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Abstract Objective: To correlate B-mode ultrasound findings to carotid plaque histology.
Design: European multicentre study (nine centres).
Material and Methods: Clinical presentation and risk factors were recorded and preoperative
ultrasound Duplex scanning with special emphasis on B-mode imaging studies was performed in
270 patients undergoing carotid endarterectomy. Perioperatively, macroscopic plaque
features were evaluated and the removed specimens were analysed histologically for fibrous
tissue, calcification and ‘soft tissue’ (primarily haemorrhage and lipid).
Results: Males had more soft tissue than females (p Z 0.0006), hypertensive patients less soft
tissue than normotensive (p Z 0.01) and patients with recent symptoms more soft tissue than
patients with earlier symptoms (p Z 0.004). There was no correlation between surface
description on ultrasound images compared to the surface judged intraoperatively by the
surgeon. Echogenicity on B-mode images was inversely related to soft tissue (p Z 0.005)
and calcification was directly related to echogenicity (p < 0.0001). Heterogeneous plaques
contained more calcification than homogeneous (p Z 0.003), however, there was no differ-
ence in content of soft tissue.
Conclusion: Ultrasound B-mode characteristics are related to the histological composition of
carotid artery plaques and to patient’s history. These results may imply that patients with
distant symptoms may be regarded and treated as asymptomatic patients whereas asymptom-
atic patients with echolucent plaques should be considered for carotid endarterectomy.
ª 2011 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.
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Introduction

The natural history of carotid artery disease has been
related to the degree of atherosclerotic narrowing of the
vessel and two large randomised trials have documented
the clinical value of prophylactic carotid endarterectomy in
symptomatic patients with high-grade stenosis.1,2 Recent
Society for Vascular Surgery.
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Table 1 Microscopic features measured by histomorpho-
metry.

Fibrous intimal thickening
Calcification soft tissue

Old or recent haemorrhage
Lipid constituents
Cholesterol clefts
Foam cell aggregates
Amorphous eosinophilic lipid debris
Fibrin deposits
Inflammatory cell infiltrates
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research has also indicated that the appearance of the
atherosclerotic plaque, as evaluated by ultrasound B-mode
imaging, as well as surface characteristics may be of patho-
getic importance. Heterogeneous and echolucent plaques as
well as ulcerated plaques may be associated with a greater
risk of stroke as compared to homogeneous echogenic
plaques.3e6 The relationship between appearance of
internal carotid artery (ICA) plaques on ultrasound B-mode
images and histological composition of the plaque, as eval-
uated by histological analysis of the surgically removed
specimen, has yielded conflicting results.7e10 Lipid-rich
atherosclerotic plaques in the coronary arteries have been
shown to beassociatedwith ahigher risk of cardiac infarction
than more fibrous plaques.11

The aim of the present study was to investigate if
ultrasound examination prior to carotid endarterectomy as
well as the clinical presentation could be related to histo-
logical analysis of the removed plaques. The study was
funded by the European Economic Community (EEC) and
had the participation of 13 centres from nine EEC countries
(see acknowledgements).

Material and Methods

Entries into the study were provided by nine of the
participating centres. From January 1992 until March 1993,
270 patients undergoing carotid endarterectomy were
entered into the study. The 195 males (72%) and 75 females
(28%) had a median age of 63 years (range 35e87).

Preoperative data included symptomatology, risk factors
and medication. The type of symptoms, number of attacks,
residual neurological deficits and date of last event were
noted. Risk factors included hypertension, defined as
elevated blood pressure requiring medical treatment, dia-
betes mellitus and smoking habits. Dosage and duration of
platelet aggregation inhibitors and anticoagulants were
noted.

Ultrasound examination included assessment of degree
of stenosis as performed routinely by the individual centre
with recording of peak systolic and end-diastolic velocities.
In addition, ultrasound B-mode examination was performed
with evaluation of plaque echogenicity, structure and
surface.

Plaque echogenicity was evaluated using a scale from 1 to
3, where 1 denoted strong echoes and 3 low echogenicity or
echolucency. Plaques were judged as being either homo- or
heterogeneous; plaques consisting of homo- as well as
heterogeneous parts were classified as heterogeneous. Pla-
que surface was described as either regular, irregular or not
possible to evaluate.

Plaques were evaluated ‘on-line’ during examination
and results recorded immediately. The quality of the
ultrasound examination was evaluated by the investigator
and scored as good, intermediate or poor.

Quality assessment of ultrasound investigation

All participating centres were experienced in vascular
ultrasonography. The project leader visited centres to assure
the quality of ultrasound examination technique and data
entry. In collaboration with the manufacturers of the two
ultrasound systems used by seven of the nine participating
centres entering patients, Acuson and ATL, a protocol for
quality assessment was developed using a newly developed
test object, Gammex RMI 413A. The ultrasound systems
were tested for penetration at 5 cm depth as well as axial
and lateral resolution. The latter parameters were investi-
gated by measuring axial and lateral diameters of 1 mm pins
embedded in liver equivalent tissue at two depths corre-
sponding to the depth of the carotid artery.

One centre which entered only seven patients into the
study, was not visited. In the remaining eight centres the
examination technique was found satisfactory. All ultra-
sound systems tested fulfilled the penetration criteria and
were found to have acceptable axial and lateral resolution.

Perioperative data

The surgeon was asked to assess intraoperatively whether
ulceration or intraluminal thrombus was present macro-
scopically. The plaque was removed preferentially in one
piece, and the portion of the plaque extending into the
external carotid artery was marked by a suture.

Pathological analysis

The specimens were fixed in formalin and the length from
the proximal common carotid to the distal internal carotid
segments were measured. Serial 3e4 mm transverse
sections were taken and labelled. The block nearest the
bifurcation was specifically identified. Segments of the
external carotid artery were not processed or, if included
in blocks, were marked and excluded from subsequent
analysis. Blocks were processed into paraffin, sections
were cut and stained with haematoxylin and eosin and
a connective tissue stain such as van Gieson and/or a stain
for elastin.

In the majority of centres histomorphometry was per-
formed directly from the stained sections using an eyepiece
graticule. The specific features that were assessed histo-
logically are summarized in Table 1. Since ultrasound cannot
distinguish between all histologically discernible features,
haemorrhage, lipid and other ‘soft’ constituents were
grouped together as ‘soft tissue’.12 Although the analyses
were performed on haematoxylin- and eosin-stained slides,
adjacent sections stained by a connective tissue method
were available to clarify specific features. Between 5 and 30



Figure 1 Relative content of plaque constituents, fibrous
tissue, calcification and soft tissue (haemorrhage, lipid) (median
values) in total and in the individual centres entering patients
into the study. (,) soft; (G) calcification; (-) fibrous.
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fields were examined in order to encompass the surface area
of each block. In two centres an interactive image analysis
system was used to compute the area of each constituent.
Using a colour monitor and a graphics tablet individual
constituents were outlined with a light pen. The areas of
these were computed from the number of pixels included
within the area. The volume of each constituent was
calculated as V Z EAt where E is the sum of the area A of
the individual constituents in all blocks and t the mean
distance between the levels examined in each block, that is
the distance between the first and last blocks divided by the
number of blocks examined.

Five centres performed pathological analysis, and the
remaining centres had their plaques analysed in centre no 2.

Statistical analysis

Normally distributed data were compared with parametric
analysis of variance and the remaining data were compared
with the ManneWhitney Rank sum test and KruskaleWallis
test using the computer program SPSS-PC.

For results confirming the a priori hypothesis of the
study a p-value <0.05 was considered significant. However,
for all other analyses, the Bonferroni method was applied
to allow for multiple comparisons, and a p-value <0.01
considered as significant.

Results

For a number of the risk factor variables there were occa-
sional missing values, which accounts for the varying
numbers in tables. Table 2 summarises neurological symp-
toms, risk factors and medical treatment.

Comparison of risk factors and symptomatology to
plaque composition

The distribution of plaque composition among centres is
given in Fig. 1. The median percentages of each of the
three constituents, fibrous tissue, calcification and soft
tissue (primarily haemorrhage and lipid) was similar in all
centres.

Age was not significantly related to the composition of
plaques; percentage soft tissue related to age: r Z 0.111,
p Z 0.081; percentage calcification related to age:
r Z 0.081, p Z 0.2. Plaques from males had significantly
more soft tissue than those from females (p Z 0.0006,
Table 3), whereas no difference was found for calcification.
There was no difference in symptomatology between
sexes. Plaques from patients with arterial hypertension had
less soft tissue than normotensive patients (p Z 0.01,
Table 3). Patients with diabetes appeared to have plaques
with a higher content of soft tissue; however, this did not
reach statistical significance (p Z 0.06). Smoking was
unrelated to the composition of plaques as well as to
symptomatology. Plaques from asymptomatic patients
appeared to have less soft tissue than symptomatic
patients; however, this was not significant. Medication,
anticoagulation with warfarin and aspirin were unrelated
to plaque composition.

The content of soft tissue was inversely correlated to
the time interval between the last symptomatic episode
and carotid endarterectomy (Fig. 2). Separating at 3
months, a highly significant difference in soft tissue content
was found (p Z 0.0038, Table 3). The presence of ulcera-
tion in plaques appeared to be related to the content of
soft tissue; however, this did not reach statistical
Figure 2 Relationship between the time interval between
presenting symptoms of patients and carotid endarterectomy
(months) and the relative amount of soft tissue in the removed
carotid artery specimens.



Table 3 Relative content of soft tissue and calcification in plaques (median values and range) compared to demographic data
and risk factors.

n % Soft tissue % Calcification

Males 195 27 (0e76) p Z 0.0006 2 (0e36) p Z 0.081
Females 75 19 (0e57) 2 (0e26)

Hypertensive 110 21 (0e76) p Z 0.01 3 (0e25) p Z 0.23
Normotensive 90 29 (0e69) 1.5 (0e36)

Symptoms within 3 months 92 26 (0e76) p Z 0.0038 3 (0e36) p Z 0.36
>3 months 41 18 (2e51) 1 (0e27)

Ulceration 77 27 (3e69) p Z 0.06 4 (0e36) p Z 0.35
No ulceration 56 20 (0e51) 2.5 (0e27)

Intraluminal thrombus 24 27 (6e59) p Z 0.13 3.5 (0e25) p Z 0.8
No thrombus 108 23 (0e69) 3 (0e36)
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significance (p Z 0.06, Table 3). The presence of an
intraluminal thrombus was unrelated to plaque
composition.
Comparison of ultrasound images and plaque
composition

The content of soft tissue and echogenicity were inversely
related (p Z 0.005, Table 4) whereas increasing amounts of
calcification in plaques correlated with increasing levels of
echogenicity (p < 0.0001, Table 4). Heterogeneous plaques
contained more calcification than homogeneous plaques
(p Z 0.003); no statistical difference was found for content
of soft tissue (Table 4)

Surface irregularity, as evaluated by ultrasound imaging,
was poorly related to the peroperative findings of ulcera-
tion. Of 62 plaques with regular surfaces on ultrasound
images, 23 (37%) were found to have ulcerations. Of 57
irregular plaques, only 27 (47%) were found to have ulcer-
ation as evaluated intraoperatively. Thus, the observed
difference was 10%, 95% confidence intervals �7% to 28%.

Plaque composition was correlated neither to degree of
stenosis, peak systolic nor end-diastolic velocity. Plaque
structure, homogeneity or heterogeneity, could not be
related to clinical presentation. Correcting for ultrasound
scan quality, i.e. disregarding the investigations scored to
be of poor quality (n Z 31, 12%), did not affect the results.

A stepwise regression test was performed for the vari-
ables found to be statistically related to soft tissue (soft
Table 4 Relative content of soft tissue and calcification in plaq
plaque structure.

n % Soft tissue

Echogenicity Z 1 61 20 (0e54)
Echogenicity Z 2 115 26 (3e76)
Echogenicity Z 3 78 28 (0e63)

Analysis of variance: p Z 0.0055

Homogeneous 129 26 (0e69)
Heterogeneous 136 25 (0e76),
tissue as the dependent factor) (Table 5), to examine their
joint dependence. It was found that echogenicity and
hypertension were independently related to the percentage
of soft tissue.
Discussion

Ulceration and intraplaque haemorrhage are two features
of the carotid plaque that have been discussed and inves-
tigated intensively over the last 10e20 years. Initial reports
describing ulcerative carotid lesions indicated an increased
risk of stroke, but most of the literature has been unable to
reproduce these findings.13e16 However, recently, a review
of the NASCET data5 has thrown further light on this ques-
tion. In a series of 659 symptomatic patients, 230 fulfilled
angiographic criteria for an ulcerated plaque. Following
patients in 24 months results showed that ulcerated,
severely stenotic plaques carried a three-fold increase in
stroke risk compared to non-ulcerated, similarly stenotic
plaques. In the present study no relation between patients
clinical presentation and ulceration was found; however,
ulceration was not evaluated from arteriograms but by the
surgeon intraoperatively.

Previous studies comparing B-mode ultrasound with
carotid plaque morphology and composition, as evaluated
by comparison with the surgically removed specimen, has
shown conflicting results. Whereas Hennerici et al.17 and
O’Donnell et al.18 found ulceration could be identified
accurately by ultrasound, a number of other investigators
ues (median values and range) compared to echogenicity and

% Calcification

4 (0e27)
2 (0e36)
1 (0e24)

p < 0.0001

p Z 0.8 1 (0e27) p Z 0.0003
3 (0e36),



Table 5 Results from multiple regression with % soft
tissue as the dependent variable (n Z 108).

Variable Coefficient SE p

Sex �6.29 3.20 0.052
Echogenicity 4.91 2.01 0.016
Time-event �3.09 1.71 0.075
Hypertension 6.67 2.90 0.023

Overall p Z 0.001.

S36 European Carotid Plaque Study Group
reported poor correlation.7,9,19e22 Of interest was that the
studies which also included arteriography did not find this
diagnostic modality to be accurate for the identificatiion of
ulceration.18,21 As pointed out by Comerota et al.21 some of
the disagreement in the literature may be the result of
decreasing accuracy with increasing degree of stenosis of
both ultrasound and arteriography for identification of
ulceration. Since most specimens removed are high-grade
lesions, this standard for comparison will not reflect the
true accuracy. Furthermore, the lack of a standardised
definition of ulceration contributes to this uncertainty.

Two mechanisms for the formation of intraplaque hae-
morrhage have been suggested: bleeding from the vasa-
vasorum or fracture in the surface of the plaque with
subsequent bleeding from the vessel lumen. Adapting the
former theory, it has been suggested that aspirin therapy
could increase the risk of intraplaque haemorrhage. We did
not find an increased content of soft tissue in patients on
aspirin therapy. The surface-fracture theory suggests that
in a soft lesion, consisting predominantly of a pool of fatty
material covered with a fibrous cap, the latter may ‘crack’
or rupture, exposing the interior to the blood stream.
Subsequently, intraplaque haemorrhage or intraluminal
thrombus formation may occur, resulting in plaque growth
and/or peripheral embolisation. The literature on human
studies investigating the pathogenesis directly are naturally
scarce. Considering coronary artery disease, a correlation
between an increased risk of myocardial infarction and
atherosclerotic plaques with high content of lipids has been
described by Falk.11 In a recent review on coronary artery
disease, Fuster et al.23 described that, in many patients,
the acute ischaemic events are a complication not neces-
sarily of severe stenosis but rather of the disruption of the
associated mild-to-moderately stenotic, lipid-rich plaques.
In contrast to the fibrotic and calcific stenoses, the softer
plaques are more prone to disruption because of the high
fat content. A high proportion of ruptured plaques were
found in patients dying suddenly from coronary artery
disease compared to sudden deaths from other causes.24

Extrapolating these theories to the pathogenesis of
carotid artery disease it would appear that a lipid-rich
plaque would carry a higher risk of rapid growth and/or
formation of thrombus with subsequent peripheral embo-
lisation. Interestingly, the study of Leen et al.25 found that
rather than haemorrhage, the predominant feature in
symptomatic plaques was a homogeneous material mixed
with cholesterol. The present findings of increased soft
tissue in patients presenting with recent symptoms as
compared to asymptomatic patients or patients with more
ancient symptoms supports these theories.
Early studies indicated that haemorrhage was found more
frequently in symptomatic than in asymptomatic patients;
however, in some later studies these findings were not
reproduced.26e31 In a recent review Merritt and Bluth10

reported that intraplaque haemorrhage was found between
1.2 and 6.7 times more frequently in symptomatic patients as
those in asymptomatic patients; however, two studies
reporting higher frequency of haemorrhage in asymptomatic
patients were not included29,31 A correlation between recent
haemorrhage and recent symptoms, in concordance with the
theory of surface fracture with subsequent haemorrhage and
embolisation, was suggested, but this was not convincingly
reproduced by others.28,29,31 Our findings of increased soft
tissue in patients with recent symptoms as compared to
patients with more remote symptoms is in concordance with
these observations. It should be mentioned, however, that
most previous studies evaluated the presence or absence of
haemorrhage and quantitative data such as those presented
here were not given. If the theory of rapid plaque growth
following intraplaque haemorrhage is to make any sense,
a relatively large amount of blood inside the plaque should
be found, much more than reported in the studies giving
quantitative data.6,25,31 In these reports haemorrhage was
found to constitute only 1e2% of the total plaque area in the
vast majority of cases. Beach et al.32 reported a correlation
between increased systolic as well as diastolic velocities in
five plaques with haemorrhage compared to five without.
However, two of the reported five cases contained less than
2.5% of the average haemorrhage of the remaining three
cases, thus, it is difficult to believe that the haemorrhage
itself caused the stenosis to become severe in all five cases.
The finding of increased stenotic velocity, neither systolic nor
diastolic, was not reproduced in the present study. The
possibility of ‘blood contamination’ during endarterectomy
and preparation should be kept in mind when only minor
haemorrhage is found.

The identification of intraplaque haemorrhage by ultra-
sound has also been investigated intensively. Focusing on
the studies where the reference was histological examina-
tion of the removed specimen, Widder et al.7 among 169
cases, found echogenic plaques to consist primarily of
fibrous tissue, whereas echolucent lesions consisted of
atheromatous debris and haemorrhage. Gray-Weale et al.4

reporting on 244 cases, found that of four plaque types,
the echolucent types (1 and 2) were much more commonly
associated with intraplaque haemorrhage than the more
echogenic types (3 and 4). In a study of 53 cases, Bluth
et al.33 reported that heterogeneous plaques were more
often associated with haemorrhage than homogeneous
lesions. Whereas the three studies mentioned above only
looked for the presence or absence of intraplaque haemor-
rhage, Rattliff et al.9 examined 42 patients where the
histological results were graded semi-quantitatively on
a scale from 1 to 3. The only significant correlation found
was between high echogenicity and calcified plaques.
Among the 27 echolucent lesions, only 13 had a high
proportion of intramural thrombus, however, data for
content of lipid was not provided. The only previous study on
the accuracy of B-mode ultrasound for identification of
intraplaque haemorrhage, and where histological results are
quantified, is that of Feeley et al.6 The 52 cases were graded
using the Gray-Weale classification4 and the echolucent



Plaque Morphology S37
lesions (types 1 and 2) were found to contain more soft
tissue, although the authors reported statistics that types 3
and 4 (echogenic types) had a sensitivity of 94% and a spec-
ificity of 67% in predicting a plaque with more than 80%
fibrous tissue, a similar relative content of fibrous tissue
found in echogenic plaques in the present study. Interest-
ingly, these authors also found that the amount of fibrous
tissue was higher in asymptomatic patients compared with
patients experiencing increasing number of ischaemic
events. The findings in the present study of an inverse
correlation between echogenicity and content of soft tissue
is in accordance with the study of Feeley et al.6 The finding
of a direct relationship between echogenicity and content of
calcification is in accordance with Rattliff et al.9

One major problem in trying to compare these studies is
the lack of standardised criteria for ultrasound classification
as well as histological evaluation. In the case of ultrasound
some groups have adapted a classification system with
certain ‘plaque types’ whereas others have related findings
to plaque-structure (homogeneous/heterogeneous plaques)
or echogenicity. We feel that the carotid artery plaque is
best classified simply by describing the echogenicity and
plaque structure separately. As mentioned previously, we
are convinced that quantitative results are necessary to
evaluate this relationship, in part due to the limited reso-
lution of ultrasound B-mode imaging. It does not seem
reasonable that an echolucent structure, occupying 1e2% of
the plaque volume (i.e. haemorrhage), should be identifi-
able with the ultrasound equipment used over the last
decade. The grouping together of lipid and haemorrhage
into ‘soft tissue’ was done because ultrasound cannot
distinguish between these two constituents.12

The risk associated with features evaluated by B-mode
imaging of atherosclerotic carotid artery plaques has been
described in some previous papers. Sterpetti et al.34 followed
214 patients, not considered candidates for surgery, for an
average of 34 months. Twenty-five patients developed new
symptoms and multivariate analysis found heterogeneous
plaques statistically correlated with development of new
symptoms. In a study where 300 asymptomatic patients, with
less than 60% stenosis, were followed for 4 years, Belcaro
et al.35 found that heterogeneous, echolucent plaques
resulted in more cerebral symptoms than homogeneous,
echogenic plaques. O’Halloran et al.36 followed 293 asymp-
tomatic patients for an average of 46 months. All 42 patients
with a soft lesion of more than 75% reduction in cross-
sectional area became symptomatic. Comparing patients
withmore than 75% stenosis, soft plaques resulted in a higher
cumulative 5-year stroke risk than dense plaques. Finally,
Langsfield et al.3 studied 419 asymptomatic patients for an
average of 15e22 months (different groups). Only 31 devel-
oped new symptoms; however, the data indicated that
patients with heterogeneous plaques or plaques undergoing
a change may be at increased risk. These studies clearly
indicate that ultrasonic features are related to the natural
history of carotid artery disease, a finding supported by the
data of the present study. With the exception of the work of
O’Halloran et al.36 work, these reports suffer from the
weakness that ‘new symptoms’ consists of both TIAs and
stroke. The material in the study of O’Halloran et al.36 was
not uniform, thus, the need for a randomised trial taking
ultrasound plaque features into account is most pressing.
Classification of carotid artery plaques examined by B-mode
ultrasound is performed differently by various authors. We
feel that rather than defining plaque types,whichmay ormay
not correspond to histological features, plaques should be
described by their appearance on the ultrasound image.

In conclusion, this study has shown that the ultrasound
appearance of the carotid artery plaque is related to the
histological composition: echogenicity is inversely related to
the relative amount of soft tissue. Clinical presentation may
also be related to plaque composition: symptomatic
patients with recent symptoms had more soft tissue in pla-
ques than those with distant symptoms. The clinical impli-
cations of this study could be dramatic. First, symptomatic
patients with more distant symptoms might be regarded as
asymptomatic and treated conservatively. Second, asymp-
tomatic patients with poorly echogenic plaques, should
probably be considered for surgery. It seems justified that
a randomised trial where ultrasound B-mode based plaque
characteristics are included should be performed.
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