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Ultrasonic carotid plaque morphology

The main criterion currently used to assess stroke risk due to atheroma of

the carotid bifurcation is the degree of stenosis. Although the benefit of

carotid endarterectomy in stroke prevention has been demonstrated by

prospective randomised trials, this benefit is moderate. Other risk factors

have been suggested, such as ultrasonic carotid plaque characterisation,

which may help in the identification of a high risk subgroup which will de-

rive the maximum benefit from carotid endarterectomy. This paper reviews

the literature on the clinical importance of carotid plaque characterization

on histopathological and ultrasonographic grounds, and underlines the po-

tential of objective quantitative assessment of carotid plaque echodensity

in the identification of a high risk group for stroke.
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1. INTRODUCTION

The asymptomatic carotid artery stenosis (ACAS) study
provided evidence that carotid endarterectomy can re-
duce the incidence of ipsilateral stroke in patients with
asymptomatic carotid stenosis of more than 60%.1 Ho-
wever it may be necessary to operate on at least 20 pa-
tients to prevent one stroke. Factors other than the de-
gree of stenosis may help to identify a subgroup at high-
er risk of stroke and thus decrease the number of unne-
cessary operations.

It has recently been shown that the finding of hypoe-
choic carotid artery plaque at ultrasound is an indepen-
dent risk factor for ipsilateral ischemic stroke.2 In addi-
tion, the NASCET investigators have reported that the
presence of ulceration, as seen on the angiogram, at each
level of increasing degree of stenosis, resulted in stroke
rates higher than those quoted for lesions not associat-
ed with ulceration.3 It appears that certain specific fea-
tures of atherosclerotic plaques are associated with an

increased risk of stroke, most of which can now be de-
termined non-invasively using ultrasound. Another rea-
son for interest in ultrasonic carotid plaque characterisa-
tion was the development of carotid artery angioplasty
and stenting. The purpose of this paper is to review the
literature on carotid plaque ultrasonic characterisation,
with  emphasis on its clinical significance. The morpho-
logical variables considered are grouped in two categories:
(a) plaque surface configuration (smooth or ulcerated)
and (b) plaque internal structure.

2. PLAQUE SURFACE CONFIGURATION

It has been suggested that the ultrasonic characteristics
of the plaque surface should be classified as smooth or
irregular. A plaque is regular when the blood-lesion in-
terface is smooth and unbroken, or irregular where a
break in the echo-reflective surface of the lesion is ob-
served or the surface is uneven.4 The introduction of col-
or in the Duplex assessment of carotid plaques introduced



new refinements in the definition of plaque ulceration.
Sitzer defined carotid plaque ulceration using color flow
Doppler as a plaque niche filled with reversed flow on
longitudinal views, found at the same location on trans-
verse views, without evidence of aliasing phenomena.5

The preoperative diagnosis of ulcerated carotid athero-
ma has attracted the interest of many investigators in the
attempt to identify a high risk group for stroke. O�Don-
nel et al compared B-mode ultrasound and selective ar-
teriography with pathologic specimens obtained from 89
carotid endarterectomies.6 While arteriography detected
only 16 of 27 ulcerations (sensitivity 59%), B-mode ul-
trasound did better (24/27, sensitivity 89%). The two
imaging techniques had comparable specificity (arteri-
ography 73%, B-mode ultrasound 87%).

Most of the studies investigating the ability of B-mode
carotid imaging to detect ulceration have failed to ad-
dress the associated quantitative aspects of carotid pla-
que. Comerota et al demonstrated that the degree of ste-
nosis significantly affects diagnostic sensitivity.7 B-mode
sensitivity for the presence of ulceration was 77% (10/13)
in plaques with less than 50% stenosis and only 41%
(26/63) in plaques with greater that 50% stenosis (P=
0.03). The corresponding figures for arteriography were
77% (10/13) and 48% (30/63) respectively. More recently
in a study of 43 consecutive patients with greater than
70% internal carotid artery stenosis, plaque surface ab-
normalities were detected by Duplex imaging evaluation
of the corresponding endarterectomy specimens.5 The
sensitivity of Duplex imaging in detecting surface ulcer-
ation was only 33%.

3. PLAQUE INTERNAL STRUCTURE

High resolution ultrasound has the major advantage
over arteriography of anabling the investigator to visu-
alise not only the lumen of the vessel, but also the size
and consistency of atherosclerotic plaques.

One of the early systems of classification of carotid pla-
ques was introduced by Johnson et al in 1985 in a study
on the natural history of patients with asymptomatic
carotid stenosis followed up for 3 years.8 Three types of
plaques were defined: calcified, dense (high level echoes)
and soft (low level echoes).

Another classification system allowing a closer study of
the character and behavior of plaques was introduced
by Reilly et al9 in 1982 and subsequently used by oth-
ers.10 Two distinct types of plaque were recognised of
which the first was termed homogenous and was defined
as plaque with uniformly high or medium level echoes.

Homogenous plaques were histologically fibrous lesions.
The second type was termed heterogeneous and was de-
fined as plaque with high, medium and low level echoes.
Histologically heterogenous plaques contained variable
amounts of intraplaque hemorrhage, lipids, cholesterol
crystal and a loose stroma.5

In a refinement of this classification system introduced
by Gray-Weale et al11 in 1988, four plaque types were
defined based on the degree of echolucency visualised
on B-mode scan:

� Type 1: Predominantly echolucent with a thin echo-
genic cap

� Type 2: Intermediate echolucent lesions with small
areas of echogenicity

� Type 3: Intermediate echogenic lesions with small ar-
eas of echolucency (<25%)

� Type 4: Uniformly echogenic lesions (equivalent to
homogenous).

The authors� group12 has added a further type 5 for
plaques which cannot be classified due to acoustic shad-
owing artifact and a good interobserver agreement has
been reported (k=0.79). Furthermore it has been realised
that in patients with carotid stenosis of greater than 70%,
69% of type I plaques do not have a thin echogenic cap
and can be missed unless velocity measurements (or col-
or flow imaging) are made.13

Studies correlating B-mode ultrasound imaging of caro-
tid plaques histological characteristics have shown that e-
chogenic plaques are fibrous. The echogenicity increases
with increasing amounts of collagen. Echolucent plaques
contain lipid and/or hemorrhage, with relatively little fi-
brous tissue. The presence of calcification results in high
echoes in corresponding areas with extensive acoustic
shadowing.6,14,15 Pathological studies have demonstrated
that increased lipid concentration makes carotid plaques
unstable and prone to embolism.16,17

The association between intraplaque hemorrhage in en-
darterectomy specimens and ipsilateral symptoms has
been reported by several groups.18�20 There is general a-
greement that intraplaque hemorrhage is common in all
plaques but its incidence is increased in plaques associ-
ated with ipsilateral symptoms. Attempts to distinguish
between intraplaque hemorrhage and lipid using ultra-
sound have so far been unsuccessful, but clinically this
may not be so critical as both types of content make the
plaque potentially unstable.21

Steffen et al22 reported that in symptomatic arteries, for
all degrees of stenosis, there was a preponderance of e-
cholucent type 1 and 2 lesions (67%), whereas in pa-
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tients without symptoms there was a preponderance of
echogenic plaques, type 3 and 4 (86%). Geroulakos et
al12 confirmed that these findings also apply to patients
with stenosis of greater than 70%, in which group an in-
creased incidence of cerebral infarction has been demon-
strated on CT ipsilateral to type 1 plaques (36%) com-
pared with a low incidence (14%) ispilateral to all the oth-
er types (2�4) combined (P<0.03).23 The European
Carotid Plaque Study Group reported that patients with
recent symptoms had plaques with more soft tissue than
patients with earlier symptoms (P=0.0004).24 These find-
ings imply that carotid plaques are not static, but dynamic
structures which change in composition over a period of
time. Further work is needed to test this hypothesis.

In a prospective series of 242 patients, Bock et al25 found
that vessels with echolucent carotid plaques were asso-
ciated with a 5.7% annual rate of transient ischemic at-
tacks (TIA) and stroke, significantly greater than the 2.4%
rate found among vessels with echogenic plaques. These
findings were recently confirmed by the Cardiovascular
Health Study, which enrolled 5,201 individuals aged
over 65 years, without cerebrovascular symptoms, who
were followed for an average of 3.3 years. The incidence
of stroke in this study was significantly increased in in-
dividuals who had echolucent plaques (odds ratio 2.53).2

Asymptomatic echolucent plaques are associated with
an increased number of asymptomatic embolic events in
the middle cerebral artery observed on transcranial Dop-
pler.26 Further work is needed to determine whether the
number of asymptomatic emboli detected can predict the
development of cerebrovascular events.

A recent consensus on carotid plaque characterisation
has suggested that echodensity measurements should be
used to reflect the brightness of the plaque with the term
hyperechoic referring to echogenic and the term hypoe-
choic referring to echolucent plaques.27 The consensus sug-
gested that measurements of texture should not be con-
fused with measurements of echodensity. The  term ho-
mogenous should refer to plaques of uniform consisten-
cy irrespective of whether they are predominantly hy-
poechoic or hyperechoic. The term heterogenous should
be used for plaques of non-uniform consistency, i.e. hav-
ing both hypoechoic and hyperechoic areas. Although this
is a relatively simplistic view it is the foundation for the
classification and measurements which may eventually re-
sult in the development of international standards.

The echographic assessment of plaque structure in all
the studies is based on reviewed subjective, qualitative
evaluation of the carotid plaques. Because ultrasound
scanning is operator dependent, ultrasonic carotid pla-
que characterisation is subject to significant interobserver
variability. In an attempt to overcome this subjectivity
and improve the comparability of the ultrasonic features
of the plaques the authors� group has introduced a new
technique for the quantitative and objective assessment
of these features using computer assisted digital image
processing28 (figures 1, 2).

B-mode ultrasonic images of 96 carotid plaques were
captured transferred to magneto-optic disc and norma-
lised using linear scaling so that the adventitia would have
a grey scale median (GSM) value of 185�195 and blood
0�5. The GSM and the percentage of echolucent pixels
(PEP) in the normalised images of the carotid plaques

ULTRASONIC CAROTID PLAQUE MORPHOLOGY 143

Figure 1. Hypoechoic plaque (GSM=6) with
the histogram of the frequency distribution of
the grey tones of the pixels included in the out-
lined area of interest (plaque). The median of
this distribution is the grey scale median (GSM).
The x axis is the grey scale (ranges from 0=
black to 255=white) and the y axis is the num-
ber of pixels belonging to a particular grey scale
value.
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were determined to measure echodensity. Multiple regres-
sion analysis revealed that the GSM and the PEP were
the variables related most significant to the presence or
absence of ispilateral hemispheric symptoms.29 Further-
more, computer-assisted plaque characterisation with B-
mode image normalisation has led to identification and
quantification of differences in echostructure between
carotid plaques associated with retinal and hemispheric
symptoms. The study30 has shown that plaques associat-
ed with amaurosis fugax (AF) were hypoechoic (mean
GSM=7.4) and severely stenotic (mean degree of steno-
sis=85.6%). Plaques associated with hemispheric TIAS
and stroke had the same echodensity and the same de-

gree of stenosis (mean GSM=14.9 vs 15.8 and mean de-
gree of stenosis=79.3% vs 78.1%). These findings sup-
port the hypothesis that AF has a pathophysiological
mechanism different from that of TIA and stroke.

In conclusion, there is strong evidence to suggest that

the surface characteristics and ultrasonic internal struc-

ture of carotid plaque are factors which contribute to the

development of hemispheric cerebrovascular end-points.

Ultrasonic carotid plaque characterisation may have the

potential to improve the selection of patients for carotid

endarterectomy and/or carotid angioplasty and stenting.

Prospective studies are needed to test this hypothesis.
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Figure 2. Hyperechoic plaque (GSM=52) wi-
th the histogram of the frequency distribution
of the grey tones of the pixels included in the
outlined area of interest (plaque).
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Ôï êýñéï êñéôÞñéï ðïõ ÷ñçóéìïðïéåßôáé óÞìåñá ãéá ôçí åêôßìçóç ôïõ êéíäýíïõ áããåéáêïý åãêåöáëéêïý
åðåéóïäßïõ (ÁÅÅ) áðü áèçñùìáôéêÝò âëÜâåò ôïõ êáñùôéäéêïý äé÷áóìïý åßíáé ï âáèìüò ôçò óôÝíùóçò ôïõ áõëïý
ôçò Ýóù êáñùôßäáò. Ðáñüëï ðïõ ðñïïðôéêÝò ôõ÷áéïðïéçìÝíåò êëéíéêÝò ìåëÝôåò Ý÷ïõí áðïäåßîåé ôá ïöÝëç ôçò
êáñùôéäéêÞò åíäáñôçñåêôïìÞò óôçí ðñïöýëáîç áðü ÁÅÅ, ôá ïöÝëç áõôÜ ðáñáìÝíïõí ðåñéïñéóìÝíá, éäéáßôåñá
óå áóõìðôùìáôéêïýò áóèåíåßò. ¢ëëïé ðáñÜãïíôåò êéíäýíïõ Ý÷ïõí åðßóçò ðñïôáèåß, üðùò ï õðåñç÷ïãñáöéêüò
÷áñáêôçñéóìüò ôçò êáñùôéäéêÞò ðëÜêáò, ðïõ ßóùò âïçèÞóïõí óôïí åíôïðéóìü õðïïìÜäùí õøçëïý êéíäýíïõ
ðïõ èá ùöåëçèïýí ôá ìÝãéóôá áðü ôõ÷üí êáñùôéäéêÞ åíäáñôçñåêôïìÞ. Óêïðüò ôïõ ðáñüíôïò Üñèñïõ åßíáé ç
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áíáóêüðçóç ôçò âéâëéïãñáößáò üóïí áöïñÜ ôçí êëéíéêÞ óçìáóßá ôïõ ÷áñáêôçñéóìïý ôçò êáñùôéäéêÞò ðëÜêáò
�ôüóï éóôïëïãéêÜ üóï êáé õðåñç÷ïãñáöéêÜ� ìå Ýìöáóç óôç óõìâïëÞ ôçò ðïóïôéêÞò ìÝôñçóçò ôçò ç÷ïãÝíåéÜò
ôçò óôïí åíôïðéóìü ìéáò ïìÜäáò áóèåíþí õøçëïý êéíäýíïõ ãéá ÁÅÅ.
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