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Coronary heart disease (CHD) is one of the leading mortality causes. According to the latest guidelines, coronary computed 
tomography angiography (CCTA) is one of the main non-invasive methods for diagnosis of CHD, which allows for quantification 
of stenosis severity and the characterization of stenotic lesions.

Aim of the study. It is to study the role, diagnostic value and dependence of coronary artery calcification on the degree of 
stenotic lesion of the coronary arteries and anthropometric parameters in patients with coronary artery disease examined by 
computed tomography.

Materials and methods. According to the purpose of the study, 46 patients were included: 32 (69.6 %) males and 14 (30.4 %) 
females. The average age of the patients was 59.0 ± 9.8 years, height – 172 ± 9 cm, weight – 85.6 ± 12.9 kg, body mass 
index (BMI) – 28.6 ± 4.13, body surface area (BSA) – 1.98 ± 0.17 m2. Demographic and clinical variables were analyzed 
using descriptive statistics. Independent t-tests were conducted between two groups of patients (Agatston index ≥400 and 
<400), using P < 0.05 as a significant value. Pearson correlation coefficient was employed to determine independent coronary 
calcium predictors using P < 0.05 as a significant value.

Results. According to the results of the age analysis, significant differences were found among both groups of patients 
(P = 0.02). Notable differences in the number of affected coronary arteries between Groups 1 and 2 with an Agatston index 
≥400 and <400 (P < 0.01) were found. During the correlation analysis, a significant moderate positive correlation of the SYNTAX  
score level with Agatston index (r = 0.69, P < 0.01) was revealed.

Conclusions. The degree of coronary arteries calcification with Agatston score ≥400 is an independent predictor of severe 
coronary heart disease with multivessel lesion of the coronary arteries. The degree of calcification of coronary arteries with 
Agatston score ≥400 is more common in males. Height, weight, BMI and BSA do not influence the degree of coronary calci-
fication arteries and Agatston score level.

Роль і діагностична цінність оцінювання ступеня кальцинозу коронарних артерій  
для прогнозування тяжкості ішемічної хвороби серця
А. О. Никоненко, А. Л. Макаренков, Г. С. Підлужний, А. М. Матерухін
Ішемічна хвороба серця (ІХС) – одна з провідних причин смертності. За останніми рекомендаціями, комп’ютерна 
томографічна коронарна ангіографія (КТКA) – один з основних неінвазивних методів діагностики ІХС, що дає змогу 
кількісно визначити ступінь тяжкості стенозу та схарактеризувати стенотичні ураження.

Мета роботи – вивчити роль, діагностичне значення та залежність кальцифікації коронарних артерій від ступеня 
стенозуючого ураження коронарних артерій та антропометричних показників у пацієнтів з ІХС, яких обстежили за 
допомогою комп’ютерної томографії.

Матеріали та методи. У дослідження залучили 46 пацієнтів: 32 (69,6 %) чоловіків і 14 (30,4 %) жінок. Середній вік 
пацієнтів становив 59,0 ± 9,8 року, зріст – 172 ± 9 см, вага – 85,6 ± 12,9 кг, індекс маси тіла (ІМТ) – 28,6 ± 4,13, 
площа поверхні тіла (ППТ) – 1,98 ± 0,17 м2. Демографічні та клінічні змінні аналізували за допомогою описової ста-
тистики. Незалежні t-тести виконали між двома групами пацієнтів (індекс Агатстона ≥400 та <400), використовуючи 
p < 0,05 як значущу величину. Коефіцієнт кореляції Пірсона використовували для визначення незалежних предикто-
рів коронарного кальцію з використанням р < 0,05 як вірогідного значення.

Результати. За результатами вікового аналізу встановили істотні відмінності між групами пацієнтів (р = 0,02). Не ви-
явили вірогідну кореляцію віку з індексом Агатстона (r = 0,22, p > 0,05). Визначили вірогідні відмінності за кількістю 
уражених коронарних артерій між групами 1 і 2 з індексом Агатстона ≥400 та <400 (p < 0,01). Під час кореляційного 
аналізу виявили суттєву помірну позитивну кореляцію рівня балів SYNTAX з індексом Агатстона (r = 0,69, p < 0,01).

Висновки. Ступінь кальцифікації коронарних артерій з оцінкою Агатстона ≥400 є незалежним предиктором тяжкої 
ішемічної хвороби серця з багатосудинним ураженням коронарного русла. Ступінь кальцифікації коронарних артерій 
з оцінкою Агатстона ≥400 частіше виявляли в чоловіків. Зріст, вага, ІМТ і ППТ не впливають на ступінь кальцифікації 
коронарних артерій, рівень балів Агатстона.
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Роль и диагностическая ценность оценки степени кальциноза коронарных артерий  
для прогнозирования тяжести ишемической болезни сердца

А. А. Никоненко, А. Л. Макаренков, Г. С. Подлужный, А. Н. Матерухин
Ишемическая болезнь сердца (ИБС) – одна из ведущих причин смертности. Согласно последним рекомендациям, 
компьютерная томографическая коронарная ангиография (КТКA) является одним из основных неинвазивных методов 
диагностики ИБС, позволяет количественно определить степень тяжести стеноза и охарактеризовать стенотические 
поражения.

Цель работы – изучение роли, диагностического значения и зависимости кальцификации коронарных артерий от 
степени стенозирующего поражения коронарных артерий и антропометрических показателей у пациентов с ИБС, 
обследованных с помощью компьютерной томографии.

Материалы и методы. В исследование включены 46 пациентов: 32 (69,6 %) мужчины и 14 (30,4 %) женщин. 
Средний возраст пациентов составил 59,0 ± 9,8 года, рост – 172 ± 9 см, вес – 85,6 ± 12,9 кг, индекс массы тела 
(ИМТ) – 28,6 ± 4,13, площадь поверхности тела (ППТ) – 1,98 ± 0,17 м2. Демографические и клинические перемен-
ные анализировали с помощью описательной статистики. Независимые t-тесты проводили между двумя группами 
пациентов (индекс Агатстона ≥400 и <400), используя p < 0,05 как значимую величину. Коэффициент корреляции 
Пирсона использовали для определения независимых предикторов коронарного кальция с использованием р < 0,05 
как достоверного значения.

Результаты. По результатам возрастного анализа установлены существенные различия между группами пациентов 
(р = 0,02). Однако достоверной корреляции возраста с индексом Агатстона не было (r = 0,22, p > 0,05). Обнаружены 
заметные различия в количестве пораженных коронарных артерий между группами 1 и 2 с индексом Агатстона ≥400 и 
<400 (p < 0,01). В ходе корреляционного анализа отмечена значимая умеренная положительная корреляция уровня 
баллов SYNTAX с индексом Агатстона (r = 0,69, p < 0,01).

Выводы. Степень кальцификации коронарных артерий с оценкой Агатстона ≥ 400 – независимый предиктор тя-
желой ишемической болезни сердца при многососудистом поражении коронарного русла. Степень кальцификации 
коронарных артерий с оценкой Агатстона ≥400 чаще определяют у мужчин. Рост, вес, ИМТ и ППТ не влияют на степень 
кальцификации коронарных артерий и уровень баллов Агатстона.

Coronary heart disease (CHD) is one of the leading 
mortality causes [1]. According to the latest guidelines, 
coronary computed tomography angiography (CCTA) is 
one of the main non-invasive methods for diagnosis of 
CHD, which allows for quantification of stenosis severity 
and the characterization of stenotic lesions [2].

A sufficient number of studies has shown that 
the severity of coronary artery (CA) lesions, assessed 
on the SYNTAX scale, allows to determine the prognosis 
associated with the risk of major adverse cardiovascular 
events (MACE). Further parameters defining the type of 
surgical intervention and periprocedural risks, taking into 
account complex lesions of CA, including bifurcation, total 
chronic occlusion, intraluminal thrombi, calcification and 
diffuse lesion [3,4].

The coronary artery calcium score (CACS) has 
predictive value for future coronary events [5,6], but its 
accuracy for prediction of obstructive coronary artery 
disease is rather weak. In contrast to CACS, CCTA is 
a non-invasive method for a more accurate qualitative 
and quantitative determination of coronary calcium, 
which has been verified as a lesion with a tomographic 
optical density of more than 130 Hounsfield units, with 
the area of ≥1 mm2 [7,8]. The amount of coronary cal-
cium detected by CCTA correlates with histologically 
determined atherosclerotic plaques and makes up to 
20 % of their total amount [9]. Coronary artery calcium 
is a highly specific marker of atherosclerosis; it integrates 
all the risk factors throughout a person’s life [10,11], 
however, the amount of non-calcified fibroatheroma can 
only be detected by CCTA and is missed by CACS. The 
correlation between the total coronary calcium score 
(CACS), measured with Agatston scoring system, and 

the severity of coronary artery disease are contradictory, 
weak and unreliable [12,13].

Thus, the feasibility of using data on the degree of 
calcification of coronary arteries in cardiovascular risk 
stratification, along with traditional risk factors such as 
gender, age, smoking, lipid levels, diabetes mellitus and 
family history, requires further study.

Aim
It is to study the role, diagnostic value and dependence 
of coronary artery calcification on the degree of stenotic 
lesion of the coronary arteries and anthropometric para-
meters in patients with coronary artery disease examined 
by computed tomography.

Materials and methods
The data obtained from patients, who had undergone 
computed tomography (CT) screening of coronary arteries 
calcification and CCTA in the period between 2018–2019, 
were analyzed. The inclusion criteria were signing of in-
formed consent, the presence of coronary heart disease,  
the presence of calcified atherosclerotic plaques in 
the coronary arteries walls. The exclusion criteria were 
the absence of coronary artery atherosclerosis as seen 
on computed tomography, and the presence of artefacts 
that compromised the interpretation of CCTA data (motion, 
pulse, respiratory ones).

According to the purpose of the study, 46 patients were 
included: 32 males (69.6 %) and 14 females (30.4 %). 
The average age of the patients was 59.0 ± 9.8 years, 
height – 172 ± 9 cm, weight – 85.6 ± 12.9 kg, body 
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mass index (BMI) – 28.6 ± 4.13, body surface area 
(BSA) – 1.98 ± 0.17 m2. 232 patients were excluded 
from the study.

Grounding on clinical and instrumental data, grade II 
angina was detected in 15 (32.61 %) patients, grade III 
angina – in 22 (47.83 %) patients, grade IV angina – in 
6 (13.04 %) patients, unstable angina was detected in 
3 (6.52 %) patients. 17 (36.96 %) patients reported to 
have had previous myocardial infarction. Stage I cardiac 
insufficiency was detected in 11 (23.91 %) patients, stage 
II cardiac insufficiency was detected in 35 (76.09 %) 
patients.

Computer tomography of the heart and coronary 
arteries was performed with multi-detector 64-pixel com-
puter tomographic scanner Aquilion TSX 101A (Toshiba, 
Japan). The research was performed in ECG-synchro-
nized mode, with a specific heart rate up to 60 beats 
per minute. At the first stage, for coronary artery calcium 
score (CACS) screening, low-dose step-by-step scan-
ning protocol was employed, which was performed in 
craniocaudal direction from tracheal bifurcation level to 
diaphragm level, with partition thickness of 3 mm, without 
intravenous administration of contrast agent (native scan-
ning). At the following stage, a standard MDCT-coronary 
angiography (CCTA) was performed with retrospective 
reconstruction of the raw data obtained. Postprocessing 
was performed with Vitrea workstation (Vital images).

Evaluation of coronary artery calcification from CACS 
scans was carried out by means of Calcium scoring CT 
software, which is a part of the software package for 
the workstation, in semiautomatic mode: the route of 
each artery was defined manually, whereas there was 
automatic calculation of coronary calcium score with 
Agatston scoring system, as well as of the volume of 
calcified atherosclerotic plaques.

The analysis of stenotic or occlusal lesion of coronary 
arteries was performed on CCTA datasets with the use of 
axial partitions, multiple planar and curvilinear reforma-
tions, and 3D reconstructions.

The coronary artery lesion index was determined 
using anatomical SYNTAX score (SYNTAX score) using 
an online calculator (https://syntaxscore2020.com/).

Demographic and clinical variables were analyzed 
using descriptive statistics. The Shapiro–Wilk test was 
used to determine if a data set is well-modeled by a normal 
distribution. The data set that was normally distributed 
presented as average and standard deviation (М ± m). 
Independent t-tests were conducted between two groups 

of patients (Agatston index ≥400 and <400), using 
P < 0.05 as a significant value. In case of deviation from 
the normal distribution, data was presented as median 
and interquartile range (Me [Q25; Q75]) and Mann–Whitney 
U-test was used. Spearman’s rank correlation coefficient 
was employed to determine independent coronary cal-
cium predictors using P < 0.05 as a significant value. 
Analyzes were performed with Statistica 13.0 software 
package (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results
According to the purpose of the study and the results of 
CCTA, the patients were divided into 2 groups: Group 1 
included patients with a pronounced degree of coronary 
arteries calcification and Agatston score level ≥400, and 
Group 2 comprised patients with moderate and minimal 
coronary arteries calcification with Agatston score level 
<400. The obtained data are presented in Table 1.

Thus, in both groups there was the same number of 
patients, while in Group 1 males significantly prevailed 
(P < 0.05), and in Group 2 there were no gender dif-
ferences.

According to patients’ average weight, height, BSA, 
and BMI, there were no significant differences between 
the groups; all patients were overweight.

According to the results of the age analysis, significant 
differences were found among both groups of patients 
(P = 0.02). However, there was no significant correlation 
of age with the Agatston index (r = 0.22, P > 0.05).

Notable differences in the number of affected coro-
nary arteries between Groups 1 and 2 with an Agatston 
index ≥400 and <400 (P < 0.01) were found.

A significant positive correlation was revealed be-
tween the number of stenosed coronary arteries and 
the Agatston index (r = 0.52, P < 0.01) in both groups, 
which is shown in Fig. 1.

Considerable differences were found in Groups 1 
and 2 when analyzing SYNTAX score level. So, SYNTAX 
score in patients of Group 1 was 29.08 ± 9.44, which 
corresponded to the indications for coronary artery bypass 
grafting and was associated with predictions of cardiac 
mortality and the risk of major adverse cardiovascular 
events ranging from 10.9 % to 12.0 % (against up to 
23.4 % during percutaneous coronary intervention (PCI)). 
Whereas the SYNTAX score in patients of Group 2 was 
14.39 ± 5.67, which corresponded to the indications 
for PCI and was associated with predictions of cardiac 

Table 1. Quantitative estimation of calcium and stenotic lesions in the coronary artery

Value, units of measure Group 1 (n = 23) Group 2 (n = 23) P-level
Males 20 (86.9 %) 12 (52.1 %) 0.03
Females 3 (13.1 %) 11 (47.9 %) 0.03
Weight, kg 87.00 ± 13.34 84.30 ± 13.01 0.49
Height, cm 171.56 ± 9.51 172.78 ± 8.85 0.65
Age, years 62 ± 7 55 ± 11 0.02
BSA, SI 1.99 ± 0,18 1.97 ± 0,17 0.75
BMI, kg/m2 29.28 ± 3.9 27.93 ± 4.41 0.28
Agatston score (Me [Q25; Q75]) 1157.0 [751.8; 1411.0] 137.5 [74.0; 186.0] <0.01
Number of affected coronary arteries (Me [Q25; Q75]) 3 [3; 3] 2 [1;3] <0.01
SYNTAX score (Me [Q25; Q75]) 26.0 [22.0; 31.0] 17.5 [12.0; 27.6] < 0.01

Abbreviations: parametric data are displayed as mean ±SD. Counts are shown as n (%). BMI: body mass index; BSA: body surface area.
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mortality and the risk of major adverse cardiovascular 
events at 13.6 % [4]. During the correlation analysis, 
a significant moderate positive correlation (Fig. 2) of 
the SYNTAX score level with Agatston index (r = 0.69, 
P < 0.01) was revealed.

Discussion
Data on coronary artery calcification provided by CCTA 
have both diagnostic and prognostic information in ad-
dition to the conventional risk factors for coronary artery 
disease. The presence of calcium confirms coronary 
atherosclerosis and is associated with an increased risk 
of coronary events.

According to the data obtained, male patients are 
more susceptible to pronounced coronary arteries calci-
fication (32 versus 14), with a greater tendency to mul-
tivessel lesion. This suggests a possibly more aggressive 
course of atherosclerosis in males, which is confirmed by 
the works of other authors [14].

In the course of data analysis, it was found that 
the degree of coronary calcification is higher in patients 
of older age groups (P = 0.02), which is explained by 
the progression of atherosclerosis, with a correlation in 
the number of affected coronary arteries and the com-
plexity of their lesions, expressed in the estimation by 
SYNTAX score, which leads to higher risks of major 
adverse cardiovascular events.

The results of our study are comparable with previ-
ous reports that age and male gender are independently 
associated with coronary calcium levels. The correlation 
between coronary calcification and endothelial dysfunc-
tion has also been demonstrated, as well as with impaired 
myocardial perfusion in patients with angiographic intact 
coronary arteries [15–17]. Therefore, altered coronary 
blood flow in the presence of coronary calcification affects 
the development and formation of atherosclerotic plaques, 
which are the main determinants of the development of 
severe forms of coronary artery disease. Besides, coro-
nary calcification is one of the predictors of obstructive 
coronary artery disease and has predictive value for future 
coronary events.

Generally, coronary calcium is limited to subintimal 
space and may occur nearly from the 20th year of a 
person’s life. The calcification of atherosclerotic plaque 
increases with aging and atherosclerosis progression. 
Therefore, coronary calcium is a marker of coronary 
atherosclerosis [18]. Previous studies have examined 
the association of coronary artery disease with coronary 
calcium in patients with asymptomatic disease. The prog-
nostic value of calcium screening and its independence 
from traditional risk factors was shown [18]. Consequently, 
it is suggested to use coronary calcium levels as a pre-
dictor of CHD [19,20]. There are also studies that have 
investigated the importance of coronary calcium for pre-
dicting the severity of coronary heart disease [21,22], but 
our results do not contradict the results of these studies, 
although different methods have been employed.

Conclusions
1. The degree of coronary arteries calcification with 

Agatston score ≥400 is an independent predictor of 
severe coronary heart disease with multivessel lesion of 
the coronary arteries.

2. The degree of calcification of coronary arteries with 
Agatston score ≥400 is more common in males.

3. Height, weight, BMI and BSA do not influence 
the degree of coronary calcification arteries and Agatston 
score level.

Prospects for further research. Further research 
may be focused on elucidating the genotype influence 
on Agatston score level.

Conflicts of interest: аuthors have no conflict of interest to declare. 
Конфлікт інтересів: відсутній.

Надійшла до редакції / Received: 02.02.2021 
Після доопрацювання / Revised: 22.02.2021 
Прийнято до друку / Accepted: 05.03.2021

Scatterplot (correl.sta 10v*46c)

-500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Total Agatston index

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Nu
m

be
r o

f a
ffe

cte
d 

ar
te

rie
s

Total Agatston index: Number of affected arteries: r = 0.5234; p = 0.0002

Fig. 1. Correlation of Agatston score level with the number of affected coronary arteries (n = 46).
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Fig. 2. Correlation of Agatston score level with SYNTAX score level.
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