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ABSTRACT

Atherosclerosis is a systemic disease that most often affects the carotid arteries. Being usu-
ally asymptomatic in its early stages, it is diagnosed only in advanced stages, when treatment
is more difficult and prognosis is poor. Carotid ultrasound (US) is the most commonly used
method for diagnosing carotid artery disease and represents a proper method for screen-
ing in patients with cardiovascular (CV) risk factors. This paper shows the methodology and
necessity of carotid imaging methods in patients at high risk of developing atherosclerotic le-
sions. We also review the findings that underline the need of carotid screening in patients with
ischemic heart disease or with ischemic arteriopathy, showing that the carotid arteries are like
‘mirrors’ of the arterial system, which need to be assessed in every patient with CV risk factors,
regardless of the presence or absence of symptoms.
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INTRODUCTION

Atherosclerosis is a widespread disease nowadays and is the first cause of death
in developed countries. Any large or medium artery in the human body may
be affected by atherosclerosis; however, in early stages of the disease, patients
are usually asymptomatic. The disorder can result in coronary artery disease,
brain circulation problems (stroke), peripheral artery disease, or other organ
circulation failure. Atherosclerosis is often simultaneously present at the level of
several different arteries.!

The exact cause of this disease is not known. Hypertension, age, elevated
levels of triglycerides and cholesterol, diabetes, smoking, and sedentariness
play an important role in the appearance and progression of atherosclero-
sis.2 The blood supply of the brain is offered through the internal carotid and
vertebral arteries. The circle of Willis creates a communication between the
vertebro-basilar and internal carotid systems, being capable of maintaining
the cerebral blood flow in case of unilateral internal carotid or basilar artery
occlusion or severe stenosis.3
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The carotid arterial system is frequently affected by ath-
erosclerosis. The most frequently affected area is the com-
mon carotid artery (CCA) bifurcation, where this artery
divides into the internal and external carotid artery.

The most common cause of stroke is atrial fibrillation
and carotid artery oclusion.> The prevalence of stroke
among asymptomatic patients with hemodynamically sig-
nificant carotid artery lesion is 2-5% per year.® In the liter-
ature, it has been reported that stroke is caused in 20-30%
by extracranial carotid artery plaques.

Carotid artery disease can be asymptomatic for a long
time, as the symptoms can appear only when the blood
flow to the brain is totally disrupted. The most common
signs and symptoms include sudden numbness or weak-
ness in the face or limbs, dizziness, severe headache, and
trouble speaking and seeing.”

Carotid endarterectomy is the gold standard therapeutic
option, but minimally-invasive carotid angioplasty retains
its role in symptomatic patients, with unilateral lesions.
This method is safer, with a lower rate of complications.®

ASSESSMENT OF CAROTID ARTERY LESIONS

The high prevalence of carotid artery disease in the gen-
eral population brought forward the need of new imaging
methods, which are capable to accurately assess carotid ar-
tery atherosclerotic lesions. Digital subtraction angiography
(DSA) is still the gold standard method for the evaluation of
carotid artery stenosis.” Recently, new non- and minimally
invasive methods became available, which include ultraso-
nography, computed tomography angiography (CTA), and
magnetic resonance angiography (MRA).10

NONINVASIVE IMAGING METHODS

Carotid ultrasonography

Vascular ultrasound (US) is described as a reliable, ac-
curate, and efficient method, which is capable to identify

TABLE 1.
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carotid plaques, to determine the intima media thickness
(IMT), and to assess the atherosclerotic process.!! Dop-
pler and grayscale US are used for the assessment of the
extracranial carotid artery system, as the first diagnostic
step. Grayscale US allows the assessment of arterial walls,
morphology, size, and surface of plaques, and the IMT,
but it does not allow the determination of the degree of
stenosis.'213 More researchers have demonstrated that hy-
poechoic or heterogeneous plaques are associated with a
higher risk of stroke and cardiovascular events.!*!5 It has
been demonstrated in many multiethnic cohort studies
that the presence of irregularity or ulceration at the level
of plaques has a negative prognostic value because they
independently predict a higher risk for stroke.!¢-18 While
grayscale US allows the identification and morphological
assessment of plaques, Doppler US allows the assessment
of stenosis grade and its functional impact.!3 Color Dop-
pler is used to identify stenotic segments and to visualize
blood flow in the artery lumen, which can be turbulent
in case of hemodynamically significant stenoses. It is also
capable to determine flow velocity, but for an exact deter-
mination, pulse wave (PW) Doppler is needed.!® In PW
Doppler, the most frequently used parameters for mea-
suring the grade of internal carotid stenosis are peak dia-
stolic and systolic velocity.20-2!

For the correct assessment of flow velocity, it is impor-
tant for the angle of insonation to be as parallel as possible
to the direction of the blood flow.!? In 2003, the Society
of Radiologists in Ultrasound published the standard cri-
teria for the determination of internal carotid artery (ICA)
stenosis.2? This is composed of primary and secondary
parameters. The most important parameter for the detec-
tion of a significant stenosis at the level of the ICA is peak
systolic velocity (PSV). ICA end-diastolic velocity (EDV)
and the internal carotid artery/common carotid artery
(ICA/CCA) PSV ratio are also used for the determination
of carotid stenosis (Table 1).232* A hemodynamically sig-
nificant stenosis is defined as a visible stenosis with a PSV
>230 cm/s, EDV >100 cm/s, and an ICA/CCA ratio >4.25.

Diagnostic criteria for carotid artery stenosis

Primary parameter

Secondary parameters

Grade of stenosis (%) ICA PSV (cm/s) ICA EDV (cm/s) ICA/CCV PSV ratio
<50% <125 <40 <2
50-69% 125-230 40-100 2-4

>70% >230 >100 >4
Sub-occlusion Low, high Low, high Low, high

Occlusion

Undetectable
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B-A

NASCET = x100

C-A

ECST = x100

FIGURE 1. NASCET and ECST formula

Table 1 shows the most commonly used criteria for the di-
agnosis of carotid artery stenosis.

If the stenosis is in the CCA, PSV needs to be measured
proximally (point b) and distally (point a) to the stenotic
segment, in order to define the CCAa/CCAb and ICA/
CCAa PSV ratios.?¢ External carotid artery (ECA) steno-
sis without ipsilateral ICA occlusion may not be clinically
significant.?” The most commonly used parameters for
the determination of stenosis in the ECA are PSV and the
ECA/CCA systolic ratio.28 If contralateral CCA occlusion
is present, PSV can be elevated without the presence of
a significant stenosis.! Besides the fact that US is recom-
mended by several associations, including the American
Heart Association and the American Stroke Association,
as the first-line imaging method for asymptomatic pa-
tients, this method also has its limitations such as subjec-
tivity (operator-dependent, may overestimate the degree
of stenosis).2?

Computed tomography angiography and
magnetic resonance angiography

Both methods have a high sensitivity and specificity:
100% and 63% (CTA) vs. 100% and 85-96% (MRA).30
CTA and MRA allow the assessment of carotid arteries
from the emergence to the circle of Willis. Several stud-
ies have demonstrated that CTA and MRA provide more
information about the morphology and composition of
plaques than DSA.3!-33 These methods may overestimate
the degree of stenosis and in some cases are incapable to
differentiate between a tight stenosis and a total occlu-
sion. The use of CTA is contraindicated in patients with
renal failure or hypersensitivity to iodinated contrast
agents. Another disadvantage of this method is radiation
exposure. MRA has the advantage of no radiation expo-
sure but cannot be performed in patients with metallic
implants or pacemakers.3*
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MINIMALLY INVASIVE IMAGING METHODS
Digital subtraction angiography (DSA)

DSA is a minimally invasive method, which is still the
gold standard of carotid artery assessment. This method
is not the first choice for the assessment of carotid artery
lesions, but all methods are compared with its specific-
ity. The advantage of this method is that it is an indivisible
part of the carotid stenting procedure, which can be ap-
plied in the same session. This method is also used when
the diagnosis is uncertain. For the determination of the
degree of stenosis (>70%), the most widely accepted and
used method is the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) formula.3s This method
is based on the comparison of the residual lumen at the
maximum stenotic segment with the normal distal diam-
eter of the ICA.3%%7 Another frequently used criteria for
the determination of ICA stenosis are the ones established
by the European Carotid Surgery Trial (ECST), which in
comparison to NASCET, use the estimated normal lumen
size at the level of stenosis (Figure 1).38

The common carotid (CC) method is another method
for the assessment of the degree of stenosis in the inter-
nal carotid artery system.? In the past decades, several re-
searchers have studied the correlation between NASCET
and ECST criteria. Literature data have underlined that
the NASCET method underestimates the degree of steno-
sis compared to other available methods.*0-4!

LOCATION OF ATHEROSCLEROSIS

Several studies have assessed the association between cal-
cification in the coronary arteries and other arteries. Liter-
ature data describe a clear and strong relationship between
carotid and coronary artery disease.*>-* Furthermore, the
carotid arterial wall thickness is also correlated with the
presence and severity of coronary artery disease and is ca-
pable to detect subclinical vascular disease in young and
middle-aged patients.*>-47 Researchers found a positive
correlation between the angiographic SYNTAX score, the
coronary CALCIUM score, and the severity of carotid ar-
tery lesions.**° The prevalence of limb artery atheroscle-
rosis is also higher in this group of patients.*

CONCLUSIONS

Atherosclerosis is a systemic disease that frequently af-
fects the carotid arteries, but the disease is frequently as-
ymptomatic in its early phases, being diagnosed only in
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advanced stages, when the treatment is difficult, and the
prognosis is poor. Carotid grayscale US is a useful tool for
the evaluation of arteries, being a reliable, accurate, and
cost-efficient method, which is capable to directly assess
the carotid arteries and indirectly give information about
the stage of the systemic involvement of atherosclerosis.
Carotid US should represent the first screening method
of patients with high risk of atherosclerosis. This meth-
od will decide the need of other imaging methods such
as CTA, MRA, or DSA, for a more accurate assessment
when choosing the best treatment choice. Carotid US
should also be performed in case of patients with isch-
emic heart disease or obstructive arterial disease, in order
to assess the condition of the carotid arteries and the risk
of stroke.
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