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Background
Cerebral Stroke has been regarded as the main etiology of mortality 

and morbidity in the world. The prevalence rate for stroke ranged 
between 508 and 777 per 100,000 populations in the Middle East in 
its two major types (ischemic and haemorrhagic). Ischemic stroke 
was the most reported type followed by intracerebral haemorrhage 
and subarachnoid haemorrhage [1]. There is sufficient analysis 
demonstrating association between the use of unenhanced Computed 
Tomography (CT) and early management with better outcomes of 
these patients with recent stroke in its hyper acute and acute states 
which have found to be the most effective cause of patient dilemma. 
Therefore, their early detection is an important factor for proper 

management of these patients. The objectives of an imaging assessment 
for recent stroke are to build up a diagnosis as soon as possible and to 
get accurate and early knowledge of the types of stroke, any intracranial 
abnormal vasculature and brain parenchymal perfusion state helping 
to choose the proper treatment to avoid uncontrollable complications.

Abstract
Background: Cerebral Stroke has been recorded as a major health problem in the world, it accounts the second most 

common cause of personal disability in the worldwide. This study was undertaken for the use of unenhanced computed 
tomography (CT) imaging findings in the persons who were clinically diagnosed and referred to the radiological units 
as a cerebrally stroked patients,aiming to detect their overall number (incidence) in the city, taking into consideration 
the most common period of onset and duration of their relevant radiological unenhanced CT findings regarding both 
haemorrhagic, ischemic changes and their subtypes, looking for the most commonly affected vascular territories in 
different stroke types considering the site and side of the vessel affected, detecting also the most common brain lobes 
involved in different strokes in detailed disruption with their mass effects in addition to checking the incidence of normal 
(-ive) CT scan findings among those clinically diagnosed and referred to as stroked patients in addition to finding out the 
sensitivity of the unenhanced CT in detecting early stroked cases compared to the clinical diagnosis and to find out the 
most common related risk factor in each kind of stroke .

Results: The overall number of these patients was 104 case study, the male patients constitute 60.6% of the total 
number and the female patients were 39.4%, the mean period of onset of their relevant radiological appearances on 
the unenhanced CT scan in overall acute cases regardless of the kind of stroke was 6.9 hours from the onset of the 
patients symptoms, the incidence of ischemic stroke was more than haemorrhagic stroke as it was 33.7% of the overall 
cases while the haemorrhagic stroke constituted 23.1%. Among all 104 patients, the middle cerebral artery (MCA) was 
the most affected vessel in both ischemic and haemorrhagic strokes constituting about half of the cases followed by the 
posterior cerebral artery (PCA) which accounts 17% in ischemic and about 21% of haemorrhagic cases, the right side of 
both of these vessels was commonly affected, the parietal lobe was most commonly affected in ischemic stroke cases 
followed by the basal ganglia, while in haemorrhagic cases the opposite was seen, 43.3% of the cases showed negative 
CT scan findings. The sensitivity of unenhanced CT scan radiological findings in confirming the diagnosis was 56.7% 
compared to the clinical diagnosis as reference standard. Regarding the risk factor, the age was the most common 
factor followed by hypertension and Diabetes Mellitus, more mass effects seen in haemorrhagic than ischemic stroke, 
the mean time of appearance of radiological changes as seen in CT scan was 5.8 hrs in haemorrhagic type compared 
with 7.5 hrs. in ischemic stroke.

Conclusion: In overall cases of stroke, Male were affected more than the female, 6.9 hours was the mean period of 
onset of appearance of their unenhanced CT findings, ischemic kind of stroke exceeds haemorrhagic one by about 10%, 
the right MCA was the most affected vessel in both types of stroke followed by the PCA, the parietal lobe was the most 
common lobe affected in ischemic stroke while the basal ganglia were most commonly affected in haemorrhagic stroke, 
negative unenhanced CT findings account for about one third of the clinically diagnosed cases, the unenhanced CT 
scan detection and disease confirmation sensitivity was more than half compared with the reference clinical diagnosis, 
age increment was the most common risk factor for overall stroke followed by diabetes mellitus. The use of unenhanced 
CT scan in the patients presented and clinically confirmed as having stroke, imply an early assessment, giving proper 
estimation, has a major role in differentiating ischemic from haemorrhagic types of stroke which is considered the major 
dilemma, in addition it can be performed rapidly, a feature that help recognize early signs of stroke as soon as 6 hours 
from starting symptoms
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 An early assessment may be performed with a native computed 
tomography (CT), which has major role in differentiating ischemic 
from haemorrhagic stroke and it can be performed rapidly, which can 
help recognize early signs of stroke as soon as 6 hours from starting 
symptoms [2]. The native head CT can recognize the early signs of stroke, 
but above all can exclude intracerebral haemorrhage and lesions that 
might resemble acute ischemic stroke like tumour,abscess,contusion, 
and demyelinating disease [3].

Methods
This study is a hospital based cross sectional study of patients who 

were clinically diagnosed with a new onset of (cerebrovascular accident) 
CVA and referred to radiological department at Azadi Teaching 
and Zakho general hospitals and in coordination with emergency 
department at Azadi teaching hospital for doing unenhanced Brain 
CT scan image to these patients living in Duhok city. The data were 
collected for a period of eight months (1st January to 30th of August, 
2019), a total of one hundred four cases with a clinically diagnosed of 
CVA who were referred to radiological departments were scanned by 
native CT, patients mean age was 56 years (±SD 15, range 21-96 years 
old), the number of male was 63 and female was 41 have been included 
in this study. Unenhanced CT scanning step was the first modality 
imaging to differentiate the ischemic and haemorrhagic CVA,and to 
exclude other abnormality causing CVA like symptoms form normal 
CT scan .The author developed a questionnaire (Appendix I) according 
to the evidence-based documents of the current literature to obtain 
general information of each patient and record the CT findings, all the 
CT imaging of the patients were performed by the researcher under 
supervision of a specialized radiologist. 

CT Scan Machine and Parameters

The CT scan machines used for the study are Toshiba and Philips, 
64 slices. Patients examined without preliminary preparation, putted 
in supine position, multiple axial, coronal and sagittal sections were 
taken for each patients, in addition to 3D reformatted images and 
using the following parameters: 140 Kv, 170 mA, 5 mm thick slices 
with 5 mm imaging spacing, 0.8 second rotation time, 22-cm field-of 
view. The windows which are used including slandered window with 
slandered setting (35 HU centre -100 HU width level), bone window 
brain window and stroke window

Data Analysis
The study is cross sectional prospective,the sample of the study 

consists of 104 cases and these cases are collected after unenhanced CT 
scan done for them, all the cases in the data have been analysed for the 
incidence of overall stroke among patients, mean age, gender, time of 
doing examination from starting symptoms, findings of unenhanced 
CT scan regarding Ischemic, haemorrhagic and normal findings, lesion 
side and vascular territories, associated parenchymal mass effect for 
each subtypes of stroke, and most associated risk factors, then detailed 
description of all data in tables and figures were done.

Statistical Analysis
Data were analysed by means of SPSS 26 (IBM, 2019). Data were 

first described using frequency and frequency percentages, and mean, 
range and standard deviation (SD). Then, categorical variables were 
analysed by Chi square test, and numerical variables by unpaired 
t-test or one-way analysis of variance (ANOVA) with Sidak post-hoc 
(intergroup comparison) test. Pearson correlation (r) was used to test 
the association between density and duration. A P value less than 0.05 

was considered statistically significant. Sensitivity of CT scan was 
calculated as the number of patients with positive CT findings divided 
by the number of referred stroke patients. 

Results
The Sensitivity of CT scan, with clinical diagnosis as reference 

standard = (59 / 104) X 100 = 56.7%.

The sample of the study is 104 patients, the sample characteristic 
are shown in Table 1. Patients were examined within 3-14 hrs of their 
symptoms (mean)=6.9 hrs. ± SD 2.6 hrs. The mean age of patients was 
56 years, ranging between (21-96) years ± SD 15, 63 of them were males 
so they constitute 60.6%, and 41 were females, the percentage is 39.4%. 
About the CT scan findings, no abnormality was the commonest and of 
these 104 patient 45 (43.3%) had no abnormality, followed by ischemic 
stroke was 35 (33.6%), and the least CT scan findings among these 
referred patients were haemorrhagic type, they constitute 24 (23.1%) 
Table 2.

Regarding the territory of ischemic and haemorrhagic stroke,in the 
present study the most common one involved in both stroke subtypes 
was MCA, in ischemic was 51.4% (N=18) and in haemorrhagic was 
50%(N=30). The second most involved territory was PCA, in ischemic 
was 17.1%(N=6) and in haemorrhagic was 20.8% (N=5). As shown in 
Figure 1 and Table 3.

About the side of stroke lesions, the right side was the most 
common in patients were the MCA and PCA are involved, in MCA the 
percentage was 57.1% (N=16) at the right side and 50%(N=13) at the 
left side, followed by the PCA, was constitute 21.4(N=6) at right side 
and 15.4(N=4) at left side, and in cases of bilateral side, the MCA and 
PCA are equally involved, they constitute 20%,while in ACA, the left 
side was affected more, the percentage is 23.1% (N=6), in comparison 
to right side the percentage was 3.6% (N=1). As shown in Table 3.

Characteristic or finding Mean Range SD No. %
Age (years) 56 21 - 96 15
Sex Male 63 60.6

Female 41 39.4
CT findings Ischemic 35 33.6

Haemorrhagic 24 23.1
No abnormality 45 43.3

Duration (hours) 6.9 3.0-14.0 2.6
Total 104 100.0

Table 1: Characteristics and main CT finding of all referred stroke patients (n=104).

Territory
Ischemic Haemorrhagic Total
No. % No. % No. %

Middle Cerebra Artery(MCA) 18 51.4 12 50.0 30 50.8
Posterior  Cerebral Artery(PCA) 6 17.1 5 20.8 11 18.6
Anterior Cerebral Artery(ACA) 3 8.6 4 16.7 7 11.9
Basilar Artery (BA) 1 4.2 1 1.7
Middle Cerebral Artery 
(MCA)+Posterior Cerebral 
Artery(PCA)

4 11.4 2 8.3 6 10.2

Middle Cerebral Artery (MCA)+ 
Anterior Cerebral Artery(ACA)

3 8.6 3 5.1

Middle Cerebral Artery (MCA)+ 
Posterior Cerebral Artery (PCA)+ 
Anterior Cerebral Artery (ACA)

1 2.9 1 1.7

Total 35 100.0 24 100.0 59 100.0

Table 2: Vascular territories of the ischemic and haemorrhagic strokes.
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Risk factors in all referred stroke patients

Regarding the risk factors, the aging factor was regarded significant 
(P value less than 0.05) in comparison to the young ages (20-34 years), 
middle age (35-49 years) and older age (50- 60 years and more). In both 
ischemic and haemorrhagic strokes, as increased age, the incidence of 
both stroke subtypes also increase, in the ischemic stroke between the 
age (20-34 years) the percentage was 0 (N=0), while in haemorrhagic 
stroke in the same age group the percentage was 8.3% (N=7), followed 

by 17.1% (N=6) in ischemic and 29.2% (N=7) in haemorrhagic 
between the age (35-49 years), while in older age (50-64 years and 
more) patients, the incidence was 34.3% (N=12) -48.6% (N=17) in 
ischemic stroke and in haemorrhagic stroke the incidence was 45.8% 
(N=11) -16.7 (N=4) in same age groups. The other risk factor follow 
the age was hypertension as had significant P value, the incidence of 
both ischemic and haemorrhagic strokes were increase in hypertensive 
patients, 85.7% (N=30) and 70.8% (N=17) were hypertensive patients 
in comparison to non-hypertensive patients, the incidence was 14.3 
(N=5), 29.2 (N=7) in both stroke subtypes. This is shown in Tables 4 
and 5.

Regarding the most affected brain area, the parietal lobe was mostly 
affected in ischemic stroke, the percentage is 22.9% (N=8) followed by 
basal ganglia 17.1% (N=6), while in haemorrhagic stroke, the basal 
ganglia is the commonest, the percentage is 12.5% (N=3) followed by 
parietal lobe, the percentage is 4.2% (N= 1). As shown in Table 5. 

The surrounding features of stroke by type of lesion

Regarding the mass effect, the haemorrhagic stroke had more mass 
effect than ischemic stroke,the haemorrhagic stroke constitutes 79.1% 
(N=19), while ischemic stroke constitutes 11.4% (N=4), in comparison 
to just an edema, the ischemic stroke had edema without mass effect, 
they constitute 88.6% (N=30), while in haemorrhagic stroke they 
constitute 20.8% (N=5), so the P value was significant. As shown in 
Table 6.

Figure 1: Vascular territories of the ischemic and haemorrhagic stroke.

Territory Rt. Lt. Bilateral Total
No. % No. % No. % No. %

Middle Cerebra Artery(MCA) 16 57.1 13 50.0 1 20.0 30 50.8
Posterior  Cerebral Artery(PCA) 6 21.4 4 15.4 1 20.0 11 18.6
Anterior Cerebral Artery(ACA) 1 3.6 6 23.1 7 11.9
Basilar Artery (BA) 1 3.6 1 1.7
Middle Cerebral Artery (MCA)+Posterior Cerebral 
Artery(PCA)

4 14.3 1 3.8 1 20.0 6 10.2

Middle Cerebral Artery (MCA)+ Anterior Cerebral 
Artery(ACA)

2 7.7 1 20.0 3 5.1

Middle Cerebral Artery (MCA)+ Posterior Cerebral Artery 
(PCA)+ Anterior Cerebral Artery (ACA)

1 20.0 1 1.7

Total 28 100.0 26 100.0 5 100.0 59 100.0

Table 3: Vascular territories of the (ischemic and haemorrhagic) strokes, by side.

Risk factors CT findings P Total
Ischemic Haemorrhagic No abnormality
No.  % No.  % No.  % * No.  %

Age(years) 20 – 34 0 0.0 2 8.3 7 15.6 0.038 9 8.7   31.8%
35 – 49 6 17.1 7 29.2 11 24.4 24 23.1
50 – 64 12 34.3 11 45.8 17 37.8 40 38.4   68.2%
65+ 17 48.6 4 16.7 10 22.2 31 29.8

Sex Male 18 51.4 13 54.2 32 71.1 0.155 63 60.6
Female 17 48.6 11 45.8 13 28.9 41 39.4

Hypertension Yes 30 85.7 17 70.8 26 57.8 0.025 73 70.2
No 5 14.3 7 29.2 19 42.2 31 29.8

Diabetes mellitus Yes 15 42.9 6 25.0 17 37.8 0.366 38 36.5
No 20 57.1 18 75.0 28 62.2 66 63.5

Heart disease Yes 15 42.9 8 33.3 15 33.3 0.635 38 36.5
No 20 57.1 16 66.7 30 66.7 66 63.5

Smoking Yes 11 31.4 7 29.2 10 22.2 0.629 28 26.9
No 24 68.6 17 70.8 35 77.8 76 73.1

Total 35 100.0 24 100.0 45 100.0 104 100.0

Table 4: Risk factors in all referred stroke patients.
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Duration of strokes

Regarding the duration,the Haemorrhagic stroke duration time of 
occurrence of stroke according to CT criteria was ranging between (3-
12 hrs ± SD 2.3), while in ischemic stroke duration time was raging 
between (3-13 hrs ± SD 2.3), as a result the mean time of haemorrhagic 
stroke (mean=5.8 hrs ) is less than ischemic stroke (mean=7.5 hrs). 
This is shown in Table 7. 

Significant difference between ischemic and haemorrhagic strokes 
(P = 0.037) (Figures 2-4).

Discussion 
In the current study the sensitivity of unenhanced CT scan compared 

to clinical diagnosis that was taken as a reference standard was 56.7%, 
the mean time of occurrence (onset) according to CT criteria was 6.9 
hrs. of stroke onset as seen in Table 1. This finding is comparable to 
the study done by [4-6] who found the sensitivity of unenhanced 
CT the first 8 hrs. was 58%, while the sensitivity of unenhanced CT 
scan was 41.8% in the study done by, [7] This sensitivity was less than 

our current study, this is most probably due to time lag between the 
clinical symptoms of patients and their unenhanced CT performance. 
Theshortest period of time lag (1.2 hrs) between symptoms onset and 
a negative unenhanced CT especially in ischemic stroke In current 
study, as shown in Tables 2 & 3, the main stem of MCA was the 
mostly affected vessel in both ischemic and haemorrhagic strokes, its 
percentage with each type was 51.4% and 50% respectively, followed 
by PCA and VBS main stem, their percentages was 17.1% and 20.8% in 
both type of stroke respectively. This was scientifically comparable to 
other studies like in the study conducted by [8], the percentage of main 
MCA involvement was 49.6%, while the VBS and PCA had been less 
affected, their percentage was 33.8%, also this finding was similar to the 
study done by the [9]; their related to main MCA was (48.26%) and the 
PCA was (20.57%). Regarding the risk factor, in the current study and 
as shown in Table 4, the incidence of stroke was higher in the older age, 
the age increment was the most common followed by hypertension, the 
percentage was 31.8% between the age of (20-49) years, while between 

Affected area Ischemic Haemorrhagic Total
No.  % No.  % No.  %

Parietal 8 22.9 1 4.2 9 15.3
Basal ganglia 6 17.1 3 12.5 9 15.3
Frontal 6 17.1 6 10.2
Occipital 3 8.6 3 12.5 6 10.2
Occipital-parietal 4 11.4 1 4.2 5 8.5
Front-parietal 3 12.5 3 5.1
Thalamic 3 8.6 3 5.1
Centrum semi vale 2 5.7 1 4.2 3 5.1
Temporal 2 5.7 2 3.4
Temporo-parietal 2 8.3 2 3.4
SAH + IVH 2 8.3 2 3.4
Epidural 2 8.3 2 3.4
Basal ganglia + IVH 2 8.3 2 3.4
Parietal+ basal ganglia 1 4.2 1 1.7
Internal capsule 1 4.2 1 1.7
Cerebellum 1 4.2 1 1.7
Both lobes(diffuse) 1 2.9 1 1.7
Bi-thalamic 1 4.2 1 1.7
Total 35 100.0 24 100.0 59 100.0

Table 5: Area affected by ischemic or haemorrhagic lesions.

Surrounding features Ischemic Haemorrhagic Total
No. % No. % No. %

Edema 31 88.6 5 20.8 36 61
Edema+ mass effect 4 11.4 19 79.2 23 39

Total 35 100.0 24 100.0 59 100.0

P< 0.001 (based on Chi square test)

Table 6: The surrounding features of stroke by type of lesion. 

Type of stroke Duration (hours) P*
No. Mean Range SD

Ischemic 35 7.5 3.0-13.0 2.3 0.038
Haemorrhagic 24 5.8 3.0-12.0 2.3
No abnormality 45 7.1 3.0-14.0 2.9
Total 104 6.9 3.0-14.0 2.6

* Based on one-way ANOVA. Sidak intergroup tests showed a 
Table 7: Duration of strokes.

 

Figure 2: 63 years old female with LT.sided weakness, unenhanced CT scan 
done after 4 hrs. from stroke onset, show hypo dense (infarction) in the LT. 
Temporo- parietal lobe (MCA tributaries).

 

Figure 3: 59 year’s old female with Lt. sided weakness (a) unenhanced 
CT scan done after 3 hrs.of stroke  onset show Rt. Hyperdense MCA sign 
(Ischemic stroke), (b)unenhanced CT scan done after 13 hrs.for the same 
patient show haemorrhagic transformation with surrounding cytotoxic Edema.  

Figure 4: 69 years old male with infarction of LT .frontal lobe, unenhanced 
CT scan done after 8 hrs. Of stroke onset, hypodense LT. frontal lobe (left 
ACA tributaries).
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the age of ( 50-64years and more), the percentage was 68.3%,this was 
similar to the study done in the united states by [10], the percentage 
was 70% above the age of 65 years. In the current study, the risk of 
aging process followed by the hypertension and DM, the percentage 
of the stroke was high in the hypertensive patients, the percentage was 
73% and in DM was 38%. The study done by [11-13], hypertension was 
about 67% followed by DM 36%. Regarding the neighbouring regional 
parenchymal effects.

Regarding the neighbouring regional parenchymal effects, in the 
present study and as shown in Table 5, the edema and mass effects 
were seen more in haemorrhagic stroke than in ischemic stroke, 
the percentage in haemorrhagic stroke was 79.1% and ischemic 
was(20.8%). This is similar to the study done by who found mass effect 
was seen in 88% in haemorrhagic stroke and 22% in ischemic sroke 
in the present study and as shown in Table 6, the edema and mass 
effects were seen more in haemorrhagic stroke than in ischemic stroke, 
the percentage in haemorrhagic stroke was 79.1% and ischemic was 
(20.8%). This is similar to the study done by [14,16,17] who found mass 
effect was seen in 88% in haemorrhagic stroke and 22% in ischemic 
stroke. In the current study and as shown in Table 7, the mean time of 
earliest radiological findings seen in haemorrhagic stroke as detected 
by unenhanced CT scan was less than ischemic stroke, in haemorrhagic 
stroke was 5.8 hrs, while in ischemic was 7.5 hrs. this was due to the 
limitation of nonenhanced CT scan to identify early ischemic changes 
in the brain, this study also approved by the[17-19],who found the 
haemorrhagic stroke can be detected earlier than ischemic stroke by 
unenhanced CT scan, as the ischemic stroke changes need more time 
to be noticed in unenhanced CT scan.[20].

Conclusions 
Unenhanced CT scan showed sensitivity of 56.7% relative to the 

clinical diagnosis as a referred standard, it can help differentiating 
ischemic from haemorrhagic stroke confidentially with adjacent or 
surrounding local brain effects, also it can detect the exact brain area 
vascular territories regarding both ischemic and haemorrhagic strokes, 
meanwhile, the negative unenhanced CT scan doesn’t mean normal 
brain parenchyma especially in early onset of symptoms, as it need 
time to visualize the brain imaging changes especially in hyper acute 
ischemic brain stroke, unenhanced CT scan can detect haemorrhagic 
stroke earlier than ischemic one as the hyper acute stroke needs time to 
appear on this imaging device. 
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