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Abstract

Background/Aim. The presence of carotid stenosis is a risk factor for cognitive
impairment. The aim of our study was to evaluate the degree of cognitive impairment in
patients with asymptomatic and symptomatic carotid stenosis and correlate it with the
presence, location, and extent of cerebral ischemic lesions.

Material and methods. A prospective analysis of 180 patients aged 50-70years, divided
into three groups (asymptomatic, symptomatic carotid stenosis and controls), was made.
We assessed demographic characteristics, vascular risk factors, ultrasound examination of
the carotid arteries, computerized tomography (CT), magnetic resonance imaging (MRI) of
the brain, and neuropsychological testing.

Results. The brain CT findings at admission showed ischemic lesions in the left
hemisphere in 13.3% patients of the asymptomatic and 41% in the symptomatic group. In
the right hemisphere, lesions were registered in 10% of the asymptomatic and 46,7% of the
symptomatic patients. The difference between groups was statistically significant. The
lesion volumes measured on CT and MRI scans were significantly different (p <0.001)
between groups with asymptomatic and symptomatic carotid stenosis. The degree of
cognitive impairment measured by the ACE-R test was significantly different between
groups (p<0.05) with the most severe deficit in the symptomatic group.

Conclusion. Our study has shown that cognitive impairment was more severe in patients
with symptomatic carotid stenosis, compared to the patients with asymptomatic carotid
stenosis.

Keywords: asymptomatic carotid stenosis; symptomatic carotid stenosis; cognitive

impairment; cerebral ischemic lesions

Sazetak

Uvod/Cilj. Postojanje karotidne stenoze predstavlja potencijalni faktor rizika za poremecaj
kognitivnih funkcija. Cilj naSeg istraZivanja je ispitivanje stepena kognitivnog poremecaja
kod pacijenata sa asimptomatskom 1 simptomatskom karotidnom stenozom 1 njegove
povezanosti sa postojanjem, lokacijom i veli¢inom cerebralnih ishemijskih lezija.
Materijal i Metode. Sprovedena je prospektivna analiza 180 pacijenata starosti od 50 do
70 godina, podeljenih u tri grupe (asimptomatska, simptomatska karotidna stenoza i

kontrolni subjekti). Procenjivali smo demografske karakteristike, vaskularne faktore rizika i



sprovedeni su ultrazvucni pregled karotdnih arterija, kompjuterizovana tomografija (KT),
magnetna rezonanca (MR) mozga kao 1 neuropsiholosko testiranje.

Rezultati. Nalazi na KT mozga na prijemu pokazali su lezije u levoj hemisferi u 13,3%
asimptomatskih pacijenata i 41% pacijenata u simptomatskoj grupi. U desnoj hemisferi
registrovane su lezije kod 10% pacijenata u asimptomatskoj i 46,7% pacijenata u
simptomatskoj grupi. Razlika izmedju grupa bila je statisticki zna¢ajna. Zapremina lezija
merena neuroradioloskim metodama se statisticki znacajno razlikuje (p < 0.001) izmedu
grupa sa asimptomatskom i simptomatskom karotidnom stenozom. Stepen kognitivnih
oste¢enja meren ACE-R testom bio je znacajno razli¢it izmedu grupa (p<0,05) sa
najizrazenijim deficitom u simptomatskoj grupi.

Zakljucak. Nase istrazivanje je pokazalo da je kognitivno oSteCenje znacajno veceg
stepena kod pacijenata sa simptomatskom karotidnom stenozom, u poredjenju sa

pacijenatima sa asimptomatskom karotidnom stenozom.

Kljuc¢ne redi: asimptomatska karotidna stenoza; simptomatska karotidna stenoza;

kognitivno oStecenje; moZdane ishemicke lezije.

Introduction

The presence of carotid stenosis is a potential risk factor for cognitive impairment, which
has been proven by several studies' ™. The underlying mechanisms are embolization and
hypoperfusion that can cause lacunary or silent brain infarcts, associated with an increased
risk of dementia. Cognitive impairment might also be present in asymptomatic high-grade
carotid stenosis, without evidence of infarction on magnetic resonance imaging, connected
with microangiopathy and vascular risk factors®.

The aim of our study was to evaluate the degree of cognitive impairment in patients with
asymptomatic and symptomatic carotid stenosis and correlate it with the presence, location,

and extent of cerebral ischemic lesions.

Methods
A prospective analysis of 180 patients aged 50-70 years, divided into three groups:
asymptomatic patients with carotid stenosis and without transient ischemic attack

(TTA)/stroke, symptomatic patients, with carotid stenosis and TIA/stroke and control group
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of patients with headache/vertigo and normal findings of the carotid arteries and CT scan.
We have obtained written consent from the patients/their families. Exclusion criteria were:
the presence of aphasia, intracerebral hemorrhage, vascular malformations, tumors,
multiple sclerosis, or other diseases on neuroimaging, severe stroke with NIHSS score >
15.

We assessed demographic characteristics and vascular risk factors. Ultrasound examination
of the carotid arteries was performed using B-mode ultrasonography with a probe of 7.5
MHZ according to the Atherosclerosis Risk in Communities (ARIC) protocol’. The
patients were stratified according to the degree of stenosis as no stenosis, low (0-49%),
moderate (50-69%), and a high degree of stenosis (>70%)°. Cognitive functions were
evaluated with Addenbrooke’s cognitive examination (ACE-R) test’. We analyzed temporal
and spatial orientation, attention, calculation, speech, memory, visuospatial abilities. The
test was carried out six months after hospitalization in patients with symptomatic stenosis
and six months after initial examination in patients with asymptomatic carotid stenosis and
the control group. Computer tomography (CT) of the brain was performed at admission
and 24 to 72 hours afterward, analyzing the size and location of acute ischemic lesions.
Magnetic resonance imaging (MRI) of the brain was performed within six months after the
initial examination of all patients. The severity of stroke was estimated by the National
Institute of Health Stroke Scale (NIHSS), ranging from 0-30. Stroke was classified as mild
(< 8), moderate (9 — 15), and severe (> 15)°. Patients with severe stroke (NIHSS > 15)
were excluded from this study. Statistical analysis was performed with the statistical

programs: STATISTICA 7.1; SPSS 17.0.

Results

In the brain CT findings at admission, structural lesions were absent in 60% of the patients
in the asymptomatic group, 10% of the patients of the symptomatic group, and 100% of
patients in the control group. The difference between the asymptomatic and symptomatic
groups is statistically significant (p<0.001). On the control CT, structural lesions were seen
in 40% of the asymptomatic group patients and all patients in the symptomatic group.

In the CT findings at admission, lesions in the left hemisphere were registered in 13.3% of
patients in the asymptomatic group and 41% of the symptomatic group. The difference

between the asymptomatic and symptomatic group was statistically significant (p<0.001).



In the CT findings at admission, lesions in the right hemisphere were registered in 10.0% of
patients in the asymptomatic group and 46.7% of patients of the symptomatic group while
the difference was statistically significant (p< 0.001).

The ischemic lesion volumes (cm®) measured on CT and MRI scans were significantly
different (p <0.001) between groups with asymptomatic and symptomatic carotid stenosis

(Figure 1).
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Figure 1. Ischemic lesion volumes (cm®) in asymptomatic carotid stenosis group and

symptomatic carotid stenosis group

Ischemic brain lesions were registered on the follow-up MRI examination in 60% of
patients with asymptomatic carotid stenosis and all patients with symptomatic carotid
stenosis. Control subjects had no ischemic brain lesions on MRI.

MRI examination showed lesions in the left hemisphere in 13.3% of patients in the
asymptomatic group and 45% of the symptomatic group (p< 0.001), and lesions in the right
hemisphere in 10% of patients in the asymptomatic group and 53.3% of the symptomatic

group (p< 0.001). The locations of structural lesions on CT and MRI are shown in Table 1.



Table 1.

Location of structural lesions on admission and control CT and MRI scans

ACS SCS

No % No %
CT scan on admission
No lesion 36 60.0 6 10.0
Frontal 1 1.7 4 6.7
Parietal 6 10.0 19 31.7
Temporal 5 85 11 183
Occipital 1 1.7 8 133
Basal ganglia 11 183
Control CT scan
No lesion 36 60 O
Frontal 1 1,7 4 6.7
Parietal 6 10.0 21 35.0
Temporal 5 85 13 217
Occipital 1 1.7 8 133
Basal ganglia 11 183 14 233
MRI
No lesions 36 60 O
Frontal 1 1,7 5 8.3
Parietal 6 10.0 20 333
Temporal 5 85 13 21.7
Occipital 1 1.7 8 133
Basal ganglia 11 183 14 233

Impairment of temporal and spatial orientation was registered in 16.7% of patients in the
symptomatic carotid stenosis group (p<0.05). Impairment of attention was recorded in

48.3% in the asymptomatic group, 71,7% in the symptomatic group and 25.0% in the



control group. There was a statistically significant difference between the first group
compared to the second and the control group, respectively (p = 0.01, p = 0.009).
Impairment of calculation abilities was registered in 43.3% of the asymptomatic, 78.3% in
the symptomatic, and 13.3% in the control group. The difference was statistically
significant between the symptomatic compared to the asymptomatic and the control group,
respectively (p< 0.001). Language impairment was seen in 3.3% in the asymptomatic,
58.3% in the symptomatic, and none in the control group. The difference between the
asymptomatic and symptomatic group was significant (p< 0.001), and non-significant
between the asymptomatic and control group (p<0.05). Memory impairment was recorded
in 75% in the asymptomatic, 91,7% in the symptomatic, and 28,3% in the control group.
The differences between the asymptomatic, symptomatic, and the control group were

significant (p=0.02, p<0.001, respectively).

100
95
90
85
80 T
75
70
65 %
60

ACE-R Score

Asymptomatic Symptomatic Control
carotid stenosis carotid stenosis

Group

Figure 2. Average ACE-R score in asymptomatic carotid stenosis group, symptomatic

carotid stenosis group, and control group

The average value of ACE-R scores was 78.7 + 4.6in the asymptomatic group was 65.6 +
3.91n the symptomatic group and 96.5 + 2.9 in the control subject (Figure 2). According to
Analysis of Variance, the difference between the average result values in the three groups
was statistically significant (p< 0.001), The post hoc Tukey HSD test shows a statistically
significant difference between the asymptomatic, symptomatic and control group (p<
0.001).

The relation between the degree of cognitive impairment and the location of lesions on the



initial CT, control CT, and MRI examination in the asymptomatic and symptomatic group
are shown in Table. 2, Table 3, and Table 4, respectively. There was no statistically
significant correlation between lesion location on admission, control scans and MRI

findings and the level of cognitive impairment found on the ACE-R test ( p>0.05).

Table 2.
Number of patients according to the location on CT scans on admission and degree of

cognitive impairment (CI)

Asymptomatic carotid stenosis Symptomatic carotid stenosis
Mild CI  Moderate  Severe CI Total Mild Cl Moderate CI Severe  Total
Cl Cl

No 35 13 0 48 0 5 1 6
lesions
Frontal 0 0 0 0 0 3 1 4
lobe
Parietal 1 0 0 1 0 9 10 19
lobe
Temporal 1 2 0 3 0 7 4 11
lobe
Occipital 1 0 0 1 0 5 3 8
lobe
Basal 3 4 0 7 0 7 5 12
ganglia
Total 41 19 0 60 0 36 24 60




Table 3.
Number of patients according to the location on control CT scans and degree of

cognitive impairment (CI)

Asymptomatic carotid stenosis Symptomatic carotid stenosis
Mild CI  Moderate  Severe CI Total Mild ClI Moderate CI ~ Severe  Total
Cl Cl

No 35 13 0 46 0 0 0 0
lesions

Frontal 0 0 0 0 0 3 1 4
lobe

Parietal 1 0 0 1 0 11 10 21
lobe

Temporal 2 2 0 4 0 9 4 13
lobe

Occipital 1 0 0 1 0 5 3 8
lobe

Basal 4 4 0 8 0 8 6 14
ganglia

Total 41 19 0 60 0 36 24 60
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Table 4.
Number of patients by the location of lesion registered on MRI scans and degree of

cognitive impairment (CI)

Asymptomatic carotid stenosis Symptomatic carotid stenosis
Mild CI  Moderate  Severe CI Total Mild CI Moderate CI  Severe  Total
Cl Cl
No 26 9 0 35 0 0 0 0
lesions
Frontal 1 0 0 1 0 3 2 5
lobe
Parietal 4 2 0 6 0 11 9 20
lobe
Temporal 3 2 0 5 0 9 4 13
lobe
Occipital 1 0 0 1 0 5 3 8
lobe
Basal 6 6 0 12 0 8 6 14
ganglia
Total 41 19 0 60 0 36 24 60
Discussion

The results of our study are in accordance with the data found in the literature. The study of
Moreau et al, aimed to directly compare the sensitivity of CT and MRI scans in patients
with TIA and/or mild strokes with acute ischemic lesions’. CT and MRI were performed
within 24 hours after symptom onset. Acute ischemic lesions were compared on CT and
MRI, while the acute lesion volume was measured with MRI. The study showed that MRI
had higher sensitivity compared to CT in identifying small acute ischemic lesions. MRI
also showed lesions with smaller volumes that were missed on CT scans. In TIA or lacunar
stroke patients, acute ischemic lesions were identified with MRI in 35-50% of the patients,
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while the same lesions were found in only 10% when CT scans were performed. The same
results were found in the study of Forster et al. where the percentage of acute strokes
proven on MRI after negative CT scans were greater than 33%'°. This difference is mostly
a consequence of the size i.e. the volume of the stroke because the sensitivity of the CT in
recognizing ischemic lesions smaller than 1 cm? is weak'' . The limitation of our study is
that CT and MRI scans were not done simultaneously, and the time between the symptom
onset and MRI scans was longer compared to the timing of CT scans. As early ischemic
changes become more prominent in time, this fact goes potentially in favor of the MRI
diagnostics'. The percentage of visualized lesions on MRI was higher in the asymptomatic
carotid stenosis group.

A study by Tomlinson et al., suggested that the volume of stroke is correlated to the
appearance and development of cognitive impairment. Stroke can cause vascular dementia
when the volume of a stroke is larger than 100 ml"’. A survey by Zekry et al., suggested
that the total volume of the stroke can explain only a small portion of the cognitive
impairment in stroke patients, and discovered that strokes in strategic areas play an
important role in the cognitive disorder mechanism and are connected with the severity of
dementia'®. These strategic regions are cortical limbic regions, frontal cortex, and white
mass. There are limitations in the fact that many patients, who have brain damage, usually
have motor difficulties that adversely affect the performance of the test (e.g. drawing) and
often have a language difficulty'>'®. In our study, there was no statistically significant
correlation between the lesion location at admission and control CT scans, MRI scans in
the examined groups of patients compared to the level of cognitive impairment seen on the
ACE-R test. In our study, we have chosen neuropsychological testing which is necessary
for the screening of patients with dementia after stroke or patients with carotid stenosis,
without the anamnestic data for stroke and its identification in the early stages of the
disease, which would enable early intervention and possible delay of the cognitive
impairment development with proper cognitive rehabilitation'”. The study of Lees et al.,
studied the usefulness of ACE-R test in detecting cognitive impairment after a stroke'®. The
test gives data for the patient's cognitive profile and as a screening method can speed up the
cognitive deficit diagnostic process after stroke'”. It was shown that the ACE — R has a
significant connection with other neuropsychological teststhat examine only a certain

domain. The memory that was assessed with ACE-III is associated with two classic
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neuropsychological memory tests- Free and Cued Selective Reminding Test and the Rey
Auditory Verbal Learning Test '>'°. The speech and verbal fluency, which were tested with
ACE-R, were in correlation with tests that assess attention and executive functions (the trail
making test, memory span, Stroop test) '°. In the study of Al-Qazzaz et al., it was found that
stroke increases the risk of cognitive impairment, where 21% of the stroke survivors
experienced cognitive function decline after the third month'’. This research shows that
demographic characteristics of stroke patients, including age and gender, are related to
cognitive impairment and dementia. Cognitive impairment increased with age due to
decreased cerebral flow.

Conclusion

We did not find a statistically significant connection between the locations of the cerebral
ischemic lesions and the degree of cognitive impairment. However, we confirmed that
cognitive impairment was more severe in patients with stroke and symptomatic carotid
stenosis, compared to the patients with asymptomatic carotid stenosis.

Ethical consideration

Experiments were performed with the understanding and consent of each subject, with the
approval of the local ethics committee.

REFERENCES

1. 1.Hofman A, Ott A, Breteler MM, Bots ML, Slooter AJ, van Harskamp F, et
al. Atherosclerosis, apolipoprotein E, and prevalence of dementia and Alzheimer's
disease in the Rotterdam Study. Lancet. 1997; 349 (9046):151-4.

2. 2.Johnston SC, O'Meara ES, Manolio TA, Lefkowitz D, O'Leary DH, Goldstein S, et
al. Cognitive impairment and decline are associated with carotid artery disease in
patients without clinically evident cerebrovascular disease. Annals of internal
medicine. 2004; 140 (4):237-47.

3. Mathiesen EB, Waterloo K, Joakimsen O, Bakke SJ, Jacobsen EA, Bonaa
KH. Reduced neuropsychological test performance in asymptomatic carotid
stenosis: The Tromso Study. Neurology. 2004; 62(5):695-701.

4. Pettigrew LC, Thomas N, Howard VJ, Veltkamp R, Toole JF. Low mini-mental
status predicts mortality in asymptomatic carotid arterial stenosis. Asymptomatic

Carotid Atherosclerosis Study investigators. Neurology. 2000; 55(1):30—4.

13



10.

11.

12.

13.

14.

15.

Wang J, Wu J, Zhang S, Zhang L, Wang C, Gao X, et al. Elevated fasting glucose as
a potential predictor for asymptomatic cerebral artery stenosis: a cross-sectional
study in Chinese adults. Atherosclerosis. 2014; 237(2):661-5.

von Reutern GM. Grading Carotid Stenosis Using Ultrasonic Methods. Stroke.
2012; 43:916-921.

Larner AJ, Mitchell AJ.A meta-analysis of the accuracy of

the Addenbrooke's Cognitive Examination (ACE) and the Addenbrooke's Cognitive
Examination-Revised (ACE-R) in the detection of dementia.Int Psychogeriatr. 2014
Apr; 26(4):555-63.

KwahLK, Diong]J. National Institutes of Health HYPERLINK
"https://www.ncbi.nlm.nih.gov/pubmed/24856948"Stroke Scale (NIHSS). J
Physiother. 2014 Mar; 60(1):61.

Moreau F, Asdaghi N, Modi J, Goyal M, Coutts S.Magnetic Resonance Imaging
versus Computed Tomography in Transient Ischemic Attack and Minor Stroke: The
More You See the More You Know, Cerebrovasc Dis Extra. 2013; 3:130-136.
Forster A, Gass A, Kern R, Ay H, Chatzikonstantinou A, Hennerici MG, Szabo K.
Brain imaging in patients with transient ischemic attack: a comparison of computed
tomography and magnetic resonance imaging. Eur Neurol. 2012; 67:136-141.
Castle J, Mlynash M, Lee K, et al. Agreement regarding diagnosis of transient
ischemic attack fairly low among stroke-trained neurologists. Stroke. 2010;
41:1367-1370.

Moreau F, Asdaghi N, Modi J, Goyal M, Coutts S.Magnetic Resonance Imaging
versus Computed Tomography in Transient Ischemic Attack and Minor Stroke: The
More You See the More You Know, Cerebrovasc Dis Extra. 2013; 3:130-136.
Tomlinson BE, Blessed G, Roth M. Observations on the brains of demented old
people. J Neurol Sci. 1970; 11:205-42.

Zekry D, Duyckaerts C, Belmin J, et al. The vascular lesions in vascular and mixed
dementia: the weight of functional neuroanatomy. Neurobiol Aging. 2003; 24:213-
9.

Fiedorova D, Krulova P, Ressner P et al. Addenbrooke’s cognitive examination in

nondemented patients after stroke. Neuropsychiatry. 2018; 8(2):505-512.

14


https://www.ncbi.nlm.nih.gov/pubmed/?term=Larner%20AJ%5bAuthor%5d&cauthor=true&cauthor_uid=24423470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitchell%20AJ%5bAuthor%5d&cauthor=true&cauthor_uid=24423470
https://www.ncbi.nlm.nih.gov/pubmed/24423470
file:///C:/Users/Korisnik/Desktop/National%20Institutes%20of%20%20Health HYPERLINK%20%22https:/www.ncbi.nlm.nih.gov/pubmed/24856948%22HYPERLINK
file:///C:/Users/Jel/Downloads/%22https:/www.ncbi.nlm.nih.%20gov/pubmed%20/24856948%20%22Stroke Scale%20(NIHSS)

16. Lees RA, Hendry Ba K, Broomfield N, Stott D, Larner AJ, Quinn TJ. Cognitive
assessment in stroke: feasibility and test properties using differing approaches to
scoring of incomplete items. Int J Geriatr Psychiatry. 2017; 32(10):1072-1078.

17. Al-Qazzaz NK, Ali HS, Ahmad SA, Islam S. Cognitive assessments for the early
diagnosis of dementia after stroke. Vol 2014; pp : 1743-1751.

Received on May 2, 2020.
Revised on August 12, 2020.
Accepted August 20, 2020.

Online First August, 2020.

15



