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 Rappels 
 
La maladie d’Alzheimer représente plus de 70 % de l’ensemble des démences de la personne 

âgée.  

La démence se définit (selon le DSM IV) par une atteinte des fonctions intellectuelles et co-

gnitives. Sa sévérité entraine une perte d’autonomie dans les gestes de la vie quotidienne ou 

dans les interactions sociales. Les troubles doivent évoluer depuis six mois au minimum. 

Une entité clinique intermédiaire entre le vieillissement physiologique et la démence a été 

défini par le terme : Troubles Cognitifs Légers amnésiques (TCL-A). Il s’agit d’un syndrome 

défini par un déclin cognitif plus important que celui que l’on s’attend à trouver à un âge et 

niveau d’éducation donnés, mais qui n’a pas de retentissement sur les activités de la vie quo-

tidienne.  

 

Des tests neuropsychologiques sont réalisés chez les patients suspects de démence. Le test le 

plus important dans la maladie d’Alzheimer est le test de Gröber & Buschke, ou test du Rap-

pel libre/Rappel indicé à 16 items (RL/RI-16). 

Le test est composé de 16 mots appartenant à 16 catégories sémantiques différentes et com-

prend successivement une phase de contrôle de l’encodage, un rappel indicé immédiat, trois 

essais successifs de rappels libre et indicé, une phase de rappels libre et indicé différés (20 

minutes), suivie par une phase de reconnaissance. 

Il permet d’évaluer la présence et la nature des difficultés de mémoire épisodique verbale. 

 

La maladie d’Alzheimer est caractérisée par deux types de lésions, les lésions amyloïdes et les 

lésions tau ou dégénérescences neuro-fibrillaires.  Si le patient présente ces deux sortes de 

lésions, alors le diagnostic de maladie d’Alzheimer certaine peut être posé.  
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Des tests paracliniques sont réalisés afin de rechercher indirectement la présence de ces lé-

sions. Une ponction lombaire permet de rechercher un taux de peptide Aβ1-42 bas et des taux 

de protéine Tau totale et phosphorylée élevés. Une scintigraphie (ou PET-scan) cérébrale à 

l’amyloïde permet d’évaluer la densité des plaques. En cas de début précoce, avec ou sans 

antécédents familiaux de maladie d’Alzheimer, la recherche de mutations autosomiques do-

minantes sur les gènes APP, PSEN1 et PSEN2 peut également être réalisée. 

 

Les critères diagnostics pour la maladie d’Alzheimer typique ont récemment évolué en 2014, 

et ils reposent sur l’association : 

- D’un phénotype clinique spécifique évoluant graduellement et progressivement depuis 

6 mois et correspondant à un syndrome amnésique de type hippocampique   

- Et de critères physiopathologiques de la maladie d’Alzheimer sur les résultats de la 

ponction lombaire, du PET-TDM ou des analyses génétiques. 

 

Une imagerie cérébrale systématique est recommandée pour tout trouble cognitif avéré de 

découverte récente (recommandations HAS). Le but de cet examen est : 

- D’éliminer une cause curable (tumeur cérébrale, infection cérébrale, hydrocéphalie à 

pression normale) ou de rechercher des images séquellaires (traumatiques, vascu-

laires). 

- D’objectiver une atrophie associée ou non à des lésions vasculaires afin d’orienter vers 

une maladie neurodégénérative ou une démence vasculaire. 

Cet examen est une imagerie par résonance magnétique nucléaire (IRM) avec des séquences 

T1, T2, T2* et FLAIR et des coupes coronales permettant de visualiser l’hippocampe. À 

défaut une tomodensitométrie cérébrale est réalisée. 

Les processus dégénératifs et vasculaires co-existent fréquemment dans les démences. 
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Il n’existe actuellement aucun traitement pour guérir ou même modifier l’évolution anatomo-

pathologique de la maladie d’Alzheimer. En revanche, il existe des traitements qui ont pour 

but de traiter certains symptômes du malade sans empêcher la progression de la maladie (in-

hibiteurs de l’acétylcholinestérase et la Mémantine qui bloque les récepteurs NMDA).  

Un diagnostic précoce est important pour débuter au plus tôt les traitements médicamenteux 

actuels, mais également tous les conseils préconisés en matière de prévention, stimuler au 

mieux les facultés cognitives et de mémorisation. Il permet aussi au malade de prendre des 

dispositions pour l’avenir tant qu’il possède encore ses facultés de discernement et de prise de 

décision et pour sa famille, d’anticiper la perte d’autonomie avec la mise en place progressive 

d’aides au domicile. 
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 Résumé 
 
Introduction : Les hyper intensités de la substance blanche et l’atrophie du parenchyme cérébral sont 

des anomalies courantes chez les patients âgés et les patients atteints de démence. Les logiciels de 

segmentation automatique pourraient être utiles pour l'analyse des patients adressés pour des troubles 

cognitifs légers amnésiques (TCLa) ou une maladie d’Alzheimer (MA) probable. 

Patients et méthodes : 123 patients pris en charge pour des TCLa ou une MA probable ont été exa-

minés par IRM (2D Axial Flair, 3DT1 FFE).  Les volumes normalisés des hyper signaux de la subs-

tance blanche et des épaisseurs corticales ont été mesurés grâce aux logiciels Pixyl.neuro et FreeSurfer 

puis comparés aux scores visuels habituels. 

Résultats : 110 sur 123 patients (89%) ont été analysés après exclusion d'examens pour des problèmes 

techniques ou des erreurs de segmentation. Les volumes des hyper intensités de la substance blanche 

étaient corrélés aux scores visuels de Fazekas (r=0.78). Les volumes hippocampiques étaient corrélés 

aux scores visuels de Scheltens (r>0.63). Par contre, les volumes d’épaisseurs corticales frontales et 

pariétales n'étaient pas corrélés aux scores visuels d’atrophie pariétale ni au gradient d’atrophie fronto-

pariétale. 

Conclusion : Les analyses de segmentation automatique sont fiables pour évaluer les hyper intensités 

de la substance blanche et les volumes hippocampiques, tels que visuellement estimés. En revanche, la 

segmentation corticale automatique ne permet pas de mesurer l'atrophie fronto-pariétale telle qu'elle 

est couramment évaluée dans la pratique clinique.  
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 Abstract 
 
Introduction: White matter hyperintensities (WMH) and parenchymal atrophy are common findings 

in elderly and in dementia. Automated segmentation could be helpful for quantification in patients 

referred for amnestic Mild Cognitive Impairment (aMCI) and probable Alzheimer’s disease (AD). 

Methods: 123 patients referred for probable AD or aMCI had a MRI (Axial Flair, 3D T1-FFE). Nor-

malized WMH and cortical volumes were measured using Pixyl.neuro and FreeSurfer and compared 

to usual visual scores.  

Results: 110 out of 123 patients (89%) were analyzed after exclusion because of technical issues or 

inaccurate segmentation. WMH volumes were correlated with Fazekas’ visual scores (r=0.78). Hippo-

campal volumes were correlated with Scheltens’ visual scores (r>0.63). However frontal and parietal 

cortical volumes were not correlated with visual scores of parietal atrophy and the gradient of fron-

toparietal atrophy. 

Conclusion: Automated segmentations are reliable to estimate WMH and hippocampal volumes, as 

visually assessed. However, automated cortical segmentation does not allow to classify frontoparietal 

atrophy as routinely performed in clinical practice.  

 

  



14 
 

Introduction 
 
Alzheimer’s disease (AD) is the most common cause of dementia, affecting over 46 million 

people worldwide, and may grow up to 131.5 million by 2050.  

According to new IWG-2 and NIA-AA criteria for AD, magnetic resonance imaging (MRI) is 

necessary for the identification of comorbidity or non-AD conditions and to characterize the 

clinical phenotype (1). 

In clinical practice, morphological brain imaging rules out other causes of dementia, evaluates 

the severity of microangiopathy (2,3) and may strengthen the diagnosis of AD by assessing 

the hippocampal atrophy (4) and the medial temporal atrophy, which is the best MRI marker 

at a prodromal stage of further progression (1,5). 

Hippocampal atrophy is now a widely accepted marker of AD (1,6,7). Visual assessment is 

commonly used in clinical practice with a good reliability (8), even when compared to auto-

matic segmentation (6). Hippocampal atrophy is correlated with both tau deposition and epi-

sodic memory deficit (9). However, it has a low specificity. Indeed, hippocampal atrophy is 

present in other dementias such as fronto-temporal lobar degeneration, and even normal age-

ing (10,11).  

To better characterize cerebral structural abnormalities and improve diagnosis performances, 

MRI may also provide additional features of the brain degeneration, such as parietal atrophy 

(8,12,13) and microangiopathy (3). It has been established that cortical thinning is related 

with white matter intensities (14,15), even though the relation is not well known. 

AD dementia is an anatomically heterogeneous disease and several patterns were identified 

(8,16).  

Using these additional imaging biomarkers among patients suspected of AD and MCI with 

severe hippocampal atrophy, subgroups were identified. Some patients had a predominant 

parietal atrophy without significant microangiopathy. Others had a significant microangiopa-
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thy without predominant parietal atrophy. Interestingly, subtle changes in executive functions 

and memory impairment were identified across groups (8).  

All of these results were based on MRI visual rating.  

When analyzing structural MRI, differences among inter- and intra-rater agreements were 

identified depending on brain imaging experience and parameters (6,8). Computer-based 

methods were proposed to provide volumetric quantification to assist the diagnosis, including 

classification algorithms that may improve diagnosis performance, especially in less experi-

enced radiologists (17,18). 

Automated cortical thickness measurements are often used to assess gray matter changes and 

several software such as FreeSurfer or Cat 12 are reliable (19,20). 

Yet, there is no consensus for an automated method for quantitative assessment of white mat-

ter hyperintensities (WMH) on magnetic resonance imaging and a few have been studied (21). 

 

The objectives of this retrospective study on patients with AD and amnestic Mild Cognitive 

Impairment (MCI) aimed to: i) estimate the relationships between quantitative measures of 

regional cortical thinning and WMH with visual rating, ii) assess morphological heterogeneity 

among patients and identify subgroups, iii) characterize neuropsychological impairment for 

each subgroup. 
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 Patients and Methods 

 Patients 
 
We included 123 patients who initially met either diagnostic criteria for probable AD of the 

NIA-AA (7) or the research criteria for aMCI due to AD (22).  

Demographics data included age, sex, and education level. Factors of cardiovascular risk were 

also identified, including diabetes, hypertension, dyslipidemia, smoking, and personal history 

of vascular disease.  

Exclusion criteria were default MRI acquisition and inappropriate segmentation. 

Among these patients, twelve patients had spinal tap to confirm the diagnosis with positive 

biomarkers.  

Seventy-four patients had neuropsychological tests in a lap time of 6 months around the MRI. 

Our standardized neuropsychological battery contained tests for attention, language, praxis, 

parietal function, visuoconstructive function, verbal and visual memory, working memory, 

and frontal executive function. The neuropsychological tests were the visual memory part of 

Signoret battery for mnesic efficiency (BEM 84) (23), 16-item free and cued recall (24): 

RL/RI-16, including the third immediate free and total recall scores, delayed free and total 

recall scores, verbal intrusions score, yes/no recognition performance; forward and backward 

digit span (25), the difference between forward and backward digit span, ideo-motor and con-

structive praxis, Bachy test (26), Trail Making Test (TMT) A and B (27), semantic and alpha-

betic fluency (28), a composite executive score; visuospatial and visuoperceptive tests (29). 

The institutional review board approved the research protocol on 19 May 2014, IRB 5891. 

 

 MRI data acquisition 
 
All examinations were performed on a Philips 1.5T (n=72) or 3T MRI (n=51) (ACHIEVA, 

Philips Healthcare, the Netherlands), with the following protocol: T2-WI (3 mm) coronal slic-
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es orthogonal to the hippocampus, axial FLAIR (4 mm), axial T2*-WI (4 mm), 3D-GRE T1-

WI (1×1×1 mm). All data were anonymized. 

 

 MRI data analysis 
 

A. White matter hyperintensities analysis 
 

1) Visual assessment  
 
We retrieved visual scores previously published by Chapuis et al. (8), namely the microangi-

opathy according to the modified Fazekas’s score, ranging from 0 (no WMH) to 3 (extensive 

WMH) (2). Examinations were blindly rated twice by five raters: 1 senior neuroradiologist; 1 

senior neurologist; 1 junior neurologist; 2 residents in neuroradiology. Median values of all 

these scores were used.  For each score, median values were multiplied by 2 to keep integers. 

Intra- and interrater agreements were previously detailed (8). 

 

2) Automated segmentation 
 
We used an original software called Pixyl.Neuro (www.pixylmedical.com, Pixyl SA, Greno-

ble, France). 

Both T1-weighted and FLAIR images are first brain-extracted using ANTs (30), denoised 

(31), and corrected for intensity inhomogeneities using the N4 algorithm (32). Prior anatomi-

cal information is introduced into the analysis by means of a brain template and associated 

tissue probabilistic maps that are non-linearly registered to the subject T1 space. The T1-

weighted image is co-registered to the FLAIR image using an affine transform. A weighted 

multi-sequence Markov model (33) is then used to perform the segmentation of normal tis-

sues. This algorithm also produces a weight map that indicates how well each voxel fits the 

model and can therefore be used to identify atypical regions. These candidate lesion voxels 

http://www.pixylmedical.com/
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are then extracted and processed through a set of post-processing filters to retain only voxels 

that correspond to characteristic WMH lesion traits. 

 

Segmentation is illustrated in Figure 1. 

 

 

Figure 1 : White matter hyperintensities segmentation with Pixyl.neuro – Left Slices correspond to native images; On 
right slices, blue masks correspond to automated segmentation. 

 

All segmented WMH were visually analyzed to check the quality of segmentation. 

Individual segmented lesional volumes were normalized by the intracranial volumes. 
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3) Statistical comparisons 
 
Statistical analyses were performed using R software (version ≥ 3.4.1). A correlation analysis 

was conducted to test the correlation between WMH volumes and Fazekas’ scores. 

 

B. Parenchymal atrophy 
 

1) Visual assessment  
 
We retrieved the different visual scores previously published by Chapuis et al. (8): 

- the hippocampal atrophy according to Scheltens’ score, ranging from 0 (no atrophy) to 

4 (severe atrophy) (4); 

- the parietal atrophy (PA) according to the visual rating score for posterior cortical at-

rophy, ranging from 0 (no atrophy) to 3 (severe atrophy) (12); 

- the gradient of frontoparietal atrophy (GFPA) based on anteroposterior enlargement of 

the medial sulci of the frontal and parietal lobes ranging from -2 (anterior enlarge-

ment) to +3 (posterior enlargement) (8) The GFPA has been proposed to easily assess 

the selective lobar atrophy, and especially the precuneal atrophy onto parasagittal 

views.  

Again, median values were used and multipled by 2 to keep integers, as previously described 

above.  
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2) Automated segmentation 
 
We used FreeSurfer to measure cortical atrophy. 

The surface-based pipeline consists of several stages (described in detail in (34,35)). First, the 

volume is registered with the MNI305 (36) atlas (this is an affine registration). This allows 

FreeSurfer to compute seed points in later stages. The B1 bias field is estimated by measuring 

the variation in the white matter intensity. The main body of the white matter is used to esti-

mate the field across the entire volume. Likely white matter points are chosen based on their 

locations in MNI305 space as well as on their intensity and the local neighborhood intensities. 

The intensity at each voxel is then divided by the estimated bias field at that location in order 

to remove the effect of the bias field. The skull is stripped (Figure 2A; (37)) using a deforma-

ble template model. Voxels are then classified as white matter or something other than white 

matter (Figure 2B) based on intensity and neighbor constraints. Cutting planes are chosen to 

separate the hemispheres from each other as well as to remove the cerebellum and brain stem. 

The location of the cutting planes is based on the expected MNI305 location of the corpus 

callosum and pons, as well as several rules-based algorithms that encode the expected shape 

of these structures. An initial surface is then generated for each hemisphere by tiling the out-

side of the white matter mass for that hemisphere. This initial surface is then refined to follow 

the intensity gradients between the white and gray matter (this is referred to as the white sur-

face). The white surface is then nudged to follow the intensity gradients between the gray 

matter and CSF (this is the pial surface). The white and pial surfaces overlaid on the original 

T1 weighed image are shown in Figure 2C. The distance between the white and the pial gives 

us the thickness at each location of cortex (38). 
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Figure 2 Three stages from the FreeSurfer cortical analysis pipeline. A. skull stripped image. B. white matter segmen-
tation. C. surface between white and gray (yellow line) and between gray and pia (red line) overlaid on the original 

volume. 

 

Freesurfer provided the normalized cortical thickness of 74 labels per hemisphere (sulcus or 

gyri).  

Segmentation is illustrated in Figure 3. 

 

 
Figure 3 : Inflated view of the manual parcellation of one hemisphere of the Training set (39) 
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A visual verification of the automated segmentation was performed by a five-year trained 

radiologist. 

 

3) Statistical comparisons 
 
We conducted correlation analyses to evaluate the relationships between qualitative and quan-

titative measurements.  

 

Hippocampal atrophy: we compared for each hemisphere Scheltens’ scores to the automated 

and normalized hippocampal volumes. 

 

Parietal atrophy: we compared, for each hemisphere, the parietal atrophy visual rating score 

to: successively: precuneus label - the mean of cortical thickness of precuneus, superior 

parietal lobule, supramarginal gyrus and postcentral gyrus - and the mean of cortical thickness 

of every parietal label. 

 

GFPA: we compared, for each hemisphere, the GFPA’s scores to successively: - the differ-

ence between the cortical thickness of precuneus and superior frontal gyrus - the difference 

between the mean of cortical thickness of precuneus, superior parietal lobule, supramarginal 

gyrus and postcentral gyrus and the mean of cortical thickness of superior frontal gyrus, mid-

dle frontal gyrus and precentral gyrus, and finally the difference between the mean of cortical 

thickness of every frontal label and the mean of cortical thickness of every parietal label.  
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 Results 

  

 Patients’ characteristics 
 
Among the 123 selected patients, 13 patients were excluded because of: 

1. Default acquisition: Coronal T2 instead of Axial Flair images (n=1) 

2. Pixyl.neuro software’s technical issues (n=4) 

3. Inappropriate segmentation 

o Erroneous Pyxil.neuro segmentation (n=7) due to inclusion of intra-orbital fat 

or cortical bone 

o Erroneous Freesurfer segmentation (n=1) 

It left 110 patients to study. 

Among those, 66 examinations were performed on 1.5T (60%) and 44 exams on 3T MR scan 

(40%). 

There were 23 aMCI (20.9 %) and 87 AD patients (79.1 %), 67 women (60.9 %) and 43 men 

(39.1 %). The mean age was 76 years +/- 8 (53 - 89 years).  

Cardiovascular disease risk factors, age, sex, and education level did not differ between pa-

tients who underwent neuropsychological testing or not.  
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Neuropsychological results are summarized in Table 1. 

 

Test 

Range Median 

MMS (/30) 7 - 30 23 
Encoding (/16) 5 - 16 14 
Third immediate free call scores (/16) 0 - 13 5 
Third immediate total recall scores (/16) 0 - 16 13 
Delayed free recall scores (/16) 0 - 15  5 
Delayed total recall scores (/16) 2- 16  13 
Intrusions (%) 0 - 67 6 
Recognitions (/16) 0 - 16 15 

Table 1: Patients neuropsychological main characteristics 

 

  

 White matter analysis 
 

A. Visual assessment 
 
The median value of visual assessment’s scores was 2. Median values were multiplied by two 

to keep integer, so it corresponds to a score of 1 on Fazekas’ score, that is mild microangiopa-

thy.  

 

B. Automated segmentation 
 
White matter analysis provided the volume of brain microangiopathy lesions. Mean volume 

was 17.63±15.7 ml (0.98-88 ml). Mean normalized volume with the total intracranial volume 

was 1.2±1.0% (0.1-5.8%). 
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C. Comparison 
 
The correlation analysis was performed twice. First, we tested the effect of MRI strength on 

lesional volumes. No difference was detected. Thus, we disregarded this parameter for WMH 

analysis. 

 

Results are illustrated in Figure 4. 

 

Figure 4: Comparison between automated WMH volumes and Fazekas' scores - Correlation coefficient = 0.78 

 

There is a very good correlation between the lesional volumes and the Fazekas’ scores (corre-

lation coefficient Pearson r = 0.78; p < 0.001).  
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 Parenchymal atrophy 
 

A. Visual assessment 
 
The median value of hippocampal visual assessment’s score was 5 on both right and left side. 

The median value was multiplied by two to keep integer. It corresponds to a mild to moderate 

hippocampal atrophy. 

 

The median value of parietal atrophy according to the visual rating score for posterior cortical 

atrophy was 3 on both right and left side. The median value was multiplied by two to keep 

integer. It corresponds to a minimal to moderate parietal atrophy. 

 

The median value of visual assessment of frontoparietal atrophy was 2 on each side. Again, 

the median value was multiplied by two to keep integer. It corresponds to a mild posterior 

enlargement. 

 

B. Automated segmentation 
 
The automated segmentation provided cortical thicknesses of the 74 regions of interest, for 

each hemisphere, that is 148 values for each patient, normalized with total intracranial vol-

umes. 

Mean normalized cortical thickness was 0.7±0.6% (0.0017-4.5%). 
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C. Comparison 
 
The correlation analysis was performed twice. First, we tested the effect of MRI strength on 

lesional volumes. No difference was detected. Thus, we disregarded this parameter for WMH 

analysis. 

Results are detailed in Figure 5. 

 

 
                          Correlation coefficient = 0.63                               Correlation coefficient = 0.66   

Figure 5: Comparison between automated hippocampal volumes and Scheltens' scores visually assessed 

 

Hippocampal atrophy - There is a good correlation between the hippocampal volumes and 

Scheltens’ scores, with correlation coefficient Pearson r = 0.66; p < 0.001 on the left side, and 

correlation coefficient Pearson r = 0.63; p < 0.001 on the right side. 

 

Parietal atrophy - There is no significant correlation between the cortical thicknesses and the 

parietal atrophy visual rating score in both hemispheres, either using precuneus label, the 4 

major labels in parietal lobe or all the labels in parietal lobe: correlation coefficient Pearson r 

= 0.24, 0.27 and 0.3 respectively on the left side (p > 0.05); correlation coefficient Pearson r 

=0.12, 0.05 and 0.05 respectively on the right side (p > 0.05).  
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GFPA - There is no significant correlation between the cortical thicknesses in frontal and pa-

rietal lobes and the score based on anteroposterior enlargement of the medial sulci of the 

frontal and parietal lobes, in both hemisphere, either using single labels, major labels in parie-

tal and frontal lobes or using all the labels in parietal and frontal lobes: correlation coefficient 

Pearson r = 0.2, 0.24 and 0.38 respectively on the left side (p > 0.05); correlation coefficient 

Pearson r =0.15, 0.18 and 0.18 respectively on the right side (p > 0.05). 
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 Discussion 
 
Imaging plays an important role in dementia. Indeed, brain imaging is highly recommended to 

conduct etiological inquiry. Besides intracranial diseases that require neurosurgical treatment, 

stroke, and neurological involvement in infectious, inflammatory or metabolic diseases, brain 

imaging may help to identify markers of neurodegenerative diseases such as AD. Among 

those, WMH, hippocampal atrophy and parietal atrophy are currently visually evaluated. In 

the recent years, several softwares were proposed to better quantify these markers. Moreover, 

computerized based evaluation may help to identify pathological profiles and provide more 

accurate evaluations. It could help to accelerate the diagnosis process. An early diagnosis 

would allow an early treatment and would benefit the patient. Here, we compared automated 

segmentation and visual assessments in patients referred for aMCI and probable AD. We 

showed that automated segmentation is in line with visual evaluation of WHM and hippo-

campal atrophy. However, automated cortical segmentation was not appropriate to estimate 

frontal and parietal parenchymal atrophy as visually assessed.  

 

 White Matter Hyperintensities 
 
WMH are detected on T2/FLAIR-WI in cognitively normal subjects, MCI, AD, and other 

conditions. WMH burden is associated to cardiovascular risk factors that have to be diagnosed 

and cared. WMH patterns may help to identify small cerebral arteries diseases such arteriolo-

sclerosis related to chronic arterial hypertension and CADASIL. Its clinical relevance has 

been debated but several studies showed its cognitive impact. Indeed, WMH burden is associ-

ated with memory impairment in AD (40) and predictive of a faster decline of global func-

tioning in non-disabled older patients (2). A systematic review and meta-analysis provides 

strong evidence that white matter hyperintensities predict the risk of stroke, dementia, and 

mortality (41). 
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Our study is consistent with previous works, showing a very good correlation between auto-

matic segmentation and Fazekas’ scores (42). Here, we used a new original software that 

brings support for rapid diagnosis on large population. Seven patients had to be excluded after 

visual verification because of erroneous segmentation with orbital-fat or cortical bone inclu-

sion. This was due to thick slices. Pixyl.neuro usually analyses 3mm-thickness slices. In our 

work, Flair sequences consisted in 4-mm-thickness slices, resulting with an inaccurate regis-

tration of T1-weighted images to Flair and partial volume effect in about 5% of cases. Visual 

check of the 110 patients revealed that Pyxil.neuro segmentation tends to slightly overesti-

mate WMH size. Despite this bias related to partial volume effect on 2D FLAIR images, le-

sional volumes were correlated with Fazekas’s score. 

Now, WMH evaluation ought to be performed using 3D FLAIR images instead of 2D images 

(43). Indeed, thinner slices with improved signal to noise ratio, improved CSF and flow satu-

ration help to better identity WMH. Thus, improved automatic WMH segmentation is ex-

pected when using 3D Flair images (44). 

 

 Parenchymal atrophy 
 

A. Hippocampal atrophy 
 
Hippocampal atrophy is a sensitive but specific marker of AD (4). When present and in case 

of clinical suspicion, it helps to advocate for AD (8,45). Thus, It also has been suggested that 

MRI-based hippocampal volume measurement could be helpful to monitor AD progression 

(45). Our study is in line with previous work which showed that hippocampal analysis was 

helpful for differential diagnosis among healthy normal controls, MCI, and AD  (46).  This 

was based on a combination of volumetry, cortical thickness, hippocampal shape, and hippo-

campal texture extracted from single T1-weighted structural MRI only. It revealed that hippo-
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campal texture was the most important feature in the algorithm followed by hippocampal vol-

ume, ventricular volume, and parietal lobe thickness.  

Consistent with previous works (47,48), our study showed good correlation between automat-

ic segmented hippocampal volume and Scheltens’ scores. Indeed, previous studies showed 

that Freesurfer reported larger hippocampal volume than manual tracing, but it still allows an 

accurate classification according to the degree of atrophy (0, 1, 2, 3 or 4 on Scheltens’ score).  

 

B. Frontal and Parietal atrophy 
 
Besides hippocampal atrophy, additional regional atrophy is helpful to better diagnose neuro-

degenerative diseases. Indeed, parietal atrophy alone or when compared to frontal atrophy 

such as in gradient of frontoparietal atrophy were identified in AD (8,12). Additionally, parie-

tal atrophy and WMH rating allowed to identify cognitive subgroups among patients with 

probable AD (8). We chose FreeSurfer because the cortical thickness measurements allowed 

to classify subjects in subgroups of healthy elderly, MCI, and AD (49).   

Here, cortical segmentation using FreeSurfer could not help to retrieve subjective parietal 

atrophy visual classifications. This result is not in line with a large multicenter study of patho-

logically proven dementias (50) which demonstrated that visual rating scores (Medial Tem-

poral, Anterior Cingulate, Orbito-Frontal, Anterior Temporal, Fronto-Insula, Posterior) from 

routinely acquired structural MRIs were correlated with cerebral atrophy using voxel-based 

morphometry (50). Among major differences with our study on AD and patients at risk, this 

study was conducted among heterogeneous demented patients, including Lewy bodies dis-

ease, early-onset AD, late-onset AD, frontotemporal lobar degeneration, and cognitively nor-

mal control subjects. Moreover, we used individual values of regional cortical thickness in-

stead of averaged gray matter density as estimated by voxel-based morphometry. To our point 
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of view, our approach is closer to clinical practice based on individual results instead of 

groups comparisons.  

These results are important, illustrating the limits of automatic cortical segmentation. Indeed, 

visual rating of regional cerebral atrophy is mainly based on the visual assessment of enlarged 

subarachnoid spaces related to both white and grey matter atrophy rather than cortical atrophy 

alone. It could be proposed to segment regional CSF spaces instead of cortical thickness in 

order to retrieve the visual sub-groups.  

 

 Relationship between WMH and parenchymal atrophy 
 
The relationship between white matter and grey matter lesions is not clearly understood yet.  

The second objective of this work was to study the relationship between WMH and cortical 

atrophy using automated segmentation. Previously, we identified within the same population 

subgroups of patients (8). Indeed, we observed that the WMH burden was inversely related to 

the severity of the parietal atrophy. Causal relationships between these 2 markers are unclear. 

Indeed, it seems unlikely that a disease responsible of parietal atrophy would protect against 

the occurrence of WMH. Inversely, it also seems very unlikely that WMH may protect against 

the occurrence of parietal atrophy.  

In fact, the occurrence of WMH is associated with cerebral atrophy in healthy (51) and in 

Alzheimer’s subjects (40,52). 

Jacobs in 2014 (15) described a negative correlation between WMH and frontal cortical thin-

ning in AD but a positive correlation (higher level of WMH volume associated with higher 

cortical thickness) in parietal lobes and in frontal lobes for MCI. 

Other studies showed that microangiopathy was inversely associated with cortical thinning in 

the precuneus and superior parietal regions (14) or that WMH in AD is not associated with 
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medial temporal lobe atrophy, but PWMH is independently correlated with hippocampal vol-

ume reduction (53). 

It reveals relationship between WMH and grey matter loss is definitely not uncovered yet. 

Automated analysis could not allow to retrieve the different morphological profiles and we 

didn’t succeed to find a significant association between WMH and cortical thinning. 

In several study, deep WMH and periventricular WMH (PWMH) were differentiated, due to 

probably different origins (14,52,53) which is something we could do in forthcoming study.  

 

 Limitations of the study  
 
The main limitations of this study were the lack pathophysiological marker of AD such as 

CSF analysis or amyloid PET (1). This was due to a poor acceptance of spinal TAP in the 

study group and a local difficulty to access to PET imaging at the time of the study. However, 

most patients presented typical clinical phenotypes after 5 years of medical follow-up and 12 

patients presented with positive CSF biomarkers. We chose to use a different cohort from 

ADNI (Alzheimer’s Disease Neuroimaging Initiative) subjects to corroborate our findings. A 

prospective study, integrating positive CSF biomarkers or amyloid PET, could verify our 

findings. 

The interest into molecular biomarkers is considerable (1,54) because there is a lot at stake for 

an early AD’s diagnosis and potential early treatment. But classification accuracy on MRI 

visual rating scores in the diagnosis of dementia has been shown to be comparable to the ac-

curacy of the CSF beta-amyloid (Aβ1-42) (50,55). Imaging is a crucial milestone in early AD 

diagnosis, particularly with automated analysis. 

Number of studies demonstrated the interest, that could be very important in the future, of 

computerized method (6,17,20). But a considerable issue is that automated analyses require 

long and sophisticated post-processing. This limits its application in daily practice and for 
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some clinicians leads to the will of doing without it (56,57). It can be argued that this area will 

see prompt and substantial progress in the future allowing a routinely use of these post-

imaging analyses. 

 Conclusion 
 
Automated analysis is close to visual analysis for microangiopathy and hippocampal atrophy. 

But automatically measured cortical atrophy was not correlated with visually assessed frontal 

and parietal atrophy. It does not allow to retrieve the visually assessed clinical and radiologi-

cal different profiles among AD and aMCI patients. Accelerating AD diagnosis means a very 

significant scientific improvement and it may be presumed that there will be room for auto-

mated analysis, maybe with innovative software that measures regional white matter and CSF 

volumes in addition to grey matter volume. These could be very interesting tools for radiolo-

gists in the future to reduce intra- and interrater variability, to better quantify abnormalities in 

order to improve diagnosis and therapeutic monitoring. 
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