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ABSTRACT

Objective: To evaluate alterations in cerebral blood flow (CBF) using arterial spin-labeled MRI in
autosomal dominant Alzheimer disease (ADAD) mutation carriers (MCs) in relation to cerebral
amyloid and compared with age-matched healthy controls.

Background: Recent work has identified alterations in CBF in elderly subjects with mild cognitive
impairment and Alzheimer dementia using MRI. However, similar studies are lacking in ADAD.
Subjects with ADAD are generally free of significant vascular disease and offer the opportunity
to measure CBF early in the pathologic process before significant symptom onset when unique
markers might be identified.

Methods: Fourteen MCs (presenilin-1 and amyloid beta precursor protein) (Clinical Dementia
Rating [CDR] 0 5 9, CDR 0.5 5 4, CDR 1 5 1) and 50 controls underwent 3-tesla pulsed arterial
spin-labeled MRI. SPM8 was used to test the effect of MC status at the voxel level on CBF before
and after controlling for age and CDR.

Results: MCs had decreased perfusion in the caudate and inferior striatum bilaterally even after
controlling for age and CDR. In MCs, separate areas of decreased CBF were associated with
increasing cerebral amyloid and to decreased performance of attention and executive function.

Conclusions: Early CBF changes were identified in asymptomatic and mildly symptomatic sub-
jects with ADAD, particularly in the anterior striatum. Furthermore, amyloid deposition was asso-
ciated with decreased CBF in a number of regions including anterior and posterior cortical areas.
Both amyloid and decreased CBF were associated with declines primarily in executive cognitive
function. Neurology® 2014;83:710–717

GLOSSARY
Ab 5 b-amyloid; AD 5 Alzheimer disease; ADAD 5 autosomal dominant Alzheimer disease; ASL 5 arterial spin labeling;
CBF 5 cerebral blood flow; CDR 5 Clinical Dementia Rating; DSM-IV 5 Diagnostic and Statistical Manual of Mental Dis-
orders, 4th edition; FDG 5 [18F]-fluorodeoxyglucose; LOAD 5 late-onset Alzheimer disease; MC 5 mutation carrier; MCI 5
mild cognitive impairment; PiB 5 Pittsburgh compound B; SPM 5 Statistical Parametric Mapping; SUVR 5 standardized
uptake value ratio.

Fibrillar b-amyloid (Ab) plaques, although one of the earliest pathologies identified in
Alzheimer disease (AD), are not strongly linked to clinical symptoms in late-onset AD (LOAD)
or in autosomal dominant AD (ADAD). However, the presence of nonfibrillar and fibrillar Ab
is associated with the risk of developing cognitive decline and may do so through a number of
mechanisms including alterations of cerebrovascular integrity with secondary cerebral hypoper-
fusion.1–5 Identifying the mechanisms that link amyloid pathology to cognitive decline is a
priority of research in AD and cognitive aging.

Studies in LOAD have identified alterations in resting cerebral perfusion in AD and mild cog-
nitive impairment (MCI), but the presence of systemic and cerebrovascular disease as opposed to
AD pathology may account for some of the abnormalities.6,7 Subjects with ADAD, however,
typically develop symptoms at a younger age and therefore are likely to have less cardiovascular
burden, offering the potential to measure the relationship between cerebral Ab deposition and
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cerebral blood flow (CBF) unconfounded by
atherosclerotic disease. The purpose of this
study was to explore the relationship between
cerebral amyloid and cerebral perfusion in the
absence of significant cardiovascular and cere-
brovascular disease. We hypothesized that,
compared with control subjects, ADADmuta-
tion carriers (MCs) would have decreased CBF
in areas of greatest Ab deposition. Likewise,
within MCs, we explored whether greater amy-
loid deposition alters CBF diffusely or only
within specific areas. Lastly, we explored the
association between cognitive performance
with CBF and cerebral Ab, predicting that
cognitive performance would be more closely
associated with CBF than cerebral Ab.

METHODS Standard protocol approvals, registrations,
and patient consents. After approval from the University of

Pittsburgh institutional review board, all subjects were recruited

through an ongoing, observational study of ADAD, in vivo

PET Ab imaging, and cognitive and functional performance.

Study design and participants. Subjects were required to be

older than 18 years and free of any significant medical condition,

psychiatric condition, or neurologic condition that could result in

a cognitive disorder or affect their participation in the study.

ADAD gene mutations were confirmed through an approved

commercial testing facility (Athena Diagnostics, Worcester,

MA). Fourteen subjects were included in the current study repre-

senting PS1 (presenilin-1) and APP (amyloid beta precursor pro-

tein) gene mutations. After consent, each subject underwent the

procedures described below.

Clinical evaluation. All subjects with ADAD received a compre-

hensive neurologic evaluation performed by experienced physicians,

nurse practitioners, and physician assistants; detailed psychiatric

evaluation by a geriatric psychiatrist; and comprehensive neuropsy-

chological evaluation of the cognitive domains of attention (Digit

Span Forward, Trail Making Test A), executive function (Digit

Span Backward, Trail Making Test B, Digit-Symbol Substitution

Test, Stroop Color-Word Interference Test, Letter Fluency),

language (Boston Naming, Semantic Fluency), visuospatial

function (modified Rey-Osterrieth Complex Figure, Modified

Block Design), and learning and memory (Rey-Osterrieth

Delayed Recall, CERAD [Consortium to Establish a Registry for

Alzheimer’s Disease] 10-Word List, Logical Memory). Each

subject and their informant were interviewed and the subject was

assigned a Clinical Dementia Rating (CDR)8 score by an

experienced rater. A consensus diagnosis of dementia was based

on DSM-IV, and a diagnosis of AD was based on the National

Institute of Neurological and Communicative Disorders and

Stroke–Alzheimer’s Disease and Related Disorders Association.9

All staff was blinded to genetic status.

Imaging. MRI. MRI was performed with a Siemens 3T Trio

(Siemens AG, Erlangen, Germany). A volumetric MRI using

the AD neuroimaging initiative sequence was used.10 This

high-resolution anatomical sequence was for MRI-guided

region-of-interest placement for the coregistered [C-11] Pitts-

burgh compound B (PiB) (PiB-PET). Sixty regions of interest

were hand-drawn for MCs.11

Cerebral arterial perfusion was obtained using pulsed arterial

spin labeling (ASL) with 82 MRI volumes including 2M0 images

in the beginning, and 40 spin labeling/control labeling image

pairs were obtained. The data were collected using a pulsed

ASL tagging scheme with a 3-dimensional interleaved spiral fast

spin echo readout with the following parameters: spatial resolu-

tion: 240 3 240 3 109 mm, 64 3 64 matrix, repetition time

5 4,000 milliseconds, echo time 5 18 milliseconds; bandwidth:

2,790 Hz/Px; slice thickness: 4 mm with 1-mm gap; number of

slices: 22; labeling duration: 0.7 seconds; acquisition time: 45

milliseconds; and delay time: 1.0 seconds. The M0 images were

collected with spatial resolution: 240 3 240 3 109 mm, repeti-

tion time 5 8,000 milliseconds, echo time 5 18 milliseconds;

bandwidth: 2,790 Hz/Px; slice thickness: 4 mm with 1-mm gap;

and number of slices: 22.

PET. PET imaging was performed at the University of Pitts-

burgh Medical Center PET Research Center on a Siemens/CTI

ECAT HR 1 PET Scanner with a Neuro-insert (CTI PET

Systems, Knoxville, TN) in 3-dimensional mode. The [C-11] was

injected IV (12–15 mCi, over 20 seconds, specific activity

approximately 1–2 Ci/mmol) and PET scanning was performed

from 40 to 70 minutes postinjection (six 5-minute frames). The

PiB-PET data were summed over 50 to 70 minutes postinjection,

and analysis utilized a standardized uptake value ratio (SUVR)

with cerebellum as described in reference 12. Global PiB was

computed as the bilateral average SUVR of the following regions:

anterior cingulate, anterior ventral striatum, prefrontal cortex,

lateral temporal cortex, parietal cortex, and precuneus cortex.

Hereafter, we refer to these 6 regions of interest as the AD regions
because they were derived from areas typically demonstrating

high amyloid burden.

A convenience sample of 50 young to middle-aged subjects

from an unrelated study (see supplemental data on the Neurology®

Web site at Neurology.org) was used as a comparison group for the

purposes of measuring voxel-level differences in CBF based on AD

mutation status (table 1). These subjects were free of significant

medical, neurologic, or psychiatric disease or imaging evidence of

cerebral trauma or stroke, participating in a study of brain health,

stress, and cardiovascular disease.13,14 Attempts were made to match

the control group to case group based on major demographic and

clinical variables, age, sex, and education; however, there remained

statistically significant differences. Therefore, they were chosen ran-

domly from a group of more than 100.

ASL imaging processing. ASL data were processed using

SPM8 (Statistical Parametric Mapping; http://www.fil.ion.ucl.

ac.uk/spm/) with a combination of in-house preprocessing, and

methods based on the ASL toolbox from the University of

Pennsylvania.15 First, all ASL images were realigned to the first

image to correct for head motion. A mean M0 image, calculated

by averaging the 2 M0 images, was then aligned to each subject’s

magnetization-prepared rapid-acquisition gradient echo image.

The aligned, registered images were smoothed with a 3-

dimensional Gaussian filter (12 mm3 full width at half

maximum). CBF was quantified by subtracting the pulse-

labeled images from the control images using the sinc

subtraction approach,15 which generated a mean CBF map.

Image alignment and segmentation of each subject’s structural

and CBF images to the Montreal Neurological Institute spaces

was achieved by utilizing the unified segmentation method in

SPM8.16

All CBF images were reviewed for evidence of substantial arti-

fact or problems with alignment and coregistration. None of the

subjects had head motion .3° in the x, y, z plane. CBF maps

were generated with and without correction for atrophy to
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account for the possibility of partial volume effects. However,

there were no significant differences and thus the noncorrected

values were used. Lastly, all scans were reviewed for evidence of

significant vascular disease markers and microhemorrhages. One

MC scan demonstrated a poor coregistration during the group

comparison study, but there were no significant differences after

removing and thus it was included.

Statistical analysis. Appropriate descriptive and inferential sta-

tistics were used to compare groups including Student t and x2

tests. For the between-group comparison (MCs and normal

controls), we performed voxel-level t tests across the entire

brain to explore the effect of MC status on CBF exclusively

and after controlling for age or CDR score separately using

SPM8. The statistical threshold was a family-wide error rate

p , 0.05 with a cluster level threshold of 30 voxels.

In MCs only, we explored the association between global PiB

SUVR values as the independent variable and CBF at the voxel level

using a univariate regression analysis, first without covariates and

then separately controlling for age and CDR status in 2 additional

models in SPM. Because of the small size of the within-group anal-

ysis, a threshold of p , 0.005, uncorrected, with a cluster level of

50 voxels, was used. To address the issue of possible type I error in

the SPM analysis, we extracted the CBF values from those clusters

found to be significant and performed a correlation between CBF

values and PiB values in the AD regions used to establish the whole-

brain PiB SUVR. Lastly, to explore the functional implications of

CBF and Ab deposition, we performed simple bivariate correlations

between the CBF clusters identified in the voxel-level analysis and

PiB values from the AD regions to cognitive performance. In those

areas found to have significant values, we repeated the analysis

controlling for age. Because of the small numbers and nonnormal-

ity of the data, we used a Kendall tau correlation coefficient. In

addition, for those cognitive tests with significantly skewed distri-

butions, a log10 transformation was applied and the correlations

repeated but no significant differences were found, thus the non-

transformed data were used. Analyses were performed using SPSS

version 21.0 (IBM Corp., Armonk, NY). The control group had

limited cognitive data available and thus correlations between cog-

nition and CBF or PET Ab deposition were restricted to the MC

cohort.

RESULTS There were 14 MCs (CDR 0 5 9, CDR
0.55 4, CDR 15 1; dementia 5 2, MCI5 1) and
50 control subjects who were slightly older (Cohen
d 5 20.69) and had more education (d 5 20.47).
There were no differences in global CBF between
MCs and controls (table 1). For the MCs, there
was an inverse relationship between age and CBF
(r 5 20.56), but no association between education
and CBF (r 5 0.27).

Perfusion and mutation status. MCs had decreased per-
fusion in the caudate and inferior striatum bilaterally
relative to controls that remained after controlling for
age and CDR status (figure 1). Two smaller clusters
located in the left medial parietal-posterior sensory
cortex and right premotor area also were decreased in
MCs. When we compared CDR 0 and 0.5 subjects
separately with normal controls, the results were
virtually the same, but the cluster size was reduced
(image not shown). We found no areas of increased
perfusion in the MCs compared with the noncarriers.

Table 1 Demographic and imaging variables for the ADAD and control groups

ADAD (n 5 14) Control (n 5 50) p Value

Age, y, mean 6 SD 34.7 6 7.9 39.5 6 5.8 0.01

Sex, % female 71 50 0.30

Education, y, mean 6 SD 14.9 6 2.1 16.2 6 3.3 0.04

Current smoker, % 7 26 0.12

MMSE score (n 5 12) 27.5 6 3.6 NAa —

CDR (n 5 14) 0 5 9, 0.5 5 4, 1 5 1 NA —

CBF values, mean 6 SD (range)

Global 55.5 6 12.4 (33–69) 58.9 6 9 (43–82) 0.25

Cerebral amyloid SUVR, mean 6 SD (range)

Global 1.83 6 0.57 (1.15–3.18) NA —

Anterior cingulate 1.93 6 0.72 (1.13–3.54) NA —

Ventral striatum 2.13 6 0.74 (1.17–3.4) NA —

Frontal 1.89 6 0.64 (1.15–3.33) NA —

Lateral temporal 1.51 6 0.49 (1.09–2.77) NA —

Parietal 1.63 6 0.49 (1.06–2.84) NA —

Precuneus 1.89 6 0.61 (1.25–3.31) NA —

Abbreviations: ADAD 5 autosomal dominant Alzheimer disease; CBF 5 cerebral blood flow; CDR 5 Clinical Dementia
Rating; MMSE 5 Mini-Mental State Examination; NA 5 not applicable; SUVR 5 standardized uptake value ratio.
aVisual IQ based on North American Adult Reading Test for the control group 5 mean 110 6 9 (range 87–126).
Global PiB values represent average SUVR (cerebellar reference) of 6 regions; arterial spin labeling values represent
mL/100 mg/min.
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Perfusion and Ab. As global PiB retention increased,
there was decreased perfusion in the right anterior,
lateral prefrontal cortex as well as the right occipital/
temporal cortex and the superior right parietal lobe,
left lateral-middle temporal gyrus, and a small area
of the right precuneus (figure 2A). After controlling
for age or CDR score in 2 separate models (figure
2B), there were similar findings but a reduction in
the size of clusters. In addition, we found as PiB
retention increased, there was increased CBF to the
bilateral, medial occipital cortex and left superior
motor cortex (figure 2C).

We then extracted the CBF values from the clus-
ters in figure 2 and correlated these values with the
SUVR values in the AD regions (table 2). There were
similar inverse correlations between nearly all AD
regions and the CBF clusters, indicating no predom-
inant association between a particular anatomical area
of amyloid and decreased blood flow.

Perfusion, Ab, and cognitive performance. As CBF
decreased, there was an associated decrease in per-
formance on tests of attention and executive cogni-
tive function (table 3). As CBF increased, there was

Figure 1 Voxel-wise cerebral perfusion tmap comparingmutation carriers with noncarriers, mutation carrier group-wise PiB-PET, and overlay
of perfusion t map and PiB-PET

(A) Two-sample t test with no covariates demonstrating areas of decreased CBF in mutation carriers compared with noncarriers; family-wise error p, 0.05,
cluster level of 30; color bar represents t values for significant voxels; Montreal Neurological Institute coordinates 211, 20, 28. (B) Mutation carriers (14)
group composite amyloid PET demonstrating high bilateral striatal amyloid deposition; color bar represents standardized uptake value ratio 50–70 values.
(C) Composite overlay of voxel-wise CBF map (A) and group-level amyloid deposition demonstrating the anatomical colocalization of the decreased CBF in
the bilateral striatum where cerebral amyloid density is highest. CBF 5 cerebral blood flow; PiB 5 Pittsburgh compound B.

Figure 2 Whole-brain voxel-wise regression of CBF perfusion predicted by global PiB-PET SUVR values

All analyses represent p, 0.005 (uncorrected), cluster level of 50; red areas represent inverse correlations, and blue areas represent direct correlations. (A)
Decreased CBF with increasing global SUVR values, no covariates. (B) Decreased CBF with increasing global SUVR values with age as covariate. (C)
Increased CBF with increasing global SUVR, no covariates (no changes were demonstrated with addition of age as covariate, so image is not shown).
CBF 5 cerebral blood flow; PiB 5 Pittsburgh compound B; SUVR 5 standardized uptake value ratio.
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an increase in global cognitive function and performance
on visuoconstruction tasks. Only the correlations in the
right occipital/temporal remained significant after ad-
justing for age. As PiB retention increased, there was a
decrease in executive function and visuospatial function,
but not memory function, with the strongest correla-
tions noted with parietal lobe PiB retention. After ad-
justing for age, nearly all correlations with executive
function remained significant. These PiB-cognitive

relationships remained after removing the 2 subjects
with highest global SUVR indicating the results were
not driven by these 2 subjects (data not shown).

DISCUSSION In this study of asymptomatic and
mildly symptomatic subjects with ADAD gene muta-
tions, we found (1) decreased CBF in the bilateral
ventral-anterior striatum in the MCs compared with
normal controls that corresponded to the area of

Table 2 Nonparametric bivariate correlations between PiB-PET region of interest SUVR and extracted CBF
values derived from whole-brain voxel-wise analysis

PiB-PET ROI

CBF cluster (extracted eigenvariate)

Left lateral temporal Right frontal Right occipital/temporal Right parietal

Anterior cingulate cortex 20.55a 20.58b 20.57b 20.56b

Anterior ventral striatum 20.47a 20.68b 20.45a 20.53a

Frontal cortex 20.37 20.43a 20.53a 20.38

Lateral temporal cortex 20.50a 20.31 20.57b 20.42a

Parietal cortex 20.59b 20.59b 20.57b 20.61b

Precuneus 20.49a 20.53a 20.47a 20.46a

Abbreviations: CBF 5 cerebral blood flow; PiB 5 Pittsburgh compound B; ROI 5 region of interest; SUVR 5 standardized
uptake value ratio.
aCorrelation is significant at the 0.05 level.
b Significant at #0.005 (2-tailed).

Table 3 Nonparametric bivariate correlations between cognitive function and CBF (top) and PiB (bottom)

Cognitive domain

Language Visuoconstruction Executive Memory

Boston
Naming

Letter
Fluency

Category
Fluency Figure Copy Figure Recall

Block
Design TMT Aa TMT Ba

Word List
Recall

Paragraph
Recall

Global
MMSE

CBF cluster

Left lateral temporal 0.12 0.13 0.26 0.32 0.41b,c 0.54b,c 20.55b,c 20.53b,c 0.32 0.29 0.41b,c

Right frontal 0.13 0.12 0.19 0.21 0.38 0.55b,c 20.52b,c 20.58b,c 0.28 0.36 0.52b,c

Right occipital/
temporal

0.16 20.04 0.22 0.58b 0.25 0.19 20.48b 20.40b 0.42b 0.36 0.25

Right parietal 20.06 0.03 0.23 0.24 0.22 0.44b,c 20.36 20.39b,c 0.11 0.15 0.31

PET region of interest

Anterior cingulate 0.06 0.10 20.17 20.51b 20.19 20.25 0.37 0.39b 20.19 20.04 20.19

Anterior ventral
striatum

20.23 20.22 20.11 20.15 20.23 20.40b,c 0.55b,c 0.52b,c 20.25 20.36 20.37

Frontal cortex 20.09 0.01 20.23 20.52b 20.16 20.16 0.41b 0.35 20.28 20.07 20.17

Lateral temporal
cortex

20.06 20.11 20.23 20.47b 20.15 20.12 0.42b 0.41b 20.10 20.13 20.15

Parietal cortex 20.44b,c 20.43b,c 20.44b,c 20.43b 20.49b 20.48b,c 0.67b 0.71b 20.38 20.31 20.46b,c

Precuneus 20.36 20.37 20.28 20.37 20.28 20.41b,c 0.53b 0.58b 20.34 20.26 20.39

Global 20.17 20.11 20.20 20.30 20.26 20.41b,c 0.53 0.59b 20.23 20.32 20.37

Abbreviations: CBF 5 cerebral blood flow; MMSE 5 Mini-Mental State Examination; PiB 5 Pittsburgh compound B; TMT 5 Trail Making Test.
CBF clusters represent significant clusters identified in the mutation carriers with PiB-global standardized uptake value ratio regression.
aHigher values correspond to worse performance.
bCorrelation is significant at the 0.05 level (2-tailed).
c No longer significant after adjusting for age.
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most intense PiB retention, (2) in the MCs, as
amyloid burden increased, there were multiple areas
of the right hemisphere and the left lateral temporal
cortex with decreased CBF, and (3) those areas of
decreased CBF, along with PiB retention, were
associated with worse cognitive function, primarily
executive cognitive function. Lastly, there was
evidence of increased CBF in the bilateral occipital
lobes with increased PiB retention.

This study adds to the growing body of evidence
highlighting distinct abnormalities in the striatum in
ADAD compared with LOAD. Striking, early amyloid
deposition has been identified in PiB-PET studies of
ADAD before symptom onset.17,18 In addition, struc-
tural MRI has recently identified an increase in caudate
volumes in asymptomatic MCs and decreased mean dif-
fusivity in the striatum in ADAD and sporadic young-
onset AD.14,19 However, functional imaging measures,
particularly [18F]-fluorodeoxyglucose (FDG)-PET have
not identified any clear changes in these subcortical
structures in ADAD or LOAD despite the identified
structural changes and robust early Ab deposition.18 In
addition, no clear cognitive-motor correlates of the early
amyloid deposition in the striatum have been identified
thus far. Our observations suggest that there may indeed
be CBF, and less so cognitive, consequences of the early
accumulation of nonneuritic plaques in the striatum.
The striatal amyloid deposition may have an impact
on neuronal function with a secondary effect on CBF.
However, it is also possible that the amyloid accumu-
lation has minimal direct consequences on CBF.
Rather, it may be a byproduct of other pathologic
mechanisms that are also associated with the accumu-
lation of amyloid.20 Notably, postmortem studies have
identified diffuse as opposed to neuritic plaques as the
major constituent of amyloid in the caudate nucleus,21

but the impact of diffuse plaques on the cerebrovas-
cular and neuronal systems is uncertain.

Studies in LOAD using ASL have identified ana-
tomical alterations in CBF that, generally, recapitu-
late those identified with FDG-PET and cerebral
SPECT.7,22–24 However, we are unaware of any exist-
ing studies in ADAD exploring CBF. The few studies
using FDG-PET in ADAD have demonstrated
decreased areas of metabolism, mostly in the temporal
and parietal heteromodal cortices in asymptomatic to
mildly symptomatic subjects.25–27 Contrary to our
initial hypothesis, we did not identify this same pat-
tern in this group of ADAD MCs, but rather the
greatest differences were located in the bilateral stria-
tum. However, because of the limitations of this
study, a comparison with LOAD using ASL was
not possible. Nevertheless, many of the areas that
demonstrated decreased perfusion with increasing
PiB retention were in areas that have demonstrated
decreased perfusion or metabolism in sporadic AD.

Thus, with a more clinically impaired population of
ADAD, we might expect to see the same using ASL.
Studies looking at cerebral perfusion in cognitively nor-
mal subjects with a family history of AD (non–autosomal
dominant) have identified areas of hypoperfusion in the
right hemisphere in areas similar to ours, pointing to
possible mechanisms unrelated to cerebral amyloid.28

Contrarily, a study in elderly MCI subjects identified
areas of increased cerebral perfusion in the right striatum
compared with cognitively normal subjects.7 Taken
together, these studies indicate that it will be important
to evaluate the relationship between increasing cortical
amyloid, and nonamyloid mechanisms and ASL-
measured perfusion in older asymptomatic and mildly
symptomatic subjects to evaluate whether there are
similar findings to those identified here in ADAD.
Taken together, our study did not conclusively identify
a clear direct anatomical link between cerebral perfu-
sion and Ab, further highlighting the need to explore
additional mechanisms among altered cerebral perfu-
sion, neuronal metabolism, and cortical atrophy in AD
beyond amyloid plaques.

Although our MC group consisted mostly of
unimpaired subjects, there was evidence of relation-
ships between alterations in CBF and cognitive per-
formance. In particular, the clusters of decreased
CBF identified in the voxel-level analysis were
inversely related to measures of executive function,
and directly correlated with global cognitive perfor-
mance, especially in the left lateral temporal cortex
and right frontal lobe clusters. We assessed the corre-
lation between the striatal clusters identified as signif-
icantly different from the noncarriers and cognitive
function and found a marginal statistical relationship
between decreasing cognitive performance primarily
in executive function (figure e-1) with decreasing stri-
atal perfusion. However, these relationships were sig-
nificantly attenuated when age, but not CDR scores,
was controlled for. This underscores the importance
of considering the specific effects of age on cognitive
performance and blood flow. This is particularly
important in the case of studies using cerebral amy-
loid, which is found to have minimal association with
cognition once age is accounted for.29 This study fur-
ther highlights the lack of association between amy-
loid and cognitive symptoms in ADAD. Both ADAD
and sporadic AD are characterized by early memory
decline, but this study did not identify any clear asso-
ciations between cerebral amyloid and memory func-
tion. This study and others suggest that if amyloid is
to be targeted for treatment trials, it will be necessary
to identify other measures of neuronal and cognitive
function. Subject to replication, our findings indicate
that ASL might also be useful in identifying clinically
important measures in ADAD before significant
symptom onset.

Neurology 83 August 19, 2014 715



This study has a few important limitations. The
first is the small group size. Second, because of the
susceptibility to signal distortion or loss of signal near
the skull base with echo planar imaging, it is possible
that some of the differences identified between con-
trols and MCs might represent artifacts. However,
all CBF images were reviewed for signal loss or distor-
tion using the peak coordinates identified in the
group analysis.

This preliminary study indicates that early CBF
changes can be identified in asymptomatic and mildly
symptomatic subjects with ADAD, particularly in the
anterior striatum, an area that demonstrates a pattern
of early robust PiB retention in ADAD. Given the rel-
ative ease of acquisition compared with FDG-PET
and cerebral SPECT, it is possible that ASL might
offer a reliable marker of cerebral perfusion and neu-
ronal function in studies of AD and related disorders,
particularly early in the process when interventions
are most likely to be of benefit.
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