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Abstract

Background Ethnic-racial factors are related to the development of extra- and intracranial atherosclerosis. There

are extensive data about carotid atherosclerosis from American, European and Asian population. However, data
from Egyptian ethnics are extremely rare. We aimed to examine the frequency and determine the predictors

of carotid atherosclerosis in a sample of Egyptian patients. In a cross-sectional observational study, we prospectively
recruited consecutive patients, with or without ischemic vascular events, either ischemic stroke or transient ischemic
attack, who received neurovascular ultrasound in a tertiary hospital. We assessed the presence of carotid plaques
and the degree of stenosis according to the hemodynamic North American Symptomatic Carotid Endarterectomy
Trial (NASCET) criteria.

Results A total of 668 carotid arteries in 334 patients with a mean (IQR) age of 61 (55-70) years were examined;
69.5% presented with and 30.5% without ischemic vascular events. We found carotid plaques in 208 (31.1%) arter-

ies among 147 (44%) patients; 32% of the patients showed non-hemodynamically significant plaques, whereas 3.6%
showed 20-40% internal carotid artery (ICA) stenosis and 8.4% showed > 50% ICA stenosis. In patients with ischemic
vascular events and at least one risk factor, we detected carotid atherosclerosis, 20-40% ICA stenosis and > 50% ICA
stenosis in 40.4%, 3% and 9.1% among patients <60 years as well as in 64.8%, 5.5% and 13% among patients > 60
years, respectively. In an age and sex adjusted binary logistic regression model, the following factors predicted carotid
atherosclerosis: age > 60 years (OR 3.33, 95% Cl 1.99-5.57, p<0.001), hypertension (OR 2.3, 95% Cl 1.32-4.02, p=0.003),
current smoking (OR 2.27,95% Cl 1.13-4.55, p=0.02), diabetes mellitus (OR 2.15, 95% Cl 1.27-3.64, p=0.004)

and ischemic vascular events (OR 1.8,95% Cl 1.01-3.19, p=0.046).

Conclusions Among Egyptians, the frequency of carotid atherosclerosis seems to be low. Further multiethnic studies
are warranted to compare the prevalence of carotid atherosclerosis among Egyptians with Whites and Chinese popu-
lations. Older age, hypertension, smoking, diabetes mellitus and ischemic vascular events are predictors of carotid
atherosclerosis.
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[9]. Conversely, several studies reported that carotid ath-
erosclerosis is more common among whites than among
blacks [10-12] and even more severe stenotic grades are
more predominant among whites [11, 12]. Data from
Egypt in this regard are scarce [13].

Screening for carotid atherosclerosis is not recom-
mended in the general population [14]. However,
screening for carotid atherosclerosis was found to be
cost-effective to reduce the stroke burden in special pop-
ulations with a prevalence of >20% for significant carotid
stenosis [15]. Specifically, the society of vascular surgery
(SVS) recommends ultrasound carotid screening for
elderly asymptomatic patients with cardiovascular risk
factors [16].

In a prospective observational study, we aimed to
examine the frequency and predictors of carotid athero-
sclerosis in a sample of Egyptian patients.

Methods

We conducted a cross-sectional single center observa-
tional study according to the STROBE guidelines [17].
Data were prospectively collected from all patients who
received qualified neurovascular ultrasound examina-
tion in the period from September 2020 to August 2022
for any indication in the department of Neurology, Uni-
versity Hospital of Alexandria and affiliated hospitals.
We excluded patients with insufficient assessment, for
example due to excessive motility or the presence of cen-
tral venous line hindering accurate visualization of the
carotid arteries.

Patients presented to our ultrasound laboratory for
the following indications: 1. Ischemic stroke (n=216,
64.7%), 2. TIA (n=16, 4.8%), 3. Dizziness and/or vertigo
(n=49, 14.7%), 4. Suspicion of vasculitis (n=23, 6.9%), 5.
Headache (n=7, 2.1%), 6. Syncope or drop attacks (n=6,
1.8%), 7. Dementia or confusion (n=5, 1.5%), 8. Pulsa-
tile tinnitus (n=2, 0.6%), 9. Subarachnoid hemorrhage
(n=2, 0.6%), 10. Suspicion of subclavian steal (n=2,
0.6%), 11. Suspicion of carotid dissection (n=1, 0.3%),
12. Advanced cerebral microangiopathy (n=1, 0.3%),
13. Gait disturbance of unclear etiology (n=1, 0.3%), 14.
Unclear neurological deficits (n=1, 0.3%), 15. Assess-
ment for large atrial septal defect (n=1, 0.3%) and 16.
Subjective feeling of weakness (n=1, 0.3%).

We conducted ultrasound examination of proximal and
distal common carotid artery, proximal external carotid
artery as well as proximal and distal internal carotid
artery (ICA) in the B-mode followed by color-coded
mode. We used the following ultrasound machines: GE
Vivid T8 (GE Healthcare, Chicago, Illinois, USA) using
a 3.5-10 MHz linear array probe, GE Vivid S6 (GE
Healthcare, Chicago, Illinois, USA) using a 4-13 MHz
linear array probe and Philips ClearVue 350 (Philips
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HealthCare, Best, Netherlands) using 4—12 MHz linear
array probe.

The plaque was defined according to the Mannheim
Carotid Intima—Media Thickness and Plaque Consensus
as a focal structure in the vessel wall of at least 1.5 mm
thickness with protrusion into the vascular lumen [18].
The degree of stenosis was calculated using the hemody-
namic North American Symptomatic Carotid Endarter-
ectomy Trial (NASCET) criteria [19].

Ischemic vascular events were defined as the presence
of either ischemic stroke or transient ischemic attack
(TIA). We diagnosed ischemic stroke according to the
criteria of the American Heart Association/American
Stroke Association (AHA/ASA); acute onset focal neu-
rological deficits with evidence of acute brain infarction
in the neuroimaging [20]. Hypertension was defined as
persistent elevation of blood pressure>140/90 mmHg
or current use of antihypertensive medications [21]. Dia-
betes was diagnosed according to the following criteria:
1) Hemoglobin Alc>6.5%, 2) Fasting blood sugar>126
mg/dl, or 3) current use of antidiabetic medications [22].
Patients were classified as current smokers if they regu-
larly smoked within the previous 12 months.

We conducted a test of normality using the Shapiro—
Wilk test and histograms. To describe quantitative data,
we used the median and interquartile range. For qualita-
tive data, we used absolute values and percentages. Cat-
egorial data were statistically analyzed using the x2 test,
while continuous data were expressed using the Mann—
Whitney-U-test. We conducted a univariate binary
logistic regression analysis to test for the strength of
association between our variables and the development
of atherosclerosis as an outcome. Variables with p<0.1 in
the univariate regression analysis were further included
in an age and sex adjusted multivariate regression analy-
sis. To test our model for the goodness of fit, we used the
Hosmer—Lemeshow test. P-values <0.05 were considered
statistically significant. Data were analyzed using SPSS
software version 25.

Results

A total of 668 carotid arteries in 334 patients were
examined. The baseline characteristics of patients with
or without atherosclerosis are shown in Table 1. Ath-
erosclerosis was observed in 208 (31.14%) arteries in
147 (44%) patients; 158 (23.7%) arteries showed non-
hemodynamically significant carotid plaques, whereas
14 arteries (2.1%) showed 20-40% ICA stenosis, 4 (0.6%)
with 50% ICA stenosis, 2 (0.3%) with 60% ICA stenosis,
5 (0.7%) with 70% ICA stenosis, 4 (0.6%) with 80% ICA
stenosis, 10 (1.5%) with 90% ICA stenosis and 7 (1%) with
ICA occlusion. Three patients showed atherosclerosis in
the external carotid artery and one patient had already
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Table 1 Baseline characteristics of patients with or without atherosclerosis
Atherosclerosis (n=147, No atherosclerosis (n=187, Total (n=334) p-value
44%) 56%)
Age, median (IQR) 6 (60-73) 58 (45-65) 61 (55-70) <0.001*
Male sex, n (%) 8 (59.5%) 107 (57.5%) 195 (58.4%) 0.72
Diabetes mellitus, n (%) 82 (55.8%) 58 (31.5%) 140 (42.3%) <0.001*
Hypertension 115 (78.2%) 3 (50.5%) 208 (62.8%) <0.001*
Current smoking 59 (43.4%) 63 (35.8%) 122 (39.1%) 017
Diagnosis
Ischemic vascular events 118 (79.7%) 114 (61.3%) 232 (69.5%)
Dizziness and/or vertigo 17 (11.5%) 2 (17.2%) 49 (14.7%) 0.04*t
Headache or suspected vasculitis 8 (5.4%) 2(11.8%) 30 (9%) 0.01*t
Otherstt 5(3.4%) 8(9.7%) 23 (6.9%) 0.008*+

" Statistically significant results

T Statistical analysis in comparison to ischemic vascular events

T Other diagnoses were syncope or drop attacks, dementia or confusion, pulsatile tinnitus, subarachnoid hemorrhage, suspicion of subclavian steal, suspicion of
carotid dissection, advanced cerebral microangiopathy, gait disturbance of unclear etiology, unclear neurological deficits, assessment for large atrial septal defect,

subjective feeling of weakness

stenting of the ICA following atherosclerotic stenosis
before the inclusion in our study.

Patients with atherosclerosis were older in age; median
(IQR) 66 (60—73) years versus 58 (45—65) in non-ather-
osclerotic patients, p<0.001. In patients <60 years with-
out any risk factors (hypertension, diabetes mellitus,
current smoking or ischemic vascular events), carotid
atherosclerosis was present among 3/27 of the patients

(11.1%); of those 3 patients, only one (3.7%) had 70% ICA
stenosis. In absence of ischemic vascular events and the
presence of at least one of the aforementioned risk fac-
tors, we found non-hemodynamically significant carotid
atherosclerosis, 20—-40% ICA stenosis and >50% ICA ste-
nosis in 3/24 (12.5%), 0/24 (0%) and 1/24 (4.2%) among
patients <60 years as well as in 19/41 (46.3%), 0/41 (0%)
and 2/41 (4.9%) among patients>60 years, respectively.

Table 2 Baseline characteristics of patients with or without ischemic vascular events

Ischemic vascular events No ischemic vascular events Total p-value
(n=232) (n=102) (n=334)
Age, median (IQR) 62 (56-70) 60 (48-69) 61 (55-70) 0.06
Male sex, n (%) 145 (62.5%) 50 (49%) 195 (58.4%) 0.02%
Diabetes mellitus, n (%) 109 (47.2%) 31 (31%) 140 (42.3%) 0.006*
Hypertension 159 (68.8%) 49 (49%) 208 (62.8%) 0.001*
Current smoking 98 (45.6%) 4 (24.7%) 122 (39.1%) <0.001*
Atherosclerosis 118 (50.9%) 0 (29.4%) 148 (44 3%) <0.001*
Degree of stenosis (more stenotic 0.001*
side)
10% 83 (35.8%) 24 (23.5%) 107 (32%)
20-40% 12 (5.2%) 0 12 (3.6%)
50% 4(1.7%) 0 4 (1.2%)
60% 1(0.4%) 1(1%) 2(0.6%)
70% 2 (0.9%) 2 (2%) 4(1.2%)
80% 2 (0.9%) 2 (2%) 4 (1.2%)
90% 7 (3%) 0 7 (2.1%)
Occlusion 7 (3%) 0 7 (2.1%)

N.B. 3 patients had stenosis in the external carotid artery, those are included under the row of atherosclerosis but not under the degree of stenosis. Two patients had
carotid dissection with stenosis of 50% in one of them and occlusion in the other one. Those patients were not included under the category of atherosclerosis

NASCET North American Symptomatic Carotid Endarterectomy Trial

" Statistically significant results
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Table 3 Baseline characteristics of patients according to the age
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<45 years (n=47)

46-60 years (n=117)

61-70 years (n=97) >70years (n=73)

Isch No Isch Isch (n=87) No Isch Isch No Isch Isch No Isch (n=20)
(n=24) (n=23) (n=30) (n=68) (n=29) (n=53)
Age, median (IQR) 40 (35-42) 36 (28-42) 57 (53-60) 56 (51-58) 65 (63-68) 66 (63-69) 74 (73-77) 75 (72-77)
Male sex 13 (54.2%) 9(39.1%) 59 (67.8%) 18 (60%) 43 (63.2%) 15 (51.7%) 30 (56.6%) 8 (40%)
Hypertension 8(33.3%) 1(4.3%) 61 (70.1%) 16 (55.2%) 52 (76.5%) 17 (58.6%) 38 (73.1%) 15 (78.9%)
Diabetes mellitus 7 (29.2%) 1(4.3%) 48 (55.2%) 5(17.2%) 28 (41.2%) 13 (44.8%) 26 (50%) 12 (63.2%)
Current smoking 10 (50%) 3(13.6%) 42 (50.6%) 13 (42.3%) 30 (48.4%) 5(19.2%) 16 (32%) 3(15.8%)
Atherosclerosis 0 0 41 (47.1%) 7 (23.3%) 40 (58.8%) 12 (41.4%) 37 (69.8%) 11 (55%)
Degree of stenosis
(more stenotic side)
10% 28 (32.2%) 5(16.7%) 30 (44.1%) 9 (31%) 25 (47.2%) 10 (50%)
20-40% 4 (4.6%) 0 3(4.4%) 0 5(9.4%) 0
50% 1(4.2%)+ 1(1.1%) 0 1(1.5%) 0 1(1.9%) 0
60% 0 0 1(1.5%) 1(3.4%) 0 0
70% 0 2 (6.7%) 0 0 2 (3.8%) 0
80% 0 0 1(1.5%) 1(3.4%) 1(1.9%) 1 (5%)
90% 1(1.1%) 0 2(2.9%) 0 4 (7.5%) 0
Occlusion 1(4.2%)* 5(5.7%) 0 1(1.5%) 0 0 0

*The patient with 50% stenosis had dissection in the internal carotid artery, *the patient with occlusion had probably embolic occlusion of the internal carotid artery

without any evidence of atherosclerosis in the carotid arteries on both sides

Isch ischemic vascular events, No Isch no ischemic vascular events

In the presence of ischemic vascular events and at least
one risk factor, non-hemodynamically significant carotid
atherosclerosis, 20-40% ICA stenosis and > 50% ICA ste-
nosis were present in 28/99 (28.3%) and 3/99 (3%), 9/99
(9.1%) among patients <60 years and in 50/108 (46.3%),
in 6/108 (5.6%) and 14/108 (13%) among patients>60
years, respectively. The baseline characteristics of
patients with or without ischemic vascular events are
demonstrated in Table 2. The frequency of atherosclero-
sis according to the age is shown in Table 3. Atheroscle-
rosis was present in 0% among patients <45 years (0/47),

in 41% (48/117) among middle-aged patients 46—60
years, in 53.6% (52/97) among patients 61-70 years and
65.8% (48/73) among patients >70 years (p <0.001).

In an age and sex adjusted binary logistic regression
model, the following factors predicted atherosclerosis:
age>60 years (OR 3.33, 95% CI 1.99-5.57, p<0.001),
hypertension (OR 2.3, 95% CI 1.32—4.02, p=0.003), cur-
rent smoking (OR 2.27, 95% CI 1.13-4.55, p=0.02), dia-
betes mellitus (OR 2.15, 95% CI 1.27-3.64, p=0.004)
and ischemic vascular events (OR 1.8, 95% CI 1.01-3.19,
p=0.046). This model is presented in Table 4.

Table 4 Factors related to the occurrence of carotid atherosclerosis in the binary logistic regression models

Characteristic Univariate regression analysis

Multivariate regression analysis

OR 95% Cl P OR 95% Cl P

Age > 60 years 345 2.19-5.44 <0.001* 333 1.99-5.57 <0.001*
Male sex 1.08 0.7-1.68 0.72 0.58 0.3-1.14 0.11
Hypertension 352 2.16-5.72 <0.001* 23 1.32-4.02 0.003*
Diabetes mellitus 2.74 1.75-43 <0.001* 2.15 1.27-3.64 0.004*
Current smoking 1.37 0.87-2.17 0.17 227 1.13-4.55 0.02*
Ischemic vascular events 248 1.51-4.09 <0.001* 1.8 1.01-3.19 0.046*
H-L-Test" 078

Cl confidence interval, OR odds ratio

" Statistically significant results

* Hosmer-Lemeshow “goodness-of-fit" test for the multivariate regression analysis showed a non-significant p-value (p =0.29) for the difference between our
observed results and the expected results. The non-significant p-value for this test means better fit of the model (the higher the value, the better the fit)
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Discussion

We found atherosclerosis in 29.4% of all our asympto-
matic patients without ischemic vascular events and in
46.9% of our elderly asymptomatic patients>60 years
without ischemic vascular events. These figures seem
to be lower than previously published in Whites but
higher than Chinese population. For example, a 30-year-
old study demonstrated that the prevalence of carotid
plaques in 45-64 year-old asymptomatic whites and
blacks from the USA is 34% [10]. Later on, a British study
reported a higher prevalence of carotid plaques; 57% and
58% in asymptomatic men and women aged 56-77 years,
respectively [23]. Recently, with the advancement of
ultrasound machines, the prevalence of carotid plaques
in a 63—-65-year-old Norwegian asymptomatic cohort was
found to be as high as 87% [24]. In Chinese population, a
systematic review found carotid plaques among 20.15%
of the asymptomatic subjects aged 30-79 years [25]. The
higher prevalence of carotid plaques among Whites and
the lower prevalence of carotid plaques among Chinese
population in comparison to the Egyptian population
seems to be ethnic related.

Among our asymptomatic patients>60 years old
(n=49), 3 patients (6.1%) had>20% ICA stenosis (1
patient (2%) had 60% ICA stenosis and 2 patients (4.1%)
had 80% ICA stenosis). In Sweden, the prevalence of
ultrasound-detected >20% ICA stenosis (according to
the NASCET criteria) was 1.3% (121 arteries out of 9493
arteries) among elderly patients (most of them were
above 65 years old) undergoing screening for abdomi-
nal aortic aneurysm; 0.9% had 20-49% stenosis, 0.2%
had 50-49% stenosis and 0.2% had 70-99% stenosis. In
another study, Jacobowitz and colleagues conducted an
ultrasound carotid screening program in the USA for 394
patients> 60 years [26]. Among patients without hyper-
tension, cardiac disease, current smoking or hypercho-
lesterolemia, the prevalence of significant carotid artery
stenosis >50% (according to the University of Washing-
ton criteria) was 1.8%. The prevalence increased to 5.8%
in the presence of one risk factor, 13.5% in the presence
of two risk factors and 16.7% in the presence of three
risk factors. Of note, the authors used the University of
Washington criteria for graduation of the stenosis, which
is obsolete and different from the NASCET criteria used
in the current study; in the former criteria, the stenosis
is graded as >50% in the presence of peak systolic veloc-
ity (PSV) of >120 cm/s, which amounts to 20-40% steno-
sis according to the NASCET criteria [19]. The effect of
the risk factors in our patients might explain the higher
prevalence of asymptomatic>20% ICA stenosis in our
patients in comparison to the Swedish Cohort and the
more or less similar prevalence in comparison to the
American cohort. In another cohort of asymptomatic

Page 5 of 7

Caucasian subjects aged 50-75 years in Netherlands, the
prevalence of significant ICA stenosis was 2.8% in non-
diabetics and in 8.7% in diabetic patients [27]. Again, the
authors defined significant ICA stenosis as PSV>125
cm/s. We found ICA stenosis >20% in 4.2% of our non-
diabetic patients and in 6.4% of our patients with diabe-
tes mellitus, which is more or less similar to the Dutch
study. In a cohort from Sri Lanka, the prevalence of ICA
stenosis > 50% among patients with ischemic stroke was
4% [28]. We found higher frequency (9.9%) of ICA ste-
nosis >50% among our patients with ischemic vascular
events, which might be ethnic related. In a systematic
review, the pooled prevalence of moderate asymptomatic
ICA stenosis >50-69% was 4.2% [29]. The authors fur-
ther noted that among subjects <70 years, the prevalence
was 4.8% in men and 2.2% in women, while among elderly
subjects > 70 years, the prevalence reached 12.5% in men
and 6.9% in women. We found markedly lower figures for
moderate stenosis; only 1% of our asymptomatic patients
and 2.1% of our patients with ischemic vascular events
were diagnosed with moderate stenosis, which could be
explained by ethnic difference.

In line with our findings, older age, diabetes mellitus,
hypertension and smoking were also shown in several
studies to be related to the increased prevalence of carotid
plaques [10, 23, 29, 30]. Similar to our results, the authors
of the previously cited Norwegian study found that cur-
rent smoking (OR=1.5) and hypertension (OR=1.3) are
significantly related to carotid atherosclerosis and in con-
trast, they found no relation with diabetes mellitus [24].
We assume that the authors included well-controlled
diabetic patients and we included poorly controlled dia-
betic patients. In addition, previous authors from the
USA showed significant association between ICA ste-
nosis>60% and the following factors: age>65 vyears
(OR=4.1), current smoking (OR=2.0), coronary heart
disease (OR=2.4), and dyslipidemia (OR=1.9) [31].

In Egypt, 15 years ago, Abd Allah and colleagues
reported atherosclerotic carotid disease in 41% among
Egyptian symptomatic and asymptomatic patients; 17.6%
had increased intimal medial thickness, 20.8% had <50%
stenosis, 1.7% had 50-69% stenosis, 0.8% had >70% ste-
nosis and 0.06% had ICA occlusion [32]. The authors have
shown that, among symptomatic patients with stroke or
TIA, the figures were further higher; 67.8%, 29.7%, 0.8%,
1.3% and 0.4%, respectively. We found more or less simi-
lar results for non-stenotic carotid plaques, yet markedly
higher figures for more severe stenotic grades; among
our patients with ischemic vascular events, 50-60% ICA
stenosis, 70-90% ICA stenosis and carotid occlusion was
found 2.1%, 4.8% and 3% of our patients, respectively (ver-
sus 0.8%, 1.3% and 0.4% of the cohort published by Abd
Allah and colleagues). This difference might be attributed
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to the advancement of ultrasound machines allowing
better detection of atherosclerosis. Another cohort from
north Upper Egypt investigated the prevalence of ultra-
sound detected carotid atherosclerosis among patients
with ischemic stroke [33]. The authors reported increased
intimal medial thickness among 94/167 (56.3%),<50%
ICA stenosis among 22/167 (13.2%),>50% ICA steno-
sis among 4/167 (2.4%) and total occlusion among 2/167
(1.2%) of the patients. We found markedly higher figures
in our cohort;<50% ICA stenosis was detected among
41% and >50% ICA stenosis was found among 9.9% of
our patients with ischemic vascular events. It might be
postulated that the lower figures in the aforementioned
cohort from Upper Egypt are attributed to ethnic differ-
ence from people in northern Egypt. In another recent
cohort from Egypt, Shehata and colleagues found <50%
stenosis and 50-69% stenosis in 17% and 5% of a cohort
of hypertensive asymptomatic patients aged 30-70 years.
In the control group of the aforementioned study, none of
the patients had ICA stenosis [13]. Shehata and colleagues
excluded patients with cardiac disease, dyslipidemia, dia-
betes mellitus and smoking from their cohort, which can
explain the lower figures in their cohort in comparison
to ours. Furthermore, 38% of asymptomatic Egyptians
with metabolic syndrome were found in a small cohort
to have<50% stenosis in comparison to 13% of their
control group without metabolic syndrome [34], which
is similar to our results. Similar to our results, the Abd
Allah and colleagues found that age (OR=1.08), diabetes
mellitus (OR=2.02), hypertension (OR=1.54), smoking
(OR=1.84) and dyslipidemia (OR=2.07) independently
predicted carotid atherosclerosis [32].

We identified several limitations of our study. Patients
with severe ischemic stroke were less likely to receive
ultrasound and hence a significant proportion of such
patients were not included in our study. Our sample size
with 344 patients is relatively small. However, we pre-
sent one of the largest available samples from Egypt so
far and our study was meant to be an explorative one.
Large epidemiological data from Egyptian population are
needed. We also included both asymptomatic patients
and patients with ischemic vascular events in our study.
However, we preferred to publish the data of both groups
because of the rarity of the Egyptian data.

Conclusions

The frequency of carotid atherosclerosis among Egyp-
tians seems to be lower than among Whites and higher
than among Asian population. Older age, hypertension,
smoking, diabetes mellitus and ischemic vascular events
predict carotid atherosclerosis. Large epidemiological
data in this regard are needed.
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AHA/ASA  American Heart Association/American Stroke Association
cl Confidence interval

H-L-Test Hosmer-Lemeshow test

ICA Internal carotid artery

IQR Interquartile range
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OR Odds ratio

PSV Peak systolic velocity

SVS Society of vascular surgery

TIA Transient ischemic attack

Acknowledgements
None.

Author contributions

All authors made a substantial contribution to the conception, design, and
revision of the draft. AE conducted the statistical analysis and wrote the first
draft. All authors were involved in the final approval of the version to be
published.

Funding
The authors did not receive support from any organization for the submitted
work.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Data collected within the routine clinical care were used. The study was
approved from the University Hospital of Alexandria Ethics Committee (Serial
number 0304850) and patients or their next available kin provided their writ-
ten informed consent to participate in the study. All the steps/methods were
performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 23 May 2023 Accepted: 16 October 2023
Published online: 03 November 2023

References

1. Ornello R, Degan D, Tiseo C, Di Carmine C, Perciballi L, Pistoia F, et al.
Distribution and temporal trends from 1993 to 2015 of ischemic
stroke subtypes: a systematic review and meta-analysis. Stroke.
2018;49:814-9.

2. Petty GW, Brown RD, Whisnant JP, Sicks JD, O'Fallon WM, Wiebers DO.
Ischemic Stroke Subtypes. Stroke. 1999;30:2513-6.

3. ElSadek A, Gaber A, Afifi H, Farag S, Salaheldien N. Microemboli versus
hypoperfusion as an etiology of acute ischemic stroke in Egyptian
patients with watershed zone infarction. Egypt J Neurol Psychiatr Neuro-
surg. 2019;55:2.

4. Sacco RL, Roberts JK, Boden-Albala B, Gu Q, Lin I-F, Kargman DE, et al.
Race-ethnicity and determinants of carotid atherosclerosis in a multieth-
nic population. Stroke. 1997;28:929-35.

5. Kissela B, Schneider A, Kleindorfer D, Khoury J, Miller R, Alwell K, et al.
Stroke in a biracial population: the excess burden of stroke among blacks.
Stroke. 2004;35:426-31.



Elhfnawy et al. Egypt J Neurol Psychiatry Neurosurg

20.

21.

22.

23.

(2023) 59:144

Broderick J, Brott T, Kothari R, Miller R, Khoury J, Pancioli A, et al.

The greater Cincinnati/Northern Kentucky stroke study. Stroke.
1998;29:415-21.

Sacco RL, Boden-Albala B, Gan R, Chen X, Kargman DE, Shea S, et al.
Stroke incidence among white, black, and Hispanic residents of an urban
community: the Northern Manhattan Stroke Study. Am J Epidemiol.
1998;147:259-68.

Sacco RL, Kargman DE, Gu Q, Zamanillo MC. Race-ethnicity and
determinants of intracranial atherosclerotic cerebral infarction. Stroke.
1995;26:14-20.

Suri MF, Johnston SC. Epidemiology of intracranial stenosis. J Neuroimag-
ing. 2009;19(Suppl 1):11s-516.

Li R, Duncan BB, Metcalf PA, Crouse JR, Sharrett AR, Tyroler HA, et al.
B-mode-detected carotid artery plaque in a general population.
Atherosclerosis Risk in Communities (ARIC) study investigators. Stroke.
1994;25:2377-83.

. Gil-Peralta A, Alter M, Lai SM, Friday G, Otero A, Katz M, et al. Duplex

Doppler and spectral flow analysis of racial differences in cerebrovascular
atherosclerosis. Stroke. 1990;21:740-4.

Gorelick PB, Caplan LR, Langenberg P, Hier DB, Pessin M, Patel D, et al.
Clinical and angiographic comparison of asymptomatic occlusive cer-
ebrovascular disease. Neurology. 1988;38:852.

Shehata GA, Abd-Elwahid L, Fathy M, Nasreldein A. Prevalence of
asymptomatic atherosclerosis of extracranial vessels among hypertensive
patients in southern Egypt: an extracranial duplex study. Neurosciences
(Riyadh). 2020;25:386-91.

AbuRahma AF, Avgerinos ED, Chang RW, Darling RC Ill, Duncan AA,
Forbes TL, et al. Society for Vascular Surgery clinical practice guidelines
for management of extracranial cerebrovascular disease. J Vasc Surg.
2022,75:45-22S.

Qureshi Al, Alexandrov AV, Tegeler CH, Hobson RW 2nd, Dennis Baker J,
Hopkins LN. Guidelines for screening of extracranial carotid artery dis-
ease: a statement for healthcare professionals from the multidisciplinary
practice guidelines committee of the American Society of Neuroimaging;
cosponsored by the Society of Vascular and Interventional Neurology. J
Neuroimaging. 2007;17:19-47.

Ricotta JJ, AbuRahma A, Ascher E, Eskandari M, Faries P, Lal BK. Updated
Society for Vascular Surgery guidelines for management of extracranial
carotid disease: executive summary. J Vasc Surg. 2011;54:832-6.
Vandenbroucke JP, von EIm E, Altman DG, Getzsche PC, Mulrow CD,
Pocock SJ, et al. Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE): explanation and elaboration. Int J Surg.
2014;12:1500-24.

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Desvarieux

M, et al. Mannheim intima-media thickness consensus. Cerebrovasc Dis.
2004;18:346-9.

Arning C, Widder B, von Reutern GM, Stiegler H, Gortler M. Revision of
DEGUM ultrasound criteria for grading internal carotid artery stenoses
and transfer to NASCET measurement. Ultraschall Med. 2010;31:251-7.
Easton JD, Saver JL, Albers GW, Alberts MJ, Chaturvedi S, Feldmann E,

et al. Definition and Evaluation of Transient Ischemic Attack. A Scientific
Statement for Healthcare Professionals From the American Heart Associa-
tion/American Stroke Association Stroke Council; Council on Cardiovas-
cular Surgery and Anesthesia; Council on Cardiovascular Radiology and
Intervention; Council on Cardiovascular Nursing; and the Interdisciplinary
Council on Peripheral Vascular Disease: The American Academy of
Neurology affirms the value of this statement as an educational tool for
neurologists. Stroke. 2009; 40: 2276-93.

Meschia JF, Bushnell C, Boden-Albala B, Braun LT, Bravata DM, Chaturvedi
S, et al. Guidelines for the primary prevention of stroke: a statement for
healthcare professionals from the American Heart Association/American
Stroke Association. Stroke. 2014;45:3754-832.

Klink T, Geiger J, Both M, Ness T, Heinzelmann S, Reinhard M, et al. Giant
cell arteritis: diagnostic accuracy of MR imaging of superficial cranial
arteries in initial diagnosis-results from a multicenter trial. Radiology.
2014;273:844-52.

Ebrahim S, Papacosta O, Whincup P, Wannamethee G, Walker M, Nico-
laides AN, et al. Carotid plaque, intima media thickness, cardiovascular
risk factors, and prevalent cardiovascular disease in men and women: the
British Regional Heart Study. Stroke. 1999;30:841-50.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Page 7 of 7

lhle-Hansen H, Vigen T, Ihle-Hansen H, Renning OM, Berge T, Thommes-
sen B, et al. Prevalence of carotid plaque in a 63- to 65-year-old norwe-
gian cohort from the general population: the ACE (Akershus Cardiac
Examination) 1950 study. J Am Heart Assoc. 2018;7:e008562.

Song P, XiaW, ZhuY, Wang M, Chang X, Jin S, et al. Prevalence of carotid
atherosclerosis and carotid plaque in Chinese adults: a systematic review
and meta-regression analysis. Atherosclerosis. 2018;276:67-73.
Jacobowitz GR, Rockman CB, Gagne PJ, Adelman MA, Lamparello PJ,
Landis R, et al. A model for predicting occult carotid artery stenosis:
screening is justified in a selected population. J Vasc Surg. 2003;38:705-9.
Mackaay AJ, Beks PJ, Dur AH, Bischoff M, Scholma J, Heine RJ, et al. The
distribution of peripheral vascular disease in a Dutch Caucasian popula-
tion: comparison of type Il diabetic and non-diabetic subjects. Eur J Vasc
Endovasc Surg. 1995,9:170-5.

Mettananda KCD, Eshani MDP, Wettasinghe LM, Somaratne S, Nanayak-
kkara YP, Sathkorala W, et al. Prevalence and correlates of carotid artery
stenosis in a cohort of Sri Lankan ischaemic stroke patients. BMC Neurol.
2021;21:385.

de Weerd M, Greving JP, de Jong AW, Buskens E, Bots ML. Prevalence of
asymptomatic carotid artery stenosis according to age and sex: system-
atic review and metaregression analysis. Stroke. 2009;40:1105-13.

Wang C, Lv G, Zang D. Risk factors of carotid plaque and carotid common
artery intima-media thickening in a high-stroke-risk population. Brain
Behav. 2017;7: e00847.

Qureshi Al, JanardhanV, Bennett SE, Luft AR, Hopkins LN, Guterman

LR. Who should be screened for asymptomatic carotid artery stenosis?
Experience from the Western New York stroke screening program. J
Neuroimaging. 2001;11:105-11.

Abd Allah F, Baligh E, Ibrahim M. Clinical relevance of carotid atheroscle-
rosis among Egyptians: a 5-year retrospective analysis of 4,733 subjects.
Neuroepidemiology. 2010;35:275-9.

Soliman RH, Oraby MI, Fathy M, Essam AM. Risk factors of acute ischemic
stroke in patients presented to Beni-Suef University Hospital: prevalence
and relation to stroke severity at presentation. Egypt J Neurol Psychiatr
Neurosurg. 2018;54:8.

Elwan S, Tawfik TZ, Assal HS, El-Jaafary S, Hegazy MM, Tawfik S, et al.
Prevalence of cerebral atherosclerosis among patients with metabolic
syndrome: a case control study on Egyptian subjects. World J Cardiovasc
Dis. 2016;6(1):6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Carotid atherosclerosis in a sample of Egyptian patients with or without ischemic vascular events
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


