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DWI earliest marker of stroke

Lovblad Ann Neurol 1997 Aug;42(2):164-70.



Prostate cancer

de Perrot et al. JMRI 2016



American College of Radiology® 2019 PI-RADSv2.1 

Prostate cancer



What is measured in diffusion MRI (DWI)?

• Displacement of water 

molecules:

• Typical range 1–17 µm 

(extracellular)

• Brownian motion, 

microcirculation….

• Probe of the interstitial 

space



2000×10-6mm2/s1300×10-6mm2/s

Normal Absence of fibrosis High-grade fibrosis 80%

Collagen

ADC

Reduced diffusion in renal fibrosis
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Spin motion in a magnetic field

https://my-ms.org/mri_physics.html

https://my-ms.org/mri_physics.html


Larmor frequency
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Echoes formation



How to image diffusion?

Courtesy of I.Friedli
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DWI acquisition
b0 b20 b300 b700 s/mm²

Multiple acquisitions

Incremental magnetic gradients

(higher gradient = smaller motion probe)

Usually average of 3 spatial directions



DWI acquisition



K-space sampling strategy



RESOLVE enhanced significantly the quality of renal DWI by reducing susceptibility effects and increasing
sharpness.

Healthy 

volunteer

Allograft 

patient

Friedli I et al MRI 2015

Reference ss-EPI HR-EPI (ss-EPI) RESOLVE T1

Phantom

(1) Optimization of the acquisition strategy with 

RESOLVE as a new renal DWI



Friedli I et al  Scientific Reports 2016
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ADC (monoexponential fit)
b0 b20 b300 b700 s/mm²

ADC (Coefficient Apparent de 

Diffusion) [mm2/s]0 - 700 s/mm²



How to read the images?

de Perrot et al. JMRI 2016

Water restriction  =  DWI ⇧ (high b)  =  ADC ⇩



Caroli et al, NDT, 2018



ADC & renal Bx

Negative correlation of ADC with interstial fibrosis in CKD well validated

Berchtold, et al, NDT, 2019 

n =164



IVIM fitting

Kim, American Journal of Neuroradiology 2014, 35 (3) 490



Diffusion tensor imagine (DTI)

Require multiple directions acquisitions (6 - 12)

Parameters:

Fractionnal anisotropy (FA)

Mean diffusivity (MD)

Tractography

NMR in Biomedicine, Volume: 30, Issue: 3, First published: 11 November 2015, DOI: (10.1002/nbm.3434) 



Caroli et al, NDT, 2018
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Unresolved issues

• Best MR sequence / protocol to use (SS-EPI, Resolve, DTI)

• Best analysis to use (ADC, IVIM, DTI)

=>  no gold standard

=>  Standardisation versus technical evolution!



Unresolved issues

• Origin of the diffusion signal decrease in CKD

(water motion restriction, reduced GFR, reduced perfusion 

or tubular exchanges…)

=> specificity of DWI ??

but  strong validation 

(negative correlation of ADC with interstial fibrosis in CKD)



Unresolved issues

• Validation ++ but qualification is missing

• Bx replacement in selected CKD

• New therapy monitoring

• Selection of Bx patients in acute graft dysfunction 

(Steiger, Eur Rx 2017)

=> multiparametric & multicentric effort
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