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introduction

Patients with occlusive disease of the internal carotid artery (ICA) are at risk of future

transient or permanent neurological deficits. The major cause of cerebral ischemia in

patients with occlusive disease of the ICA is intracranial arterial obstruction by throm-

bo-embolism. In addition, a compromised cerebral blood flow may play an important

role in the recurrence of ischemic episodes in a sizeable proportion of patients, in par-

ticular in those with carotid occlusion.65

Although the detrimental influence of major ischemic stroke on cognition is well

known,92,115 the consequences of minor ischemic stroke or transient ischemic attacks

(TIAs) are less well described.31,47 Even less is known about the influence of chronic cere-

bral hypoperfusion on cognitive functioning.65,85 The aim of this systematic literature

review is to establish the current state of knowledge about prevalence, nature, severity,

course and cause(s) of cognitive deficits in patients with stenosis or occlusion of the

carotid artery that has not (yet) been surgically treated.

methods

Literature searches were carried out on Medline and Psychlit between 1980 and 1999

using a combination of neurovascular and neuropsychological key words. Neurovascular

key words were atherosclerosis, carotid artery disease, embolism, hemodynamics, cere-

bral ischemia, amaurosis fugax, TIA, RIND, cerebral infarction, endarterectomy, cere-

bral revascularization or alternatives presented in the thesaurus of Medline and Psychlit.

Neuropsychological key words were cognition, cognitive disorders, dementia, psycho-

metrics, neuropsychology or alternatives presented in the thesaurus. Furthermore, rele-

vant papers and books were checked for references. Studies published since 1980 written

in English, German, French or Dutch and describing neuropsychological assessment of

groups of patients (n>1) with carotid stenosis or occlusion were included. Papers focus-

ing on cognitive changes after revascularization without description of pre-operative

findings, and papers using cognitive dysfunction as an inclusion criterion were exclu-

ded. Twenty papers, all written in the English language, satisfied the inclusion crite-

ria.6,8,14,17,37,45,47,48,54,60,61,85,87,88,90,91,107,118,132,135 By consensus, two of these were dismissed8,90
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because of overlap of patient groups and findings reported by the same authors.6,91 We

selected the papers with stronger emphasis on the neuropsychological findings,6 and

larger size of the patient sample and longer follow-up.91

Data on design (retrospective, prospective, cross-sectional, longitudinal, exclusion crite-

ria), demographic characteristics of patients (age, gender), clinical diagnosis (no symp-

toms, TIA, stroke), carotid lesions (stenosis, occlusion, side), cerebral imaging (presence

of infarct, location and size of infarct, presence of atrophy), psychological tasks and test

batteries used, integration of test performances (specified according to number and

nature of parameters of cognitive deficit [various separate parameters, general index of

impairment]), interpretation of test results (ipsative, normative, controlled) and conclu-

sions of authors (presence, nature and severity of cognitive deficits) were extracted from

the papers and tabulated. Inventoried but not tabulated were criteria for inclusion of

patients, education of patients, presence of pre-existing dementia, diagnostic criteria for

ischemic symptoms, severity of stroke, location of symptoms (cerebral, ocular), number

of ischemic episodes in patients, degree of stenosis, presence of white matter lesions,

cerebral perfusion, time interval between latest ischemic episode and neuropsychologi-

cal assessment, bandwidth of assessment procedures, and course of cognitive dysfunc-

tioning.

results

In fourteen papers (78%) the authors concluded that cognitive dysfunction was present

(Tables 1-3 A), whereas in four studies (22%) no cognitive dysfunction was found (Tables

1-3 B). (To promote readability, we referenced in the text only those issues not tabulated.)

The only study investigating the course of cognitive deficits in patients with TIA or

stroke who did not undergo surgical intervention (n=14) did not find improvement or

deterioration during a two-year follow-up.91 Study design and characteristics of patient

groups are summarised in Table 1.

Patient characteristics

The demographic features of the patient groups were roughly equal in the eighteen stu-

dies. On average, 75% of patients were male. The mean age varied between 50 and 65

years. Average number of years of education, reported in nine papers (50%), varied
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between 7 and 13 years.6,14,60,61,85,91,107,118,132 In seven studies, patients with concomitant psy-

chiatric and/or neurological diseases were excluded.54,60,61,85,91,118,132 Risk factors for carotid

occlusive disease, such as diabetes mellitus and atherosclerotic cardiovascular disease,

were reported to exist in the patient group of five studies.14,60,91,107,132 In the other papers no

information was given on concomitant disorders or diseases. Only four papers (22%)

mentioned diagnostic criteria for ischemic symptoms.45,48,54,118 In one study, ischemic

episodes were labelled as TIAs, whereas the neurological deficits were reported to con-

tinue for 4 weeks and longer.37 For the current survey, we considered these episodes as

strokes. Five of the nine studies describing stroke patients included patients with minor

strokes.45,47,88,132,135 One study described both minor (25%) and major (15%) stroke

patients,118 and three papers did not provide information on the severity of stroke.6,37,91 In

two studies (11%) only patients with cerebral symptoms were included,88,135 four studies

(22%) included both patients with cerebral and ocular symptoms,6,37,48,132 and in ten papers

(56%) no information regarding the location of symptoms was presented.17,45,47,54,60,61,87,91,107,118

The number of ischemic episodes and the time interval between the latest ischemic

episode and the psychological assessment were mentioned in a minority of papers (22%

and 33%, respectively); the number of episodes varied between 1 and at least 50,47,48,87,135

and the interval varied between 3 days and at least 4 months.47,48,87,88,132,135 In one study the

mean degree of stenosis was 59%,14 in five studies the degree of stenosis was at least

70%,6,54,60,85,132 in one at least 60%,61 and in another at least 50%.45 The remaining papers

(56%) did not mention the degree of stenosis.17,37,47,48,87,88,91,107,118,135 Nine studies (50%) inclu-

ded patients with bilateral carotid obstruction. Eight studies (44%) did not provide infor-

mation on uni- or bilaterality of carotid obstruction. The five studies that reported

cerebral imaging found ischemic lesions and cerebral atrophy in varying proportions of

stroke and TIA patients. Only one study assessed white matter lesions, and reported high

intensity areas in all patients.132

No interpretable differences in patient characteristics were found between studies con-

firming and those denying cognitive deficits. As only a minority of papers provided

information on neurovascular characteristics, such as the degree of carotid stenosis or

the number and location of ischemic brain lesions, no conclusions can be drawn regar-

ding the concordance in neurological features of the patient groups in the eighteen

studies.

10
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Study design

In fourteen studies (78%) the design was prospective. Two papers (11%) mentioned that

patients were included consecutively.48,61 In fifteen studies (83%), patients were referred

to the surgical department of a hospital for (evaluation of) treatment of the carotid occlu-

sive disease.6,17,37,45,47,48,54,60,61,87,88,91,107,118,135 In three studies (17%), patients were seen in the

neurological department, because of ischemic symptoms,132 carotid bruits,85 or unspe-

cific complaints as headache and dizziness.14 Twelve studies (67%) primarily addressed

the outcome after surgery. The pre-operative findings of these studies were assessed in

this review. In eight studies (44%) the number of patients was less than 30. No inter-

pretable differences in study design were found between studies confirming and those

denying cognitive deficits. The four studies denying cognitive deficits were prospective

and longitudinal, and assessed mainly TIA patients. However, five other prospective and

longitudinal studies did find cognitive deficits in TIA patients.45,47,48,87,135

Psychological assessment

We counted 79 different psychological assessment procedures in the eighteen studies

(Table 2). Some of the procedures belong to a standard neuropsychological battery (e.g.

Halstead-Reitan Battery) or a psychometric scale (e.g. Wechsler Adult Intelligence Scale).

Thirty-seven procedures (47%) were used in only one study, whereas 13 (16%) were used in

two studies, 19 (24%) in four to six studies and 10 (13%) in seven to fourteen studies. The

bandwidth of psychological assessment varied between the studies, but did not discrimi-

nate between the studies finding and those denying cognitive deficits.

Integration and interpretation of test performances (Table 3)

Test performances can be quantified in separate test parameters or in a general index of

impairment, which is based on performances on various tests. Interpretation of test per-

formances can be ipsative, i.e. by comparison with premorbid level of functioning, or

normative, i.e. by comparison with norms or control data.

Six studies (33%) employed a general impairment index, according to the scoring method

of Russell et al.100,101 In the studies using separate test parameters for statistics, the num-

ber of parameters varied between 1 and 30. Three studies14,61,91 adjusted for multiple statis-

tical comparisons by using a conservative level of statistical significance (0.002 or 0.01

instead of 0.05). No paper stated the percentage of patients with cognitive deficits.

Instead, the means or medians of performances of the patient group were compared with

12



those of control persons or with norms. No interpretable differences appeared between

the studies finding and those denying cognitive deficits in methods for integration and

interpretation of test performances.

Type and severity of cognitive deficits (Table 3)

Six of the studies finding cognitive deficits (43%) did not specify the nature of cognitive

impairment. Two studies (14%) concluded there was general impairment of cognitive

functioning. In six studies (43%) specific domains of functioning were reported to be

implicated, among which impairment of reasoning, memory and (psycho)motor skills

were reported in more than two studies.

Seven of the studies finding cognitive deficits (50%) concluded mild impairment, three

(21%) moderate or severe impairment, and in four (29%) the severity of impairment was

not estimated. None of the studies mentioned criteria for severity.

Risk factors for cognitive deficits

Ten papers (56%) searched for determinants of cognitive deficits, such as side of carotid

lesion, degree of carotid stenosis, vascular disease in other parts of the brain or body,

type of ischemic event (ischemic stroke or TIA), recency of the ischemic event, presence

of cerebral atrophy, and presence of white matter lesions. Patients with left, right or

bilateral carotid stenosis did not differ in severity of cognitive impairment.17,45,47,48,61,88 The

only study assessing the influence of degree of carotid stenosis on cognitive functioning

considered both as continuous variables and did not find significant correlations.14

Degree of carotid occlusive disease was diagnosed by means of angiography,47,48,61,88

Doppler sonography and angiography,45 or Duplex sonography.14 One study did not spe-

cify how the degree of stenosis was determined.17 In one paper, interactive effects of

atherosclerotic heart disease and cerebrovascular disease on cognitive functioning were

mentioned.107 Another study reported more severe cognitive impairment for stroke com-

pared to TIA patients,135 whereas two studies found a similar degree of cognitive impair-

ment for TIA and stroke patients.45,47 Time interval between stroke and neuropsycho-

logical assessment did not correlate with degree of cognitive impairment.135 The two

studies that assessed CBF by means of 133Xenon-SPECT48 or 133Xenon-inhalation135 did not

correlate CBF and cognitive functioning prior to surgical intervention. Yamauchi et al.132

found atrophy of the corpus callosum to be associated with cognitive impairment and

with changes in hemodynamic parameters measured by 15O-PET. The callosal atrophy
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was hypothesised to reflect the severity of disconnection of cortical regions as caused by

white matter lesions and cerebral atrophy due to ICA occlusive disease. According to

these authors, cortical disconnection may be an important factor in the development of

cognitive impairment in ICA occlusive disease without large cortical lesions.

discussion

Neuropsychological audit of TIA and stroke sequelae offers a framework for interpreting

complaints on cognition and, hence, for adequate counselling and care. This review

addresses cognitive functioning of patients with carotid occlusive disease who did not

(yet) undergo surgery.

We found eighteen studies about cognitive functioning of asymptomatic, TIA or stroke

patients with occlusive disease of the carotid artery. As almost no follow-up studies were

performed in the population of patients who did not undergo surgery, information on

the natural course of cognitive functioning is too scarce for conclusions.

Transversal results on cognitive functioning of patients varied from no deficits to obvi-

ous cognitive impairment. Patient characteristics, study design, neuropsychological

assessment procedures and interpretation varied widely between the eighteen studies.

However, when comparing the fourteen studies reporting cognitive deficits and the four

studies reporting uncompromised cognition, we could not detect systematic biases

explaining the difference in study results. As the majority of studies did not report on

relevant neurovascular variables, such as cerebral infarction or hypoperfusion, it

remains uncertain whether heterogeneity in the neurological condition of patients

caused the difference in study results.

Seven of the eleven studies (64%) analysing the performances of TIA patients concluded

that cognitive deficits were present.6,45,47,48,61,87,135 Furthermore, all three studies assessing

asymptomatic patients with carotid obstruction found cognitive deficits.14,45,85 Hence, the

absence or disappearance of neurological signs does not guarantee undisturbed cogni-

tive functioning in patients with carotid obstruction.

None of the studies distinguished patients with cognitive deficits from those without by

individual estimation of dysfunctioning. Therefore, the literature offers no information

on the prevalence of cognitive impairment in the patient population with carotid occlu-

sive disease.
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Of the eight studies specifying the nature of cognitive deficits, two concluded global

impairment and six specific deficits in, for example, memory, reasoning or

(psycho)motor skills. However, in neuropsychology one should beware of deriving the

nature of impairment from the measurement pretension of the test, based on psychome-

tric research in a healthy population.25 None of the studies addressed this topic.

The majority of papers estimating severity of cognitive impairment concluded mild

impairment (70%), presumably based on clinical impression as none of them mentioned

the criteria for severity of impairment. To avoid subjective evaluation, a principled esti-

mation should be made.

Another point of interest concerns the vascular risk factors of cognitive dysfunctioning.

Subgroups of patients at risk of cognitive impairment may exist. Although some papers

searched for risk factors, various clinical subgroups and possible causative factors are

not examined yet. Some relevant variables concerning the existence of structural brain

pathology are the nature and location of the symptoms (TIA or stroke, cerebral or ocu-

lar), and the size and location of infarcts. Besides structural brain pathology, chronic

cerebral hypoperfusion may be a risk factor for cognitive deficits. Degree of the carotid

obstruction, uni- or bilaterality of the carotid obstruction, presence of atherosclerotic

disease in other brain arteries (e.g. in the vertebrobasilar arterial system), and presence

of collateral circulation do affect the vascular supply of the brain. A comprehensive

assessment of risk factors, by means of a multiple regression analysis including various

neurological and demographic factors or by delineating well defined clinical subgroups,

has yet to be accomplished.

Most likely, a nonrepresentative portion of the patient population with occlusive disease

of the carotid artery has been sampled so far. Twelve studies (67%) were designed to

address the outcome after surgery and, hence, included only patients suitable for sur-

gery. As the indications and contra-indications for operation were mentioned in only

two of these papers,60,118 the nature of the selection bias remains unknown. Furthermore,

although the design of most studies was prospective, only two papers mentioned that

patients were included consecutively. Only a principled and consecutive inclusion can

prevent biases in the patient sample.

To get a clear picture of the influence of carotid occlusive disease on cognition, patients

should be screened for concomitant disorders, e.g. depression or anxiety, that might

affect cognitive functioning. Disentangling causes of demonstrated cognitive deficits is

hampered by the co-existence of other neurological diseases affecting cognitive func-
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tioning. As only a minority of the studies discussed in this review (39%) stated that

patients with concomitant psychiatric and/or neurological diseases were excluded, we

can not be sure that the cognitive deficits described are caused by the carotid occlusive

disease.

We conclude that the majority of the current papers indicate a detrimental influence of

carotid occlusive disease on cognition, but unbiased evidence has yet to be assembled.

Apparently, the cognitive impairment is of a global, diffuse nature and mild to moderate

in severity. Further research is needed to describe cognitive functioning in a representa-

tive sample of the patient population with carotid occlusive disease. We propose a

prospective study with consecutive and principled inclusion of patients to prevent biases

in sample selection. To assess natural course of cognitive functioning, a follow-up study

is necessary. Since there are no indications that cognitive impairment is confined to a

specific cognitive domain, a broad range of cognitive skills should be assessed. A consen-

sus on the methods for neuropsychological assessment, such as recently was accom-

plished for the assessment of neurobehavioral outcomes after cardiac surgery,84 would

promote adequate assessment. To ascertain the causative factors of cognitive deficits,

clinical subgroups of patients should be delineated and both structural and hemo-

dynamic components of brain functioning should be assessed.
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