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A SURROGATE MARKER OF ATHEROSCLEROSIS
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SUMMARY - Atherosclerosis is chronic, progressive disease of the arterial wall with onset decades prior
to its clinical manifestations. Carotid intima-media thickness (IMT) measurement by ultrasound is an
important tool for evaluation of early stages of atherosclerosis. Also, carotid intima-media thickness can
be used for assessment of therapeutic effect of various regimens. Carotid IMT is sensitive marker of
atherosclerosis. The causal relationship between carotid IMT and the clinical endpoint has been
established on the basis of epidemiological studies and clinical trials. The strength of carotid IMT as a
marker of atherosclerosis is enhanced by the fact that it may yield pathophysiological information at an

early stage of atherogenic process.
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Introduction

Carotid intima-media thickness (IMT) assessed by
B-mode ultrasound is a validated surrogate marker for
atherosclerosis that can efficiently identify and describe
populations at cardiovascular risk and investigate thera-
peutic effect of various regimens. Carotid IMT is also a
substitute for clinical endpoints, and therefore an im-
portant surrogate endpoint. Carotid IMT is sensitive and
more readily available than the clinical endpoint, easy
to evaluate, and the causal relationship between carotid
IMT and the clinical endpoint has been established on
the basis of epidemiological studies and clinical trials.
In intervention studies, the anticipated clinical bene-
fits were deducible from the observed changes in carot-
id IMT. Moreover, the strength of carotid IMT as a sur-
rogate marker is enhanced by the fact that it may yield
pathophysiological information at an early stage of the
disease process.
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Atherosclerosis and Carotid IMT as a Surrogate
Endpoint

Atherosclerosis progression with clinical endpoints
requires prospective epidemiological studies or inter-
vention clinical trials with long follow up time and par-
ticipation of large populations. These requirements have
to be met in order to provide data from which valid con-
clusions about determinants of the disease or efficacy
of a therapeutic intervention can be drawn. As a conse-
quence, such studies consume precious time and finan-
cial resources. To overcome these challenges surrogate
markers are currently the focus of intense attention.
Such markers might be used to investigate determinants
of atherosclerosis at an early stage of the process and
can, subsequently, assess disease modifiers of athero-
sclerosis progression such as lifestyle and pharmacolog-
ical interventions. Criteria for the validity of such mark-
ers as a substitute for clinical endpoints have been pro-
posed'. Three conditions for the validity ascertainment
are stipulated. First, a surrogate marker should be more
sensitive and more readily available (sensitivity and
availability) than the clinical endpoint. Also, the surro-
gate marker should be easy to evaluate (convenient),
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preferably by noninvasive means. Second, the causal
relationship between the surrogate marker and the clin-
ical endpoint (proximity) should be established on the
basis of epidemiological, pathophysiological and clini-
cal studies. This entails a prerequisite that patients with
and without vascular disease exhibit differences in sur-
rogate marker measurements (specificity). Third and
last, in intervention studies, the anticipated clinical ben-
efits (assessment of benefit) should be deducible from
the observed changes in the surrogate marker. The lat-
ter argument implies that it is not just cost and time
that favors the development of surrogate markers. Vali-
dated surrogate markers enable assessment of promis-
ing new drugs in a relatively short period of time at a
relatively low cost compared to clinical outcome meas-
ures, thus obviating the need to await the outcome of
trials driven by clinical events?. Moreover, the strength
of a surrogate marker is enhanced by the fact that it may
yield pathophysiological information at an early stage of
the disease process. Surrogate markers, therefore, have
an inherent value of their own.

Early surrogate markers have originated from tech-
niques available for the clinical assessment of patients
with vascular disease, such as angiography and Doppler
ultrasound. These techniques have significant clinical
relevance but they do not provide useful information on
the early stages of arterial wall thickening prior to le-
sion formation. Doppler ultrasound and angiography can
only visualize luminal changes in the very late stages of
the disease process. Furthermore, both techniques are
inadequate in light of the Glagov effect of initial arteri-
al wall remodeling in the course of atherosclerosis pro-
gression**. In contrast, B-mode ultrasound imaging tech-
nology has evolved to such an extent that the walls of
superficial arteries can be imaged noninvasively, in real
time and at high resolution. Unlike angiography or ‘lu-
minology’, ultrasound imaging can visualize the arterial
wall itself in every stage of atherosclerosis, from ‘nor-
mal’ to complete arterial occlusion. Arterial wall thick-
ness can therefore be measured as a continuous varia-
ble from childhood into old age, in patients as well as in
healthy controls®.

Studies that evaluated the origin of the lumen-inti-
ma and media-adventitia ultrasound interfaces in rela-
tion to carotid and femoral far wall arterial histology have
demonstrated that the distance between these inter-
faces reflects the intima-media complex. Consequent-
ly, this distance is referred to as the intima-media thick-
ness, abbreviated IMT®’. Carotid IMT provides useful
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information on the early stages of arterial wall thicken-
ing prior to lesion formation and is useful in assessing
initial arterial wall remodeling in the course of athero-
sclerosis. Since B-mode ultrasound is noninvasive, these
IMT measurements can be used in observational stud-
ies in healthy populations as well as in atherosclerosis
regression trials, to assess medication efficacy. A group
of international experts have recently started a commu-
nication in order to achieve consensus regarding the ca-
rotid IMT assessment and its use in cerebrovascular
disease (CVD) risk stratification, as an outcome meas-
ure in observational studies and clinical trials, and its
potential use in clinical practice®.

Carotid IMT and Observational Studies

Carotid IMT measured by B-mode ultrasound was
investigated as a determinant of atherosclerotic disease
in the general population. Examples of such large fol-
low up studies are the Cardiovascular Health Study
(CHS), the Rotterdam Study and the Atherosclerosis
Risk in Communities Study (ARIC)®2,

In CHS, among 4476 participants over 65 years of
age without clinical cardiovascular disease, carotid IM'T
was shown to be associated with incident cardiovascular
events over a median follow up time of 6 years’. The
age/sex-adjusted relative risk of myocardial infarction
or stroke for the highest quintile of carotid artery IMT
was 3.87 compared with the lowest quintile®. In the
Rotterdam Study, a single-center prospective follow up
study in 8000 individuals aged over 55, associations be-
tween carotid IMT and stroke, angina pectoris, myocar-
dial infarction, intermittent claudication and essential
hypertension were found during a mean follow up of 2.7
years'!. In ARIC, a study of 15,800 participants, high
resolution B-mode ultrasound was shown to be able to
assess all stages of atherosclerosis. A seemingly small
increase of 0.20 mm in the mean carotid IM'T was shown
to significantly increase the relative risk of myocardial
infarction (33%) and stroke (28%)!2.

Carotid IMT and Interventional Studies

B-mode ultrasound measurements of carotid IMT
have been used extensively to demonstrate the efficacy
of “anti-atherosclerotic effect” of various regimens, pre-
dominantly lipid and blood pressure lowering therapies.
The 4-year Cholesterol Lowering Atherosclerosis Study
(CLAS) assessed the effects of colestipol-niacin thera-
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py in men with previous coronary by-pass surgery and
showed statistically significant treatment effects after
2 and 4 years of therapy". In the Asymptomatic Carotid
Artery Progression Study (ACAPS), a 3-year clinical tri-
al of lovastatin in asymptomatic individuals between 40
and 79 years of age with early carotid atherosclerosis,
lovastatin compared to placebo modified the combined
IMT of 12 carotid artery wall segments'®. The Kuopio
Atherosclerosis Prevention Study (KAPS) investigated
the 3-year efficacy of pravastatin in hypercholesterolemic
men between 44 and 65 years of age. In this trial, the
primary outcome measure (combined IMT of 4 carotid
arterial wall segments) showed near significance and a
highly significant effect on common carotid IMT®. In
the Regression Growth Evaluation Statin Study (RE-
GRESS), a 2-year atherosclerosis regression trial, the
efficacy of 40 mg pravastatin was demonstrated by B-
mode ultrasound of peripheral arteries, which was not
obtained in any of the coronary angiographic parameters
of the REGRESS cohort™.

The SECURE trial (Study to Evaluate Carotid Ultra-
sound changes in patients treated with Ramipril and vi-
tamin E), a substudy of the HOPE (Heart Outcomes Pre-
vention Evaluation) trial, evaluated the effects of long-
term treatment (4.5 years) with the angiotensin-convert-
ing enzyme (ACE) inhibitor ramipril and vitamin E on
atherosclerosis progression among 732 high-risk patients
over age 55'. The SECURE study demonstrated a sig-
nificant reduction in IM'T progression with ramipril (36%),
which could not be explained by the effect of the blood
pressure lowering alone. The progression slope of the
mean maximum carotid IMT was 0.0217 mm/year in the
placebo group, and 0.0137 mm/year in the ramipril 10 mg/
d group (p=0.033). Vitamin E (400 IU/day) had a neutral
effect on carotid IMT.

In a 2-year study of aggressive versus conventional
lipid lowering on atherosclerosis progression (ASAP), the
effects of 80 mg atorvastatin and 40 mg simvastatin were
investigated in 325 patients with familial hypercholes-
terolemia (FH)!. In this trial, aggressive cholesterol
lowering with statins was more effective than conven-
tional statin treatment. Specifically, the study showed
an actual decrease in carotid IMT in the most aggres-
sively treated group (% 51% LDL-cholesterol lowering),
whereas the less aggressive treatment (= 41% LDL-C
lowering) only showed inhibition of atherosclerosis pro-
gression. The outcome of the 1-year ARBITER, a sec-
ondary prevention study in 161 patients with cardiovas-
cular disease and LDL-C of 100 mg/dL, was in line with
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the ASAP findings'. In the pravastatin group IMT sta-
bilized while in the atorvastatin group the IMT de-
creased and showed atherosclerosis regression. Further
LDL-C lowering, even beyond the present guidelines,
may possibly have a favorable effect on arterial walls and
consequently on the occurrence of future cardiovascu-
lar disease.

The recently completed 3-Blocker Cholesterol-Low-
ering Asymptomatic Study (BCAPS) showed a signifi-
cant reduction in progression of IMT in the carotid bulb
for those on the B-blocker metoprolol versus those on
placebo, which was apparent after 1 year and sustained
at 3 years®.

The European Lacidipine Study on Atherosclerosis
(ELSA), a randomized, double-blind trial in 2334 pa-
tients with hypertension, compared the effects of 4-year
treatment based on either lacidipine (a calcium antago-
nist) or atenolol (a B-blocker) on carotid IMT?!. Lac-
idipine had a greater efficacy on carotid IMT progres-
sion and number of plaques per patient despite a small-
er ambulatory blood pressure reduction, indicating an
anti-atherosclerotic action of lacidipine independent of
its antihypertensive action.

In the Prospective Randomized Evaluation of the
Vascular Effects of Norvasc Trial (PREVENT), a rand-
omized placebo-controlled clinical trial, amlodipine (a
calcium channel blocker) had a significant effect in slow-
ing the 36-month progression of carotid IM'T, whereas
it had no demonstrable effect on angiographic progres-
sion of coronary atherosclerosis®.

Standardized B-mode Ultrasound Imaging
Scanning and Reading Protocol

The assessment of carotid IM'T consists of the stand-
ardized scanning (image acquisition) and reading pro-
tocol (off-line analyses). Standardization of image ac-
quisition and reading protocols is essential in accurate
carotid IMT measurements. We present the high-reso-
lution B-mode carotid ultrasound scanning and reading
protocols used in the main large epidemiology studies
and clinical trialg® 11214182325

Carotid IMT scanning protocol

Image acquisition

Subjects are placed in supine position with the head
rotated by 45° to the left using a 45° head pillow. The
jugular vein and carotid artery are located in the trans-
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verse view with the jugular vein visualized above the
carotid artery. The transducer is then rotated by 90°
around the central line of the transverse image of the
jugular vein-carotid artery to obtain a longitudinal im-
age while maintaining the vessels in the mound posi-
tion. In addition to the jugular vein above the carotid
artery, all images contain anatomical landmarks for re-
producing probe angulations, including visualization of
the carotid bulb. For each individual, the depth of the
field, gain, monitor intensity setting, and all other ini-
tial instrumentation settings used at baseline examina-
tion are maintained for all follow up examinations. A
hardcopy of each individual’s baseline image is used as
a guide to match the repeat image to the baseline im-
age. This is a direct visual aid method for reproducing
probe angulations that has resulted in significant reduc-
tions in measurement variability between scans®1023-25,

All examinations are recorded on the high-speed hard
drive in real-time from a single image frame pass. Ultra-
sound scans are recorded in digital format, compressed
and saved as JPEG files. Image acquisition and image
scans are digitized according to DICOM standards,
which allow for high quality ultrasound image capture,
the ability to control measurements from image acqui-
sition to regulatory guidelines for drug trials using im-
age based measurements as endpoints.

Carotid IMT scanning protocol

The carotid IMT protocol consists of scanning the
carotid arteries longitudinally in three segments, using
the lateral extent of each carotid segment as defined
relative to the tip of the flow divider, which is normally
the most clearly defined anatomical reference in the
proximity of the carotid bifurcation. The carotid seg-
ments are defined as: 1) near wall and far wall of the
segment extending from 10 to 20 mm proximal to the

tip of the flow divider into the common carotid artery
(CCA); 2) near wall and far wall of the carotid bifurca-
tion beginning at the tip of the flow divider and extend-
ing 10 mm proximal to the flow divider tip; and 3) near
wall and far wall of the proximal 10 mm of the internal
carotid artery (ICA). Using fine transducer angulations
to clearly display both the blood-intima and media-ad-
ventitia boundaries on both the near and far walls of the
artery, the transducer is moved towards the mandible
until the lumen area increases with the appearance of
the carotid bifurcation, and finally the internal carotid
artery is visualized. The focus is positioned at the 40-
mm depth of the near or the far wall depending on the
optimized image during the scanning.

Carotid IMT reading protocol

Measurements of carotid IMT are performed off-line
using semi-automated or automated edge detection
image analysis software. Recorded image sequences are
reviewed frame-by-frame to select the best quality im-
ages for measurement. On each frame, the visualized
blood-intima and media-adventitia boundaries are
marked with a mouse-controlled caliper within the de-
fined segment. Leading edges are traced with the cali-
pers for measuring the far walls, and trailing edges are
traced for measuring the near walls (Figure 1.).

Total carotid IM'T is calculated as a composite meas-
ure (mean of the 12 sites) that combines the near and
the far wall of the maximal CCA IMT, the maximal bi-
furcation IMT, and the maximal ICA IM'T of both sides
of the neck.

Carotid IMT is measured in all carotid segments out
of the proportion of plaques. If plaques are present in
any of the pre-specified carotid IMT segments, the
maximal carotid plaque thickness (MCPT) is meas-
ured®?. Atherosclerotic plaques are defined as an area
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of focal wall protrusion or focal thickening by more than
50% greater than the surrounding wall thickness. Meas-
urements of MCPT in mm are performed at the high-
est plaque prominence in any of the three carotid artery
segments assessed from the multi-angled images.

Carotid IMT and automatic computerized edge
tracking (ACET)

The method of computerized edge tracking-multi-
frame processing of B-mode ultrasound images repre-
sents a technological advance for determining arterial
lumen and wall dimensions with direct applicability to
noninvasive imaging of atherosclerosis?-?® (Figure 2.).

The application of the computerized multiframe
image processing ACET method to all of the processa-
ble frames generates a sequence of carotid IM'T. There-
fore, ACET processing of B-mode ultrasound images is
a highly reproducible, readily available improved meth-
od for evaluating IM'T; plaque and arterial diameter?*-.

Carotid IMT measurement issues

The intra-observer and inter-observer variability of
the carotid IM'T measurements is of particular impor-
tance. Our reliability studies of carotid IMT using the
semi-automated IMT measurement technique as well
as the automatic edge detection system were satisfac-
tory. In a sample of 88 stroke-free community subjects
from the Northern Manhattan Study (NOMAS), the
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mean absolute difference in carotid IM'T between two
sonographers was 0.192+0.36 mm, variation coefficient
7.5%, correlation coefficient 0.87, and percent error 8.6%.
The intra-sonographer mean absolute IMT difference
was 0.07+0.04 mm, variation coefficient 5.4%, correla-
tion coefficient 0.94, and percent error 5.6%%. These
results were similar to those published in other stud-
ies®.  Reproducibility of IMT measurements was,
however, worse in studies which included measurements
of the ICA and bulb as opposed to studies limited only
to the CCA*101214-182931 " "The use of the computerized
edge detection and multiframe image processing meth-
od improved the reproducibility of these measurements.
In a sample from NOMAS, the mean absolute differ-
ence in carotid IM'T between two readers was 0.09+0.04
mm and variation coefficient 1.5%.

Conclusion

Atherosclerosis is a protracted disease process of the
arterial wall with onset decades prior to its clinical man-
ifestations. To understand the determinants of the proc-
ess and to develop therapeutic approaches requires life-
long follow up if clinical endpoint data are used. This
approach needs extensive time and resources. There-
fore validated surrogate markers for atherosclerosis that
can efficiently identify and describe populations at car-
diovascular risk and investigate therapeutic regimens
have drawn increasing attention. B-mode ultrasound
intima-media thickness measurement is an important
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tool for evaluation of arterial wall remodeling and may
be used as a valid surrogate marker of atherosclerosis in
CVD risk prediction and surrogate endpoint in inter-
ventional clinical trials.
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DEBLJINA INTIME MEDIJE KAROTIDNIH ARTERIJA: ZAMJENSKI BILJEG ATEROSKLEROZE

T’ Rundek i V. Demarin

Ateroskleroza je kroni¢na progresivna bolest stijenke arterija koja pocinje desetlje¢ima prije klinickih manifestacija.
Mjerenje zadebljanja intime i medije karotidnih arterija ultrazvukom je znacajna metoda za procjenu ranijih stadija
ateroskeleroze. Osim toga, mjerenje zadebljanja intime i medije karotidnih arterija mopze posluziti za procjenu u¢inka razli¢itih
terapisjkih postupaka. Zadebljanje intime i medije karotidnih arterija je osjetljiv pokazatelj ateroskleroze. Utvrdena je uzro¢na
povezanost zadebljanja intime i medije karotidnih arterija i klini¢kog ishoda temeljem epidemioloskih studija i klini¢kih pokusa.
Znacdaj zadebljanja intime i medije karotidnih arterija kao pokazatelja ateroskleroze je povecan ¢injenicom da moze pruziti

Kljuéne rijeci: Karotidne arterije — patologija; Cerebrovaskularne bolesti — patologija; Cerebrovaskularne bolesti — etiologija;
Arterioskleroza — dijagnostika
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