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Atherosclerotic Plaque at the Carotid Bifurcation:
CT Angiographic Appearance with

Histopathologic Correlation

T. Barry Oliver, G. Alistair Lammie, Andrew R. Wright, Joanna Wardlaw, Sandi G. Patel,
Russell Peek, C. Vaughan Ruckley, and Donald A. Collie

BACKGROUND AND PURPOSE: The likelihood that carotid plaque will give rise to cerebral
ischemia probably relates to the degree of arterial stenosis and to plaque morphology. The aim
of this study was to assess whether features seen at CT angiography might be used to predict
carotid plaque stability by comparing CT angiograms with histopathologic examinations of the
carotid artery bifurcation.

METHODS: Nine patients with symptomatic severe carotid stenosis at intraarterial angiog-
raphy had CT angiography of the carotid bifurcation before carotid endarterectomy. After
endarterectomy, multiple sections of the specimens through the carotid bifurcation were ex-
amined histologically. Plaque characteristics recorded included the proportion of necrotic/lipid
core, presence of hemorrhage, extent of fibrosis, ulceration, calcification, inflammatory cell
infiltrate, and fibrous cap thickness. Corresponding CT angiograms were assessed for plaque
size, distribution, and radiodensity as well as presence of calcific density and ulceration. His-
tologic findings and CT angiograms were compared.

RESULTS: Plaque with a large necrotic/lipid core, which was often hemorrhagic, was found
in 16 of 23 sections, and in 15 of these this histologic appearance corresponded with patchy or
homogeneous low density on CT angiograms. Six of seven predominantly fibrous plaques were
of soft-tissue density on CT angiograms. High density consistent with calcification was seen
more frequently on CT angiograms than it was detected histologically, but CT angiography
depicted plaque ulceration poorly (four ulcers at histology; two false-positive and two false-
negative findings at CT angiography).

CONCLUSION: CT angiography is a promising method for assessing the lumen and wall of
the carotid artery. The apparent correlation between histologic appearance and plaque density
on CT angiograms has important implications for the prediction of plaque stability, even
though ulceration is shown inconsistently.

It is likely that the frequency of symptomatic ce-
rebral ischemic episodes is related not only to the
degree of carotid artery stenosis but also to the his-
topathologic composition of the atheromatous
plaque causing the stenosis. Necropsy studies of
coronary arteries in patients suffering crescendo
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angina, myocardial infarction, and sudden cardiac
death have documented features that delineate an
‘‘unstable’’ atheromatous plaque (1–3), character-
ized histologically by a large lipid/necrotic core
with a thin or ruptured fibrous cap and a dense
inflammatory cellular infiltrate. Histologic studies
of carotid endarterectomy specimens have also
shown a correlation between recent symptoms of
cerebral ischemia and plaques with high lipid con-
tent, intraplaque hemorrhage, low levels of colla-
gen, and ulceration (4, 5).

Until recently, digital subtraction angiography
(DSA) has been the standard of reference for eval-
uation of symptomatic carotid stenosis. However,
DSA shows arterial calcification poorly, is an in-
sensitive method for depicting plaque ulceration
(6), and provides minimal information on the com-
position of the arterial wall. CT angiography is a
relatively recent development and correlates well
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FIG 1. Low-density plaque.
A, CT angiogram of internal carotid ar-

tery 1 cm above the bifurcation shows a
severe stenosis (black arrow indicates
contrast in lumen) caused by a large ec-
centric hypodense plaque (white arrow-
heads). The small area of calcification
(open arrow) was not detected on the his-
tologic section.

B, Corresponding histologic section
shows a large necrotic core (N ). The fi-
brous cap is intact at this level but of vari-
able thickness; at O, it is thinned, and high-
er power showed superficial inflammation.
S indicates the site of surgical incision.

FIG 2. Mixed-density plaque.
A, CT angiogram of the proximal internal

carotid artery shows a predominantly in-
termediate-density plaque with foci of hy-
podensity (arrowheads). Curved arrow in-
dicates internal jugular vein.

B, Corresponding histologic section
shows an irregular slitlike lumen (Lu) sep-
arated by a reasonably thick fibrous cap
(C) from a large necrotic core (N ) com-
prising necrotic and lipid debris as well as
thrombus. S indicates surgical incision.

with DSA in the assessment of carotid artery ste-
nosis (7–9). However, it has not been used to assess
atherosclerotic plaque characteristics. The aim of
this study was to compare the histologic and CT
angiographic appearances of atheromatous plaque
at the carotid bifurcation and to assess whether fea-
tures seen on CT angiograms might be used to pre-
dict plaque stability.

Methods
The study formed part of a larger prospective series com-

paring DSA, Doppler sonography, MR angiography, and CT
angiography in the evaluation of symptomatically severe
(.70%) carotid stenosis. Of 13 patients examined by CT an-
giography who proceeded to carotid endarterectomy, three
were found to have pathologic specimens unsuitable for as-
sessment and one had a CT angiographic examination that was
technologically inadequate. This left nine patients whose ex-
aminations were suitable for analysis.

The nine endarterectomy specimens were resected en bloc,
orientated, fixed in buffered formalin, decalcified if necessary
in 8% formic acid, examined macroscopically, and sectioned
serially at 5-mm intervals. Paraffin sections (5 mm thick) were
stained with hematoxylin-eosin and Martin’s scarlet blue. The
histologic appearances were assessed independently by two ob-
servers, and 2D axial plaque sections were used to draw lon-
gitudinal plaque profiles. Suitable representative sections
through the distal common carotid artery, carotid bulb, and
proximal internal carotid artery were selected by an experi-
enced neuropathologist from each specimen. The exact level
of the sections was defined by reference to the level of the
bifurcation. Each section was examined for the following
plaque characteristics: size of necrotic/lipid core, hemorrhage,
fibrosis, ulceration or fissuring, calcification, inflammatory cell
infiltrate, and fibrous cap thickness.

CT angiography was performed using a Somatom Plus scan-
ner (Siemens, Erlangen, Germany). After a planning scan to
identify the bifurcation level, a test dose of 18 mL of contrast
material (300 mg/mL, 3 mL/s by pump injector) was given to
determine the optimal scan delay. A spiral scan of the carotid
bifurcation was then performed (3-mm section thickness, 1.0
pitch, single 24-second breath-hold, 120 kV, 180 mA, and 90
mL of contrast material at 3 mL/s) and images were recon-
structed at 1-mm increment intervals.

Hard-copy images corresponding to the same level as the
histologic sections (defined by distance from the bifurcation in
millimeters), along with 3D maximum intensity projection
(MIP) images, were reviewed by two radiologists who were
unaware of the pathologic findings. Features assessed included
size, distribution, and radiodensity of plaque (relative to mus-
cle and fat density), plaque surface irregularity suggestive of
ulceration, and presence and extent of high plaque density con-
sistent with calcification.

CT angiograms and histologic findings were compared.

Results
Twenty-three sites covering the carotid bifurca-

tion of nine arteries were compared. Atheromatous
plaque that was uniformly isodense with muscle
was associated with fibrosis at histology in all but
one case. Conversely, the CT appearance of plaque
that was hypodense relative to muscle or that con-
tained any elements of low density was associated
histologically with plaque that was composed pre-
dominantly of necrotic lipid debris, often with
hemorrhage. This association was found in 15 of
16 histologic sections (Figs 1 and 2). CT failed to
depict significant plaque necrosis on one section
(false-negative finding). On one other section, a



AJNR: 20, May 1999 ATHEROSCLEROTIC PLAQUE 899

FIG 3. Plaque ulceration.
A, CT angiogram of the common carotid

artery 1 cm below the bifurcation shows
circumferential arterial wall thickening,
with a focal contrast-containing defect in-
terpreted as an ulcer (arrow).

B, Corresponding histologic section
shows a ruptured fibrous cap (C) with a
mixture of necrotic debris (A) and throm-
bus (T) projecting into the lumen (Lu).

Sensitivity, specificity, and accuracy of CT angiography in the identification of histologic characteristics of carotid atheromatous plaque

Histologic Feature Appearance on CT* Number Observed Sensitivity (%) Specificity (%) Accuracy (%)

Calcification†
Fibrosis
Lipid/hemorrhage
Ulceration

Hyperdense
Isodense
Hypodense
Irregular lumen

9†
7

16
4

78
86
94
50

36
94
86
89

52
91
91
83

* Attenuation compared with muscle.
† Calcification identified at CT angiography but not at histology in seven additional cases represents histologic false-negative findings (ie, apparent

CT false-positive findings, resulting in spuriously low CT sensitivity, specificity, and accuracy figures for this feature.

false-positive diagnosis of necrosis was made on
CT scans, the corresponding histologic section
showing fibrosis. However, histologic analysis of
this specimen suggested that the fibrous tissue had
only recently developed.

CT angiography was a poor predictor of plaque
ulceration. Two histologically verified ulcers were
correctly identified (Fig 3); however, in two other
cases, a diagnosis of ulceration was made on CT
angiograms but not confirmed histologically (false-
positive findings) and two other ulcers were missed
by CT angiography. Thickness of the fibrous cap
and presence of plaque inflammation, two other
features of an unstable plaque, could not be as-
sessed by CT angiography.

Calcification was depicted by CT angiography in
16 sections. In nine of these sections, this was not
seen on the corresponding pathologic section. In
two other sections, microcalcification was missed
on CT angiograms.

The accuracy of CT angiography in depicting in-
dividual histologic features is documented in the
Table.

Discussion
Carotid bifurcation atheroma is an important

cause of stroke, which may be mediated by em-
bolic, occlusive, or low-flow–related mechanisms
(10, 11). A relationship between the degree of ca-
rotid stenosis and risk of stroke has been estab-
lished (12, 13), and two studies have clearly shown
improved outcomes in patients with severe stenosis
(.70%) after surgical intervention, as compared
with the best medical treatment (14, 15).

Observations that a small proportion of stroke
patients have severe carotid stenosis (16, 17) and

that many elderly people have severe carotid ste-
nosis but no symptoms (18) suggest that the degree
of stenosis is not the sole variable in predicting
stroke risk. It has been argued that the nature of
the plaque may be at least as important, and his-
tologic studies have identified patterns of carotid
artery plaque composition that correlate with symp-
toms (4, 5). If unstable carotid plaque composition
could be predicted by imaging, stroke risk assess-
ment might be refined, allowing better selection of
patients for surgery.

The concept of atheromatous plaque instability
was developed initially through clinicopathologic
study of postmortem coronary arteries (1, 3, 19,
20), although the relevance of this concept for the
extracranial carotid circulation remains undeter-
mined. The resistance of coronary and carotid ar-
teries differs significantly, largely because of dif-
ferences in vessel diameter, and the effect of these
differences on hemodynamics and plaque stability
is as yet unknown.

The presence of plaque irregularity at DSA has
been shown to be associated with an increased risk
of early stroke (21). However, the ability to detect
plaque ulceration accurately using DSA has been
questioned (6): arterial calcification is poorly de-
picted, the morphology of atheromatous plaque
cannot be defined, and the technique is associated
with a significant periprocedural morbidity risk of
0.5% to 4%, the highest risk occurring in patients
with atheromatous bifurcations.

Doppler sonography has been studied as a meth-
od of predicting carotid artery plaque stability, and
reports suggest that plaques that are echolucent,
heterogeneous, or irregular are more likely to be
associated with current or future symptoms (5, 22,
23), but no consensus exists as to which features
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are most important, how they should be graded (24,
25), or what these changes represent histologically
(26, 27). In addition, calcification at the level of
stenosis may obscure the underlying noncalcified
plaque, thus preventing adequate assessment.

Features of carotid artery plaque morphology
have recently been observed with MR imaging, al-
though several sequences may be required, and dif-
ficulties in characterizing plaque may be encoun-
tered owing to the wide variation in signal
characteristics within thrombus and fibrous tissue
of different ages (28).

The number of patients in our preliminary de-
scriptive study of CT angiographic plaque mor-
phology is small, and this prevents statistical anal-
ysis of the results. Case selection was limited to
those patients in whom the histologic appearance
of plaque was sufficiently well defined to allow ac-
curate characterization. As a result, some damaged
specimens were excluded from the study.

We found that plaque with elements of fat den-
sity on CT angiograms was usually composed pre-
dominantly of necrotic lipid, and this was often as-
sociated with varying degrees of intraplaque
hemorrhage. The presence of a large lipid/necrotic
core is a key feature of plaque instability. Con-
versely, plaques that appeared solely to be of soft-
tissue density on CT angiograms were found his-
tologically to be composed of ‘‘stable’’ fibrous
tissue.

Further studies are required to establish the true
significance of plaque density, but these prelimi-
nary results suggest that the presence of low den-
sity on CT angiograms may predict plaque that is
histologically unstable. The potential to assess the
degree of carotid stenosis and to predict the histo-
pathologic constitution of stenotic carotid plaque,
using CT angiography as a single examination, has
important implications for the cost-effective, non-
invasive assessment of stroke risk.

The inability of CT angiography to identify ac-
curately a discrete fibrous cap or plaque ulceration
is disappointing. However, this may be partly due
to technique, as the two missed ulcers were small
and may have been obscured by partial volume ef-
fects in the relatively thick CT sections. At the time
of our study, the maximum spiral scan time allowed
by tube heating capacity was 24 seconds, and a 3-
mm section thickness was selected to ensure ade-
quate coverage of the carotid bifurcation. By re-
ducing section collimation to 2 mm while
maintaining a 1-mm section overlap, pitch, and
tube current, it is possible to achieve a reduction in
the contribution from partial-volume effects and
consequent improvement in z-axis resolution, at the
expense of increased image noise and reduced z-
axis coverage. The z-axis coverage of the scan can
be increased by using a larger section thickness, an
increased scan pitch (both of which will decrease
the z-axis resolution), or a longer scan duration.
Improvements in scanner technology now permit
spiral scans of 60 seconds or greater. The required

coverage of the scan depends on the preferences of
the radiologist and clinician.

Cumming and Morrow (7) used multiplanar re-
formatted CT angiograms to assess the carotid bi-
furcation and found good correlation with conven-
tional angiograms in the demonstration of plaque
irregularity suggestive of ulceration. No histologic
analysis was performed. In our study, MIP recon-
structions were useful in assessing the site and de-
gree of stenosis. However, in all other respects, we
feel that plaque morphology was better depicted on
source axial images.

The contrast resolution provided by CT angiog-
raphy allowed excellent analysis of calcification,
with considerably more calcified plaque identified
than at histologic examination. Cases in which cal-
cification was evident on CT scans but was not
seen at histology probably represent false-negative
histologic examinations and reflect the greater sen-
sitivity of CT. The disparity between histology and
CT may be partly due to the volume incorporated
within the CT sections (3-mm thickness), which
was considerably greater than that of the pathologic
sections (5-mm thickness). It is also possible that
larger calcified foci were displaced from the section
during slide preparation and that early stages of
mineralization, which closely resemble mature
sclerotic tissue, were not detected microscopically.
CT has an advantage over sonography in that heavy
calcification does not obscure the rest of the arterial
wall. Plaque calcification is not a feature of the
unstable plaque, but its accurate depiction is of
practical use in planning the site of arteriotomy or
extent of endarterectomy.

Conclusion
CT angiography of the carotid bifurcation is a

fast, noninvasive technique that provides informa-
tion on both the vessel lumen and the atheromatous
vessel wall. It allows assessment of plaque density,
which reflects histologic findings related to plaque
stability and provides excellent analysis of plaque
calcification. Owing to limitations in spatial reso-
lution, it does not show plaque ulceration accurate-
ly. Further studies with larger numbers of patients,
higher-resolution scanning, and clinical follow-up
are needed to assess the potential of CT angiog-
raphy to predict outcome based on the combination
of degree of carotid artery stenosis and plaque
morphology.
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