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Abstract - We modified a scoring system (mainly based on the method developed by Sutton et al
in 1992) to quantify the extent of extracranial carotid artery atherosclerosis by B-mode imaging.
In order to perform subsequent studies on cerebrovascular atherosclerosis reliably in the future,
we evaluate the reproducibility of this scoring system. Reproducibility data were obtained from
forty-three study participants who have received carotid sonography operated by the same
sonographer. Each scan was then scored by other two readers. Fach reader independently assigned
a grade from 0 to 4 to each of five segments in the carotid system bilaterally, based on the number
and size of lesions present. Reproducibility of plaque grade was evaluated using segment as the
unit of analysis. Perfect agreement was achieved in 91% of the entire segments (K=0.701). The
reproducibility of plagque grade varied by segment. Kappa statistic reflected good agreement for
the internal carotid artery (K=0.743), distal common carotid artery (K=0.722), proximal common
carotid artery (K=0.677), external carotid artery (K=0.645), and carotid bulb (K=0.622). We con-
clude that the B-mode ultrasonography may provide a reliable and highly reproducible measure-
ment of the extent of extracranial carotid atherosclerotic disease.
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INTRODUCTION

Many studies have been conducted to
evaluate the risk factors of large vessel
atherosclerosis. Therefore methods to quan-
tify the extent of large vessel atherosclerosis
are of vital importance for prospective stud-
ies. In cardiology, the extent of coronary
atherosclerosis has been evaluated by count-
ing the number of coronary arteries with
stenosis of 50% or more™ or by more sophisti-
cated scoring systems such as those suggested

by the American Heart Association Grading
Committee®™ or others™ that include lesions
at multiple sites in the coronary system. How-
ever, coronary angiography is an invasive ex-
amination with considerable complications
which hinders repeated measurement in the
long-term follow-up.

B-mode ultrasound is valuable in assess-
ing a wide spectrum of carotid atherosclerosis,
from minimal to moderate disease. Using this
non-invasive technique, we can quantify the
extent of extracranial carotid atherosclerosis
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by counting all the plaques at different seg-
ments in the earotid system shown on B-mode
images'""?, The extent of carotid atheroscle-
rosis provides the better response variable to
relate risk factors to cerebrovascular or car-
diovascular disease in a dose-response fash-
ion. Therefore, we modified a scoring system
for extracranial carotid atherosclerosis. The
aim of this study is to test the reproducibility
of this scoring system.

MATERIALS AND METHODS

Forty-three patients with cerebrovascu-
lar or cardiovascular diseases were enrolled
in this study. All patients underwent carotid
duplex scanning at our vascular laboratory.
A Diasonics DRF 400 duplex ultrasound sys-
tem with a 7.5 MHz scanning frequency in
real time B-mode and 3.0 MHz scanning fre-
quency in pulsed Doppler mode was used for
the evaluation. The examination was per-
formed by an experienced sonographer (B.S.
Hwang) while the patient was lying in the
supine position. Scan images were recorded on
super VHS videotapes and were interpreted
independently by two different readers (C.C.
Chen and J.S. Jeng).

The scoring system we developed is
mainly based on the methods of Suttonetal in
1992, The carotid system was divided into
five segments bilaterally (Fig 1). The exami-
nation included longitudinal and transverse
views of the proximal common carotid artery
(CCA1, > 20 mm proximal to bulb-bifurca-
tion), distal common carotid artery (CCAZ2, <
20 mm proximal to bulb-bifurcation), carotid
bulb-bifurcation areas, internal carotid ar-
tery (ICA) and external carotid artery (ECA).
The longitudinal views include anterior, lat-
eral, and posterior approaches; each patient
received at least two of the approaching di-
rections. A grade was assigned to each chosen
segment (in the view with the most severe dis-
ease extent) by the following criteria: grade 0,
no observable plaque; grade 1, one small
plaque (<30% of the vessel diameter) or
intimal thickening; grade 2, one medium
plaque (30-49% of the vessel diameter) or mul-
tiple small plaques; grade 3, one large plagque
(50-99% of the vessel diameter) or multiple
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Fig 1. Schematic drawing of segments of carotid artery;

see text for details.

plaques with at least one medium plaque; and
grade 4, total occlusion of the vessel. The
grades were then summed to create a variable
called the carotid plaque index (CPI), which
was used as a measure of the extent of
atherosclerosis.

Variation due to the reader was assessed
by comparing records for which the
sonographer was the same but the readers dif-
fered. The reproducibility of plaque grade was
assessed using the Kappa statistic, a measure
of the agreement that occurs over and above
chance. Values of Kappa from 0.21 to 0.40 are
interpreted as representing fair agreement,
those from 0.41 to 0.60 as representing moder-
ate agreement, those from 0.60 to 0.80 as repre-
senting good agreement, and those above 0.80
as representing excellent agreement.

RESULTS

There were 86 carotid arteries (each pa-
tient had scans of right and left carotid arter-
ies) available to evaluate the reproducibility
of this scoring system. When atherosclerotic
disease was present, it was most often found in
the carotid bulb, proximal ICA, or distal CCA
(Table 1).

When the total of 430 comparisons were
analyzed (5 segments times 86 scans), readers
had perfect agreement in 90.7% of the entire
segments, corresponding to a Kappa of 0.701
(Table 2).

The reproducibility of plaque grade var-
ied little by segment (Table 3). The Kappa sta-
tistic was highest for the ICA (0.743) and low-
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Table 1: Distribution of plaque grade by seg-
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Table 3: Reproducibility of plague grade by

ment forreader A only segment
Plaque grade Interreader variation
0 1 2 3 % perfect

— T Segment N agreement, Kappa

Segment N G N G N % N % -
CCAl 86 93 0722

CCAl Th BTZ 7 £l 3 35 1 12 COAZ 86 90,7 0677
CCAZ 70 814 10 116 6 7.0 0 00 Bulh 86 802 LG22
Bulb TG | 26 302 3 35 1 12 1CA 86 94,2 0.743
ICA 73 849 9 105 2 23 2 23 ECA 86 95.3 0.645
ECA 79 418 3 35 3 a5 1 12

CCAL: proximal common carotid artery, =20 mm proximal to
bulb-bilurcation

CCAZ: distal common carotid artery, <20 mm proximal to bulb-
bifurecation

ICA: internal carolid artery

ECA: external carotid artery

Table 2: Reproducibility of plague grade

Reader B
Reader A [} 1 2 3 Total
0 340 11 2 0 353
1 4 33 13 0 55
2 1 1 13 2 17
3 0 0 1 4 5
Total 350 45 29 [ 430

Perfect agreement = 90,7%, |\'::pp:! =701

est for the bulb (0.622), but all five segments
reached good agreement. When disagree-
ments occurred, they were most often within
one grade (92.5%). The most common disagree-
ment was between no disease (grade 0) and 1it-
tle disease (grade 1) (Table 4).

DISCUSSION

Carotid duplex ultrasound imaging,
which incorporates Doppler and B-mode ul-
trasound, has been accepted as a valuable and
reproducible alternative to angiography in
the diagnosis of extracranial carotid
atherosclerosis. With its unique ability to
visualize the arterial wall as well as the lu-
men, sonography offers advantage over other
imaging modalities to evaluate the extent
and severity of extacranial carotid atheros-
clerosis.

CCAL proximal common earotid artery, 20 mm proximal to
bulb-bifurcation

CCAZ: distal common carotid artery, <20 mm proximal to bulb-
bifurcation

I1CA: internal carotid artery

ECA: external carotid artery

Table 4: Analysis of disagreement in plaque

grade
Disagreements when
readers differed (n = 40)

Disagreement within No. G
One grade )

Dws 1 20 50

1vs 2 14 35

2wvs 3 3 7.5
Two grade

0wvs 2 3 (i

1wvs. 3 ] 0

A number of authors have reported the
correlation between the severity of carotid
atherosclerosis and clinical events, e.g.,
stroke™® _ Researches focusing on the corre-
lation of clinical events with extent of carotid
atherosclerosis is a recent trend in the studies
of atherosclerotic disease''* ', From a clini-
cal viewpoint, physicians are usually more
interested in the severity of disease rather
than extent. The Doppler component of the
scan is best suited to measure disease severity
because it directly measures the effect of ca-
rotid stenosis on blood flow. Therefore, some
authors have concentrated on quantifying ca-
rotid disease based primarily on analysis of
the Doppler spectrum™=*, But in investiga-
tions of the etiology of carotid atherosclerosis,
measurement of the extent of disease as the
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response variable provides the opportunity to
relate risk factors to disease in a dose-re-
sponse fashion. In fact, measure of the extent
of atherosclerosis has been confirmed to corre-
late better with risk factors than measure of
the severity of disease""*%,

In order to evaluate the extent of
extracranial carotid atherosclerosis, differ-
ent methods had been developed to quantify
the disease extent based on the number and
size of plaques present on B-mode
sonography'"™*. After reviewing the scoring
systems developed by other authors, we devel-
oped our own modified scoring system to
measure the extent of extracranial carotid
atherosclerosis. Crouse et al'” measured the
scores for two sites 5 mm above and below the
bifurcation of the carotid artery, and elaimed
the reproducibility was almost as good as that
for entire carotid system. Kim Sutton-Tyrrell
and associates'" divided the carotid system
into seven segments with the thesis that addi-
tional information will be gained by evaluat-
ing the entire carotid vascular bed, and the
variability of plaque index due to the decision
on the location of the plagque will be elimi-
nated. Undoubtfully, there is an inherent
methodological advantage in considering po-
tential for disease at several sites. With in-
creasing number of lesions used to develop the
score, the reproducibility increases. This
likely occurs because carotid atherosclerosis
tends not to be limited to one single site, and
the average (or sum) is a better representation
of the overall process. The site of lesions also
influences the reproducibility of such scoring
systems. Some authors have reported that re-
producibility decreases as one moves higher
in the carotid system'*”. In our experience, the
position of bulb, ICA and ECA with respect to
the skin surface results in a less optimal an-
gle of insonation than in the CCA and thus a
lower-quality image. Therefore, we simplified
the measurement of disease in the ECA and
ICA due to the lack of high-quality images in
these vessels.

Assessing the reproducibility of the B-
mode component of the scanning protocol was
difficult because the variation can come from
both the sonographer and the reader. Accord-
ing to other authors' reports'”'?, most of the

variation in measurement is due to the
sonographer and relatively little to the
reader. This reflects the complexity of per-
forming a high-quality scan and underscores
the necessity for extensive training and expe-
rience of the sonographer. Meanwhile, the re-
ports published by Crouse et al and Sutton et
al were multi-center studies, so careful moni-
toring is necessary to watch for problems with
sonographer and reader variability. In con-
trast, our researches on cerebrovascular dis-
ease are single-center studies and all the
ultrasonographic scans were performed by
the same well-experienced sonographer (B.S.
Hwang, who had performed more than five
thousand cases of carotid ultrasonography be-
fore this study began) which greatly reduces
the possible variability due to technical prob-
lems.

The present scoring protocol offers a
method for the measurement of carotid
atherosclerosis in cross-sectional studies; but
for studies which require longitudinal fol-
low-up of carotid atherosclerosis, the repro-
ducibility for repeated examinations should
also be determined. In fact, several reports
have demonstrated that the reproducibility
remained high in carotid sonographic exami-
nations performed at different timeg"®®,

In conclusion, our modified scoring sys-
tem by use of B-mode sonography is a reliable
and highly reproducible method for measure-
ment of the extent of extracranial carotid
atherosclerotic disease and may provide an
ideal tool in studying extracranial carotid
atherosclerosis and cerebrovascular disease.
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