0.806 ± 0.052 0.784 – 0.816

Random Forest 0.801 ± 0.050 0.780 – 0.827

MLP 0.644 ± 0.082 0.611 – 0.669

XGBoost 0.782 ± 0.056 0.760 – 0.800

24



11/21/25

5

Achieved and still to perform

Preoperative CTA

Deep learning-based
segmentation

Baseline demographics Risk factors

Procedural information

Lumen

Thrombus

Left subclavian artery

Vertebral artery

Hypogastric arteries

Spinal canal

Iliopsoas muscle

Spinal arteries

Analysis:
SCI vs non-SCI patients

Predictive AI-model for spinal cord ischemia

More patients needed (now analysis of 290 patients) 
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Conclusion
Automatic image analysis with AI is possible:
- Simple psoas area measurements are predictive for high risk SCI patients

- Spinal arteries segmentation with AI can be used to feed the algorithm
for prediction of SCI and endoleak type 2

The use of machine learning based classifiers shows promising results for
preoperative identification of patients at high risk of spinal cord ischemia
after F/BEVAR

26

Thank you team

k.yeung@amsterdamumc.nl

• Kak Khee Yeung – Vascular surgeon, Full professor – Amsterdam UMC

• Jelmer Wolterink – assistant professor University of Twente

• Vincent Jongkind – Vascular Surgeon – Amsterdam UMC

• Stefan Smorenburg – Technical physician – Amsterdam UMC

• Kaj Kappe – engineering physician (PhD-student)

• Investigators team / collaborations: special thanks to Tilo Kölbel
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