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Abstract

Background—Microbleeds in the brain have been shown to occur in Alzheimer’s disease (AD), 

affecting approximately a third of subjects that present with typical dementia of the Alzheimer’s 

type (DAT). However, little is known about the frequency or distribution of microbleeds in 

subjects with AD that present with atypical clinical presentations.

Objective—To determine whether the frequency and regional distribution of microbleeds in 

atypical AD differs from that observed in subjects with DAT, and to determine whether 

microbleeds in atypical AD are associated with age, demographics or cognitive impairment.

Methods—Fifty-five subjects with Aβ deposition on Pittsburgh compound B (PiB) PET who 

presented with predominant language (n=37) or visuospatial/perceptual (n=18) deficits underwent 

T2*weighted MRI. These subjects were compared to 41 PiB-positive subjects with DAT. 

Microbleeds were identified and assigned a lobar location.

Results—The proportion of subjects with microbleeds did not differ between atypical AD (42%) 

and DAT (32%). However, atypical AD had larger numbers of microbleeds than DAT. In addition, 

the topographic distribution of microbleeds differed between atypical AD and DAT, with atypical 

AD showing the highest density of microbleeds in the frontal lobes. Among atypical AD, number 

of microbleeds was associated with age, but not gender or cognition. Microbleeds were more 

common in subjects with language (51%) versus visuospatial/perceptual deficits (22%).

Corresponding author: Jennifer L. Whitwell, PhD, Associate Professor of Radiology, Mayo Clinic, 200 1st St SW, Rochester MN 
55905, Tel: 507-284-5578, Fax: 507-284-9778, whitwell.jennifer@mayo.edu. 

HHS Public Access
Author manuscript
J Alzheimers Dis. Author manuscript; available in PMC 2017 August 02.

Published in final edited form as:
J Alzheimers Dis. 2015 ; 45(4): 1109–1117. doi:10.3233/JAD-142628.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—Microbleeds are relatively common in both DAT and atypical AD, although 

atypical AD subjects appear to be at particular risk for developing large numbers of microbleeds 

and for developing microbleeds in the frontal lobe.
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Introduction

Alzheimer’s disease (AD) is associated with amyloid-related imaging abnormalities [1], 

including microbleeds (MBs). Microbleeds located in cortical areas are thought to result 

from deposition of the protein beta-amyloid (Aβ) in cerebral vessels [2], while subcortical 

and infratentorial MBs from cerebrovascular disease [3]. Microbleeds can be identified as 

small hemosiderin deposits on T2*-weighted MRI. Microbleeds occur in 12–40% of patients 

with dementia of the Alzheimer’s type (DAT) [4–11] which is characterized by early 

memory loss and hippocampal atrophy [12]. The topographic distribution of MBs in DAT 

has been postulated to match the typical distribution of cerebral amyloid angiopathy, with 

greatest burden in the occipital lobes[5, 13], with MBs also associated with older age [6, 13]. 

It is less clear whether MBs are associated with cognitive impairment, with some studies 

finding an association in healthy populations[14, 15] but others failing to find an association 

within DAT cohorts [5, 16].

Approximately 25% of AD subjects do not complain of early memory loss [17], but instead 

present with other cognitive complaints, including difficulty with language [18–21] or 

visuospatial/perceptual function [22–24], and show relative sparing of the hippocampi [25, 

26]. These subjects are considered to have atypical AD. We have previously shown that MBs 

do occur in atypical AD subjects [27], although the small number of subjects (n=13) at that 

time did not allow us to investigate whether MBs are associated with cognitive, demographic 

and imaging features of atypical AD, and our study was limited to only subjects with a 

language presentation of AD. The aim of the current study was first, to utilize a larger cohort 

of atypical AD subjects to determine whether the frequency and distribution of MBs differs 

from that observed in subjects with DAT. Secondly, we aimed to determine whether MBs in 

atypical AD are associated with age, cognitive impairment or Aβ burden, and whether the 

frequency of MBs differs in subjects presenting with a language versus visuospatial/

perceptual presentation.

Materials and Methods

Subject selection

We identified 55 atypical AD subjects who had Aβ deposition on Pittsburgh compound B 

(PiB) PET, had undergone T2*weighted MRI and presented with predominant language 

(n=37) or visuospatial/perceptual (n=18) deficits. All subjects had been prospectively 

recruited from the Department of Neurology between September 1st 2011 and March 3rd 
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2014. The subjects with language impairment all met clinical criteria for the logopenic 

variant of primary progressive aphasia (lvPPA) [18], and all subjects with visuospatial/

perceptual deficits met criteria for posterior cortical atrophy (PCA) [22]. Subjects were 

excluded if they had a chief complaint of memory impairment or if memory impairment was 

identified on cognitive testing as a prominent deficit at disease onset or presentation. All 

subjects underwent a neurological assessment and speech/language assessments as 

previously described [28].

We also identified a comparison cohort of subjects that presented with memory loss and met 

established criteria for DAT [12] that had also completed similar MRI sequencing. None of 

the DAT subjects met criteria for lvPPA or PCA. We selected all subjects from the Mayo 

Clinic Alzheimer’s Disease Research Center (ADRC) that met criteria for DAT, that had Aβ 
deposition on PiB PET, and had undergone T2*-weighted imaging (n=41). All subjects had 

been recruited into the ADRC from the Department of Neurology between September 1st 

2011 and March 3rd 2014 and underwent standardized neurological and cognitive 

assessments.

The study was approved by the Mayo Clinic IRB. All patients consented for enrolment into 

the study. If the patient was deemed not to have the capacity to give informed consent, then 

permission was obtained from a proxy with both actual capacity and legal authority to give 

it, and assent was obtained from the participant.

MRI acquisition

All 96 subjects (55 atypical AD and 41 DAT) underwent a standardized MRI imaging 

protocol at 3T that included a 3D magnetization prepared rapid acquisition gradient echo 

(MPRAGE) sequence, a fluid-attenuated inversion recovery (FLAIR) sequence, and a T2*-

weighted sequence to detect the presence of microbleeds. The majority of cases underwent a 

2D GRE T2*-weighted sequence (TR/TE=200/20ms; flip angle=12°; FOV=20cm; in-plane 

matrix=256×224; phase FOV=1.00; slice thickness=3.3mm; bandwidth=15.63 kHz), 

although a couple of subjects underwent a 3D Swan T2*-weighted sequence (TR/TE=min/

24.8ms; flip angle=30°; FOV=22cm; in-plane matrix=320×224; phase FOV=1.00; slice 

thickness=2.0mm; bandwidth=62.50 kHz).

MRI analysis

Each T2*-weighted MRI sequence was reviewed by an experienced image analyst and the 

location of each MB was marked using in-house software. Each marked MB was 

secondarily confirmed by one of two radiologists (CRJ or KK). Both the image analyst and 

the radiologists were blinded to clinical diagnosis. Microbleeds were defined as 

homogeneous hypointense lesions up to 10 mm in diameter in the grey or white matter. 

Occasionally it was not possible to make a definitive decision, such as distinguishing a MB 

from a vascular flow void. In such instances, the MB was labeled as “possible MB”. Possible 

MBs were not included in the analysis. As previously reported, interrater reliability for MB 

classification was excellent [13].

An in-house modified version of the automated anatomical labelling (AAL) atlas with 22 

regions, including bilateral frontal, parietal, temporal, occipital lobar regions and deep/
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infratentorial grey and white matter regions, was created and registered into the space of 

each MPRAGE. Each MPRAGE with its atlas images were registered and resampled into the 

space of the T2*weighted image. Each MB was then assigned a location in the coordinate 

system of the T2*weighted image and hence also assigned an atlas location.

Maps of MB locations were built by transforming T2*weighted image locations into the 

MPRAGE image space and applying the discrete cosine transformation to the template space 

derived during statistical parametric mapping unified segmentation of the MPRAGE image. 

A sphere was placed around each MB to make it visible on 3D rendering; overlapping 

spheres were allowed to merge, forming clusters.

In addition, in order to assess potential vascular risk factors across groups, the burden of 

white matter hyperintensities (WMH) was assessed for each subject using the FLAIR 

sequence and an automated intensity-based algorithm, as previously described [27]. The 

burden of WMH was divided by total white matter volume and multiplied by 100, resulting 

in a WMH proportion (WMHp) that reflects the percentage of white matter affected by 

WMH. Total hippocampal volume was also measured for each subject to corroborate the 

clinical diagnoses using FreeSurfer software version 5.3 [29]. Hippocampal volumes were 

divided by total intracranial volume to correct for differences in head size.

PiB-PET analysis

All 96 subjects underwent Pittsburgh Compound B (PiB) PET imaging using a PET/CT 

scanner (GE Healthcare, Milwaukee, Wisconsin) operating in 3D mode. Subjects were 

injected with PiB (average, 614 MBq; range, 414–695 MBq) and after a 40–60 minute 

uptake period a 20 minute PiB scan was obtained consisting of four 5-minute dynamic 

frames following a low dose CT transmission scan. Standard corrections were applied. 

Individual frames of the PiB dynamic series were realigned if motion was detected. Each 

PiB scan was co-registered to the MPRAGE for each subject using 6 degrees-of-freedom 

affine registration. The AAL atlas was then transformed into the native space of each 

subject. A global PiB retention summary was generated by calculating median uptake for 6 

ROIs: temporal, parietal, posterior cingulate/precuneus, anterior cingulate, prefrontal, and 

orbitofrontal cortex (left and right were combined for all ROIs). These regions were 

originally chosen to reflect the distribution of Aβ in the brain in AD[30]. Median PiB uptake 

in each region was divided by median uptake in cerebellar grey matter to create uptake 

ratios, and a global PiB SUV ratio (SUVR) was formed by calculating median uptake ratio 

values across all 6 regions. The global PiB SUVR was used to classify each subject as PiB-

positive using a global cortical-to-cerebellar ratio cut-point of 1.5 [30]. Visual assessment of 

all PiB-PET scans was also performed (VJL and JLW) to verify PiB status. Regional PiB 

SUVRs were also calculated for frontal, temporal, parietal and occipital lobe using the AAL 

atlas.

Statistical analysis

Group comparisons were performed using Kruskal-Wallis tests for continuous variables and 

chi-squared or Fisher’s exact tests for categorical variables. Chi-squared tests were also used 

to evaluate the association between clinical group and absence/presence of microbleeds. 
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When all expected cell counts from the 2×2 cross-classification table were greater than one 

we used the “N−1” method, and used Fisher’s exact test otherwise [31].

We used negative binomial regression models to evaluate whether the number of 

microbleeds differed by group, region, or other clinical factors. The negative binomial 

regression model is a widely used generalization of the Poisson regression model which 

incorporates “overdispersion” or variability that is greater than the mean often indicated by 

right-skewed counts[32]. We modeled cognitive performance measured using the Montreal 

Cognitive Assessment Battery (MoCA) [33], age, disease duration, and global PiB SUVR on 

a continuous linear scale.

We used a generalized estimating equations (GEE) approach with negative binomial models 

to examine regional differences by treating each subject as a “cluster” with four repeated 

measurements consisting of MB counts for the frontal, temporal, parietal, and occipital lobes 

[32]. This GEE approach allowed us to take into account the dependence among the 

repeated regional measurements from the same subject and examine both between-group 

and within-group regional differences in a single model. We estimated microbleed density, 

defined as microbleeds per L of tissue, using a GEE model with log volume included as an 

offset. Tissue volume was based on an atlas-based segmentation of a reference cohort and 

not estimated separately for each person, as previously described [13]. We assumed an 

exchangeable correlation structure for GEE models. To evaluate PiB deposition as a 

potential confounder contributing to increased MBs, we fit total and regional MB models 

adjusted for global and regional PiB SUVR (frontal, temporal, parietal and occipital lobe), 

respectively. We used the GENMOD procedure from SAS version 9.2 (SAS Institute Inc., 

Cary NC) to fit the negative binomial models and used R version 3.0.2 (R Foundation for 

Statistical Computing, Vienna, Austria) for other analyses.

We performed sensitivity analyses to examine the extent to which our findings were 

influenced by three atypical AD cases having >50 MBs. We examined the model estimates 

three ways: (a) by omitting these three cases entirely; (b) by omitting only two cases with 

>100 MB, and (c) by including these three cases in the analysis but replacing their observed 

MB count with the maximum observed across all other cases. This approach was used for 

total MBs and regional MBs.

Results

Demographics

The atypical AD and DAT cohorts did not differ in education, age at examination, age at 

onset, PiB SUVR or in clinical vascular risk factors (hypertension, hypercholesterolemia, 

diabetes, history of strokes and smoking) (Table 1). However, the atypical AD group did 

have a higher proportion of females, shorter disease duration, better performance on the 

Mini-Mental State Examination, and lower WMHp than the DAT cohort. Consistent with the 

clinical diagnoses, the atypical AD cohort had larger hippocampal volumes than the DAT 

cohort. Within atypical AD, gender and PiB SUVR differed according to the presenting 

syndrome (i.e. lvPPA versus PCA).
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Comparison of atypical AD and DAT

Of the 55 atypical AD subjects, 23 (42%) had at least one MB in the brain. This frequency 

did not differ significantly from the frequency observed in DAT (32%, p=0.31). Within the 

subjects with MBs, 61% of the atypical AD subjects and 46% of the DAT subjects had more 

than one MB (p=0.40). The atypical AD group had a larger number of MBs than DAT 

(p<0.001, Figure 1A), with a mean (95% CI) of 8 (4 to 17) MBs per subject (range 0–152) in 

atypical AD compared to only 1 (0.4 to 2) (range 0–12) MBs per subject in DAT.

The regional location of each MB was categorized as lobar (frontal, temporal, parietal or 

occipital), deep grey/white matter, or infratentorial (cerebellum or brainstem) for each 

subject. The majority of microbleeds were lobar in both atypical AD (419/441=95%) and 

DAT (34/41=83%). Both the number of MBs and the density of MBs were greater in the 

frontal, temporal and parietal lobes in atypical AD compared to DAT (Figure 1A and B). 

Significant differences between atypical AD and DAT in the total number of MBs and the 

number of frontal MBs remained after the sensitivity analyses accounting for outliers (Table 

2). Furthermore, in our models adjusted for PiB, we did not find evidence that increased 

global or regional PiB deposition was associated with increased MBs nor did we find 

evidence that adjusting for PiB had a meaningful impact on the group-wise relative 

difference in number of regional microbleeds.

Within atypical AD, the frontal lobe showed a greater density and number of MBs than all 

other lobes (all p<0.001), and the occipital lobe showed a lower number of MBs than the 

temporal (p=0.003) and parietal (p=0.006) lobes, although MB density was similar across 

the temporal, parietal and occipital lobes. Three-dimensional renders of the regional location 

of MBs in the atypical AD subjects are shown in Figure 2. Each of the five subjects with 

greater than 15 MBs (subjects 1–5) showed a relatively symmetric frontal predominance of 

MBs. In contrast to atypical AD, within DAT, the mean number of MBs was similar across 

regions, while MB density was generally lowest in frontal lobes (versus occipital, p<0.001; 

versus temporal, p=0.06, and versus parietal, p=0.07).

No differences were observed across atypical AD and DAT in the proportion of subjects with 

deep (15% versus 5%, p=0.13) or infratentorial (7% versus 10%, p=0.66) MBs.

MB associations within atypical AD

Within atypical AD, the number of MBs was associated with both age at onset and age at 

examination, with a greater number of MBs observed with older age (Figure 3). There was 

also an association between the number of MBs and the global PiB SUVR, with a greater 

number of microbleeds associated with lower global PiB SUVR (Figure 3). No associations 

were observed between the number of microbleeds and gender or performance on the 

MoCA.

While the number of MBs did not differ according to the presenting syndrome (i.e. lvPPA 

versus PCA) (Figure 3), the proportion of subjects with MBs was greater in lvPPA compared 

to PCA (51% versus 22%, p=0.04). The regional distribution of MBs was similar for both 

lvPPA and PCA, with highest density and number of MBs observed in the frontal lobe for 

both syndromes.
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Discussion

This is the largest study to date to examine the frequency and distribution of MBs in subjects 

with atypical presentations of AD. Our findings show that MBs affect approximately 40% of 

these subjects, with many subjects showing multiple MBs. A striking finding of the study 

was that the distribution of MBs differs in atypical compared to typical presentations of AD, 

with an abundance of MBs observed in the frontal lobes in atypical AD.

The MB frequency of 42% observed in atypical AD was relatively high, yet was similar to 

the frequency of 32% observed in our DAT cohort, as well as other DAT cohorts reported in 

the literature [3, 10, 13]. This is consistent with the fact that both syndromes are caused by 

AD pathology which is strongly associated with cerebral amyloid angiopathy [34]. Indeed, 

the majority of the MBs in both syndromic groups were found in lobar regions, consistent 

with a presumed cerebral amyloid angiopathy etiology [2]. Despite this common lobar 

predominance, there was a tendency for atypical AD subjects to have a larger number of 

MBs per subject compared to DAT. Five (9%) of our atypical AD subjects had greater than 

15 MBs, with three of these subjects having over 50 MBs, while none of the DAT subjects in 

our cohort had more than 12 MBs. While DAT subjects have been observed with large 

numbers of MBs [4], another study similarly only observed a range of 0–16 MBs per subject 

in a cohort of 40 DAT subjects [10] suggesting that subjects with large numbers of MBs are 

relatively rare. Subjects with an atypical presentation of AD seem to be at particularly high 

risk of developing large numbers of MBs. While older age was associated with a greater 

number of MBs within atypical AD, it cannot explain the observed difference between 

groups because the DAT cohort was slightly older on average than the atypical AD cohort. 

Disease duration was also shorter in atypical AD and hence could not explain these 

differences. Vascular risk factors were also not more prevalent in atypical AD compared to 

DAT. The global PiB SUVR values did not differ between atypical AD and DAT suggesting 

that the greater number of MBs was not related to the degree of Aβ deposition.

There was also evidence that the distribution of lobar MBs differed between atypical AD and 

DAT. The atypical AD subjects showed a tendency for MBs in the frontal lobe, with higher 

numbers of MBs and a higher density of MBs compared to temporal, parietal and occipital 

lobes. Conversely, the DAT subjects showed lowest counts in the frontal lobes, similar to 

previous studies [4, 5, 13], and showed lower frontal counts than atypical AD. The frontal 

predominance was clear in the atypical AD subjects that had a large number of MBs, 

although, importantly, our sensitivity analyses showed that the differences between atypical 

AD and DAT were not driven by these outliers. A previous study that has reported DAT 

subjects with large numbers of MBs (range 8–104) showed that the MBs were the least 

common in the frontal lobe [4], suggesting that even if we had observed DAT subjects with 

multiple MBs, the topographic differences with atypical AD would likely persist. It is 

unclear why such a topographic difference exists or why the frontal lobe was particularly 

vulnerable in atypical AD. It is possible that the distribution of vascular Aβ may differ 

between atypical AD and DAT and hence may be related to the development of local MBs. 

However, we did not find that the regional distribution of MBs was associated with the 

regional distribution of PiB uptake in our subjects. Pathological studies will be needed to 

investigate this hypothesis.
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The number of MBs was not associated with performance on the MoCA within the atypical 

AD subjects, suggesting that the presence of MBs was not related to the degree of general 

cognitive impairment in these subjects. We did, however, observe a trend for the frequency 

of MBs to be higher in atypical AD subjects who presented with the lvPPA clinical 

syndrome, compared to those who presented with the PCA clinical syndrome. 

Approximately 50% of our lvPPA cohort had one or more MBs, a frequency that was higher 

than both PCA and DAT, suggesting these subjects are at particular risk. The number of PCA 

subjects in the study was, however, relatively small and so the estimates for this group will 

need to be confirmed in a larger study.

There was no evidence that the number of MBs was associated with higher global PiB 

SUVR in the atypical AD subjects. In fact, the opposite association was observed, with 

lower PiB SUVR associated with a higher number of MBs. It is likely that this relationship 

was artifactual and somewhat driven by the fact that the lvPPA group, which showed a 

higher proportion of MBs, had on average slightly lower PiB SUVR values than the PCA 

group. One previous study found that PiB retention was increased at the site of MBs, 

suggesting that MBs preferentially occur in regions of concentrated Aβ [35], and another 

group found evidence that the presence of MBs in DAT are associated with lower CSF Aβ42 

levels [36, 37]. We did not, however, observe any association between regional PiB SUVR 

and regional MB density. While studies have found associations between the presence of 

MBs and PiB or Florbetapir retention across mixed cohorts consisting of both cognitively 

normal and DAT subjects [13, 38], none have yet reported any relationship within DAT 

subjects and none have assessed this relationship within atypical presentations of AD. Our 

findings suggest that higher PiB SUVR is not a risk factor for MBs in AD.

These findings demonstrate that a fairly large proportion of subjects with atypical 

presentations of AD have underlying MBs, although it should be stressed that the majority 

of these subjects had only one MB present in the brain. Nevertheless, these MBs are 

typically lobar and have some predilection for the frontal lobe. The high proportion and 

number of MBs in atypical AD should be an important consideration in the use of anti-

coagulation treatment approaches in these subjects. This should also be considered if these 

subjects are included in future Aβ immunotherapy trials in AD which can exacerbate 

amyloid angiopathy and MBs [39] and lead to life-threatening vasogenic edema.
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Figure 1. Comparison of microbleed counts and density between atypical AD and DAT
Panel A shows estimated mean number of microbleeds with 95% confidence intervals (CIs). 

Total counts were estimated from a negative binomial model. Regional counts were 

estimated with a negative binomial generalized estimating equations approach to account for 

the correlation among a subject’s four regional counts. Panel B shows regional microbleed 

density, defined as microbleeds per L of tissue, based on negative binomial models with log 

tissue volume included as an offset term. P-values in the right margin are from Wald test of 
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group-wise differences. P-values in panels A and B are the same because regional densities 

were calculated using the same atlas volume estimates for all subjects.
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Figure 2. Transparent brain renders showing the regional location of microbleeds
Maps show lateral and superior view of each of the five atypical AD subjects that had more 

than 15 microbleeds (MBs) (subjects 1–5), with the MBs from all the remaining atypical AD 

subjects (n=18) shown in a composite map. Subjects 1–5 show a predominance of frontal 

lobe MBs. Subjects 1 was diagnosed with PCA and subjects 2–5 were diagnosed with 

lvPPA. Renders were created using ImageVis3D (http://www.sci.utah.edu/software/

imagevis3d.html).
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Figure 3. Relationship between microbleeds and clinical and demographic features in atypical 
AD
Estimated mean number of microbleeds with 95% confidence intervals based on negative 

binomial regression models. MoCA, age, disease duration, and PiB were modeled as 

continuous variables. To facilitate interpretation, we chose two clinically meaningful 

reference values for which to show the estimates.
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