
Assessment of Vessel Wall Thickness in Carotid Atherosclerosis
using Spiral CT Angiography

C. Porsche, L. Walker, A. D. Mendelow and
D. Birchall*

Regional Neurosciences Centre, Newcastle upon Tyne, U.K.

Objectives: the purpose of this study was to evaluate the amount of vessel wall thickening in the internal and common
carotid arteries in patients undergoing spiral CT angiography for the investigation of significant atherosclerotic disease.
Materials and Methods: forty-five carotid systems in patients with a 70% or greater stenosis (according to carotid
duplex) were imaged with CT spiral angiography using a standardised protocol. The vessel wall thickness of the distal
common and mid internal carotid artery was measured using axial CT sections.
Results: vessel wall thickness was greater and more variable within the common carotid artery than within the internal
carotid artery. The mean proportion of total vessel diameter constituted by vessel wall thickness was significantly greater in
the common carotid artery as compared to the internal carotid artery: 28+ 12% (sd) vs 15+ 6%, respectively (p5 0.001).
Conclusions: significant and extended wall thickening is commonly present in the internal and common carotid arteries of
patients with atherosclerotic disease, but the internal carotid artery is significantly less affected than the common carotid
artery. These observations question the validity of using the common carotid artery as a reference vessel for angiographic
stenosis measurements
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Introduction

Atherosclerotic stenotic disease of the extracranial in-
ternal carotid artery is well established as a major risk
factor for subsequent thromboembolic cerebrovascu-
lar events. Several major multicentre studies have
established carotid endarterectomy as an effective
means of reducing risk in those patients with high
grade stenosis.1±3 The accurate measurement of sten-
osis severity is therefore an absolute requirement in
this patient group.

Stenosis severity is generally calculated from angio-
graphic projection of the diseased vessel, by geometric
comparison of the stenotic segment with a reference
vessel. Reference vessels used for this purpose include
the mid-distal internal carotid artery (NASCET tech-
nique1), the estimated carotid bulb (ECST technique2),
and the distal common carotid artery (common
carotid method4,5 and carotid stenosis index6,7). The
NASCET technique of stenosis measurement assumes
that the calibre of the mid-distal internal carotid artery
is normal. Similarly, the ECST, common carotid
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method and carotid stenosis index assume a normal
common carotid artery lumen diameter. However, sig-
nificant atherosclerotic disease in these reference
vessels may affect the lumen calibre, and reduce the
validity of their use as standards of reference. It is well
established that there is an increase in vessel wall
thickness due to intima-media proliferation in patients
with atherosclerotic carotid disease,8±10 but the effect
of this on the calibre of the internal and common
carotid arteries relative to the stenosed segment is
not clearly defined.

This lack of data is a direct result of the angio-
graphic techniques that are commonly used to
quantify stenosis. Catheter angiography and MR
angiography do not provide information on the
amount of vessel wall thickness present, and visualise
only the patent vascular lumen. CT angiography is
a relatively novel technique that has developed as
a result of spiral CT technology. The diagnostic accur-
acy of CT angiography has been determined and vali-
dated in numerous papers,11±14 and it is a technique
that is becoming increasingly utilised in the assess-
ment of carotid atherosclerotic disease. CT angio-
graphy has the additional advantage of being
capable of demonstrating the surrounding vessel
wall and plaque.12 CT therefore provides information
l rights reserved.
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not only on lumen patency, but also on the severity
and extent of atheromatous plaque and intima-media
thickening. For this reason, CT angiography is highly
suited to the study of the effects of atheromatous ves-
sel wall thickening. The purpose of this study was to
observe the amount of vessel wall thickening in the
common and internal carotid arteries in a group of
patients undergoing spiral CT angiography for the
investigation of severe carotid atherosclerosis.

Methods

Fifty carotid arteries in 40 patients (21 male, 19 female,
age range 44±78) were retrospectively analysed. In
each case, there was atherosclerotic stenosis of the
internal carotid artery that measured at least 70% as
determined by carotid duplex data. Each patient was
imaged with CT angiography as part of routine ima-
ging prior to carotid endarterectomy. For the purpose
of this retrospective study, five carotid systems with
a significant degree of tortuosity were excluded
because of the error that vessel obliquity would pro-
duce in measuring wall thickness in the axial plane.
This resulted in there being 45 carotid systems for
analysis.

CT angiography was performed according to a
standardised protocol using a GE CTi scanner (GE
Medical Systems, Milwaukee, WIS, Canada). Ninety
Fig. 1. Axial CT section at the level of the distal common carotid
artery. Calipers drawn using the workstation software demarcate
the total width of the common carotid artery.
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mls of nonionic contrast (300 mg I/ml) was injected
at 4 ml/s with a time delay of 15 s during a spiral
acquisition from C2 to C6. Three millimetre sections
were obtained at a pitch of 1.5 : 1, and were transferred
to an independent workstation (GE Advantage
Windows, GE Medical Systems) for data analysis.

Axial images were reviewed on the work station
with a window level of 150 and a window width of
850 (selected to optimise vessel wall visualisation).
The vessel wall thickness was measured in each of
the diseased carotid systems as follows. Two axial
sections were chosen in each case, one within the
mid internal carotid artery distal to the stenosed seg-
ment, and another within the distal common carotid
artery 2 cm proximal to the carotid bifurcation. The
latter level was chosen as this is the reference that
is used for the common carotid method4,5 and the
carotid stenosis index technique.6,7 The width of
the carotid lumen was measured in the transverse
plane using callipers available on the work station
software, and this was compared to the transverse
width of the vessel (including the vessel walls). The
vessel wall thickness was derived by subtraction of
these measured values. An illustrative example is
shown in Figure 1. The vessel wall thickness relative
to the overall vessel size was also calculated, and
expressed as a percentage value.

The transverse plane was chosen in order to stand-
ardise the measurement technique between internal
and common carotid artery and between different
patients. This may have resulted in underestimation
of the amount of vessel wall thickening in those
patients with atheromatous disease most prominent
in a plane other than the transverse. However, such
observations were usually seen in relation to the
carotid bulb rather than the chosen sections within
the distal common carotid artery and mid-internal
carotid arteries.

The mean value and standard deviation were calcu-
lated for the proportion of total vessel diameter con-
stituted by vessel wall thickness in the common and
internal carotid arteries. The difference between the
mean values for the common and internal carotid
arteries was evaluated using the two-sample t-test.

Results

Table 1 demonstrates the range and mean values of
the amount of vessel wall thickness in the common
and internal carotid arteries, and the proportion of
total vessel width constituted by wall thickness. The
data is reasonably modelled by a Normal distribution.
The amount of vessel wall thickness was significantly
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greater in the common carotid artery than in the in-
ternal carotid artery, as was the proportion of total
vessel width constituted by wall thickening. The dif-
ference between the mean values for the proportion of
vessel width constituted by vessel wall thickness for
the common and internal carotid arteries is 13% (95%
confidence interval 8.9±16.9%). The t-test statistic is
6.46 on 68� of freedom, giving p5 0.001.

No relationship between the proportion of vessel
wall thickness in the common carotid artery exists
with that in the internal carotid artery, as shown in
Figure 2.

Discussion

This study demonstrates that vessel wall thickness
is more variable and is greater in the mid-distal
common carotid artery than in the mid-internal
carotid artery. More pertinently, the proportion of the
Table 1. Table demonstrating the range and mean values of vessel
wall thickness (mm) and of proportion of total vessel width con-
stituted by vessel wall (%) for the internal and common carotid
arteries.

Vessel wall thickness

Absolute value Proportion of total
vessel diameter

Mean (range) Mean� sd (range)

Common carotid artery 2.8 (0.5±6.1) mm 28� 12% (6±52)
Internal carotid artery 0.9 (0.3±2.1) mm 15� 6% (5±31)

100

%ICA Vess

%
C

C
A

 V
es

se
l W

al
l T

h
ic

kn
es

s

Y=24.8
R

50

40

30

20

10

0

Fig. 2. Scatter plot demonstrates no relationship between the proporti
internal carotid arteries. The p value for the linear regression plot is 0.
total vessel diameter that is constituted by thickened
vessel wall is significantly greater in the common
carotid artery than in the internal carotid artery,
with a wider range of values in the common carotid
artery. For example, vessel wall thickness constituted
20% or more of the overall vessel width in just 8 of
45 (18%) of internal carotid arteries, whereas within
the common carotid artery 35 of 45 common carotid
arteries (78%) demonstrated vessel wall thickness of
20% or greater. It is also notable that there was no
relationship between the degree of wall thickening in
the common carotid artery as opposed to that in
the internal carotid artery. The explanation for this
is not clear. The haemodynamic flow patterns within
the common and proximal internal carotid arteries
have been shown to differ significantly,16 and this
has been suggested to be a important influence in
the formation of local atheroma.17 We speculate
that this is one potential explanation for the disparity
in findings between the common and internal carotid
arteries.

These findings have important implications for the
evaluation of carotid atherosclerotic disease. Firstly,
the observation of a variable amount of wall thicken-
ing in the internal and common carotid arteries indi-
cates that these vessels should be used with caution as
absolute reference standards for angiographic stenosis
measurement. This variability is particularly pro-
nounced within the common carotid artery. Secondly,
the internal carotid artery is shown to be relatively less
affected than the common carotid artery by vessel
3020

el Wall Thickness

629 + 0.197562X
-sq = 1.2%

on of vessel wall thickening in the distal common carotid and mid
481, indicating no relation between the parameters.
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wall thickening, and this would support the proposal
that the NASCET method is more robust than
methods that use the common carotid artery as a
standard for reference. It is not suggested that mea-
surement of the vessel wall thickness is more relevant
than angiographic luminal diameters in the evaluation
of stenotic carotid disease, but that there is potential
for underestimation of stenosis severity in patients
with a large proportion of wall thickening in the ref-
erence vessels. Thirdly, these findings may to some
extent explain the well established observation from
histopathological assessment of endarterectomy speci-
mens that angiography underestimates the degree
of stenosis in a significant proportion of patients.15

Finally, the ability of CT angiography to demonstrate
extended atheromatous disease supports the more
widespread use of this imaging modality in the as-
sessment of patients with extracranial carotid artery
disease.
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