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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 + 9cm, weight —85.6 + 12.9 kg, body mass
index (BMI) —28.6 + 4.13, body surface area (BSA) —1.98 + 0.17 m? Demographic and clinical variables were analyzed
using descriptive statistics. Independent t-tests were conducted between two groups of patients (Agatston index 2400 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
2400 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 2400 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 2400 is more common in males. Height, weight, BMI and BSA do not influence the degree of coronary calci-
fication arteries and Agatston score level.

PoAb i AlarHOCTHUYHA LiHHICTb OLHIOBAHHA CTYNEHA KaAbLMHO3Y KOPOHAPHUX apTepin
AAfl NPOrHO3YBaHHA TAXKKOCTI iLuemiuHoi XBOpo6u cepus

A. 0. HukoHeHKo, A. \. MakapeHkoB, I. C. MipayxHui, A. M. MatepyxiH

lwemiuHa xBopoba cepust (IXC) — ogHa 3 NpOBIgHUX NPUYMH CMEPTHOCTI. 3@ OCTaHHIMKM pekoMeHZaLlisiMK, KOMM'loTepHa
TomorpacpiyHa kopoHapHa aHriorpadis (KTKA) — oauH 3 OCHOBHMX HeiHBa3uBHUX MeTopiB aiarHocTvku IXC, wo gae amory
KifIbKICHO BM3HaUNTY CTYMiHb TSHXKKOCTI CTEHO3Y Ta CXxapaKTepuayBaTt CTEHOTUYHI YPaXKEeHHS.

MeTta po6oTu — BUBYUTW POIb, AiarHOCTUYHE 3HAYEHHS Ta 3anexHiCTb kanbLmdikaLji KOpOHapHUX apTepiii Bif CTyneHs
CTEHO3YI04OTO YPaXKEHHS! KOPOHAPHUX apTepiii Ta aHTPOMOMETPUYHUX MOKa3HWKIB y nauieHTiB 3 IXC, skux obctexunm 3a
Z10NOMOro0 KOMM'toTepHOI ToMorpadii.

Marepianu Ta metoam. Y gocnimkeHHs 3anyunnu 46 nauieHtis: 32 (69,6 %) yonosikis i 14 (30,4 %) xiHok. CepepHilt Bik
nauieHTis ctaHoBmB 59,0 + 9,8 poky, 3picT — 172 + 9 cm, Bara — 85,6 + 12,9 kr, iHgekc macu Tina (IMT) — 28,6 + 4,13,
nrowa nosepxHi Tina (MNT) — 1,98 + 0,17 m2. emorpadbivHi Ta KMiHiYHi 3MiHHI aHanidyBanu 3a 4OMOMOrOK ONMCOBOI CTa-
TUCTUKN. HesanexHi t-TecTn BUKOHanM Mix ABoMa rpynamu naieHTis (iHoekc AratctoHa 2400 Ta <400), BUKOPUCTOBYOYM
p < 0,05 sk 3HauyLLy BenunumHy. KoedivieHT kopensauii MipcoHa BUKOPUCTOBYBaN Ansi BU3HAYEHHS HE3ANEXHUX NPEONKTO-
piB KOPOHAPHOTO KanbLyjto 3 BUkopucTaHHam p < 0,05 sk BipOrigHOMO 3HaYeHHS.

Pe3ynkratu. 3a pesynbsratamu BikOBOTO aHasni3y BCTaHOBWIIM iCTOTHI BiMiHHOCTi Mix rpynamu nauiexTis (p = 0,02). He Bu-
SBUNW BipOrigHy Kopensvito Biky 3 iHaekcom AratctoHa (r = 0,22, p > 0,05). BusHaumnu BiporiaHi BigMiHHOCTI 3a KinbKiCTIO
YPaxeHWX KOpOHapHUX apTepii Mix rpynamu 11 2 3 iHgekcom AratctoHa 2400 Ta <400 (p < 0,01). Mig Yac kopensuiiHoro
aHaniay BUSIBUIM CYTTEBY NMOMIpHY NO3UTUBHY kopensuito pieHs 6anis SYNTAX 3 iHgekcom AratctoHa (r = 0,69, p < 0,01).

BucHoBku. CTyniHb kanbuudikaLii KoOpoHapHKUX apTepii 3 ouiHkot AratcToHa 2400 € He3anexH!M NpPeauKTopPOM TSKKOI
iLueMiyHOi XBOpo6K cepLs 3 6araToCyANHHIM ypaXXeHHsIM KOpoHapHoro pycna. CTyniHb kanbumdikaLii KopoHapHUX apTepin
3 ouiHkoto AratcToHa 2400 yacTille BUSBNANM B YonosikiB. 3picT, Bara, IMT i MIMT He BNnuBatoTb Ha CTyNiHb KanbLmdikawi
KOPOHapHWX apTepiit, piBeHb 6anis AraTcToHa.
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PoAb 1 AMarHocTMueckas LLeHHOCTb OLIeHKU CTeNeHH KaAbLIMHO3a KOPOHapPHbIX apTepm7|
ANA MPOrHO3UPOBaHUA TAXKECTU ULEeMUYECKoU 6one3HH cepAaua

A. A. HukoHeHKo, A. A. MakapeHkosB, I. C. MoanyxHbin, A. H. MatepyxuH

Nwemmnyeckasn bonesHb cepaua (MBC) — ogHa 13 BeayLumx npuumH cMepTHOCTW. CornacHo NocneaHMM pekoMeHZaumsMm,
KOMMbOTEPHAs TOMOrpadmyeckas kopoHapHas aHrorpadus (KTKA) ABnsieTcst 04HUM 13 OCHOBHbBIX HEMHBA3VBHbLIX METOLIOB
anarHoctukm MBC, no3eonsieT KonMYecTBEHHO ONPeaenuTb CTENEHb TSXKECTU CTEHO3A 1 OXapaKTepPU30BaTb CTEHOTUYECKME
NopaxeHwns.

Llenb paboTbl — 13y4eHne ponu, AMarHOCTUHECKOrO 3HAYEeHWs U 3aBMCMMOCTU KanbLudukaLmm KOPOHapHbIX apTepuii ot
CTeneHN CTEHO3NPYIOLLEro NOPaXeHNst KOPOHAPHBIX apTepUii U aHTPONOMETPUYECKVX NnokasaTtenen y nauventos ¢ VBC,
06cnefoBaHHbIX C MOMOLLBHO KOMMBIOTEPHOI ToMOrpacum.

Matepuanbl u metoabl. B uccnegosanve BkntodeHsl 46 naumertos: 32 (69,6 %) Myx4nHbl U 14 (30,4 %) XEHLUMH.
CpepnHuin Bo3pacT naumeHToB coctasun 59,0 + 9,8 roga, poct — 172 + 9 cm, Bec — 85,6 + 12,9 kr, MHAEKC Macchl Tena
(MMT) -28,6 + 4,13, nnowaab nosepxHocTtn Tena (MMT) —1,98 + 0,17 M2 [Jemorpadryeckie v KIIMHUYECKUE NepemeH-
Hble aHanWaunpoBanu C MOMOLLbIO ONUCATENbHOM CTaTUCTUKW. HesaBucumble t-TeCTbl NPOBOAWMM MEXAY ABYMS rpynnamu
naumneHToB (nHaekc AratctoHa 2400 n <400), ncnonbsyst p < 0,05 kak 3Haummyto BenuumnHy. KoadbduumeHT koppensumm
MupcoHa ncnonb3oBanu Ans onpeaeneHns He3aBCUMbIX MPEAUKTOPOB KOPOHAPHOTO KanbLms ¢ ucnonb3oeaHnemp < 0,05
Kak JOCTOBEPHOrO 3HaYeHUs.

Pesynbrartbl. [1o pesynsratam BO3pacTHOrO aHanunaa yCTaHOBMEHbI CYLLECTBEHHbIE Pa3NMyns MeXay rpynnamu nauneHToB
(p = 0,02). OnHako OCTOBEPHOI KOPPENsILWM BO3pacTa C MHAEKCOM AraTcToHa He Bbino (r = 0,22,p > 0,05). O6HapyxeHbl
3aMeTHble Pasnuyns B KONIMYECTBE NOPAXKEHHBLIX KOPOHAPHBIX apTepuin Mexay rpynnamu 1 u 2 ¢ uiaekcom Aratctora 2400 n
<400 (p < 0,01). B xoze KoppensiLUMOHHOro aHanm3a oTMeveHa 3Ha4MMasi yMepeHHast NonoxuTenbHas KOppensaums YpoBHS
6annos SYNTAX ¢ nHgekcom AratctoHa (r = 0,69, p < 0,01).

BbiBoabl. CTeneHb KanbuydmkaLmm KOpOHapHbIX apTepuii ¢ oueHkol AratctoHa = 400 — He3aBMCUMbIN NPeayKTop TS-
Xemnow uwemmnyeckoi BonesHn cepaua npyv MHOrOCOCYAMCTOM MOPaXeHUU KOpOHapHOTo pycna. CTeneHb kanbuudukaumm
KOPOHapHbIX apTepwii ¢ oLieHKon AratcToHa 2400 yalle onpefensitoT y MyxunH. Poct, Bec, UMT n TTMNT He BNnsitOT Ha cTeneHb

KanbLymrKaLMm KOPOHApHbIX apTepuii M ypoBeHb 6annos AraTcToHa.

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 21 mm? [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
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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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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) _

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 + 0,18 197 + 0,17 0.75
BMI, kg/m? 29.28 + 3.9 27.93 + 4.41 0.28
Agatston score (Me [Q,; Q,]) 1157.0 [751.8; 1411.0] 137.5[74.0; 186.0] <0.01
Number of affected coronary arteries (Me [Q,; Q,]) 3[3; 3] 2[1;3] <0.01
SYNTAX score (Me [Q,;; Q,]) 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.

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 Il
angina was detected in 15 (32.61 %) patients, grade Il
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 | cardiac
insufficiency was detected in 11 (23.91 %) patients, stage
Il 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 (M £ m).
Independent t-tests were conducted between two groups
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of patients (Agatston index 2400 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 [Q,;; Q,]) 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 2400, 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 2400 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 (PClI)).
Whereas the SYNTAX score in patients of Group 2 was
14.39 + 5.67, which corresponded to the indications
for PCl and was associated with predictions of cardiac
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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.

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].
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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 20" 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 2400 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 2400 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.
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