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ABSTRACT

INTRODUCTION: Stroke is associated with an increased risk of brain fog with a variable impact 
on cognition. While some stroke survivors show a decline in cognitive functions, others have 
stable cognitions or revert to baseline cognitive functioning. Understanding the phenomenon of 
brain fog following stroke is necessary for prompt intervention and management as it is unclear 
whether Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) features of the 
brain in patients with ischemic stroke are associated with future risk of secondary complications, 
hence, the rationale for the study. The purpose was to assess the imaging features associated with 
susceptibility to brain fog.
METHODS: The study assessed anonymous images of 340 subjects aged 15 to 75 years with 
suspected stroke, referred for either brain CT or MRI in selected tertiary healthcare facilities/
radio-diagnostic centres in Nigeria. A retrospective descriptive research design was adopted. 
White matter changes, and regions of infarct, including lobar atrophy, were imaging features 
noted in patients confirmed with ischemic stroke. Analysis was done using the Statistical Package 
for Social Sciences (SPSS), Inc. Chicago, IL, USA, version 25.0.
RESULTS: White matter changes occurred most (39.06%), followed by cerebral ischemia (21.48%) 
and lobar atrophy (19.14%). Also, two-thirds (79.69%) of the patients presented with ischemic 
stroke may be vulnerable to developing secondary complications of the disease (p < 0.05).
CONCLUSION: The imaging features noted in the present study may contribute significantly 
to brain fog development, a major secondary complication observed in patients with ischemic 
stroke. These may help to investigate other brain pathology.

Keywords: Brain CT, Brain fog, Brain MRI, Imaging features, Ischemic stroke, Secondary 
complication.

INTRODUCTION

Globally, it is estimated that there are 
approximately 16 million new cases of stroke each 

year and over 62 million individuals living with the 
lasting consequences of a stroke, including severe 
secondary complications [1]. Stroke accounts 
for 9.7% of deaths and leads to five million 
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disabilities annually, with incidence rates varying 
across different racial groups. If comprehensive, 
accessible healthcare interventions are not 
implemented, the number of new stroke cases is 
projected to increase to over 23 million by 2030, 
resulting in 7.8 million stroke-related deaths. 
Due to the high rate of disease morbidity, stroke 
has become the leading cause of global mortality 
[1–6]. The African population is worst hit and 
twice at risk of developing stroke compared to 
Caucasians and other races. This could be due to 
the nonchalant attitude of most Africans regarding 
health issues, lack of accessibility to healthcare, 
and low awareness, especially in developing and 
underdeveloped African countries. Individuals 
affected by stroke suffer a loss of cognitive/
neurological functions known as brain fog [7,8]. 
In Nigeria, stroke remains a major cause of 
cardiovascular admissions, with a high mortality 
rate of about 40-50% within the first three months 
of diagnosis. Also, about 39% of those who 
survived stroke after three months die within 12 
months, while 11-12% develop severe secondary 
complications, including brain fog [8,9].
Brain fog, also known as cognitive dysfunction, 
is one of the major secondary complications of 
stroke. A stroke or cerebrovascular accident (CVA) 
occurs when blood flow to the brain is disrupted 
due to a blood clot or rupture in cerebral vessels, 
cutting off the supply of oxygen and nutrients 
contained in the blood, which results in damage to 
the brain tissues. Brain fog is the loss of intellectual 
functions of the brain because of the interruption 
of the cerebral blood flow [6,9–12]. Risk factors of 
brain fog include old age, recurrent CVA, transient 
ischemic attack, depressive illness, vascular co-
morbidities, genetic variants, family history, and 
low educational status. Symptoms include poor 
reasoning of ample severity that obstructs daily 
functioning, thinking, and remembering. Usually, 
patients with brain fog have difficulty with verbal 
recall, basic arithmetic, and concentration. Various 
forms of brain fog are seen in stroke survivors [10–
15] .
Brain fog was initially used to describe any 
dysfunction of the brain following stroke, 
irrespective of whether it involved vascular, 
neurodegenerative, or mixed processes. It was 
reported that 25-30% of ischemic stroke survivors 
developed immediate or delayed brain fog. In 
another study, about 48.3% of patients with stroke 
had vascular cognitive impairment [8–11]. Despite 

being common in different populations with a 
prevalence of between 20% and 80%, brain fog is 
often overlooked and ignored in the follow‐up of 
CVA survivors [9–11]. However, brain fog entails 
a difficult cause with altering combinations of 
small and large vessel disease in addition to non-
vascular neurodegenerative condition. Brain fog 
development depends on the stroke type, location, 
severity, level of related neuronal damage, and 
pre-existing brain fog [9–12]. 
Stroke severity (volume), strategic site lesion 
(combination of infarct features), severity of white 
matter changes (extent and location), and lobar 
atrophy appear to be the most vital contributors 
to recurrent brain fog [16,17]. Some authors have 
observed that atrophy of the medial temporal lobe 
is related to shorter time brain fog in elderly stroke 
survivors. Another study demonstrated that pre-
existing morphological changes may impact the 
incidence of brain fog after stroke [18,19]. 
In Africans, CVA impairs all health-related quality 
of life status, including physical, psycho-emotional, 
eco-social, and especially cognitive function 
[5–7]. The severity of impairment is directly 
proportional to the gravity of stroke, particularly 
in young people. The incidence of stroke and its 
secondary complications is higher in the younger 
African population compared to populations in 
high-resource countries, probably due to the 
increasing stress levels young Africans are exposed 
to, including lifestyle substance abuse [5]. Brain 
fog may temporarily increase during episodes of 
CVA but can be managed depending on the clinical 
findings and non-contrast CT in addition to either 
CT or MRI brain scan [15,16,20].	
The risk of secondary complications from stroke 
has been on the increase, and so the development 
of brain fog following stroke still appears to be 
relatively common [5,17,20–23]. Despite these 
harmful consequences, there is still a lack of 
understanding of stroke predictors. Stroke, 
therefore, remains one of the most devastating of 
all neurological diseases, often causing death and 
or gross permanent physical disability [6,20–22].
It is unclear whether CT and or MRI scans in patients 
with stroke could provide features associated 
with future risk of significant complications. In 
addition, the question of whether secondary 
complications from stroke are related to other 
structures of the brain affected needs to be 
addressed. Neuroimaging has become very useful 
in the identification of brain lesions. For example, 
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in patients with suspected cerebrovascular 
disorders, such as ischemic stroke, early diagnosis 
can be achieved using non-contrast CT. However, 
non-contrast CT is limited in predicting secondary 
complications, especially for patients affected 
by stroke. Computed Tomography Angiography 
(CTA) or Magnetic Resonance Imaging (MRI) 
or a combination of both, has the potential to 
provide significant information and inform optimal 
management. In addition, in the presence of 
occlusion in the arterial tree, CTA and MRI enable 
the estimation of the extent of occlusion and are 
very useful for guiding the treatment of acute 
ischemic CVA. However, the role of CT and MRI 
in the prognosis of stroke is poorly understood. 
An understanding of the imaging features of the 
brain associated with impending CVA, affected 
regions of the brain, and patient outcomes is 
crucial in designing interventions to improve 
patient outcomes for people affected by stroke. 
The present study sought to address this.

METHOD

Research design 
A retrospective descriptive (cohort) study of images 
of brain CT and MRI of patients with suspected 
stroke aged 15 to >75 years. The archived images 
were sourced from selected hospital/diagnostic 
centres with CT and MRI scanners. The patients 
scanned had a non-contrast CT before the CT 
protocol, while those for the MRI were scanned 
using the three-dimensional MRI time of flight 
sequence. 

Study dataset 
The dataset includes archived images of cranial 
scans of patients with suspected stroke referred 
for either brain CT or MRI scan with specifications 
of the different scanners (CT and MRI) listed in 
Tables 1 and 2. 

Study population and sampling technique 
The study population involved images of 340 

S/N Hospital/ 
centre

Name Make Country Machine S/N Date of Output (Max.)

  kVp    mAs

1. A Bright-Speed 4-Slice GE USA 16507017m4 2007  140  300

2. B Optima 64-Slice GE USA 369366HMO 2014  140  800

3. C Brivo 385 Series 16 slice GE India 96369B14 2014  140  200

4. D Brivo 385 16-Slice GE China 353806HM3 2013  140            180                   

S/N Hospital/ 
centre

Name Make Country Date of 
manufacture

Output

1. U Somatom Siemens Germany 2007 0.2 Tesla

2. V Multiva Philips Holland 2016 1.5 Tesla

3. W Signa Ovation GE USA 2014 0.35 Tesla

4. X Magnetom Concerto Siemens Germany 2014 0.2 Tesla

5. Y Brivo 235 GE USA 2014 0.5 Tesla

6. Z Brivo 235 GE India 2014 0.5 Tesla

Table 1: Specifications of CT scanners

Table 2: Specifications of MRI scanners

S/N- Serial number, Max. mAs- Maximum milliampere-seconds, kVp- Kilovoltage peak, GE- General Electric, USA: 
United States of America

S/N- Serial number, GE- General Electric, USA: United States of America
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individuals (males and females) aged 15 to >75 
years referred for either brain CTA or MRI scan 
indicative of a suspected cerebrovascular accident. 
A convenient non-probability sampling technique 
was used to select images of 340 patients referred 
for either brain CTA or MRI who met the inclusion 
criteria.

Eligibility criteria 
Patients referred for either brain CT or MRI 
whose indication was suspected stroke, an acute 
neurological deficit of not less than nine hours’ 
duration, and unknown time of symptoms onset 
were used for the study. 
Patients with fresh bleed such as intracerebral 
haemorrhage, subarachnoid haemorrhage, 
tumour, known contrast allergy, or previous renal 
failure at the time of admission and a history of 
brain surgery and or radiotherapy of the head and 
neck were excluded.	
Features noted were region of lesion (cerebral 
ischemia), atrophy, and the presence or absence 
of white matter changes.

Data analysis
Data obtained were expressed using basic 
elements of descriptive statistics and analysed with 
the Statistical Package for Social Sciences (SPSS) 
version 25 and the Microsoft Excel computer 
programme. The level of significance was set at p 
< 0.05.

Ethical approval was obtained from the Federal 
Health Research Ethics Committee following the 
institutional guidelines and principles, as well as 
permission and clearance (Approval Number: 
FHREC/2019/01/51/13-05-19). In addition, 
permission was obtained from the selected 
hospitals/radio-diagnostic centres mentioned 
in the present study. All the patients’ data were 
treated with a high level of confidentiality and 
privacy, following standards for conducting 
research. Data were collected and stored in a non-
identifiable format.  

RESULTS

Imaging features in 340 male and female patients 
with suspected stroke, aged 15 to >75 years (40.18 
±1.1 and 43.68 ± 1.18) have been assessed from 
either CT or MRI scans. Of the 340 angiograms for 
the CT and MRI evaluated, 256 (75.29%) patients 

had ischemic stroke, while 84 (24.71%) were 
patients without stroke (Figure 1). Figure 2 shows 
that more than two-thirds (79.69%) of the patients 
with stroke may be susceptible to developing 
secondary complications of the disease. 

Figure 1: Percentage distribution of stroke and 
non-stroke patients

Figure 2: Susceptibility of patients with stroke to 
secondary complications of the disease

Figure 3: Pie chart of percentage distribution of 
imaging features in patients with stroke

Figure 4: CT axial image shows hyperdense 
lesions of the white matter in patients with 
stroke observed in the present study.
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The susceptibility was based on the presence of 
imaging features (Figure 3), which include white 
matter changes Figure 4), cerebral infarct (Figure 
5), and lobar atrophy (Figure 6).

DISCUSSION

Stroke is associated with an increased risk of brain 
fog with a variable impact on cognition. While 
some stroke survivors show a decline in cognitive 
functions, others have stable cognitions or revert 
to baseline cognitive functioning. Therefore, 
adequate knowledge and understanding of brain 
fog following CVA becomes crucial. In this study, 
white matter changes (39.06%) occurred most as 
the imaging features observed in patients with 
ischemic stroke. These white matter changes (Plate 
1) consist of myelin rarefaction with shrunken 
oligodendrocytes and axonal abnormalities that 
may result from vascular insufficiency and the 
expression of hypoxia. Activated microglia, myelin 
breakdown, clasmatodendritic astrocytosis, axonal 
bulbs and degeneration, reactivation, and loss of 

oligodendroglia are features observed in the white 
matter as changes due to the loss of supply. For 
proper functioning of axons and oligodendrocytes, 
constant perfusion of the white matter by deep 
penetrating arterioles is, thus, essential. These 
white matter changes are associated with varying 
degrees of brain fog in CVA, depending on the 
duration and severity of the ischemic injury. Thus, 
patients with more severe white matter changes 
have an increased risk of recurrent cerebrovascular 
accidents and may be predictive of brain fog 
[23,24]. 
Cerebral ischemia/infarct (21.48%) and lobar 
atrophy (19.14%) were other imaging features 
noted in patients with ischemic stroke in the 
present study. Atrophy of the different lobes was 
more pronounced in the elderly, with advanced age 
being a risk factor (Plate 3), which may be due to 
reductions in blood flow because of the blockage/
rupture of the affected vessel(s) supplying the 
different lobes, hence, the link between vascular 
pathology and lobar atrophy. These imaging 
features were more (p < 0.05) in male than female 
patients with CVA. The result of the present study 
is in tandem with works on CVA patients, which 
inferred that cerebral atrophy and infarction were 
related to white matter changes [25,26]. 
 Ischemic white matter changes are most 
prominent in the frontal lobe and are linked with 
frontal subcortical disconnection. Atrophy of the 
different lobes is associated with brain fog after 
CVA. Studies have shown that in elderly stroke 
survivors, medial and temporal lobe atrophy were 
associated with shorter time to brain fog but more 
strongly associated with subsequent cognitive 
decline than were white matter changes [27,28]. 
This suggests a more significant role for other 
types of diseases, such as Alzheimer-type, than 
cerebrovascular lesions in the development of 
delayed brain fog after the onset of stroke. This 
was further supported by findings that reductions 
in blood flow, assessed by arterial spin labeling in 
the posterior artery territories and volumes of the 
hippocampal formation, were similar in brain fog 
after stroke [28].  
On the susceptibility of stroke survivors to brain 
fog, about 79.69% of patients in this study with 
CVA may be vulnerable to having secondary 
complications of the disease (p < 0.05). The 
susceptibility to the development of brain fog 
was based upon the following determining 
factors (features), including lobar atrophy, white 

Figure 5: MRI axial image demonstrates oval 
hyperintense cerebral infarct in patients with 
stroke

Figure 6: Axial CT image of the brain shows marked 
infarct and frontal lobe atrophy in patients with 
stroke
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matter lesions, and cerebral infarct, in addition to 
structural changes/morphological patterns in the 
circle of Willis (the major arterial supply to the 
brain) [29–33]. These imaging features suggest 
the link between patients with stroke and the 
vulnerability to having secondary complications, 
as constant perfusion of the white matter by deep 
penetrating arterioles is essential for the proper 
functioning of axons and oligodendrocytes. These 
results support studies that worked on the profile 
and determinants of vascular cognitive impairment 
in African stroke survivors but did not mention 
the vulnerability of stroke survivors to secondary 
complications [3]. This, the present study noted. 
In addition, our results support works that inferred 
patients with ischemic stroke, characterised by 
severe white matter change and lobar atrophy 
evident on CT and MRI, may have an increased 
risk of secondary complications [22,27,28,33,34]. 
Therefore, features of patients with stroke noted 
in the present study may form indices for stroke 
survivors to varying degrees of complications. 

CONCLUSION

White matter changes, cerebral infarction, and 
lobar atrophy contribute significantly to brain fog 
development, a major secondary complication 
in patients with stroke. Also, more than two-
thirds (79.69%) of the patients with CVA may be 
susceptible to developing secondary complications 
of the disease. Given this, the imaging features 
provided may help investigate other brain 
pathology. 
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