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CHAPTER

Can and should carotid
ultrasound be used in
cardiovascular

risk assessment? - the
internist’s perspective
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ABSTRACT

Cardiovascular risk management is a major and challenging task for internists.
Risk scores using algorithms based on traditional risk factors are helpful in
identifying patients in whom intensive prevention strategies are warranted or
can be withheld. However there remains a need for more accurate screening
tools to allow clinicians to individualize the primary prevention programs to
their patients.

Approximately 40-80% of apparently healthy, asymptomatic subjects exhibit
increased thickness of the lamina intima-media of the carotid artery or have
atherosclerotic carotid plaques. These abnormalities can be measured safely
and at low cost by ultrasound. Subclinical carotid lesions are strongly associated
with generalized atherosclerotic burden and the risk of future cardiovascular
events. Although many cardiovascular risk management guidelines recommend
the use of these parameters incorporation in clinical practice is still not
commonplace.

Based on the current literature it seems that in high risk patients there is
no additional value of the measurements because even in absence of carotid
lesions these patients should receive an intensive risk reduction regime. In the
large low-intermediate risk group however carotid ultrasound findings seem to
carry subtle but possibly clinically relevant information about cardiovascular
risk profile. The effect of treatment decisions based on carotid ultrasound
parameters has not been studied and they should only be made in conjunction
with all other cardiovascular risk factors. Sequential measurements to monitor
progression and evaluate treatment response on an individual basis are not
sufficiently reproducible and are therefore not recommended.
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INTRODUCTION

Case example

During your outpatient clinic you are visited by a 55 year old male. He has been
under your care for cardiovascular risk management for the last 3 years. You are
treating him for hypertension, with a thiazide diuretic and an ACE inhibitor; his
blood pressure is relatively well regulated with values around 140/85 mmHg.
His BMI is 32 kg/m? with predominantly visceral adiposity. Fasting blood glucose
levels are slightly elevated but HbA1c is normal and stable. His LDL-C is 3.2
mmol/L with an HDL of 0.9 mmol/L, fasting triglycerides are 2.2 mmol/L. He has
no specific complaints, leads a sedentary lifestyle which makes it difficult for
you to determine whether he has angina on exertion. You have advised him to
stop smoking and two months ago he quit after 35 packyears.

Your Framingham risk calculator tells you that he is currently at intermediate
risk for suffering a heart attack in the next 10 years (15.3%). This does not warrant
more aggressive management of his cardiovascular risk factors. However your
clinical intuition gives you an uneasy feeling about your patient partly because
had he not quit smoking his risk score would be significantly higher (28.4%) and
the impending diabetes is not taken into account in the prediction model. All
your efforts during his visits are aimed at determining whether the obviously
present risk factors have led to the development of atherosclerosis. If so, you feel
it is justifiable to aim for secondary prevention targets for blood pressure and
lipids and are considering adding a statin and aspirin to his treatment regimen.

Could ultrasound examination of the carotid arteries of your patient help
you decide? Although many guidelines on cardiovascular disease prevention
recommend using cIMT and carotid plaque detection in risk assessment
strategies its implementation in clinical practice is still not commonplace. This
may partly be explained by conflicting data on the additional value of IMT above
risk assessment tools such as the Framingham (40) PROCAM (41) and SCORE (42)
algorithms among others.

The current review will summarize the pathophysiological and epidemiological
basis for the use of IMT measurement and carotid plaque detection as possible
predictors of future cardiovascular events. Technical and methodological
considerations important for the interpretation of results will be addressed first.
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Three main issues considering clinical applicability in individual patients will be
discussed:

e Is the presence of subclinical carotid atherosclerosis
representative of generalized and particularly coronary
atherosclerosis?

» Does the presence of subclinical carotid atherosclerosis increase
the risk of suffering a cardiovascular event?

» Can progression of subclinical carotid atherosclerosis be used
to monitor the efficacy of cardiovascular risk management in
individual patients?

The review will conclude with recommendations on implementation of carotid
ultrasound in individual risk stratification.

Technical and methodological considerations

B-mode ultrasound imaging is able to visualize the intima-media complex of
large arteries. The thickness of these vascular structures can be measured
offline. Several autopsy studies have validated these measurements and found
them to be highly accurate when compared with histological findings in the
same arterial segment (43) (14). Early atherosclerotic changes in these arteries
(smooth muscle cell proliferation, fatty streaks and non-stenotic plaques)
can be detected by thickening of these vascular structures (figure 1). Carotid
ultrasound is able to visualize morphological changes in the arterial wall, before
the advanced stages of atherosclerosis are reached. It is therefore possible
to identify vascular damage in patients before they develop clinical signs and
symptoms.

In a substantial percentage of asymptomatic adults this form of subclinical
atherosclerosis is present. Salonen et. al. observed lesions in 80% of male
subjects in the general population by the age of 60 years. (44) Carotid ultrasound
is a non-invasive, safe and inexpensive imaging modality. However, there is as of
yet no standardized international imaging protocol dictating how to perform IMT
measurements and plaque detection. In general, all current ultrasound devices
provide sufficient resolution to assure accurate measurement, figure 2 shows a
representative example.
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Figure 1| Schematic representation of the progression of arterial atherosclerosis over a
period of decades.

A) Normal arterial architecture as seen in healthy young subjects. B) Formation of fatty streaks in
de arterial wall can be seen in post-mortem microscopy as early as in adolescence and represents
a physiological vascular response to injury. Although these arterial changes can be a precursor of
manifest atherosclerosis, absence of or adequate management of vascular risk factors can keep
progression in check. Current imaging techniques are unable to objectify or quantify these subtle
changes. C) With advancing age and under the influence of vascular risk factors the fatty streaks can
progress to overt intimal thickening. In this stage of the atherosclerotic process the artery responds
by an outward remodelling. The artery hereby preserves its lumen diameter and flow. Imaging studies
with angiography and Doppler duplex will therefore not detect this early stage of atherosclerosis.
Ultrasound measurement of intima media thickness however is sensitive enough to identify these
lesions. D) Finally the atherosclerotic plaque starts encroaching into the lumen causing flow changes
and stenosis which lead to tissue dysfunctions downstream. In this stage all imaging modalities are
useful in diagnosing and evaluating the lesions, however a window for early intervention has passed.

Figure 2 | Representative example of a longitudinal, cross-sectional carotid ultrasound
image of a 62-year old male patient (a). The blue box shows an example of a region of
interest for computer aided edge detection (green dotted lines). The distance between
the green lines represents the IMT.
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Ultrasound investigations are prone to operator variability, but several
studies show excellent inter- and intra-observer reproducibility in the case
of IMT measurement (45) (46) (47). The most frequently used location for the
measurement is the most cranial one centimeter of the common carotid artery,
but the carotid bifurcation and the internal carotid artery are other possible
sites for measurement. Further differences in protocols arise because most
authors calculate the mean IMT over one centimeter whereas others use the
maximum value. As atherosclerosis is an asymmetrical process the angle at
which the artery is approached by the operator can vastly influence the end
results. Some authors try to limit the variance this causes by measuring IMT
at several angles and using the mean value. Unilateral versus the average of
bilateral measurements is another factor limiting uniformity. Due to these and
other factors it remains unclear how to define normal IMT values. In healthy
young adults IMT will be approximately 0.5mm slowly increasing with age. It
is unclear where the threshold for higher cardiovascular risk lies and if this
threshold is comparable in different populations (diabetics vs. non-diabetics;
men vs. women; CKD vs. non-CKD; ethnic differences etc.). cIMT values exceeding
0.9mm are thought to imply increased cardiovascular risk. Atherosclerotic plaque
is defined as a focal structure that encroaches into the arterial lumen of at least
0.5 mm or 50% of the surrounding cIMT value or demonstrates a thickness >1.5
mm.

Association with atherosclerotic burden

Increased IMT or the presence of plaque in the carotid artery has been directly
correlated to coronary artery and overall atherosclerotic burden in several
autopsy studies (48) (49). Iwakiri et al. recently published findings in 111
autopsy studies in which they found a positive association between cIMT and
coronary intima media thickening (R=0.31, p>0.001). Although the correlation
is statistically significant the strength of the association is modest. Abnormal
cIMT in these subjects was also linked to the presence of a necrotic core in the
atherosclerotic lesions. Fifty percent of subjects in the lowest tertile of cIMT
demonstrated vulnerable plaques at various vascular beds. This increased to
80% in subjects with increased IMT. The cutoff point for the lowest tertile was
<1,09Tmm. A cIMT value of <0.9mm is generally seen as the clinical threshold
for higher cardiovascular risk. It would be of interest to know whether subjects
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under this clinical cut-off point had less plaque burden or histologically less
vulnerable plaques but these data were not published. The findings of this
autopsy study support the hypothesis that carotid atherosclerosis represents
more generalized vasculopathy but also suggest that the absence of carotid
atherosclerosis does not necessarily exclude coronary pathology.

The association has also been studied in vivo. Increased cIMT and/or carotid
plague predicted coronary pathology in quantitative coronary angiography
studies (50) (21), intravascular ultrasound examination (20), coronary
calcification scores (51) and myocardial scintigraphy studies (22). The strength of
the correlations are yet again modest at best (R=0.23-0.44) but all the findings
were statistically significant and consistent. Most authors conclude that cIMT
measurement and plaque detection may be useful as a non-invasive tool to
approximate the presence of coronary artery disease. Whether asymptomatic
patients with abnormal carotid ultrasound findings therefore require a more
intensive CVD risk management strategies remains unclear.

Epidemiological evidence

Table 1lists the population-based studies examining the association of cIMT with
cardiovascular risk. It can be concluded that all current prospective data confirm
the correlation between abnormal carotid ultrasound findings and elevated risk
for future cardio- or cerebrovascular events. After correction for traditional
risk factors the strength of association attenuates but cIMT and carotid plaque
presence appear to be independent predictors. The strength of the association
varies between a 20% and a 5-fold risk increase depending on the outcome
parameter studied (MI, stroke and/or death), carotid scanning protocol segment
used (internal carotid, external carotid, bifurcation, inclusion of plaque) and the
level of statistical correction.

Whether this justifies its use in a routine cardiovascular screening setting is
dependent on the additional predictive power of carotid ultrasound above the
current standard risk prediction models. Analyses of the Framingham offspring
and MESA studies as well as a recent meta-analysis have addressed this issue. In
2011 Polak et al. published data from the Framingham offspring study. A subset
of 2965 members of this cohort underwent cIMT measurements. During the 7.2
years of follow-up 296 participants suffered a cardiovascular event. The same
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authors recently reported their findings in het MESA-study population. A total of
6562 subjects were followed for an average of 7.8 years. A base prediction model
was able to predict 74,3% of all CVD events [95% Cl: 72.4-76.2], 72.9% of coronary
events [95% Cl: 70.5-75.2] and 77.4% of cerebrovascular events [95% Cl: 73.9-80.9].
Presence of subclinical carotid atherosclerosis (plaque or increased cIMT) was
significantly and independently associated with future events with hazard ratios
ranging from 1.21 [95% Cl: 113-1.30] for maximum cIMT in the internal carotid
artery to 1.65 [95% Cl: 1.34-2.03] for stenotic plaque. The predictive power of
a model containing ultrasound parameters was slightly better than the base
model. The increase in C-statistic regarding all cardiovascular events was
marginal (0.46%-0.65%) but statistically significant. Looking at cerebrovascular
events alone, the addition of carotid ultrasound findings did not significantly
impact the performance of the baseline model. For coronary events cIMT and
plaque presence appeared to be more relevant in this population. Including
these parameters improved predictive ability of the base model by 0.89%-
1.31%. Perhaps a more clinically relevant parameter is the net reclassification
improvement (NRI) (63). This statistic quantifies in how many subjects the risk
classification (low, intermediate, high) was rightly changed by taking cIMT and
plaque presence into account. For coronary artery events the NRI was statistically
significant for all ultrasound parameters and strongest for maximum IMT in the
internal carotid artery (7%) and presence of stenotic plaque (5%).

Den Ruijter et al. combined the data from 14 large population based cohorts
resulting in a database of 45.828 individuals without know cardiovascular
disease (64). During a median follow-up of 11 years 4007 first time myocardial
infarctions or strokes occurred. A model based on the Framingham Risk Score
performed reasonably well in predicting the clinical events (75.7% [95% Cl: 74.9-
76.4]). Adding common carotid IMT to this model did not significantly improve
performance of the model (75.9% [95% Cl: 75.2-76.6]). In the entire cohort more
than 90% of subjects stayed in the same risk category after adding cIMT values.
Therefore the net reclassification improvement was marginal (0.8% [95% Cl 0.1%-
1.6%). The added value of cIMT improved slightly when subjects at intermediate
risk alone were analyzed. In this subset the net reclassification improvement
was approximately 4%. In patients with diabetes there was no effect on the area
under the ROC or net reclassification improvement observable. The authors
conclude that although cIMT improves risk prediction, especially in intermediate
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risk patients, the additional value is too marginal to warrant its use.

Carotid atherosclerosis progression and cardiovascular risk

Several randomized intervention studies have shown that pharmacological
interventions (statins, niacin, anti-hypertensive drugs, etc.) can slow cIMT
progression when compared to a placebo control group. The suggestion in these
trials is that limiting progression may lead to fewer future cardiovascular events.
To clinicians it may therefore seem that sequential measurements of IMT to
monitor progression can serve as a tool in evaluating the efficacy of individual
cardiovascular risk management strategies. However there are no clear long-
term data supporting this assumption. Several studies have looked at carotid
atherosclerosis progression and its association with future events.

Results from the Multiethnic Study of Atherosclerosis suggested that cIMT
progression is associated with risk of myocardial infarction and stroke. A recent
meta-analysis evaluated this correlation on a larger scale. Pooled data from
10 cohort studies provided results from 36.984 primary prevention patients
with 257.067 person-years of follow up. The robust, independent and significant
correlation between cIMT and subsequent clinical end-point is confirmed in
this analysis. By contrast a consistent null result is found for cIMT progression.
Overall hazard ratios were found to be approaching 1.0 in unadjusted models as
well as after adjustment for cardiovascular risk factors and baseline cIMT.

In a meta-analysis the relationship between changes in cIMT and the
occurrence of major vascular events was analyzed (65). Data from 41 intervention
studies were included. Most studies examined the effect of statins on cIMT
progression but the dataset also included trials with antihypertensive drugs,
lifestyle interventions, estradiol and anti-oxidants. The main finding was that
progression or regression of cIMT was not correlated with more or fewer eventsin
these trials. This does not detract from the beneficial effect of the interventions
in the trials but demonstrates that cIMT changes do not accurately reflect these
effects.

The recently published results from the IMPROVE study confirm the lack of
predictive value of standard cIMT progression parameters for future events (66).
A cohort of 3482 subjects with three or more vascular risk factors was included
in the study. A novel parameter, the fastest progression of maximum IMT, was
postulated by the authors. There was a significant and independent association
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between this new value and the occurrence of CV events during a mean follow-
up time of 21.5 months

Wannarong et al. compared changes in carotid IMT, plaque area and plaque
volume in 349 subjects as predictors of myocardial infarction, stroke, transient
ischemic attacks and death (67) . During the median follow-up time of 317 years
only progression of plaque volume independently predicted future events.

DISCUSSION

It remains a challenge for clinician involved in primary prevention of
cardiovascular disease to correctly identify patients at elevated risk. Assessment
tools using models based on traditional risk factors have aided clinical decision-
making tremendously. However, especially for patients at intermediate risk
the need for more accurate risk markers persists. It is specifically this group
of patients in which under- or overtreatment may occur. The vast majority
of published data on the correlation of carotid atherosclerosis and coronary
atherosclerosis demonstrates a close association. Carotid ultrasound provides
a safe, patient-friendly and affordable means to objectify and quantify carotid
atherosclerosis. In 1996 Belcaro et al. estimated the cost of one carotid-femoral
IMT examination to be around 12 euros or approximately 15 US dollars, including
training, equipment and staff expenses. (53) Long-term follow up studies with
large sample sizes consistently confirm that elevated IMT and the presence of
carotid plaques lead to higher risk of suffering coronary and cerebrovascular
events. When adjusted for traditional cardiovascular risk factors the additional
risk appears to be approximately 20-30%, suggesting that cIMT is an independent
risk factor. Unadjusted odds ratios far exceed these figures.

Herein lies a problem in the interpretation of the studies. Is the aim of carotid
ultrasound to provide the clinician with another cardiovascular risk factor to
take into account in treatment decisions or can it be seen as the sum result of
all traditional and non-traditional risk factors in a specific patient? There are
strong arguments for the latter. Over the last decades cIMT has been shown
to independently correlate to a plethora of non-traditional risk factors for
atherosclerosis, including lp(a), homocysteine levels, lymphocyte/neutrophil
ratios, inflammatory markers, circulating endothelial progenitor cells, markers

8
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of endothelial function, etc. Moreover it has been suggested that traditional risk
factors are not the major contributors to cIMT variance. It would seem useful for
clinicians to obtain a general idea about the atherosclerotic state of the patient
before making treatment decisions. For most of the abovementioned non-
traditional risk factors however there is no known or proven treatment. Finding
subclinicalatherosclerosisinthe carotid arteriesin non-smoking patientswithout
diabetes, hypertension or hyperlipidemia therefore presents the clinician with
a dilemma. It does not seem prudent to look for non-traditional risk factors if
it has no treatment consequences. If there are treatable risk factors present it
is still unclear whether intensifying prevention interventions, e.g. setting lower
LDL-cholesterol, blood pressure and HbA1C targets or adding aspirin, will lead
to better outcomes. Conversely there is no evidence that absence of carotid
atherosclerosis justifies withholding or delaying treatment of traditional risk
factors.

The meta-analysis of the largest dataset examining these issues concludes
that cIMT measurement improves risk assessment to such a limited extent that
it is not a useful tool. On a population level this conclusion is accurate. However
on an individual patient level the discussion is more subtle. In approximately
5% of patients at intermediate cardiovascular risk the addition of cIMT would
have rightly reclassified them as high risk patients. Plaque detection and cIMT
measurements in the carotid bifurcation and the internal carotid artery were
not included in this analysis. Adding these parameters is likely to have positively
affected the contribution of carotid ultrasound to the prediction model as they
were the strongest predictors of future coronary artery events in the MESA-
study. Although the group of patients who may benefit from carotid ultrasound
measurements will remain small the consequences are potentially profound.
Initiating early risk reduction strategies could prevent or delay morbidity and
mortality due to progression of atherosclerotic burden.

Evaluating the response to an implemented risk management strategy could
greatly aide clinicians in decisions about intensifying treatment. Monitoring
cIMT progression would be a relatively simple and low-cost method to this end.
However the current data suggest that progression of cIMT is not correlated
with risk of cardiovascular events. A possible explanation for this finding is
that one-time cIMT measurements are highly reproducible but the progression
of cIMT is prone to inter- and intra-observer variability. This is due to the fact
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that cIMT varies between 0.5mm and 1.2mm whereas yearly cIMT progression is
in the range of 0.001-0.030mm. Sequential measurements are therefore much
more susceptible to changes in the exact location of the reading (angle of the
transducer, position of the subjects head etc.). Although advances in ultrasound
equipment and scanning protocols are increasingly minimizing these variations
it appears that cIMT progression is too unreliable to use as a marker to
individualize risk management strategies. The most recent studies suggest that
focal changes in carotid atherosclerosis (increasing plaque volume and fastest
progression of maximum IMT) may prove helpful in monitoring treatments.
Both these longitudinal parameters were found to independently predict future
events, however further studies confirming these initial findings are needed. In
addition, these novel parameters are not routinely measured and validation and
standardization are required before they can be utilized in clinical practice.

FUTURE PERSPECTIVES

To fully elucidate the value of carotid ultrasound a four-armed management
study is needed in which subjects with and without carotid atherosclerosis are
randomized for intensive versus standard risk prevention strategies based on
the ultrasound findings. Promising work is being done in the area of plaque
characterization with ultrasound. Detailed description was beyond the scope of
this review but by utilizing gray scaling techniques it is possible to identify lipid-
rich, vulnerable carotid plaques. (68) These appear to be even more strongly
associated with future vascular events, particularly ischemic strokes. (25) (69)
(70) Finally, newer ultrasound equipment can perform real-time quantification of
cIMT instead of the time consuming off-line procedure employed at the moment.
These portable ultrasound machines make quick office-based measurement of
cIMT and plaque detection available without the need for a dedicated vascular
laboratory or radiology department. Growing experience with and exposure to
carotid ultrasound will likely help clinicians properly implement and interpret it
in clinical practice.

8
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Recommendations & Learning points

e In patients at high cardiovascular risk there is no additional value
of carotid ultrasound

e In patients at low or intermediate risk carotid ultrasound can aide
clinicians by giving an indication of overall atherosclerotic burden;
presence of carotid plaque or increased cIMT should prompt
reclassification of the patient to a higher risk category

e Sequential measurement of cIMT to monitor progression are
unreliable and the predictive value of longitudinal changes in cIMT
is uncertain; it cannot be used to individualize risk management
strategies

e Bilateral examination of the common carotid artery, the carotid
bulb and the internal carotid artery from several angles provide
the optimum information on cIMT and plaque presence

e The effect of treatment decisions based on carotid ultrasound
parameters has not been studied and they should only be made in
conjunction with all other cardiovascular risk factors
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