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The Zero Radiation Project: MRI can replace radiation in 
the diagnosis, treatment and follow-up of EVAR treated 
AAA patients: How to do it and validation.
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Disclosures

• TKI-Health Holland: MARVY project
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Move from CTA and US to MRI
• Why do we want to use MRI?

• Add a lot of quantitative data next to the structural information 

Compared to CTA
1. No ionizing radiation 
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Move from CTA and US to MRI
• Why do we want to use MRI?

• Add a lot of quantitative data next to the structural information 

Compared to CTA
1. No ionizing radiation 
2. No use of nephrotoxic contrast agents (Gadolinium-based contrast agent in some exams)

Compared to US
1. No user dependence in diameter measurements
2. Air and fat to not disturb the images as much
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Move from CTA and US to MRI
• Why: no radiation, more than just structural information, possibly no contrast agent
• Goal: assess feasibility and added value of MRI as imaging technique compared to CTA and US

• Three phases with patient inclusion
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CT

Surveillance of the AAA

Patient presents 
with AAA

Pre-operative 
EVAR planning

EVAR procedure 

Follow-up of the 
placed endograft
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CT
Post-EVARSurveillance Planning
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MRI for improved rupture risk prediction
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CT
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2. Reed et al. Archives of internal Medicine, 1997
3. Wilson et al. Journal of Vascular Surgery, 2003

v [m /s]

Quantitative MRI 4D flow MRI
Time-resolved 3D phase contrast MRI with 

three-directional velocity encoding
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Aims
1) To develop an automatic post-processing pipeline for 4D flow MRI in AAA patients, incorporating

robust segmentation and aneurysm identification;

2) To apply this pipeline to investigate potential correlations between longitudinal changes in aortic

diameter (the gold standard) and 4D flow MRI-derived parameters CT
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CT
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Acquisition parameters

CT
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9 . R. Merton et al., Magnetic Resonance in Medicine, 2024 
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4D flow MRI
Retrospective ECG-gating
Free breathing 
VENC = 52cm/s
Acquired/reconstructed spatial resolution = 1.6/1 mm isotropic
Temporal resolution ± 40 ms
Acceleration PROUD CS. by factor of (7.1-9.5)x
Scan duration = 7-11 minutes 

M agnitude data Phase data

3D bSSFP Cine9

Retrospective ECG-gating
Free breathing (respiratory self-gating & retrospective binning) 
Same resolution and FOV as 4D flow
FA = 40°
Acceleration PROUD CS. by factor of (10.5-12.2)
Scan duration = 4-6 minutes 

+
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21 AAA patients
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Limited contrast for 4D flow MRI segmentation 

CT
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PC-MRA 3D Cine

Lumen segmentation based on 
3D Cine MRI overlaying the

corresponding PC-MRA
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Automatic segmentation with an nnU-Net

CT
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CT

10. F. Isensee et al., Nature Methods, 2021

nnU-Net10: a self-configuring deep learning model

Manual segmentations
• First cardiac timeframe of the mean respiratory phase data

• Software: Mimics (Materialise)

Input for the nnU-Net
• 16 segmented scans for training

• 350 epochs and 5-fold cross-validation

11

11

Aneurysm extraction in automated pipeline
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11. E. Schrauben et al., Amsterdam UMC FlowProcessingTool (version 1.0) https://github.com/schrau24/FlowProcessing
12. D. Chatterjee et al., Abdominal Radiology, 2024
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1. Centerline based on 
thinning algorithm

• Automated pipeline is based on the Amsterdam UMC FlowProccesingTool11

2. Ellipse fitting applied to 
each cross-section12

3. Aneurysm extraction based 
on diameter threshold

4. Resulting aneurysm in 
yellow

12
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Calculating flow velocity and wall shear stress 
• Mean and peak WSS were determined within 

the extracted aneurysm volume

• Measured parameters:
• Minimum mean WSS
• Maximum mean WSS
• Minimum peak WSS
• Maximum peak WSS

CT
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Relation between WSS and diameter

CT
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CT
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This illustrates that 
hemodynamic alterations 

can occur independently of 
diameter or volume 

changes. 
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Preoperative pipeline achieved
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CT
CT

1. Robust automated pipeline 
for 4D flow MRI in AAA 

patients

2. WSS changes over time 3.  Future: validation of 
WSS as biomarker
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CT
Post-EVARSurveillance Planning
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WP2: MRI protocol development for EVAR planning
• MRI for planning the EVAR stent 
• Difficulties:

• Balance between large FOV and breathing motion or breath hold restrictions
• Balance between large FOV and small spatial resolution (comparable with CTA)
• No contrast agent
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EVAR-planning

9 patients with
CTA & MRI

6 radiologists & vascular
surgeons

17 measurement points
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Resulting MRI-scan

• Respiratory triggering and cardiac 

triggering 

• No breath holds

• Isotropic spatial resolution of 1mm3

• Large FOV of 30 by 40 cm

• Scan duration between 3-7 minutes

• No contrast 
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CTA and        MRI comparison

thrombus
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calcifications

CTA and        MRI comparison

21

Measurement protocol
• Diameter: neck, aneurysm en iliac arteries
• Length: neck, neck-iliac bifurcation, iliac lengths

• Angles: supra- and infrarenal angulation
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Intraclass correlation coefficient 
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Non-inferiority analysis showed that MR is non-
inferior to CTA 
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CT
Planning Post-EVARSurveillance
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Follow-up imaging after EVAR
v [m /s]

4D flow MRI
Time-resolved 3D phase contrast MRI with 

three-directional velocity encoding
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4D flow MRI in post-EVAR patients is compromised
1) Artefacts caused by nitinol stent graft (particularly pronounced in the phase data).

2) Aliasing in the phase data because of high variability of velocities over the FOV and low VENC.
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Magnitude data, optimalization of the protocols 
• We can scan nitinol stent grafts but 

not stainless steel (No Cook +- 50% 

of all stents placed in the AMC)
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CT
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4D flow MRI in post-EVAR
• Based on calculations of the conservation of mass the data 

looks reliable
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CTPT1 flow 
[m l]

PT2 flow 
[m l]

PT3 flow 
[m l]

PT4 flow 
[m l]

PT5 flow 
[m l]

Plane 1 (above the celiac trunk) 53.0 45.9 51.7 66.8 26.3

Plane 2 (below the renal arteries) 17.9 10.9 16.0 24.2 18.7

Plane 3 (above the bifurcation of the 
stent graft)

19.2 12.1 19.2 25.7 10.9

Plane 4 (leg 1 of the stent graft) 9.8 7.8 12.7 11.9 4.9

Plane 5 (leg 2 of the stent graft) 9.2 4.6 10.8 10.3 6.1

Plane 6 (last part of leg 1 of the stent 
graft) 

9.6 2.4 6.1 9.6 3.1

29

MRI post-EVAR with type 1 endoleak

CT

20 post-EVAR patients

• 10 with sac shrinkage
• 10 with endoleak type I or II

à currently evaluating

30



11/20/25

6

Interventional MRI? 
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Conclusions
• With optimalization of protocols, use of AI àMRI can be implemented in pre- and

post EVAR, including planning of the EVAR
• Interventional MRI: need for product development and optimalization of MR scan 

protocols (+ help of AI for fusion)
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Thank you for the attention! 
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ANNUAL
40 TH

ES
VS

MEETING

6th - 9th October 2026
Belgrade, Serbia

SAVE THE DATE

Scan for more info!
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