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Introduction

In daily clinical practice, when magnetic resonance imaging (MRI) reveals lobar microbleeds, cerebral amyloid angiopathy is often considered as a possible underlying small vessel disease, particularly in elderly people. Post-mortem studies have repeatedly showed that the prevalence of cerebral amyloid angiopathy increases considerably with aging [START_REF] Tanskanen | Prevalence and severity of cerebral amyloid angiopathy: a population-based study on very elderly Finns (Vantaa 85+)[END_REF]. However, disease severity varies widely at an individual level. In the vast majority of cases, amyloid angiopathy remains clinically silent and is observed only post-mortem [START_REF] Vinters | Cerebral amyloid angiopathy. A critical review[END_REF]. At early stage, amyloid deposits are detected in the vascular wall whose barrier function remains unaffected. Only in the most severe cases, micro-and macro-hemorrhages are observed after a breach has occurred in the wall of cortical and lobar microvessels. The Boston diagnostic criteria were developed to optimize the identification of cerebral amyloid angiopathy only when hemorrhages become visible in living patients [START_REF] Smith | Clinical diagnosis of cerebral amyloid angiopathy: validation of the Boston criteria[END_REF].

During the recent decade, various biomarkers have been identified in the cerebrospinal fluid (CSF) in relation to the accumulation of proteins in brain tissue or within the microvasculature network during the process of normal or pathological aging. Thus, a decrease of amyloid β A42 has been repeatedly reported in the CSF of patients with Alzheimer's disease (AD) [START_REF] Engelborghs | The role of CSF biomarkers in the diagnostic work-up of mixed vasculardegenerative dementia[END_REF] or in presence of cerebral amyloid angiopathy (CAA) [START_REF] Charidimou | Core cerebrospinal fluid biomarker profile in cerebral amyloid angiopathy: A meta-analysis[END_REF]. This presumably results from its possible entrapment within brain tissue or microvasculature and/or reduced drainage from the brain [START_REF] Preston | Capillary and arterial cerebral amyloid angiopathy in Alzheimer's disease: defining the perivascular route for the elimination of amyloid beta from the human brain[END_REF]. Accumulating evidence suggests that both Aβ42 and Aβ40 protein accumulation in brain tissue can promote the development of neuritic plaques and neurofibrillary tangles in AD patients [START_REF] Shoji | Cerebrospinal fluid Abeta40 and Abeta42: natural course and clinical usefulness[END_REF]. In CAA, Aβ40 deposits may be larger than Aβ42 deposits inside the vessel wall and seems to be distributed differently along the microvasculature [START_REF] Attems | Only cerebral capillary amyloid angiopathy correlates with Alzheimer pathology-a pilot study[END_REF]. In AD, conversely to what is observed in patients with only CAA, the hyperphosphorylated Tau (pTau) protein is also associated with various neuronal degenerative processes and is increased in the CSF.

These discrepancies may explain why the ratio of Aβ40/Aβ42 and the level of pTau differ between patients with only CAA and patients with AD [START_REF] Charidimou | Core cerebrospinal fluid biomarker profile in cerebral amyloid angiopathy: A meta-analysis[END_REF]. The picture is further complexified by the frequent co-occurrence of CAA and AD.

In this context, additional observations may help to better understand the clinical value of these different CSF biomarkers for individual patients. In the present study of consecutive patients with heterogenous clinical presentations and recruited in a primary stroke center, we aimed to determine in those who presented with lobar microbleeds on MRI, which clinical and MRI features were positively or negatively related to the level of aβ42, Aβ40 and to the Aβ40/Aβ42 ratio which all have been previously related to CAA.

Methods

Patients and clinical evaluation

Twenty-eight consecutive patients (mean age: 66.7 (± 5.3 (SD)) years, range: 57-80) who presented with lobar microbleeds on MRI and for whom the underlying cause was initially considered as "uncertain" by their neurologist (because the patient was either hypertensive, never had a stroke or presented with deep ischemic or hemorrhagic lesions) were included. All of them were admitted in the Neurology Department of Lariboisière Hospital, from 2013 to 2018, for a complete work-up including CSF examination after they had a recent history of gait or motor difficulties (n=6), cognitive complaints (n=5), stroke event (n=15, hemorrhagic n = 11 and ischemic stroke n = 4) or headache (n = 2). In all individuals, the presence or absence of dementia was assessed according to DSMIV criteria and the severity of functional disability using the modified Rankin Scale (mRS). The in presence of more than 10 hemorrhagic lesions. Their location was classified as lobar or non-lobar and in subcortical areas as involving either the deep white-matter, basal ganglia, brainstem or cerebellum. When superficial siderosis as previously defined (reference) was present, the number of curvilinear hypointensities into the sulci was also determined on T2* weighted images and when they were located in a lobe outside or remote from a large hemorrhage. On FLAIR images, white-matter hyperintensities were scored in each patient using the Fazekas scale for periventricular white matter hyperintensities as 0: absent, 1: caps or thin like a pencil line, 2: thicker line or halo, 3: confluent and extensive lesions towards the deep white matter and for deep white matter hyperintensities as: 0: absent, 1: dot shaped or nodular aspect, 2: beginning of confluence, 3: confluent. In addition, white-matter hyperintensities were also assessed in both the frontal and occipital white matter according to their location in the periventricular, deep or juxtacortical white matter in order to estimate an antero-posterior gradient as previously reported [Zhu YC et al. 2012].

Biomarkers in the cerebrospinal fluid CSF was obtained always more than three months after the stroke event and collected using standardized collection, centrifugation, and storage conditions [START_REF] Dumurgier | Intersite variability of CSF Alzheimer's disease biomarkers in clinical setting. Alzheimer's & dementia : the journal of the Alzheimer[END_REF][START_REF] Lehmann | Relevance of Abeta42/40 Ratio for Detection of Alzheimer Disease Pathology in Clinical Routine: The PLMR Scale[END_REF]. CSF total Tau and hyperphophorylated pTau (181) concentrations were measured using standardized commercially available INNOTESTR sandwich ELISA according to the manufacturer's procedures (Fujirebio Europe NV, Formerly Innogenetics NV).

Statistical Analysis

Analysis of the relationships between different clinical and imaging parameters and the CSF level of Aβ42, Aβ40 and Aβ40/42 ratio was performed using stepwise multiple regression analysis. The following variables were included both backward and forward in the statistical model: 1) age, 2) positive history of treated hypertension, 3) history of hemorrhagic stroke, 4) history of ischemic stroke, 5) dementia, 6) extent of whitematter T2 hyperintensities (Fazekas score), 7) antero-posterior gradient of white-matter hyperintensities, 8) presence of ischemic or hemorrhagic lesions in basal ganglia, internal capsule or brainstem, 9) presence of cortical superficial siderosis level. The final model was selected using the smallest Schwarz's Bayesian Information Criterion (BIC) value.

Individual data were also analyzed based on the presence of absence of a decrease of Aβ42, a decrease of Aβ40 or a decrease of both Aβ42 and Aβ40 under the corresponding mean value minus 1.5 SD obtained in a group of "healthy" subjects. The CSF samples from healthy individuals were obtained from a group of 36 subjects (mean age: 61.8 ± 8.2 years, women 55%) evaluated during the same period in the Research Memory Center and who had identical CSF examination. They were matched for age and selected because they had both normal cognitive performances using an extensive neuropsychological testing battery, normal imaging data (including no microbleed) and persisting normal cognitive results after more than two years.

Results

In the selected population, the mean Mini-Mental State Examination (MMSE) score was 25.7 ± 3.9. Only three individuals of our sample were demented according to DSMIV criteria. The modified Rankin score (mRS) was 0 in five patients, 1 in eleven, 2 in three, 3 in four and 5 in four (mean value: 1.7 ± 1). Hypertension was diagnosed in 20 patients (71%), 15 patients had a previous history of hemorrhagic stroke (lobar, n=13) and eight a previous history of ischemic stroke (deep ischemic stroke in all cases). Six normotensive and 11 hypertensive cases fulfilled the Boston diagnostic criteria of probable cerebral amyloid angiopathy, the 11 others had both hemorrhagic lesions in deep and lobar areas (mixed cases). Mean values of Aβ42 were 540 ± 194 in patients with probable CAA, 698 ± 272 in mixed cases and 1067 ± 213 in the control group (all groups p<0.001, probable CAA vs controls (p<0.001), mixed vs controls (p<0.0001), probable CAA vs mixed (p=0.053)), mean values of Aβ40 were 13.09 ± 4.6 in patients with probable CAA, 10.5 ± 2.8 in mixed cases (p=0.12) and 12.8 in controls in the same groups (all groups p=0.04; probable CAA vs controls (p=0.02); mixed vs controls (p=0.86); probable CAA vs mixed (p=0.12)).

In this population, the level of Aβ42 in the CSF was positively related to the presence of hypertension and to the presence of vascular lesions in basal ganglia, internal capsule or brainstem (Table 1). The level of Aβ40 in CSF was positively related to the presence of hypertension and age and negatively related to the occurrence of lobar hemorrhagic stroke. Finally, the Aβ40/Aβ42 ratio increased with the occurrence of lobar hemorrhagic stroke and decreased in relation to the extent of white-matter hyperintensities, the anteroposterior gradient of these lesions or the occurrence of dementia.

Finally, a decrease of Aβ42 was observed at an individual level in all six normotensive patients diagnosed with probable CAA according to the Boston diagnostic criteria (100%), a decrease of Aβ40 was found in four of them (66%). The analysis of CSF profile also showed a reduction of Aβ42 in 76.6% of all cases with probable CAA, in 54.5% in mixed cases (p 0.41), a reduction of Aβ40 was detected in 47.06% vs 12.5% (p 0.18), and a reduction of the ratio <0.1 in 64.71% vs 50%, (p 0.668).The limited sample size prevented further analysis of predictors by logistic regression analysis.

Discussion

In this group of consecutive patients recruited through a primary stroke center with various clinical presentations and who had in common lobar micro hemorrhages on MRI, we observed that the level of Aβ42 and Aβ40 in the CSF can be differentially related to several clinical features. The level of the two CSF biomarkers was found negatively related to the past occurrence of lobar hemorrhagic stroke but positively related to hypertension.

We also observed that all normotensive cases satisfying the Boston diagnostic criteria of probable CAA presented with a decrease of Aβ42 and Aβ40 under our control values. These results suggest that in the absence of hypertension, the occurrence of lobar hemorrhagic stroke in this small group of patients might be actually related to a reduced elimination of amyloid proteins in the CSF as expected in presence of amyloid angiopathy.

The opposite link detected between the Aβ42 level and the presence of vascular lesions in basal ganglia, internal capsule or brainstem is in line with this interpretation since such lesions are frequent in small vessel diseases related to hypertension and are not usually ascribed to amyloid angiopathy.

The analysis of clinical features associated with the Aβ40/Aβ42 ratio also shows results suggestive of accumulation of amyloid protein in the cerebral microvasculature. The ratio was found to increase in presence of a positive history of lobar hemorrhagic stroke and was negatively related to the occurrence of dementia previously associated with a prominent accumulation of Aβ42 in brain tissue and at the capillary level [START_REF] Attems | Only cerebral capillary amyloid angiopathy correlates with Alzheimer pathology-a pilot study[END_REF]. It is also related to the anteroposterior gradient that decreases in amyloid angiopathy favoring the posterior predominance of white-matter hyperintensities and to the total extent of these lesions that is mainly driven by hypertension.

Altogether, these data suggest that some clinical or imaging features observed in patients with lobar microbleeds may be particularly relevant for detecting accumulation of Aβ42 and Aβ40 in the cerebral microvasculature. Thus, a history of lobar hemorrhagic stroke appears related to a decrease of these biomarkers in the CSF, while no or opposite variations of these markers are more likely observed in presence of hypertension, deep cerebrovascular lesions, white-matter hyperintensities without posterior predominance, in presence of dementia or with advanced age. The presence of cortical superficial siderosis was not found particularly related to the level of Aβ42 in this study (data not shown) but these negative findings are difficult to interpret due to the limited number of individuals with these imaging features.

In most previous studies of CSF biomarkers, data were obtained in patients who were selected because they had cognitive complaints, cognitive decline or because they satisfied the Boston diagnostic criteria of cerebral amyloid angiopathy. In the present study of individuals with lobar microbleeds, only 11 patients fulfilled the diagnostic criteria of probable amyloid angiopathy but the main objective of this study was not to validate the diagnostic value of these biomarkers but to report in daily clinical practice some of the clinical and imaging features related to variations of amyloid proteins in the CSF.

We think that this information may help to improve the interpretation of these biomarkers that can be easily obtained today in daily practice. Obviously, the results of this exploratory study should be interpreted with caution. The study sample was small which limits considerably further analysis, the results obtained were not confirmed externally and no follow-up data was collected. We think however that these results support that some clinical features such as the presence of absence of hypertension, imaging aspects of white matter hyperintensities, the presence or absence of vascular lesions in the deepest parts of the brain, the presence of dementia and age should be systematically considered for better interpreting CSF biomarkers in presence of cortical or lobar microbleeds. Additional studies are needed to confirm the present findings and to refine our diagnostic or prognostic approach using these new tools in the future. 

  diagnosis of probable CAA was also made separately based on the revised Boston criteria (Van Rooden et al, 2009) as follows: a) Multiple hemorrhages in lobar, cortical, or cortico-subcortical regions (cerebellar hemorrhage allowed); b) Age > 55 years; c) Absence of another cause of hemorrhages. Patients were considered hypertensive when blood pressure was higher than 140-90 mmHg at time of diagnosis or if they currently used an antihypertensive agent. Magnetic resonance imaging data MRI was obtained in all subjects using the same scanner (1.5T Signa General Electric Medical Systems) and identical sequences: T1 weighted images [repetition time/echo time (TR/TE) 228 ms/2.6 ms, slice thickness 5 mm], Flair weighted images [TR 9000ms/TE 82 ms, slice thickness 5 mm], T2* weighted images [TR 600 ms/TE 10 ms, slice thickness 5 mm] and diffusion weighted images [TR 8700 ms/TE 86 or 152 ms, slice thickness 5 mm]. Images were analyzed using the CareStream® software by a single rater (LG) who assessed different types of lesions. Microbleeds were defined according to the STRIVE criteria as rounded foci of <10 mm in size that appear hypointense on T2* images and distinct from vascular flow voids, leptomeningeal, hemosiderosis, or nonhemorrhagic subcortical mineralization) [Fazekas et al., 1999; Greenberg et al., 2004]. Similar signal abnormalities of diameter larger than 10 mm were classified as "Macrobleeds". The number of such lesions was assessed using the following scale: score 0 = absence, score 1 = from 1 to 5, score 2 = from 6 to 10 and score 3

Table Model with continuous Aβ42 and Aβ40

 Model 

	Independent variable	Coefficient	SE	t ratio	P > │t│	Validation
		estimate				
	Predictors of CSF Aβ42 level*					
	Hypertension	125.69	79.54	6.66	0.00741	R2 = 0.304
	Isch/Hemorrhagic lesions in BG, IC or brainstem 146.56	75.32	3.78	0.063	AdjR2 = 0.298
						BIC = 387.92
	Predictors of CSF Aβ40 level					
	Constant Lobar hemorrhagic stroke	6795/6 -1022.1	409.21 370.14	16.61 2.76	<0.0001 0.0114	R2 = 0.402 AdjR2 = 0.348
	Hypertension	-859.7999	409.2159	-2.10	0.0473	BIC = 456.78
	Predictors of the ratio Aβ40/Aβ42 level					
	Constant	25.91	2.17	11.91	<0.0001	R2 = 0.804
	Extent of WM hyperintensities	-4.79	0.836	-5.74	<0.0001	AdjR2 = 0.765
	Dementia	-4.73	0.856	-5.53	<0.0001	BIC = 124.03
	Anteroposterior gradient of WM hyperintensities -1.609	0.468	-5.07	0.0001	
	Lobar hemorrhagic stroke	2.05	0.856	4.38	0.0003