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Background: Executive dysfunction has been reported in patients with subcortical-frontal pathology,
even in the absence of dementia.

Obijective: This study was undertaken to determine if impairments in executive functioning could be
found in non-demented patients with subcortical lacunes.

Methods: Cross sectional comparison between older control subjects (n=27) and non-demented
patients with one or more subcortical lacunes (n=12). All participants were administered a
neuropsychological test battery incorporating three measures of executive functioning, the Stroop inter-
ference test, California card sorting test, and the initiation-perseveration subtest of the Mattis dementia
rating scale.

Results: No group differences were found on measures of recent verbal memory, language, or spatial
ability. Normal controls performed better than patients with lacunes in visual memory. On the Stroop
interference test, patients with lacunes performed as well as controls on the colour naming condition but
slower on the interference condition. Patients with lacunes also generated fewer correct sorts on the
California card sort test and achieved lower scores on the initiation-perseveration subtest. Executive
measures were correlated with extent of white matter signal hyperintensity but not number of lacunes.
Conclusion: Subcortical ischaemic vascular disease is associated with subtle declines in executive
functioning and visual memory, even in non-demented patients. The pattern of cognitive impairment
after subcortical lacunes is consistent with models of subcortical-frontal circuits.

system dysfunction even in the absence of dementia.

Bondi et al,' for example, reported that non-demented
patients with Parkinson’s disease demonstrated selective defi-
cits on frontal system tasks such as fluency, card sorting, and
temporal ordering. Patients with basal ganglia calcifications
display a frontal pattern of neuropsychological dysfunction,®
and normal adults show basal ganglia and thalamic activation
on a conceptual reasoning task.’

Non-demented patients with subcortical lacunes may also
experience cognitive deficits. Longstreth et al* found silent
lacunes 3 mm or larger in 20% of a sample of normal elderly
people receiving MR scans as part of a cardiovascular study;
those subjects with silent lacunes performed less well on a
brief cognitive screening. Non-demented patients with CA-
DASIL have subtle impairments on tasks presumed to involve
the frontal lobe such as the Wisconsin card sort test and the
trail making test.” These findings are consistent with several
studies suggesting that patients with dementia and subcorti-
cal lacunes present with disproportionately greater executive
dysfunction.*™"

The present study was designed to more extensively assess
cognitive functioning in older but non-demented patients
with subcortical lacunes. According to models of subcortical-
frontal systems,” subcortical lacunar infarcts would disrupt
dorsolateral prefrontal-subcortical circuits and produce ex-
ecutive impairment. Cognitive abilities such as spatial percep-
tion and language that are primarily mediated by cortical and
posterior structures should be relatively spared.

Subcortical syndromes can produce subcortical-frontal

METHODS
Participants
Subjects were participants in a programme investigating the
relation between cerebrovascular ischaemia and dementia.
Study applicants were extensively screened for history or

presence of substance misuse; major depression, bipolar affec-
tive disorder, and other DSM-IV axis I disorders; neurological
disease including head trauma with loss of consciousness
greater than 15 minutes, brain tumour, hydrocephalus,
cortical stroke, Parkinson’s disease, and multiple sclerosis;
medical diseases known to affect brain function including B,,
deficiency, thyroid disease, and liver failure; medications that
impair CNS function; and lack of fluency in English. All sub-
jects received a thorough neurological examination, including
history and interview with a collateral source. Global
functional status for all participants was evaluated with the
clinical dementia rating scale (CDR).” A CDR of 0 indicates
normal functioning.

All participants underwent quantitative brain imaging on a
1.5 Tesla VISION™ MRI system (Siemens Inc, Iselin, NJ, USA).
The MRI protocol consisted of sagittal T1 weighted localiser
scans followed by oblique axial double spin echo (DSE) scans
(TR/TE1/TE2 = 5000/20/80 ms, inplane resolution 1.0%1.0
mm’, 3 mm thick, contiguous slices). Axial DSE yielded proton
density and T2 weighted MR images that were used for semi-
automated image tissue segmentation, as described
previously.”

Lacunes were operationally defined as small (>3 mm) areas
of the brain with increased signal relative to CSF on proton
density MRI in subcortical grey and white matter. Lacunes
were differentiated from perivascular spaces (PVS) because
only lacunes are hyperintense relative to CSF on proton den-
sity images. Isointense lesions on PD MRI at the level of the

Abbreviations: CDR, clinical dementia rating scale; DSE, double spin
echo; PVS, perivascular spaces; SIVD, subcortical ischaemic vascular
disease; MAS, memory assessment scale list learning; CADASIL, cerebral
autosomal dominant arterriopathy with subcortical infarcts and
leucoencephalopathy
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Table 1 Mean (SD) demographic variables and neuropsychological test results for
the SIVD and control groups
Variable SIVD Control t Value p Value  Eta®
Age 73.73 (6.16) 72.82 (5.57) 0.46 NS 0.001

Education 15.33 (2.61) 15.67 (2.62) 0.37 NS 0.024
Benton form discrimination 18.75(2.83) 17.78 (3.49) 0.85 NS 0.004
Boston naming 54.00 (4.31)  56.30(3.47) 1.77 NS 0.096
F-A-S 32.90 (14.77)  41.00 (14.00) 1.53 NS 0.057
MAS trial 6 10.50 (1.38) 11.07 (1.14) 1.36 NS 0.054
MAS 30 minute delay 10.42 (1.38) 10.89 (1.09) 1.15 NS 0.044
MAS recognition hits 11.83(0.39) 11.56 (0.85) 1.08 NS 0.010
MAS recognition false positive 0.17 (0.39) 0.07 (0.27) 0.87 NS 0.001
Biber trial 5 12.17 (3.07) 15.00 (3.31) 2.52 <0.05 0.126
Biber 30 minute delay 11.17 (3.81) 14.63 (3.48) 2.79 <0.05 0.102
Biber recognition hits 5.86 (0.39) 5.88 (0.33) 0.42 NS 0.001
Biber recognition false positive 0.08 (0.29) 0.12 (0.33) 0.29 NS 0.001
Stroop colour naming 80.91 (19.9¢) 88.81(15.65) 1.34 NS 0.042
Stroop interference 37.42 (13.01)  47.00 (9.64) 2.52 <0.017  0.160
Card sort: number of sorts 4.58 (1.08) 5.31(0.68) 2.65 <0.017 0.150
Initiation-perseveration 34.25 (3.25) 36.37 (1.76) 2.57 <0.017 0.155

anterior commissure or inferior putamen were termed
perivascular spaces; outside that region they were defined as
cavitated lacunes if they were 3 mm at maximum width.
Images underwent semiautomated image tissue segmentation
for quantification of lacunar volume.

Subjects with CDR=0 were recruited through university
dementia clinics and Veterans” Association neurology and
radiology services. Subjects from the dementia clinics had
previously been recruited as healthy community control sub-
jects. Subjects recruited from the Veterans’ Association were
identified as potential subjects through chart and scan reviews
that identified the presence of a subcortical lacune. None of
the patients had sought out evaluations because of concerns
about cognitive changes. All subjects with CDR=0 who
received the neuropsychological tasks were included in this
study. A total of 39 subjects from the University of California-
San Francisco and University of California-Davis Medical
Centers with a CDR of 0 were identified. The subcortical
ischaemic vascular disease (SIVD) group comprised 12
patients with one or more subcortical lacunes. This group
included subjects who initially enrolled as normal controls
and were found to have lacunes on neuroimaging. There were
six men and six women with a mean age of 73.7 years. Four
patients had one lacune, two had two lacunes, and the
remaining six had between three and 10 lacunes. Most
patients had lacunes bilaterally. Seven patients had thalamic
lacunes, seven had basal ganglia lacunes, four had lacunes in
the white matter, and three had lacunes in the internal
capsule. The control group comprised 27 participants with a
CDR of 0 and who had no lacunes visible on MRI. There were
12 men and 15 women with a mean age of 72.8 years.

Global cognitive functioning was assessed with the Mattis
dementia rating scale (DRS). The SIVD group had a mean DRS
of 137.3 and the control group had a mean DRS of 139.9. There
were no differences between the groups on age, education, or
DRS score. Subjects with lacunes had significantly greater
volume of white matter signal hyperintensity (lacune group:
3.9 mm’ (SDL.9); control group: 2.5 mm’m (0.9)). Demo-
graphic data are summarised in table 1.

Procedures

All subjects were administered a standardised neuropsycho-
logical battery assessing language, spatial perception,
memory, and executive functioning. Language was assessed
with the Boston naming test and the controlled oral word
association test." Spatial perception was assessed with the
Benton visual form discrimination test.” The memory assess-
ment scale list learning (MAS)' was used to measure verbal
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memory. The Biber visual memory test'” was used to measure
visual memory.

Executive functioning was assessed with the Stroop
interference test, the California card sorting test,” " and the
initiation-perseveration subtest from the Mattis DRS. The
Stroop consists of a colour naming condition where subjects
name the colour of coloured patches, and an interference con-
dition where subjects are shown an array of colour names
printed in different coloured inks. In the interference
condition, subjects must inhibit the overlearned reading
response and name the ink colour in which the word was
printed. This capacity for inhibition is widely regarded as a key
component of executive functioning and has been strongly
linked to frontal structures.” The Stroop test used in the
present study consisted of cards containing 10 rows of 10
stimuli each. Dependent variables were the number of correct
responses in 60 seconds on the colour naming condition, the
number of correct responses in 60 seconds on the interference
condition, and the number of errors on the interference
condition. The California card sorting test was included as an
index of concept formation and set shifting. Subjects were
presented with six cards and instructed to sort them into two
groups of three cards each. Each card varies along several
dimensions (for example, size, shape, colour, nature of words
printed on cards). Subjects are asked to generate as many dif-
ferent sorts as they can in 4 minutes. There are eight different
correct ways of sorting the cards. The dependent measures
were the number of correct sorts generated within the time
limit and the number of repeated (perseverated) sorts. The
initiation-perseveration subtest consists of word generation
and motor sequencing tasks.

RESULTS

Group differences in language, spatial perception, and
memory were analyzed using independent samples f tests. The
three measures of executive functioning central to this study’s
hypothesis were also analyzed using ¢ tests but to reduce the
risk of a type I error, a Bonferroni correction was applied, set-
ting a at 0.017.

Mean scores for both groups are summarised in table 1.
There were no significant differences between the SIVD and
control groups on Boston naming, controlled oral word
association test, spatial perception, and the verbal recall and
recognition measures. The SIVD group performed below the
level of the control group on recall of the Biber stimuli on trial
5 and again after a delay. The groups performed comparably
on the delayed recognition condition.
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On the Stroop test, patients with SIVD made significantly
fewer correct responses than the controls on the interference
condition, whereas there were no group differences on the
simpler colour naming condition. Group differences on the
interference condition remained significant even after enter-
ing the colour naming condition as a covariate in an analysis
of variance (ANOVA). There were no group differences in the
number of errors on the interference condition.

Significant group differences were also found on the
number of correct sorts generated on the California card sort
test. Although both groups performed in the average range,
the mean number of correct sorts for the control group was
almost one sort more than the SIVD group. Three of the 12
patients with SIVD performed one SD or more below the mean
of the control group. There were no group differences in the
number of perseverated sorts. Finally, the control group
achieved significantly higher scores than the SIVD group on
the initiation-perseveration subtest. Half of the 12 patients
with SIVD scored 1 SD or more below the mean of the control
group.

We had originally hoped to examine the number and loca-
tion of lacunes within the SIVD group to see if any relations
with behavioural indices could be discerned. Unfortunately,
most of our sample had multiple, bilateral lacunes, which
would obscure any clear brain-behaviour relations. The
number of thalamic lacunes correlated with correct sorts on
the California card sort test (r=-0.71; p=0.01) and with the
initiation-perseveration score (r=-0.58, p<0.05). The number
of lacunes in the right hemisphere also correlated with the
California card sort score (r=-0.76; p<0.01). Number of white
matter lacunes was negatively correlated with the Stroop
interference condition, but the correlation did not reach
statistical significance (r=-0.48; p=0.11). None of the
correlations between white matter signal hyperintensity and
cognitive ability reached significance for the SIVD group.
When data from both groups were analyzed, there were
significant correlations between white matter signal hyperin-
tensity and two of the three executive function measures
(Stroop interference: r=-0.46, p<0.01; card sort: r=-0.38,
p<0.05) but none of the memory, language, or visuospatial
measures. Exploratory analyses were also carried out compar-
ing the six patients with SIVD with one or two lacunes with
the six patients with three or more lacunes. None of the com-
parisons reached significance, although the group with more
lacunes tended to perform less well than the group with fewer
lacunes.

DISCUSSION

Results indicate that despite functioning without obvious
impairment in the community, non-demented patients with
subcortical lacunar infarcts exhibit subtle cognitive deficits
relative to control subjects. Executive functioning may be par-
ticularly vulnerable. Patients with SIVD were slower than
controls on the Stroop interference condition, generated fewer
target categories on the California card sort test, and had
lower scores on the initiation-perseveration subtest of the
DRS. Importantly, these differences were found in a group of
patients who performed at control levels on measures of glo-
bal cognitive ability, verbal memory, confrontation naming,
verbal fluency, and visuoperceptual skill. The current findings
are consistent with other reports suggesting that subcortical
vascular disease can produce cognitive changes in the absence
of dementia.” *

Other studies of subcortical syndromes have suggested that
recent memory is often impaired.” * We found differences for
visual memory but not for verbal memory. There are at least
three possible explanations for the absence of significant dif-
ferences for verbal memory in our study. Firstly, both of our
subject groups were high functioning; all participants had
CDR scores of 0 and the mean level of education for both
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groups was over 15 years. Thus, it is possible that the degree of
subcortical pathology, although enough to disrupt executive
functioning, was insufficient to produce verbal memory
impairment. A second possible explanation is that our sample
of patients with SIVD was small, and we lacked sufficient sta-
tistical power to detect significant differences. A review of our
data indicates that the SIVD group performed almost 0.5 SD
below the level of the control group on verbal delayed recall,
suggesting that there may be small differences in memory that
would have been detected with a larger sample. A third possi-
ble explanation for the discrepancy is that the visual memory
test is a more novel and difficult task, and thus would be more
sensitive to mild, non-specific declines in episodic memory.

The term “executive functioning” has been used to refer to
a host of cognitive abilities, including conceptual reasoning,
inhibition of overlearned patterns of behaviour, inhibition of
responses to salient stimuli, mental flexibility, set shifting,
organisational ability, planning, regulation of working
memory, and fluency of thought. The Stroop interference con-
dition requires examinees to inhibit an overlearned reading
response in order to name the colour of ink in which the word
is printed. Patients with SIVD were slower than controls,
although there were no group differences in the number of
times participants incorrectly read the stimulus item. It is
unlikely that the Stroop results can be explained solely on the
basis of slower response speed, as there were no group differ-
ences on the colour naming condition. However, given that
several studies have reported slower information processing in
subcortical patients”* and patients with frontal strokes,”
direct assessment of processing speed changes and the role of
task difficulty in SIVD is warranted.

Subjects with SIVD also demonstrated subtle difficulties
with conceptual reasoning, as reflected in their fewer correct
sorts on a card sorting task. These data are consistent with the
findings of Dimitrov et al who reported that non-demented
patients with Parkinson’s disease had problems with concept
formation.*® Verbal fluency, another measure sensitive to
subcortical-frontal system pathology, was unimpaired in our
sample, although Bondi ef al have found that parkinsonian
patients have verbal fluency deficits." As with the memory
data, the absence of significant group differences on verbal
fluency in our study may be related to our patients being less
impaired than those of Bondi ef al or to small sample size.
Whether additional aspects of executive functioning are com-
promised in SIVD warrants further study; set shifting deficits,
for example, have been reported in other subcortical
syndromes, even in the absence of dementia.”

Some controversy exists regarding the relation between
white matter signal hyperintensities and cognitive function.
Wahlund et al’® found no significant correlations between the
degree of or increase in signal hyperintensities and results
from any of the neuropsychological tests. By contrast, other
studies have suggested a relation in elderly adults without
dementia.”’” White matter foci in periventricular and subcor-
tical regions have been found to be related to memory,”*
executive skills,” * and global cognitive ability.” In the present
study, the extent of white matter signal hyperintensity was
found to be correlated with two of the three executive meas-
ures but with none of the other neuropsychological variables.

The presence of a decline in executive functioning without
measurable changes in global cognitive abilities, verbal
memory, confrontation naming, verbal fluency, or visuoper-
ceptual skill, is most consistent with a subcortical-frontal
model for SIVD. However, we cannot state with certainty that
frontal structures are definitely affected after subcortical
lacunes in the absence of pathological confirmation or in vivo
evidence from structural or functional imaging. In other sub-
cortical syndromes, however, metabolic changes in the
cerebral cortex have been documented using PET. In patients
with multiple sclerosis, for example, there are widespread
reductions in cortical metabolism that are most striking in the
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superior mesial frontal cortex and superior dorsolateral fron-
tal cortex.” Similarly, frontal hypoperfusion has been docu-
mented in progressive supranuclear palsy and Parkinson’s
disease.” * Cortical changes in regional cerebral blood flow
and cerebral metabolic rate for oxygen have also been reported
in patients with dementia or mild cognitive impairment
secondary to lacunar infarcts.”** The patterns of hypoactivity
are often generalised without frontal prominence, however,
and patients used in these studies are more compromised than
those in the present study. Consequently, the evidence that the
subtle cognitive changes we found in our patients with
lacunes is due to disruption of subcortical-frontal circuits is
primarily behavioural and awaits further confirmation.
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