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Motivation 

Many pathologies

Many questions ??
??



Motivation Pharmacoresistant Lesional Epilepsy

Focal cortical dyplasia 2b

Task: Precise delineation of tissue to be resected



Motivation Cerebral ischemia

Task: Prediction of haemorrhagic transformation



Motivation Glioma
Task: Evaluate radiotherapy response



Motivation CADASIL
Task: Prediction of disease progression

CADASIL: Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy

Talozzi et.al. 2023



MRI as a non-invasive window to the brain



Imaging of diffusion properties of brain tissue



Diffusion 

diffusion diffusion

Spontaneous movement of substances through the environment until a uniform 

concentration is reached



Diffusion in MRI

DWI – diffusion weighted image without gradient pulse = b0



Spin echo MRI

Diffusion in MRI



Spin echo MRI

More water= higher signal

Diffusion in MRI

DWI – diffusion weighted image without gradient pulse = b0



Diffusion in MRI



Diffusion in MRI



H2O

Diffusion in MRI



H2O

Diffusion in MRI



H2O

Diffusion in MRI



H2O

Diffusion tensor

Diffusion in MRI
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Assessment of tissue diffusion properties

DWI – diffusion weighted image

Isotropic tissue
Tissue with dominant 
direction of diffusion
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FA: Fraction anisotropy
= level of inhomogeneity of diffusion

FA = 0
Isotropic tissue

FA -> 1
Non-isotropic tissue

Assessment of tissue diffusion properties
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λ2

λ3

λ1

MD=
λ1+λ2+λ3

3

MD: Mean diffusivity
= “strength” of diffusion

MD >
Faster diffusion

MD <
Slower diffusion

Assessment of tissue diffusion properties
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MK: Mean Kurtosis
= level of non-linearity

KFA: Kurtosis Anisotropy
= non-homogeneity of kurtosis

MK -> 0
Linear diffusion

MK > 0
Non-linear diffusion

https://mriquestions.com/

Assessment of tissue diffusion properties



Assessment of tissue diffusion properties
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MK > 0
Non-linear diffusion

FA -> 1
Non-isotropic diffusion

MD >
Fast diffusion

Assessment of tissue diffusion properties



Figure: patient after stroke, time development

Stroke

- Lesion detection

- Assessment of lesion age

- Evaluation of edema types

Assessment of tissue diffusion properties



Epilepsy

- Pathology detection and delineation

- Assessment of FCD type

Figure: Patient with FCD type II
Obrázek. Rozdíl mezi lézí a zdravou tkání je patrný pouze u FCD-II

Assessment of tissue diffusion properties
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Tractogram
= description of diffusion 
parameters along 
neuronal tract

Neuronal tract detection and along-tract description

Tractography:
Detection of white 
matter neuronal tracts 
based on dominant 
diffusion
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Increase of MD
- (faster difuze)

Decrease of FA
- Higher homogeneity of diffusion

Decrease of MK
-increase of linearity

= transition to 
vasogenic edema

Longitudinal along-tract description



Along-tract group comparison
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Mean diffusivity

Healthy controls 

vs stroke

ATR (Anterior Thalamic Radiation), FPT (Fronto-pontine tract), CST (Corticospinal tract)



Fixel-based approach
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λ2

λ3

λ1

Diffusion tensor
Fibre orientation 

distribution



Fixel-based approach 

additional characteristics of diffusion
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λ2

λ3

λ1

Diffusion tensor
Fibre orientation 

distribution

Mean diffusivity

Mean Kurtosis

Fraction anisotropy

Kurtosis anisotropy

Fiber density

Fibre-bundle cross-section



Fixel-based comparison 
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Fixel-based comparison with healthy template 
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= Statistical comparison in fixel space 

avoid voxel-wise registration to template space



Description of brain diffusion properties
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Individual / group 

description of ROIs

Detection of anomalies

Description of diffusion 

along neuronal tracts

Intersubject comparison

Description and group 

comparison in fixel-

space



Disconectome - Prediction of pathology impact
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Evaluation of blood-brain barrier integrity



Paul Ehrlich - original concept of 
BBB. 1878



Structure of BBB



Transport across BBB 

Moyaert et al., 2023



Moyaert et al., 2023

Diagnostic value of brood-brain 
barrier imaging



Moyaert et al., 2023

Methods for BBB imaging



MRI methods to evaluate BBB

• Dynamic Contrast Enhancement (DCE)
• Time lapsed acquisition of MRI data during and after controlled 

injection of a bolus of gadolinium-based contrast agent 

• BBB ASL – multi-TE ASL
• Endogenous contrast – magnetization of water molecules of the blood 

• difference in transverse relaxation time (T2) which is longer for blood 
water molecules (∼275 ms at 3T) than for water molecules in the brain 
tissue (∼99 ms at 3T)



Contrast Enhancement (CE)



Dynamic Contrast 
Enhancement (DCE)



Time intensity curve (TIC)
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Kala et al. 2023



Parameters of TIC – change between timepoints

Kala et al. 2023



Parameters of TIC - normalized permeability index (NPI)
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Venous sinus

Impaired tissue

NPI < 0 – cumulation of CA
0 < NPI < 1 – tissue clearance of CA is slower than blood’s
NPI >1 – tissue clearance of CA is faster than blood’s

Kala et al. 2023



Pharmacokinetic models

Ktrans = transfer constant
(min-1) and describes the balance 
between permeability and blood flow

Matematic compartment model describes dynamic of fast increase and 
decrese of TIC
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Kala et al. 2023



maximum Δ5-0 Ktrans

Δ15-5Δ15-0 NPI Kala et al. 2023
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Kala et al. 2023
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Recomended parameters of TIC 

Kala et al. 2023



Multi-TE ASL for BBB imaging

Courtesy of Dr. Jan Petr

+

Refocusing pulses which allow signal 
compartmentalization
- difference in transverse relaxation time (T2) 

which is longer for blood water molecules 
(∼275 ms at 3T) than for water molecules 
in the brain tissue (∼99 ms at 3T)

- Per-voxel substraction to quantify water 
exchange rate



Mahroo et al., 2021

BBB ASL

• CBF - cerebral blood flow 

• ATT - arterial transit time

• Texch - exchange time

• ITT - intravoxel transit time
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