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Abstract 

Stroke is one of leading cause of mortality. Stroke increases 5-8 times the risk of cognitive impairment. The presence 

of strategic infarct locations and white matter changes were reported to be associated with cognitive impairment on 

ischemic stroke. This study aims to describe the characteristic of cognitive function of cerebral infarction patient in 

strategic and non-strategic locations; and white matter changes. This is descriptive study with retrospective design. 

Data of ischemic stroke patient at the Diagnostic Radiology Installation of Dr. Soetomo Surabaya during January - 

February 2020, were collected. Blennow scale was used to evaluate white matter changes, based on MSCT Scan. 

Degree of cognitive function assessed with MoCA-INA score. Total of 49 ischemic stroke patients, mostly in the age 

group of 51-60 and >60 years old (38,8%), male (59,2%), with strategic infarct locations (75,5%), and Blennow scale 

2-3 (55,1%). Most of the subjects have decreased cognitive function (83.7%). Subjects who experienced cognitive 

dysfunction were mostly found in the age group 41 - 50 and >60 years old (34.7%). Cognitive impairment were mostly 

found in male patients (46.9%), with strategic infarct locations (69.4%), and with Blennow scale 2 – 3 (51%). Cognitive 

function in patient with strategic infarct locations, and white matter changes, mostly impaired. 
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1. Background 

Stroke is the third leading cause of death after heart disease and cancer. In United Stated, there are 

700,000 cases of stroke each year, 600,000 of them are ischemic strokes and 100,000 hemorrhagic strokes.1 

Indonesia's Basic Health Research (Riset Kesehatan Dasar/ Riskesdas) in 2013 shows that stroke is the first 

cause of death in Indonesia. The prevalence increased from 8.2 per 1000 in 2007 to 12.1 per 1000 

populations in 2013.2 
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Cerebral infarction is a brain function disorder characterized by a sudden focal or global 

neurological deficit lasting more than 24 hours due to decreased blood flow. Cerebral infarction can occur 

in strategic locations or functionally important brain areas (internal capsule crus anterior - genu, thalamus, 

caudate nucleus, lentiform nucleus, basal frontal and carotid artery watershed areas.3 

Globally, the morbidity due to ischemic stroke is almost 4 times greater than that of hemorrhagic 

stroke, where 25-30% of ischemic stroke lead to direct or delayed vascular cognitive impairment.4 Stroke 

increases 5-8 times the risk of cognitive dysfunction.5 Data from the Indonesian Stroke Registry in 2013 

showed that 60.59% of stroke patients had cognitive impairments. The incidence of cognitive dysfunction 

in ischemic stroke patients was 60.44% at Hasan Sadikin Hospital Bandung in 2018. Memory is the most 

disturbed domain, which is occured in 75.82% cases.6 

Several predictors for post-stroke cognitive impairment, including acute cortical infarction, white 

matter changes, lacunar infarction, intracranial large vessel stenosis and educational level.7,8 The presence 

of infarction at strategic locations and White matter changes alone are reported to predict the occurrence of 

post-stroke cognitive impairment.9 Whereas Kliper et al reported that mild to moderate stroke patients with 

preexisting white matter changes were more susceptible to cognitive impairment, apart from new ischemic 

lesions.10 Data reported by the Framingham Heart Study in 2010 stated that extensive white matter changes 

in stroke patients doubled the risk of mortality and 4 times the risk of dementia.11 

The combination of neuropsychological and imaging tests can be advantageous in the early 

detection of dementia and cognitive impairment. The assessment of cognitive impairment with the Montreal 

Cognitive Assessment (MoCA) score is more sensitive than Mini Mental State Examination (MMSE) and 

easy to use for the evaluation of post-stroke cognitive impairment in the acute stroke.12,13 Research by 

Wattjes et al reported that  Multislice Spiral Computed Tomography (MSCT) head scan with 64 slices is a 

suitable and accurate imaging method for evaluating WMC which is almost equivalent to Magnetic 

Resonance Imaging (MRI).14 

Thus it is important to be able to identify the presence of vascular cognitive impairment in 

ischemic stroke patients from an early stage, related to strategic and non-strategic infarction locations, and 

in the white matter changes in order to provide information for early cognitive rehabilitation. 

2. Methods 

2.1. Study design and setting 

This is a descriptive study with a retrospective design. The research was conducted at the 

Diagnostic Radiology Installation of Dr. Soetomo General Hospital Surabaya during January - February 

2020. The datas were collected from ischemic stroke patients who came to the emergency unit, and were 

hospitalized at Dr. Soetomo General Hospital Surabaya. 

2.2. Study population and sampling strategy 

The subjects of the study were patients with stroke infarction, who underwent an MSCT scan of 

the head without contrast at Dr. Soetomo General Hospital during January - February 2020 who met the 

inclusion criteria. Subjects were taken using consecutive sampling. The inclusion criteria in this study were: 

(1) Age over 21 years; (2) Stroke infarction which is diagnosed from clinical and additional examination 

by Neurologist; (3) Showed of the infarction on the head MSCT scan without contrast; (4) Patients with 
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stroke infarction who were examined for the MoCA-Ina score by Neurologist; (5) First attack 

infarction/ischemic stroke. Meanwhile, infarct stroke patients with hemorrhagic transformations; history of 

brain tumor; history of intracranial infection; history of head trauma; aphasia; depression; and history of 

schizophrenia and other psychiatric disorders, were excluded. 

2.3. Data collection 

Subjects who met the inclusion criteria were underwent cognitive function examination by 

Neurologist, on day 5 - 7 in stroke patients with infarction in small blood vessels and day 14 in stroke 

patients with infarction of large blood vessels. In this study, the cognitive function was obtained from the 

MoCA-INA. The total score <26 was considered abnormal while ≥ 26 was considered normal cognitive 

function. Then, the evaluation of the MSCT image head scan without contrast by a Neuroradiology 

consultant. Assessment focus on strategic location infarction which is hypoattenuation area of thalamus, 

angular gyrus, globus pallidus, basal frontal lobe, cingular gyrus, anterior crus internal capsule, caudate 

nucleus and hippocampus. Then, infarcts in non-strategic locations, defined as infarcts at other locations, 

other than strategic locations. White Matter Changes (WMC) defined as hypoattenuating areas, 

symmetrical, subcortical frontal, occipital, confluent periventricular to semiovale centrum. Blennow scale 

was used, a scale for evaluating changes in the white matter based on their degree and extent. The data 

obtained were then analyzed and presented as research results. 

2.4. Data analysis 

Data analysis was carried out descriptively. The variables were expressed as the absolute number 

and proportions (%).  

2.5. Ethical considerations 

Before this study was conducted, we requested ethical clearance from Ethical Committee of Health 

Research of Medical Faculty of Airlangga University and research permit from Dr. Soetomo General 

Hospital. 

3. Results 

Distribution of stroke infarct patients in the Diagnostic Radiology Installation of Dr. Soetomo 

General Hospital Surabaya for the period of January - February 2020, are stated on Table 1. 

 
Table 1. Subject Characteristic Distributions 

Variable Fraquency Percentage 

 Age (years old)   

< 30 1 2% 

30 – 40 3 6,1% 

41 – 50 7 14,3% 

51– 60 19 38,8% 

> 60 19 38,8% 

Sex   

Male 29 59,2% 

Female 20 40,8% 
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Infarct Location 

Strategis 37 75,5% 

Non strategis 12 24,5% 

White Matter Changes   

Blennow Scale 0 - 1 22 44,9% 

Blennow Scale 2 - 3 27 55,1% 

Cognitive Function   

Abnormal (MoCA-INA) < 26) 41 83,7% 

Normal (MoCA-INA) ≥ 26) 8 16,3% 

 
The results showed that most patients with infarct stroke were in the age group of 51-60 years 

and> 60 years, with 38.8% (19 patients) respectively. The distribution of infarct stroke patients based on 

sex showed that most of the infarct stroke patients aare male, 59.2% (29 patients). The distribution of infarct 

stroke patients based on location showed that there were 75.5% of infarct in strategic locations, and 24.5% 

of infarct in non-strategic locations. The distribution of infarct stroke patients based on white matter 

changes (WMC) was assessed by the Blennow scale, showing the most of them have the Blennow scale 2-

3, in 55.1% (27 patients). Most of the infarction stroke patients (83.7%) have decreased cognitive function.  

 Infarct stroke patients who experienced cognitive dysfunction with a MoCA INA score < 26 were 

mostly found in the age group 41 - 50 years and > 60 years, with 34.7% (17 patients). Stroke infarction 

patients who had no Cognitive function with a MoCA-INA score ≥ 26 was mostly found in the age group 

41-40 years, 51-60 years and> 60 years, with 4.1% (2 patients). 

 

Table 2. Cross tabulation between cognitive function and age group in stroke infarction patients at the Diagnostic Radiology 

Installation of Dr. Soetomo General Hospital Surabaya, during January - February 2020 

 Cognitive Function (MoCA-INA) Total 

Abnormal 

(MoCA-INA < 26) 

Normal 

(MoCA-INA ≥ 26) 

Age Groups (years old) 

< 30  0 (0%) 1 (2,0%) 1 (2,0%) 

30 – 40  2 (4,1%) 1 (2%) 3 (6,1%) 

41 – 50  5 (10,2%) 2 (4,1%) 7 (14,3%) 

51 – 60  17 (34,7%) 2 (4,1%) 19 (38,8%) 

> 60  17 (34,7%) 2(4,1%) 19 (38,8%) 

Total 41 (83,7%) 8 (16,3%) 49 (100%) 

 

Infarct stroke patients who experienced cognitive dysfunction with a MoCA INA score < 26 were 

mostly found in male patients, 46.9% (23 patients). Meanwhile, stroke infarction patients who did not 

experience cognitive impairment (MoCA-INA score ³ 26) were mostly found in male patients, wtih 12.2% 

(6 patients). 
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Table 3. Cross tabulation between cognitive function and sex in the Diagnostic Radiology Installation of Dr. Soetomo General Hospital 

Surabaya during January - February 2020 

 Cognitive Function (MoCA-INA) Total 

Abnormal  

(MoCA-INA < 26) 

Normal  

(MoCA-INA ≥ 26) 

Sex 

Male 23 (46,9%) 6 (12,2%) 29 (59,2%) 

Female 18 (37,6%) 2 (4,1%) 20 (40,8%) 

Total 41 (83,7%) 8 (16,3%) 49 (100%) 

 

Infarct stroke patients who experienced impaired cognitive function with a MoCA INA score < 26 

were mostly found in patients with strategic infarct locations (69.4%). Infarct stroke patients who did not 

experience cognitive dysfunction (MoCA-INA score ≥ 26) were mostly found in the group of non-strategic 

infact locations (10.2%). 

 
Table 4. Cross tabulation between cognitive function and stroke infarction at strategic and non-strategic locations in the Diagnostic 

Radiology Installation of Dr. Soetomo Surabaya General Hospital for the period of January - February 2020 

 Cognitive Function (MoCA-INA) Total 

Abnormal 

(MoCA-INA <26) 

Normal 

(MoCA-INA ≥ 26) 

Infarct Location 

Strategic Infarct Location 34 (69,4%) 3 (6,1%) 37 (75,5%) 

Non-strategic Location 7 (14,3%%) 5 (10,2%) 12 (24,5%) 

Total 41 (83,7%) 8 (16,3%) 49 (100%) 

 

Infarct stroke patients who experienced impaired cognitive function with a MoCA INA score < 26 

were mostly found in patients with a Blennow scale 2 – 3 (51%). Infarct stroke patients with normal 

cognitive function were mostly found in the Blennow 0-1 group (12.2%).  

 

Table 5. Cross tabulation between cognitive function and white matter changes in stroke infarct patients at the Diagnostic Radiology 

Installation of Dr. Soetomo General Hospital Surabaya for the period of January - February 2020 

 Cognitive Function (MoCA-INA) Total 

Abnormal 

(MoCA-INA < 26) 

Normal 

(MoCA-INA ≥ 26) 

Blennow Scale 

Blennow Scale 0 - 1 16 (32,7%) 6 (12,2%) 22 (44,9%) 

Blennow Scale 2 - 3 25 (51%) 2 (4,1%) 27 (55,1%) 

Total 41 (83,7%) 8 (16,3%) 49 (100%) 
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4. Discussion 

Impaired cognitive function have several pathophysiological mechanism, namely normal aging 

dementia, primary damage to gray matter (Alzheimer's disease, lobular frontotemporal degeneration, 

dementia with parkinsonism, dementia with other movement disorders such as Huntington's disease, drugs 

& alcohol related and prion link dementia), vascular dementia/ vascular cognitive impairment, primary 

white matter disorders (inflammation, inborn errors of metabolism, toxic leukoencephalopathy, cognitive 

dysfunction associated with cancer, trauma), brain swelling dementia (giant virchow robin spaces, 

neoplasm and radiation necrosis, autoimmune limbic encephalitis, normal pressure hydrocephalus, 

Arteriovenous malformation (AVM), reversible posterior encephalopathy).15 

In this study, of the 49 stroke infarction patients, 41 (83.7%) had impaired cognitive function and 

the remaining 8 (16.3%) had normal cognitive function. Infarct stroke patients who experienced cognitive 

impairment were mostly in the age group of 51 - 60 years, namely 17 people (34.7%) and at the age> 60 

years, 17 people (34.7%). This is in accordance with the literature which states that age is a non-modifiable 

risk factor for impaired vascular cognitive function (vascular dementia).16 As a person gets older, the 

volume and weight of the brain decreases, this is supported by various studies on the brain aging process 

which states that the brain degeneration process starts at the age of 50 years.17 

Patients who experienced cognitive dysfunction, mostly (46.9%) were male. While infarct stroke 

patients with normal cognitive function were found in 6 male patients (12.2%), and 2 female patients 

(4.1%). The results showed that male patients experienced more cognitive impairment than women. This 

is not in accordance with the literature which states that one of the risk factors for vascular cognitive 

impairment is female sex.16 However, research by Chaudari et al. in 2014 reported that there was no 

significant correlation between sex and cognitive dysfunction.9 

From a total of 49 research subjects, there were 37 patients (75.5%) with infarction at strategic 

locations and 12 patients (24.5%) with infarction om non-strategic locations. Stroke patients with normal 

cognitive function were found in the group of strategic infarct locations (6.1%), and 5 patients in non-

strategic infarct location (10.2%). Stroke patients who experienced cognitive impairment were found in the 

group of strategic infract locations (69.4%), and the rest in the group of non-strategic infarct locations 

(14.3%). The results showed that both patients with infarction in strategic and non-strategic locations had 

cognitive dysfunction. This is similar to several prior studies which state that infarction at strategic locations 

is a predictor of cognitive dysfunction.3,9 

Brain infarction can occur in strategic locations, for example the thalamus, the intravenous capsule 

of the anterior and genu crus, caudate nucleus, angular gyrus, globus pallidus, basal frontal lobe, cingular 

gyrus, bilateral medial temporo-occipital, hippocampus and watershed areas of the carotid arteries. 

Anatomically, the damage/ death of neurons in strategic locations can lead to the destruction of subcortical 

cortical circuits (thalamocortical, striatocortical and prefrontal - basal ganglia) which play important role 

in cognitive function.3 An ischemic-hypoxic brain parenchyma can cause dysfunction and a decrease in the 

number of neurons resulting in cognitive impairment.18 Impaired cognitive function also occurs in strategic 

locations, which can be caused by acute cerebral infarction. The literature states that 20-30% of patients 
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will experience vascular dementia disorders 3 months after stroke and as many as 2/3 of patients will 

experience cognitive impairment, if assesed in the acute stroke period.12,13 

From a total of 49 subjects, there were 44.9% with no change - mild change of white matter, with 

the Blennow scale 0-1. Otherwise, 27 patients (55.1%) were found in  moderate to severe white matter 

changes, with Blennow scale 2 - 3. Patients with cognitive impairment were found in the Blennow 2- 3 

scale group (51%), and 32,7% on the Blennow scale 0-1. Patients with normal cognitive function were 

found in the Blennow 0-1 scale group of 6 people (12.2%) and 4.1% in the Blennow scale 2 - 3 group. The 

results showed that patients with a Blennow scale of 2-3 had more decline of cognitive function. This is in 

accordance with the literature which states that White Matter Changes (WMC) cause disruption of the white 

matter tract, thereby reducing the speed of transmission through the axons. Periventricular WMC is reported 

to cause multiple domains of cognitive impairment more frequently, because it is traversed by a 

substantially longer white matter tract than WMC in subcortical region,  and is often associated with 

impaired executive function.3,19 

The limitations of this study is that the type of imaging used to identify the location of the infarct 

and the white matter changes. MSCT scan has a lower sensitivity than MRI. In addition, cognitive function 

tests are carried out in the acute phase. In the acute phase, cognitive impairment may occur more frequently 

due to inadequate perfusion not only at the site of the lesion, but also in adjacent regions. 

5. Conclusion 

It can be concluded that cognitive function in strategic infarct locations has mostly decreased. 

Patients with mild, moderate to severe changes in the white matter, experience cognitive decline. Further 

research needs to be carried out with more variables and samples to assess the correlation between infarct 

location, white matter changes and other risk factors of cognitive impairment. Related to the high sensitivity 

of MRI in identifying changes in white matter, so studies with this modality need to be conducted. 
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