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From Group to Patient-Specific Analysis of Brain Function in Arterial Spin Labelling and BOLD Functional MRI

Group analyses: definition (1/2) Within-group analyses identify common patterns across a group of subjects.

.

Within-group analyses identify common patterns across a group of subjects.

. . .

Examples

Group activation for a language task.

Group cerebral blood flow. Between-group analyses identify differences at the group level.

. . .

↔

. . .

Between-group analyses identify differences at the group level.

. . .

↔

. . .

Example

Differences of activation between a group of children diagnosed with specific language impairment and a control group during a language task. Hyperactivation.

Hypoactivation. A panel of 4 fMRI tasks for language mapping in children. The standard approach, e.g. [Holmes 1998, Beckmann 2003].
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Computationally efficient.

× No integration of information cross-voxels (pre-smoothing). -+ ++

1. The massively univariate GLM: homoscedastic and heteroscedastic models.

2. The a contrario approach as a new locally multivariate procedure. Two sources of variation: the between-subject variance and the within-subject variance. Both approaches are in use in the neuroimaging community:

The homoscedastic approach (SPM 1 )

The heteroscedastic approach (FSL 2 , AFNI 3 ). 
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Assumptions of the homoscedastic model -+ ++

1. The massively univariate GLM: homoscedastic and heteroscedastic models.

2. The a contrario approach as a new locally multivariate procedure. 
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A contrario approach Rare event count per sphere as region-based statistic: 
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A contrario approach Rare event count per sphere as region-based statistic: 

0 1 1. Voxel-based 2. Thresholding probability k (v) = 1, if π GLM v ≤ p PRE , 0 
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A contrario approach Rare event count per sphere as region-based statistic:

0 1 1 1 2 3 3 3 2 3 1 1. Voxel-based
2. Thresholding 3. Rare event count per region probability 

k (v) = 1, if π GLM v ≤ p PRE , 0, otherwise. l (r) = v∈R k (v)

Methods

Results

A contrario

Methods

Results

Conclusions and future work

Contributions Discussion

A contrario approach

From region-based statistic to region-based probability:

1 1 2 3 3 3 2 3 1 3. Rare event count per region 4. Region-based probability

L (r) = v∈R K (v) with K (v) ∼ Bern(p PRE )
The original a contrario approach assumes white noise, i.e. the events are independent: 

π (r) = Pr(L (r) ≥ l (r) ),
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A contrario approach

From region-based statistic to region-based probability: 
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A contrario approach: thresholding

The correction for multiple testing is usually done by computing the Number of False Alarms:

NFA (r) = numReg π (r) ,
and the detections are outlined with:

NFA (r) < .
where , is the average number of false detections that are tolerated. How does the conclusion on heteroscedasticity extend to these datasets ?
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The a contrario approach Provide a more thorough validation in BOLD fMRI.

Extend the approach to group analyses. 

  general patterns of brain function observed in the typical or pathological brain. are the most widespread type of statistical analysis. Neuroimaging patient-specific analyses focus on the specific patterns of brain function observed in a single brain. perform based either on a single subject dataset or on a subject and a group of controls.

  Two sources of variation: the between-subject variance and the within-subject variance.Two sources of variation: the between-subject variance and the within-subject variance.Two sources of variation: the between-subject variance and the within-subject variance.Two sources of variation: the between-subject variance and the within-subject variance.

  0.63 0.70 0.72 0.72 0.69 0.65 Area under the ROC curve.

  with K (v) ∼ Bern(p PRE )In MRI, spatial autocorrelation of the noise has been described (e.g. [Chumbley 2009]) and the independance assumption is therefore questionned.We proposed a non-independent probability based on the joint distribution of a multivariate Gaussian distribution.

  GLM. This invalidity was also observed in voxel-based morphometry[Scarpazza 2013, Viviani 2007].
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  From the computer vision community[Desloneux 2003].
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  where L (r) ∼ B(e, p PRE ), where e is the number of voxel per region.
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  Superiority onto the massively univariate GLM. Two applications: the detection of patient-specific perfusion abnormalities and the detection of activation patterns in task-evoked analyses. Superiority onto the massively univariate GLM. Two applications: the detection of patient-specific perfusion abnormalities and the detection of activation patterns in task-evoked analyses.Atypical brain function in specific language impairment: Extend the preliminary results of the a contrario approach in fMRI to this context.
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The a contrario locally multivariate procedure The a contrario locally multivariate procedure autoMRI: SPM-based automation tools for anatomical and functional MRI data, Matlab scripts Used in other clinical projects.

Registered at the APP.

Open source (GPL), available on request.