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Abstract

Objective: The purpose of this study is to look into the relationship
between coronary artery disease evaluated with multislice
computed tomography (MSCT) findings and B-type natriuretic
peptide (BNP) and calcium score (CaS).

Material and Method: The study included 83 patients who were
administered to our center and who had asymptomatic and stable
angina pectoris. Blood samples were collected for BNP testing, and
the Abbott AXxSYM System kit was used for measurements. Calcium
scoring was performed on each of the four main coronary arteries,
and the total “Agatston” score was calculated for each patient by
summing up the results. MSCT angiograms were studied at the
three-dimensional operating base.

Results: Coronary artery disease (CAD) was found in 51 (61.4%)
patients, while the coronary arteries of 32 (38.6%) patients were
deemed normal. While patients with CAD had a median BNP of 33.9
(0-834), those without CAD had a median of 19.2 (0-185), which
was statistically significant (p=0.011). Furthermore, there was a
positive correlation between the number of vessels involved and
BNP (r = 0.364, p=0.001). BNP levels were found to be significantly
higher in hypertensive patients (p=0.008). The CaS and BNP median
of the group with three-vessel involvement were significantly
higher (p < 0.001 and p=0.007, respectively). According to the
multivariate logistic regression results, BNP and age were not
found to be associated with presence of CAD, but CaS was found
to be associated.

Conclusion: CaS was found to be associated with presence of CAD.
Further studies should be conducted to confirm aforementioned
associations.
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Oz

Amac: Bu calismanin amaci, cok kesitli bilgisayarli tomografi (CKBT)
bulgularr ile degerlendirilen koroner arter hastalidi ile B tipi natritretik
peptit (BNP) ve kalsiyum skoru (KaS) arasindaki iliskiyi incelemektir.

Gere¢ ve Yontem: Merkezimize basvuran asemptomatik ve stabil
angina pektorisli 83 hasta calismaya alindi. BNP testi icin kan érnekleri
alindi ve dlcimler icin Abbott AXSYM Sistem kiti kullanildi. Dért ana
koroner arterin her biri icin kalsiyum skorlamasi yapildi ve sonuglar
toplanarak her hasta icin toplam "Agatston” skoru hesaplandi. CKBT
anjiyogramlari, t¢ boyutlu islem tabaninda calisildi.

Bulgular: 51 (%61,4) hastada koroner arter hastaligi (KAH) saptanirken,
32 (%38,6) hastanin koroner arterleri normaldi. 17 hastada (%20,5) tek
damar tutulumu, 18 hastada (%21,7) iki damar tutulumu, 16 hastada
(%19,3) U¢ damar tutulumu saptandi. KAH olan hastalarin medyan
BNP'si 33,9 (0-834) iken, KAH olmayanlarin medyan degeri 19,2 (0-185)
idi ve bu istatistiksel olarak anlamliydi (p=0,011). Ayrica tutulan damar
sayisl ile BNP arasinda poxzitif bir korelasyon vardi (r = 0,364, p=0,001).
Hipertansif hastalarda BNP dizeyleri anlamli olarak ylksek bulundu
(p=0,008). U¢ damar tutulumu olan grubun KaS ve BNP medyani
anlamli olarak daha yuksekti (sirasiyla p<0,001 ve p=0,007). Cok
degiskenli lojistik regresyon sonuglarina gére BNP ve yas KAH varligi
ile iliskili bulunmazken CaS iliskili bulundu.

Sonug: Cas, KAH varligi ile iliskili bulundu. Yukarida belirtilen iligkileri

dogrulamak icin daha fazla calisma yapilmalidir.

Anahtar Kelimeler: Koroner arter hastaligl, B tipi natritiretik peptit,
Koroner arter kalsiyum
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INTRODUCTION

Cardiovascular diseases consist of ischemic heart disease,
stroke, heart failure, peripheral artery disease, and a variety
of other cardiac and vascular conditions. These diseases are
among theleading causes of death and morbidity worldwide,
with ischemic heart disease being the leading cause of death
in countries of all income groups.l'?

Multislice computed tomography (MSCT) angiography
is a noninvasive screening method used to diagnose
coronary artery atherosclerosis.® Moreover, MSCT coronary
angiography has become more popular in recent years.
In addition, it has been reported that it outperforms
the standard invasive method in the evaluation of some
parameters such as the degree of calcification.™

Evaluation of coronary artery calcification by computed
tomography is equivalent to the total coronary
atherosclerosis burden and cardiovascular event risk.™ The
Agatston method is the most widely used for calculating
the calcium score (CaS).! CaS has been shown to be an
independent risk marker for cardiac events, cardiac mortality,
and all-cause mortality, and it adds prognostic information
to other cardiovascular risk markers.”

B-type natriuretic peptide (BNP) is another parameter whose
level increases in heart failure caused by several heart
diseases, including ischemic heart disease, and is used as a
prognostic indicator.® In addition to BNP elevation having
a prognostic value, a decrease in BNP levels during hospital
follow-up was also used as an indicator of a favorable
prognosis.’Although MSCT and BNP levels and Ca$ are used
in the evaluation of coronary artery diseases (CAD), there
have been few studies that compare the two.

The purpose of this study is to investigate the relationship
between coronary artery disease as determined by MSCT
findings and BNP and CaS.

MATERIAL AND METHOD

The study was approved by the Research Ethics
Committee of Marmara University Faculty of Medicine
(No: B.30.2.MAR.0.01.00.02/AEK-258). All procedures were
carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki.

Patients

The study included 83 patients who were administered to
our center between September 1, 2006, and December 21,
2006. After being informed about the aim of the study, all
patients provided written informed consent.

Inclusion Criteria

The study included patients with asymptomatic and stable
angina pectoris.

Exclusion Criteria
1. Patients who refuse to participate in the study

2. With mental/physical disabilities who are unable to
provide written consent

3. Those who have an atrial fibrillation rhythm

4. Those suffering from chronic obstructive pulmonary
disease

5. Who have had myocardial infarction, percutaneous
transluminal coronary angioplasty, and coronary artery
bypass graft

6. Those who describe unstable angina pectoris
Measurements

Just prior to the shooting, vascular access was established in
the right arm. Blood samples were collected for BNP and high-
sensitivity C-reactive protein (hsCRP) using Abbott AxSYM
System kit for measurements.

After the image for calcium scoring (Agatston) was taken, 90
cc of nonionic contrast material was administered, and the
shooting was completed within 10 seconds. The topogram
image was obtained while the patient was lying in supine
position.Then, to minimize heart movements, all examinations
were performed, including the whole heart from the aortic
root, with a breath-holding time of 3-5 seconds and ECG
triggering at 80% R-R interval.

Four major coronary arteries were examined for the presence
of calcified lesions throughout their traces: the left main artery,
leftanteriordescending (LAD)artery, circumflexartery (Cx),and
right coronary artery. All numerical data with homogeneous
variances were evaluated: systolic tension arterial (STA),
diastolic tension arterial, heart rate, left ventricular ejection
fraction, interventricular septum end-diastolic thickness,
interventricular septum end-systolic thickness, lateral septum
end-diastolic thickness, lateral septum end-systolic thickness,
pulmonary vein mean diameter (PVMD), right pulmonary
artery diameter, and left pulmonary artery diameter.

The “Agatston” score was calculated for calcification in the
coronary arteries using the SYNGO software (Siemens Medical
Systems). According to the scoring system, lesions with a CT
density of more than 130 HU in 2-3 pixels adjacent to each
other, in an area larger than T mm2, were interpreted as
calcification. The CaS was calculated for each calcified lesion by
multiplying the lesion area by the intensity score determined
by lesion density. Calcium scoring was performed on each of
the four main coronary arteries, and the total “Agatston” score
was calculated for each patient by adding the scores.®

MSCT angiograms were studied at the three-dimensional
operating base (Aquarius, TeraRecon, San Mateo, California).

The participants in the study were divided into two groups:
those who had CAD and those who did not. In addition, they
were also divided into four groups (normal coronary arteries,
single-vessel involvement, two-vessel involvement, and three-
vessel involvement) based on the number of vessels involved.
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Statistical Analysis

For the analyses, SPSS v20 (SPSS Inc., Chicago, IL, USA)
was used. The Shapiro-Wilk test was used to determine
the normality. According to the normality check, data
are presented as mean + standard deviations or median
(minimum-maximum) for continuous variables and as
frequency (percentage) for categorical variables. While
normally distributed variables were analyzed using the
student t-test and one-way ANOVA test, non-normally
distributed variables were analyzed using the Mann-Whitney
U test and Kruskal-Wallis H test. Moreover, the chi-square
tests or Fisher’s exact tests were used to analyze categorical
variables. To evaluate the relationships between continuous
variables, Spearman correlation coefficients were calculated.
Multivariate logistic regression model were constructed.
The dependent variable was presence of CAD. Independent
variables were selected from the factors showed statistically
significant relationship with presence of CAD. In addition,
p<0.05 was regarded as statistically significant.

RESULTS

The study group consisted of 59 (71.0%) men and 24 (29.0%)
women, with a mean age of 52.6 + 12.5.

All patients had a median BNP of 31.1 pg/ml (0-834).
Moreover, male patients had a median BNP of 30.9 pg/ml
(0-693), whereas female patients had a median BNP of 39.0
pg/ml (0-834), (p=0.227). The hsCRP median was 1.8 mg/I
(0.3-19.0). Table 1 shows some characteristics of the study
group.

Table 1. Distribution of some characteristics of men and women

Male Female Total p
Age (589 (o8  (s89  00%
BMI (kg/m?) 213379 221352 (13379 072
ERR o6 o8 o8 0
it e 03700) (04143 (3100 0713
Smoking history (783.2%) (21.94%) (181'3%) 0.128
Hyperlipidemia history (713113%) (2812%) (13(?%) 0.883
Hypertension history (602.3%) (401.3%) (133%) 0.015
Diabetes Mellitus history (641.;%) (352%) (1(;(?%) 0.515

While CAD was detected in 51 (61.4%) patients, the coronary
arteries of 32 (38.6%) patients were found to be normal.
Single-vessel involvement was detected in 17 (20.5%)
patients, two-vessel involvement in 18 (21.7%) patients, and
three-vessel involvement in 16 (19.3%) patients. The most
involved artery was the LAD. Furthermore, 18 (21.7%) patients
had exertional angina. When BNP, hsCRP, and CaS levels in

patients with exertional angina were compared, all three
were found to be significantly higher than asymptomatic
patients (p=0.020, p=0.034, and p=0.008, respectively).

The median age of patients with CAD was 53.0 (36-89),
which was significantly higher than those without CAD
(p=0.002). When the number of vessels involved was
considered, the median age of the group with three-
vessel involvement was significantly higher than the group
without CAD (p=0.002).

While the median BNP of patients with CAD was 33.9
(0-834), those without CAD had a median of 19.2 (0-185)
(p=0.011). In addition, there was a positive correlation
between the number of vessels involved and BNP (r=0.364,
p=0.001). The relationship between BNP level and smoking,
hyperlipidemia, hypertension, and DM history was also
investigated. While BNP levels were found to be significantly
higher in hypertensive patients (p=0.008), there was no
significant difference between other variables and BNP
levels (p>0.05 for each).

CaS values ranged from 0.0 to 1471.0. The CaS mean was
104.6 + 240.5 (median value 0.0). Further, CaS was measured
above 0 in 41 patients. The median CaS of patients with
CAD was 48.9 (0-1471), which was significantly higher than
those without CAD (p<0.001). When the number of vessels
involved was considered, the CaS median of the group with
three-vessel involvement was significantly higher than the
other groups (p<0.001). In terms of median hsCRP, there was
no significant difference between groups (p=0.222). Table 2
and Table 3 show some characteristics of the study group.

According to the multivariate logistic regression analysis,
only factor affecting the CAD was found to be as Ca$
(p=0.049). BNP and age were found to be non-significant in
multivariate analysis (Table 4).

Table 2. The distribution of some characteristics of the study group

according to whether they have CAD or not.

CAD absence CAD presence P

Age 47.0 (25.0-68.0) 53.0 (36.0-89.0) 0.002
BMI 26.7 (24.2-37.2) 26.5(21.3-37.9) 0.438
BNP 19.2 (0-185) 33.9(0-834) 0.011

Cas 0 (0-38.0) 48.9 (0-1471) <0.001
hsCRP 1.5 (0.3-19.0) 1.9 (0.4-15.0) 0.222
STA 139.2+14.6 140.4+20.7 0.763
DTA 81.1£11.0 80.7+£10.5 0.849
HR 73.5+£9.2 71.1£8.6 0.228
LVEF 57.5+6.9 57.1£7.9 0.828
ISEDT 10.3x1.5 10.9£1.6 0.090
ISEST 13.4%1.5 13.8+1.8 0.334
LSEDT 9.6+1.6 9.8+2.2 0.618
LSEST 14.8+2.1 15.4+3.1 0.388
PVMD 12.7+1.4 13.2+£1.5 0.181

RPAD 20.9+2.6 21.7+2.6 0.191

LPAD 21.2+£1.9 21.5+2.6 0.639
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Table 3. The distribution of some characteristics of the study according to the number of vessels involved.

CAD absence single-vessel involvement 2-vessels involvement 3-vessels involvement p

Age 47.0 (25.0-68.0 49.0 (37.0-69.0) 50.5 (36.0-81.0) 62.0 (41.0-89.0) 0.002
BMI 26.7 (24.2-37.2) 24.9(21.3-33.3) 27.3(23.2-37.9) 27.3 (22.6-36.6) 0.369
BNP 19.2 (0-38.0) 26.3 (0-235) 31.0 (0-403) 86.6 (10.6-693) 0.007
Cas 0(0-38.0) 0(0-158) 52.6 (0-403) 201.7 (2.9-1471) <0.001
hsCRP 1.5(0.3-19.0) 1.8(0.4-11.7) 2.6 (0.6-15.0) 1.6 (0.8-7.4) 0.334
STA 139.2+14.6 131.2£17.9 140.0+22.4 150.8+£17.6 0.023
DTA 81.1+11.0 77.0+£10.4 83.6+12.0 81.4+7.8 0.323
Nds 73.5+9.2 68.7+8.4 72174 72.5+£9.9 0.352
LVEF 57.5+6.9 59.1+5.7 56.9+7.1 54.3+11.1 0.436
ISEDT 10.3+1.5 10.6+1.7 11.3£1.1 10.9+2.0 0.244
ISEST 13.4£1.5 13.6+2.0 14.2+1.7 13.8+1.9 0.617
LSEDT 9.6+£1.6 9.5+2.8 9.9+1.6 10.1£2.3 0.838
LSEST 14.8+2.1 15.0+£3.8 16.0£1.5 15.1+£3.8 0.585
PVMD 12.7£1.4 12.4+0.8 13.9+1.7 13.5+1.4 0.021

RPAD 20.9+2.6 20.8+1.5 21.5+£2.0 23.3+4.0 0.069
LPAD 21.2+1.9 21.3+2.6 21.2+29 22.7+2.2 0.684

Table 4. Multivariate regression results for the factors affected the coronary

artery disease

95% Cl for EXP(B)

B S.E. Sig. Exp(B)
Lower Upper
Age 0.034 0.032 0.299 1.034 0.971 1.102
BNP 0.002 0.004 0.725 1.002 0.993 1.010
Cas 0.087 0.044 0.049 1.091 1.000 1.190
Constant -2.201 1.551 0.156 0.111

Dependent variable: Presence of CAD, Nagelgerke R2: 0.507

DISCUSSION

In this study, we analyzed 83 patients who had asymptomatic
or stable angina pectoris and had their cardiac findings
evaluated with MSCT. The following were the major
findings:(1) CAD was found in 51 (61.4%) of the patients. (2)
Those with CAD had significantly higher BNP levels. (3) There
was a positive correlation between the number of vessels
involved and BNP. (4) BNP levels were found to be significantly
higher in hypertensive patients. (5) CaS levels were higher
in CAD patients. (6) Exertional angina patients had higher
levels of BNP, hsCRP, and CaS than asymptomatic patients.(7)
Multivariate analysis showed CaS levels were associated with
presence of CAD, but BNP were not.

In recent studies, many mechanisms, including myocardial
ischemia, have been shown to contribute to BNP release, and
BNP level has also been shown to be a useful clinical indicator
in the diagnosis and prognosis of cardiovascular diseases."”
31 Furthermore, it has been reported that BNP has vasodilator
effects on the coronary artery system and that BNP primarily
acts on both epicardial coronary arteries and coronary
microvessels.'%'? Due to its release in response to increased
wall tension, it represents a higher degree of myocardial
dysfunction in acute coronary syndrome patients with low
left ventricular ejection rate and high BNP levels, with a high
risk of congestive heart failure and mortality."* BNP level was

found to be higher, particularly in patients with three-vessel
involvement. In addition, when compared to asymptomatic
patients, BNP levels were significantly higher in patients with
exertional angina. However in multivariate analysis, there was
no significant relationship between CAD and BNP.

For a long time, there has been a relationship between
hypertension and CAD. In the current study, the STA of patients
with three-vessel involvement was significantly higher than in
patients with single-vessel involvement. Furthermore, those
with a history of HT had higher BNP levels.

The presence of calcium in the coronary arteries indicates
the presence of atherosclerosis, and the extent of coronary
calcium corresponds to the burden of atherosclerotic plaque.
017 In addition, in asymptomatic individuals, coronary
artery calcification has been shown to be the most predictive
cardiovascular risk marker."®' A study found that when CaS is
added to traditional risk factors, it improves risk stratification for
the prediction of coronary disease events in an asymptomatic
population.”? In symptomatic patients, the CaS score can
be interpreted as a screening tool to facilitate diagnosis.
Therefore, it was reported that using CaS score alone in
symptomatic patients is limited.”? During an 11-year follow-
up in a population-based study of older adults without known
cardiovascular disease, individual coronary artery calcium score
was shown to provide better discrimination than chronological
age for atherosclerotic coronary heart disease.?" In our study,
total CaS was found to be greater than 0 in 38 (71.6%) of those
with CAD. In addition, CaS was found to be significantly higher
in CAD patients with three-vessel involvement. Also, CaS was
found to be associated with presence of CAD in multivariate
logistic regression analysis. The results confirm that a high level
of CaS is associated with the presence and severity of CAD.
However, values greater than 0 in some patients with normal
coronary arteries indicate that total CaS may not be a reliable
predictor of the presence of CAD.



Journal of Contemporary Medicine

There were several limitations in this study. First, our results
were limited to the experience of a single center, and the
sample size was relatively small. Second, in this study, only
circulating BNP levels were measured. Measuring plasma BNP
levels in the coronary sinus may have been more precise in
determining the relationship between BNP level and CAD.
Third, changes in CaS resulting from medical treatment and/or
lifestyle changes were not evaluated in this study. Therefore,
these changes may have influenced the results.

CONCLUSION

CAD was detected in more than half of the study participants.
The most involvement was determined to be from a single-
vessel, with LAD being the most involved vessel. CaS levels
were significantly higher in those with CAD, and there was a
positive correlation between the number of vessels involved
and BNP. Further studies should be performed to confirm
these conclusions.
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