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Abstract  

Background:  Cardiovascular Disease (CVD) is the leading  
cause of morbidity and mortality in both industrialized and  

low income to middle-income countries. As atherosclerosis  
is the underlying cause for most of CAD, so identification of  
subclinical disease in the asymptomatic phase has emerged  
as a public health and economic imperative.  

Aim of Study:  The aim of the study was to evaluate the  
ability of carotid artery Doppler ultrasound and coronary  
artery calcium score as screening tools for atherosclerosis in  
patients who underwent CT coronary angiography for suspect-
ed coronary artery disease.  

Patients and Methods:  This study was conducted on 30  
patients (17 males and 13 females) with mean age of 58 years  
with atypical chest pain underwent Cardiac CT (CCT) and  

carotid Ultrasound (US) on the same day. Carotid artery  
atherosclerosis was evaluated by detection of Carotid Intimal  

Thickness (CIMT) & Carotid Plaque Score (CPS) then coro-
nary arteries were evaluated by CCT. Coronary artery calcium  
score was obtained from axial non contrast cardiac CT and  
finally Coronary Artery Disease (CAD) was evaluated by  
Gensini score. The relation between both carotid artery Doppler  
findings & CACS and severity of coronary artery disease  

were detected.  

Results: There were significant association between carotid  
artery disease that was estimated by CIMT, CPS and Gensini  
score (p=0.045 & 0.004). There was also a significant associ-
ation between CACS and Gensini score (p=0.039).  

Conclusion:  Subclinical atherosclerosis as defined by  
CIMT, CPS and CACs can be simple, non-invasive yet sensi-
tive risk-prediction tools to promptly identify those individuals  
at risk of CVD.  
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Introduction  

IT  has been established that people with Cardio-
vascular Disease (CVD) or who are at high risk  
for CVD, benefit significantly from early detection  
and management using counseling and medicines,  
as appropriate [1] . Subclinical atherosclerosis is an  
early indicator of atherosclerotic burden and its  
timely recognition can slow or prevent progression  
to CVD. Thus, individuals with subclinical athero-
sclerosis are a priority for primary prevention [2] .  

Because atherosclerosis is a systemic process,  
it is intuitive that assessing disease at multiple,  
rather than single, vascular sites may provide  
greater insight on the overall burden and risk  
associated with subclinical atherosclerosis [3] . The  
process of early detection of heart disease begins  
with risk assessment. Yet, any early detection and  
subsequent prevention relies heavily on the ability  
to accurately, identify the individuals who are at  
high risk of developing CVD. Thus, there is a  

pressing need to diagnose subclinical atheroscle-
rosis to facilitate optimum CVD risk stratification  
in asymptomatic individuals [4] .  

Cardiac risk assessment involves determining  
the probability of a severe cardiac event such as  
MI or death associated with the presence of risk  
factors such as advancing age, male gender, family  
history of premature CAD, smoking, hypertension,  
hyperlipidemia, and diabetes. Risk assessment  
classification is then used as a means to guide  
treatment recommendations for prevention of severe  
cardiac events. For example, those classified as  
high risk are typically started on statin therapy;  
those classified as intermediate risk typically un-
dergo additional screening for further risk stratifi-
cation to determine need for preventative treatment  
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with aspirin and statin therapy, and those classified  
as low risk are typically managed with lifestyle  
modifications [5] .  

Within this context, cardiac risk stratification  
begins with calculating the probability of an inci-
dent event using conventional algorithms, such as  
the Framingham equation. However, most initial  
cardiac events do not occur among those considered  
“high risk,” highlighting the need to improve risk  
stratification over existing approaches  [3] . Although  
multiple studies have examined such associations,  
many combined direct (i.e., coronary artery calcium  
[CAC]) and indirect markers of atherosclerosis  
(i.e., Carotid Intima-Media Thickness (cIMT) &  
carotid plaque score) [4] .  

Patients and Methods  

This prospective study included 30 patients, 17  
male (56.7%) and 13 female (43.3%) with age  

ranging from 40 to 72 years with mean age of 58  

years complained of symptoms suggestive of  
ischemic heart disease referred to Radiodiagnosis  

Department at Tanta University from Cardiology  

Department and private clinics with symptoms  

suggestive of ischemic heart disease for evaluation  

by multislice CT angiography of coronary arteries  
during the period between February 2018 and  
February 2019. Ethics Committee approval and  
informed consent were obtained.  

Inclusion criteria:  

Patient who has any type of chest pain sugges-
tive of ischemic heart disease referred for evaluation  

by MDCT.  

Exclusion criteria:  
1- Patients with history of Coronary Artery Disease  

(CAD) (myocardial infarction, previous percu-
taneous or surgical revascularization).  

2- Pregnancy/lactation.  

3- Patient who is clinically unstable to withstand  
the duration of CT examination.  

4- Patient who has impaired renal function (creat-
inine level >1.5mg/dl).  

5- Patient who can't tolerate the required breath  

holding time for examination.  

6- Patients with bad general condition needing life  

support.  

All the patients were dealt with in the following  

manner:  
1- Full history taking.  

2- Clinical examination including measuring pa-
tient's height and weight to calculate Body Mass  

Index (BMI) and measuring vital signs as heart  

rate and blood pressure before and after CT  

examination.  

3- Laboratory investigations: We reviewed the  

results of renal function tests to ensure that the  

patient was fit for contrast material injection.  
We did not proceed if serum creatinine was  
above (≥ 1.5mg/dl).  

4- Radiological and imaging assessment:  
I- Carotid artery Doppler ultrasound:  

• Carotid artery Doppler ultrasound scanning  

was performed in all the patients, using a Toshiba  
Aplio 500 scanner with 7-15MHz linear transducer.  

• The optimal patient head position was tilted  
about 45º away from the artery being examined.  
The neck of the patients should be relaxed.  

• The carotid artery was imaged from both the  
anterior approach, medial to the sternocleidomas-
toid muscle, and the lateral approach, through the  

jugular vein.  

• Spectral and colour Doppler evaluation is  
performed with the longitudinal images at a slight  

angle with respect to the vertical plane. The sample  

volume is kept center stream and marched carefully  
through the CCA and ICA in order to detect the  

discrete areas of flow abnormality suggestive of  
stenosis.  

• Intima-media thickness measurements were  
obtained from a gray-scale image. The measure-
ments were made from the intima lumen interface  

(echogenic layer) to the media adventitia border  

(echo-poor layer) at far wall of the CCA, bulb, and  

ICA.  

• Carotid Plaque Score (CPS) was calculated  
by summing each single plaque with its maximum  
thickness in the ipsilateral carotid artery without  
considering the length of each plaque so as to  
obtain the plaque score of this side. Adding bilateral  

carotid plaque scores to obtain a total PS was then  

performed. We stratified participants according to  

CPS into no (0 points), low (1.2-4.9 points), and  
high (>_ 5.0 points) CPS groups [6] .  

II- Multislice CT angiography for evaluation of  
the coronary arteries.  
I-  Instructions:  Fasting 4-6 hours before scan,  

encourage water intake till one hour before scan,  

avoid caffeine products like tea or coffee, smoking  

exercising and strenuous physical activity the day  
before and on the day of CT exam. Stop taking  
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phosphodiesterase inhibitors used to treat pulmo-
nary hypertension for 48 hours before scan as they  

may cross react with sublingual nitrates that will  

be given during scan and precipitate severe hypo-
tension.  

II- Patient preparation:  

A- Detailed explanation of the procedure to all  

patients with reassurance was done to relief any  

anxiety.  

B- Heart rate and blood pressure were recorded on  

arrival to set a baseline for monitoring. Patients  

with heart rate below 65bpm not given any heart  

rate control medications they were 9 patients.  
Patients with higher heart rate were given oral  

(3 -blockers provided that there was no contrain-
dication to their use.  

C- IV cannula (18G) was inserted after heart rate  

control at patient preparation room.  

D- At scanner room: Patients were given gown to  
put on and then instructed to lie supine on  

scanner table with arms raised above their heads.  

The patient was positioned on table to ensure  
that the heart was in the isocenter of the gantry  

for optimal spatial resolution. ECG electrodes  
were applied to chest wall after skin preparation  

with alcohol and ECG trace was monitored to  
ensure good amplitude of R wave that was used  

for scan trigger. The IV line was connected and  
test injection with saline was done to ensure  
good IV access with no extravasation. Breath  

holding instructions was given to the patients  
to avoid respiratory motion artifacts. 5.0mg  
sublingual Isosorbid Dinitrate was given. Final-
ly, non-ionic contrast media (Ultravist 370  

mgI/ml) was injected through the peripherally  

inserted IV cannula using dual-head powered  
automatic injector followed by 50cc saline  

flushing. The amount of contrast material was  
adapted according to patient body habitus  

(1.0ml/kg).  

III- CT scan protocol:  320-rowmmultidetector  
CT scanner (Aquilion One, Toshiba Medical Sys-
tems, Otawara, Japan) installed at Tanta University  
Educational Hospital was used for scanning through  
these steps:  

• Initial scanogram was obtained in AP and  

lateral projection for automatic radiation dose  

calculation and for planning scan range. The scan  
started from carina down to the apex of the heart.  

• Automatic bolus tracking technique was used  
to detect the arrival of contrast material at descend-
ing aorta. In patients with coronary stents, the ROI  

was placed at descending aorta at mid heart level  

with trigger threshold set at 230 repetitive low-
dose monitoring examinations (120kV, 50mAs, 0.5  

second scanning time) were performed 10 seconds  
after contrast medium injection began. When the  

trigger threshold was reached, the scan started  

immediately after breath holding command.  

IV- Image acquisition: Acquisition parameters:  
0.35sec gantry rotation time, variable mA (range:  
250-580mA), variable kv (range: 100-135kv).  
Single heart beat acquisition was routinely per-
formed in those with heart rate below 65bpm they  

were 21 patients and the scan window was set at  
70-80% of R-Rinterval while two heart beats ac-
quisition was performed in patients with heart rate  

above 70bpm they were 2 cases. In those with  
heart rate ranged from 65 to 70bpm they were 7  

cases, the scanning window was set to 30-80% of  
R-R interval to include end systolic phase.  

VII- Image reconstruction: Images were recon-
structed at 0.5mm slice thickness and 0.5mm in-
terval with smooth and sharp reconstruction kernels  

at 75% of R-R interval and at the best diastolic  
phase. The best systolic phase was also reconstruct-
ed in those whom scan window was set to include  

30-80% of R-R interval.  

VIII- Post processing: The reconstructed images  
were transferred to workstation (Vitrea Fx, Vital  

Images, USA) to obtain multiplanar reformatted  
images in axial, sagittal and coronal planes. Also  

maximum intensity projection, 3D volume rendered  

images, semitransparent 3D volume rendered im-
ages and curved planar reformations were obtained  
for demonstration of coronary artery pathology.  

IX- Image analysis for evaluation of coronary  
arteries:  

A- Measurement of Coronary Artery Calcium Score  

(CACS):  

The sum of calcified plaque scores in all coro-
nary arteries which were separately calculated  

quantitatively according to the Agatston method.  

The presence of CAC was defined as CACS >0,  
and the risk level of CHD was defined by CACS  
according to the 4 commonly used thresholds in  

clinical practice (0, 10, 100, and 400 Agatston  

units). Due to the relative small number of subjects  
in the group of the 0-10, we merged it with the 10- 
100, and finally categorized into 4 categories: Low  
(CACS=0), moderate (0<CACS < 100), high (100  
<CACS <400), very high (CACS>400) [7] .  

B- Evaluation of coronary artery stenosis:  

Calculation of the Gensini score was initiated  

by giving a severity score to each coronary stenosis  
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as follows: 1 point for  ≤25% narrowing, 2 points  
for 26 to 50% narrowing, 4 points for 51 to 75%  

narrowing, 8 points for 76 to 90% narrowing, 16  

points for 91 to 99% narrowing, and 32 points for  

total occlusion. Thereafter, each lesion score is  
multiplied by a factor that takes into account the  
importance of the lesion's position in the coronary  
circulation (5 for the left main coronary artery, 2.5  

for the proximal segment of the left anterior de-
scending coronary artery, 2.5 for the proximal  

segment of the circumflex artery, 1.5 for the mid-
segment of the left anterior descending coronary  

artery, 1.0 for the right coronary artery, the distal  
segment of the left anterior descending coronary  

artery, the posterolateral artery, and the obtuse  

marginal artery, and 0.5 for other segments). Finally,  

the Gensini score was calculated by summation of  

the individual coronary segment scores [8] .  

Statistical methodology:  
Data were fed to the computer and analyzed  

using IBM SPSS software package Version 20.0.  
(Armonk, NY: IBM Corp) qualitative data were  

described using number and percent. The Kol-
mogorov-Smirnov test was used to verify the nor-
mality of distribution quantitative data were de-
scribed using range (minimum and maximum),  

mean, standard deviation and median. Significance  

of the obtained results was judged at the 5% level.  

The used tests were: Chi-square test for categorical  

variables, to compare between different groups,  

Monte Carlo correction used when more than 20%  
of the cells have expected count less than 5.  

Results  

The mean value of CIMT was 1.28 ±0.32, only  
6 patients had normal CIMT (20%) and 24 patients  
had CIMT >9 (80%). 8 patient (20%) had coronary  
plaque score=0, 6 patients had low CPS (1-5) &  

16 patients had high CPS >5 (Table 1).  

Table (1): Distribution of the studied cases according to carotid  
artery Doppler.  

Carotid artery Doppler No. %  

Intimal thickness (CIMT):  
Normal (≤0.9) 6 20  
Abnormal (>0.9) 24 80  
Min.-max 0.50-2.0  
Mean ±  SD 1.22±0.364  
Median 1.30  

According to CACS we found that 5 patients  
out of 30 had low CACS representing 16.7%, 10  

patients had moderate CACS representing 33.3%,  

7 patients had high CACS representing 23.3% and  

8 cases had very high CACS representing 26.7%  

with mean 279 (ranging from 0 to 1186) (Table 2).  

Table (2): Distribution of the studied cases according to CACS.  

Coronary artery calcium score (CACS)  No. %  

Low  5 16.7  
Moderate (0 <CACS ≤ 100)  10 33.3  
High (100 <CACS ≤400)  7 23.3  
Very high (CACS >400)  8 26.7  
Min.-max  0.0-1186.0  
Mean ±  SD  279.0±349.7  
Median  125.0  

According to Gensini score, 6 patients out of  
30 had Gensini score=0 representing 20%, 11  

patients had low Gensini score representing 36.7%,  

13 patients had high Gensini score representing  

43.3% (Table 3).  

Table (3):  Distribution of the studied cases according to  
Gensini score.  

Gensini score  No. %  

Normal (0)  6 20  
Low (<20)  11 36.7  
High (≥20)  13 43.3  
Min.-max  0.0-112.0  
Mean ±  SD  21.03±25.33  
Median  14.50  

Relation between carotid artery Doppler and  
Gensini score shown at (Table 4) as follow:  
1- The relation between carotid intimal thickness  

and Gensini score:  
• Sex patients had normal CIMT, 4 of them had  

normal Gensini score, one case had low Gensini  

score & one case had high Gensini score.  

• Twenty four patients had abnormal CIMT, 2  

cases had normal Gensini score, 10 cases had low  

Gensini score & 12 cases had high Gensini score.  

** There was significant association between  
carotid intimal thickness and Gensini score ( p  
value=0.045).  

2- The relation between Gensini score and carotid  
plaque score:  

Carotid plaque score:  
No plaque (0)  
Low (1-5)  
High (≥5)  
Min.-max  
Mean ±  SD  
Median  

• Eight patients had normal (CPS=0), 5 of them  
8 26.7  
6 20 had normal Gensini score, 2 had mild Gensini  

16 53.3 score & 1 had sever Gensini score.  

• Six patients had low CPS, 4 of them had low  

Gensini score & 2 had high Gensini score.  

0.0-1 0.90  
4.95±3.24  

5.45  
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Table (6): Comparison between carotid Doppler and coronary  

according to type of plaque.  

Type of  
plaques  

Carotid artery  Coronary artery  
p  

No.  % No.  % 

Calcified  9  30  13  43.3  0.013  
Soft  12  40  11  30  0.045  
Mixed  13 43.3  16 53.3  0.025  

Carotid artery Coronary arteries  

Fig. (1): Comparison between carotid Doppler and coronary  

according to type of plaque.  

Type of plaques  

Calcified Soft Mixed  

Relation between coronary artery calcium score  
(CACS) and Carotid Doppler shown in (Table 7)  
as follow:  
A- The relationship between Coronary Calcium  

Score (CACS) and carotid intimal thickness as  
follow:  
• Patients with CACS=0 were 5 patients 2 of  

them had normal carotid intimal thickness and 3  
of them had increased intimal thickness >9mm.  

• Patients with moderate CACS were 11 patients  
4 of them with normal carotid intimal thickness  

and 7 of them with increased intimal thickness >9  

mm.  

• Patients with high CACS were 5 all of them  
with increased intimal thickness >9mm.  

• Patients with very high CACS were 9 all of  
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• Sixteen patients had high CPS, one of them  

had normal Gensini score, 5 cases had low Gensini  

score & 10 cases had high Gensini score.  

** There was significant association between  
carotid plaque score and Gensini score ( p-value  
=0.004).  

Table (4): Relation between carotid artery Doppler and Gensini  

score.  

Gensini score  

MC
p 

 

Relation between coronary artery calcium score  
(CACS) and Gensini score as shown in (Table 5):  

• Patients with Gensini score=0 (no atherosclerosis)  

were 6 patients, 4 of them had CACS=0 & 2 of  

them had moderate CACS.  

• Patients with Gensini score less than 20 (mild  
atherosclerosis) were 11, 7 of them had moderate  

CACS, 2 of them had high CACS and 2 of them  
had very high CACS.  

• Patients with Gensini score more than 20 (severe  

atherosclerosis) were 13 patients, 1 of them had  

CACS=0, 1 of them had moderate CACS, 5 of  
them had high CACS and 6 of them had very  
high CACS.  

** There was significant association between  
Gensini score and coronary artery calcium score  

(p-value=0.045).  

Table (5): Relation between Coronary Artery Calcium Score  
(CACS) and Gensini score.  

Gensini score  

4 66.7 
 

0.0 
 

0.0 1  7.7 
 

3.61 
 

0.039*  
2 33.3 

 

7 63.6 
 

1  7.7  

0.0 
 

0.0 
 

2 18.2 
 

5 38.5  

Coronary plaques presented a calcified pattern  

in 43.3% (n=13), soft pattern in 30% (n=11), and  

mixed in 53.3% (n=16), while carotid plaques were  

calcified in 30% (n=9), soft in 40% (n=12), and  

mixed in 43.3% (n=13), there was significant  
association between types of coronary and carotid  

arteries plaques (p-value=0.013, 0.045 & 0.025)  
(Table 6) & Fig. (1).  

** There was significant association between  
coronary artery calcium score and carotid intimal  

thickness (p-value=0.048).  

Carotid artery Normal Low High  
Doppler (n=6) (n=11) (n=1 3)  χ 2 

 

 

No. % 
 

No. % No.  % 

 

• Low (CACS=0) (n=5)  
• Moderate (0<CACS  

≤ 100) (n=10)  
• High (100<CACS  

≤400) (n=7)  
• Very high (CACS  

>400) (n=8)  
0.0 0.0 2 18.2 6 46.1 them showed increased intimal thickness >9mm.  
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CIMT  
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CIMT  
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CPS  
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Fig. (3-1): Carotid artery Doppler revealed  
Sever carotid arteries atherosclerosis (high  
CPS=7.7): (A): Longitudinal color Doppler  
image of right carotid bulb showing a broad  
based atheromatous plaque with smooth surface  
measured 10.3 X 2.4mm. (B): Longitudinal color  
Doppler image of left common carotid artery  
showing two opposing broad based atheromatous  
plaques with smooth surfaces, measured 2.5 X  
8.3 & 2.8 X 7.1mm causing luminal stenosis by  
49%. (C): Pulsed color Doppler image of left  
common carotid artery (post stenostic) revealed  
normal PSV=105 cm/sec.  
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Table (7): Relation between Coronary Artery Calcium Score  

(CACS) and Carotid Doppler.  

CACS  

Carotid artery  
Doppler  

Moder- Low  ate  (n=5)  (n=10)  

High  
(n=8)  

Very  
high  
(n=8)  

х2 
 

MCp  

No. % No.  % No.  % No.  % 

CIMT:  
• Normal (<_0.9)  2 40 4  36.4  0  0.0  0  0.0  3.565  0.048  
• Abnormal (>0.9)  3 60 6  63.6  7  100  8  100  

Carotid plaque  
score:  
• No plaque (0)  3 60 4  36.4  1  20  0  0.0  2.439  0.025  
• Low (1-5)  1 20 4  36.4  0  0  1  11.1  
• High (≥5)  1 20 3 27.2  4 80  8 88.9  

B- The relationship between Coronary Calcium  
Score (CACS) and carotid plaque score as fol-
low:  
• Patients with CACS=0 were 5 patients 3 of  

them had carotid plaque score=0, 1 of them had  
carotid plaque score <5 and 1 of them had carotid  
plaque score >5.  

• Patients with moderate CACS were 11 patients  
4 of them had carotid plaque score=0, 4 of them  
had carotid plaque score <5 and 3 of them had  
carotid plaque score >5.  

• Patients with high CACS were 5 patients 1  
of them had carotid plaque score=0, 0 of them had  
carotid plaque score <5 and 4 of them had carotid  
plaque score >5.  

• Patients with very high CACS were 9 patients  
0 of them had carotid plaque score=0, 1 of them  
had carotid plaque score <5 and 8 of them had  
carotid plaque score >5.  

** There was significant association between  
coronary artery calcium score and carotid plaque  
score (p-value=0.025).  

%
 

100  

80  

60  

40  

20  
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Fig. (2): Relation between CACS and carotid artery Doppler  
examination (n=30).  

Illustrated cases:  
Fig. No. (3): Diabetic hypertensive female  

patient aged 48 years old with body mass index  
28, presented by atypical chest pain & dyspnea  
referred to rule-out coronary artery disease.  

Findings:  
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Fig. (3-2): Unenhanced cardiac CT axial image demonstrating CACS by Agatston units which equal  

22 (low score).  

Fig. (3-3): Multidetector coronary CT angiography revealed sever coronary artery disease (Gensini score=30): (A): Left oblique  

image showing a mixed eccentric plaque at proximal to mid-segment of LAD exerting subtotal occlusion measured  

about 6mm. (B & C): Curved MPR images showing soft eccentric plaque at ostio-proximal segment of D2 exerting  

severe stenosis about 70% & measuring about 9mm in length. (D): Curved MPR image showing a mixed eccentric  

plaque at mid-segment of RCA exerting moderate stenosis (60%, length: 6mm).  
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Fig. No. (4):  
Hypertensive smoker male patient aged 68 years old, with body mass index 22, presented by atypical  

chest pain, referred to rule-out coronary artery disease.  

Findings:  

Fig. (4-1): Carotid artery Doppler revealed sever carotid arteries atherosclerosis (high CPS=5.2): (A): Longitudinal gray-
scale image of R-CCA showing increased intimal-media complex thickening measured 2mm. (B):  Longitudinal  
gray-scale image showing a calcified heterogeneous broad based plaque at the posterior wall of right carotid  

bulb measuring 10.2 X 5.2mm causing luiminal stenosis by 68%. (C): Duplex of the right common carotid  
artery (post stenosis) showing increased PSV=163cm/sec (post stenotic jet) indicating moderate stenosis.  

Fig. (4-2): Unenhanced CT  axial image demonstrating CACS by Agatston units which equal  
237 (moderate scoring).  



Fig. (4-3): Multidetector coronary CT angiog-
raphy revealed mild coronary artery atherosclerosis  

(Gensini score 3): (A & B): Curved MPR images  

showing proximal ectasia of LAD measured 4.8mm  
in caliber with calcified plaques at mid-segment,  
exerting moderate stenosis about 50%. (C): Curved  
MPR image showing atherosclerotic Lcx with mid-
segment ectasia measured 5.3mm in caliber. (D):  

Curved MPR image showing patent mildly athero-
sclerotic ectatic dominant RCA that ends at crux  

by supplying patent posterior descending arteries.  
(E): 3D (VR) showing atherosclerotic ectatic LAD,  

LCx & RCA arteries.  
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Fig. No. (5):  
Male smoker patient aged 50 years old with body mass index 40 complained of atypical chest pain,  

referred to rule-out coronary artery disease.  

Findings:  



3410 Carotid Artery Doppler Ultrasound & Coronary Calcium Score in Assessment of Atherosclerosis  

Fig. (5-1): Carotid artery Doppler revealed sever carotid arteries atherosclerosis (high CPS=7.4): (A): Longitudinal gray-
scale image of R-CCA showing increased intimal- media complex thickening measured 1.3mm. (B): Longitudinal gray-scale  

image showing a broad based soft homogenous plaque at the anterior wall of distal part of the R-CCA measuring 10.5 X 2.2mm  

with no significant stenosis. (C): Longitudinal gray-scale image showing small soft homogenous atheroma with smooth surface  

at the beginning of the R-ICA measuring 6.3 X 2.4mm. (D): Color Doppler image showing an echolucent broad based plaque  

at anterior wall of distal L-CCA 13.4 X 2.8mm.  

Fig. (5-2): Unenhanced cardiac CT axial  
image demonstrating CACS by Agatston units  
which equal  735  (high scoring).  

(C)  Fig. (5-3): Multidetector coronary CT angiography re-
vealed sever coronary atherosclerosis (Gensini scor=28): (A):  

Curved MPR image showing 'multiple soft and mixed plaques  

along the entire LAD exerting moderate stenosis about 60%  
for 2cm length its proximal segment. (B): Curved MPR image  

showing stenosis about 50% for 8mm length at distal segment  
RCA mid-segment subtotal occlusion caused by soft eccentric  

plaque measured about 1.3cm. (C): 3D VR image showing  
atheroscloerotic LAD lesions & subtotal occlusion of the  

RCA.  
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Fig. No.  (6):  
Male patient aged 51 years old complained of dyspnea and atypical chest pain with body mass index  

28 referred to rule-out coronary artery disease.  

Findings:  

Fig. (6-1): Carotid artery Doppler revealed sever carotid arteries atherosclerosis (CPS=6.1): (A): Longitudinal gray-scale  

image of L-CCA showing fine irregular thickened intimal wall measured 1.4mm. (B): Longitudinal gray-scale  
image of R-CCA showing small soft plaque measured 4.3 X 2.2mm at its posterior wall (C): Longitudinal  

gray-scale image showing a broad based atheromatous plaque at the anterior wall of left carotid bulb measuring  

12.9 X 3.9mm. (D): Transverse color Doppler image showing reduction of L-CCA lumen about 51% caused  

by soft atheromatous plaque.  

Fig. (6-2): Unenhanced CT axial image demonstrating CACS by Agatston units which equal  

223 (moderate scoring).  
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Fig. (6-3): Multidetector coronary CT angiography revealed sever coronary atherosclerosis (Gensini score=48): (A): Curved  
MPR  image showing a totally occluded mid-segment of LAD measured about 3cm by mixed plaques. (B): 3D (VR)  
showing severe stenosis of the mid-segments of LAD artery.  

Fig. No. (7):  
Female patient aged 48 years old with body mass index 25 complained of atypical chest pain, referred  

to rule-out coronary artery disease.  

Findings:  

Fig. (7-1): Normal Carotid artery Doppler. (A & B):  Longitudinal gray-scale images showing normal  

intimal-media complex thickening measured 0.7mm on R-CCA & 0.9mm on L-CCA. (C):  
Duplex of the right common carotid artery showing normal PSV=83cm/sec.  



Amina A. El-Behery, et al. 3413  

Fig. (7-2): Unenhanced cardiac CT axial image demonstrating CACS by Agatston units  

which equal 2 (low scoring).  

Fig. (7-3): Multidetector coronary CT angiography.  
(A & B): Curved MPR images showing average caliber  

patent LM & LAD with no definite athermanous plaque.  

(C): 3D (VR) showing branches of LM: LCX of average  

caliber patent dominant vessel supplying two OM branches,  

posterior LV branch & LAD supplying three diagonal  
branches and ends distally beyond the apex. (D): Curved  

MPR image showing average caliber patent RCA that  
supplies acute marginal branch. (E): 3D (VR) showing  
course and branches of RCA.  
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Discussion  

Our results showed significant relation between  
CIMT and severity of coronary artery disease  

evaluated by Gensini score (p<0.045). One of the  
first longitudinal studies of association between  

the carotid morphology with the risk of acute  

coronary events was based on the analysis of the  

population-based Kuoppio Ischaemic Heart Disease  

(KIHD) study [9] , an extensive epidemiologic  
research project that was launched in the 1980s  
and involved around three thousand middle-aged  

males from the Eastern Finland. The study also  

showed  11%  increased risk of myocardial infarction  
with each 0.1mm incremental increase of CIMT  

and that the presence of intimal-medial thickening  

was associated with a 2.17-fold risk of acute my-
ocardial infarction compared with men free of any  

structural changes in the carotid artery wall at  

baseline. Following this study, Sugathan et al.,  
2000 [10]  found that a CIMT of 1mm is associated  

with an increased risk of having a significant  
coronary stenosis using intravascular ultrasound  
as reference.  

Different following studies findings are of  

different levels of significance with regards to  

adding CIMT to conventional cardiovascular risk  
scores, Oord et al., 2013 [11] concluded in his  
systematic review that the addition of CIMT to  

traditional CVD risk prediction models does not  

lead to a statistical significantly increase in per-
formance of those models. Guaricci et al., 2014  

[12]  focused on the relationship between CIMT and  

presence, severity and features of CAD detected  

by CCTA in intermediate risk and symptomatic  

patients showing that CIMT predicts the CACS,  

the presence of obstructive CAD and the extension  

of CAD expressed as SIS and Gensini's score.  

The literature has stated that such contradicting  

results are probably stemming from the differences  
in study design, differences techniques in CIMT  
measurements, such as measuring the common or  

internal segment and whether plaques are included  
or excluded from analyses, as covered in a review  

by Naqvi & Lee, 2014 [13] . Another explanation  
to such phenomenon is that CIMT is correlated  

positively & strongly with CVD risk, yet adding  
it to a prediction model with other CVD risk factors  

might not add to the score because of collinearity,  

specially that all the risk predictor in traditional  

risk are proven linear predictors of atherosclerosis  
and CIMT [14] .  

As expected, the carotid plaque score was sig-
nificantly different between those with unobstructed  

coronary arteries and those with obstructive CAD,  

as we found significant correlation between carotid  

plaque score and Gensini score (p<0.004), in agree-
ment with Jialin et al., 2018 [15]  who found that  
the patients with high Gensini Score possessed  

higher levels of maximum carotid plaque area,  

suggesting that carotid plaque quantification may  

serve as a useful screening tool for assessing the  

extent of significant coronary atherosclerosis.  

Hirata et al., 2018 [6]  whose study showed that  
high CPS was significantly associated with an  
increase in cardiovascular mortality in cohort of  
oldest old individuals with an extremely low CVD  
risk.  

In the current study we found high prevalence  

of mixed plaques in coronary and carotid arteries  
representing 54.3% and 43.3% respectively with  

significant relation between type of plaques them  

(p<0.02). These findings are in agreement with  
Grutta et al.,  2017 [16]  who found that mixed plaque  
in 84% of carotid plaques and 56% of coronary  
arteries plaques with significant correlation between  

coronary and carotid plaques types, so atheroscle-
rosis should be considered as a systemic disease  

with heterogeneous extent and pattern across ana-
tomic districts. Furthermore, atherosclerotic plaque  

imaging performed by CCT and carotid US may  
refine quantitative data of coronary calcium score  

and CIMT.  

The coronary artery calcium CAC score is a  
direct measure of the amount of calcified atheroma  

and is highly correlated with total coronary athero-
ma that includes the measured calcified plaque and  

unmeasured non-calcified plaque [17] . Previous  
studies have considered the association between  

coronary artery disease and CAC, especially in  

asymptomatic patients. The prognostic value of  
CAC in asymptomatic patients has been shown to  

be independent of traditional risk factors in studies  
such as the Multi-Ethnic Study of Atherosclerosis  

(MESA) [18] .  

Zhao et al., 2018 [19]  whose study reported that  
coronary calcification is the strongest predictor of  
significant stenosis irrespective of the continent  
or geographical origin of the patients. In addition  
a significant correlation between coronary artery  
calcium score and coronary artery disease ( p-value  
<0.016) with sensitivity 92.3 was detected in our  
study, in agreement with Greenland et al., 2018  

[20]  who reported that coronary artery calcification  

has emerged as the most predictive single cardio-
vascular risk marker in asymptomatic persons,  
capable of adding predictive information beyond  
the traditional cardiovascular risk factors.  
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In the current study, we found that the presence  
of carotid artery lesions was associated with inci-
dent positive CAC score and, from a statistical  

point of view, both CIMT and CPS showed a strong  

relationship with extensive coronary artery calci-
fication (p<0.048) and (p<0.025) respectively.  
These associations should be taken into consider-
ation when plaque is identified during a carotid  
artery examination.  

These findings are consistent with Jeevarethi-
nam et al., 2017 [21]  who observed that carotid  
plaque and increased CIMT both were associated  
with the presence of coronary calcification. Gaibaz-
zi et al., 2016 [22]  found that the prevalence of  

carotid plaque was approximately double (71.5  

Vs. 34.8%, p=0.001) and CACS and CIMT signif-
icantly higher (p=0.001) in patients with CAD  
compared with the group without CAD. Guaricci  
et al., 2014 [12]  also reported a significant correla-
tion was found between CIMT and CACS (p<0.01).  

Some limitations occur in this study. First, the  
results should be confirmed in a larger population  
on a multicenter basis, despite our cohort was  
highly selected and underwent CCT and carotid  
US in a very limited temporal window. Second,  
our patients were not studied with intravascular  

US, which is considered the gold standard for  
plaque characterization. Third, CCA was used only  
to confirm coronary artery disease; the study was  

not designed to assess the diagnostic accuracy of  

CCT which is known to be high. Fourth, a some-
what biased referral population was studied, since  

we analyzed symptomatic patients with indication  

to CCT; in this regard, the referral population may  

explain the relative high prevalence of obstructive  
CAD.  

Conclusion:  
Our study assessed subclinical atherosclerosis  

as defined by CIMT, CPS and CACs to develop  

simple, non-invasive yet sensitive risk-prediction  
tools to promptly identify those individuals at risk  

of CVD as valuable clinical strategy that can be  
more widely implemented in everyday primary  
care practice.  
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