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Abstract

Introduction: Cardiovascular diseases (CVD) are the main cause of prema-
ture deaths worldwide, and atherosclerosis (AS) is a major risk factor asso-
ciated with them. B-mode ultrasound is a well-validated research tool that
has been translated increasingly into clinical practice. The aim of the study
was to assess the diagnostic accuracy of carotid intima media thickness by
B-mode ultrasonography in coronary artery disease patients.

Material and methods: This was a case control study, including 100 cases and
the same number of controls. Patients with positive angiographic findings and
chest pain were considered as cases and those without as negative. Duplex
carotid ultrasound was used to detect intima-media thickness (IMT). B-mode
real-time ultrasonic images were obtained with a 7 MHz transducer. An intima
media thickness of 0.6 mm was considered as being without plaque.
Results: The angiographic findings were single-vessel disease, double-ves-
sel disease, and triple-vessel disease in 18%, 11.5%, and 20.5% of cases,
respectively, while there were no findings in controls. There was plaque for-
mation in 14.5% and calcification in 12% of the cases. Sensitivity of B-mode
ultrasonography was found to be 78%, specificity 75%, positive predictive
value 75.72%, and negative predictive value 77.31%.

Conclusions: Carotid ultrasonography can be utilised as a valuable screen-
ing tool due to having several advantages, including ease of application,
reproducibility, low cost, and strong correlation with atherosclerosis.

Key words: coronary artery disease, cardiovascular disease,
cerebrovascular disease, intima media thickness, B-mode ultrasound.

Introduction

Cardiovascular diseases (CVDs) are on the rise on the global scale,
causing premature death and rendering a huge socioeconomic burden.
Their underlying pathogenesis is mainly atherosclerosis (AS). CVDs may
progress to develop coronary artery disease (CAD), cerebrovascular dis-
ease, peripheral vascular disease, and coronary heart disease (CHD) and
hence may lead to myocardial infarction, cardiac arrhythmias, cardiac ar-
rest, or stroke [1]. CHD alone is responsible for one third of all mortalities
in the young adult population in developed countries [2, 3].

Age, sex, and familial predisposition [4] are also irreversible accompa-
niments to our lives, but others are clearly or potentially reversible, like
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hypertension, hyperlipidaemia, cigarette smoking,
and diabetes mellitus. Age has a dominant influ-
ence on the development of clinically significant
AS[1, 5], although some death rates from CHD are
significantly higher in males until age 75-85 years,
when the incidences in males and females ap-
proach equality. Significantly, myocardial infarc-
tion is uncommon in premenopausal women and
in the age group of 35 to 55 years. The mortality
rate of white males is over five times that of white
females. Naturally, other risk factors influence
the relative risk of CHD in females; the rate is in-
creased in women with a history of heavy smok-
ing, hypertension, or diabetes.

Despite advancement of atherosclerosis, symp-
toms are not expressed in patients with CHD. How-
ever, it has a poor prognosis compared to patients
without CHD. Hence, it is of utmost importance to
identify at-risk, asymptomatic patients, in order to
prevent mortality and morbidity through medical
interventions [6]. Sonographic measurement of
arteries and their imaging has been suggested as
a diagnostic tool for CVD [7].

Carotid intima-media thickness (CIMT) and ca-
rotid plaque burden are considered as predictors
of cardiovascular risk [8]. In 2000, an American
Heart Association (AHA) conference concluded
that CIMT “can now be considered for further clar-
ification of CHD risk assessment at the request of
a physician”, provided that it is performed by an
experienced laboratory [9]. In a very recent study
conducted by Bulut et al., CIMT was also reported
to determine the target organ damage in patients
with CAD [10]. CIMT was significantly linked to
CVDs including myocardial infarction, transient
ischaemic attack, etc. [11]. CIMT measurement
with B-mode ultrasound is a sensitive technique
to estimate the AS plaques and risk of developing
CVD[12].

Morphological arterial wall abnormalities by
B-mode imaging were previously done for the
evaluation of fibromuscular dysplasia and were
considered non-invasive and accurate [13]. Re-
cently, it has also been used in a computer-aided
multimodal diagnostic technique for prostate can-
cer and was found to be helpful [14]. It also has
diagnostic applications in many other diseases of
the abdomen, kidney, breast, liver, and thyroid, as
well as musculoskeletal and gynaecological dis-
eases, etc.) [15].

In Pakistan, many hospitals do not have the fa-
cility of angiography; therefore, a screening test
“B-mode ultrasonography of carotid artery” is
used worldwide, and this is why this test is being
compared with a confirmatory/diagnostic test/
gold standard test (angiography). The results in
different countries have revealed good reliability,
sensitivity, specificity, predictive value, accuracy,

and precision [16]. Carotid plaques are a progres-
sive stage of AS and a risk factor for CVD, and
different imaging methodologies are being used
these days for its diagnosis. For this purpose, the
thickness of the carotid artery wall is measured,
which is an indicator of the initial phase of AS
[11]. This study was conducted to assess the CIMT
measurements in carotid artery disease patients
by B-mode ultrasonography and its diagnostic ac-
curacy.

Material and methods

A case control study was conducted at the
Radiology Department of Mayo Hospital Lahore.
A total of 200 patients were selected through
convenient sampling technique, from whom
100 were cases and another 100 were controls. All
the patients presented with chest pain. Angiog-
raphy test was performed to have a clear picture
of open, narrow, and blocked and narrow arter-
ies and veins. Patients with positive angiography
test were subjected to carotid ultrasonography
and considered as cases. The other 100 patients
of chest pain with normal angiography test were
considered as controls after obtaining their con-
sent. Patients on any medication, unable to hold
their head still, or with high bifurcation of the ca-
rotid artery were excluded. The mean age of cases
was 51.62 £11.23 years and of controls was 47.15
+9.35. In cases, there were 77 males and 23 fe-
males, and in controls 52 males and 48 females.
The study was approved by the Ethical Review
Board of the University of Lahore, Pakistan.

Both the sonographer and patient were posi-
tioned properly to facilitate high-quality, repro-
ducible images. The sonographer was positioned
at the head of the patient, with enough space to
rest an elbow on the patient’s head. The patient
was positioned supine on the scan bed with their
head resting comfortably [17]. Duplex carotid ul-
trasound was used to detect intima-media thick-
ness (IMT). B-mode real time ultrasonic images
with a 7 MHz transducer were used. Most patients
could be scanned at a standard depth of 4 cm.
The resolution decreases with increasing imag-
ing depth. The typical pixel size when imaging at
a 4 cm depth is approximately 0.11 mm.

An ultrasound machine with a linear array
transducer working at a minimum frequency of
7 MHz and depth of 4 cm was used for the mea-
surement of CIMT. Zooming of the images is not
recommended because these measurements are
very small, and even a difference of one digital
pixel matters a lot [16]. Carotid ultrasound imag-
ing should follow a scanning protocol from a large
epidemiologic study that reported CIMT values in
percentiles by age, sex, and race/ethnicity [18].
The data acquired included transverse and lon-
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gitudinal images of common carotid parameters
throughout visualised vessels. IMT up to 0.6 mm
(mean of one side) was considered as the ab-
sence of any plaque [19]. Fifty percent or great-
er stenosis of the studied vessel was considered
haemodynamically significant. A self-structured
questionnaire was used to collect the data. Mean
+ SD was used to describe the quantitative vari-
ables. The y? test was used to see the association
among the different variables. Data were analysed
with SPSS Version 21.0.

The CIMT portion of the recommended scan-
ning protocol is based on the Atherosclerosis Risk
in Communities (ARIC) study protocol because it
was a large study with published nomograms
for CIMT values in the age range that is usually
most appropriate for screening. Furthermore, in
the ARIC study, both increasing CIMT and carot-
id plaque presence independently predicted CVD
events, and the scanning methods are reproduc-
ible in most clinical laboratories [18, 20]. The re-
gion to be measured includes the far wall of the
distal 1 cm of the CCA. The distal common ca-
rotid artery (CCA) should be perfectly horizontal
on the screen with simultaneous double lines in
the near and far walls of the CCA. This is accom-
plished by a combination of small adjustments in
transducer tilt, rotation, and differential pressure
of the proximal-to-distal end of the probe (heel-
toe movement). After the optimal angle of inci-
dence (OAl) is identified, the distal 1 cm of the
CCA should be imaged from two additional com-
plimentary angles, approximately 45° anteriorly
and posteriorly to cover a representative range
of the neck circumference (anterior, lateral, and
posterior). If the patient’s OAl is extremely ante-
rior or posterior, two additional images approx-
imately 45° apart should be obtained. Applying
different degrees of pressure and use of gel as
an acoustic standoff will improve resolution and
reduce artefacts.

When evaluating for the presence or absence
of plaque in conjunction with measuring CCA,
CIMT offers a better representation of sub-clinical
vascular disease and CVD risk than only measur-
ing CIMT. Carotid plaque is defined as the pres-
ence of focal wall thickening that is at least 50%
greater than that of the surrounding vessel wall or
as a focal region with CIMT greater than 1.5 mm,
which protrudes into the lumen, and which is dis-
tinct from the adjacent boundary [21].

Measurement of CIMT involves tracing the
blood-intima and media-adventitia interfaces of
the far wall using a leading edge-to-leading edge
technique. The best image for CIMT measurement
demonstrates the blood-intima and media-ad-
ventitia boundaries clearly. The reader should be
able to see these interfaces on both near and far
walls of the carotid artery to ensure that the so-

nographer has imaged the vessel through its tru-
est diameter, otherwise the CIMT may be thicker
or thinner than is anatomically correct [22]. If the
images do not show a complete 1 cm segment,
the tracing maybe shortened. Tracing of interfaces
that are not clearly visualised should be avoided.
If plaques are detected in the segment being mea-
sured, they should be traced as part of the CIMT,
because they appear to have been included in
CIMT measurements in most of the epidemiologic
studies in an alternate reading protocol, based on
published nomograms and risk prediction associ-
ations, which also may be used. In general, seg-
ments should be measured in triplicate and CIMT
values averaged. Most studies provided reference
values in used manual reading techniques; how-
ever, semiautomated border detection programs
were used by some. Semiautomated border de-
tection programs are widely available and, when
used on high-quality images, tend to improve re-
producibility and shorten reading time, especially
among newer readers [23].

Mean CIMT values from the far walls of the
right and left CCAs (mean-mean) should be re-
ported. Use of additional segments or maximum
values is an alternative if there is local exper-
tise and these measurements can be mapped to
normative values with published associations to
CVD risk. Most reading software will report mean-
mean (average of segmental mean CIMT values)
and mean-maximum (average of segmental max-
imum CIMT values) CIMT values. Mean-mean val-
ues are more reproducible because multiple points
along the traced segment are averaged, but they
are less sensitive to change. Mean maximum val-
ues are more sensitive to change, but are less re-
producible, because they are derived from a single
point (or regional maximum) measurement along
the 1 cm region.

Results

In coronary artery disease patients, 36 patients
had single-vessel, 23 had double-vessel, and
41 patients had triple-vessel diseases. All 100 con-
trol patients had normal angiographic findings.
There is a statistically significant association
between angiographic findings and coronary ar-
tery disease. The proportion of plaque formation
among coronary artery disease was greater (29%)
than in their respective controls (0%) (p < 0.05).
The proportion of calcification among coronary
artery disease was greater (26%) than in their re-
spective controls (0%) (p < 0.05) (Table I).

Among the cases 36 patients had single-vessel
disease, 23 patients had double-vessel disease,
and 41 patients had triple-vessel disease. The
mean + SD of IMT thickness on right side in single-
vessel disease patients was 0.74 +0.24, in dou-
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Table 1. Angiographic findings in cases and controls

Angiography findings Cases Control Total P-value
Single vessel disease 36 0 36 < 0.001
Double vessel disease 23 0 23
Triple vessel disease 41 0 41
Normal coronary vessels 0 100 100
Total 100 100 200
Plaque: < 0.001
Yes 29 0 29
No 71 100 171
Total 100 100 200
Calcification: < 0.001
Yes 24 0 24
No 76 100 176
Total 100 100 200

ble-vessel disease patients it was 0.94 +0.49, and
in triple-vessel disease patients it was 0.90 +0.31.
The mean + SD of IMT thickness on the left side in
single-vessel disease patients was 0.76 +0.32, in
double-vessel disease patients it was 0.92 +0.46,
and in triple-vessel disease patients the thickness
was 1.02 +0.51 (Table Il). Diagnostic accuracy of
angiography and CIMT B-Mode ultrasonography
showed 78% sensitivity, 75% specificity, 75.72%

positive predictive value, and 77.31% negative
predictive value (Table Il1).

Discussion

Cardiovascular diseases are the main and silent
cause of death in the western world [24] because
they remain mostly undiagnosed unless a sudden
episode occurs and symptoms appear. Hence, the
importance of establishing accurate diagnostic

Table Il. Mean and standard deviation of intima media in patients of coronary artery disease with respect to an-

giographic findings

IMT thickness — right side [mm]

IMT thickness — left side [mm]

SVD (n = 36) DVD (n = 23) TVD (n = 41)

SVD (n = 36) DVD (n = 23) TVD (n = 41)

0.74 £0.24 0.94 +0.49 0.90 +0.31

0.76 +0.32 0.92 +0.46 1.02 £0.51

SVD - single-vessel disease, DVD — double-vessel disease, TVD — triple-vessel disease.

Table lll. Testing a case of carotid artery disease (B-mode ultrasonography) versus confirmatory test (angiography)

of coronary artery disease

Test result Angiography

Positive Negative Total
CIMT B-mode Positive 78 11 89
ultrasonography Negative 22 89 111
Total 100 100 200
Sensitivity 78%
Specificity 75%
Positive predictive value 75.72%
Negative predictive value 77.31%
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tools for early diagnosis and preventive measures
becomes evident. CIMT is a predictive, non-inva-
sive, established, and economical marker for the
assessment of at-risk individuals before the actual
onset of disease symptoms.

CIMT measurements by ultrasound may be
used for the assessment of AS and risk to devel-
op CAD. Current findings indicate 78% sensitivity
and 75% specificity, which shows that it is able
to correctly diagnose the disease with accuracy.
A previous study conducted by ARIC also reported
an association of increased thickness of carotid
artery with increased risk of CAD by B-mode ultra-
sonography [25].

Coskun et al. studied 100 patients, of whom
39 were without a non-critical coronary lesions,
and the remaining 61 patients had at least one le-
sion more than 50% within the main branches of
the coronary arteries. Among patients whose an-
giographic findings were positive, 77 were males
and 23 were females [26]. Another study done by
Haberka et al. suggested that carotid vascular in-
dices such as CIMT, carotid extra media thickness
(CEMT), combined PATIMA index, and carotid ar-
tery stenosis may serve as predictors and indica-
tors of CAD. They enrolled 322 patients who were
scheduled for coronary angiography. They had
equal rates of single, double, and triple vessel dis-
ease. A total of 158 patients were diagnosed with
CAD [27]. A cohort study was conducted in Den-
mark on coronary angiographies patients during
2003-2012. 78,195 patients were enrolled, among
whom 32,061 (41%) patients had zero-vessel dis-
ease, 6205 (7.93%) had diffused-vessel disease,
20202 (25.83%) had single-vessel disease, 10,675
(13.65%) had double-vessel disease, and 9038
(11.55%) had triple-vessel disease [28]. In our
study, 36% patients had single-vessel, 23% had
double-vessel, and 41% had triple-vessel disease.

CIMT measurement is a non-invasive technique
to predict CAD to some extent, but its precision
increases if coupled with inflammatory markers
such as high-sensitivity C-reactive protein (hs-
CRP) [29]. Thus, CIMT may be used as a predictor
of AS [30]. In some other studies CIMT was also
found to be associated with CADs [31]. However,
these studies are done in the western world most
of the time. No study is available for a South Asian
population. The current study findings also con-
firmed the same facts in a Pakistani population.

Polak and O’Leary also suggested that CIMT
may add to the Framingham risk score (FRS) for
the prediction of CAD. They measured CIMT in
2965 participants, and CAD disease outcomes
were monitored for the subsequent 7.2 years.
Reclassification of CAD was done on the basis of
8-year FRS category. A total of 296 participants
had CAD. It was concluded that the maximum
internal and mean common CIMT can both diag-

nose CAD, but the maximum CIMT enhances the
FRS of CAD [32]. The presence of plaque was sig-
nificantly associated with plaque formation in the
CAD patients. Results from another study showed
that the carotid AS was significantly related to the
presence of triple-vessel disease. Furthermore, it
was reported by Polak and O’Leary that CIMT is
significantly correlated with the extent of CAD
[32]. In the present study, plaque formation and
calcification were observed in 29% and 24% of the
cases, respectively.

Dynamic range (DR) setting has also been re-
ported to have an impact on CIMT measurements,
especially the lower DRs [19]. It has also been
suggested that the DR be assessed in order to
increase the reliability and validity of measure-
ments of CIMT. Strict ultrasound protocols are
highly recommended, to emphasise the reproduc-
ibility of the results. A population including larger
data sets should be assessed in further studies to
standardise the normal ranges within a particular
population. Because it is one of the pioneer stud-
ies from South East Asia, to the knowledge of the
researchers, it may be considered as a pilot study
and may provide a foundation for further studies.
Diagnostic accuracy of B-mode ultrasound in dif-
ferent populations may be very helpful in setting
up standardised protocols globally. Future studies
on risk factor assessment for CAD and its preven-
tion may also be conducted.

In conclusion, CIMT has been observed to be
reliable predictor and biomarker for the diagnosis
and prognosis of CAD. Carotid plaques may pro-
vide a deep insight into the pathological mecha-
nisms and extent of disease. B-mode ultrasonog-
raphy is a precise, easy, economical technique for
the diagnosis of CAD. Hence, it should be done as
routine for the risk assessment of CAD cases. In
Pakistan many hospitals do not have the facility of
angiography; therefore, such a screening test for
CIMT could be used against a gold standard test.
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