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Résumé 
 

 

Introduction 

Le diagnostic clinique de l’angiopathie amyloïde cérébrale (AAC) se base actuellement sur 

les critères de Boston, intégrant principalement des critères d’IRM cérébrale. L’ajout de la 

TEP-TDM au 18F-FDG à ces critères pourrait améliorer leur performances diagnostiques. 

Cependant, les anomalies de métabolisme glucidique cérébral en TEP n’ont jamais été 

formellement explorées. Nous avons fait l’hypothèse d’un hypométabolisme glucidique des 

régions corticales postérieures, en particulier du cortex visuel primaire, où prédominent les 

dépôts amyloïdes vasculaires dans l’AAC. 

 

Méthodes 

Nous avons rétrospectivement inclus 14 patients issus d’une large base de données d’un 

centre mémoire, chez qui la TEP-TDM cérébrale au 18F-FDG et l’IRM cérébrale avaient été 

réalisées dans le cadre du soin courant, et qui remplissaient les critères de Boston pour AAC 

probable (≥2 microbleeds de topographie exclusivement lobaire). Aucun de ces patients 

n’avait d’antécédent d’hémorragie intra-cérébrale symptomatique (HICs). Le traitement 

d’image de la TEP comportait i) une normalisation spatiale à l’espace MNI152, ii) le calcul 

d’indices de fixation standardisés (SUVr ; relatifs au pont) et leur Z-score relatifs à une base 

de données de valeurs normales appariées selon l’âge, pour 13 régions d’intérêt couvrant 

l’ensemble du cortex cérébral et le cervelet. Nous avons réalisé un test de Student bilatéral à 

la recherche d’un hypométabolisme statistiquement significatif pour la moyenne droite et 

gauche du Z-score de chacune des régions comparativement à la valeur zéro. 

 

Résultat 

Un hypométabolisme statistiquement significatif (p compris entre 0,047 et 0,001) a été 

retrouvé pour chacune des régions d’intérêt à l’exception des régions les plus antérieures. Les 

régions corticales postérieures étaient les plus touchées, par ordre de valeurs de p croissantes : 

le cortex pariétal inférieur, visuel primaire, pariétal supérieur, occipital latéral, temporal 

latéral, précuneus, et cingulaire postérieur. 

 

Conclusion 

En accord avec notre hypothèse, un hypométabolisme glucidique a été retrouvé dans les 

régions corticales postérieures, incluant le cortex visuel primaire, où prédominent les 

anomalies anatomopathologiques dans l’AAC. Etant donné la faible taille de notre échantillon 

et le caractère rétrospectif de notre étude, ces résultats nécessitent d’être répliqués et 

pourraient ne pas s’appliquer aux phénotypes d’AAC avec HICs. 
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Abstract 
 

 

Background 

The clinical diagnosis of cerebral amyloid angiopathy (CAA) is currently based on the Boston 

criteria, which mainly rely on brain MRI features. Adding FDG PET to these criteria might 

improve their accuracy. To date, however, brain FDG uptake in probable CAA has not been 

systematically investigated. We hypothesized that brain FDG uptake would be significantly 

reduced in posterior cortical areas, particularly the primary occipital cortex, which 

pathologically bear the brunt of vascular Aβ deposition 

 

Methods 

From a large memory clinic database, we retrospectively included 14 patients in whom both 

brain MRI and FDG PET had been obtained as part of routine clinical care and who fulfilled 

the Boston criteria for probable CAA (≥2 exclusively lobar microbleeds). None had a history 

of symptomatic intracerebral hemorrhage (sICH). FDG data processing involved i) spatial 

normalization to the MNI152 space, and ii) generation of standardized FDG uptake (SUVr; 

relative to the pons) Z-scores relative to healthy age-matched controls for a template of 13 

regions-of-interest (ROIs) covering the whole cortex and the cerebellum. The presence of 

significant hypometabolism (two-tailed p<0.05) was then assessed for the bilaterally-averaged 

ROI SUVr. 

 

Results 

Significant hypometabolism (p range: 0.047 to 0.001) was present across all ROIs except 

anterior-most ROIs. Posterior cortical areas were the most affected, with in decreasing order 

of statistical significance the inferior parietal, primary visual, superior parietal, lateral 

occipital, lateral temporal, precuneus and posterior cingulate ROIs.  

 

Conclusions 

Supporting our hypothesis, glucose hypometabolism affected predominantly posterior cortical 

regions, including the primary visual cortex, which pathologically are prominently affected in 

CAA. Given the small sample and retrospective analysis from a memory clinic, these results 

need replication and may not necessarily generalize to CAA-related sICH. 
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Revue bibliographique 
 

 

L’angiopathie amyloïde cérébrale (AAC) constitue une pathologie grave et fréquente chez les 

personnes âgées, consistant en des dépôts de protéine amyloïde β (Aβ) dans les vaisseaux du 

cortex cérébral et des leptoméninges, dont la cause n’est pas encore totalement élucidée. 

L’AAC est une cause fréquente d’hématome cérébral lobaire spontané récidivant dans cette 

population, qui constitue sa complication la plus préoccupante. Cette complication sévère est 

grevée d’une mortalité à court terme élevée, et entraine fréquemment des séquelles 

fonctionnelles majeures, faisant le lit de la perte d’autonomie chez ces patients. De plus, 

l’AAC entraîne également des lésions ischémiques de la substance blanche cérébrale ainsi que 

des micro-hémorragies lobaires pouvant conduire à un déclin cognitif sans AVC clinique. 

Enfin, l’AAC soulève des problèmes thérapeutiques importants dans la population âgée du 

fait du risque accru de complications hémorragiques cérébrales en cas d’hypertension 

artérielle mal contrôlée ou de traitement antithrombotiques (principalement les anti-

coagulants). Il n’existe pas actuellement de traitement efficace contre l’AAC. En effet, bien 

que certaines molécules aient montré des résultats encourageant dans des modèles murins 

d’AAC (immunothérapie passive, Taxifolin), les résultats restent décevants chez l’homme. 

 

Actuellement, le diagnostic de certitude d’AAC repose sur l’analyse histologique cérébrale 

exhaustive post-mortem. Ce diagnostic repose sur la mise en évidence de dépôts amyloïdes 

dans les petits vaisseaux superficiels du cortex cérébral, et des lésions histopathologiques 

vasculaires et parenchymateuses qui en découlent, qui prédominent classiquement en région 

corticale postérieure (cortex temporo-pariéto-occipital). 

 

Du vivant du patient, le plus haut niveau de certitude diagnostique nécessite la mise en 

évidence de dépôts amyloïdes vasculaires sur une biopsie cérébrale (le plus souvent réalisée 

dans le cadre de l’évacuation d’un hématome intra-cérébral). Celle-ci étant non disponible ou 

non envisageable dans la très grande majorité des cas, le diagnostic repose en pratique sur une 

démarche probabiliste, basée sur les critères de Boston modifiés. Ces critères intègrent des 

éléments cliniques et d’imagerie morphologique, notamment la présence de plusieurs micro-

saignements (ou « microbleeds ») de topographie strictement lobaire (c’est-à-dire en 

territoires superficiels, corticaux ou directement sous-corticaux) sur les séquences sensibles au 

saignement en IRM cérébrale. Tout comme les anomalies histopathologiques, il existe une 

prédominance postérieure des lésions hémorragiques en IRM. 

 

Ces critères indirects permettent de poser le diagnostic d’AAC probable ou AAC possible, en 

l’absence de données histopathologiques. Pour la catégorie AAC probable, les performances 

diagnostiques sont satisfaisantes mais loin d’être parfaites, avec des valeurs rapportées de 

sensibilité et spécificité très variables selon les études et les présentations cliniques, allant de 

4.5% à 76.9% pour la sensibilité et de 87.5% à 100% pour la spécificité1. Pour la catégorie 

AAC possible, les critères diagnostiques reposent sur la présence d’un seul hématome ou 

microbleed lobaire, et sont donc très imprécis du fait des nombreux diagnostics différentiels 

possibles. Disposer de nouveaux marqueurs diagnostiques permettrait d’améliorer la 

performance des critères de Boston, en particulier dans la catégorie AAC possible. 

 

Plusieurs modalités d’imagerie fonctionnelle ont été évaluées dans cette pathologie, 

notamment par le biais de techniques de médecine nucléaire par TEP ou scintigraphie. Parmi 

ces techniques, la TEP amyloïde a été la plus étudiée. Celle-ci permet la possibilité d’un 

diagnostic moléculaire direct de l’AAC in vivo, en utilisant des radiotraceurs spécifiques des 
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dépôts amyloïdes. Ces traceurs, initialement conçus pour le diagnostic de la maladie 

d’Alzheimer (MA), ont également montré un intérêt potentiel dans l’AAC, mais ils ont 

montré des performances diagnostiques variables dans les études (une méta-analyse incluant 7 

études rapportant des valeurs de sensibilité à 79% et de spécificité à 78%)2. Une étude 

rapportait notamment un manque de spécificité du fait de la fréquence élevée d’examens 

positifs chez des sujets âgés asymptomatiques sans signe radiologique d’AAC, possiblement 

en rapport avec des formes pré-symptomatiques de MA3.  

 

La scintigraphie de perfusion cérébrale quant à elle, ne semble avoir été étudiée que dans une 

seule étude, évaluant 11 patients avec AAC probable comparés à un groupe de sujets contrôle, 

apparié selon l’âge4. Les auteurs rapportent des hypoperfusions du cortex cérébral postérieur, 

notamment du cortex pariétal et temporal, ainsi que préfrontal, mais de façon surprenante, 

respectant le cortex occipital, qui pourtant représente un site préférentiel pour les atteintes 

histologiques et en IRM. 

 

La TEP-TDM au 18FDG constitue une modalité diagnostique devenue largement accessible, 

permettant d’étudier le métabolisme glucidique cérébral dans les différentes régions du cortex 

cérébral. Bien que cette modalité soit fortement corrélée aux méthodes d’évaluation de la 

perfusion cérébrale de repos par scintigraphie de perfusion cérébrale, et que 

traditionnellement ces deux types d’évaluation ont été utilisées de manière interchangeable 

dans l’évaluation des pathologies neurodégénératives, il existe actuellement des avantages 

techniques nets en termes de résolution spatiale apportées par la TEP qui ont supplanté les 

méthodes scintigraphiques. Cependant, elle n’a pas été étudiée dans l’ACC, en dehors d’une 

étude japonaise rapportant un hypométabolisme du cortex temporal chez des patients atteints 

de maladie d’Alzheimer, ayant également des microbleeds lobaires (copathologie MA et 

AAC), comparativement à des patients avec MA sans microbleed, mais le nombre de patient 

inclus remplissant les critères d’AAC probable était très faible (n = 5 patients)5.  
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Abstract 
 

 

Background 

The clinical diagnosis of cerebral amyloid angiopathy (CAA) is currently based on the Boston 

criteria, which mainly rely on brain MRI features. Adding FDG PET to these criteria might 

improve their accuracy. To date, however, brain FDG uptake in probable CAA has not been 

systematically investigated. We hypothesized that brain FDG uptake would be significantly 

reduced in posterior cortical areas, particularly the primary occipital cortex, which 

pathologically bear the brunt of vascular Aβ deposition 

 

Methods 

From a large memory clinic database, we retrospectively included 14 patients in whom both 

brain MRI and FDG PET had been obtained as part of routine clinical care and who fulfilled 

the Boston criteria for probable CAA (≥2 exclusively lobar microbleeds). None had a history 

of symptomatic intracerebral hemorrhage (sICH). FDG data processing involved i) spatial 

normalization to the MNI152 space, and ii) generation of standardized FDG uptake (SUVr; 

relative to the pons) Z-scores relative to healthy age-matched controls for a template of 13 

regions-of-interest (ROIs) covering the whole cortex and the cerebellum. The presence of 

significant hypometabolism (two-tailed p<0.05) was then assessed for the bilaterally-averaged 

ROI SUVr. 

 

Results 

Significant hypometabolism (p range: 0.047 to 0.001) was present across all ROIs except 

anterior-most ROIs. Posterior cortical areas were the most affected, with in decreasing order 

of statistical significance the inferior parietal, primary visual, superior parietal, lateral 

occipital, lateral temporal, precuneus and posterior cingulate ROIs.  

 

Conclusions 

Supporting our hypothesis, glucose hypometabolism affected predominantly posterior cortical 

regions, including the primary visual cortex, which pathologically are prominently affected in 

CAA. Given the small sample and retrospective analysis from a memory clinic, these results 

need replication and may not necessarily generalize to CAA-related sICH. 
 
 
 

Keywords 
 

 

CAA, FDG, PET, cerebral small vessel disease 
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Introduction 
 

Cerebral amyloid angiopathy (CAA) has recently emerged as a major cause of lobar 

spontaneous intracerebral haemorrhage (ICH)1. CAA is also associated with cognitive 

decline2-4. The clinical diagnosis of CAA currently relies on the modified Boston criteria5, 

which classify patients according to the following groups: definite CAA (requires a full post-

mortem cerebral pathological examination), probable CAA with supporting pathological data 

(relies on clinical data, brain MRI and pathological examination of a brain sample), probable 

CAA without supporting pathological data (relies on clinical data and brain MRI alone) and 

possible CAA (ditto). In practice, as brain tissue samples are rarely available, the diagnosis of 

CAA mainly relies on MRI, which only allows probabilistic diagnosis. The MRI features 

listed in the current Boston criteria are exclusively hemorrhagic in nature and exclusively 

lobar in topography, and include macrobleeds, microbleeds (CMBs) and cortical superficial 

siderosis (cSS), all detectable on T2* imaging. Conversely, these criteria prescribe that the 

presence of deep macrobleeds or microbleeds, typical of hypertensive SVD, is a cause of 

exclusion of CAA. Additional MRI features currently being assessed for potential inclusion in 

the upcoming version of the Boston criteria include centrum semi-ovale (CSO) perivascular 

spaces (PVS), white matter hyperintensities (WMH) of predominantly posterior location, and 

cortical microinfarcts6. 

 

 Although in autopsy series the modified Boston criteria have very high specificity 

(~90%), their sensitivity is low (~40%) in ICH population, and may be as low as 4.5% in non-

ICH subjects based on a population-based study7, 8, leaving room for improvement. Recently, 

molecular imaging, namely amyloid PET, has been evaluated as a potential diagnostic tool9, 

but so far no recommendation has appeared. Whether 18F-FDG-PET - a widely available 

routine clinical tool that provides maps of glucose utilization and has established diagnostic 

value in neurodegenerative conditions - has applications in CAA has never been formally 

investigated. 

 

The aim of the present study was to investigate the regional distribution of FDG 

uptake in a sample of probable CAA patients. Our a priori hypothesis was that FDG uptake 

would be significantly reduced in posterior (i.e., temporo-parieto-occipital) cortical areas, 

particularly in the primary occipital cortex, which pathologically are the areas most affected 

by vascular Aβ deposition10-12. 

 

 

Methods 
 

Study design 

 

We conducted a retrospective study of all consecutive patients with probable CAA 

who attended a large memory clinic (Cognitive Neurology Center, Lariboisière-Fernand-

Widal hospital group, Paris, France), and underwent FDG-PET as part of routine care. 

Additional inclusion criteria were as follows: i) available clinical MRI with the following 

sequences: T1, T2 FLAIR, T2* and diffusion-weighted imaging; and ii) fulfilling the 

modified Boston criteria for probable CAA. As per these criteria, deep-seated T2* 

hemorrhagic lesions were a cause of exclusion.  
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18F-FDG PET/CT 

 

All patients underwent FDG-PET in the same imaging center (Centre Cardiologique 

du Nord, Saint-Denis, France), using a PET/CT device (Discovery GE Healthcare, 

Milwaukee, WI, USA). The imaging procedure used a standard protocol, namely 6hrs of 

fasting and blood glucose level measurement, followed in sequence by 30 min of rest with 

sensory deprivation (silent and dark room, eye mask), radiotracer injection (2.5 MBq/kg), 30 

min additional rest, PET data acquisition, and finally low-dose CT. Images were reconstructed 

using standard procedures (iterative reconstruction algorithm and attenuation correction using 

the CT attenuation map). 

 

To enhance clinical relevance, we used for quantitative analysis CortexID suite (GE 

Healthcare, Milwaukee, USA), a software that is widely available in clinical centers and 

increasingly used in clinical research as well13-16. This software automatically generates FDG 

uptake data for a fixed set of 12 cortical regions-of-interest (ROIs; the lateral prefrontal, 

medial prefrontal, sensorimotor, anterior cingulate, posterior cingulate, precuneus, superior 

parietal, inferior parietal, lateral occipital, primary visual, lateral temporal and mesial 

temporal regions) plus the whole cerebellum and the pons, and compares the ROI data so 

generated to a normative database derived from a large data base of healthy controls (>40 per 

decade), allowing individual subject age-matching. Image post-processing involves spatial 

normalization using rigid transforms to coregister PET data onto a T1 MRI imaging template 

in the standard MNI/ICBM 152 space, thus not requiring individual subject’s T1 volume 

dataset. All voxel values are then divided by the mean uptake in a reference regions (whole 

cerebellum or pons) and expressed as relative standardized uptake value (SUVr). For the 

present study we chose the pons as reference as the cerebellum may be affected in CAA17. For 

each patient, the mean SUVr for each ROI is then computed, and compared to the 

automatically-selected age-matched sample of healthy subjects, allowing a Z-score to be 

derived. For the present study, for each ROI (average of right and left-sided homologous 

ROIs) the mean (± 1 SD) Z-score was calculated across the CAA group. 

 

Statistical analysis 

 

To assess regional hypometabolism, we used one-sample Student’s t-test assessing 

each ROI’s mean ± SD Z-score versus neutral. Two-tailed p <0.05 was considered statistically 

significant. Given our a priori hypothesis, correction for multiple tests was not applied. 

 

SPM8 analysis 

 

Given the proprietary nature of Cortex ID Suite, we also conducted as benchmarking a 

separate analysis using conventional voxel-based parametric mapping, namely SPM8 

(Wellcome Center Human Neuroimaging, University College London). To this end, we 

compared our CAA sample to a sample of cognitively-intact healthy elderly controls (HECs) 

who volunteered for research purposes at the Cyceron biomedical imaging platform, 

University of Caen, France. The protocol, which included MRI with gradient-echo T2* 

(Achieva 3.0 T scanner, Philips) and FDG PET/CT (Discovery RX VCT 64, GE Healthcare), 

was approved by the Basse-Normandie Regional Ethics Committee, and all subjects signed 

the consent form. The PET protocol was similar to the one described above. A 68Ge 

transmission scan was performed before emission data acquisition for calculating attenuation 

correction. Out of the 43 available HECs age-matched to our CAA sample, 5 were excluded 
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post-hoc based on the presence of ≥1 lCMB on T2* MRI, which resulted in a final group of 

38 subjects (mean age 71.2yrs, 50% male, median MMSE 29).  

 

Following Gaussian smoothing to adjust for different spatial resolutions, direct spatial 

normalization of the FDG-PET data onto the onboard SPM8 PET template in standard 

MNI/ICBM 152 space was performed. SUVr maps were then created for each subject by 

dividing all voxels by the mean uptake in a pons ROI extracted from the Wake Forest 

University PickAtlas software version 2.3 (https://www.nitrc.org/projects/wfu_pickatlas/)18, 19. 

As our aim with this ancillary analysis was to replicate as far as possible the above CortexID 

Suite-based analysis, we used the AAL atlas of anatomical ROIs20, also included in PickAtlas, 

and created the same set of ROIs as those from CortexID by merging the appropriate AAL 

ROIs (Supplementary Table). As with the CortexID analysis, the mean of left and right ROIs 

was calculated for each bilateral ROI in order to obtain one value per region. The SUVr 

values for the 13 ROIs were compared between the probable CAA and age-matched HEC 

groups using repeated measures analysis of variance (ANOVA) with Group as explaining 

factor and ROIs as measures. 

 

Results 
 

Patient sample characteristics 

 

              Out of 410 potentially eligible patients in the database, 14 fulfilled the inclusion and 

exclusion criteria. Mean (SD) age was 72.2 (8.3) yrs, 57% were males, median (IQR) MMSE 

was 26 (25; 27) and 11 patients presented with mild cognitive impairment, 2 with dementia 

and 1 with subjective cognitive complaint. No patient had a clinical history of ICH. Mean 

(SD) fasting blood glucose immediately before the PET study was 0.96 (0.09) g/L. 

 

On MRI, median (IQR) lMB count was 4 [2 ; 15], Fazekas score was 2 [1 ; 3], CSO 

PVS score was 2 [2 ; 3], BG PVS score was 2 [2 ; 2], and 7 patients had posterior 

predominance WMHs. As per the exclusion criteria, no patient had a deep MB, and none had 

lacunar infarcts. One patient had a single asymptomatic left occipital 11mm diameter 

macrobleed on susceptibility weighted imaging (SWI) together with right frontal focal cSS, 

neither considered likely to significantly impact FDG uptake. 

 

Cortex ID results 

 

The mean SUVr values and SUVr Z-scores for each ROI across the sample, and the p-

values for the comparison to normative data, are shown in Table 1. There was significant 

hypometabolism across all cortical ROIs except the anterior cingulate and medial prefrontal 

ROIs. The posterior cortical ROIs were the most strongly hypometabolic, with in decreasing 

order of statistical significance: the inferior parietal, primary visual, superior parietal, lateral 

occipital, lateral temporal, precuneus and posterior cingulate ROIs. The cerebellum was not 

significantly hypometabolic. 

 

SPM8 results 

 
The SUVr values for the 13 ROIs derived from the ancillary SPM8 analysis for the 

two groups are presented in Table 2. The repeated measures ANOVA revealed a significant 

Group effect (p = 0.011), a significant ROI effect (p < 0.0001) and a significant Group x ROI 
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interaction (p < 0.001). Between-group comparison for the 13 ROIs are shown in Table 2. 

There was significant hypometabolism in all cortical ROIs except the anterior cingulate, 

prefrontal lateral, prefrontal medial, sensori-motor and mesial temporal ROIs. Consistent with 

the Cortex ID analysis, posterior cortical ROIs were again the most strongly affected, with in 

decreasing order of statistical significance: the superior parietal, inferior parietal, lateral 

occipital, precuneus, lateral temporal, primary visual and posterior cingulate ROIs. Again, the 

cerebellum ROI was not statistically significant. 
 

Discussion 
 

Consistent with our a priori hypothesis based on post-mortem distribution of vascular 

amyloid burden in autopsy-proven CAA10-12, 21, significant hypometabolism as compared to 

healthy age-matched controls involved large portions of the posterior cortex, with results 

consistent across two distinct image processing methods. 

 

To enhance clinical relevance, we purposely used CortexID Suite for image processing 

and analysis pipeline, similar to several previously published clinical investigations13-16. 

Cortex ID has the advantage of being widely available around the globe, making our findings 

potentially translatable to the clinical setting. To assess the reliability of these results derived 

with a proprietary software, we conducted an ancillary analysis using software freely 

available on the web, namely SPM and the AAL ROI template, which yielded essentially 

identical results, consistent with the strong correlation between both datasets for each of the 

13 VOIs found in a post-hoc analysis (n=14 subjects; Pearson r range: 0.89-0.98, all p values 

< 2x10-5). 

To the best of our knowledge, there is no previous FDG PET study in probable CAA. 

However, thorough literature search identified a resting-state brain 99mTc-ECD SPECT study 

in a small sample of probable CAA patients (n=11) compared to a similar-size age-matched 

healthy control sample, using voxel-based statistical mapping. Consistent with our results, this 

study found widely distributed clusters of significant posterior cortex hypoperfusion, notably 

involving the parietal and temporal areas, as well as right prefrontal areas, but sparing the 

occipital cortex22. Apart from using SPECT, which has much lower spatial resolution than 

PET, there are several marked differences between this study and ours. First of all, the clinical 

material was unusual as patients were not recruited based on the Boston criteria, but for 

instance required >10 strictly lobar MBs; in addition, several patients had additional 

diagnoses on top of CAA, including vascular dementia, headache and seizures. Second, the 

voxel SPECT counts were normalized to the individual’s whole brain SPECT counts, a 

procedure which is known to dilute regional differences as compared to the SUVr as used in 

our study23. Third, the authors used voxel-based statistical mapping, which is exploratory in 

nature and requires stringent correction for multiple tests across the tens of thousands of 

individual voxels in the matrix - an approach which, as compared to the hypothesis-driven, 

ROI-based analysis used here, potentially misses clinically-meaningful differences. Fourth, 

these authors studied brain 99mTc-ECD uptake as a surrogate for perfusion, yet a degree of 

flow-metabolism mismatch may be present in CAA, a condition known to affect the 

neurovascular coupling particularly in occipital areas24-26. Fifth, and finally, brain 99mTc-ECD 

uptake is known to diverge from true perfusion in several brain areas, particularly in medial 

occipital areas27, 28. Taken together, these methodological differences likely explain the lack in 

this previous study of significant hypoperfusion in the occipital cortex, an area known to be 

markedly affected in CAA (see Introduction).  

 

Several distinct mechanisms might underlie brain glucose hypometabolism in CAA. 
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One study in a mouse model of AD associated with extensive CAA lesions reported astrocytic 

glucose metabolism abnormalities, particularly decreased expression of the glucose 

membrane transporter GLUT-1 (known to condition cellular FDG uptake) in astrocytes 

surrounding amyloid-laden vessels, already present at an early stage in the CAA/AD 

pathogenic process29. In another study using a similar transgenic mouse model, vascular 

amyloidosis was associated with reduced resting state cerebral blood flow30, similar to a study 

in healthy aged humans showing an association between presence of lobar MBs and cortical 

hypoperfusion, particularly in posterior areas31. Other types of CAA-related brain lesions 

might also contribute to glucose hypometabolism, particularly chronic white matter 

hyperintense lesions, which are known to be associated with reduced FDG uptake in the 

healthy elderly32, 33, but also cortical microinfarcts and dilated perivascular spaces in the CSO.  

 

Our study has limitations. First, our probable CAA patient sample was relatively 

small. Yet, it was extracted from a large database of memory clinic patients, and is 

comparable to previous PET imaging studies in CAA34, while highly significant glucose 

hypometabolism was identified in several ROIs despite the small sample. Larger prospective 

studies are nevertheless warranted to confirm these findings. Second, our statistical results 

were not to correct for multiple tests. However, such corrections are required only in 

exploratory analyses, while we tested here a strong a priori hypothesis based on well-

established predominantly posterior lesion burden. Regardless, applying post-hoc a 

Bonferroni correction showed that all posterior cortical areas remained statistically 

significantly hypometabolic, except the posterior cingulate (data not shown). Third, owing to 

the retrospective design using routine FDG-PET datasets, single-subject 3D volume T1 

acquisitions were not available, which precluded correction of FDG voxel counts for cortical 

atrophy in the ancillary SPM analysis, while spatial normalization was applied directly to the 

FDG datasets. However, this did not affect our main analysis using CortexID, a widely 

available image processing pipeline where individual T1 MRI are not required, making our 

results of potentially direct clinical relevance.  

 

A further point deserves specific attention. Because our sample was selected from a 

memory clinic database, and even though CAA in itself can cause cognitive deficits2-4, it is 

possible that the cognitive complaints that led to clinic attendance were related to concomitant 

AD in some of our patients. Indeed, about 1/4th of subjects with AD have moderate to severe 

CAA on autopsy, and about half of patients with CAA meet pathological criteria for AD, 

indicating partial overlap between these pathological processes12, 35, 36. Still, autopsy studies of 

hospital-based patients without ICH have shown very high specificity (~90%) of the Boston 

criteria for CAA8, so that all or nearly all our patients are expected to harbor CAA. It remains 

nonetheless possible that at least part of the hypometabolic profile reported here reflects 

concomitant AD. As a matter of fact, out of 6 patients from our CAA sample in whom CSF 

biomarkers for AD were assessed, 5 showed a pattern consistent with concomitant AD. 

However, excluding post-hoc these 5 patients did not alter the overall pattern of cortical 

hypometabolism observed for the whole group, with all posterior cortical regions remaining 

statistically significant (except a trend only for the posterior cingulate) in spite of the 

substantial sample size reduction. This in turn suggests that the hypometabolic profile 

reported here has specificity for CAA. Furthermore, even though the preferential distribution 

over posterior cortical areas may overlap with that typical of AD, the involvement of the 

primary visual cortex would be quite unexpected for AD, while conversely the posterior 

cingulate and precuneus would be expected to be most severely hypometabolic in AD, which 

was not found here. This however remains to be confirmed as only 6 patients in our sample 

had CSF assessment, which in our memory clinic is carried out only when there is clinical 
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suspicion of early-stage AD. Prospective research studies including CSF assessment as part of 

the protocol are warranted to address these issues. Interestingly, two studies have assessed the 

association between brain FDG uptake and presence of lobar MBs in patients with established 

AD.  In one study using voxel-based statistical mapping37, FDG uptake was significantly 

lower in insular areas bilaterally (spreading to the peri-insular left temporal lobe) in AD 

patients with lobar MBs as compared to those without. However, the cut-off used to 

determine statistical significance apparently erred on the liberal side. Also, only 5/17 patients 

had ≥2 exclusively lobar MBs, making the relevance of this study for CAA unclear. In the 

other study, there was no significant association between FDG regional SUVr values and 

presence vs. absence of lobar MBs across healthy aged, MCI and AD groups38; however, the 

actual number of subjects with ≥2 lobar MBs is missing, and whether the presence of deep 

MBs was a cause of exclusion is not mentioned, again questioning relevance to CAA. 

Prospective studies directly comparing the FDG uptake profiles of “pure” CAA (i.e., with 

negative CSF AD biomarkers) vs. “pure” AD (i.e., with positive AD CSF biomarkers but no 

lobar MBs) are warranted to resolve the above issues. Given the results presented here, it 

would seem likely that the primary visual cortex would have the highest discriminative value. 

 

 

Conclusion 
 

This study is the first to uncover posterior cortex hypometabolism, notably involving the 

visual cortex, in probable CAA, consistent with known post-mortem distribution of vascular 

amyloid burden in this condition. This suggests that FDG-PET may have diagnostic utility in 

CAA. However, our findings need external confirmation, and may not apply to other CAA 

phenotypes, particularly symptomatic ICH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 

 

 

 

Table 1. Cortex ID-derived mean (SD) SUVr values, SUVr Z-scores and p-values (t-test 

versus neutral) across the probable CAA sample (n=14).  

  

ROI SUVr SUVr Z-score p 

Prefrontal lateral 1.44 (+/- 0.15) -0.80 (+/- 1.27) 0.047 

Prefrontal medial 1.33 (+/- 0.13) -0.73 (+/- 1.22) 0.074 

Sensorimotor 1.39 (+/- 0.11) -0.89 (+/- 1.10) 0.016 

Anterior cingulate 1.17 (+/- 0.23) -0.52 (+/- 1.12) 0.14 

Posterior cingulate 1.48 (+/- 0.23) -1.00 (+/- 1.60) 0.044 

Precuneus 1.45 (+/- 0.18) -1.36 (+/- 1.42) 0.004 

Parietal superior 1.23 (+/- 0.14) -1.57 (+/- 1.37) 0.0012 

Parietal inferior 1.32 (+/- 0.13) -1.24 (+/- 1.08) 0.001 

Occipital lateral 1.37 (+/- 0.15) -1.33 (+/- 1.21) 0.0014 

Primary visual 1.50 (+/- 0.17) -1.04 (+/- 0.91) 0.0012 

Temporal lateral 1.23 (+/- 0.11) -1.03 (+/- 1.00) 0.0024 

Temporal mesial 0.99 (+/- 0.08) -0.80 (+/- 1.15) 0.025 

Cerebellum 1.20 (+/- 0.06) -0.57 (+/- 0.97) 0.064 

SUVr: relative standardized uptake value; ROI: region of interest 
 

 

 

Table 2. SPM8-derived mean (SD) SUVr values across the probable CAA (n=14) and age-

matched healthy control (HEC; n= 38) groups, with ANOVA p-value.  

 

ROI Probable CAA HEC  

 

p 

 

Prefrontal lateral 1.46 (+/- 0.16) 1.48 (+/- 0.09) 0.602 

Prefrontal medial 1.43 (+/- 0.14) 1.45 (+/- 0.10) 0.544 

Sensorimotor 1.46 (+/- 0.12) 1.51 (+/- 0.09) 0.087 

Anterior cingulate 1.34 (+/- 0.16) 1.34 (+/- 0.11) 0.994 

Posterior cingulate 1.29 (+/- 0.19) 1.40 (+/- 0.14) 0.022 

Precuneus 1.48 (+/- 0.18) 1.63 (+/- 0.11) 0.001 

Parietal superior 1.32 (+/- 0.16) 1.48 (+/- 0.11) 0.0001 

Parietal inferior 1.44 (+/- 0.16) 1.59 (+/- 0.10) 0.0003 

Occipital lateral 1.49 (+/- 0.16) 1.61 (+/- 0.09) 0.001 

Primary visual 1.58 (+/- 0.17) 1.68 (+/- 0.11) 0.018 

Temporal lateral 1.33 (+/- 0.12) 1.40 (+/- 0.08) 0.01 

Temporal mesial 1.05 (+/- 0.08) 1.08 (+/- 0.05) 0.057 

Cerebellum 1.33 (+/- 0.07) 1.35 (+/- 0.07) 0.297 
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Conclusion 
 
Dans cette première évaluation de la TEP-TDM cérébrale au 18F-FDG dans l’AAC, nous 

avons mis en évidence des hypométabolismes corticaux postérieurs incluant le cortex 

occipital primaire, en accord avec notre hypothèse initiale. Ce résultat implique que cette 

modalité pourrait avoir un intérêt diagnostique dans cette pathologie, et pourrait possiblement 

permettre d’améliorer la précision des critères diagnostiques actuellement utilisées. 

Cependant, notre résultat nécessite d’être répliqué dans des études prospectives de plus grand 

effectif, idéalement avec une évaluation systématique des biomarqueurs de la MA dans le 

LCR, et incluant une évaluation directe des performances diagnostiques. De plus notre 

échantillon étant constitué de patients d’un centre mémoire sans antécédent d’hématome 

lobaire symptomatique, il est possible que nos résultats ne soient pas applicables aux 

présentations d’AAC avec hématome lobaire symptomatique.  
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Annexes 
 

 
Critères de Boston modifies pour l’angiopathie amyloïde cérébrale 

 

AAC certaine • Examen post-mortem cérébral 

exhaustif révélant des hémorragies 

lobaires (i.e. corticales ou 

directement sous-corticales) et des 

signes histologiques d’angiopathie 

amyloïde sévère 

• Absence de diagnostic alternatif 

AAC probable 

(avec données histopathologiques) 
• Données cliniques et données 

histopathologiques (issues de 

l’évacuation d’un hématome cérébral 

ou d’une biopsie cérébrale) 

démontrant un hématome lobaire et 

des dépôts amyloïdes vasculaires  

• Absence de diagnostic alternatif 

AAC probable  

(sans données histopathologiques) 
• Age > 55 ans 

• Contexte Clinique compatible 

• IRM cérébrale montrant : 

- Plusieurs (i.e. > 1) hémorragies 

de topographie strictement 

lobaire (y compris cérébelleuses) 

- Une seule hémorragie lobaire et 

une hémosidérose corticale 

superficielle 

• Absence de cause établie 

d’hémorragie cérébrale 

AAC possible • Age > 55 ans 

• Contexte Clinique compatible 

• IRM cérébrale montrant : 
- Une seule hémorragie de 

topographie strictement lobaire ou 

hémosidérose corticale superficielle 

• Absence de cause établie 

d’hémorragie cérébrale 

AAC : angiopathie amyloïde cérébrale 
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Coupe IRM en séquence de susceptibilité magnétique (sensible aux hémorragies) 

montrant de nombreux micro-saignements de topographie lobaire en lien avec une AAC 
 

 
 

http://www.sfrnet.org/rc/org/sfrnet/htm/Article/2014/20140107-164039-233/src/htm_fullText/fr/KLEIN_I.pdf 

 

 

 

 

 

 

Cas démonstratifs de TEP-TDM au 11C-PiB (TEP amyloïde) dans l’ACC 
 

 
HC : Healty controls ; pCAA : probable cerebral amyloid angiopathy ; AD : Alzheimer’s disease 

 

J.C. Baron et.al : Diagnostic utility of amyloid PET in cerebral amyloid angiopathy-related symptomatic 

intracerebral hemorrhage J. Cereb. Blood Flow Metab., 34 (2014), pp. 753-758 

 

 

 

 

http://www.sfrnet.org/rc/org/sfrnet/htm/Article/2014/20140107-164039-233/src/htm_fullText/fr/KLEIN_I.pdf
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Introduction Le diagnostic clinique de l’angiopathie amyloïde cérébrale (AAC) se base 

actuellement sur les critères de Boston, intégrant principalement des critères d’IRM cérébrale. 

L’ajout de la TEP-TDM au 18F-FDG à ces critères pourrait améliorer leur performances 

diagnostiques. Cependant, les anomalies de métabolisme glucidique cérébral en TEP n’ont 

jamais été formellement explorées. Nous avons fait l’hypothèse d’un hypométabolisme 

glucidique des régions corticales postérieures, en particulier du cortex visuel primaire, où 

prédominent les dépôts amyloïdes vasculaires dans l’AAC. Méthodes Nous avons 

rétrospectivement inclus 14 patients issus d’une large base de données d’un centre mémoire, 

chez qui la TEP-TDM cérébrale au 18F-FDG et l’IRM cérébrale avaient été réalisées dans le 

cadre du soin courant, et qui remplissaient les critères de Boston pour AAC probable (≥2 

microbleeds de topographie exclusivement lobaire). Aucun de ces patients n’avait 

d’antécédent d’hémorragie intra-cérébrale symptomatique (HICs). Le traitement d’image de 

la TEP comportait i) une normalisation spatiale à l’espace MNI152, ii) le calcul d’indices de 

fixation standardisés (SUVr ; relatifs au pont) et leur Z-score relatifs à une base de données de 

valeurs normales appariées selon l’âge, pour 13 régions d’intérêt couvrant l’ensemble du 

cortex cérébral et le cervelet. Nous avons réalisé un test de Student bilatéral à la recherche 

d’un hypométabolisme statistiquement significatif pour la moyenne droite et gauche du Z-

score de chacune des régions comparativement à la valeur zéro. Résultat Un 

hypométabolisme statistiquement significatif (p compris entre 0,047 et 0,001) a été retrouvé 

pour chacune des régions d’intérêt à l’exception des régions les plus antérieures. Les régions 

corticales postérieures étaient les plus touchées, par ordre de valeurs de p croissantes : le 

cortex pariétal inférieur, visuel primaire, pariétal supérieur, occipital latéral, temporal latéral, 

précuneus, et cingulaire postérieur. Conclusion En accord avec notre hypothèse, un 

hypométabolisme glucidique a été retrouvé dans les régions corticales postérieures, incluant 

le cortex visuel primaire, où prédominent les anomalies anatomopathologiques dans l’AAC. 

Étant donné la faible taille de notre échantillon et le caractère rétrospectif de notre étude, ces

résultats nécessitent d’être répliqués et pourraient ne pas s’appliquer aux phénotypes d’AAC 

avec HICs. 
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