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Clinical context
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Cerebral Aneurysms

• Local dilation of a cerebral artery

• Formation of a blood-filled aneurysmal sac under pressure

• Risk of rupture, leading to intracranial hemorrhage

• Possible ischemic complications (vasospasm, stroke)

Key Statistics

• Prevalence: 5% of the population affected

• Mortality: 60% within 3 months post-rupture

Risk Factors

• Exogenous: Hypertension, age, ethnicity, smoking

• Endogenous: Size and location of the aneurysm

Treatment Options

• Surgical: Neurosurgery

• Minimally Invasive: Endovascular intervention

©S. Truex
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https://utswmed.org/conditions-treatments/brain-aneurysm/brain-aneurysm-risk-factors/
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MRI for aneurysm detection
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Detection of aneurysms

• Conventional reference: arteriography (invasive, X-ray based, requires 
anesthesia and operating room)

• MRI as a non-invasive alternative using magnetic fields (non-irradiating)

MRI 4D flow sequence

• 4D = 3D spatial + temporal dimension

• Combines morphological imaging (anatomy) and functional imaging (blood 
flow) with three velocity components measured in each spatial direction (𝑥,𝑦,𝑧)

• Velocity encoding: The phase shift of proton spins is proportional to blood flow 
velocity     Δ𝜙 = 𝛾𝑣𝐺𝑡²

Applications

• Assessing the risk of rupture in cerebral aneurysms

• Detection of hemodynamic anomalies (turbulence, stagnation zones)

• Analyzing vascular malformations (stenoses, fistulas)



MRI experiments materials
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➢ Realistic vascular 
geometry

➢ Vascular phantom: 
A silicone model 
based on real 
patient geometry, 
featuring three 
aneurysms.

➢ Consistent 
geometry enables 
reliable and 
repeatable testing in 
MRI.
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https://www.elastrat.com/documents/fichiers/167_tr47_hn-r-a-ev-003-09-2021.pdf


MRI experiments materials
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➢ The pump is not MRI-
compatible

➢ Relocated outside 
the MRI room

➢ Connected to the 
phantom via 7-mm-
diameter tubes and 
waveguides (total 
length: 15 meters)

➢ Provides a 
continuous flow of 
1,500 mL per minute
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https://www.fishersci.ie/shop/products/ismatec-mcp-z-drive-pump/11957775


MRI 4D flow sequence time optimization 
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• Acquisition of a reference 
volume under continuous 
flow conditions

• Generation of a long-
duration raw sequence

Reference

• Acquisition of a sequence 
for each level of all factors 
under investigation

• Continuous flow maintained 
as a single dynamic process

Acceleration 
Factors • Voxel-to-voxel comparison 

of masked volumes using R

• Calculation of the Pearson 
correlation coefficient for 
quantitative analysis

Degradation 
Quantification
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Comparison of two identical sequences
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Squared Pearson correlation factor of 0.96

Median Mean Std

Reference 60.75 61.95 15.29

2nd flow 60.41 61.75 15.13

Difference -0.19 -0.20 2.90
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Separated GRAPPA acceleration factor
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Separated GRAPPA reconstructs missing k-space lines using 
convolution kernels estimated from fully sampled central k-space
for each coil (pre-scan calibration)

Choice of acceleration factor: separated GRAPPA  3
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7 0.17 1’09 6.28

8 0.18 1’00 7.22
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4D flow sequence optimization review
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Phase resolution 40% (2.45× reduction, 𝑅2 = 0.94) → 
underestimation of high speeds → degradation of 
anatomical masking → addition of a filter

Slice resolution 50% (2.07× reduction, 𝑅2 = 0.95) 
and both phase and slice partial Fourier 75% (1.77×
reduction, 𝑅2 = 0.97) 

Other indicators were computed and compared but 
did not add further insight

Acquisition time dependent on the patient’s heartbeat 
(optimized to 5:34 for 60 bpm)

Squared
Pearson 

correlation
factor

Tacc
1dyn

Tacc
reduction

1dyn

Tacc
75bpm

Tacc
reduction

75bpm

Reference 1 7’13 1 1’49’15 1

Optim 0.77 0’21 20.62 4’27 24.55
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Conclusion & perspectives
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Reference Optimization
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1. Tests are now conducted 
using Philips and GE MRI 
machines

2. Methodology 
demonstrates stability on a 
vascular phantom with 
aneurysms

3. Further validation 
required on patient data

Loss of some small vessels → Improved segmentation needed

Velocity field is smoother in the optimized version due to interpolation from acceleration factors
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Thank you for your attention!

Any questions?

https://estherfontaine.github.io/
mailto:esther.fontaine@univ-reims.fr

