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IDDON, J. L., B. J. SAHAKIAN AND P. J. KIRKPATRICK. Uncomplicated carotid endarterectomy is not associated
with neuropsychological impairment. PHARMACOL BIOCHEM BEHAYV 56(4) 781-787, 1997.—Whether neuropsycho-
logical changes follow carotid artery surgery is unclear, in part because of complications by multiple perioperative variables.
Therefore, we carried out a detailed analysis of patients who underwent carotid artery surgery in which we attempted to
control for the most important variables by excluding patients with a preoperative stroke and by adopting a standard
operative technique without use of intraoperative carotid shunts. Thirty inpatients with symptomatic carotid artery disease
admitted for carotid endarterectomy were assessed with a comprehensive battery of neuropsychological tests administered
immediately before and after (48-72 h) surgery. No carotid bypass shunt was inserted during the operation. The battery
included dementia and depression screening tests, standardised neuropsychological measures including Verbal Fluency and
the National Adult Reading Test, and a battery of contemporary computerised tasks designed to measure different aspects
of memory and attention from the Cambridge Neuropsychological Test Automated Battery (CANTAB). No significant
difference was found in the cognitive scores postoperatively as compared with the patients’ preoperative scores or compared

with scores of a control group matched by age and intelligence.
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STROKE continues to be a leading cause of death in the USA
and Western Europe. Two large multicentre studies (10,23)
have reported on carotid endarterectomy (CE) as a procedure
that reduces the incidence of cerebrovascular accidents in
patients in good medical condition with symptomatic carotid
disease resulting in 70% stenosis or greater. Although the
incidence of a perioperative stroke in these studies was ap-
proximately 6%, the possibility of subclinical neurological
events or cognitive dysfunction was not examined.

There have, however, been other reports in the literature
of changes in neuropsychological functioning following CE
(3,7,9,12,13,17,18,29). The results are variable, and while some
studies claim an initial improvement in cognitive measures
immediately after surgery (3,9,13,18), others have reported
that performance is impaired (12,29). One study reported an
initial decline, but improvement when the patients were re-
tested 3—6 months later (29). Finally, a number of studies have
also reported that there is no change in cognitive function
either in the short term (3,7,17) or in the longer term (3).

Several explanations for the diversity of reports on cogni-
tive changes after CE are possible. Of particular concern is
the spectrum of presenting neurological deficits. Many patients
who are considered suitable for CE have experienced a pre-
vious stroke affecting various regions of the carotid terri-
tory. Others have suffered a transient ischaemic attack (TIA)
without loss of neuronal tissue. Surgical procedure also varies
(21). Many prefer to use intraoperative shunts that are de-
signed to protect the brain from low cerebral blood flow dur-
ing carotid cross clamping (16,21). These devices may pose
a hazard by causing dissemination of cerebral microemboli
from friable atheromatous plaques (1,12). Finally, in some
studies, methodological flaws such as test insensitivity have
made firm conclusions about cognitive outcome difficult or im-
possible.

In the present study, we have attempted to assess cognition
by using the CANTAB computerised tests in patients both
before and after carotid endarterectomy and in age- and intelli-
gence-matched normal controls. Patients were included who
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TABLE 1
SUBJECT CHARACTERISTICS
Mean
Group Test n Mean Age Verbal 1Q
Patients Verbal Fluency 30 64.8 (8.8) 108.4 (8.7)
Pattern Recognition 30 64.8 (8.8) 108.4 (8.7)
Spatial Recognition 30 64.8 (8.8) 108.4 (8.7)
Spatial Span 30 64.8 (8.8) 108.4 (8.7)
Spatial Working Memory 21 65.5 (8.6) 107.9 (8.8)
ID/ED Attentional Task 20 63.0 (8.4) 107.6 (7.3)
Paired Associates Learning 15 62.0 (8.6) 107.8 (7.4)
Delayed Matching to Sample 11 62.6 (8.1) 110.7 (6.8)
Controls Pattern Recognition 30 65.2 (8.5) 108.4 (8.6)
Spatial Recognition 30 65.2 (8.5) 108.4 (8.6)
Spatial Span 30 65.2 (8.5) 108.4 (8.6)
Spatial Working Memory 21 64.1 (8.4) 107.7 (7.4)
ID/ED Attentional Task 20 63.1 (7.9) 106.3 (7.7)
Paired Associates Learning 15 62.4 (8.4) 106.6 (8.4)
Delayed Matching to Sample 11 65.2 (6.2) 111.8 (5.1)

Standard deviation is shown in parentheses.

were known to have a history of a TIA, but who had not
experienced an irreversible neurological deficit.

During surgery, a standard protocol was followed. No pa-
tients received an intraoperative shunt, all patients had careful
control of the blood pressure, and all were monitored carefully
to identify changes in cerebral oxygenation and middle cere-
bral artery flow velocity (14). By adopting rigid selection criteria
and controlling the intraoperative variables, we have at-
tempted to identify a subclinical end point by closely monitor-
ing the neuropsychological performance of patients before
and after CE. Each patient was screened for dementia and
depression before surgery, and a battery of tasks assessing a
wide range of cognitive function were given before and after
CE. These included verbal intelligence and verbal fluency
measures as well as tests taken from the Cambridge Neuropsy-
chological Test Automated Battery (CANTAB) (11). In this
type of test/retest study, the issue of practice effects is an
important one. Many of the CANTAB tests have parallel
versions that have been shown to be resilient to the effects
of practice in several studies. Coull et al. (6) tested controls
within a 1-week period and showed that there were no signifi-
cant differences in any of these tests from the first to the
second session when performing under control (“no drug”)
conditions. Semple et al. reported findings similar to this in
two studies, one assessing normal subjects (34) and another
assessing the effects of scopolamine in normal subjects (33).
The parallel versions have also been shown to be equivalent
(34). These tests have been standardised on an adult popula-
tion (30) and have been validated in terms of their sensitivity
for distinguishing selective patterns of impairment in frontal,
temporal, and amygdalo-hippocampal regions following resec-
tion (27) as well as for identifying specific patterns of impair-
ment in patients with Alzheimer’s disease and Parkinson’s
disease (8,19,24-26,28,31,32).

METHOD

Patients

Thirty patients with TIAs were admitted to Addenbrooke’s
Hospital for unilateral carotid endarterectomy due to severe

carotid artery stenosis (70% or greater). All patients were
screened for dementia using the Mini Mental State Examina-
tion (5) and for depression using the Beck Depression Inven-
tory (2). None of the patients were demented or depressed
according to these measures (see Table 1).

Controls

Healthy control volunteers drawn from samples in Newcas-
tle and Cambridge were matched to the patient group by age
and intelligence level on each test (see Table 1).

Tests

Psychometric assessment. The following psychometric as-
sessments were performed:

National Adult Reading Test (NART) (22): A measure of
premorbid verbal intelligence.

Beck Depression Inventory (Beck DI) (2): An assessment
of depression.

Mini Mental State Examination (MMSE) (5): A 30-item de-
mentia screening test.

Verbal Fluency (4): A measure of letter and semantic fluency.
Stage 1 requires subjects to produce as many words as
possible in a minute beginning with each of the letters F,
A, and S. Stage 2 requires subjects to generate as many
different animals as possible in 90 s.

Computerised Tests from the Cambridge Neuropsychologi-
cal Test Automated Battery (CANTAB) (11). The CANTAB
computerised tests were presented on a touch-sensitive porta-
ble computer screen (comprising a Datalux touch-sensitive
screen and a Carryl portable hard disk). The experimenter
controlled the computer and gave verbal instructions to the
patient for each test.

Pattern Recognition. This is a test of visual recognition
memory, and is sensitive to patients with temporal lobe dam-
age and hippocampal lesions (28) and patients with mild de-
mentia of the Alzheimer type (32). Twelve patterns were pre-
sented on the centre of the screen in a box, one after another.
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The subject was instructed to watch the patterns carefully and
to try to remember them. All 12 patterns then reappeared
individually and in reverse order, but this time paired with a
novel pattern. The subject had to touch the pattern that had
appeared before. This procedure was then repeated for a sec-
ond set of 12 patterns. The maximum score was 24, over two
blocks. A parallel version was administered at retest.

Spatial Recognition. This is a test of spatial recognition
memory, and is sensitive to frontal lobe damage (28). Five
empty white boxes were presented one by one on the screen
in different spatial locations. Subjects were instructed to re-
member the position where each appeared on the screen.
After each set, the boxes reappeared individually in reverse
order, paired with another box that appeared in a novel loca-
tion. The subject was asked to touch the box that had appeared
in the same location as before. There were four sets with a
pause between each one. The maximum score was 20, over
two blocks. A parallel version was administered at retest.

Spatial Span. This test assesses short-term memory capac-
ity for spatial information, and has been shown to be relatively
insensitive to frontal lobe damage (25). A screen full of boxes
appeared and initially two of these changed colour in turn.
The subject was required to remember the order in which the
boxes changed colour, wait for a tone to sound, and then repeat
the exact sequence. Every time the sequence was repeated
correctly, a new trial began, showing a new sequence with one
more box than the previous level. If the sequence was repeated
incorrectly, the same level of boxes that had already been
reached was repeated in the next set, but was presented in a
different sequence. If the new level was not repeated correctly
after three trials, the computer would automatically terminate
the task. The final score obtained was the last (highest) level
passed (maximum = 9). A parallel version was administered
at retest.

Spatial Working Memory Task. This test is highly sensitive
to frontal lobe damage (25). Subjects were required to “search
through” a number of boxes presented on the screen by touch-
ing each one with the result that it “opened up,” revealing
what was inside. The object of the task was to collect “blue
tokens” inside the boxes and, once found, to use them to fill
an empty column at the side of the screen. At any one time
there would be a single token hidden inside one of the boxes;
the subjects were required to search until they found it, at
which point the next token would be hidden. The key instruc-
tion was that once a blue token had been found within a
particular box, then that box would never be used again to
hide a token. Returning to a box where a blue token had
previously been found would constitute an error.

ID/ED Attentional Set Shifting Paradigm. This test re-
quires the formation and shifting of attentional set, and is
sensitive to frontal lobe damage and different forms of fronto-
striatal dementia (8,27). The task requires the subject to learn
in succession a set of discrimination tasks in which one of two
stimuli is correct and the other is not, on the basis of feedback
provided by the computer following each choice. The main
aim is to compare the capacity to make attentional shifts to
exemplars within the same stimulus dimension currently at-
tended (intradimensional shift) with shifts to the currently
nonattended dimension (extradimensional shift). The test has
some similarities to the Wisconsin Card Sorting Test (WCST),
but with a tighter control over the experimental contingencies,
which enables parcellation of the various components of the
WCST in the context of learning theory.

Four boxes are presented on the screen; two of these con-
tain the test stimuli, but the boxes used vary from trial to trial.

Subjects are instructed in the following way: “Now you can
see two patterns. One of the patterns is correct. You must
point to the one that you think is correct. There is a rule you
can follow to make sure you make the correct choice each
time. The computer will be keeping track of how well you are
doing and when it is clear that you know the rule then the
computer will change it, although this will not happen very
often. To begin with, there is nothing on the screen to tell
you which of the two patterns is correct, so your first choice
will be a simple guess. However, the computer will give a
message after each attempt to tell you whether you are right
or wrong. You can start now.” If necessary, these instructions
were repeated or elaborated to ensure that every subject had
a clear idea of what was required of them.

The test then proceeded through a number of stages, each
with a different contingency, up to a maximum of nine. For
each, continuation to the next trial was dependent on a crite-
rion of six successive correct discriminations being reached.
If the criterion was not reached at the 50th trial of a stage,
then the test was discontinued. The order of discrimination
was fixed so that the extradimensional shift always followed
the intradimensional shift.

To begin with, subjects were given a simple simultaneous
discrimination in which the stimuli varied along only one of
the two dimensions used to derive stimuli. These dimensions
were either purple-filled shapes or white lines. A response to
one of the two boxes resulted in an auditory tone, together with
visual feedback that informed the subjects of the correctness of
their responses. This was in the form of the words “correct”
or “wrong” presented, respectively, in green or red lettering
above the middle two boxes. The same feedback was also
used for each of the subsequent phases. After 1.5 s, the screen
cleared, and there was an intertrial interval of 1 s before
the next trial. Following the simple discrimination (sd), the
remaining eight stages were as follows. For the second stage
(sdr), the discriminanda remained the same, but the previously
incorrect choice became the correct one; that is, the contingen-
cies were reversed. At the third stage (c-d), the second dimen-
sion was introduced, with one exemplar of each dimension
paired together to give a compound stimulus in each of the
two response boxes. To succeed, subjects had to continue
responding to the correct exemplar from the previous stage.
For this and all other subsequent stages, exemplars of the
different dimensions were paired in a pseudorandom fashion
with the constraint that runs of no more than three trials with
the same pairing were allowed. The stimuli for the fourth
stage (cd) and subsequent stages were also compound, but
the two exemplars from the different dimensions were super-
imposed, always with the white line in the foreground. The
contingencies again remained unchanged from those for the
previous two stages. A reversal then occurred at the fifth stage
(cdr). New exemplars for both dimensions were introduced
at the sixth stage, the intradimensional shift (IDS), but the
relevant dimension was unchanged from the original. This was
succeeded by a further reversal at the seventh stage (idr). For
the penultimate stage, the extradimensional shift (EDS), new
exemplars were again introduced, but success at this point
was dependent on the subject shifting the response set to
the exemplars of the previously irrelevant dimension. Finally,
contingencies were reversed to the previously incorrect exem-
plar of the new dimension (edr). The number of errors made
cumulatively throughout the task was used as the measure-
ment for this study. Failure at any stage automatically incurred
25 errors for each further stage. A parallel version was admin-
istered at retest.
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Paired Associates Learning Task. This task has been
shown to be sensitive to patients with both frontal and tempo-
ral lobe damage (28,32). In this test, subjects were required
to remember up to eight pattern—location associations. Ini-
tially, six white boxes were presented around the screen and
subjects were told that they would “open up” in turn, showing
them what was inside. This task was to look for coloured
patterns in the boxes and to remember which pattern belonged
in which box. Each of the boxes opened up and then closed
again in a randomized sequence. In the first trial only one of
the boxes contained a pattern. Immediately after the last box
had opened, this pattern was presented in the centre of the
screen and the subject was required to respond by touching
the box in which it had appeared. Feedback was not provided
after each response, although if the choice was correct the
words “ALL CORRECT” appeared and the subjects pro-
ceeded to the next trial. If the choice was incorrect, the boxes
were successively reopened (reminding phase) for 2 s each,
and the subject was then given a second attempt to correctly
locate the pattern. In each trial the subject was allowed up to
nine reminding phases, making 10 attempts in all, before the
test was prematurely aborted. After the initial trial with one
pattern, there was one more trial with a single pattern, then
two trials with two patterns each, two trials with three patterns
each, and then one trial with six (one in every box) patterns
to locate. Finally, two extra boxes were added to the array
on the screen, and the subject was required to correctly locate
a total of eight patterns. Performance was assessed by the
total number of errors (incorrect placements) summed across
the eight trials.

Simultaneous and Delayed Matching to Sample. This test
is sensitive to temporal lobe damage (32). At the beginning
of each trial, a complex abstract (sample) pattern consisting
of four quadrants, each differing in colour and form, appeared
in the centre of the screen for a presentation period of 4.5 s.
Subjects were told to study the pattern because they would
later be required to identify it from among three “distractor”
patterns. In the simultaneous condition, four choice patterns
then appeared, located under the sample pattern. The subject
was required to respond by touching the choice pattern that
corresponded exactly (in both colour and form) to the sample
pattern above. Only one of the choice patterns was identical
to the sample. One of the other choice patterns was a novel
distractor, differing in both colour and form from the sample.
The remaining two choice patterns were “partial distractors”
in that one had the colours of the sample but the form of the
novel distractor, while the other was the same shape as the
sample but had the colours of the novel distractor. In addition,
one of the four choice patterns had one (random) quadrant
in common with the sample to discourage mnemonic strategies
based on remembering the colour and shape of a single quad-
rant. The subject’s response was accompanied by an auditory
tone, and visual feedback was provided in the form of green
ticks and red crosses. After an incorrect response, the subject
had to continue to choose until the correct (target) stimulus
had been touched.

The delay condition was identical to the simultaneous con-
dition in every way except that after the initial 4.5-s presenta-
tion period, the sample stimulus disappeared from the screen.
There then followed a 0-s, 4-s, or 12-s delay before the four
choice stimuli appeared and the subject was required to make
a selection. After three practice trials (one each of simultane-
ous, 0's, and 12 s), a total of 10 test trials in each of the four
simultaneous and delay conditions were presented sequen-
tially, in pseudorandom order (total test trials = 40). Each
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subject was scored according to the number of trials correct
on the first choice in each condition. A parallel version was
administered at retest.

Procedure

Patients were tested individually over two sessions. The
first session took place presurgery in Addenbrooke’s Hospital.
The second test session took place within 72 h postsurgery.
A core battery of tests was administered to all patients in-
cluded in the study (NART, Beck DI, MMSE, Verbal Fluency,
Pattern Recognition, Spatial Recognition, and Spatial Span),
whilst other tests were given if time permitted (Spatial Work-
ing Memory, ID/ED Attentional Task, Paired Associates
Learning, and Delayed Matching to Sample) (see Table 1 for
numbers completing each test). Several recent studies have
assessed the possibility of practice effects on the parallel ver-
sions of the CANTAB battery and found no significant differ-
ence on the repeat test session, even in the case of the ID/
ED Attentional Set Shifting paradigm, although it is a rule-
learning task (6,33,34). As part of audit in the Department of
Neurosurgery, patients were seen as part of their pre- and
postoperative clinical assessment. The procedure was ex-
plained and verbal consent obtained.

Surgery

All patients underwent surgery (performed by P. J. K.)
using a standard protocol. Cerebral monitoring was used to
detect evolving cerebral ischaemia (14), and blood pressure
was supported if necessary. No intraoperative shunt was re-
quired in any patient.

Statistical Analysis

Two-tailed Student’s paired #-tests were used to compare
results on each individual test before and after surgery. Com-
parisons were also made between preoperative scores on the
CANTARB tests and control scores using unmatched #-tests.
(One main measure is given for each test.)

RESULTS

See Table 2 for a summary of the main results.

Surgical Outcomes

All patients underwent uneventful surgery. No periopera-
tive strokes occurred, and all patients were ambulant on the
first postoperative day.

Preoperative Psychometric Assessments

None of the patients included were demented or depressed
as measured by the screening tests (MMSE and Beck DI).
On the Verbal Fluency task they were in the normal range
according to the Benton and Namsher norms (15).

Preoperative CANTAB Assessments

There was no significant difference on any task at test
session 1 as compared with age- and intelligence-matched
controls: Pattern Recognition (see Fig. 1A), #(58) = 0.24; Spa-
tial Recognition (see Fig. 1B), #(58) = 1.65; Spatial Span,
t(58) = 1.03; Spatial Working Memory total errors, #(40) =
0.54; ID/ED Attentional Set Shifting Paradigm total errors,
#(38) = 0.22; Paired Associates Learning total errors over all
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sets, #(28) = 1.02; Delayed Matching to Sample total score,
1(20) = 1.35 (no significant difference at any stage).
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TABLE?2
SUMMARY OF MAIN RESULTS
Significance
Mean Score
Preop. vs. Preop. vs.

Test Patient Test 1 Patient Test 2 Controls Postop. Control
Pattern Recognition 19.53 (0.4) 19.47 (0.4) 19.37 (0.6) 0.85 0.81
Spatial Recognition 15.63 (0.3) 15.13 (0.4) 14.63 (0.5) 0.34 0.11
Spatial Span 4.83 (0.1) 5.00 (0.1) 4.63 (0.1) 0.28 0.31
Spatial Working Memory (errors) 30.10 (3.9) 31.05 (4.4) 30.6 (4.8) 0.60 0.36
ID/ED Attentional Task (total errors) 17.3 (3.7) 18.5 (3.2) 16.2 (3.5) 0.54 0.8
Paired Associates Learning (total errors) 26.0 (3.4) 23.0 (3.8) 20.9 (3.2) 0.26 1.02
Delayed Matching to Sample (total) 332 (1.1) 339 (1.1) 31.0 (1.2) 0.56 0.2
Verbal Fluency

FAS 38.5 (1.7) 38.6 (1.6) Norms 0.9 —

Animals 20.8 (0.7) 20.9 (0.7) Norms 0.9 —

Standard error is shown in parentheses.

Postoperative Psychometric Outcomes

Postoperatively, none of the patients were demented or
depressed, as measured by the screening tests (MMSE and
Beck DI). On the Verbal Fluency task, scores did not change
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0.07; Animals, #(29) = 0.13].

Postoperative CANTAB Assessments
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patient group showed no significant postoperative
on any CANTAB task as compared with their preoper-

ative scores: Pattern Recognition (see Fig. 1A), #(29) = 0.18;
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FIG. 1. Pattern Recognition and Spatial Recognition tasks: results pre- and postcarotid endarterectomy and comparison with controls. (a)
The Pattern Recognition task is out of a maximum total score of 24. (b) The Spatial Recognition task is out of a maximum total score of 20.
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Spatial Recognition (see Fig. 1B), #(29) = 0.96; Spatial Span,
#(29) = 1.1; Spatial Working Memory total errors, #(20) =
0.54; ID/ED Attentional Set Shifting Paradigm total errors,
t(6) = 1.33; Paired Associates Learning total errors over all
sets, #(14) = 1.1; Delayed Matching to Sample total errors,
t(10) = 0.62 (no significant difference at any stage).

DISCUSSION

This study addressed the concern that patients undergoing
CE may have cognitive deficits despite a good clinical recovery
from their surgery. We specifically assessed each patient be-
tween 48 and 72 h after surgery because perioperative cerebral
ischaemia will have maximal effects on higher functions of
cognition within that time. This leaves little opportunity for
recovery, and hence provides maximal sensitivity for such
tests. By delaying the assessment by 24 h, we avoided conflict-
ing variables such as the after effects of anaesthesia. Despite
adopting a vigorous procedure, no change was seen in any
neuropsychological measure preoperatively as compared with
postoperatively in a population of patients who had undergone
uncomplicated unilateral carotid endarterectomy without a
shunt. There was also no significant difference on any test
prior to surgery as compared with an age- and intelligence-
matched normal control population, and there were no indi-
vidual exceptions to this finding.

The present methods of neuropsychological assessment
(CANTAB) are highly sensitive and controlled, and are
known to detect cognitive changes in diseased states and in
the early stages of neurodegenerative diseases well before
structural damage can be seen in high-resolution cerebral im-
ages (8,20,24-28,31,32). Thus, we do not consider method arte-
fact alikely cause for these results. We conclude that, provided
the selection of patients is restricted to those presenting with
TIAs and without a clinically relevant stroke, CE under a
highly controlled surgical setting is not complicated by impair-
ment in cognitive function. Thus, use of detailed cognitive
assessments does not provide an investigational end point in
these patients. Our study is in keeping with the results of
studies that found no change postoperatively (3,7,17).

IDDON, SAHAKIAN AND KIRKPATRICK

Of those studies in which cognitive deficits were identified
following surgery, specific differences in methods appear.
Gaunt et al. (12) showed that changes on neuropsychological
measures were likely to be seen where there was a significant
number of intraoperative microemboli detected with ultraso-
nography. The use of an introperative shunt may, in part,
explain these findings. The present study used sensitive tests
designed to measure different aspects of mental function.
Many had parallel versions, thus removing the possibility of
practice effects, and the patients were unimpaired on the tasks.
Some studies have claimed an initial improvement on tests
immediately after surgery (3,9,13,18,29), but few reported the
possibility of practice effects. It may be that an initial postoper-
ative improvement could be due to familiarity with the testing
methods the experimenter, and the relief of a successful opera-
tion. In the present study, the research neuropsychologist
(J. L. 1) made every attempt to relax each patient at both
test sessions by administering simple tasks first in a quiet room
before moving on to more challenging ones. The tests from
the CANTAB battery are novel and enjoyable, being adminis-
tered on a touch sensitive computer screen. It is important to
acknowledge that the present study was designed to assess
specific cognitive functions such as visual memory and learn-
ing, attention, and planning, and was not concerned with as-
sessing temporary states such as anxiety or stress. In four of
the six studies that reported initial improvement after CE
(3,8,18,29), the authors administered measures that are likely
to improve following the relief of a successful operation.

To conclude, the present study indicates that in patients
suffering TIAs from carotid artery stenosis, carotid endarter-
ectomy under highly controlled operative conditions does not
cause significant neuropsychological change. Furthermore,
this subgroup of patients was not neuropsychologically im-
paired when compared with age- and intelligence-matched
controls.
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