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ABSTRACT

Objective: To investigate the relationship between cerebral blood flow and dementia in older
stroke survivors and subjects with Alzheimer disease (AD).

Methods: This cohort study used arterial spin labeling MRI at 3 T to examine cerebral blood flow (CBF).
We scanned 39 patients 6 years after stroke. They were older than 75 years at the time of stroke and
free of dementia 3 months poststroke, with 8 subsequently developing dementia. We also scanned
17 subjects with AD and 29 healthy control subjects. We determined the perfusion in regions of
interest (ROIs). Hippocampal volume was also measured using a previously validated automated
procedure.

Results: The gray matter/white matter CBF ratio was reduced globally in the poststroke dementia
(PSD) group (1.55 SD � 0.12) relative to control subjects (1.78 SD � 0.18; p � 0.03). The CBF ratio
in a parietal ROI was reduced in the AD (1.34 SD � 0.31; p � 0.003), PSD (1.32 SD � 0.22; p �

0.041), and poststroke no-dementia (PSND) (1.44 SD � 0.34; p � 0.014) groups relative to that of
control subjects (1.70 SD � 0.32). In subjects without stroke, the best predictor of dementia was
hippocampus volume, whereas in the stroke group, it was the global CBF gray matter/white matter
ratio. Hippocampus volume was not significantly different between the AD and PSD groups, and both
had reduced hippocampi relative to those of control subjects and the PSND group.

Conclusions: We found evidence for both vascular and AD pathology in PSD, suggesting that both
the direct impact of the stroke and subsequent development of AD-type changes play a role in the
etiology of PSD. Neurology® 2011;76:1478–1484

GLOSSARY
AD � Alzheimer disease; CAMCOG-R � Cambridge Cognitive Examination–Revised, Section B; CBF � cerebral blood flow;
DSM-III-R � Diagnostic and Statistical Manual of Mental Disorders, 3rd edition, revised; FLAIR � fluid-attenuated inversion
recovery; GM � gray matter; ICV � intracranial volume; MMSE � Mini-Mental State Examination; MTA � medial temporal
lobe atrophy; OCSP � Oxfordshire Community Stroke Project; PSD � poststroke dementia; PSND � poststroke no dementia;
ROI � region of interest; SIVD � subcortical ischemic vascular disease; TBV � total brain volume; VaD � vascular dementia;
WM � white matter; WMH � white matter hyperintensity.

Dementia is common in people with stroke and may be preexisting in 10% of subjects and a
direct consequence of the stroke in a further 15%.1 However, stroke is also a risk factor for
dementia in the long term.1,2

Alzheimer pathology may play an important role in the development of poststroke dementia
(PSD), and risk factors for Alzheimer disease (AD) overlap with those for stroke.3,4 The inci-
dence of AD increases strongly with age5 and may play a greater role in development of
dementia in older stroke survivors.

In AD, there is a well-established pattern of hypoperfusion or hypometabolism in the poste-
rior cingulate, temporoparietal, and prefrontal cortices, with relative sparing of the primary
sensory cortices.6
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Reduced cerebral blood flow (CBF) has
been reported in vascular dementia (VaD)
compared with that in control subjects.7-9

Likewise, vascular cognitive decline has been
associated with global hypoperfusion8,10 and
specific reductions in the thalamus in studies
of small vessel disease.7,9

The aim of this study was to measure
CBF using arterial spin labeling MRI in
older stroke survivors (aged older than 75
years) to compare CBF in those with vs
those without subsequent dementia. We
also compared them with subjects with AD
and healthy control subjects. We hypothe-
sized that the PSD group would have
globally low perfusion, with thalamic defi-
cits (possibly associated with subcortical
stroke), whereas we expected the AD group
to show hypoperfusion in the posterior pa-
rietal and prefrontal cortices. We expected
medial temporal lobe atrophy to be marked
in AD but also to be present in PSD be-
cause of the presence of Alzheimer-type pa-
thology in this older group.

METHODS Subjects. Stroke patients taking part in this

imaging investigation were from a cohort described previ-

ously,11 which has been followed longitudinally. These

subjects were recruited between 2000 and 2002 from repre-

sentative hospital-based stroke registers in Tyneside and

Wearside (UK) and were older than 75 years at the time of the

stroke, defined using the World Health Organization criteria.

Clinical and CT scan evidence-based diagnoses of stroke and

the Oxfordshire Community Stroke Project (OCSP) classifi-

cation12 were recorded. Patients were screened at 3 months to

exclude dementia. Subjects underwent an annual clinical and

cognitive assessment, and all surviving stroke subjects were

invited for a MRI scan on average 6.2 (SD 0.86) years after

the initial stroke. Of the original 355 stroke patients, 135

were still undergoing regular study follow-up (153 had died

and 67 had refused follow-up). Of these 135 subjects, 41

agreed to an MRI scan (49 refused and 45 had contraindica-

tions to imaging).

Dementia at the time of imaging was diagnosed in the stroke

group using the DSM-III-R criteria, and subjects were classified

as either poststroke no dementia (PSND) (n � 33) or poststroke

dementia (PSD) (n � 8). For comparison, additional subjects of

similar age with AD (n � 26) were recruited from clinical old

age psychiatry, geriatric medicine, and neurology services, along

with 30 healthy subjects, drawn from friends and spouses of

patients and a register of subjects who had previously indicated a

willingness to participate in research. All subjects with AD

fulfilled the criteria for probable AD according to National Insti-

tute of Neurological and Communicative Disorders and Stroke–

Alzheimer’s Disease and Related Disorders Association criteria.13

No subjects had contraindications for MRI.

Standard protocol approvals, registrations, and patient
consents. All participants gave written informed consent for
the study. The appropriate local research ethics committees had
granted ethical approval for the study.

Neuropsychologic methods. To evaluate global cognitive
performance, we used the Cambridge Cognitive Examination–
Revised, Section B (CAMCOG-R),14 which is a standardized
paper-and-pencil test for global cognition (maximum score,
105). It has subscores for several cognitive domains including
executive function and includes the Mini-Mental State Exami-
nation (MMSE). Memory was assessed with the Rey Auditory
Verbal Learning Test15 and the Boston Naming Test16 was given
as a measure of language function.

MRI acquisition and processing. MRI was obtained on a
3-T whole-body Philips Achieva System (Philips Medical Sys-
tems, Best, the Netherlands). A T1-weighted anatomic volume
with 1-mm isotropic resolution and fluid-attenuated inversion
recovery (FLAIR) image with 3-mm slice thickness were col-
lected using a standard clinical protocol. CBF images were ac-
quired from an arterial spin labeling sequence17 (flow-sensitive
alternating inversion recovery) with 4 contiguous slices (6-mm-
thick, in-plane resolution, 4 � 4 mm).

The MRI scans were processed with SPM software to identify
gray matter (GM) and white matter (WM) and CSF components
on the image. We then calculated total brain volume (TBV) as the
sum of GM and WM volume (in mL) and intracranial volume
(ICV) as the sum of GM and WM plus CSF. The TBV/ICV ratio
was then calculated as an estimate of brain atrophy. The hippocam-
pus volume was also determined. Total white matter hyperintensity
(WMH) volume was calculated from the FLAIR images. Analysis
was performed blind to subject group. CBF was calculated in GM
within regions of interest (ROIs) (figure) and throughout the im-
aged brain and also within a WM mask. To avoid brain atrophy
causing artificially low CBF values, we only measured CBF within
voxels with at least 50% GM or WM. We then calculated the ratio
of GM CBF to WM CBF in the whole brain and these ROIs
(GM/WM CBF). We used a ratio of CBF in GM to CBF in WM
because there is considerable between-individual variability in global
CBF due to physiologic factors.18 Accounting for this variability by
normalizing to a reference region decreases between-subject vari-
ance. A previous study found that using a GM/WM CBF ratio
allowed subjects with AD to be detected with a greater degree of
sensitivity,19 and the WM has been shown to be a good reference
region in older subjects.20

Full details of the MRI acquisition and processing are found in
appendix e-1 on the Neurology® Web site at www.neurology.org.

Statistics. We used the Kolmogorov-Smirnov test to assess nor-
mality of the data. CAMCOG-R, MMSE, and Rey scores were
not normally distributed, and hence we used the Kruskal-Wallis
test to compare all groups, followed by Mann-Whitney post hoc
tests to compare control vs PSND and AD vs PSD groups. The
Fisher exact test was used to compare sex between groups.
WMH volumes were normally distributed after a log transform.
All other MRI variables were normally distributed. We com-
pared values between groups using analysis of variance, followed
by Gabriel post hoc tests. When MRI scans were missing or not
usable (due to movement), subjects were excluded from analysis.
For data missing for individual variables, the subject was only
excluded from the relevant analysis.

RESULTS Demographic details are shown in table
1. There were no significant differences in the num-

Neurology 76 April 26, 2011 1479



bers of men and women between stroke with demen-
tia vs without dementia or between AD and PSD or
control groups, although the AD group did have
more women than the PSND group did. Cognitive
measures did not differ between the PSD and AD
groups; however, cognitive measures were slightly
lower in the PSND group than for control subjects.
Baseline stroke classification was 28 PSND and 6
PSD with ischemic infarction, one PSD and one
PSND with hemorrhagic infarct, one PSD with in-

tracerebral hemorrhage, and 3 PSND with transient
ischemic attacks.

To investigate any bias arising from patient par-
ticipation, we analyzed demographics across the
whole stroke patient cohort. In those patients who
declined to participate, the incidence of dementia
(14 of 49) was not significantly different from that of
the group who underwent MRI (8 of 41) (Fisher
exact test, p � 0.5). Of those with contraindications,
19 of 45 had dementia, a higher proportion than the
8 of 41 in the imaged group (p � 0.038). In the
group without MRI, the numbers of reported further
strokes (5 of 94) and TIAs (16 of 94) were not signif-
icantly different from those of the group with MRI
(stroke, 1 of 41; TIA, 3 of 41). There was a difference
(Fisher exact test, p � 0.015) in OCSP classification
between the original cohort (lacunar syndrome/par-
tial anterior circulation syndrome/total anterior
circulation syndrome/posterior circulation syn-
drome � 104/132/18/36) vs those with MRI
(lacunar syndrome/partial anterior/circulation syn-
drome/total anterior circulation syndrome/posterior
circulation syndrome � 12/13/1/13) with a greater
proportion of posterior vs anterior syndrome in the
MRI group. Six subjects (all with AD) did not have
T1-weighted anatomic scans because they did not toler-
ate the whole scan protocol and were excluded from the
analysis. Perfusion data were not usable in one control
subject, 4 subjects with AD, and 2 PSND subjects be-
cause of uncorrectable motion artifacts.

The figure shows examples of perfusion images.
Table 2 shows magnetic resonance variables com-
pared between groups. Total brain volume was re-
duced in the AD and PSD groups compared with
that in control subjects. Hippocampus volume was
reduced in all 3 patient groups compared with that in
control subjects and in the PSD compared with the
PSND group. WMH volumes, as expected, were in-
creased in both stroke groups, but not in the AD
group.

Whole-brain GM/WM CBF was reduced in the
PSD group compared with that in the control group.
Parietal perfusion was reduced in all 3 patient
groups, whereas prefrontal perfusion was reduced in
the AD group and central gyrus perfusion was re-
duced in the PSND and PSD groups relative to that
in the AD group. There were no significant differ-
ences in thalamic perfusion between any of the
groups. We also investigated CBF in the stroke
group according to the OCSP classification and
found no CBF differences between the different clas-
sifications, either in the entire stroke group or in the
PSD and PSND groups separately (appendix e-2). In
the PSD group, CBF did not correlate with time of
dementia onset.

Figure Typical perfusion images from a subject in each group

(A) Normal subject with region map overlaid. Green, frontal; orange, parietal; red, central
gyrus; blue, occipital; dark red, thalamus. (B) Normal subject (80-year-old woman). (C) Sub-
ject with Alzheimer disease (AD) (84-year-old woman). (D) Poststroke no dementia subject
(80-year-old woman). (E) Poststroke dementia (PSD) subject (81-year-old woman). Note pa-
rietal hypoperfusion in the subject with AD and asymmetric perfusion in PSD due to a large
infarct.
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We next divided the subjects into stroke (PSD
and PSND) and nonstroke (control and AD) groups
and performed a binary logistic regression of predic-
tors of dementia (AD or PSD) with fixed indepen-
dent variables of age and sex and stepwise variables of
TBV, WMH volume, hippocampus volume, and
global GM/WM CBF. We found in the stroke group
that CBF (Wald � 3.9; p � 0.047) and in the non-

stroke group that hippocampus volume (Wald �
7.9, p � 0.005) predicted dementia. Again, by ana-
lyzing the stroke and nonstroke groups separately, a
linear regression of predictors of CAMCOG-R score
with fixed independent variables of age and sex and
stepwise variables of TBV, WMH volume, hip-
pocampus volume, and global GM/WM CBF found
in the stroke group that age (b � �0.37; p � 0.016)

Table 1 Demographic values for the groupsa

Control
(n � 29)

AD
(n � 17)

PSND
(n � 31)

PSD
(n � 8) Statistics

Age, y 82.9 (3.5) 83.2 (3.7) 83.4 (2.9) 85.8 (4.1) F � 1.5; p � 0.2b

Sex, F/M 16/13 14/3 11/20 4/4 �2 � 9.9; p � 0.018c

CAMCOG-R 96.2 (3.9) 59.1 (14.0) 92.9 (6.4) 69.8 (11.5) �2 � 53; p � 0.001

MMSE 28.9 (1.2) 18.5 (4.6) 27.8 (1.6) 19.9 (4.4) �2 � 53; p � 0.001

CAMCOG-R Executive Function 21 (3.9) 10.5 (2.7) 18.6 (4.0) 10.9 (4.0) �2 � 48; p � 0.001

Rey Auditory Verbal Learning Testd 8.5 (3.3) 1.1 (2.4) 6.0 (3.7) 2.6 (2.7) �2 � 36; p � 0.001

Boston Naming Test 55.8 (3.2) 31.2 (11.6) 51.0 (6.5) 39.8 (5.6) �2 � 51; p �0.001

OCSP class: TACS/PACS/POCS/
LACSe

1/10/8/10 0/3/3/2 p � 0.9c

Subsequent stroke, n 1 0 p � 1.0c

Subsequent TIA, n 3 0 p � 1.0c

Abbreviations: AD � Alzheimer disease; CAMCOG-R � Cambridge Cognitive Examination–Revised, Section B; LACS � lacunar syndrome; MMSE � Mini-
Mental State Examination; OCSP � Oxfordshire Community Stroke Project; PACS � partial anterior circulation syndrome; POCS � posterior circulation
syndrome; PSD � poststroke dementia; PSND � poststroke no dementia; TACS � total anterior circulation syndrome.
a All tests are Kruskal-Wallis, unless indicated otherwise. Post hoc Mann-Whitney tests: significant differences for control vs PSND in CAMCOG-R, p �

0.034; MMSE, p � 0.007; CAMCOG-R Executive Function, p � 0.019; Rey, p � 0.007; Boston, p � 0.001. For AD vs PSD, no significant differences.
b One-way analysis of variance.
c Fisher exact test: sex post hoc AD vs PSND, p � 0.003.
d 30-minute recall (AD, n � 15; PSD, n � 8).
e OCSP stroke classification system (PSND, n � 29).

Table 2 Cerebral structural and blood flow measures in subjects with AD and poststroke survivorsa

Control
(n � 29)

AD
(n � 17)

PSND
(n � 31)

PSD
(n � 8) Statistics

TBV/ICV, % 66.4 (3.7) 62.1 (3.4)7 62.9 (5.3)b 58.5 (10.0)2 F � 6.3; p � 0.001

Hippocampus/ICV, % 0.176 (0.020) 0.114 (0.027)1,6 0.154 (0.026)11 0.127 (0.041)2,9 F � 23; p �0.001

WMH volume, mLc 13.2 (12.0) 17.5 (20.4) 26.3 (22.1)5 34.9 (26.7)2 F � 6.6; p � 0.001

GM/WM CBF

Whole brain 1.78 (0.18) 1.63 (0.20) 1.73 (0.23) 1.55 (0.12)8 F � 3.7; p � 0.015

Parietald 1.70 (0.32) 1.34 (0.31)1 1.44 (0.34)11 1.32 (0.22)8 F � 6.1; p � 0.001

Prefrontal 1.82 (0.27) 1.58 (0.28)7 1.73 (0.27) 1.68 (0.26) F � 2.9; p � 0.039

Thalamusd 2.68 (1.08) 2.28 (0.71) 2.38 (0.85) 1.90 (0.43) F � 1.7; p � 0.17

Central gyrusd 1.63 (0.32) 1.81 (0.27) 1.54 (0.29)12 1.44 (0.36)10 F � 3.3; p � 0.024

Occipital 1.55 (0.27) 1.47 (0.29) 1.40 (0.30) 1.38 (0.29) F � 1.6; p � 0.20

WM CBF, mL/100 g/min 23.6 (5.4) 23.7 (5.9) 22.3 (5.3) 23.9 (6.9) F � 0.4; p � 0.8

Abbreviations: AD � Alzheimer disease; CBF � cerebral blood flow; GM � gray matter; ICV � intracranial volume; PSD � poststroke dementia; PSND �

poststroke no dementia; TBV/ICV � total brain/intracranial volume ratio as estimate of atrophy; WM � white matter; WMH � white matter hyperintensity.
a Significant Gabriel post hoc comparisons are indicated with superscripts: p � 0.01: 1 AD vs control; 2 PSD vs control; 3 PSD vs PSND; 4 PSD vs AD;
5 PSND vs control; 6 AD vs PSND; p � 0.05: 7 AD vs control; 8 PSD vs control; 9 PSD vs PSND; 10 PSD vs AD; 11 PSND vs control; 12 AD vs PSND.
b PSND vs control, p � 0.057.
c Note that values are in mL, but statistics were done on log(WMH/TBV) values.
d Missing data in region of interest in parietal in 2 PSD subjects, thalamus in 2 subjects (1 control and 1 PSD), and central gyrus in 8 subjects (2 control, 2
AD, 3 PSND, and 1 PSD).
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and CBF (b � 0.36; p � 0.020) and in the nonstroke
group that hippocampus volume (b � 0.76; p �

0.001) and female sex (b � 0.202; p � 0.044) pre-
dicted a low CAMCOG-R score. By adding the
3-month poststroke CAMCOG-R score to the re-
gression for the stroke patients, predictors of
CAMCOG-R score at the time of imaging were
3-month CAMCOG-R score (b � 0.60; p � 0.001)
and hippocampus volume (b � 0.33; p � 0.023).

A stepwise regression model (with variables of
TBV, WMH volume, hippocampus volume, age,
and sex) found that the best predictor of reduced
global CBF was hippocampus volume in both the
stroke (b � 0.38; p � 0.017) and nonstroke (b �

0.58; p � 0.001) groups.
For 16 stroke subjects (2 with dementia), we had

a visual rating of medial temporal lobe atrophy
(MTA) from an MRI scan obtained at baseline.21

The MTA rating at baseline correlated with hip-
pocampus volume at a follow-up scan (r � �0.70;
p � 0.003) and with parietal CBF (r � �0.51; p �

0.041) but not with global CBF or any other regional
CBF.

DISCUSSION We found that the PSD group has
more evidence of vascular pathology indicated by
WMH volumes and lower cortical perfusion. In the
AD group, there was reduced perfusion specifically
in the parietal and prefrontal areas, consistent with
previous studies,6 but no increase in WMH volume.

Differences between the PSD and AD groups are
that, relative to control subjects, the stroke group had
lower perfusion throughout the whole GM and spe-
cifically reduced perfusion relative to that in the AD
group in the central gyrus region, which is typically
spared in AD. WMH volume, typical of small vessel
disease, was increased in stroke but not in AD, and
the PSND group had a total brain volume of the
same size as that of the AD group (and almost signif-
icantly different from that of the control group) (ta-
ble 2), whereas their hippocampus size, although
smaller than that for the control group, was larger
than that in the AD group.

The PSND group showed subtle changes in cog-
nitive function, with low CBF rather than hip-
pocampus volume predicting a low CAMCOG-R
score in the stroke group. The data in the stroke
group, i.e., the presence of WMH, lower brain vol-
ume, and decreased cognitive ability, are in accord
with the suggestion2 that stroke increases the risk of
dementia because vascular damage increases the sus-
ceptibility of the brain to further insult. Hence, ei-
ther a second stroke, which markedly increases
dementia incidence,1 or development of Alzheimer
pathology will lead to earlier dementia or cognitive

decline than would otherwise occur. None of the
PSD group and only one of the PSND group re-
ported a subsequent stroke, and hence in this cohort,
development of AD seems a more likely cause of de-
mentia or cognitive decline.

Hippocampus atrophy has been found to be a
good surrogate of AD pathology in postmortem
studies.22 In the PSND group, there was evidence of
mild hippocampus atrophy and hypoperfusion in the
parietal cortex, both typical of early AD.6,22 MTA
just after the stroke was correlated specifically with
parietal hypoperfusion at 6 years, again supporting
the idea that the atrophy is related to AD. Further-
more, the addition of baseline cognition to the
regression changed the imaging predictor of
CAMCOG-R score from CBF to hippocampus, per-
haps suggesting that stroke caused a simultaneous
lowering in perfusion and cognitive ability and that
subsequent cognitive decline is related to hippocam-
pus atrophy. Some of the cognitive decline in the
stroke group is likely to be due to AD-type changes,
with the probability that the ischemic changes (in-
creased WMH volume and tendency to reduced per-
fusion) has reduced the cognitive reserve, making the
brain more sensitive to the additional pathology. The
best predictor of low global CBF in the stroke group
was hippocampus volume, again suggesting that
presence of AD-type pathology may play a causal role
in CBF reduction. Incidence of AD shows a stronger
increase with age than does incidence of VaD,23 and
this may explain the relatively strong presence of
Alzheimer-type neuroimaging features in the stroke
group of this old age group. The strong correlat-
ion of baseline CAMCOG-R score with 6-year
CAMCOG-R score in the stroke group suggests that
baseline cognitive testing shortly after stroke may be
a good predictor of relative cognitive performance a
number of years later.

Research on the relationship of CBF to dementia
in vascular disease has mostly been done in subcorti-
cal ischemic vascular disease (SIVD). Methodology
has varied, with voxel-based analysis being used to
find a reduction in the thalamus7,9 and parietal and
temporal lobes.9 An ROI study found reductions in
parietal, temporal, and frontal lobes in SIVD similar
to those in AD compared with those in control sub-
jects8 with a slightly greater magnitude of reduction
in parietal CBF in SIVD. A study of a larger cohort
of stroke subjects on average 1 year after stroke
looked at whole-hemisphere CBF and showed that
bilateral CBF reduction was associated with cogni-
tive decline.10 Our study is one of the few to examine
CBF in elderly stroke survivors long term after
stroke, and its findings are broadly consistent with
these previous studies, with parietal and global defi-
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cits in CBF related to dementia, and in the cogni-
tively normal stroke group, there are CBF deficits 6
years poststroke.

A number of studies have linked perfusion or
metabolic changes to subcortical GM structures, in-
cluding the thalamus in VaD.7,9,24,25 We did not find
significant differences in thalamic perfusion between
groups; however, the thalamic perfusion was lowest
in the PSD group. There may be some variation in
perfusion deficits according to different stroke type
(the 2 poststroke studies that found thalamic perfu-
sion reductions were of small vessel disease); how-
ever, not all studies examined the thalamus. We did
not find any differences in thalamic perfusion be-
tween the different stroke classifications albeit with
relatively low numbers in each group. It may be that
the heterogeneity of our stroke group reduced the
significance of any thalamic perfusion changes.

Limitations of the study include the few stroke sub-
jects with dementia. Given the heterogeneity of stroke,
this means that the PSD group is not necessarily repre-
sentative of patients with PSD as a whole. Because this
study investigated poststroke delayed dementia, imag-
ing was, of necessity, performed 6 years after the initial
stroke. There is thus a survivor effect, with those sub-
jects experiencing ill health being more likely to have
dropped out. This may have biased the profile of the
remaining subjects with dementia to a more Alzheimer
type, because those with severe vascular disease dropped
out. Unfortunately, we did not have any postmortem or
Pittsburgh compound B amyloid imaging confirmation
of Alzheimer-type pathology. The MRI group had a
relatively large proportion of subjects with posterior
syndrome stroke compared with the original cohort,
which may also have biased the results toward a more
posterior deficit in CBF. Although we tried to recruit all
the surviving stroke subjects, a number of them were
too ill to tolerate imaging, and incidence of dementia
was higher in this group. It is likely that this group with
poorer health and greater dementia incidence may have
had a lower CBF than those with imaging, and hence
our findings probably underestimate the degree of hy-
poperfusion in poststroke survivors.

Strengths of the study include a well-characterized
group of older poststroke survivors who did not have
dementia immediately after stroke and well-matched
comparison groups of subjects with AD and healthy
control subjects. We used information from the ana-
tomic image to identify GM pixels in the perfusion
image, and thus changes in perfusion values should
represent changes in CBF rather than brain atrophy.

We found evidence of both vascular and AD-type
changes in the PSD group, suggesting that both the
direct impact of the stroke and, more importantly,

the subsequent development of AD in a compro-
mised brain play a role in the etiology of PSD.
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Historical Abstract: February 1, 1986

HUNTINGTON’S DISEASE IN VENEZUELA: NEUROLOGIC FEATURES AND FUNCTIONAL DECLINE

A B Young, I Shoulson, JB Penney, S Starosta-Rubinstein, F Gomez, H Travers, MA Ramos-Arroyo, SR Snodgrass, E Bonilla,
H Moreno, NS Wexler

Neurology 1986;36:244-249

We studied 65 Huntington’s disease patients and 225 at-risk individuals over the past 4 years. The rate of decline of these untreated
patients from Venezuela was similar to that seen in US patients who had received neuroleptic drugs. Chorea, oculomotor dysfunction,
and dysdiadochokinesis were early symptoms; parkinsonian features and dystonia came later. Juvenile patients declined nearly twice as
fast as adult-onset patients. No distinctive neurologic phenotypes were seen in children of two affected parents.

Free Access to this article at www.neurology.org/content/36/2/244

Comment from Ryan J. Uitti, MD, FAAN, Associate Editor: This paper documented the course of Huntington disease from the
world’s region that made the greatest contributions to the understanding of the most common neurodegenerative genetic
disorder.
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