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Abstract

Abstrak

ACKGROUND: Cardiovascular disease is one
Bof the atherosclerosis etiologies that can lead

to death. Diabetes mellitus increases the risk
of atherosclerosis. Screening tool is very beneficial for
detecting atherosclerotic plaque, especially in subclinical
Carotid
(CIMT) and coronary artery calcification score (CACS)
are two kinds of tools that are widely used, and each of

atherosclerotic cases. intima-media thickness

these tools has its own superiority. This study was aimed
to investigate the sensitivity and specificity of both of these
tools as screening tools.

METHODS: The study was conducted with a cross
sectional design involving 43 diabetic and 68 non-diabetic
male subjects aged above 45 years old. All subjects fulfilled
inclusion criteria. Carotid artery ultrasonography and CACS
measurement were performed.

RESULTS: Fischer exact test was used to show a significant
correlation between CIMT and CACS (p<0.05). Diagnostic
test was used to assess the sensitivity of CIMT toward
CACS in above 75 percentile. The left common carotid
artery (LCCA) showed the highest sensitivity either in
diabetic (76.4%) or non-diabetic male subjects (90%).

CONCLUSION: CIMT has the same sensitivity with
CACS. CIMT can be used as the preferred screening tool
for high risk patients and as a substitution tool to CACS
for low risk patients in subclinical atherosclerosis detection.
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ATAR BELAKANG: Penyakit kardiovaskular

adalah salah satu etiologi aterosklerosis yang

dapat menyebabkan kematian. Diabetes melitus
meningkatkan risiko ateosklerosis. Alat skrining sangat
diperlukan untuk mendeteksi plak aterosklerosis, khususnya
pada kasus aterosklerosis subklinikal. Carotid intima-media
thickness (CIMT) dan coronary artery calcification score
(CACS) adalah dua jenis alat yang banyak digunakan dan
masing-masing memiliki kelebihan. Penelitian ini bertujuan
menyelidiki sensitivitas dan spesifisitas dari kedua alat
skrining tersebut.

METODE: Penelitian dilakukan dengan desain potong
lintang yang melibatkan subyek laki-laki, 43 diabetes dan 68
non-diabetes, yang berumur di atas 45 tahun. Semua subyek
memenuhi kriteria inklusi. Carotid artery ultrasonography
dan pengukuran CACS dilakukan.

HASIL: Fischer exact test digunakan untuk memperlihatkan
korelasi bermakna antara CIMT dan CACS (p<0,05).
Tes diagnostik digunakan utk menilai sensitivitas CIMT
terhadap CACS di atas 75 persen. Lefi common carotid
artery (LCCA) memperlihatkan sensitivitas tertinggi pada
subyek laki-laki diabetes (76,4%) atau non-diabetes (90%).

KESIMPULAN: CIMT memiliki sensitivitas yang sama
dengan CACS. CIMT dapat digunakan sebagai pilihan
alat skrining untuk pasien risiko tinggi dan sebagai alat
pengganti untuk CACS untuk pasien risiko rendah pada
deteksi aterosklerosis subklinis.
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Introduction

Cardiovascular disease (CVD) is the number one cause
Identifying the
patient” is clinically important because of the fact that

of mortality worldwide. “vulnerable
initial manifestation of CVD causes sudden death in
approximately 20% of patients.(1) Diabetes mellitus has
been known as the risk factor for coronary heart disease.
The incidence has increased two until four folds compared
with patients without diabetes mellitus.(2) Together with
hypertension, smoking, dyslipidemia, age and sex are the
other contributing factors that ameliorate coronary heart
disease.(3,4) These findings will increase the mortality risk
and give several implications of insulin resistance, visceral
adiposity and excess inflammation that finally underlie the
pathophysiology of atherosclerosis.(5-7)

There are many similarities between atherosclerotic
plaque in carotid and that in the coronary artery. Intimal
thickening is the first manifestation of atherosclerosis. Deep
portion of the intima contains rich lipid which is subsequently
accompanied by loss of smooth muscle and calcification.
(8) Necrotic core will be formed after this process. A study
shows necrotic core is the predictor for plaque rupture and
cerebrovascular event.(9,10) Initial screening is absolutely
needed to prevent further progress of atherosclerotic plaque.

Carotid intima-media thickness (CIMT) and coronary
artery calcification score (CACS) are some of the non-
invasive diagnostic tools that have been widely used. These
modalities can predict atherosclerosis plaque and grade its
vascular event.(1,11,12) Quite often equipment for CACS
measurement is not available in some centers in Indonesia.
CIMT is more available but the technique needs the
experience of an operator.

CACS is more beneficial in advanced diseases.
Diabetic patients associate with tunica media calcification,
also referred to as Monckeberg’s sclerosis, beside intimal
atherosclerosis calcification. Because medial and intimal
layers are in close proximity, noninvasive measures of
vascular calcification (particularly CACS) generally do not
distinguish them.(13)

The purpose of this study is to determine the
ability of CIMT to substitute CACS to detect subclinical
atherosclerosis especially in diabetic patients.
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Methods

This study involved diabetic male patients with age above
45 years old. All cardiovascular risk factors (dyslipidemia,
hypertension and obesity) were examined. Non diabetic
CACS and CIMT
were performed in all subjects. Patients were excluded

male subjects were taken as control.

from the study if they ever had percutaneous trans-coronary
intervention (PTCI) or coronary bypass surgery and
anticoagulant administration.

CACS

Coronary artery calcium evaluation was performed
using Dual Source computerised tomography (CT) scan
(Siemens, Erlangen, Germany). Data acquisition study was
made using electrocardiogram-gated scan with a 3-mm slice
thickness from the level of the carina through the bottom of
the heart. Coronary calcium measurement were performed
with an automated program based on the Agatston method
to compute the CACS.(14)

CACS measurements were classified into percentiles based
on Raggi criteria.(15) CACS was defined as score below
the 25" percentile, between 25" and 50" percentile, between
25" and 75" percentile and the high risk (abnormal) as a
score above 75" percentile.

CIMT
The carotid arteries were imaged with Doppler ultrasound
(Vivid 5, General Electric, Buckinghamshire, UK) with an
7.5 to 10 MHz linear-array transducer. The axial resolution
was set between 100 and 200 uM. At depth 30-40 mm was
used. The common carotid was examined at a point 2 cm
proximal to plaque free artery bifurcation with different
angle. The average and highest scores were taken.
Measurement of CIMT was performed in common
carotid arteries bilaterally and the regions examined were
right common carotid artery (RCCA) and left common
carotid artery (LCCA). The averages (AV) and the
measurements were classified in AV and maximum for
RCCA (Max RCCA) and LCCA (Max LCCA).
Values of CIMT were classified into percentiles based on
the multi-ethnic study of atherosclerosis (MESA) criteria
(age, sex and race (Chinese was applied).(16) CIMT was
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defined as score below the 25% percentile, between 25
and 75" percentile, and above 75" percentile. The high risk
(abnormal) is the score above 75" percentile.

Statistical analysis

Data were presented as mean = SD. By using the Spearman
correlation test, we calculated correlation between CACS
and CIMT. Then a Fischer exact test was used to measure the
association between CACS and CIMT in percentile results
with statistical significance if p was below 0.05. Diagnostic
test was used to determine the sensitivity of CIMT toward
CACS in percentile above 75,

Results

Baseline Characteristics

A total of 111 patients were recruited in the study, of whom
43 were diabetic and 68 were non-diabetic male subjects
as the control. All the subjects fulfilled the inclusion and
exclusion criteria. The mean + SD of age was 55.82 £ 7.51
years. The vascular risk was calculated: smoking (20%),
hypertension (55%) and dyslipidemia (41%). The CACS
mean + SD was 265.24 £ 451.78.

Table 1. The CIMT taken in average and maximal scores.

Variable Mean+SD  Min/Max
RCCA 087+ 029  0.4/2.45
LCCA 092+ 0.28  0.45/2.05

AV 092+ 0.25 0.5/2.1
Max RCCA 0.94+0.34 0.4/2.9
Max LCCA  0.98+0.33 0.5/2.5

RCCA: right common carotid artery; LCCA: left common carotid
artery; AV: average score from RCCA and LCCA; Max RCCA:
maximal right common carotid artery; Max LCCA: maximal left
common carotid artery.
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CIMT Results

The average and maximum scores were taken. The mean =+
SD, minimal and maximal scores were tabulated (Table 1).
The relationship between CACS and CIMT in diabetic and
non diabetic subjects was analysed. The correlation showed
a significant association of RCCA, LCCA, Max RCCA,
Max LCCA, and AV with calcium score ( p<0.05).

After we categorized the results into percentile, most
subjects were in percentile >75% group in CIMT. This
showed all subjects in this research were categorized in high
risk by CIMT. As shown in Table 3, there was a significant
correlation between CIMT and CACS in percentile, as
proven by p value <0.05.

CACS was classified based on Raggi criteria. CIMT
was classified based on MESA criteria (age, sex and race
(Chinese was applied) had been adjusted. p value shows
the significant correlation between CIMT and CACS. The
diagnostic test used to see the sensitivity of CIMT as a
substitution tool of CACS.

Table 3. Results of measurement of CACS and CIMT based
on percentile.

N (%)
Variable
<25% 25-75% >75%

Ca Score 7(6.31) 66 (59.64) 38 (34.23)
RCCA 10(9.01) 37(33.33) 64 (57.66) 0.01
LCCA 5(4,50) 27(24.32) 79(71.17) 0.019
AV 10(9.01) 35(31.53) 66 (59.46) 0.053
Max RCCA 13 (11.71) 45 (40.54) 53 (47.75) 0.007
Max LCCA  7(6.31) 47(42.34) 57 (51.35) 0.001

Ca Score: calcium score

Table 2. The Correlation between CACS and CIMT among diabetic and non diabetic subjects.

Total Non Diabetes Diabetes
Variable
r )4 r V4 r P

RCCA 0.2505 0.008 0.2976 0.0137 0.2191 0.158
LCCA 0.2724 0.0038 0.2948 0.0147 0.2434 0.1158
Max RCCA  0.2035 0.0321 0.1893 0.1221 0.2424 0.1174
Max LCCA  0.3524 0.0001 0.316 0.0087 0.4002 0.0078
AV 0.2578 0.0063 0.2691 0.0265 0.2621 0.0895
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Table 4. The sensitivity and specificity of CIMT toward CACS in all subjects.

Variable  Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Max RCCA 52.6 54.8 37.7 69
RCCA 68.4 439 359 74.4
Max LCCA 73,7 60.3 49.1 81.5
LCCA 84.2 35.6 40.1 81.3
AV 73.7 479 42.4 77.8

Table 5. The sensitivity and specificity of CIMT toward CACS in non DM subjects.

Variable Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Max RCCA 61.9 51 36 75
RCCA 85.7 42.5 40 87
Max LCCA 76.2 59.6 43,2 84.8
LCCA 90 383 39.6 90
AV 85.7 383 383 85.7

Table 6. The sensitivity and specificity of CIMT toward CACS in DM subjects.

Variable Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
Max RCCA 41.1 61.5 41.1 61.5
RCCA 47 57.7 47 62.5
Max LCCA 41.1 61.5 41.1 76.5
LCCA 76.4 30.8 41.9 66.7
AV 58.8 65.4 52.6 70.8

the initial or late process of atherosclerosis. The zero score
Discussion

The main purpose of this study is to assess the sensitivity
of CIMT as a substitution tool toward CACS. CIMT is easy
to measure as the instrument is available in most locations
in Indonesia. This study has shown there is a significant
of correlation between CIMT and CACS. Atherosclerosis
causes inflammation of blood vessels. Atherosclerosis itself
rarely gives symptomatic presentations before 45 years of
age in men or 55 years in women.

After we categorized the results into percentile, most
subjects were in percentile >75% group in CIMT. This
showed all subjects in this research were categorized in high
risk by CIMT. But patients with CACS percentile >75"were
less than in CIMT percentile >75". The process starts from
the endothelial lining cells and next to the medial muscular
layers. Atherosclerosis causes plaque that consists of fibrous
cap and necrotic core. The thickness of this plaque can be
measured by B mode ultrasound. Atherosclerosis may lead
to arterial calcification. Arterial calcification can arise in
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of CACS doesn’t mean there is no atherosclerosis process,
because not all plaques undergo calcification.

Compared with the non diabetic patients, CIMT
in diabetic patients had lesser correlation to CACS in
percentile. As we know, diabetic patients tend to have more
susceptibility to formation of atherosclerosis. Hyperglicemia
is the inducer of several inflammation substances like tumor
necrosis factor alpha (TNF-a), interleukin 1 beta (IL-1B),
IL-6 and adhesion molecules. All these circumstances
will end up to atherosclerotic plaque. The other things
that can accelerate the formation of plaque, including
genetic polymorphism, family history, blood cholesterols,
smoking and body weight, must be evaluated. So diabetes
mellitus may not be the sole factor that can contribute to
atherosclerotic plaque.

This study has proven that CIMT was quite sensitive.
The highest sensitivity score was seen at LCCA. CIMT
can be used as an alternative in the settings where CT scan
is not available, so it is of great usefulness for Indonesia.
The radiation exposure and the expensive cost cause
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the usage limitation of CT scan for CACS measurement.
Both the lower cost and negligible radiation exposure
of CIMT measurement make its own superiority to the
other measurement techniques, but its application requires
mastery of the skill in imaging the intima-medial thickness.

The goal of clinical medicine should be not only to
treat but also to prevent disease. It is best to determine which
patients may benefit from more aggressive CVD prevention
strategies before the occurrence of an adverse atherosclerotic
event. Whether screening for subclinical atherosclerosis
decreases the incidence of future cardiovascular events has
not yet been determined, but clinical guidelines recommend
more aggressive preventive interventions for high risk
patients.(1,2)

CIMT demonstrated high sensitivity, low specificity,
low positive predictive value and high negative predictive
value. The highest sensitivity of CIMT was LCCA. High
sensitivity with low positive predictive value was seen
because vascular calcification (CACS) is a late process of
atherosclerosis. It is consistent to the study by Lester et
al., that CIMT is a more sensitive test than CACS for the
detection of subclinical atherosclerosis.(1)

In non diabetic patients, the highest sensitivity with
high negative predictive value was shown by RCCA, LCCA
and the average. The result recommends use of them, on
the condition if we have patients with abnormal CIMT
(percentile above 75"), we must confirm with CACS. But if
we have patients with normal CIMT (below 75" percentile),
we do not need CACS for further examination.

In diabetic patients, the highest sensitivity with high
negative predictive value was shown by LCCA only. The
result recommends use of LCCA in diabetic patients.
Similarly as with non diabetic patients, if we manage
patients with abnormal CIMT (percentile above 75™), we
must confirm with CACS, but if we have patients with
normal CIMT (below 75" percentile), we do not need CACS
for further examination.

Compared with non diabetic patients, CIMT of
diabetic patients has higher positive predictive value.
There are four types of vascular calcification that have
been identified with at least some distinct properties:
intimal atherosclerotic plaque calcification, tunica media
calcification, cardiac valve calcification, and vascular
calciphylaxis. Tunica media calcification, also referred
to as Monckeberg’s sclerosis, is associated with aging,
diabetes, and chronic kidney disease.(16) Anatomically, it
may be intimal atherosclerotic calcification, which occurs
in a patchy pattern, or it may be arterial medial calcification,
which is more diffuse and independent of atherosclerosis;
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in the arteriolar vessels, it is known as calcific uremic
arteriolopathy or, previously, calciphylaxis. Several bone-
associated protein-like osteopontin, bone sialoprotein and
alkaline phosphatase are responsible for the calcification
process. Because medial and intimal layers are in close
proximity, noninvasive measures of vascular calcification
generally do not distinguish them.(17)

Consistent to the wvascular calcification theory,
diabetic patients will have vascular calcification more often
than non diabetic patients due to tunica media calcification
(Monckeberg’s sclerosis), besides intimal atherosclerosis
calcification.

Conclusion

CIMT has high sensitivity and high negative predictive
value, particularly in non diabetic patients. In diabetic
patients, the sensitivity of CIMT is superior than in non
diabetic patients The best CIMT is LCCA, proven to have
good sensitivity in non diabetic or diabetic patients. CIMT
can be used as the preferred screening tools for high risk
patients and as a substitution tool to CACS for low risk
patients in subclinical atherosclerosis detection.
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