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The most common form of cardiovascular disease in Ukraine is coronary heart disease,
which is characterized by damage to the coronary arteries. The height of the aortic
sinuses and the height of the coronary arteries are assessed when planning
interventional procedures and cardiac surgery. Computed tomography can verify
structural changes in the coronary arteries and morphometrically evaluate the
components of the aortic sac. The purpose of the study: to measure the height of the
coronary arteries orifice; height of the aortic sinuses in women with structural changes
of the coronary arteries using computed tomography and assess the interdependence
of measurements with anthropometric indicators (age, height, weight, body mass index,
body surface area). Computed tomography-angiography of the chest of females with
coronary arteries were processed. Statistical analysis: Shapiro-Francia test
(correctness of distribution), Student's t-test (comparison of the height of the coronary
arteries and the height of the aortic sinuses); Pearson's linear correlation; Fisher's
multifactorial regression analysis. The study found a direct correlation between height
and measurability in women with coronary artery disease. The value of the growth rate
was directly correlated with the height of the right aortic sinus (r=0.85, p=0.001), with
the height of the lower edge of the right coronary artery orifice (r=0.74, p=0.01), the
height of the upper edge of the left coronary artery orifice (r=0.67, p=0.03), the height of
the upper edge of the right coronary artery orifice (r=0.67, p=0.03). It is proved that with
increasing body surface area, the parameters of the right aortic sinus decrease: the
inverse strong correlation r=-0.83, p=0.002. Significant direct relationships have been
established between most of the measured components of the aortic root. Multifactor
regression analysis showed a proven strong effect of anthropometric data and age on
the height of the right aortic sinus: R=0.96, at p=0.009 (according to Fisher). This made
it possible to build a model for predicting the height of the right aortic sinus depending
on anthropometric and age parameters. Thus, in women with structural lesions of the
coronary arteries, the increase in height correlates with an increase in the height of the
right aortic sinus, the height of the coronary arteries orifice. An increase in body
surface area correlates with a decrease in the height of the right aortic sinus in women
with structural lesions of the coronary arteries.

Keywords: coronary artery orifice, anatomy, computed tomography, aorta,
measurements, aortic sinuses.

Introduction

According to the World Health Organization,
cardiovascular disease (CVD) is the leading cause of death
worldwide [17]. The most common form of CVD in Ukraine
is coronary heart disease among both men and women
[15]. The quality of life of women in Ukraine due to CVD is

much worse than in neighboring Europe and the United
States [10].

Coronary heart disease (CHD) is characterized by
damage to the coronary arteries. The main cause of
coronary heart disease is atherosclerotic lesions of the
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coronary arteries, followed by calcium deposition.
Computed tomography allows to determine the density of
deposited calcium and verify structural changes in the
coronary arteries [6]. The right and left coronary arteries
originate from the corresponding aortic sinuses. The height
of the aortic sinuses and the height of the coronary arteries
are important clinically when planning endovascular
interventions [1, 4, 5].

The purpose of the study: to measure the height of the
right and left coronary arteries orifice; height of the right, left
and posterior aortic sinuses in women with structural
changes of the coronary arteries using computed
tomography and to assess the interdependence of
measurements with anthropometric indicators.

Materials and methods

The research was conducted in accordance with the
Declaration of Helsinki and the Bioethics Commission of
the Danylo Halytsky Lviv National Medical University (Ne10 of
2021). All patients or officials provided informed consent to
participate in the study.

The material of the study was computed tomography-
angiography (CT) of the thoracic organs of females with
coronary artery disease. Inclusion criteria: women over 18
years of age; structural changes of coronary arteries (coronary
artery calcification; density measurement according to
Hounsfield units (HU)); no history of coronary artery bypass
grafting and coronary artery stenting. Exclusion criteria:
females with congenital malformations or anomalies of the
cardiovascular system; persons with damage to heart valves
or heart vessels; history of cardiac surgery or endovascular
interventions; artifacts; incomplete clinical data. Of the 143
surveys analyzed, 11 people met these criteria, which were
further divided into 2 groups: 1 group with a height of less
than 1.60 m (n=5), 2 group - with a height of more than 1.61
m (n=6). Clinical data used: age, height, body weight, based
on which the body mass index (BMI) and body surface area
(BSA) were calculated (according to Mosteller's formula).

The study was performed on a LightSpeed 64 VCT XT,
GE (General Electric, USA) CT scanner according to a
standard protocol. Contrast - Ultravist 470 (Bayer Healthcare,
Germany). Analysis of the image and measurement of the
height of the coronary arteries, the height of the aortic sinuses
(Valsalva sinuses) was performed according to the
instructions [2] at the appropriate station with licensed
software (General Electric, USA). Data are given in
millimeters. The measurements were performed
independently by two doctors.

Statistical analysis: software R version 4.0.5 (R Core
Team, 2021) based on the Windows XP operating system
[13]. Correctness of distribution: Shapiro-Francia test.
Comparison of mean values: Student's t-test. Correlation
analysis: Pearson's linear correlation (r). Multifactor
regression analysis: Fisher. Data presented: arithmetic mean
+ standard deviation (M+SD), absolute figures. Significance
level: p<0.05.

Results

According to the results of the analysis of CT of the
chest of women with coronary artery disease, it was found
that the largest value was the height of the posterior aortic
sinus - 19.10+1.65 mm. Indicators of the height of the aortic
sinuses and the height of the coronary arteries in women
with structural lesions of the coronary arteries are presented
in table 1. Visualization of the components of the aortic
bulb and coronary arteries with structural lesions of the
coronary arteries is presented in Figure 1.

A study of the correlation between anthropometric
parameters and measured parameters in women with
structural lesions of the coronary arteries showed a direct
relationship between height and most indicators, indicating
their growth with increasing height. In particular, the value of
the growth rate directly correlated with the height of the right
aortic sinus (r=0.85, p=0.001), with the height of the lower
edge of the right coronary artery orifice (r=0.74, p=0.01), the
height of the upper edge of the left coronary artery orifice
(r=0.67, p=0.03), the height of the upper edge of the right
coronary artery orifice (r=0.67, p=0.03) (Table 2).

It is proved that with the increase of the anthropometric
index of BSA, the parameters of the height of the right aortic
sinus decrease: the strong inverse correlation r=-0.83,
p=0.002. There are also significant direct relationships
between most of the measured components of the aortic
root. In particular, the height of the posterior aortic sinus
increased with increasing height of the left aortic sinus
(r=0.80, p=0.003), the height of the lower edge of the left
coronary artery orifice (r=0.71, p=0.01), the height of the
lower edge of the right coronary artery orifice (r=0.70,
p=0.02), the height of the upper edge of the left coronary
artery orifice (r=0.67, p=0.02), the height of the upper edge
of the right coronary artery orifice (r=0.64, p=0.03). The value
of the height of the left aortic sinus was directly related,
except for the height of the posterior aortic sinus, with the
height of the lower edge of the left coronary artery orifice
(r=0.80, p=0.003), with the height of the lower edge of the
right coronary artery orifice (r=0.62, p=0.04) and with the
height of the upper edge of the left coronary artery orifice
(r=0.78, p=0.005). There is also a direct strong correlation
between the height of the right aortic sinus and the height
of the lower edge of the right coronary artery (r=0.76, p=0.01)
and the medium strength relationship with the height of the
upper edge of the right coronary artery orifice (r=0.63, p=0.04).

Table 1. Indicators of the height of the aortic sinuses and the
height of the coronary arteries orifice in women with structural
lesions of the coronary arteries (m+SD, mm).

Parameters n=11
Height of the posterior aortic sinus 19.10+1.65
Height of the left aortic sinus 17.98+1.71
Height of the right aortic sinus 17.00+1.34
Height of the left coronary artery orifice 11.6912.04
Height of the right coronary artery orifice 12.07+2.17
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Fig. 1. Visualization of the components of the aortic bulb and coronary arteries in structural lesions of the coronary arteries. Image A,
without and B, with the introduction of a contrast agent. Ascending aorta (Ao), right ventricle (RV), auricula atrii (yellow circle), left atrium
(blue circle), right lung (RL), left lung (LL). A - calcium deposits in the projection of the right coronary artery (red arrow) and the left
coronary artery (orange arrow). High calcium density is well visualized on examination without contrast. B - contrasting right coronary
artery (red arrow) and left coronary artery (orange arrow). Chest computed tomography, axial section.

Table 2. Correlations (r) between coronary artery orifice height indicators and other studied parameters in women with coronary artery
disease.

Indexes Posterior AS Left AS Right AS LCAI RCAI LCAu RCAu
A r -0.38 -0.19 -0.08 -0.37 -0.06 -0.40 -0.09
ge
p 0.25 0.58 0.81 0.27 0.86 0.23 0.79
r 0.44 0.56 0.85 0.54 0.74 0.67 0.67
Height
p 0.18 0.07 0.001 0.08 0.01 0.03 0.03
r 0.03 -0.26 -0.58 0.01 -0.26 0.07 -0.01
Weight
p 0.94 0.44 0.06 0.98 0.43 0.84 0.97
r -0.16 -043 -0.83 -0.21 -0.53 -0.21 -0.30
BMI
p 0.64 0.18 0.002 0.54 0.09 0.54 0.38
r 0.13 -0.14 -0.36 0.12 -0.07 0.24 0.17
BSA
p 0.70 0.68 0.28 0.72 0.84 0.49 0.62
r 0.80 0.53 0.80 0.62 0.78 0.57
Left AS
p 0.003 0.10 0.003 0.04 0.005 0.07
r 0.80 0.36 0.71 0.70 0.67 0.64
Posterior AS
p 0.003 0.28 0.01 0.02 0.02 0.03
r 0.36 0.53 042 0.76 0.45 0.63
Right AS
p 0.28 0.10 0.20 0.01 0.16 0.04
r 0.71 0.80 042 0.49 0.77 0.47
LCAI
p 0.01 0.003 0.20 0.13 0.01 0.14
r 0.70 0.62 0.76 0.49 0.45 0.93
RCAI
p 0.02 0.04 0.01 0.13 0.17 0.001
r 0.67 0.78 045 0.77 0.45 0.47
LCAu
p 0.02 0.005 0.16 0.01 0.17 0.15
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Continuation of table 2.

Indexes Posterior AS Left AS Right AS LCAI RCAI LCAu RCAu
r 0.64 0.57 0.63 0.47 0.93 047
RCAu
p 0.03 0.07 0.04 0.14 0.001 0.15

Notes: Posterior AS - posterior aortic sinus; Left AS - left aortic sinus; Right AS - right aortic sinus; LCAI - height of the lower edge of the
left coronary artery orifice; LCAu - the height of the upper edge of the left coronary artery orifice; RCAI - the height of the lower edge of
the right coronary artery orifice; RCAu - height of the upper edge of the right coronary artery orifice, BMI - body mass index; BSA - body

surface area.

<21
<19
<17
=15
Fig. 2. Relationship between growth rates, right aortic sinus height
and lower right margin coronary artery orifice height in women

with coronary artery structural changes.

Table 3. The results of logistic regression calculations for
predicting the size of the height of the right aortic sinus in women
with structural changes of the coronary arteries.

Indicator Symbol Coefficient
Constant -42.63
age A1 -0.011
height A2 11.05
weight A3 -0.830
BMI A4 0.616
BSA A5 47.63

Notes: BMI - body mass index; BSA - body surface area.

The interdependence between the heights of the upper and
lower edges of the coronary arteries is absolutely logical. In
particular, the height of the lower edge of the left coronary
artery orifice, in addition to the above connections, was also
interdependent with the height of the upper edge of the left
coronary artery orifice: strong direct connection (r=0.77,
p=0.01), and the height of the lower edge of the right coronary
artery with the height of the upper edge of the right coronary
artery orifice: direct strong connection (r=0.93, p=0.001). A
graphical representation of the relationship between height
of person and height of the right aortic sinus and the height
of the lower edge of the right coronary artery orifice is shown
in Figure 2.

Multifactor regression analysis between independent
predictors (anthropometric parameters and age) and
dependent (aortic sinus height and coronary artery orifice

height) in women with coronary artery structural changes
showed a proven direct strong effect of anthropometric data
and age on right aortic sinus height: R=0.96, at p=0.009
(according to Fisher) and a standard error of 0.53. The
adjusted coefficient of multiple determination was R?, dj=0.84,
which indicates the proven effect of the complex of these
independent predictors on the height of the right aortic sinus
in 84% of cases. This made it possible to build a model for
predicting the size of the right aortic sinus depending on
anthropometric and age parameters. The necessary
components are given in Table 3.

Taking into account the calculations, the linear equation
of logistic regression relative to the predicted size of the
height of the right aortic sinus in women with coronary artery
disease will look like:

Height size =-0.011 xA1 + 11.05xA2-0.830xA3 + 0.616
x A4 +47.63 xA5-42.63

The average predicted value of the height of the right
aortic sinus is 17.00£1.29 mm (minimum value 14.55 mm,
maximum 18.98 mm), which coincides with the actual
average value of 17.00+1.34 mm. The work of this logistic
model was tested on the studied patients with different
anthropometric and age parameters, which were selected
from the general primary patient base. Below are two practical
examples of the model.

Example Ne1. Patient Ne6 in the database: female, 63
years old, height 1.55 m, weight 110 kg, BMI 45.79 kg/m?,
BSA 2.18 m2. According to the CT of the chest, the height of
the right aortic sinus is 14.6 mm.

Substituting the patient's data, we obtain a linear equation:

Height size =-0.011 x 63 + 11.05 x 1.55 - 0.830 x 110 +
0.616 x45.79 + 47.63 x 2.18 - 42.63 = 14.54 mm

Thus, the predicted value almost coincides with the actual
value obtained by CT diagnosis.

Example Ne2. Patient Ne10 in the database: female, 70
years old, height 1.70 m, weight 85 kg, BMI 29.41 kg/m?, BSA
2.00 m2. According to the CT of the chest, the height of the
right aortic sinus is 18.3 mm. Substituting the patient's data,
we obtain a linear equation:

Height size =-0.011 x 70 + 11.05 x 1.70 - 0.830 x 85 +
0.616 x29.41 + 47.63 x 2.00 - 42.63 = 18.20 mm

In this case, the predicted value is also very close to the
actual value obtained by CT.

Thus, the use of this model may allow the rapid
calculation of the size of the height of the right aortic sinus in
women with structural changes in the coronary arteries when
planning endovascular interventions or cardiac surgery. A

30

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Pidvalna U. Ye., Beshley D. M., Mateshuk-Vatseba L. R.

MNormal Probability Plot of Residuals

05

00

05

Expected Normal Value

-1.0 08 -06 04 02 00 0.2 04 08 08 1.0
Residuals

Fig. 3. Normal probability of influence of predictors on the predicted
value of the height of the right aortic sinus in women with structural
changes of the coronary arteries.

Table 4. Distribution of aortic sinus height and coronary artery
orifice height (according to CT) in groups of women with structural
changes of coronary arteries. Distribution by groups by height
(M£SD, mm).

1 group 2 group
(women with | (women with
Indexes height height more p

smaller than | than 1.61 m),

1.60 m), n=5 n=6
Helght of the posterior aortic 18.06+1.85 | 19.97+087 0.06
sinus
Height of the left aortic sinus 16.68+1.49 | 19.07+0.97 | 0.013
Height of the right aortic sinus 15.78+0.78 | 18.02+0.63 | 0.001
The height of the lower edge of | 4 5.5 39 | 1265:1.15 | 0.1
the left coronary artery orifice
The height of the lower edge of | 44 7,1 51 | 1373:0.96 | 0.0004
the right coronary artery orifice
The height of the upper edge of | 4 56,179 | 16.40+123 | 0.08
the left coronary artery orifice
The height of the upper edge of | 1, g4, 1 35 | 16324102 | 0.001
the right coronary artery orifice

graphical representation of the normal probability of
predictors influencing the predicted value of the right aortic
sinus height is shown in Figure 3.

In comparing the dependence of other measured aortic
parameters on anthropometric and age indicators by
multifactorial regression analysis, no significant relationship
was found between the studied data in women with structural
changes of the coronary arteries: multiple correlation
coefficient R = from 0.66 to 0.87, adjusted coefficient of
multiple determination R?,, = from -0.13 to 0.51, at p>0.05
(according to Fisher).

A comparison of the height of the aortic sinuses and the
height of the coronary arteries in women with structural
changes in the coronary arteries by different growth groups
showed that all studied parameters had a higher height in
the second group (height over 1.61 m) compared to the first

group (women's height less than 1.60 m). The height of the
left aortic sinus was proved to be higher in the second group:
19.07+0.97 mm against 16.68+1.49 mm (p=0.013) in the
first group; indicators of the height of the right aortic sinus:
18.02+0.63 mm against 15.78+0.78 mm (p=0.001);
indicators of height of the lower edge of the right coronary
artery orifice: 13.73£0.96 mm against 10.07£1.21 mm
(p=0.0004), indicators of height of departure of the upper
edge of the right coronary artery orifice: 16.32+1.02 mm
against 12.94+1.36 mm (p=0.001) accordingly (Table 4).
Other studied indicators were higher in the second group
than in the first, but the difference was insignificant (p>0.05).

Discussion

In 2019, about 17.9 million people died from CVD. In
low- and middle-income countries, including Ukraine, the
proportion of CVD deaths is over 75% [17]. Analysis of the
incidence rate from 1990 to 2019 shows a lack of positive
dynamics [10]. Given the disappointing trend, steps are being
taken to reduce the increase in morbidity and mortality due
to CVD. According to the Resolution of the Ministry of Health
and the National Academy of Medical Sciences of Ukraine,
there is the State Program for Prevention, Treatment and
Rehabilitation of Cardiovascular Diseases (2017-2021)
(dated 15.07.2016 Ne711/61). In the Program of Medical
Guarantees of the National Health Service of Ukraine, the
treatment of acute myocardial infarction remains a priority.

Morphometric analysis of the components of the aortic
bulb is taken into account when performing cardiac and
cardiac surgical procedures. It is important to take into
account anthropometric indicators. If the world data is
sufficiently complete [3, 7, 8, 11], the relevant publications
are just beginning to appear in Ukraine [9].

The study measured the height of the coronary arteries
orifice and the height of the aortic sinuses in women with
structural changes of the coronary arteries using computed
tomography and evaluated the interdependence of
measurements with anthropometric indicators. Using the
correlation between anthropometric parameters (age, height,
body weight, body mass index, body surface area) and
measured parameters (height of the coronary arteries orifice
and height of the right, left, posterior aortic sinuses) in women
with structural lesions of the coronary arteries proved the
presence of a direct relationship between growth and most
of the studied indicators of the aortic bulb, which indicates
their growth with increasing of height. In fact, higher height
correlates with a lower risk of morbidity and mortality from
cardiovascular disease [14, 18]. In contrast, an increase in
body surface area correlates with a decrease in the height
of the right aortic sinus (strong inverse correlation).

The use of multifactor regression analysis between
independent predictors (anthropometric indicators and
age) and dependent (aortic sinus height and coronary artery
orifice height) in women with structural changes of coronary
arteries showed a proven strong effect of anthropometric
data and age on right aortic sinus height. Analysis of the
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relationship between age and aortic bulb parameters varies
between different study groups [3, 12, 16].

The proved influence of the complex of independent
predictors on the height of the right aortic sinus made it
possible to build a model for predicting the size of the right
aortic sinus height depending on anthropometric and age
parameters. This model can be used to quickly calculate
the height of the right aortic sinus in women with structural
changes in the coronary arteries when planning
endovascular interventions or cardiac surgery.
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KT OLIHKA BACOTU BIAXOMKXEHHS BIYOK BIHLEEBUX APTEPIV TA BUCOTU MA3YX AOPTU B XXIHOK MPU CTPYKTYPHUX

3MIHAX BIHLIEBUX APTEPIX
MideanbHa Y. €., bewnel . M., Mamewyk-Baye6a J1. P.

HatinowupeHriwor gopmoro cepuyeso-cyOUHHUX 3axgoptosaHb 8 YKpaiHi € iwemiyHa xeopoba cepus, Kompa XxapakmepusyembCs
ypaxeHHsIM 8iHUuesux apmepili. Bucoma na3yx aopmu ma sucoma 8i0X00XeHHs1 8i4OK 8iHUe8uUX apmepill OUIHIEMbLCS MNPU rnnaHy8aHHI
iHmepeseHyitiHux npouyedyp ma kapdioxipypaiyHux onepauit. Kommn'tomepHa momoepacbis 0o3eosnsie sepucbikygamu cmpyKmypHi 3MiHU
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Pidvalna U. Ye., Beshley D. M., Mateshuk-Vatseba L. R.

8iHUe8UX apmepili ma Mopghomempu4HO oyiHumu ckradosi yubynuHu aopmu. Mema docnidxeHHs: npoeecmu 8UMIPO8aHHS 8UCOMU
8i0XOOXEHHSI 8IHOK 8iHUe8sUX apmepil; sucomu nasyx aopmu 8 XIHOK npu CMpyKmypHUX 3MiHax eiHuesux apmepili 3a 00roMo20t0
Komm'tomepHoi momoepadii ma oyiHumu 83aemMo3anexxHicmb 3amipie 3 aHmMpPONoMempuUYHUMU roKa3HUKamu (8ik, 3picm, maca, iHOeKkc
macu mina, nnowji nogepxHi mina). bynu obpobrieHi 306paxeHHs1 KOM'tomepHOI momoepadpii-aHzioepadpii opaaHie 2pydHOI Kimku
0cib XiHo4ol cmami 3 ypaxeHHsIM 8iHuesux apmepil. CmamucmuyHul aHaniz: mecm Lllanipo-®paHcia (npasusnbHicmb po3nodiny),
t-kpumepiti CmbrodeHma (opieHsIHHSI sUcomu 8i0XOOXeHHS 8iHUeBUX apmepill ma aucomu nasyx aopmu); niHitiHa kopensayis lNipcoHa;
MynbmugbakmopHull pezpecitiHul aHanis 3a @iwepom. 3a pesynbmamamu 0ocnidxeHHss 0oeedeHull nPsMUll KOpensayitiHul 38'a30K
MK 3p0CMOM ma 8UMIpPH8aHUMU MOKa3HUKaMU Y XIHOK 3i CMPYKMYypPHUM ypaxXeHHsIM 8iHuesux apmepili. 3Ha4eHHs1 rnoka3HukKa
3pocmy npsIMO Kopesnsaso 3 eucomoro rpasoi nasyxu aopmu (r=0,85, p=0,001), 3 suCOMO HUXHbLO20 Kparo 8iyka npasoi eiHYesoi
apmepii (r=0,74, p=0,01), sucomoto 8epxHbO20 Kparto 8idyka nieoi siHUesoi apmepii (r=0,67, p=0,03), sucomor 8epxHbLO20 Kparo 8i4Kka
npasoi siHyesoi apmepii (r=0,67, p=0,03). [JosedeHo, w0 3i 36inbWeHHAM oKa3HUKa Miowji nosepxHi mina, napamempu eucomu
npasoi nasyxu aopmu 3MeHWYyrmbCs: 360pOMHIl cunbHUl KopensayitHul 38'a3ok r=-0,83, p=0,002. BcmaHoeneHo cymmesi npsmi
83aeM038'A3KU MiX binbuwicmio noka3HuKie suMiptosaHux cknadosux KopeHsi aopmu. MynbmucbakmopHul peepecitiHuli aHarni3 rnokasae
0osedeHull NpsAMUl cunbHUU 8MIU8 aHMpPornoMempuyHUX 0aHUX ma eiky Ha eucomy nipaeoi nasyxu aopmu: R=0,96, npu p=0,009 (3a
®iwepom). Lle dano 3moey nobydyeamu modesnb MpoeHO3y8aHHs PO3Mipie eucomu rpaeoi nasyxu aopmu 3asexHo 8id
aHmpornoMempu4YyHUX ma 6iKkosux rapamempie. Takum YUHOM, Y XIHOK 3i CIPYKMYPHUM ypPaxXeHHsM 8iHUe8UX apmepill 36inMbweHHs
3pocmy Koperroe 3i 36irbWeHHSM 8UCOMU Mpasoi nasyxu aopmu, 8UCOMU 8i0X0OKEHHS 8iHOK 8iHUeaUx apmepill. 36irbueHHS noKa3HuKa
oW noeepxHi mina Kopesnte 3i 3MEeHWEeHHSIM 8UCOMU NpPasoi ma3yxu aopmu y XIHOK 3i CMPYKMYpPHUM YypaxXeHHSIM 8iHUe8ux
apmepid.
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