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A typical day at the office...




Hi Alex, | have been collecting “advanced DTI data”.
Can you help me with the analysis?”

* Read: “Can you do the analysis for me?” ! @Alex_Leemans
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The pipeline ...
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g\ Lebel C. et al, Neurolmage (2008)
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Data quality assessment ...
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Lebel C. et al, Neurolmage (2008) ! @Alex_Leemans



Data quality assessment ...
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Data quality assessment
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i Color-encoding is
N not conventional

g\ Jeurissen B. et al, Medical Image Analysis (2014) . @Alex_Leemans




Data quality assessment ...
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Conventional Color-
encoding
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Data quality assessment ...

No axis mismatch
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Data quality assessment ...

Axis “sign flip”
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Data quality assessment ...
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Jeurissen B. et al, Medical Image Analysis (2014)

Axis “sign flip”
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Dafa quality assessment .
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Tournier J.-D. et al, Magn Reson Med (2011)



Data quality assessment

Look at your raw datal
Make a movie loop...

Tournier J.-D. et al, Magn Reson Med (2011)

% @Alex_Leemans




A} Tournier J.-D. et al, Magn Reson Med (2011)

Data quality assessment ...

Different views!

AV(E] Sagittal Coronal
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Data quality assessment ...
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Data quality assessment ...
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Data quality assessment ...

‘Physically Implausible Signals™ (PIS)
S =S, e oD

S = diffusion weighted signal
So = non-diffusion weighted signal
b = diffusion weighting
D = diffusion coefficient

Perrone D. et al, Neurolmage (2015) ! @Alex_Leemans



Data quality assessment ...

‘Physically Implausible Signals™ (PIS)
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S = diffusion weighted signal
So = non-diffusion weighted signal
b = diffusion weighting
D = diffusion coefficient

Perrone D. et al, Neurolmage (2015)_ ! @Alex_Leemans



Data quality assessment ...

‘Physically Implausible Signals™ (PIS)

S>S,

S = diffusion weighted signal
So = non-diffusion weighted signal
b = diffusion weighting
D = diffusion coefficient

Perrone D. et al, Neurolmage (2015) g @Alex_Leemans



Data quality assessment ...

“Physically Implausible Signals” (PIS)

Color-coded fractional anisotropy (FA)

Perrone D. et al, Neurolmage (2015)
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P~ Perrone D. et al, Neurolmage (2015)

Data quality assessment ...

“Physically Implausible Signals” (PIS)

Regions with "PIS” (S > S,) overlaid on FAI!!l
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2\ Perrone D. et al, Neurolmage (2015)

Data quality assessment ...

“Physically Implausible Signals” (PIS)

“‘PIS” - in regions with low S, values
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Data quality assessment ...

"Physically Implausible Signals™ (PIS)

Josiah W. Gibbs

Perrone D. et al, Neurolmage (2015) ? @Alex_Leemans



Data quality assessment ...

“Physically Implausible Signals” (PIS)

Color-coded FA ‘PIS" on FA AYS

g\ Perrone D. et al, Neurolmage (2015)
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Data quality assessment ...

‘Physically Implausible Signals™ (PIS)
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Data quality assessment ...

“Physically Implausible Signals” (PIS)

correcting for Gibbs ringing artifacts

Perrone D. et al, Neurolmage (2015)
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Data quality assessment ...

“Physically Implausible Signals” (PIS)
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After correcting for Gibbs ringing artifacts

Perrone D. et al, Neurolmage (2015)
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Data quality assessment ...
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Data quality assessment ...

Residuals from the model estimation
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Data quality assessment ...

Residuals from the model estimation

Tournier J.-D. et al, Magn Reson Med (2011)
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Data quality assessment ...

Residuals from the model estimation

Tournier J.-D. et al, Magn Reson Med (2011)

9 @Alex_Leemans




Data quality assessment ...

Residuals from the model estimation

R residual = Ymeasured ~

\{l , Il’ Tl.
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Data quality assessment ...

Residuals from the model estimation

min

Good quality < —>  Low values / uniformity
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Data quality assessment ...

Residuals from the model estimation
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Data quality assessment ...

Residuals from the model estimation
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Data quality assessment ...

Residuals from the model estimation

min

Tournier J.-D. et al, Magn Reson Med (2011)
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Data quality assessment ...

Residuals from the model estimation

Good model

Tournier J.-D. et al, Magn Reson Med (2011)
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Data quality assessment ...

Residuals from the model estimation

Tournier J.-D. et al, Magn Reson Med (2011)
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Data quality assessment ...

Anything “abnormal”?

2\ Poldrack R.A. et al, Nature Communications (2015)
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Data quality assessment ...
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Data quality assessment ...

4 Poldrack R.A. et al, Nature Communications (2015)
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Data quality assessment ...

Residuals from the model estimation

min
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Tournier J.-D. et al, Magn Reson Med (2011)
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Data processing steps

1. Correction for signal intensity drift

2.  Correction for subject motion and
eddy current induced distortions

3. Correction for EPI deformations

4.  Diffusion model estimation
approaches

————————————————————————————————————— e
2\ S. Deprez et al, Brain Imaging and Behavior (2013) s @Alex_Leemans




Another confession by a dMRT scientisf...
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Data processing steps

1. Correction for signal intensity drift

2.  Correction for subject motion and
eddy current induced distortions

3. Correction for EPI deformations

4.  Diffusion model estimation
approaches

————————————————————————————————————— e
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1. Correction for signal intensity drift
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2\ Vos S.B. et al, Magnetic Resonance in Medicine, 2017
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1. Correction for signal intensity drift
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1. Correction for signal intensity drift
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1. Correction for signal intensity drift

Low-degree polynomial fit to b = 0 s/mm? images
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1. Correction for signal intensity drift

Low-degree polynomial fit to b = 0 s/mm? images
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1. Correction for signal intensity drift

Sefore correcting for signal intensity drift

4 Vos S.B. et al, Magnetic Resonance in Medicine, 2017
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1. Correction for signal intensity drift

After correcting for signal intensity drift
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2. Correction for subject motion and
eddy current induced distortions

for subject motion

2\ Leemans A. & Jones D.K., Magn Reson Med (2009)
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2. Correction for subject motion and
eddy current induced distortions

Corrected for subject motion

4 Leemans A. & Jones D.K., Magn Reson Med (2009)
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2. Correction for subject motion and
eddy current induced distortions

“Reference image” “Image with subject motion”

>~ Leemans A. & Jones D.K., Magn Reson Med (2009) g @Alex_Leemans



2. Correction for subject motion and
eddy current induced distortions
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Reference image
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2. Correction for subject motion and
eddy current induced distortions

“Corrected image”

“Reference image” (with B-matrix rotation)
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2. Correction for subject motion and
eddy current induced distortions

“Eddy currents”
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2. Correction for subject motion and
eddy current induced distortions

Without eddy currents correction
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2. Correction for subject motion and
eddy current induced distortions

With eddy currents correction
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3. Correction for EPI deformations

EPI distortions

4 Huang et al, MRI 2008; Tournier et al, MRM 2011; Irfanoglu et al, Neurolmage 2012
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3. Correction for EPI deformations

®

W EPI distortions

4 Huang et al, MRI 2008; Tournier et al, MRM 2011; Irfanoglu et al, Neurolmage 2012
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3. Correction for EPI deformations

4 Huang et al, MRI 2008; Tournier et al, MRM 2011; Irfanoglu et al, Neurolmage 2012
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3. Correction for EPI deformations

Without EPI distortion correction

4 Huang et al, MRI 2008; Tournier et al, MRM 2011; Irfanoglu et al, Neurolmage 2012
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3. Correction for EPI deformations

With EPI distortion correction

4 Huang et al, MRI 2008; Tournier et al, MRM 2011; Irfanoglu et al, Neurolmage 2012
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3. Correction for EPI deformations

Without EPI distortion correction

_EZ2N Huang et al, MRI 2008; Tournier et al, MRM 2011; Irfanoglu et al, Neurolmage 2012 - @Alex_Leemans



3. Correction for EPI deformations

With EPI distortion correction |

4 Huang et al, MRI 2008; Tournier et al, MRM 2011; Irfanoglu et al, Neurolmage 2012
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3. Correction for EPI deformations

EPI distortion correction

/@ Huang et al, MRI 2008; Tournier et al, MRM 2011, Irfanoglu et al, Neurolmage 2012 ’ @Alex Leemans
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3. Correction for EPI deformations

With EPI distortion correction
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4. Diffusion model estimation approaches
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4. Diffusion model estimation approaches

Ordinary least squares estimation

Data courtesy by Dr. Niek van der Aa . @Alex_Leemans



4. Diffusion model estimation approaches

. : :
- ! I!' i ‘ [ | - K

= -. —-'L‘"i.’f -2-!&'_&' . I": -

Robust estimation

Data courtesy by Dr. Niek van der Aa
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Merci de votre attention!
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Part 2 ...
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