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ABSTRACT 

Atherosclerosis is a generalized disorder that progresses very slowly. Early detection of atherosclerosis is very im-
portant to prevent cardiovascular disease such as myocardial infarction, stroke and sudden cardiac death. Various 
surrogate markers have recently been proposed for the early detection of atherosclerosis in asymptomatic patients 
who have one or more risk factors. Among them, biomarkers such as CRP, Interleukin, myeloperoxidase, fibrino-
gen, homocystein and lipoprotein (a) are established as predictors of atherothrobotic events in apparently healthy 
individuals. Although these novel biomarkers provide important information into the pathophysiology of athero-
sclerosis, no clear evidence exist that lowering the plasma level of these markers reduces the vascular risk. Imaging 
markers such as the carotid intima-media thickness and brachial arterial flow mediated vasodilation as assessed by 
ultrasound, coronary calcification as assessed by CT, and the pulse wave velocity and augmentation index as 
assessed by tonometry can visualize the arterial wall and directly measure the arterial function. These imaging mar-
kers are very useful clinical tools for detecting the early changes of vascular structure and also for predicting cardio-
vascular events, in addition to being more precise biomarkers in asymptomatic subjects. (Korean Circulation J 
2007;37:1-8) 
 
KEY WORDS：Atherosclerosis；Intima-media thickness；Flow-mediated vasodilation；Arterial stiness；Surrogate 

markers. 
 

 
The first clinical manifestation of atherosclerotic 

disease frequently is major cardiovascular disease such 
as myocardial infarction, stroke or sudden cardiac death; 
however, it often remains a clinically silent condition 
for many years.1) 

Despite detection and treatment of the major tradi-
tional risk factors such as hypertension, hypercholeste-
rolemia, diabetes and smoking, cardiovascular disease 
(CVD) has recently displayed an increased incidence 
and it has become one of most common causes of death 
in the Korean population. Early detection of the risk 
factors is necessary to decrease the morbidity and mor-
tality of CVD.2) The traditional risk factors have been 
established to predict the CVD; however, they have limi-
tations for predicting CVD. Thus, new surrogate markers 
of cardiovascular risk have been proposed, and they are 
believed to better detect patients who are at high risk 
than using only the traditional risk factors.3)4) Among 
them, the measures of subclinical arterial disease are the 
subject of growing interest because they may better re-

present the markers of CVD susceptibility. Angiography 
has been traditionally regarded as a gold standard 
technique for detecting arterial atherosclerosis by directly 
visualizing vessel stenosis.5) However, arterial stenosis 
reflects an advanced stage of atherosclerosis, so the early 
atherosclerosis cannot be detected by conventional 
angiography. 

Other imaging modalities such as ultrasound, vascular 
CT and MRI are currently available for detecting early 
vascular atherosclerosis in patients who do not display 
any evidence of CVD; these modalities are reported to 
predict the occurrence of CVD more accurately than can 
the traditional risk factors. This paper focused on how 
to assess subclinical arterial disease with using various 
imaging systems and we review the clinical impact of 
such evaluation to improve both the management of 
patients’ risk factors and the results of treatment. 
 

Arterial Structural Examination 
 
Carotid arterial plaque and intima-media thickness 

B-mode ultrasound allows quantitative measurement 
of the carotid artery wall thickness. The definition of the 
intima-media thickness(IMT) is the distance from the 
upper margin of the intima to the media/adventitia 
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echogenic interfaces(Fig. 1). Pignoli et al.6) firstly repor-
ted that the carotid intima-media thickness, as measured 
by B-mode ultrasound, was similar both in living patients 
and on autopsy findings. In their study, the double line 
pattern of the far wall was consistently found in normal 
or mild atherosclerotic lesion such as a fatty streak. In 
more advanced atherosclerotic lesion, the double line 
pattern was sometimes disrupted and more complex; 
these specimen showed evidence of a fibromuscular cap 
with a lipid and/or necrotic core; histologically, the 
intima showed focal areas of fibrotic smooth muscle cell 
proliferation, microcalcification and necrosis. Based on 
this article,2) many studies were performed to measure 
the carotid IMT as a marker of atherosclerosis and as a 
predictor of the vascular events that result from athero-
thrombosis.7-12) 
 
How to measure IMT 

Two methods have generally been used to measure 
carotid IMT. The first method is the overall mean 
maximum carotid IMT, i.e., the mean of the maximum 
thickness of 6 to 12 sites, and this is combined with 
measurement of carotid IMT that’s performed in the 
common carotid artery(CCA), the carotid bifurcation 
and the near wall and/or far wall. The second method 
is only measurement of the CCA. Automated comput-
erized operator-independent reading(Fig. 2) has recently 
become available and it is easy to use in daily practice, 
and this achieves excellent precision and reproducibility 
of IMT measurements in the common carotid artery.13)14) 
However, computerized measurement does not work as 
well on the carotid bifurcation and the internal carotid 
artery as it does on the common carotid because both 
former segments frequently include plaques that display 
disrupted interfaces when they are analyzed by the 
computerized program.13) Up to now, the IMT measure-
ment procedure is not standardized as to where to 
measure as regards to the arterial wall, the far wall and/ 
or the near wall, and as regards the arterial segment 
within the carotid tree. However, in most of the recent 
studies, the IMT is often measured and averaged along a 
longitudinal segment >1 cm in length of the proximal 

common carotid far wall, a site free of atherosclerotic 
lesion. This method showed higher reproducibility and 
accuracy, The IMT is not always a sign of atheroscle-
rosis and it may represent hypertension-related hyper-
trophy.13) Alternatively, when the IMT is the average of 
several focal measures in the near and far walls of all 
the carotid trees, it can be considered as a surrogate 
marker of atherosclerosis, and especially for patients with 
established coronary artery disease; this is because athero-
sclerotic lesions, which are frequent in the bifurcation 
and internal carotid, are incorporated into its meas-
urement.11)13)14) More recently, some investigator have 
tried to measure just the intima thickness. The improving 
image quality has allowed measurement of the intima,15)16) 
which represents a more accurate way to define pre-
atherosclerotic lesion. Despite these methodological 
problems, there is evidence that an increased IMT, 
whatever the site of measure, is associated with an 
increased incidence of subsequent CVD in asympto-
matic subjects.13) 
 
Carotid IMT and risk of cardiovascular disease  

There have been numerous studies that evaluated the 
correlation between carotid IMT and cardiovascular 
events(Table 1). Salonen et al.7) reported that for mid-

Fig. 2. Coronary calcium in left anterior descending artery (arrow).

Fig. 1. Carotid intima-media thickness and plague. A: automated computerized measure of carotid intima-media thickness. B: atherosclerotic plaque
in right common carotid artery (arrow). 
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dle-aged men without known CVD, the 3-year risk of 
acute myocardial infarction increased by 11% with each 
0.1 mm increase in the common carotid IMT, and the 
predictive value of the IMT remained significant after 
adjusting for age, smoking, blood pressure and the total 
and HDL cholesterol. In the Atherosclerosis Risk in 
Communities study(ARIC), the prevalence of coronary 
artery disease increased in parallel with the increasing 
IMT(ARIC),17) and an increased IMT above 1 mm at 
baseline, as compared with the IMT values below 1 mm, 
was associated with a fivefold(women) and twofold 
(men) increase in the age-adjusted, race-adjusted risk 
of coronary heart disease; this study was conducted over 
a period of 4-7 years on asymptomatic subjects. The 
Rotterdam study on asymptomatic subjects aged 55 years 
or older also confirmed that the risk of stroke and myo-
cardial infarction over a mean follow-up duration of 
2.7 years increased continuously with an increased IMT 
at baseline.18) The Cardiovascular Health Study(CHS) 
on asymptomatic elderly subjects has shown that the risk 
of myocardial infarction or stroke increased with the 
IMT, about fourfold between the quintile with the hig-
hest IMT and the quintile with the lowest IMT over a 
median follow-up duration of 6.2 years.19) For examining 
secondary prevention, in the Cholesterol Lowering 
Atherosclerosis Study(CLAS),20) which was conducted on 
patients with established coronary artery disease, the 
relative risk for non-fatal myocardial infarction or coro-
nary death was increased 2.1 times and the relative risk 
for any coronary event was increased 3.1 times. This 
study is the only study until now to has shown the 
prediction of risk with the progression of IMT and not 
with using the baseline value.20) 
 
Importance of carotid atherosclerotic plaque 

In addition to the IMT, high-frequency ultrasound 
(more than 7 MHz) can easily detect the presence of a 
plaque. However, there are no definitive criteria of athero-
sclerotic plaque; generally, the ultrasound definition of 
plaque is a focal thickening of the arterial wall intruding 
into the arterial lumen and having maximal thickness 
>1.3-1.5 mm(Fig. 1B). However, its measurement has a 
main limitation due to the necessity to express the result 

dichotomously, by the presence or absence of plaque, 
because precise quantitative measurement of a plaque’s 
dimensions via ultrasound is not yet possible. One 
early prospective study in middle-aged healthy Finnish 
men has shown that the presence of carotid plaque 
multiplied the short-term incidence of acute myocardial 
infarction by about three, and the relative risk increased 
up to about seven times if plaque that caused >20% 
stenosis was present.7) A recent prospective popula-
tionbased cohort study on asymptomatic elderly people 
found that the number of plaques in the extra-cranial 
carotid arteries was associated with an increased age-
adjusted risk of cardiovascular mortality in the year to 
come, by about 1.2-fold per 1 μm increase.9) In hyper-
tensive populations, using carotid plaque to predict the 
CVD risk has also been prospectively shown.10)11) Carotid 
plaque is a powerful predictor of stroke or myocardial 
infarction. 
 
Controversies and future direction of carotid IMT 

Measuring the carotid IMT is a safe, noninvasive and 
relatively inexpensive method to detect the early changes 
of atherosclerosis. However, there are several limitations 
to apply this to patients. The measuring method hasn’t 
yet been standardized, but this limitation will be over-
come by the improving imaging technique of ultrasound. 
Further, the normal range, as regard to age and gender, 
must be defined more clearly. Thus, this method can 
be applied as one of the established series of test to 
identify and track the progression of atherosclerotic 
disease.  
 
Computed tomography: coronary calcification and 
direct visualization of coronary stenosis 

This technique has been widely used in Western coun-
tries for screening of asymptomatic individual who have 
multiple risk factors or they are under suspicion for 
harboring coronary artery disease. Coronary calcification 
is a marker of coronary atherosclerosis within the coro-
nary vasculature, and this can be detected and quantified 
by electron beam computed tomography(EBCT)(Fig. 2).21) 
A high deposit of coronary calcium cannot indicate the 
site of a specific vulnerable lesion. However, this finding 

Table 1. Inter-relationship between IMT and cardiovascular incidents

Study Study population Findings 

Finnish 1257 healthy men Increase in IMT of 0.1 mm resulted in an 11% increase of risk for AMI 

ARIC study 13870 patients with cardiovascular disease IMT=1.0 mm is associated with an increased risk ratio of 5 over 7 years 

KIHD 2150 healthy men IMT >1.0 mm-twofold greater increase for AMI over 3 years 
CHS 5116 older adults IMT=1.18 is associated with a fourfold greater risk for AMI and stroke over 6  

years 
CLAS 162 men with coronary bypass surgery Each increase in IMT of 0.03mm per year is related to a relative risk of 3.1 
Rotterdam 1870 elderly subjects Increase in IMT of 0.16mm is accompanied by a risk ratio of 1.4 for AMI or stroke 

over 3 years 
ARIC: atherosclerosis risk in communities, KIHD: kuopio ischemic heart disease risk factor study, CHS: the cardiovascular health study, CLAS:
cholesterol lowering atherosclerosis study, IMT: intima-media thickness, AMI: acute myocardial infarction 
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does suggest the probability of a vulnerable plaque.21) 
Thus, some advanced lesions may exist in the absence 
of calcium, and these lesions exist in the early phase of 
atherosclerosis and acute events are related with soft 
plaque. A few prospective studies have shown that a 
coronary calcium deposit may predict future cardiovas-
cular events in asymptomatic subjects,22-24) but there is 
still debate as to whether the presence of coronary 
calcifications adds prognostic information to that pro-
vided by assessing the traditional risk factors. One study 
showed that the coronary calcium score was predictive 
of hard and soft coronary events in both gender.23) Yet 
another prospective study has shown that coronary 
calcifications do not provide incremental prognostic 
information to the Framingham coronary risk assessment 
of high-risk asymptomatic subjects.24) 

More recently, after the introduction of multislice CT 
(MSCT), coronary atherosclerotic lesion can be seen 
directly.25-27) This method can non-invasively detect arte-
rial stenosis like a coronary angiography, as well being 
able to evaluate the nature of plaque, like intravascular 
ultrasound can(Fig. 3). Therefore, for the high risk 
group, this method can be a promising test for evalua-
ting the presence of coronary obstruction and to predict 
coronary heart disease more consistently than any other 
method. However there are several limitations to be solved, 
such as large amount of radiation exposure, the difficulty 
in cases of arrhythmia and the patients with impaired 
renal function and thyroid dysfunction, and the obese 
patients. In the near future, many studies will illuminate 
the prognostic value of this technique. 
 

Arterial Function Tests 
 
Brachial artery flow-mediated vasodilatation 

Endothelial dysfunction is known as one of the ear-
liest signs of atherosclerosis. Brachial artery flow-mediated 
dilation(FMD) is a promising marker of endothelial 

function, and it can be measured by determining the 
dilatation of the brachial artery due to the release of 
nitric oxide by a transient high blood flow that’s indu-
ced by a few minutes of forearm ischemia.28)29) FMD is 
currently considered as a valuable surrogate marker of 
nitric oxide release. 
 
How to measure flow-mediated vasodilation 

Ultrasound measurement of brachial artery reactivity 
is currently a well established and validated method to 
non-invasively detect endothelial dysfunction.30) FMD 
was assessed by measuring, with ultrasound unit elec-
tronic calipers, the change in the brachial artery diameter 
after 60 seconds of reactive hyperemia, as compared with 
the baseline measurements after the deflation of a cuff 
placed around the forearm that had been inflated to 50 
mm Hg greater than the systolic blood pressure or to 
250 mmHg for 5 minutes.30) High-frequency ultrasound 
measures the extent of flow-mediated vasodilation after 
hyperemia; the shear-mediated NO release causes bra-
chial arterial vasodilation and the magnitude of the 
dilating response is representative of the endothelial 
function.31)32) It means that a healthy endothelium re-
lease more nitric oxide than does diseased endothelium 
(Fig. 4). There is debate on several aspect of the tech-
nique, as regards to upper arm or forearm cuff occlusion, 
and the occlusion pressure. The upper arm occlusion 
produces a greater percent change in arterial diameter 
than does forearm occlusion, and this is caused by higher 
shear stress or the direct effect of ischemia on the bra-
chial artery.33) The change of arterial diameter after upper 
arm occlusion may be influenced by a metabolic effect 
or a myogenic source of the vasodilatory response. 
Therefore, the change of arterial diameter via upper arm 
occlusion results in overall dilatation that may not be 
entirely flow mediated or endothelial dependent. The 
duration of cuff inflation also affects the arterial diameter 
change, and the diameter increases continuously from 

Fig. 3. Multislice CT (right) and coronary angiographic view of LAD artery. Arrow indicate insignificant stenosis of mid LAD artery in angiography,
but MSCT shows significant plaque burden of same site. CT: computed tomography, LAD: left anterior descending, MSCT: multislice CT. 
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30 seconds to 5 minutes. However the change in arterial 
diameter is similar after 5 to 10 minutes of occlusion. 
The baseline arterial diameter also influences the percent 
change of the diameter. The percent change in the 
arterial diameter decreases as the baseline vessel diameter 
increases. Thus, an arterial diameter between 2.5 to 5 
mm is recommended when performing the flow-medi-
ated vasodilation test. The initial reaction time after the 
post-ischemic period was proposed as a new parameter 
of endothelial dysfunction.34) This parameter is more 
accurate than the conventional method to detect endo-
thelial dysfunction, but this method needs validation. 
 
Evidence for endothelial dysfunction as a predictor of car-
diovascular disease  

Clinical outcome studies have demonstrated the 
relevance of endothelial dysfunction for predicting the 
future cardiovascular risk. Neunteafl et al.35) reported that 
those patients with impaired FMD(<10%) had a greater 
rate of revascularization procedures than did those 
patients with a preserved FMD(>10%) in a study on 73 
patients with angina, and with 5 years follow up. Gokce 
et al.36) reported a similar result that brachial FMD is an 
independent predictor for assessing the first 30 days 
post-operative adverse events. However, there is insuf-
ficient evidence to support the FMD as a predictor of 
cardiovascular events. A recent study on participants in 
the Framingham study has shown that the FMD was 
related with many cardiovascular risk factors, suggesting 
that the FMD may be an integrator of the effects of 
cardiovascular risk factors on the arterial wall.37) Moreover, 
several studies have suggested that the brachial FMD may 
have prognostic value in identifying those subjects at risk 
for developing cardiovascular disease,28)35)38)39) but all 
these studies have had a relatively small sample size and 
it is unknown whether this prognostic information is 
independent of, or additional to, that provided by the 
traditional cardiovascular risk factors. 

Controversies and future direction 
Although the FMD test, as a surrogate marker of early 

atherosclerosis, strongly demonstrates that endothelial 
function can predicts the future outcome, it is necessary 
to conduct a study with a large population and long-
term data as to the FMD test’s prognostic value in an 
intermediate risk or low risk group, and this must also 
be determined for a normal range of people, according 
to age and sex difference. 
 
Arterial stiffness 

The definition of arterial stiffness is the material pro-
perty of the arterial wall or the capacitive function of 
the vessel as a whole.41) The arterial system is composed 
of two systems that have different structure. Namely, the 
elastic arteries such as aorta, carotid and brachiocepha-
lic artery, and they mainly serve a conduit and reserve 
function during the cardiac cycle. The second system is 
the muscular arteries that are more distal, and they have 
an active vasodilating effect on medication. The ability 
of arteries to accommodate the volume depends on the 
viscoelastic properties of the arterial wall, which is des-
cribed in terms of compliance(C), distensibility(D), or 
stiffness. Compliance is defined as the change in volume 
(△V) due to a change in pressure(△P), C=△V/△P, 
and D=C=△V/△PV, where V is the baseline volume. 
Stiffness is the reciprocal value of distensibility.42) These 
parameters are dependent on the blood pressure, so the 
arteries become stiffer at high pressure. Ejection of blood 
into the aorta generates a pressure wave that is pro-
pagated to the other arteries throughout the body. This 
forward wave is reflected back by any part of the arterial 
tree, generating reflected waves that travel backward 
toward the aorta. Incident waves and reflected waves 
interact constantly, and the amplitude and shape of the 
blood pressure is determined by their timing. In low 
stiffening arteries, the reflected wave impacts on the 
ascending aorta during diastole, so the reflected wave 
has no influence on systolic BP, and this cause an 
elevation of diastolic pressure, resulting in a boosting 
effect on coronary circulation. In high stiffening arteries, 
the reflected waves impacts on the aorta during systole, 
increasing the systolic pressure and myocardial oxygen 
consumption, and decreasing the diastolic pressure and 
coronary perfusion. Arterial compliance is reduced in 
such pre-atherosclerotic disease as aging, hypertension, 
renal failure and diabetes.42) Therefore, measurement of 
arterial stiffness can be utilized to predict early athero-
sclerotic changes. 
 
How to measure arterial stiffness 

Several methods have recently been developed for 
measuring arterial stiffness. These measurements can be 
performed in superficial arteries, including the brachial, 
carotid, femoral and radial arteries, via such techniques 

Endothelial cell 

Smooth muscle cell

Arginine+O2 Citrulline+NO

Ca2+ calmodulin 

NO synthase 

GTP cGMP Relaxation

NO

Guanylate cyclase 
Fe

Acetylcholine Shear stress 

Nitrate 

Endothelial dependant  

Endothelial independant 

Fig. 4. Mechanism of endothelial-dependant and endothelial-indepen-
dent vasodilation. GTP: guanosine triphosphate, cGMP: cyclic gua-
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such as ultrasound, mechanography and tonometry, and 
often with the assistance of computerized image analysis 
systems such as the echo tracking system.43)44) The stif-
fening component of large artery disease can be detec-
ted by measuring arterial wall motion(distension) or 
pulse wave velocity(generally between carotid and fe-
moral sites) or by quantitative analysis of pulse wave con-
tour(wave reflections). Among them, the measurement 
of pulse wave velocity(PWV) and the augmentation 
index(AI) may have potential for diagnostic applica-
tion.46-49) 
 
Clinical impact of arterial stiffness 

Alterations in the function and structure of the arte-
rial wall are some of the earliest changes of aging and 
atherosclerosis, the same as endothelial dysfunction. 
However, measurement of arterial stiffness provides 
quantitative information regarding the status of the 
elastic properties of the arterial system, and arterial 
stiffening is not necessarily a sign of atherosclerosis; it 
may also represent the effects of hypertension and/or 
aging on the large artery walls.43) Although a large num-
ber of physiological, pharmacological and therapeutic 
studies have used arterial stiffening measures, there is 
not yet sufficient, concordant evidence that arterial 
stiffening might be a predictor of coronary and car-
diovascular events. A few studies of special groups of very 
old subjects or of patients with end-stage renal disease 
have suggested that the aortic pulse wave velocity predicts 
fatal cardiovascular events.50)51) By contrast, a recent study 
in asymptomatic elderly men is inconsistent with the 
latter studies; it showed that stiffness of the carotid 
artery lacked additive prognostic value, and this was 
contrary to carotid artery plaques burden.9) These 
preliminary observations need further validation in larger 
and less specific populations with longer follow-up 
durations. More recently, the Conduit Artery Function 
Evaluation(CAFE) study, which is a substudy of the 
Anglo-Scandinavian Cardiac Outcomes Trial(ASCOT), 
speculated that the central blood pressure transferred 
from the radial arterial pressure wave might explain the 
differential effects of blood pressure-lowering drugs on 
the cardiovascular structure and the clinical outcomes 

in other recent outcome trials.52-54) 
 

Conclusion 
 

The main purposes for detecting subclinical arterial 
disease are to identify asymptomatic subjects, to provide 
additional lifestyle changes or drug therapies and to bet-
ter monitor the effects of therapy. Improved detection 
of asymptomatic high CVD risk individuals is needed 
for better targeting of intensive risk-reduction treatment 
and optimizing the cost-effectiveness of primary preven-
tion. Detection of high CVD risk is still based on 
traditional risk factor assessment in standard clinical 
practice. However, non-invasive imaging methods have 
limitations for accurately diagnosing early atheroscle-
rosis(Table 2). and this may add substantially to the 
prognostic information obtained with using the tradi-
tional risk factors for clinically silent subjects. Improve-
ment of imaging technique and the appearance of new 
imaging modalities may increase the usefulness of ima-
ging tests for making the diagnosis of early atheroscle-
rosis. 
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