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Abstract

Rheumatoid arthritis (RA) is consider as an independent cardiovascular (CV) risk factor and it is associated with increased cardiovascular disease (CVD) mortality
and morbidity. Also, RA patients have increased risk of sub-clinical vascular disease compared to their matched controls as shown by high prevalence of carotid
artery disease. This subclinical vascular disease was evaluated using the carotid artery intima-media thickness (cIMT) as measured non-invasively using B-mode
ultrasound and has been proposed as an early manifestation of atherosclerosis. This literature review aims at analysing the role of cIMT in investigating the subclinical

atherosclerosis in RA.

Abbreviations: CCA: Common carotid artery; CHD: Coronary
heart disease, cIMT: Carotid intima-media thickness, CRP: C-reactive
protein; CV: Cardiovascular; CVD: Cardiovascular disease; ED:
Endothelial ~dysfunction; IMT: Intima-media thickness; RA:
Rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) patients have significantly increased
mortality and morbidity as a result of CVD and cerebro-vascular
disease [1]. Laboratory, clinical and epidemiological studies suggest
that immune dysregulation and systemic inflammation play an
important role in the accelerated atherosclerosis of RA [2,3]. Although
cardiovascular (CV) events are major consequences of RA, these
complications develop over years, and the time course of epidemiologic
and clinical studies has been reduced by using B-mode ultrasound
measurement of carotid intima-media thickness (cIMT) and carotid
plaque to study early atherosclerotic changes non-invasively [4]
(Figure 1). cIMT values measured by ultrasound correlate closely with
direct measurement of local and systemic atherosclerotic burden in
pathology studies and with clinical CV endpoints [4-6]. Single cIMT
measurement is of correspondent to the commonly used risk factors for
the prediction of CVD [7]. Therefore, number of studies demonstrated
the presence impaired cIMT in RA [8-21], and the change in the cIMT
found to be helpful in assessing possible effect of RA drug treatment on
CVD risk [22].

Ultrasonographic assessment of common carotid atherosclerosis is
a feasible, reliable, valid and cost-effective method for both population
studies and clinical trials of atherosclerosis progression and regression
[23]. Several studies have demonstrated sub-clinical atherosclerosis
in established and in early RA patients, either by increased cIMT or
presence of carotid atherosclerotic plaque [8,11-13,15,20,21,24].

Even though atherosclerotic disease may remain asymptomatic for
decades, its first manifestation can be severe, even fatal. For this reason,
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Figure 1. Ultrasound scan of the carotid artery, with labelled anatomic and ultrasonic
features

early primary prevention of atherosclerosis and efforts to ameliorate its
progression has become important goals in medicine. The non-invasive
nature of B mode ultrasonography makes it ideal for screening the
presence of CVD and for longitudinal studies. cIMT measures of the
far wall for both right and left carotid arteries were obtained. Using the
far wall has the advantage that it is the clearest target for measurement
and the easiest segment to re-image in a reproducible fashion, Figure
1. Dedicated software for the automated measurement of the cIMT
are available, eliminating reader bias and variability that significantly
contributes to the noise associated with cIMT measurement. It also
reduces measurement error related to repeated measurements in long
studies and variability between the measurements [25]. Crouse, et
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al. found that the repeatability of IMT measurements varies among
segments and is greatest for far walls and common segments [26].

Furthermore, it is known that vascular structure changes very
slowly over time, thus it been proposed that IMT measured at a single
time point, is likely to be an excellent reflection of an individual’s past
exposure to risk factors.

Carotid intima-media thickness (cIMT) as a proxy measure
for atherosclerosis

In the 1980s, several studies concluded that B-mode ultrasound
imaging represent a useful approach for measurement of cIMT [4,27-
31]. Since then, great number of studies analysed the relationship of
cIMT to different diseases including RA. cIMT is a well-validated
surrogate measure of the risk of coronary and cerebrovascular disease
in an individual. Higher ¢cIMT has been shown to predict future
ischemic cardiac and cerebral events among people in asymptomatic
populations [32,33]. It been shown that the strength of the association
between cIMT and myocardial infarction was at least as strong as the
association seen with traditional risk factors [34].

In several prospective follow-up studies cIMT has been used
as a determinant of an outcome, or as an outcome variable to study
determinants of progression of vessel wall abnormalities [35-37]. cIMT
thickness may be used in clinical trials to study the efficacy of non-
pharmacological and pharmacological interventions on progression
or regression of the atherosclerotic process. This application of the
measurement assumes that changes in cIMT parallel changes in
cardiovascular risk, through a common mechanism.

Basic principles of ultrasound physics and imaging

When ultrasound pulse waves that propagate through the body
come to the boundary between two tissues a certain amount of sound
energy is reflected at the interface, while the remainder propagates on
into the second tissue. The amount that is reflected depends on the
difference in acoustic impedance of the two tissues. Acoustic impedance
is defined as the product of material density and the speed of sound.
When ultrasound pulse (wave) propagates through the layers of the
carotid artery, reflections of echoes may occur at the interface between
adventitia and media, media and intima, intima and lumen, if a large
enough difference in acoustic impedance exists between the different
tissue structures. Whether the reflected echoes will be detected or not
depends on the amount of reflected energy in relation to the sensitivity
of the ultrasound instrumentation. Better resolution is achievable at
higher transducer frequencies, on other hand attenuation; sound energy
loss because of scattering and absorption become more pronounced at
higher frequencies. Therefore, compromise between resolution and
depth of penetration which affect the attenuation degree is required.
A good ultrasound imaging of carotid artery can be achieved by a
transducer with a wavelength between 5 and 10 MHz depending on
how deep the vessel is [38].

Feasibility, reliability, validity and cost effectiveness of cIMT
ultrasound

A carotid artery ultrasound is of interest because of it is easy
accessibility. It has been suggested that ultrasonographic assessment
of cIMT is a feasible, reliable, valid and cost-effective method for both
population studies and clinical trials of atherosclerosis progression
and regression [23,39]. The reliability of this measurement has been
well characterized by several groups. Its reproducibility decreases with
increasing values of cIMT, but overall figures indicate inter-observer
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coeflicients of variation of 5-10% [40,41], although some reports are
as high as 18% [42,43].In addition, it is inexpensive, can be used in
asymptomatic subjects, can be carried out repeatedly, thus reducing the
necessary sample size, is safe, and can be used to quantitatively measure
structural changes in the wall of superficial large arteries [39].

What is normal cIMT?

The American Heart Association Committee has attempted to
define the normal arterial intima. In their view, some arterial segments
have particularly thick intima, related to the carotid bifurcation. This
bifurcation-related thickening has been termed “eccentric intimal
thickening”, “intimal cushion’, or “intimal pad” In straight, non-
branching arteries, such as the distal 1 cm of the common carotid artery
(CCA), “normal” intimal thickness is small and comprises a single
layer of attenuated endothelial cells over a thin layer of sub-endothelial
connective tissue. Both layers give a measure of =~ 0.02 mm thickness.
Because of this small size they cannot be discerned with B mode
ultrasound techniques. Therefore, the majority of IMT in a normal
CCA is composed of the tunica media [23]. It has been reported that
the average thickness of the combined media and intima in a normal
CCA varies in middle aged men between 0.7 and 1.2 mm, depending
on age [44] (Figure 2).

On the other hand, it has been demonstrated that the intimal
layer is very thin in straight, non-branching arteries where median
intimal cell layer account for 2.5% (0.02-mm) and the median IMT of
approximately 97.5% (0.8 mm) [45]. As a result, most of the observed
IMT in these regions is from the media rather than intima. In more
diseased arteries, the proportions likely approach 20 % intima and
80% media. However, plaque formation is largely a result of intimal
thickening. It is therefore possible that IMT fails to accurately reflect
risk for CAD [46].

cIMT, age and sex

Different risk factors may vary in its relevance at different stages
of atherogenesis. Stensland and colleagues have suggested that CV
risk factors that have a stable effect across age could be important
in initiating atherosclerosis, whereas risk factors with increasing
effect with age, such as hypertension and dyslipidemia, may be more
associated with the progression of atherosclerosis [47].

The EVA study [48] reported an atherosclerotic progression rate of
approximately 0.01 mm per year in the common cIMT after 4 years in a
study population composed of volunteers aged 59-71 years. Comparison
of the results of the studies that estimated the rate of progression from

Figure 2. Ultrasound scans of the carotid artery (A) 45-year-old male (B) 70-year- old
male; both are RA patients and free of traditional cardiovascular risk factors
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cross-sectional observation yields a progression rate for the CCA IMT
of 0.0092 mm per year for women and 0.0099 mm per year for men.
Hannawi, et al. found that cIMT at early onset rheumatoid arthritis
was significantly associated with male gender, and there was a similar
trend for cIMT progression. They explained that it might be a result
of overwhelming effect of RA-associated inflammation on the usual
sex-cIMT progression relationship [21]. Others suggested that the
sex differences in terms of cIMT are partly attributable to differences
in carotid lumen diameter and may therefore reflect differences in
physiology rather than differences in vascular damage [49].

Usual protocol for common cIMT assessment

Carotid intima-media thickness (cIMT) imaging

cIMT ultrasound examination is carried out at the room temperature.
Patients coffee consumption and cigarette smoking in the day of the
study. cIMT of the CCA, it is recorded while the subject in the supine
position and the head slightly extended. the recording session usually
take approximately 30 minutes. The most commonly used practice is to
record cIMT is three times of each side, with anterior, lateral oblique
and posterior oblique views, in order to increase the visualization of
the arc of carotid wall. This method permits the determination of the
proper mean values for IMT. Gain settings may be altered on individual
basis to optimize the images view. When suitable images were obtained
(at end-diastole), these to be frozen on the ultrasound monitor for
capture.

cIMT measurement

Analyses best carried out on frozen images via ECG triggering (lead
II) - top of R-wave- to minimize variability depending on changes in the
IMT and lumen diameter occurring during the cardiac cycle [23,50].
The interface of the distal CCA was marked over a length of 10 mm. The
beginning of the dilatation of the distal CCA served as a reference point
for the start of the measurement. The measures only involved the far
wall IMT, according to the leading-edge principle. IMT is defined as the
distance from the leading edge of the first echogenic (bright) line to the
leading edge of the second line; each tissue interface produces an echo
if there is sufficient difference in structure, i.e. in acoustic impedance;
this allows detection of small structures whose dimension is beyond the
resolution limit (Figure 3). Thus, the anatomical location of a biological
structure is always defined by the leading edge, and the thickness of
an anatomical entity as the distance between the leading edge of two
different echoes [51]. Using the mean of several cIMT measurement
rather than a single maximum measure, is generally an accepted
method of measurement [25]. Some use the average IMT of six frozen
images to be calculated and mean cIMT ((left + right)/2) was taken as a
measure of the wall thickness of the distal CCA [25].

Measurements should be made at a mineralized (“hard”) plaque,
as the echogenic shadow resulting from mineralization usually renders
the medial-adventitial interface invisible. As the ultrasonography
interfaces are less sharp in the carotid bulb and as the carotid bulb may
not be accessible for all subjects, the IMT should not be measured at the
carotid bulb even though the IMT is typically greater there than in the
CCA. Anatomically, such ultrasound measurement of IMT has been
shown to closely relate to the histological measurement of combined
IMT in pathological specimens [4,52].

Carotid plaque is defined as a focal widening relative to the adjacent
segments, with protrusion into the lumen composed of calcified deposits
(hard plaque), non-calcified deposits (soft plaque) or a combination of
calcification and non-calcified material (Figure 4). Plaque is considered
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Figure 3. Ultrasound of the common carotid artery, showing the automated IMT
measurement

Figure 4. Ultrasound scan of the carotid artery, showing (A) non-calcified, (B) calcified
carotid artery plaques

present if visualized in the full diameter of the vessel; i.e. both the
proximal and the distal parts of the plaque are attached to the typical
double-lined intima-media structure and the double lines are also
visible on the opposite side of the lumen [53].

On the other hand, it is conceivable that certain risk factors might
have different associations with different segments of the carotid
artery [54]. If site-specific effects dominate IMT progression in the
carotid artery, its measurement may not uniformly reflect systemic
atherosclerosis presence or progression. Moreover, the estimates
based on a segment of 1 cm distal to the carotid bifurcation of the far
wall alone might underestimate the true strength of demonstrated
associations between cIMT and the atherosclerosis risk including RA
or any other CVD risk factors [54]. Additionally, stronger association
of inflammation with IMT of the bifurcation and internal carotid
artery compared with associations with the IMT of the CCA might
be suggested on the bases of the greater turbulence of flow identified
at those sites. Data from the asymptomatic carotid artery progression
study (ACAPS) indicate that averaging across greater numbers of walls
increases the stability of the measure [55].

Limitations of cIMT assessment

cIMT measurement has number of limitations. Firstly, the
thickening may not reflect the atherosclerosis but may merely be an
adaptive response to changes in shear stress, lumen diameter, tensile
stress and pressure [32,56]. Therefore, it has been suggested that cIMT
should be considered relative to the CCA diameter. Secondly, compared
with other large arteries such as the coronary arteries, atherosclerosis
of the CCA tends to develop relatively late in life [32,57]. Thirdly,
the reproducibility of cIMT evaluation depends on the performance
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of the sonographer/reader and also on the technique used for image
processing [58]. Fourthly, one of the limitations when comparing the
degree of atherosclerosis in peripheral and coronary arteries is that
different methods are used. IMT is the main variable studied in carotid
artery ultrasonography, whereas with coronary angiography, residual
lumen or relative stenosis is measured and not wall thickness [59].
Glagov, et al. suggested that a large increase in wall thickness due to
atherosclerosis may be seen both in coronary and in carotid arteries
before a decrease in lumen diameter and stenosis development occur.
Therefore, it is to be expected that ultrasound and coronary angiography
will give different findings during the early stage of atherosclerosis [56],
which might indicate that at early stages of atherosclerosis, cIMT may
not represents coronary atherosclerosis. Fifthly, although some studies
have demonstrated that cIMT corresponds well with pathological
findings [60], others show that the distance between the two leading
edges in the far wall corresponds best with total wall thickness,
including adventitia, and not with the extent of the intima-media
complex alone [61]. Sixthly, gray scale ultrasound is limited in its ability
to detect progression or regression of carotid atherosclerosis over time
in unselected, asymptomatic subjects [62]. Seventhly, disorders of the
arterial wall, such as myointimal hyperplasia and/or hypertrophy, due
to carotid wall shear stress and/or tensile stress alteration may induce
a compensatory and/or pathological increase of cIMT [63], so last but
not least, myointimal hyperplasia resulting from iatrogenic (injury)
causes such as surgical injury may increase cIMT [64].

Conclusion

Relative to the other easily obtainable and established risk factors,
use of cIMT as a screening and classification tool for atherosclerosis
in general and in RA patients, would need further assessment in
a large population. In addition, studies of these measurement in
different populations, geographical locations and ethnic groups may
be of importance. Also, possibly having a specific population cIMT
measurement as a reference is of vital importance for futures studies,
both in clinical uses and in research tools. Multiple measurements
and views of the obtained image is important to the accuracy of the
obtained value. None the less, cIMT is a valuable non-invasive early
manifestation of atherosclerosis. Hence, it is important to pursue,
especially as it has been found that a single cIMT measurement is
of equivalent importance to the commonly used risk factors for the
prediction of coronary heart disease and cerebrovascular disease.
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