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ABSTRACT

Background: Stroke is a major cause of disability and mortality world-wide. Ischemic stroke is reversible when
patients present early. With the current treatment guideline in Nigeria, most ischemic stroke patients present
after the 4.5 hours treatment “time window” and are ineligible for intravenous thrombolysis (IVT). However,
studies with computed tomography and magnetic resonance imaging have shown variability in the duration of
tissue viability, with some remaining viable up to 24 hours and beyond. These advanced imaging are not readily
available in the sub-Saharan Africa but the X-ray attenuation ratio of hypoattenuating lesions on the easily
accessible nonenhanced computed tomography (NECT), have recently shown to be a valuable alternative. In
late presentation, IVT and endovascular thrombectomy (EVT) have proven to have reasonable degree of
success in recanalization. Hence, the need for the study.

Materials and method: This was a retrospective cross-sectional study of ischemic stroke patients who
presented between 4.5 and 24 hours for NECT. The extent of the ischemia was determined using the Alberta
stroke programme early CT score (ASPECTS), while the Hounsfield unit ratio of the hypodense lesions was
used to determine tissue viability.

Results: Fifty-five patients met the inclusion criteria and had a mean age of 58.8 years. Four (7.27%) patients
clearly had ASPECTS and Hounsfield unit ratio (HUr) scores suggestive of salvageable penumbral tissue, while
another four (7.27%) had the probability of being reversible.

Conclusion: Some patients were still eligible for treatment after the current guideline’s 4.5 hours treatment
“time window” using the ASPECTS and HUr scores on NECT.
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INTRODUCTION

Stroke is a major cause of disability and mortality
world-wide. The 2022 global stroke factsheet
revealed an estimated number of one in four people
having stroke during their lifetime (Feigin et al.,
2022).

Though, there is currently no accurate data on the
nation-wide prevalence of stroke in Nigeria. A 2018
meta-analysis of eleven selected studies covering
1995 — 2016 reported prevalence of 27.4 per
100,000 from 2010 upwards (Adeloye et al., 2019). In
the sub-Saharan Africa, stroke has a very poor
outcome and the 30-day case fatality range in
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Nigeria was quoted to be 21.2 — 40.0% (Arabambi et
al., 2022). Ischemic stroke is reversible with timely
diagnosis and appropriate intervention. Eligibility for
intravenous thrombolysis (IVT) with recombinant
tissue plasminogen activator (Alteplase) is largely
time dependent (treatment time window). This was
initially set within 3 hours from onset of symptoms
and later increased to 4.5 hours (Hacke et al., 2008).
Only 0 — 9.1% of ischemic stroke patients present
before 4.5 hours and are thus eligible for treatment,
with the current time window in Nigeria. Furthermore,
wake-up and unwitnessed strokes which occur in 20
— 22.5% and 13.65% (Rubin and Barrett, 2015; Kim
et al.,, 2016) of patients respectively, are excluded
from treatment because of the uncertainty of the time
of onset. Recently, the treatment window in western
countries was further expanded to be between six to
twenty-four (6 — 24) hours, using either IVT or
endovascular thrombectomy (EVT), based on
findings during advanced imaging such as the
computed tomography perfusion (CTP) and or
magnetic resonance imaging (MRI) perfusion
(Nogueira et al., 2018; Mondelaers et al., 2019;
Nguyen et al., 2022). This should be a welcomed
relief in Nigeria, because it was observed that 25.0 —
51.7% of ischemic stroke patients present late but
within 24 hours from onset of symptoms (Ogbole et
al., 2015; Arabambi et al., 2021). Studies helped to
differentiate the irreversibly damaged brain tissue
(infarct core) from the tissue that could be salvaged
(penumbra) (Powers et al., 2019; Alzahrani et al.,
2023), and have led to a paradigm shift for treatment
eligibility from “time window” to “tissue window” (Hill
et al., 2015; Wang et al., 2019). However, these
advanced imaging services are not readily rendered
by most hospitals that manage stroke cases
including well established stroke units (Kim et al.,
2021). Although, great strides have been made in the
last two decades to correlate the findings (infarct
core and penumbra) on CT and MRI with findings on
the readily available nonenhanced CT (NECT)
(Alzahrani et al., 2023). The developed evaluation
tools using NECT are, the Alberta stroke programme
early CT score (ASPECTS) for anterior circulation
(Barber et al., 2000), posterior circulation acute
stroke prognosis early computed tomography score
(pc-ASPECTS) (Puetz et al, 2008) and X-ray
attenuation (Hounsfield unit) ratio (Demeestene et
al., 2017; Zhu et al., 2021; Wang et al., 2021). These
innovative quantitative assessments of acute
ischemic stroke with nonenhanced computed
tomography are poorly utilized in most Nigerian
hospitals. Subsequently, 90.9 — 100% of ischemic
stroke patients do not receive the appropriate
treatment with resultant high rate of mortality and
disability where majority of the patients become
vulnerable to having secondary complications of the
disease (stroke) including lobar atrophy, white matter
lesions, cerebral infarct, in addition to structural
changes/morphological patterns in the circle of Willis:
the major arterial supply to the brain (lgiri et al.,

2017; Paulinus et al., 2017; Udo-Affah et al., 2020;
Paulinus et al.,, 2021; Paulinus et al., 2023). The
study therefore, focused on patients who presented
late (4.5 to 24 hours) for nonenhanced CT, were
eligible for treatment with intravenous thrombolysis or
endovascular thrombectomy based on ASPECTS,
pc-ASPECTS and Hounsfield unit (HU) ratio.

MATERIALS AND METHODS

Study design

This was a  retrospective  cross-sectional
observational study that involved evaluation of non-
enhanced brain computed tomograms of acute
ischemic stroke patients, performed between
February 2021 and December 2022 in the
Department of Radiology of a Nigerian tertiary
healthcare facility. Approval was obtained from the
institutional review board with protocol assigned
number; UCTH/HREC/33/Vol.lll/044. Patient
confidentiality was maintained by assigning numbers
in lieu of their names. The machine used was a 32
slice Siemens SOMATOM go.Now manufactured by
Siemens Healthcare GmbH, Henkestr. 12791052
Erlangen, Germany in 2020. The Clinical information,
patient management, relevant demographic data and
CT images were extracted from the CT register,
medical records and the Radiology information
system (RIS) in the reporting work station.

Study protocol

The NECT images of all acute ischemic stroke
patients were retrieved from the archive in the RIS
and reviewed by a Radiologist with more than three
years of experience in neuroradiology. The CT
hypoattenuating (hypodense) lesions were evaluated
guantitatively using ASPECTS, pc-ASPECTS and X-
ray attenuation ratio (tissue window) to determine
patients who presented late but within 24 hours that
were eligible for intravenous thrombolysis (IVT) or
endovascular thrombectomy (EVT). The number of
eligible patients based on the tissue window were
then compared with the number that were considered
eligible using the existing local treatment guideline of
4.5-hour time window from onset of symptoms. The
number that actually received recanalization
treatments were also retrieved from the medical
records in the emergency department and neurology
ward.

Inclusion criteria

Ischemic stroke patients who had a NECT between
4.5 — 24 hours from onset of symptoms, involvement
of either the anterior or posterior cerebral
circulations, brain parenchymal hypoattenuation > 20
HU, patients = 18years, no IVT or EVT within the last
three months.

Exclusion criteria

Patients with haemorrhagic stroke, haemorrhagic
transformation, previous ischemic stroke, brain
parenchyma hypoattenuation with HU < 20, intra-
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cranial masses or other structural abnormality,
bilateral hypoattenuations involving the exact mirror
locations on both sides.

NECT image analysis

The NECT images were viewed with the RadiAnt’s
Digital imaging and communication in medicine
(DICOM) viewer (64-bit) software using the standard
brain window (WL = 40, WW = 80) and a “stroke
window” of: WL= 40, WW= 40 (Mullins et al., 2006;
Reidler et al., 2019). These stroke window values
were imputed through the customized option of the
window settings. The images were evaluated in two
ways;

i) Semi-quantitative assessment of anterior
circulation with ASPECTS (Barber et al., 2000), and
the posterior circulation with pc-ASPECTS (Puetz et
al.,, 2008; Puetz et al., 2011) representing the
territories of middle cerebral artery and posterior
cerebral circulation respectively. These involved the
manual division of each cerebral hemisphere into ten
(10) regions for the middle cerebral artery (MCA)
territory and eight (8) regions in both hemispheres for
the posterior cerebral circulation. Both have a 10-
point scoring system from 0 - 10. ASPECTS
regions/scores: These are ten (10) manually
delineated topographic regions in each hemisphere,
having equal scores of 1. Seven (7) of these are at

the level of the caudate nucleus (figure 1a)
correspond to the location of the head of caudate
nucleus, internal capsule, lentiform nucleus, insular
cortex, M1, M2 and M3. The remaining 3 regions
(figure 1b) were just above the M1, M2 and M3
respectively at the level of the body of the lateral
ventricles: M4, M5 and M6. A point is deducted from
10 for each region having the early signs of ischemic
stroke, including parenchymal hypoattenuation. The
pc-ASPECTS regions consisted of eight (8) regions
demonstrated at three levels: thalamus, midbrain and
pons (figure 2a — c¢). The thalamus, occipital lobe and
cerebellar hemisphere on both sides had 1 point
each, while the midbrain and pons had 2 points each.
The corresponding point or points are subtracted
from 10 for each affected pc-ASPECTS region.

ii) Quantitative assessment was done by
measuring the X-ray attenuation (HU) of any site
involved in parenchyma hypoattenuation. The region
of interest (ROI) used for measurement was 0.1cm?.
The average of at least three measurements in each
hypoattenuation was used, except if the lesion was
less than 0.1cm® in which case, only one
measurement was taken. The HU ratio is the HU
value of the parenchymal hypoattenuation in the
affected ASPECTS or pc-ASPECTS region divided
by HU value of the exact (mirror) region of the
contralateral cerebral and cerebellar hemispheres,
and the thalamus (Alzahrani et al., 2023).

Figure 1a.
Figure 1la and b showing the Alberta stroke programme early computed tomography score (ASPECTS) regions.
Figure 1a. Nonenhanced axial CT at the level of the caudate nucleus. CN = Caudate nucleus, | = Insular cortex,
LN = Lentiform nucleus, IC = Internal capsule.
Figure 1b. Nonenhanced axial CT at the level of the corona radiate and body of the lateral ventricles.

Figure 1b.
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Figure 2a.

Figure 2b.

Figure 2c.

Figures 2a — ¢ showing the Posterior circulation acute stroke prognosis early computed tomography score (pc-

ASPECTS) regions.

Figure 2a. Nonenhanced axial CT at the level of the Thalamus. T = Thalamus, OL = Occipital lobe
Figure 2b. Nonenhanced axial CT at the level of the midbrain. MB = Midbrain
Figure 2c. Nonenhanced axial CT at the level of the pons. P = Pons, C = Cerebellum

Analysis

Microsoft Excel spread sheet was created for entry of
the data: patients’ demographics (age, gender), HU
value of the parenchymal hypoattenuation in the
ASPECTS and pc-ASPECTS regions of the affected
hemisphere and the HU value of the exact mirror
image in the contralateral hemisphere. The data
obtained were analyzed using the simple statistical
methods and appropriate descriptive data were
presented as frequencies and percentages. Tables
and bar chart were the means of displaying the result
where applicable. Some continuous variables were
also reported as means and standard deviation
(mean £ SD).

RESULTS

Fifty-five (55) patients met the inclusion criteria.
Parenchymal hypoattenuation was the only NECT
ischemic stroke finding in all the patients. Majority
(N=33, 60%) had single parenchymal
hypoattenuation, while the remaining 40% had
multiple hypoattenuations in the same vascular
territory, with the exception of one. There were a total
of 110 parenchymal hypoattenuations but in four of
the patients, the HU of the hypoattenuations were
less than 20, leaving us with 106 for evaluation.

The mean age of the patients in this study was 58.80
years. The males had a higher average of 60.64
years compared to 56.89 years for the females.
Table 1 shows the baseline characteristic of the fifty-
five acute ischemic stroke patients who met the
inclusion criteria and had nonenhanced computed
tomogram (NECT) between 4.5 — 24 hours from
onset of symptoms. There were marginally more
males (50.9%) than females. Most (61.82%) of the
patients were above 55 years old, with the 55-64-

year-olds, constituting the largest group (32.73%)
and those above 85 years, the smallest (1.82%).
Unilateral involvement of the left hemispheres of the
brain were the most common (50.91%) finding in
ischemic stroke, while the right made up 30.91% of
the cases. The brainstem was affected in 16.36%
and there was bilateral involvement of the
hemispheres in just one case (1.82%). Majority
(67.27%) of the observed ischemia occurred in the
anterior circulation and they also commonly (60%)
present as single parenchymal hypoattenuations.
Figure 3 depicts the distribution of parenchymal X-
ray attenuation of all the ASPECTS (anterior
circulation) and pc-ASPECTS (posterior circulation)
regions evaluated in the 55 patients. There was a
total of 514 regions: 370 and 144 for ASPECTS and
pc-ASPECTS respectively. In the anterior circulation,
abnormal parenchymal hypoattenuation were
observed in 80 (21.62%) of the regions. The
hypoattenuations were seen in 26 (18.05%) regions
in the posterior circulation.

Table 2 illustrates the distribution of the ASPECTS
and pc-ASPECTS scores among the patients.
Majority (N=27, 49.09%) of patients had an
ASPECTS or pc-ASPECTS score of nine (9).
Eighteen (37.73%) patients scored eight (8), four
(7.27%) scored seven (7) and two (3.64%) scored six
(6). One patient each scored five (5), three (3), two
(2) and zero (0), while no one scored one (1) or four
4).

Table 3 outlines the frequency distribution of the
hypoattenuations and patients based on HUr cut-off
criteria for infarct core and penumbral lesions. It also
shows the mean HU of all hypoattenuations in each
HUr categories. Only one hypoattenuating lesion in a
patient had a HUr = 0.94 and this is highly suggestive
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of a penumbral lesion. For HUr equal or greater to
0.87, five hypoattenuating lesions observed in four
patients made this score. The hypoattenuating
lesions of forty-six patients had HUr of < 0.79, with a
very high probability of them being infarct cores. Only
eleven hypoattenuations, in nine patients scored >
0.79 and therefore had very slim chances of being
salvageable penumbral lesions. However, all the
posterior circulation hypoattenuations HUr were <
0.79 inferring that HU increases as the HUr
increases, from the group with the highest probability
of infarct core to that with the highest probability of a
penumbral lesion.

Table 4 outlines the HUr, ASPECTS and pc-
ASPECTS of the nine patients that had

hypoattenuating lesions with HUr score = 0.79,
thereby having a chance of being penumbra and
ultimately qualifying for EVT or IVT. It shows the
treatment eligibility of the patients based on the HU
ratios of their hypoattenuating lesions and their
corresponding ASPECTS or pc-ASPECTS scores.
Four patients had HU ratios suggestive of both
ischemic penumbra and core lesions. Their lowest
scoring hypoattenuations, were HUr of 0.58, 0.6,
0.67 and 0.79. However, one of these four would be
ineligible for EVT or IVT because of a corresponding
very low ASPECTS score of three (3).

None of the patients in this study received
intravenous thrombolysis or endovascular
thrombectomy.

Brain parenchymal X-ray attenuation in all the 514
ASPECTS*and pc-ASPECTS -|— regions of the anterior and
posterior circulations

H Normal attenuation

B Hypoattenuation

Anterior
circulation

Posterior
circulation

Cerebral blood circulation

Figure 3. Distribution of X-ray attenuation in the ASPECTS and pc-ASPECTS regions evaluated in the major

blood supply territories.

*ASPECTS = Alberta stroke programme early computed tomography score
-|- pc-ASPECTS = Posterior circulation acute stroke prognosis early computed tomography score.
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Table 1: Baseline characteristics of acute ischemic stroke patients (n = 55)
Frequency  Percentage

Variables (n) (%)
Gender
Male 28 50.90
Female 27 49.10
Age group (years)
29 - 44 9 16.36
45 -54 12 21.82
55 - 64 18 32.73
65— 74 9 16.36
75-84 6 10.91
=85 1 01.82
Hemisphere affected
Right 17 30.91
Left 28 50.91
Brain stem 9 16.36
Bilateral 1 01.82
Blood circulation affected
Anterior 37 67.27
Posterior 18 32.73
Hypoattenuation lesion
Single 33 60.00
Multiple 22 40.00
Table 2: Topographic extent/size of brain tissue involved in ischemia (ASPECTS/pc-ASPECTYS)
ASPECTS/p Patients’ Percentage
c-ASPECTS frequency (n)
(n)

9 27 49.09

8 18 37.73

7 4 7.27

6 2 3.64

5 1 1.82

4 0 0

3 1 1.82

2 1 1.82

1 0 0

0 1 1.82

Total 55 100

ASPECTS = Alberta stroke programme early computed tomography score
pc-ASPECTS = Posterior circulation acute stroke prognosis early computed tomography score

Table 3: Distribution of patients and hypoattenuations based on the cut-off X-ray attenuation
(HU #) ratios of infarct core and penumbral lesions

HU ratio (HUr) Number of Percentag Number of Mean HU of
patients (n) e hypoattenuatin  hypoattenuating
of patients g lesions (n) lesions in HUr
(%) category
Infarct core HUr
<0.79 46 83.64 95 24.79
>0.79 9 16.36 11 29.40

Differentiating
HUr (optimal)

<0.87 51 92.73 101 25.32
20.87 4 7.27 5 29.99
Penumbral
lesion HUr
<0.94 54 98.18 105 25.48
20.94 1 1.82 1 36.29

+ HU = Hounsfield unit, 8 HUr = Hounsfield unit ratio
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Table 4: Patients (n = 9) eligible for EVT based on their X-ray attenuation ratio
(HUr) in correlation with ASPECTS

HUr/ HUr range of ASPECTS/ EVT
Parenchymal pc- Eligibility
hypoattenuation ASPECTS (+/-)
0.79-0.82 7 +
0.58 - 0.80 8 +
0.80 9 +
0.6 - 0.87 3 -
0.67 — 088 6 +
0.86 9 +
0.89 9 +
0.91 9 +
0.95 8 +

HUr = Hounsfield unit ratio

ASPECTS = Alberta stroke programme early computed tomography score
pc-ASPECTS = Posterior circulation acute stroke prognosis early computed tomography score

EVT = Endovascular thrombectomy
+ = Eligible for EVT
- = Ineligible for EVT

DISCUSSION

The concept of ASPECTS gives a topographic
representation of the site and size or extent of
ischemia in a uniform reproducible format. ASPECTS
> 7 within 4.5 hours of onset of symptoms qualifies
for IVT and those who present after 4.5 - 6 hours with
a minimum score of 6, qualify mainly for EVT when
the occlusion involves the proximal segments of the
middle cerebral artery and other large vessels, with a
few also benefitting from IVT, especially in the distal
smaller vessels (Van der Zijden et al., 2019).
However, ASPECTS or pc-ASPECTS does not
differentiate between isolated brain swelling and
hypoattenuation (they were awarded same score),
and does not directly assess for infarct core and
penumbra. Subsequently, X-ray attenuation (HU)
ratio measurement was used as a more direct
method of measuring the degree of ischemia hence,
the differentiation between infarct core and
penumbra.

In the index study, acute ischemic stroke was
observed more in males than females (50.90% vs
49.10%). This is similar to the findings of 60.4% vs
39.65% and 53.5% vs 46.5% observed by Zhu et al.
(2021) and Ogun et al. (2005) respectively. However,
three other similar studies revealed a higher
incidence among females: 52.9% vs 47.1%, 52.5%
vs 47.5% and 58% vs 42% (Olamoyegun et al.,
2016; Reidler et al., 2019; Arabambi et al., 2021).
The mean age of all the patients in this study was
58.80 years. The males had a higher average of
60.64 years, compared to 56.89 years for the
females. The combined mean age in this study was
lower than the 61.5 years observed by Alzahrani et
al. (2023), 64.08 years by Olamoyegun et al. (2016)
and 75.4 years by Mainali et al. (2014). Separately,
the male and female mean ages were also lower
than what was observed in a similar study: 76 years
and 74 years respectively (Reidler et al.,, 2019).

Collectively, the 55 — 64 years age group were the
most commonly (32.73%) affected with ischemic
stroke in this study. This is contrary to the findings of
Edzie et al. (2021) who observed that the
commonest age group was = 65 years, accounting
for almost half (N=277, 46.09%) of the patients in
their study, followed by those between 25 — 54 years
(N=170, 28.29%).

The hemispheric involvement in ischemic stroke has
been robustly researched. Most researchers favour
the left over the right in frequency, even in relation to
the common predisposing factors such as
hypertension, diabetes, dyslipidaemia and
cardiovascular diseases. In the anterior circulation,
the left hemisphere was a common (53.2%) site of
lodgement of blood clots, which were dislodged by
atrial fibrillation, resulting in cardio-embolism; a major
mechanism of large vessel or multiple foci ischemic
stroke (Jaakkola et al., 2019). In consonant with most
of the previous assertion irrespective of the aetiology,
our study revealed that the left hemispheres
(cerebral or cerebellar) were more (N=29, 52.73%)
involved in ischemic stroke. This agrees with Zhu et
al. (2021), Wang et al. (2019) and Hedna et al.
(2013). The anterior circulation was more commonly
involved (67.27%) in ischemic stroke in the index
study. A comparable trend with higher proportions of
75.08% and 70.0% demonstrated by Hedna et al.
(2013) and Frid et al. (2020). Thus, anterior
circulation ischemic stroke is said to have a better
outcome compared to the posterior, when the
patients arrives later than 4.5 hours and are treated
with intravenous thrombolysis (Sener et al., 2008)
characterised with single hypoattenuating lesion.

The ASPECTS scoring system depict the size of
brain ischemia. Fifty-one (92.73%) patients in this
study had a small size of brain tissue involved
(ASPECTS 27) in the ischemic process and 49.09%
of these were focal (ASPECTS = 9). With these high
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ASPECTS scores alone, most, if not all the fifty-one
patients would have had favourable outcomes, if they
were treated with intravenous thrombolysis or
endovascular thrombectomy within 4.5 hours from
onset of symptoms (time window) in accordance with
the current guideline at the study centre. However,
they all presented late for the nonenhanced CT
(NECT), between 4.5 to 24 hours and were not
treated with intravenous thrombolysis and
endovascular thrombectomy. In the present study,
provided other items in the eligibility criteria were
met, only one (1.82%) patient most definitely had a
very high probability of favourable EVT or IVT
treatment outcome, having scored 8 in the ASPECTS
and a HUr of 0.95, as recommended by proponents
of these quantitative diagnostic tools in their studies
(0.93 — 0.96) (Mokin et al., 2017; Alzahrani et al.,
2023). However, since the optimal HUr differentiating
penumbral from core lesions observed by Alzahrani
et al. (2023) was 0.87, four (7.27%) patients had a
high likelihood of having a positive treatment
outcome. The calculated mean HUr of all the infarct
core lesions was 0.79 in same study, suggesting that
some hypoattenuations with HUr > 0.79 were
penumbral. Therefore, the eight (14.55%) patients in
our study whose lesion HU ratios were > 0.79 had
the probability of favourable treatment outcomes,
because they had corresponding high ASPECTS
scores of 2 7. We observed that all the lesions in the
posterior circulation had HUr less than 0.79, which
suggest that they were infarct cores and were not
eligible for EVT or IVT. This high rate of ineligibility
for treatment in the posterior circulation was also
supported by the higher rate of poor treatment
outcomes compared to the anterior circulation among
patients who present late after 4.5 hours from onset
of symptoms in a related study (Sommer et al,
2018). One of the patients with multiple lesions who
also had good HU ratios in a few of the
hypoattenuations was ineligible for EVT or IVT
because of the extensive nature of the ischemic
process, having scored 3 in the ASPECTS.
Hypoattenuation is not synonymous with irreversibly
damaged brain tissue (infarct core).

CONCLUSION

Although, majority of the patients who presented late
between 4.5 — 24 hours were late using the “tissue
window”, about eight patients (N=8, 14.55%) still had
HU ratio suggestive of the possibility of a viable brain
tissue (penumbra) that could have been successfully
treated with either endovascular thrombectomy or
intravenous thrombolysis. Estimating the size of
ischemia with ASPECTS and pc-ASPECTS and
assessing the viability of the hypodense ischemic
brain tissue using X-ray attenuation ratio (HUr) are
simple tools that can save lives in the absence of
perfusion studies which are not readily available or
none existent in some parts of sub-Saharan Africa.
Thus, training in the practice of endovascular
thrombectomy should be encouraged and made

available in all stroke units. Also, recombinant tissue
plasminogen activator (Alteplase) should be more
readily accessible.

STUDY LIMITATIONS

The major limitations to the study are due to it being
a single centre retrospective study and the small
sample size. The access point for EVT was not
evaluated to rule out possible difficulties and contra-
indications including cervical vessel dissection,
stenosis, vascular variant and abnormalities.

FINANCIAL SUPPORT AND SPONSORSHIP
Nil

CONFLICT OF INTEREST
There were no conflicts of interest declared

REFERENCES

Adeloye, D., Ezejimofor, M., Auta, A., Mpazanje, R.
G., Ezeigwe, N., Ngige, E. N., Harhay, M. O.,
Alemu, W., and Adewole, I. F. 2019.
Estimating morbidity due to stroke in Nigeria:
a systematic review and meta-analysis. J
Neurol Sci 402, 136-144.
https://doi.org/10.1016/}.jns.2019.05.020

Alzahrani, A., Zhang, X., Albukhari, A., Wardlaw,
J.M., and Mair, G. 2023. Assessing brain
tissue viability on Nonenhanced computed
tomography after Ischemic stroke. Stroke
54(2), 558-566.
D0i:10.1161/STROKEAHA.122.041241.Epub

Arabambi, B., Oshinaike, O., Akilo, O.0O., Yusuf, Y.,
and Ogun, S. 2021. Pattern, risk factors and
outcome of acute stroke in a Nigerian
university teaching hospital: A 1-year review.
Niger J Med 30(3), 252 — 258.

Arabambi, B., Oshinaike, O., Ogun, S. A., Eze, C,,
Bello, A. H., Igetei, S., Yusuf, Y., Olanigan,
R. A., and Ashiru, S. Y. 2022. Stroke units in
Nigeria: a report from a nationwide
organizational cross-sectional survey. The
Pan African Med J 42(140), 1-11.
https://doi.org/10.11604/pamj.2022.42.140.3
5086

Barber, P.A., Demchuk, A.M., Zhang, J., and
Buchan, A.M. 2000. Validity and reliability of
a gquantitative computed tomography score in
predicting outcome of hyperacute stroke
before thrombolytic therapy. The Lancet
355(9216), 1670 — 4.


https://doi.org/10.1016/j.jns.2019.05.020
https://doi.org/10.11604/pamj.2022.42.140.3%095086
https://doi.org/10.11604/pamj.2022.42.140.3%095086

NONENHANCED COMPUTED TOMOGRAPHY EVALUATION OF ISCHEMIC STROKE PATIENTS 211

Bonkhoff, A.K., Ullberg, T., Bretzner, M., Hong, S.,
Schirmer, M.D., Regenhardt, R.W.,
Donahue, K.L., Nardin, M.J., and Giese, A.K.
2022. Deep profiling of multiple ischemic
lesions in a large, multi-center cohort:
Frequency spatial distribution and
associations to clinical characteristics. Front.
Neurosci 16, 994458.

Demeestene, J., Garcia-Esperon, C., Garcia-
Bermejo, P., Ombelet, F., McElduff, P.,
Bivard, A.,Parsons, M., and Levi, C. 2017.
Evaluation of hyperacute infarct volume
using ASPECTS and brain CT perfusion core
volume. Neurology 88, 2248 — 2253.

Edzie, E. K. M., Gorleku, P. N., Dzefi-Tettey, K.,
Idun, E. A., Amankwa, A. T., Aidoo, E.,
Asemah, A. R., and Kusodzi, H. 2021.
Incidence rate and age of onset of first stroke
from CT scan examinations in Cape Coast
metropolis. Heliyon, 7(2), e06214.
https://doi.org/10.1016/.heliyon.2021.e06214

Feigin, V. L., Brainin, M., Norrving, B., Martins, S.,
Sacco, R. L., Hacke, W., Fisher, M.,
Pandian, J., and Lindsay, P. 2022. World
Stroke Organization (WSO): Global Stroke
Fact Sheet 2022. Intl J Stroke 17(1), 18-29.

Frid, P., Drake, M., Giese, A. K., Wasselius, J.,
Schirmer, M. D., Donahue, K. L., Cloonan,
L., Irie, R., Bouts, M. J. R. J., MclIntosh, E.
C., Mocking, S. J. T., Dalca, A. V., Sridharan,
R., Xu, H., Giralt-Steinhauer, E.
Holmegaard, L., Jood, K., Roquer, J., Cole,
J. W., McArdle, P. F., ... Stroke Genetics
Network (SiGN), the International Stroke
Genetics Consortium (ISGC), and the MRI-
Genetics Interface Exploration (MRI-GENIE)
Study. 2020. Detailed phenotyping of
posterior vs. anterior circulation ischemic
stroke: a multi-center MRI study. J Neuro
267(3), 649—658.
https://doi.org/10.1007/s00415-019-09613-5

Hacke, W., Kaste, M., Bluhmki, E., Brozman, M.,
Davalos, A., Guidetti, D., Larrue, V., Lees, K.
R., Medeghri, Z., Machnig, T., Schneider, D.,
von Kummer, R., Wahlgren, N., Toni, D., and
ECASS Investigators. 2008. Thrombolysis
with alteplase 3 to 4.5 hours after acute
ischemic stroke. The New Engl J Med
359(13), 1317-1329.
https://doi.org/10.1056/NEJM0a0804656

Hedna, V.S., Bodhit, A.N., Ansari, S., Falchook, A.D.,
Stead, L., Heilman, K.M., and Waters, M.F.
2013. Hemispheric differences in ischemic
stroke: Is left —hemisphere stroke more
common? J Clin Neurol (2), 97 — 102.

Hill, M.D., Goyal, M., Demchuk, A.M., and Fisher, M.
2015. Ischemic stroke tissue-window in the
new era of endovascular treatment. Stroke
46(8), 2332-2334.

Igiri, A.O., Paulinus, S.O., Egbe, N.O., and Ani, C.C.
2017. Classical pattern of the cerebral
arterial circle of Willis in a Nigerian
population  using contrast  enhanced
computed tomography scan. Intl J Sci and

Engr Res 8(8), 1204-1207. Corpus ID:
235078491.

Jaakkola, J., Hartikainen, P., Kiviniemi, T.O., Nuotio,
I., Palomaki, A., Hartikainen, J.E.K., NYlitalo,
A., Mustonen, P., and Airaksinen, K.E.J.
2019. Distribution of ischemic strokes in
patients with atrial fibrillation. The FibStroke
Study. Neurol Clin Pract 9(4), 330 — 336.

Kim, Y.J., Kim, B.J., Kwon, S.U., Kim, J.S., and
Kang, D.W. 2016. Unclear-onset stroke:
Daytime-unwitnessed stroke vs. wake-up
stroke. Int J Stroke 11(2), 212 - 20.
D0i:10.1177/1747493015616513. PMID
26783313

Kim, Y., Lee, S., Abdelkhaleq, R., Lopez-Rivera, V.,
Navi, B., Kamel, H., Savitz, S. I., Czap, A. L.,
Grotta, J. C., McCullough, L. D., Krause, T.
M., Giancardo, L., Vahidy, F. S., and Sheth,
S. A. 2021. Utilization and Availability of
advanced imaging in patients with acute
ischemic stroke. Circ Cardiovascular Quality

and Outcomes 14(4), €006989.
https://doi.org/10.1161/CIRCOUTCOMES.12
0.006989

Mainali, S., Wahba, M., and Elijovich, L. 2014.
Detection of early ischemic changes in
noncontrast CT head improved with “stroke
windows”. ISRN Neurosci 2014, 654980.

Mokin, M., Primiani, C. T., Siddiqui, A. H., and Turk,
A. S. 2017. ASPECTS (Alberta Stroke
Program Early CT Score) Measurement
using Hounsfield unit values when selecting
patients for stroke thrombectomy. Stroke
48(6), 1574-1579.
https://doi.org/10.1161/STROKEAHA.117.01
6745



https://doi.org/10.1016/j.heliyon.2021.e06214
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1161/CIRCOUTCOMES.12
https://doi.org/10.1161/CIRCOUTCOMES.12
https://doi.org/10.1161/STROKEAHA.117.01%096745
https://doi.org/10.1161/STROKEAHA.117.01%096745

AKINTUNDE OLUSIJIBOMI AKINTOMIDE, SAMUEL ARCHIBONG EFANGA, AFFIONG IFIOP NGAJI,
SIMONE IZUCHUKWU OZOMMA, SAMSON OMINI PAULINUS

212

Mondelaers, A., Yperzeele, L., Voormolen, M., and

Mullins,

Parizel, P.M. 2019. Current concepts in
imaging and endovascular treatment of acute
ischemic stroke: implications for the clinician.
Insights Imaging 10(1),
64.d0oi:10’1186/s13244 — 019-0744-4.

M.E. 2006. Modern emergent stroke
imaging: Pearls, protocols and pitfalls.
Radiolo Clin North Am 44, 41 — 62.

Nogueira, R. G., Jadhav, A. P., Haussen, D. C,,

Bonafe, A., Budzik, R. F., Bhuva, P.,
Yavagal, D. R., Ribo, M., Cognard, C.,
Hanel, R. A, Sila, C. A, Hassan, A. E,,
Millan, M., Levy, E. I., Mitchell, P., Chen, M.,
English, J. D., Shah, Q. A., Silver, F. L.,
Pereira, V. M., ... DAWN Trial Investigators.
2018. Thrombectomy 6 to 24 hours after
stroke with a mismatch between deficit and
infarct. The New Engl J Med 378(1), 11-21.
https://doi.org/10.1056/NEJMo0al706442

Nguyen, T. N., Abdalkader, M., Nagel, S., Qureshi,

M. M., Ribo, M., Caparros, F., Haussen, D.
C., Mohammaden, M. H., Sheth, S. A,
Ortega-Gutierrez, S., Siegler, J. E., Zaidi, S.,
Olive-Gadea, M., Henon, H., Md&hlenbruch,
M. A., Castonguay, A. C., Nannoni, S.,
Kaesmacher, J., Puri, A. S., Seker, F., ...

Nogueira, R. G. 2022. Noncontrast
computed tomography vs  computed
tomography perfusion or magnetic

resonance imaging selection in late
presentation of stroke with large-vessel
occlusion. JAMA Neurol 79(1), 22-31.
https://doi.org/10.1001/jamaneurol.2021.408

arterial circle of Willis: implications in
subjects with ischemic stroke. J Assoc Med
Sci 56(3), 82-88.

Paulinus, S.O., Igiri, A.O., Egbe, N.O., Ani, C.C., and

Udo-Affah, G.U. 2017. Evaluation of
anatomical variants of the circle of Willis in a
Nigerian population using Contrast
Enhanced Computed Tomography

(CECT) scan. Intl J Sci and Engr Res 8 (8), 2129-

2135. Corpus ID: 235078491.

Paulinus, S.0O., Udoh, B.E., Efanga, S.A., Udo-Affah,

G.U., Eru, E.M., Ani, C.C., Ulu, U.O., and
Egbe, N.O. 2021. Anatomic imaging study of
luminal diameter of the circle of Willis in
patients with ischemic stroke. Cal J HIth Sci
5(2), 75-80. doi:10.25259/CJHS 50 2020.

Powers, W. J., Rabinstein, A. A., Ackerson, T.,

Adeoye, O. M., Bambakidis, N. C., Becker,
K., Biller, J., Brown, M., Demaerschalk, B.
M., Hoh, B., Jauch, E. C., Kidwell, C. S,
Leslie-Mazwi, T. M., Ovbiagele, B., Scott, P.
A., Sheth, K. N., Southerland, A. M,
Summers, D. V., and Tirschwell, D. L. 2019.
Guidelines for the early management of
patients with acute ischemic stroke: 2019
update to the 2018 guidelines for the early
management of acute ischemic stroke: A
Guideline for healthcare professionals from
the American Heart Association/American
Stroke Association. Stroke 50(12), e344-
e418.
https://doi.org/10.1161/STR.0000000000000
211

2

Ogbole,

G.l., Owolabi, M.O., Ogun, O., Ogunseyinde,
O.A., and Ogunniyi, A. 2015. Time of
presentation of stroke patients for CT
imaging in a Nigerian tertiary hospital. Ann IB
Postgrad Med. 13(1), 23 — 8.

Ogun, S.A., Qjini, F.l.,, Ogungbo, B., Kolapo, K.O.,

and Danesi, M.A. 2005. Stroke in south west
Nigeria. A 10-year review. Stroke 36, 1120 —
1122.

Olamoyegun, M.A., Akinlade, A.T., Fawale, M.B.,

and Ogbera, A.O. 2016. Dyslipidaemia as a
risk factor in the occurrence of stroke in
Nigeria: prevalence and patterns. Pan Afr
Med J. 25, 72. Doi
10.11604/pamj.2016.25.72.6496.

Paulinus, S.0., Esien-umo, E.O., Ibe, B.S.,

Archibong, B.E., Eru, E.M., Egom, A.E,
Egbe, N.O., and Igiri, A.O. 2023.
Morphological patterns of the cerebral

Puetz, V., Sylaja, P. N., Coutts, S. B., Hil, M. D.,

Dzialowski, I., Mueller, P., Becker, U., Urban,
G., O'Reilly, C., Barber, P. A., Sharma, P.,
Goyal, M., Gahn, G., von Kummer, R., and
Demchuk, A. M. 2008. Extent of
hypoattenuation on CT angiography source
images predicts functional outcome in
patients with basilar artery occlusion. Stroke
39(9), 2485-2490.
https://doi.org/10.1161/STROKEAHA.107.51
1162

Puetz, V., Khomenko, A., Hill, M.D., Dzialowski, I.,

Michel, P., Weimar, C., Wijman, C.A.C,,
Mattle, H.P., Engelter, S.T., Muir, KW.,
Pfefferkorn, T., Tanne, D., Szabo, K.,
Kapelle, L.J., Algra, A.,, Von Kummer, R,
Demchuk, A.M., and Schonewille, W.A.
2011. Extent of hypoattenuation on CT
angiography source images in basilar artery
international cooperation study. Stroke 42,
3454 - 9.
D0i:10.1161/STROKEAHA.111.622175.


https://doi.org/10.1001/jamaneurol.2021.408%092
https://doi.org/10.1001/jamaneurol.2021.408%092
https://doi.org/10.1161/STR.0000000000000%09211
https://doi.org/10.1161/STR.0000000000000%09211
https://doi.org/10.1161/STROKEAHA.107.51%091162
https://doi.org/10.1161/STROKEAHA.107.51%091162

NONENHANCED COMPUTED TOMOGRAPHY EVALUATION OF ISCHEMIC STROKE PATIENTS 213

Reidler,

P., Thierfelder, K. M., Rotkopf, L. T.,
Fabritius, M. P., Puhr-Westerheide, D., Dorn,
F., Forkert, N. D., Kemmling, A., and Kunz,
W. G. 2019. Attenuation changes in
ASPECTS Regions: A surrogate for CT
Perfusion-based ischemic core in acute
ischemic stroke. Radiology 291(2), 451-458.
https://doi.org/10.1148/radiol.2019182041

Rubin, M.N., and Barrett, K.M. 2015. What to do with

wake-up stroke. Neurohospitalist 5(3), 161 —
172.

Sener, U., Ocek, L., ligezdi, I., Sahin, H., Ozcelik, M.,

and Zorlu, Y. 2008. Significance of multiple
acute ischemic lesions on initial diffusion-
weighted imaging in stroke patients and
relation of toast classification. Ann Indian
Acad Neurol 21(3), 197 — 202.

Sommer, P., Posekany, A., Serles, W., Marko, M.,

Scharer, S., Fertl, E., and Ferrari, J. 2018. Is
functional outcome different in posterior and
anterior circulation stroke? Stroke 49, 2728 —
2732.

Udo-Affah, G.U., Paulinus, S.0., Eru, E.M., Igiri,

A.O., and Egbe, N.O. 2020. Anatomical
features of the brain of patients with stroke

(cerebrovascular accident) relative to types,
sites, and shapes using computed
tomography scan. Cal J Hith Sci 4(2), 79-83.

Van der Zijden, T., Mondelaers, A., Yperzeele, L.,

Voormolen, M., and Parizel, P.M. 2019.
Current  concepts in imaging and
endovascular treatment of acute ischemic
stroke: implication for the clinician. Insight
Imaging 10, 64. doi/;10.1186/s13244-019-
0744-4.

Wang, D., and Wang, Y. 2019. Tissue window, not

the time window, will guide acute stroke
treatment. Stroke and Vasc Neurol 4,
€000211.d0i:10.1136/svn-2018-000211.

Wang, Z., Song, K., Xu, W., He, G., Feng, T., Liu, Y.,

Xu, G., Hu, J., Wang, T., Xiao, H., Tang, J.,
Zhou, J., and Song, Z. 2021. A study on
relationship of Hounsfield Units value on
non-contrast computer tomography and
recanalization of intravenous thrombolysis.
Current Neurovasc Res 18(4), 435-445.
https://doi.org/10.2174/15672026186662111
10112602

Zhu, Z., Zhang, R., Ren, K., Cong, R., Zhu, X., Zhu,

L., and Wang, T. 2021. The prognosis
prediction significance of Hounsfield unit
value for stroke patients treated by
intravenous thrombolysis. BMC Med Imaging
21(1), 62. https://doi.org/10.1186/s12880-
021-00592-6



https://doi.org/10.1148/radiol.2019182041
https://doi.org/10.2174/15672026186662111%0910112602
https://doi.org/10.2174/15672026186662111%0910112602
https://doi.org/10.1186/s12880-
https://doi.org/10.1186/s12880-

