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Abstract: This paper reports on a study of how well
texture features extracted from B-mode images of atherosclerotic plaque correlates with histological results
obtained from the same plaque after carotid
endarterectomy. The study reveals that a few second order
texture features (diagonal moment, standard deviation
and autocorrelation) provide good correlation within the
training set (p = 0.04); However, the correlation found
so far is not so high, that the method can be used in
clinical prediction of plaque constituents.

INTRODUCTION

Investigation of the carotid arteries with ultrasound
has gained widespread acceptance as the predominant
diagnostic tool, during its development over more than 3
decades. Atherosclerotic deposits in the internal carotid

'artery may cause stroke, and surgical removal has proven
advantageous in the attempt to reduce the risk of stroke.
So far, the main effort has been directed towards
assessing the severity of the atherosclerotic narrowing in
degree of stenosis. Recent research indicates that the
appearance of the carotid plaque on ultrasound B-mode

imäges may be of pathogånetic importance.lt'tl Specifically, echolucent plaques with a heterogeneous appearance on the image may be among those most likely to
cause a stroke. Previous work using visual interpretation

of B-mode images showed that echolucent plaques contained more lipid and hemorrhage as compared to echo-

genic plaque.tn

The purpose of this study was to investigate a possible

relation between digital analysis of ultrasound B-mode
images of carotid artery plaque and the histological
analysis of the plaques removed during carotid endarterectomy.

METHOD
Fortyfour patients

with neurological symptoms
scheduled for carotid endarterectomy were examined with
duplex ultrasound. Using a diagnostic ultrasound system,
(Apogee 800, ATL, Bothell, WA, USA), B-mode image
sequences were recorded on super VHS video tape from
the lateral, medial and transverse planes. The ultrasonographer later attempted to retrieve the best image from
each of these three planes. This was not always possible
in the medial and transverse planes. The image from each

plane was accompanied with an outline specification,
indicating the subjectively determined region(s) with the
plaque. This outline was found with assistance from color
Doppler images of the blood velocity, which was also
registered. Features for the plaque image region(s) were
calculated separately for the lateral (M images), medial
(28 images) and transverse (33 images) planes.

Based

on the plaque image region, features

were

calculated from the normalized gray-scale
-matrix histogram and
(GLCM).[4] On
from the gray level co-occurrenöe
images with more than one plaque region, the histograms
were added to form a single histogram. Likewise for the
GLCM. Seventeen first-order features were calculated

from each histogram. Ten second-order features were
calculated from each GLCM. The GLCM was calculated
for the distances l, 2, 5, 8 and 10 pixels and the four
angles 0',45', 90' and 135', where 0' and 90" correspond
to lateral and axial direction of the B-mode image,
respectively.

It was found that the distance 8 pixels

and

the angle 90' gave the statistically most significant

features. The subsequent analysis is based on this distance

and angle only.
The surgically removed plaques were cut transversely

into 7-12 sections of 2 - 3 mm distance for the
histological analysis. The total plaque contents of fat,
blood, calcium, thrombus and fibrous materials

was

found.

The correlation between features extracted from the
plaque region in the B-mode image and the histological
results was investigated using the linear model,

y- =

4p

(1)

where y, the dependent variable, represents the histological results, X, the independent variable, contains the

values

of a given

feature and

!

0 is the regression

was chosen as to represent a)
the total amount of soft material (blood and fat) b) the
total amount of fibrous materials and c) the total amount
of calcium. As an example consider the image-set for the
lateral plane: In (1) ! is thus a column vector with 44
elements, each of them representing the histological result
for a given constituent (e.9. soft tissue). X is a matrix
with two columns and 44 rows. The first column contains
44 elements with value unity. The second cölumn
contains 44 elements where each of them represents the
value of a given feature for the 44 images. p is then a
parameters. Specifically,

two-element column vector. An estimate of p can be
found using conventional maximum likelihood methods,
provided I is normally distributed (approximately the
case for the data sets used here).
Those of the 27 features (individually and combined),

that provided the best correlation with the histological
results were next found. In order to do that. 80 7o of each
of the three image-sets were used with'the linear model
in (l) and the p-value was calculated. The p-value is here
the probability that the relation between a given feature

and the histological results

is accidental. Thus a

low

p-value indicate a high correlation. In order to deal with
the statistical fluctuations caused by the limited number
of B-mode images, the 80 7o data-set was extracted l0
times by a resaripling technique. Fröm this investigation,
nine features (individual or combined) were identified as

significant (p < 0.05).
In order to evaluate how well the model can be used
to predict the contents of different materials in plaque,
the B-mode images was split in to a training set (80 7o)
and a test set (20 Vo). The prediction then is
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where fu,oinins is the regression parameters found from the
training set, {r,", is the features extracted from the test set

images and

\,,,

is the estimated levels of the constituent

that is to be predicted. The absolute elrors

in

the

prediction, the residuals, are

R = abs(!-,,,, !,,,,)

(3)

where abs(.) extracts the absolute value of each element
residuals from a model where the mean of the histological
results were used as prediction
E lY

(4)

,oinins)

RESULTS
The histological results for the 44 patients are shown
in Table 1. None of the plaques contained thrombosis.

1

The results of the histological
analysis, (mean t one standard dertatton) Vo,_

Table

Blood

Fat
40.4

+11.8

Fibrous

materials

57.2+r1.8

0.5 10.6

Calctum
r.9 +2.1

in

Table 2, which contains three second order
(-L) and the medial
(-M) planes. DM is the diagonal moment, SY..is the
itunäåO deviation and AC is the autocorrelation.tal

The mean and standard deviation of the residuals were
calculated over the total number of cases; the latter is
equal to the number of resamplings (100) multiplied with

th-e number of images in a test set. Combination of
features from different scan planes did not yield improved
results.

Table 2 Mean and standard deviation
of mean of residuals calculated from the linear model.

SOft
Soft

Cases

DM-L
DM-L & SY-L

Fibrous DM-L & SY-L

Calcium

AC-M

EtRl

900
900
900
600

STD{E{R}

9.5
9.5

6.6/^/eoo

8.7

7.O/./eoo

1.3

1.3/Goo

}

6.6/.Foo

The result of using the mean of the histological results

the histological results in the training set.

Table 3 Mean value and standard
deviation of residuals calculated with mean
values of the histological results as predictors.

group Cases E{R}

Soft
Fibrous
Calcium

900
900

10.3

600

1.4

10.1

STD{E{R}
6.3/,[eoo
6.s/./eoo
l.2l^1600

of these

are:

1) The pulse-echo ultrasound method used is limited by

diffraction effects (e.g. the point spread function) of
the imaging system, and the interrogating medium

3) The ultrasonic information only concerns a few planes

through the plaque and not the entire 3D plaque
structure which is analyzed histologically. Another
concern is the outline of the plaque region(s).
4) The histological analysis, which is used as a "golden
standard", also has limitations: The plaque is only

sampled (cross-sectional) every 2-3 mm and the results
are interpreted by a human observer.

CONCLUSIONS
This study has shown that there do exist a correlation
between features extracted from the region of the B-mode
image that contains plaque and the histological results
obtained from the same plaque removed surgically.
Specifically, the second order feature, diagonal moment,
shows good correlation with soft tissue materials (p =
0.04) and fibrous materials (p = 0.04). A combination of
features from different scan planes did not yield any
improvement. In terms of prediction, however, the
method is not yet clinically suitable.
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for prediction, is given in Table 3. Specifically, the
predictions in the test set was found from the mean of

Material

DISCUSSION
From the analysis of the results in Table 2 and 3, is
it clear that there is a correlation between features
extracted from the images of plaque regions and the
histological results. However, the relation is not so strong
that this method can be used for prediction. This conclusion is not surprising, as the number of factors that
influence the performance of the model in predicting the
material contents in a given plaque are numerous. Some

noise).

features obtained from the lateral

Feature

distribution was found to 0.0086. For "fibrous" and
"calcium", the probabilities are 0.00001 and 0.68,

(between transducer and plaque).

The nine features (individual or combined) were all

Const.

with zero mean. The probability that the results for "soft"
material in Table 2 and 3 belong to the same normal

2) Only the envelope of the received signal is analyzed.
Further degradation arises due to the (super VHS)
video recording (loss of bandwidth and introduction of

used with equation (3) in order to find the smallest mean
residue. The best results were obtained for the features

given

assumed that the residuals belong to a normal distribution

respectively.

in the vector and 1,,,, is the actual histological results for
the test set. These residuals were finally compared to the

!-rrr,^ron =

In order to see if the results in Table 2 and 3 are
statistically different, a t-test was used to analyze the
mean and standard deviation in these tables. It was

}
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