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Background: Coronary artery angiography is still the gold standard of choice for detection of coronary artery disease. Nevertheless, it is 
an invasive procedure and its complications are not uncommon. It also predisposes patients to the potential risks of contrast study and 
radiation
Objective: In the present report, we aimed to assess the significance of carotid intima-media thickness (CIMT) in patients undergoing 
coronary artery bypass grafting (CABG) by applying an imaging approach.
Patients and Methods: The carotid arteries were evaluated at baseline with high-resolution B-mode ultrasonography by a single trained 
physician. Measurements were performed on the far wall of the common carotid artery in a longitudinal view. Age-adjustment was done 
for the measured values before deciding regarding their appropriateness in each patient. Among 215 patients undergoing CABG, 70% had 
a higher CIMT above the expected normal range for their ages.
Results: In our study sample, 2/3 of CAD patients requiring coronary revascularization were male. In 70% of cases carotid artery had intimal-
medial thickness of above the presumed age-adjusted reference range. Traditional risk factors including hyperlipidemia, hypertension, 
smoking, diabetes mellitus and family history although important, but did not accurately reflect presence or extension of progression of 
the atherosclerotic process which could be determined by CIMT measurement. The CIMT in these patients were mostly dependent on the 
number and severity of the risk factors.
Conclusions: High prevalence of the increased CIMT in patients undergoing CABG highlights the significance of CIMT measurement in 
early diagnosis of the systemic atherosclerosis. Moreover, although Traditional cardiovascular risk factors were important they could not 
explain the extension and the severity of CIMT. It seems that some ultrasonographic features such as the associated carotid plaques and 
their characteristics provide promising clues to detect existing atherosclerosis. More importantly, avoiding the misinterpretation age-
adjustment should be considered in all patients.
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Implication for health policy/practice/research/medical education:

 In this study we are reporting the possible diagnostic significance of CIMT in patients undergoing CABG.
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1. Background

Coronary artery angiography is still good choice for 
detection of coronary artery disease. Nevertheless, it is 
an invasive procedure and its complications are com-
mon. It also predisposes patients to the potential risks 
of contrast study and radiation. More importantly, it 
only diagnoses coronary artery atherosclerosis in a the 
late stage that progression of systemic atherosclerosis 
has been made enough for predisposition of patients to 
the inevitable risks of cardio and cerebrovascular events 
even with highly intensive medical or revascularization 
interventions. On the other hand, a significant number 

of patients with normal epicardial coronary arteries on 
angiography study might be withdrawn from preventive 
protocols even in the presence of traditional risk factors. 
Moreover, as the arterial atherosclerosis is preceded be 
a presumably long subclinical lap phase characterized 
by endothelial dysfunction and gradual thickening of 
intima (1); early identification of atherosclerosis will be 
facilitated by use of modalities surrogating these early 
structural alterations. Consequently, in an attempt to 
improve cardiovascular risk stratification and enhance 
the preventive strategies by early diagnosis and subse-
quent earlier risk factor modification, a number of non-
invasive, easily available, reproducible and less-expensive 
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tools have emerged to predict the presence of systemic 
atherosclerosis  in general population and also in high 
risk patients. Recently, carotid artery intima-media thick-
ness (CIMT) is proposed to provide favorable accuracy 
to diagnose early atherosclerosis and have a predictive 
significance for myocardial infarction and stroke (2-4). 
When increased CIMT was detected in the common ca-
rotid segment alone, the absolute yearly risk of the event 
ranged from 0.7% to 2.2% for coronary heart disease (2-6), 
from 0.4% to 1.8% for stroke (2, 3, 5, 7, 8) and from 1.8% to 
3.2% for total cardiovascular disease (5, 9). However, de-
spite multiple scientific researches and academic papers, 
the clinical usefulness of this measurement has not been 
well accepted or adopted as a clinical tool for atheroscle-
rosis screening in routine practice by many clinicians.

2. Objective
By applying an imaging approach, we aimed to show 

the diagnostic significance of CIMT in a group of patients 
undergoing coronary artery bypass grafting (CABG).

3. Patients and Methods
In the present report, we reviewed our single-center ex-

perience in measuring. CIMT in 215 consecutive patients, 
ranging 39 to 96 years of age, undergoing coronary ar-
tery revascularization from 2004 to 2012. The detailed 
method for the assessment of carotid artery IMT has 
been described in previous publications by Greedy et 
al. and Lucas Saba et al. (10, 11). Imaging of the very thin 
layer of intima requires very high frequency transducer 
(40 MHZ), which is only possible by intravascular ultra-
sound examination. Using a 10 MHZ linear transducer 
with wavelength of about 150 µm could not visualize the 
intima which measures 3-5 µm in diameter. Therefore, 
the ultrasound beam should be reflected from a more 
reflective surface like the internal elastic lamina, me-
dia and more effectively external elastic lamina which 
is traditionally called CIMT. The carotid arteries were 
evaluated at baseline with high-resolution B-mode ultra-
sonography. A single trained physician conducted the ul-
trasonographic examination and interpreted the results. 
For accurate measurement of CIMT, the carotid arteries 
should be assessed in a longitudinal view. By applying a 
perpendicular ultrasound beam to the artery, both near 
and far walls will clearly be visualized (Figure 1). This ap-
proach helps to make an accurate measurement of the 
arterial diameter as well. As the measurements made on 
the near wall depend partly on gains setting and thus are 
less reliable, CIMT should be measured preferably on the 
far wall. Furthermore, the IMT may vary along the arterial 
wall ; therefore, the localization of the lesion according 
to the end of the common carotid artery is mandatory 
for repositioning during the follow-up examinations. We 
used our previously reported normal values (SVU, June 

2009), derived from patients with no traditional risk fac-
tors (Table 1), as the age-adjusted reference range (12).

4. Results 
Carotid intima-media thickness was measured in 145 

male (67%) and 70 female (33%) with coronary artery dis-
ease requiring coronary revascularization. The mean age 
of participants was 64.03 ± 12.53 years. Male and female 
had inconspicuous difference in CIMT (0.68 ± 0.05 versus 
0.64 ± 0.04, P = 0.38). Moreover, prevalence of increased 
CIMT was comparable in both genders (74% in male ver-
sus 69% in female). Distribution of CIMT in various age 
groups is presented in Figure 2. Traditional risk factors 
of atherosclerosis including hyperlipidemia, hyperten-
sion, smoking, diabetes mellitus and family history of 
premature coronary artery disease occurred in (152) 71%, 
(114) 53%, (88) 41%, (158) 73% and (67) 31% of patients, respec-
tively. In 150 (70%) of patients, carotid artery had intima-
media thickness of above the presumed age-adjusted 
reference range. According to these age-adjusted normal 
values, none of the traditional risk factors were signifi-
cantly different in patients with normal and increased 
CIMT (all P >  0.05). However, CIMT was significantly cor-
related with number of risk factors (r = 0.59, P = 0.007). 
Carotid plaques were seen in 187 (87%) of the patients 
and it was significantly higher in patients with increased 
CIMT as compared to patients with normal CIMT (83% ver-
sus 67%, P = 0.03). As shown in Figure 3, the use of color 
Doppler imaging may provide better visualization of 
atherosclerotic plaque, helping to differentiate it from 
CIMT. In Figure 4, CIMT is shown in a 70 year old male. A 
calcified atherosclerotic plaque considered distal a mea-
surement tool. In Figure 5, double layer of a granular and 
heterogeneous IMT is shown in a patient with multiple 
CAD risk factors including smoking and hyperlipidemia.
As shown in Figure 6, a CIMT of 0.72mm in a 94 year old 
male is considered better than expected for his age. De-
spite a relatively high incidence of CIMT in CAD patients 
undergoing CABG, the presence of CAD cannot be pre-
dicted by the CIMT alone.

Table1. The age-adjusted normal values for carotid intima-me-
dia thickness (CIMT)

Age, y, Mean ± SD CIMTa

30-39 0.40 ± 0.03

40-49 0.50 ± 0.03

50-59 0.60 ± 0.04

60-69 0.70 ± 0.03

70-79 0.80 ± 0.04

80-90 0.90 ± 0.04

a Abbreviation: CIMT, carotid intima-media thickness
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Figure 1. As shown here, by applying a perpendicular ultrasound beam to 
the artery both near and far walls will clearly be visualized

50

40

30

20

10

0

30-39     40-49     50-59     60-69     70-79        >80

Total

Figure 2. Distribution of Increased Carotid-Intima Media Thickness 
(CIMT) in Various Age Groups

Figure3. Color Doppler makes the IMT and plaque visualization more re-
vealing. Double layers of a heterogeneous IMT are shown from a patient 
with multiple risk factors for CAD.

Figure 4. CIMT in association with a calcified plaque in a 70 year old male 
with CAD. The presence of plaque increases the diagnostic significance of 
CIMT.
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Figure 5. Sonolucent media with granular pattern is shown in a CAD pa-
tient with dyslipidemia and current smoking.

Figure 6. A CIMT of 0.72mm is shown in a 90 year old male, which is con-
sidered better than expected for his age.
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5. Discussion 

It has been shown that the increase in CIMT may func-
tion as a surrogate marker with a very high correlation 
with an increased risk of cardio- and cerebro-vascular 
diseases. Our results demonstrated that although tradi-
tional risk factors including hyperlipidemia, hyperten-
sion, smoking, diabetes mellitus and family history of 
premature CAD were important, they did not accurately 
reflect the presence or extension of progression of ath-
erosclerotic process which could be determined by CIMT 
measurement. The CIMT in these patients were mostly de-
pendent on the number of the risk factors. To avoid possi-
ble misleading, two major lesions of carotid arteries, the 
plaques and the CIMT, should be differentiated carefully. 
On ultrasound examination, CIMT is seen as a double-line 
pattern on both walls of the CCAs in a longitudinal im-
age. It consists of two parallel lines, which are the lead-
ing edges of two anatomical boundaries including the 
lumen- intima and media-adventitia interfaces, While 
the Plaque is a protuberating focal lesion into the arterial 
lumen, measuring at least 0.5 mm or 50% of the adjacent 
IMT value, or demonstrating a thickness of more than 1.5 
mm as measured from the media-adventitia interface to 
the intima-lumen interface (13). It was shown previously 
that carotid total plaque presence (14, 15) or plaque area 
is more closely linked to the coronary artery disease, 
and have higher predictive value of coronary events (3, 
16-18), compared to CIMT. Moreover, it is now recognized 
that different ultrasonographic features of arterial ath-
erosclerosis including CIMT, plaque area and stenosis 
have different biological (19-21) and genetic (22) basis. 
As shown previously, traditional coronary risk factors 
present only 15% to 17% cases with increased CIMT (23, 24), 
while carotid total plaque area correlates with the pres-
ence of traditional risk factors in 52% of patients (25). This 
may suggest the higher association of carotid plaque 
area with atherosclerosis than CIMT (26). In the present 
study, we emphasized the significance of associated le-
sions pointing to the presence of atherosclerotic process. 
Interestingly, the presence of concomitant atheroscle-
rotic plaques significantly enhances the predictive value 
of the CIMT measurement (27). Moreover, the character-
istics of such plaques such as central sonolucency and 
thin cap, but less for the plaque calcifications, would 
carry an important additional value for identifying the 
clinically relevant CIMT (7, 28).  Similar to the plaques, the 
CIMT describing characteristics such as softness, homo-
or heterogeneity and smoothness or irregular surface are 
probably as significant as the CIMT in making decisions 
regarding the diagnostic significance of this lesion. How-
ever, the question whether which CIMT patterns might 
raise the clinical significance of CIMT, first noted by our 
study, needs to be addressed in future investigations to 
provide sufficient evidence. In the present report we also 

highlighted the age-normalization for CIMT. Atheroscle-
rosis is a progressive process and its association with ag-
ing is inevitable. The appropriate interpretation of the re-
sults based on the potential confounding factors such as 
age, gender, race, the presence of associated cardiovascu-
lar risk factors and even the co-morbid conditions seem 
to be more important than judgment on the CIMT value 
alone (29-32). For example, a CIMT of 0.45mm in a 39 year 
old male or a CIMT of 0.52mm in a 41 year old male may be 
considered age-appropriate while a CIMT of 0.55mm in a 
69 year old male or CIMT of 0.59 mm a 75 year old male is 
considered better than expected for their age. Moreover, 
a CIMT of 0.70mm in a 59 year old male is inappropriately 
thick.  In our opinion, this technic is still a research tool 
rather than a definite predictive measure of the cardio-
vascular diseases. Associated cardiovascular risk factors, 
concomitant carotid plaques, age-adjustments or prob-
ably the characteristics of the CIMT may provide useful 
clues to a systemic atherosclerotic process.
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