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ABSTRACT 

Background: An association between carotid atherosclerosis and coronary artery disease (CAD) has been 

well established as atherosclerosis is considered to be a generalized disease. Furthermore, many imaging 

modalities are used to assess cerebral vascular abnormalities. 

Objective: To assess carotid and coronary stenosis association, along with imaging modalities to diagnose 

carotid stenosis. 

Patients and Methods: A prospective cohort study was conducted between November 2019 to February 

2021 in Al-Hussein University Hospital, Al-Maadi Military Hospital and Misr El-Qadema Mabara Hospital 

with 120 patients divided in two equal groups; the first group was patients who have cerebrovascular stroke, 

and the second group was patients who have multiple coronary artery diseases. Carotid and coronary stenosis 

were assessed in each group. All patients had been investigated with CT angiography and carotid duplex. 

Results: The prevalence of coronary artery diseases among patients with carotid stenosis was 26.6% with 16 

patients from 60 patients. On the other hand, the prevalence of carotid artery stenosis among patients with 

coronary artery diseases was 31.6% with 19 patients from 60 patients. Subsequently, There is a significant 

positive correlation between coronary and carotid stenosis with (r= 0.886; CI 95% = 0.813-0.932; P < 0.001). 

CT angiography was more sensitive than carotid duplex but, on the other hand, carotid duplex was more 

specific in detecting carotid stenosis. 

Conclusion: There was a significant association between coronary artery stenosis and carotid vascular 

abnormalities. Additionally, digital subtraction angiography remains the gold standard imaging modality in 

detecting carotid stenosis. 

Keywords: Coronary artery disease, CT angiography, Digital subtraction angiography, Carotid stenosis, 

Coronary stenosis. 
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INTRODUCTION 

     The cerebral circulation maintains 

sufficient cerebral blood flow under 

various hemodynamic conditions via 

regional vasoconstriction and 

vasodilation. Vasodilator capacity can be 

characterized by cerebrovascular 

reactivity (CVR) which can be assessed 

by the breath holding index (BHI) 

measuring the degree of vaso-relaxation in 

response to an increased carbon dioxide 

level during breath hold. Impaired CVR 

has been suggested as a risk factor for 

future stroke, white matter hyperdensities, 

subcortical infarctions, dementia and 

Parkinson’s disease (Rucka et al., 2015). 

     An association between carotid 

atherosclerosis and coronary artery 

disease (CAD) has been well established 

because atherosclerosis is considered to be 

a generalized disease. It is estimated that 

these two conditions could be coexist 

ranging between 2-22% with the average 

of 8 %. These two conditions can be 

viewed as same disease process but 

different organs manifestation (Wu et al., 

2017). 

     It was found that the patients who 

underwent coronary artery bypass graft 

(CABG) prior to carotid endarterectomy 

(CEA) have 3% risk of stroke, and the 

patient who underwent CEA prior to 

CABG also have 3% risk of myocardial 

infarction. The mechanism of stroke 

during CABG most frequently due to 

manipulation of “diseased” aortic arch 

during the surgery with a very small 

portion truly due to hemodynamics failure 

(Naylor et al., 2014). 

     Therefore, the subset of patient who 

has both carotid stenosis and CAD 

requiring CABG represent “vasculopathy” 

or significant burden of artherosclerotic 

disease. This group of patient also have 

higher incidence of left main and a poorer 

left ventricular ejection fraction than that 

isolated CAD (Halliday and Bax, 2018). 

     The diagnosis of intracranial stenosis 

has improved with the advent and 

availability of non-invasive vascular 

imaging tests. Conventional catheter-

based angiography remains the gold 

standard but has potentially serious risks 

and limited availability. Hence, magnetic 

resonance angiography (MRA), 

computerized multisides tomographic 

angiography (CTA), and transcranial 

Doppler (TCD) are the most commonly 

employed non-invasive modalities in the 

diagnostic evaluation of intracranial 

stenosis. Each has its own attributes and 

limitations. Besides, their utility in the 

anatomic diagnosis of intracranial 

stenosis, non-invasive imaging can also 

provide critical physiologic information 

(such as blood flow characteristics) which 

can assist in prognostication and recurrent 

stroke risk stratification (Duffis et al., 

2013). 

     The present work aimed to assess the 

coincidence between multiple coronary 

artery diseases with carotid (extra and 

intra cranial part) artery stenosis, and 

evaluate the role of CT angiography and 

color Duplex versus digital subtraction 

angiography in evaluation of carotid 

stenosis. 

PATIENTS AND METHODS 

        This study was conducted on 120 

patients diagnosed as ischemic stroke with 

carotid artery stenosis and/or who have 

significant multiple coronary artery 

disease the patients were divided into two 
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equal groups: The first group has 

cerebrovascular stroke, and the second 

group has multiple coronary artery 

disease. The work way conducted at Al-

Hussein University Hospital, Al-Maadi 

Military Hospital and Misr El-Qadema 

Mabara Hospital from November 2019 to 

February 2021. Study approval was given 

by the Research Ethics Committee of Al-

Azhar Faculty of Medicine, Cairo, Egypt. 

Inclusion criteria: 

- Both sexes. 

- Patients diagnosed as ischemic stroke. 

- Patients diagnosed with multiple 

coronary artery disease and subjected 

for more than one coronary stent or 

CABG. 

Exclusion criteria:  

- History of autoimmune disease. 

- History of rheumatic heart disease. 

- Diagnosis of heamorrhagic stroke.  

- Drug abuse. 

- Radiation exposure.  

- Patients diagnosed as Moya Moya 

Disease. 

     All patients were subjected to a full 

history for vascular risk factors.  Data for 

the conventional vascular risk factors 

were collected from the medical history 

and laboratory tests. Hypertension was 

defined as a systolic blood pressure > 140 

mm Hg and a diastolic blood pressure > 

90 mm Hg. Diabetes mellitus was 

diagnosed based on the recommended 

criteria of the American Diabetes 

Association, i.e. (1) symptoms of diabetes 

and a plasma glucose level > 200 mg/dl; 

(2) a fasting plasma glucose level 1 126 

mg/dl, and (3) a history of diabetes or 

medication for glycemic control. 

Hyperlipidemia was defined as follows: 

previously diagnosed and treated 

hyperlipidemia or fasting total cholesterol 

> 240 mg/dl or LDL cholesterol > 160 

mg/dl. The smoking status was classified 

as smokers or nonsmokers. Furthermore, 

all patients were subjected to carotid CT 

angiography and carotid ultrasound. Only 

few patients with higher suspicious was 

subjected to digital subtraction 

angiography. Regarding coronary 

stenosis, all patients were subjected to CT 

coronary angiography. 

Statistical Analysis: 

     The collected data were organized, 

tabulated, and statistically analyzed using 

SPSS software statistical computer 

package (IBM Corp., Armonk, NY, USA). 

Categorical variables were expressed as 

number and frequencies. It was compared 

using Chi Square test or Fisher exact test 

when the expected value was less than 5. 

Correlations between outcome variables 

were performed using Spearman 

correlation coefficient. Receiver operating 

characteristic (ROC) curve and area under 

curve (AUC) were performed to assess the 

diagnostic ability of imaging in carotid 

stenosis. Consequently, sensitivity and 

specificity were further done. A two-sided 

p-value of <0.05 was considered 

statistically significant. 
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RESULTS 

 

     In the present work, 60 patients with 

cerebrovascular stroke and carotid 

stenosis were included in the first group 

and 60 other patients with multiple vessels 

coronary artery disease in the other group. 

Range of age was 21-72 years. Forty-two 

patients were males and 18 patients were 

females in the carotid group, while 

coronary group had 36 males and 24 

females. Supported by clinical and 

investigations, the prevalence of coronary 

artery disease among patients with carotid 

stenosis was 26.6% with 16 patients from 

60 patients. On the other hand, the 

prevalence of carotid artery stenosis 

among patients with coronary artery 

disease was 31.6% with 19 patients from 

60 patients. There was a significant 

positive correlation between coronary and 

carotid stenosis with (r= 0.886; CI 95% = 

0.813-0.932; P < 0.001) (Figure 1  and 

Table 1). 

 

Figure (1): Pie chart of carotid and coronary stenosis in each group 
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Table (1): Relationship between carotid and coronary stenosis 

 R 95% CI P value 

Coronary-Carotid 

stenosis association 
0.89 0.81-0.93 < 0.001 

 

     Regarding risk factors of vascular 

stenosis among carotid group, there was 

significant difference comparing coronary 

stenosis finding in this group. There were 

11 patients with hypertension, and 10 

diabetic patients in patients with coronary 

stenosis, while there were 16 hypertensive 

patients and 19 diabetic patients in 

coronary group. This indicates 

hypertension as effective risk factors for 

coronary stenosis in patients with carotid 

artery disease (Table 2). 

     Regarding coronary group, there was 

non-significant difference comparing 

carotid stenosis finding in this group. 

There were 13 patients with hypertension, 

and 11 diabetic patients in patients with 

carotid stenosis, while there were 17 

hypertensive patients and 15 diabetic 

patients in the coronary group. 

 

Table (2): Vascular risk factor among study groups  

Groups 

 

 

Parameters 

Carotid group Coronary group 

Coronary 

stenosis 

N=16 

No 

coronary 

stenosis 

N=44 

P 

Carotid 

stenosis 

N=19 

No carotid 

stenosis 

N=41 

P 

 N % N %  N % N %  

Hypertension 11 68.7 16 36.3 0.026 13 68.4 17 41.4 0.052 

Diabetes mellitus 10 62.5 19 43.1 0.19 11 58 15 36.5 0.121 

Hyperlipidemia 2 12.5 5 11.3 0.903 5 26 7 17 0.405 

Smoking 8 50 11 25 0.066 10 52.6 14 34 0.174 

 

     The patients included in the study were 

subjected to both CT angiography 

compared with carotid duplex. 

Furthermore, patients with intracranial 

suspicious were subjected to digital 

subtraction. Among all 120 patients we 

found that CT angiography have an upper 

hand over carotid duplex. Moreover, 

digital subtraction was more sensitive than 

other two modalities as it was the gold 

standard one. Imaging modalities were 

different in detecting carotid stenosis, as 

CTA was more sensitive than carotid 

duplex but, on the other hand, carotid 

duplex was more specific (Table 3 and 

Figure 2). 

 

Table (3): Sensitivity and specificity of methods for carotid stenosis evaluation 

Parameters 

Methods 
Sensitivity 95% CI Specificity 95% CI 

CTA 86.73 78.4 - 92.7 72.73% 49.8 - 89.3 

Carotid Duplex 80.61% 71.4 - 87.9 95.45% 77.2 - 99.9 
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Figure (2): Sensitivity and specificity for carotid ultrasound and CTA in detecting 

carotid stenosis 

 

DISCUSSION 

     This study revealed that the CAS was 

strongly associated with CAD. The 

prevalence of CAS in patients with CAD 

was 31.6%. The difference was 

statistically significant. Supportingly, a 

cross-sectional study was conducted by 

Seo et al; (2019) to evaluate the 

prevalence and clinical outcomes of 

asymptomatic carotid artery stenosis, and 

found that the prevalence of CAS in 

patients with CAD was 25.5%, but the 

result was not statistically significant. In 

addition, Iwasaki et al; (2011) assessed 

the prevalence of CAS in patients with 

CAD in Japanese population detected by 

carotid ultrasound. The prevalence was 

19.6%, lower than that reported by 

Iwasaki et al. (2011) and Seo et al; 

(2019). This discrepancy may be 

attributable to the different assessment 

tool and the different population 

characteristics.  

     Regarding risk factors of carotid 

stenosis among the coronary diseased 

group, there was a statistically significant 

difference comparing carotid stenosis 

finding in this group. This study indicated 

that hypertension was significant risk 

factors for carotid stenosis in patients with 

coronary artery disease. Supportingly, a 

cross-sectional study was conducted by 

Mancheva et al. (2020), and found that 

diabetes and smoking are independently 

related to increase CIMT. Measuring 

CIMT can detect early arterial wall 

changes. In addition, another cross-

sectional study was conducted by Gong et 

al. (2020) who revealed that age, sex, 

medical history of hypertension, coronary 
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heart disease, and diabetes were risk 

factors for carotid atheromatous plaque 

formation. 

     This study highlighted that the 

sensitivity and specificity of CTA were 

86.73% and 72.73% respectively, and of 

CDU was 80.61% and 95.45%, 

respectively. Imaging modalities were 

different in detecting carotid stenosis as 

CTA was more sensitive than carotid 

duplex but, on the other hand, carotid 

duplex was more specific. Similar to our 

results, a systematic review revealed that 

the sensitivity and specificity of CTA 

were 81.7% and 85.6%, respectively and 

CDU was 85.1% and 86.4%, respectively. 

Both imaging modalities detected a degree 

of stenosis greater than 50%. Unlikely, the 

sensitivity and specificity of both imaging 

modalities increased when the degree of 

stenosis was greater than 70%. The results 

were 90.6% and 93%, for CTA 

respectively, and 92.3% and 89%, for 

CDU respectively. According to the 

results of the systematic review, CDU 

sensitivity and specificity improved to 

98.7% and 94.1%, respectively, where 

peak systolic velocity (PSV) and end 

diastolic velocity (EDV) were assessed 

(Forjoe and Asad Rahi; 2019). 

Consequently, these data suggested that a 

combination of the PSV and EDV 

consensus criteria should be used for CDU 

assessment of stenosis to sufficiently 

provide diagnostic confidence (Franco-

Gutiérrez et al., 2019). 

     This study demonstrated the 

distribution pattern of atherosclerotic 

stenosis and severity of extracranial, 

intracranial and coronary arteries. 

Regarding intracranial stenosis, mild 

grades of stenosis <50% were noticed in 

PCA and BA, whilst severe stenosis ≥50% 

was higher in ACA. In addition, 

extracranial stenosis, of any grade, was 

more prevalent in ICA than CCA. In a 

Chinese multicenter study, Hua et al; 

(2019) stated that the proportion of 

patients with intracranial artery stenosis 

was higher than those with extracranial 

artery stenosis, and the proportion of 

anterior circulation artery stenosis was 

higher than that in the posterior 

circulation. In addition, another study, 

conducted by Shrivastava et al., (2016) 

evaluated the segmental distribution of 

intracranial and extracranial stenosis. 

They found that the most commonly 

involved intracranial stenosis segment was 

MCA, and the most commonly involved 

extracranial stenosis segment was ICA. 

     Multiple limitations were present in 

our study. First, the imaging modalities in 

the present study were used to identify 

stenosis greater than 50%, which was 

associated with less sensitivity and 

specificity than identification of stenosis 

greater than 70%. Second, the presence of 

concurrent CAD was the major risk factor 

for the occurrence of peri-CAS cerebral 

ischemic lesions in our study, but its 

underlying mechanism was not well 

evaluated. Third, the correlation between 

carotid plaque composition features and 

risks for peri-CAS cerebral ischemic 

lesions were not evaluated. 

CONCLUSION 

     Both symptomatic and asymptomatic 

CAD can be commonly found in patients 

with CAS, and patients with CAD may 

carry a higher risk for the occurrence of 

peri-CAS cerebral lesions than patients 

without CAD. Additionally, digital 

subtraction angiography remained the 
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gold standard imaging modality in 

detecting carotid stenosis. 
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تحددددعلى تدددددل تدددد لى الدددد ت ال ددددعلل لد دددد  تحدددد    الدددد الد ال  الدددد  ال   دددد خلفيةةةةة البحةةةة  

.  ال   ددد  ظددد اخ   ةدمددد   دددي  للع    ددد  الددد ت تدددي س لدددى ا    دددع  اا    دددعس ل ات ددد

ا ح دددن    سدددجي ج ددد   لت دددعس  ددد ي شددد ى السددد ال ي ال ددد عت   االسددد ال ي الةعج ددد  إلاجددد  ا

 تصدب الس ل ي     تعت.

 ع لددددب   ددد ب ال صدددع لب   ددد ي   دددد ا  السددد ال ي الةعج ددد  ال ةعدددد  د   ن البحةةة الهةةةد  مةةة

 ال ا شددددع   )الجدددداخ  اخددددا اخددددعلي ال دددد   ا ت  دددد  ا دددد ي   دددد ا  السدددد ال ي ال دددد عت   

لددددل  سدددد ا تددددعت ا خصا ددددع ا شددددع  ال   ع دددد  تدددددل السدددد ل ي  دددد  الدددد ا د   ال دددددا  

 ش ى الس ال ي ال  عت ب. ت    

ا ال حدددن لدددف   ةسدددمل الح ددد ي الجدددع عف ا   ةسدددمل تددد  ت ددد المرضةةةى و طةةةرث البحةةة  

ا  2019  ةسددددمل   دددد د  صدددد  ال  ل دددد  لددددف المةدددد د  دددد ي  ددددال     ,ال عددددع ع الع دددد  ع 

 ة ددددعالة ي   دددد لس    دددد  ي الددددل  ج دددداتة ي 120. تضدددد ل  ال لا ددددب 2021ل  الدددد  

ل الددد لي تددد  تس  صدددد    ددد ة    ع  ددد  ا معللدددب ال  شددد تسددد اتددد  ا الدددل ح دددن ال ج ا

ال  شدددل الددد لي لددد لد  شددد ى  ةعددد    علسددد ال ي  تسددد ا ال ج اتددد  اليع  ددد     ددد   ع لدددب ا

دددددل السدددد ال ي  دددد  الدددد ا د   الةعج دددد . لددددا ال  شددددل  دددد  خضددددعا ل شددددع  ال   ع دددد  ت

 ال دا .
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 16   اجددددا  تدددد عدددد  المحددددي ا لد ل  دددددف ا ا شددددع  ا الةحعل ددددا ت دددد ي  نتةةةةائب البحةةةة  

لددددف السدددد ال ي الةعج دددد    دددد لس لددددف  ج اتدددد  السدددد ال ي ال   دددد  لعددددع ا   ددددي  صددددال

 دددد لس  ددددي  ج اتدددد   19تدددددل الجددددد  ا خدددد ج اجدددد    ددددب لاجدددد   ا .% 26.6 ل دددد   

ا هدددد ا  .% 31.6لددددف السدددد ال ي ال   دددد   ل دددد   السدددد ال ي الةعج دددد  لعددددع ا   ددددي  صددددال 

ي الةعج دددد  ا ال صددددال لددددف  لي دددد  اجددددا   ددددد  ا   دددد  جدددد ا  دددد ي ال صددددال لددددف السدددد ال

  ا لب  ه    احصعئ    عة  د الس ال ي الةعج   ا ه ا الةحد

 ت دددد ي علل دددد   ل شددددع  الةددددف ت ددددات  ةسدددد  ي  صددددال ا شدددد ى السدددد ال ي ال   دددد   ا        

لد ددددب ا شددددع    لضددددا ت ل ددددعي ا شددددع  لددددف هدددد ا الةسدددد  ي ا هددددف  الةس  صدددد  دال  دددد  

 دددد  اجددددا     تدددددل السدددد ال ي ال دددد عت  ات ال   ع دددد   علصدددد ه  ا لد ددددب ال اجددددعي الصدددد

%  لددددددف 80.6%  عل  عل دددددد    86.7ح ع دددددد   ل شددددددع  ال   ع دددددد   علصدددددد ه   دددددد    

ال اجددددعي الصددددات   تدددددل السدددد ال ي ال دددد عت  .   ددددع  علل دددد   لد صا دددد   ل دددد  اجدددد    ددددب 

  عل دددد   دددد     % 95.4    دددد    السدددد ال ي ال دددد عت  تدددددل لددددف ال اجددددعي الصددددات   تدددددل

 ال   ع    علص ه . ا شع  لف  % 72.7

 دددد ي ال صددددال لددددف السدددد ال ي ال   دددد  ا ال صددددال لددددف هلددددعة  ددددد  ا   دددد   الاسةةةةتنتا  

 لضددددا ت ل ددددعي ا شددددع  لددددف هدددد ا   هددددف  الةس  صدددد د )ال  دددد   . االسدددد ال ي الةعج دددد 

  ي ال    .س  ي ال صال لف الس الت

 ، ددددد ال   السددددد ال ي ال صدددددال لدددددف ، ددددد ال صدددددال لدددددف السدددد ال ي الةعج الكلمةةةةات الدالةةةةةة 

ال اجددددعي الصددددات   تدددددل  ،ل ي  دددد  الدددد ا د   ال دددددا اتدددددل السدددد  ا شددددع  ال   ع دددد 

 الس ال ي ال  عت  .


